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IIpeaucnoBue

Sl ycmatpuBaro Oynyiee GU3NKH B IPOJIOTIKEHUM
MeXaHNYECKNX MOJENEH.
A.Peu*

B mupe HeT HUUero, kpome 3pupa 1 ero Buxpei
P [Jexapm. Hauana ¢punocoghuu. 1650 2.

Hacrosimas pabora siBnseTcst pa3BUTHEM 3(PUPOIMHAMUYECKONH KapTHUHBI
MUpa, W3JIOKEHHOW aBTOpoM BrepBbie B craThe «Dynamik des Athers»
(Ideen des exakten Wissens. Stuttgart 1974. N 28%8), nanee B KHHUre
«BBenenne B 3GUpPOIUHAMUKY. MoJeNbHbIe MPEACTABICHUS CTPYKTYP
BEIIECTBA M TI0JIeil Ha OCHOBE razomnomo0Horo 3¢upa», m3nannoii BUHUTHU
B 1980r., 3atem B pabote «OO0mas >pupoanHAMAKA>», W3IaHHONW TaM Xe B
1987r., 3arem B kHHTe «O0UIas >3pupoanHamMuKka. MoienupoBaHue CTPYKTYp
BEILIECTBa U TOJIelf Ha OCHOBE MpeJICTaBIICHUIA 0 Ta30Mmog00HOM ddupe» (M.,
OHeproarommzaat, 1990).

3a BpeMs, Mpolle/iee ¢ MOMEHTa M3AaHUsA KHHT, aBTOPY MHOTOKPaTHO
NPUXOAMIOCH M3JIaraTh 3TH MaTepualibl B CaMbIX Pa3IM4HBIX ayIUTOPHAX,
BKJIIOYAs  HECKOJbKO  TOAMYHBIX  LHUKJIOB Jiekuuii B Jlektopuu
[TonurexHuvyeckoro Myses, NPH 3TOM HHTEpeC OOBIYHO TPOSBISIM
CNIELIMANIMCTHl B 00JaCTH NMPUKIATHONW QU3NKK U MHKEHePBI-MPAKTHKU. ITO
MOXHO OOBACHHUTH TE€M, YTO MMEHHO Mepel 3TUM KPYroM JIML BO3HHKAIOT
HOBBIE 3a/lau¥l, KOTOpbIe HE MOTYT OBITh pEIIeHBI TOJBKO C TMOMOIIBIO
CYIIECTBYIOLIMX W TIPU3HaHHBIX Teopuil. [lomydeHHble BO BpeMs
00CyXICHUI JOKIAagoB 3aMeyuaHus, a TaKkke 3aMeyaHWs MHOTOUYMCIICHHBIX
quTaTene, MOCIYKWIN TPUINHON TOSBICHHS TOTIOTHEHU ¥ B HEKOTOPBIX
CIydasiX YTOYHEHUM OTASNBHBIX MOJNOKEHUI 3(DUPOANHAMUKH.

W3naraemple B KHHTE MaTepuallbl CIeIyeT paccMaTpUBaThb He Kak
pelieHne mNpoOJeMbl MUPO3JaHMA, a CKopee Kak MOCTAHOBKY JTOi
npo0JemMbl, B pEIIEHWH KOTOPOW [OJKHBI MPUHATH YYacTHE MHOTHE
McClleIOBaTeNIM YaCTHBIX HANPaBJIECHUH.

ABTOp BBIpaXkaeT TIIyOOKYI0 MNPHU3HATENLHOCTb BCEM JIMLAM, KOTOpbIE
COUWIN BO3MOXKHBIM O3HAKOMHTBCS C HACTOALLEH paboTol M YbMMH COBETaMH
OH BOCIIOJIb30BAJICS TIPH TIOATOTOBKE PYKOTHCH K TTeYaTH.

* (Jlenun B.U. @unocodcekue Terpaau. [ICC, S5uzn. M.: T.29.C. 499)



BBenenue.

DopMOil pa3BUTUA €CTECTBO3HAHNUS, [TIOCKOJIbKY OHO MBICIIUT,
ABJIAeTCA TUroTe3a. HabmroneHne oTKpbIBaeT Kakoi-HUOYIb
HOBBIN (akT, nenmaromnii HEBO3MOXHBIM TMPEXHUH crocob
00bsACHEeHUs] (haKTOB, OTHOCALIMXCS K TOM JKe camoii rpyrme.
C 3TOro MoMeHTa BO3HMKAeT MOTPEeOHOCTb B HOBBIX CHIOCO0ax
00BACHEHUS.

@ .Oneenve. JJuanexmuxa npupoowl.

B Teopun no3HaHus, Kak U BO BCeX APYTUX OONACTIX HAYKH,
clieyeT MOAXOIUTh JAMANEKTUYeCKH, T.e. He TpearnojaraTh
TOTOBBIM M HEU3MEHHBIM Hallle MO3HaHUE, a pa3dupaTh, KAKUM
00pa3oM W3 HE3HAHWs SBIACTCS 3HAHWE, KaKUM 00pa3oM
HEMOJIHOE, HETOYHOE 3HAHWE CTAHOBUTCS Bce 0oJiee TOJIHBIM
¥ TOTHBIM.

B.U . Jlenun. Mamepuanuzm u odMAUPUOKDUMUYUIM.

B koHue XX crojeTMss MHOTMM CTajO TMOHSATHO, YTO COBPEMEHHas
¢u3nka 3amla B TYOMK W €€ CTaBlIMe  TPAJAMLUOHHBIMU
(heHOMEHONOTHYECKKE, MOCTYJAaTUBHBIE U AKCMOMAaTHYECKHWE METOIBI YKe
HUYEro HOBOTO JJIsl Pa3BUTHA €CTECTBO3HAHUS NaTb He MOTyT. [lombITKH
«BBIIyMaTh» MPUPOMAY, B KOHIE KOHLOB, OOEpPHYJIHCH MPOBAJIOM, 00 3TOM
CBUIETENLCTBYET BCe OoJibllasi NOPOTOBM3HA WCCIAEAOBaHUN TMpU BCe
MEHBLIMX pe3yJbTaTaX. HakomjieHue HOBBIX HaHHBIX MO OTAEJIbHBIM
HaIpaBJICHUsIM MPAKTUYECKU HE MPUBOAUT K MOHMMAHUIO UX CYUIHOCTH, A,
HA000pOT, Bce Ooyilee 3aTyMaHWBAeT OOIMYI0 KapTUHY MUpO3MaHus. Teopus
BCE MEHbIIE OKAa3bIBAET MOMOILb MPAaKTHKaM B PELICHUU CTOSLIMX Tepen
HUMU MPUKJIAIHBIX 3a1a4. DTO 03HAYaeT, YTO €CTECTBO3HAHHUE B LIEJIOM U €TI0
BeIylIas oTpacib — pU3NKa HAXOHATCS B IITyOOKOM KpHU3HUCe, MPEXkIe BCETO B
KpHU3HCE METOI0JIOTUYECKOM.

CrenyeT HamOMHHUTb, 4YTO €CTeCTBO3HaHME BooOIme U (usmka, B
YaCTHOCTH, Ha MPOTSHKEHUU TMOCIEOHUX CTOJETHH YK€ OKa3blBaJUCh B
KPU3UCHOM COCTOAHUHU. OTo ciayumigock B koHue XVIII Beka, korma
00HapYyKUJIaCh BO3MOXXHOCTH CO3IaHUS CaMbIX Pa3HOOOpPa3HBIX BEMIECTB U3
OMHUX M TeX JK€ HCXOTHLIX KOMIIOHEHTOB, B KoHIIe XIX Beka, korma
TTOSIBYJTUCH HOBBIC (PH3MUECKIE SBJICHNUS, HE YKIIAABIBAIOIINECS B IPUBLIYHBIC
TIPEACTABICHUS «KJIACCHIECKO» (pM3MKH, M Temepb, Ha cTeike XX u XXI
BEKOB, UCTOpUs MOBTOpUIAch. CII0KUBILIEECS MOJIOKEHUE CIELyeT MOHUMATh
He KaK HayJHyro kKatacTpody, a Kak HCUepIaHre yCTapeBIIeii METOMOIOTHH.
OTO 03HAYAET HEOOXOOUMOCHIb NPOBCOCHUA PEGU3UU 6CE€20 HAKONIEHHOZ20
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Mamepuana, 6KIOYAA U MOmM, KOMOpPbIL He YKIaoviéaemca 6
ycmaunosugwineca npPeocmagieHus, U Heo0X00UMOCHIb UCKAMb HOBYI0
MEmO00J02UI0, CHOCOOHYIO 0X6AMUMb 6€Cb IMOM MAMEPUA HA €OUHOU
OCHOGe U HA IMOIL OCHOBE GbIAGUMb HOGbIC HANPAGIECHUA UCCAEO08AHUN U
peuiumb HAKONJEHHbIC NPUKTIAOHbBIE RPOOIEMBbL.

Obpamaer Ha cebd BHUMaHME TOT (PaKT, YTO BBIXOH M3 KPU3HCHOTO
COCTOSIHMS BCErja HaXOIWICs Ha MyTAX yrIyOJeHHs B CTPYKTYpy MaTepHH,
T.e. TpPHUBIECUEHUS] K PACCMOTPEHHMIO CTPOMTENILHOIO MaTepHana Yyxe
OCBOEHHBIX ()OPM OpraHW3alrd MaTephuH. ITO COOTBETCTBYET MOJIOKEHHIO,
BBIIBUHYTOMY W3BECTHBIM XuMUKOM A.M.ByTnepoBeiM, 0 TOM, dYTO
«C6OICMea 110001 cUCmeMbl ORPeOenAIOMCA ee COCHAGOM U CHIPOCHUEM.

Korza crano MHOTO MOJIEKyI, B pacCMOTpeHHe ObLITH BBEIEHBI aTOMBI —
CTPOMTENBHBI MaTepran MOJEKyJ, MOJEKyJNsl TpH 3TOM OKa3aJHCh
KoMOuHaTOprKOi aromMoB. Korma aToMoB crajo MHOTO, B paccMOTpEHHE
ObTM BBENEHbI 3JIEMEHTapHble YacTHULbl BELIECTBA — CTPOUTENbHBIN
MaTepHal aTOMOB, aTOMbl OKa3alNChb KOMOWHATOPUKON 3JIeMEHTapHBIX
qacTHL. TOT ke MyTh BO3MOXKEH U ceifyac: aIeMEHTapHbIX YacTUL] OKa3aJoCh
MHoro — ot 200 mo 2000, B 3aBUCUMOCTH OT TOT0, YTO MPUHUMATH 32
aJIeMeHTapHble yacTullbl. Ho Bce oHM cocoOHBI TpaHC(hOpMUpPOBATHCS IPYyT
B JIpyra, ¥ 3TO €cTh NPsIMOE yKa3aHUE Ha TO, YTO OHU MMEIOT B CBOEf OCHOBE
OOIIMii CTPOMTENBHBIN MaTepHai, «KHUPIMUYUKU» KOTOPOTO BO MHOTO pa3
MEHbIIE CaMHX JJIEMEHTApHBIX YacTHL. A TIOCKOJbKY B BaKyyMe MyTeM
CO3JaHMs CUIIBHBIX TOJIeH 0Ka3a0Ch BOSMOKHBIX CO31aBaTh TaKHe YaCTHIIBI,
TO 3TO O3HAYaeT, YTO ¥ BO BCEM MHPOBOM IMPOCTPAHCTBE CYIIECTBYIOT TaKHe
KUPIIMYWKHN, OHU 00pasyloT enuHyto cpeny — 3¢up. W Temeps rmaBHEIMA
3a7la4aM¥  ABJIAIOTCA ONPENENIEHUE CBOWCTB 3TOM MHUPOBOW Cpeabl |
BBIICHEHWE MEXaHW3Ma 00pa3oBaHMs BCEX 3TUX <AJIEMEHTapHBIX YacTHL»
BEILIECTBA, a Jlajlee — BCEro MUPO3JaHusl.

Hactosmas pabora mpeacraBisgeT CcoOOH  TOMBITKY — M3JIOKUTh
NPE/ICTaBIEHUs] aBTOpa O BHYTPEHHEM €AMHCTBE pa3lNuHbIX (opm
MaTepualbHbIX 00pa30BaHuil U GU3NUECKUX SBICHUH.

Heob6xomuMocTs B HamMcaHWUM JaHHOM KHWTHM Oblia BBbI3BaHA TEM, YTO
aBTOpy [aBHO CTaja OYEBMOHON OrPaHWYEHHOCTb BO3MOXKHOCTEH
CYIIECTBYIOIIMX METOJIOB TEOPETHUECKOW (PM3NKM B pelIeHNH MPUKIAIHBIX
3agad. (DeHOMeHONOoruyeckne, OmucaTelbHble  CIOCOOBI  OXBATHIBAIOT
TIOBEPXHOCTh SIBIICHWH, BHEIIHHE CTOPOHBI M HE TIO3BOJISIIOT PACKPBHITH WX
CYIIHOCTh. HermoHnMaHme ke BHyTPEHHETO MEeXaHW3Ma SIBJIECHHH, CyITHOCTH
MaTepHaANIbHBIX CTPYKTYP NMPHUBOIUT K HEBO3MOXHOCTH BBISICHEHHS TPUUMH,
MO KOTOPBIM (U3MUYECKHE SBJIEHHS MMEHHO Takue, Kakhe OHU €CTh, a He
UHble. DTO ’X€ TPHBOAUT M K HEBO3MOXHOCTH MpeICKa3aHUs HOBBIX
HarpaBJIeHUI HccinenoBaHNi. Bo3HMKaeT 3aMKHYTO€ KOJIbLO, B KOTOPOM
HayKa YKa3blBaeT HaIpaBJICHUs SKCMIEPUMEHTOB B Y3KOM KpYTY fBJEHUH, a




10

9KCTIEPUMEHTHI TTONTBEPKAAIOT CBOWMH DPE3yJIbTaTaMU TOJIOXKEHHUS HAyKH,
CTpaBeJTUBbIE IS 3TOTr0 Kpyra. HoBble nnen 3neck He BOSHUKAIOT.

OnHako coBpeMeHHasl HayKka Hy»KIaeTCsl IMEHHO B NMPUTOKE HOBBIX UAeH
JUTSL pellieHNs] BO3HUKAIOIINX Tepe]l Her0 HOBBIX MPAaKTHYECKHX 3afad. ITo
TpeOyeT yNIyOJIEHHOTO TOHWMMAaHUs TpPOLECCOB, TPOHUKHOBEHUS BO
BHYTPEHHIOIO CYIIHOCTb MAaTepHaJIbHbIX 00pa3zoBaHMi W  (pu3nueckux
SBJIEHUH, BCKPBITHS CYIIHOCTH BHYTPEHHEro IBIKEHHS COCTaBISFOLINX
yacTelf mpoueccoB. A 3TO O3Ha4yaeT HEOOXOAMMOCTb NPUMEHEHUs
JMHAMWYECKUX METONOB WCCIEOBaHW, TONWCKAa 3aKOHOB 0O0pa3oBaHMs
MaTepHaNbHBIX ~ CTPYKTYp W BHYTPEHHHX  MEXaHW3MOB  SIBJICHHIA.
JlvHamMuueckne ke METOABl  WCCIIeIOBaHW  TpeOyroT TNpHBJIEYEHUS
MOJENbHBIX TPENCTABICHN, N3YUeHHS aHAJIOTHi C N3BECTHBIMU SIBICHUAMH,
a Ha IaHHOM 3Tarle — IIONCKa eINHBIX CTPYKTYp MaTepualibHbIX 00pa3oBaHUN
Ha BCEX YpPOBHSX OpraHW3allii MaT€pPHUW W €IMHBIX OCHOB BCeX (PM3MYECKUX
ABJIEHUI ¥ B3aUMOJEHCTBUM.

DKCHepUMEHTAILHO 0Ka3aHO, YTO «(hU3NUECKHid BaKyyM>» CIIOCOOEH NpH
OTIPEEIEHHbIX YCIOBHAX «POXKAATh» 3JIEMEHTAapHbIE YaCTHLbl BEILECTBA.
Ortcrona BbITEKaeT, BO-MEPBbIX, MOATBEPKAECHNE UIEH MOHU3MA MPHUPOIBI OT
MaTepun «(pu3nUeckoro Bakyyma» A0 BceneHHoON B 1€J0M, BO-BTOpPBIX,
yKa3bIBaeT Ha HaJlMuue B <«(pU3MUECKOM BaKyyMme» yacTeil «deMeHTapHbIX
YacTHI» BeIlecTBA W HA TO, YTO COBOKYMHOCTh 3THX dYacTell oOpasyer
MaTepHaNIbHYIO Cpey, 3aroHIIONIyI0 MUpOBOe TIpocTpancTBo. Takas cpena
JIOJKHA 00JamaTh BIIOJNHE KOHKPETHBIMHM (M3MYECKMMH CBOWCTBaMHU W
SBJIATBCS OCHOBOMW BCEX BELIECTBEHHBIX 00pa3oBaHMi, GU3UUECKHUX TONEi 1
SABJICHUI.

Takum 00pa3oM, MOWCKH OCHOBBI Pa3IMUHBIX (OPM MaTepHalIbHBIX
oOpa3oBaHMii W (U3NYECKUX SBJICHUH TMPUBOAAT K HEOOXOAMMOCTH
UCTIONIb30BaHUS  Clledylolero, Ooinee TJIIyOMHHOTO TO CpPaBHEHHIO C
JOCTUTHYTBIM, YpPOBHA oOpraHuzaumu Matepuu. IlockonbKy YpOBEHb
OpraHM3alil MaTepuH B MaTepualbHble YacTULbI ClEAyeT CUUTaTh Oosee
WM MEHEEe OCBOCHHBIM, TO 3JIEMEHTOM OpraHW3alul MaTepuy Ha HOBOM,
ClIeTyloleM YpOBHE IOJKHO SBUTHCS MaTepralibHOe 00pa3oBaHKe, pa3Mephl
KOTOpOTO CYIIECTBEHHO MEHbIIE, YeM pa3Mepbl HaMMEHBIIEH N3 W3BECTHBIX
<«QIIEMEHTApHBIX YaCTHIl» BENIeCTBAa. lakoe MaTepuasbHOe 00pa3oBaHWE
Ob1T0 B cBOE BpeMsi Ha3BaHO JlemMokpuToMm a'Mepom. COBOKYITHOCTH aMEpOB
obpasyeT 3¢dup — cpeldy, 3alOJHAIOILYI0O BCE MUPOBOE IPOCTPAHCTBO,
SBJIAIOUIYIOCS CTPOMTENBHBIM MaTepuajioM IJisl BCeX BHAOB BeIIeCTBA W
OTBETCTBEHHYIO 3a BCE€ BUJAbl (U3MYECKUX B3aUMOJCHCTBUIA: siepHOE
CHJIbHOE, siiepHOe ciaboe, 3JIeKTPOMAarHUTHOE U TPaBUTALIMOHHOE, a TaKXkKe U
HEKOTOpbIE Ipyrue, HbIHE ellle He OCO3HaHHbIE U HE OCBOCHHbIE.

B ominumMe OT M3BECTHBIX TeOpuil, rumores W Mopeneit 3¢upa B
npennaraemoit pabore 3¢pup He wuaeammsupyercs. Jlormdeckuit aHanmu3
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SBJIEHUI MWKpPOMHpa ¥ MaKpoMHpa ToKasaji, duto >3¢up obnamaer
CBOMCTBAMHM OOBIYHOTO pEANbHOTO Ta3a — IUIOTHOCTBIO, IaBJIEHHEM,
TEeMMepaTypoil, BA3KOCTbIO, CKHMAeMOCTbIO U JAPYTMMHU CBOHCTBaMHU
00bIYHBIX Ta3oB. [logoOHas MoIenb paHee HUKEM He paccMaTpuBallach, HO
MMEHHO OHa TO3BOJNsAeT u30ekaTh OIIMOOK, MOMYIIEHHBIX aBTOpPaMu
NpedbIAyIIuX Teopuid, rumoTe3 W Mojeneir >dupa, Tak WIM HHAYe
UeaNM3UPOBABIINX 3(UP, YTO HEU30EKHO MPUBOIMIO K BO3HUKHOBEHHUIO
NPOTUBOPEUM B paMKaX HMCXOAHBIX MPEANOCHUIOK 3TUX TEOPUM, TUIIOTE3 U
Mozenei.

[pencraBnenuss o6 3¢dupe, kKak o0 Ta30MONOOHONW cpene, CMOTIH
TIOSIBUTHCS JIMIIb HA OCHOBE aHalM3a MOBEICHMS <QJEMEHTapHBIX YacTHI»
BElIeCTBA NMPU MX B3aUMOACWCTBUSX, a HE TOJBKO HAa OCHOBE aHAJIN3a
CBOWCTB MakKpoMHUpa, Kak »3To Jenajgoch paHee. CremoBaTelabHO, [0
HAKOIJIEHHUs JAHHBIX O MOBEAECHUM W3BECTHBIX HbIHE MHUKpPOYACTHL, T.€. 10
60X romoB MpOLLIOTr0 CTONETHSA, TaKHe MPeNCTaBIeHUS TMPaKTHYECKH He
MOTJIM BO3HUKHYTh. [103TOMy M MOMBITKM COCTAaBUTb HEMPOTUBOPEUYHBYIO
KapTHHY MHpa Ha OCHOBE TMpelcTaBlieHHii 00 3Qupe TOrma He MOIIHU
yBeHuUaTbcsd ycmexoM. OpHako ceiiyac Takas TIOMbITKA  BIIOJHE
CBOEBpPEMEHHa.

B paboTte mokazaHo, YTO Ha BCEX YPOBHSAX OpraHM3allMd MaTepuH, OT
BceneHHO# B 11e10M 10 AJIEeMEHTApHBIX YacTuIl 1 3¢(upa, AefiCTBYIOT OTHU 1
Te ke (u3nUecKkue 3aKOHBI. DTO O3HAayaeT, 4TOo IS (YHKIMOHAIBHOTO
aHanu3a ABJICHWI MOXET M JOJKEH OBIThb MCTOJIB30BAH anmapaT OObIYHBIN
OOBIYHOW MaTeMaTHdeckoil (M3WKM, KOTOpPBIM, KOHEYHO, HE WCKIIoYaeT
MPUMEHEHHUS IJ1s1 OTAEIbHBIX CIIy4aeB U KaKoW-JIMOO APYroif MaTeMaTHKH, HO
OpU 3TOM HH O KakKOM MPEUMYIIECTBEHHOM IMOJIOKEHUM MaTeMaTUKU
OTHOCUTENLHO (M3UKU He MOXeT MITH U peyd. Ha mepBoM MecTte Bcerna
JOJDKHA HAaXOOUTbcsA (u3Myeckas CYIIHOCTh SIBJICHUH, OTpaKeHHas B
¢usndeckoit Monenu. MaremaTuka K€ SBJSIETCA  BCIIOMOTaTelbHBIM
CpeICTBOM aHalu3a, KOTOpPbIii MOXeT OBITh NPUMEHEH TOJbKO TOCcIe
pa3paboTku sicHO# uzndeckoit MoaemH.

Jlns aHanm3a cocTostHUN 3¢dupa Kak ra3omogo0HOTO Tesia MOXET OBITh B
3HAYMTENbHOI CTENeHM WCMOJb30BaH ammapar raso- M rugapoMexaHuku. K
COXKaIEHWIO, B JTHX TPAIWIMOHHBIX O00OJAcTAX Kiaccuyeckol (Gu3nkn
WMEIOTCA HE TOJIbKO JOCTIXKEHHA, HO M HEJOCTaTKH, BO MHOIOM
3aTpyAHAIOLINE MpPOBEAECHUE WHCClefoBaHWil. TeM He MeHee, MHorue
TIOJIO)KEHHs, BhIpabOTaHHBIE YKa3aHHBIMHU pazfeiaMu (DMU3UKH, TO3BOJISIOT
MOCTPOUTh  MOJEIM  pazfNUuyHBIX (OopM  BemecTBa U (QU3MYECKHUX
B3aMMOJEHCTBUNA U MPOBECTU UX UCCIIEIOBAHMUS.

[MombITkM mpuBIeUEHUs ammapaTa ra3o- W TUAPOMEXaHUKU IS
OO0BbsSICHEHUs] YCTPONCTBA MaTepuallbHbIX 00pa3oBaHUil M Pa3sHOOOPA3HBIX
¢u3nyeckux SABJIEHUNH W TIOCTPOGHUS €IWHON KapTUHBI MHpa HMEIOT
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MHOTOBEKOBYIO  HcToputo. JloctraTouHo BCIOMHUTH uMeHa Daneca
Munerckoro, Jlemokpura, AHakcumanapa, P.Jlekapra, W.HploToHa,
M.B.JlomoHocoBa, Jl.Bonbumana, B.Tomcona (nopma  KenbBuHa),
M.®apanes, x.K.Makcemna, JIx.Jx.Tomcona, A.K.Tumupssesa,
H.IT.Kacrepuna, B.®.MutkeBiuya U MHOTUX APYTHX, YTOOBI MOHATH, YTO Y
JAHHOTO HampaBlieHWA CYIIECTBYeT COJMIOHBIA 3a7esl, KOTOpoMy B
HacTosllee BpeMsl He3acIy)KeHHO He MPUIAHO AOJDKHOro BHUMaHUs. 3anaueit
aBTOpa mpeisiaraemMoil paboThl SBUIOCH TpuBJIeYeHHEe U 0000IIeHHe ¢
YYETOM 3KCTIEPUMEHTAIBHBIX JAHHBIX MOCAEAHUX NECSATUIETUIH MOJyUYEeHHBIX
MHOTOYMCIEHHBIMU HUCCIIEOBATENsIMU Pa3pO3HEHHBIX pe3ynbTatoB. Kak u
MpU KaxxI0M 0000ILEHNH, MPU 3TOM B HEKOTOPBIX CllydyasX ObUIM YTOUHEHBI
MPeACTaBIEHUS U O YaCTHBIX SBJICHUSIX.

[MosiBneHne 3pUpoaMTHAMUKY B HACTOSIINEE BPeMsl MPEIOTIPEIeIICHO BCEM
XOJIOM pa3BUTHsSI €CTECTBO3HAHUS 32 BCIO MPEIbIIYIIYI0 HUCTOPHUIO
€CTeCTBO3HaHUA. Pa3BUTHe ecTecTBO3HAHMS BCErAa IO MO yriyOJeHHo B
uepapxMyeckue YpPOBHM OpraHu3zalud Matepuu. OT HOpHUPOIbl B IEJIOM
(Panec, VI B. 10 H.3.) k cyOcTanumsiM (ApuctoTtens, IV B. 10 H 3.), naiee K
BemiectBam ([Mapauensc, XVI B.), mamee Kk MolekyjJaMm U aTomMam
(kopmyckyabl —JlomoHocoB, anemenTsl — JlaByasbe, XVIII B.; danstoH, XIX
B.), 3aTeM K 3JeMeHTapHbIM 4vactuuaMm BeulectBa (®Papaneit, XIX B.;
Pesepdpopn, XX B.). Kaxmgpiii Takoit mnepexon 3HaMeHOBal Cco0OM
(pM3NIECKYIO PEBOJTIONINIO U TMPUBOAMI K KAYEeCTBEHHO HOBBIM OTKPBITHAM W
KauecTBEHHO HOBbIM 3HaHuAM. Ceiuac co3pes oOuepelAHON mepexon K
cienymoueMy, eme Ooyiee TyOMHHOMY YPOBHIO OpPraHu3allMd MaTepud —
3(Upy U eTO FITEMEHTY — amepy.

WznoxeHHbIl HIKe Marepuajl MO CTENeHW OOCTOBEPHOCTH MOXKHO
pa3zenuTh Ha aBe yacTu. K mepBoif, Hanbosee 10CTOBEPHOI, MOKHO OTHECTH
BCE TO, YTO CBS3aHO C IOCTAHOBKOM 3aJayd W C 0OIIeil MeTOHOJIOTHEN
MOJX01a K €€ pelleHrI0. DTOT MaTepual U3J0KeH B MEPBhIX TpeX IJaBax, a
TaKke YacTUYHO B 4eTBepToil rnaBe. Ko BTopoit uactH, Tpebyromieii
YTOYHEHHS MPU MOCIEAYIOEM pa3BUTUN 3(PUPOAUHAMUKH, HYXKHO OTHECTH
BCE UHUCIICHHBIE pacdeThl TapaMeTpoB 3(upa, M3II0KEHHBIE B UYETBEPTOU
rJaBe, a TakXKe BCE CTPYKTYpHble MOCTPOEHUsSI MOJeseil MaTepHhalbHBbIX
oOpa3oBaHMii, B3aUMONEHCTBMI W KOHKPETHBIX (U3NUECKNX SBICHUH.
HecMmoTpsi Ha JOTMYECKYIO 3aMKHYTOCTb BCEro MaTepuaia, Hajauuue
YHCJIEHHBIX PacyeToOB, B OCHOBHOM COOTBETCTBYIOIIMUX OMBITHBIM JaHHbIM,
MPOBENEHNUE HEKOTOPbIX JKCIEPUMEHTOB, MOATBEPAMBIIMX HUCXOAHbIE
NPEeNoNoKeHHs, Bce 3TO, KOHEYHO, ellle HAaXOAUTCS B He3aBepIIEHHOM BUJE,
a HEKOTOpbIe MOCTPOEHHs COOTBETCTBYIOT MOKA TOJIBKO YPOBHIO TMIIOTE3.

CrnenyeT chHeuuanbHO TMOAYEPKHYTb, 4YTO, HECMOTpA Ha Ooraryio
NpeIbICTOPUIO BOIpOca, 3(UpoarHAMUKA [eflaeT BCEro JHWIIb TepBbie
peanbHble IIard, CBS3aHHbIE C WHXXKEHEPHBIM TOAXOOOM K Mpobieme
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ycTpoiicTBa Mupa. HecoMHEHHO, UTO Mocienyrolee pa3BUTHE U3JI0KEHHBIX
TOJIOKEHWH  ToTpedyeT  BMelaTeNbcTBA B pEIIEHWE  MpoOIeMbl
CTMELNAINCTOB KOHKPETHBIX HAMpaBlICHWH, KOTOpbIE, BEPOSITHO, MHOTOE
W3MEHST U yTOUHSIT.
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I'nmaBa 1. MeTogoornueckuii Kpu3uC COBpeMeHHOI
busuku

Hcropus uzneit ecth ucropusi 60psObI U, ciieoBaTebHO, 00pHObI UeH.

B.U.Jlenun.

Barnsiiel Ha mpupo Iy Bemel T0MKHBI HEMTPEPBIBHO COBEPIIEHCTBOBATECS
MyTEM MO3HAHUS HOBBIX ()aKTOB M IX HAYYHOTO 0000IIEHHSI.

Aszycm Kexyne

11. Kpmsuc d¢muxku konma XIX B. 0 «pusnueckas
peBosonMs» Havauaa XX B.

Kak wm3BectHo, B koHue XIX — Hawane XX cronetuii B (Qu3uKe
NPOU30ILEN KPU3HC. DTOT KPU3KC BBIPA3HIICA B TOM, YTO 110 Mepe OCO3HAHMA
CNeNCTBMH, K KOTOPHIM BeIyT TMOJNOXKEHHS BCEMM MpPU3HAHHOW Tak
Ha3bIBAEMON «KJIACCHYECKOW (U3MKM», BBIACHAIMCH WX IMPOTHBOPEUHS C
peanbHO NeNCTBUTENBHOCTBIO.

Tak, pacnpocTpaHeHue 3aKOHa BCEMUPHOTo TAroTeHus HeroToHa Ha BCro
BcenenHyro npuBeno K rpaBuTalMOHHOMY Tapanokcy Heiimana—3enurepa, B
COOTBETCTBMH C KOTOPBIM B JIF000# TOUKe OecrpenenbHOro MpoCcTpaHCTBa
TPaBUTALMOHHBIN MOTEHIAT OECKOHEYHO BEJHK, a 3TOTO HE MOXET OBITb.
[MpencraBienne o0  OecnpefeNbHOCTH  TPOCTPAHCTBA  TPHUBENO K
¢oromerprdeckoMy mapanokcy Llleso—Onbbepca, B COOTBETCTBUHM C
KOTOpbIM B JI00OH TOouke HebOOCBOa JOJKHA HaONogaThbcs 3Be3la U Bce
He0O NOJKHO CHAThH, a 3TOoro He HaOmogaercs. Hakowner, Btopoe nHavamno
TePMOIMHAMHUKY MPUBEJIO K TePMOAMHAMUYecKoMy Napanokcy Kiaysmyca, B
COOTBETCTBMM C KOTOPBIM BCe TeMmepaTypbl Bo BceleHHON omHaxIbl
BBIPAaBHAIOTCS, BCE TMPOLIECCHl OCTAHOBSATCS, W HACTynUT «TemnoBas cMepTh
Bcenennoii». Ecnu mepBble nBa mapanokca eie Kak-To ObUTM TePNUMBI, TO
TpeTuii TapanoKC BbI3BaJ BCEOOIIyl0 MaHWKy. M HUKOMY He NpuOIio B
TOJIOBY, YTO BCE 3TO CJIEICTBUS JINIIb HEMOJHOTH HAKOTJIEHHBIX 3HAHMI.

A xorma B koHne XIX — navane XX croneTnsi B pU3NKe MPOM3OIIEN PsiT
OTKpBITWH, HE YKJIaIbIBABIIUXCS B TIPEICTABIEHUS «KIIACCUUECKOI» (QpU3NKN
— X-nyun (K.Penrren, 1895), pamuoaktuBHOCcTh (A.Bekkepens, 1896),
anektpoH (Jx.TomcoH, 1897), HECOOTBETCTBUE pacTpe/ieNieHUs] dHEPTUH
u3nydeHus: yepHoro tena omeity (M.I[lnank, 1900), Hanuuue simpa B atome
(D.Pesepdopn, 1911), To TyT yx Hayanach BceoOuias Hepazdepuxa. Ho
BMECTO TOTO, YTOOBI NMPHU3HATH HEMOJIHOTY «OOLIEMPU3HAHHBIX» TEOpHUi,
(GVB3MKY MOLUTA TI0 MyTH OTPULIAHMS CaMOil MaTepuu M TMPearnoyTeHHs ei
abCTpaKTHOI MaTeMaTHKH.
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B 1909 r. Beimuia B cBeT kHura B.M.Jlennna «Marepuaimsm u
sMnupuokputuim3M» [1].  Pa3bopy 3Toil HIMPOKO W3BECTHOU pabOThI
MOCBSILIEHAa OOIIMpHAs JuTepaTypa. HamoMHMM HeKOTOpble MOJOXKEHHMS,
BEICKa3aHHBIC W 000CHOBaHHBIe B./.JIeHWHBIM B 3TOI KHUTE.

Pa3zeutie Hayku B XIX cTo/NeTHMM MOKa3alo OrpaHUYEHHBIN XapakTep
CYIIECTBOBaBIIEH 1O TeX TOp (HM3NIecKoi KapTWHBI Mupa. Hauamcs
TIepecMOTp LIENIOTO psiAa MOHATHH, BBIPAOOTAHHBIX TPEXHeH KiIacCHYecKon
(M3MKOM, TpencTaBUTENN KOTOPOW, Kak TPaBWIIO, CTOSUIM HA TO3HMLMAX
CTUXWIHOTO, HEOCO3HaHHOTO, YacTO MeTa(pu3N4ecKoro MarepuainsMa, c
TOYKM 3pPEHUS] KOTOPOro HOBble (DM3MUECKHE OTKPHITUS  Ka3aluch
HEOOBSICHUIMBIMU. DTO MPOMCXOIWJIO TMOTOMY, 4YTO Kiaccudeckas (pusnka
UCXOAMNAa W3  MeTa(U3MUeCKOro  OTOXKIECTBIEHHS  MaTepun  C
ONpeZIeJIEHHbIMM W BECbMa OTPAHWUYCHHBIMU TPEACTABJICHUAMH 00 ee
cTpoeHnu. Korza »xe oka3ajioch, 4TO 3TH MPEJICTABIEHUs HE COOTBETCTBYIOT
TIOJYYeHHBIM OTBITHBIM TyTE€M ITaHHBIM, TO BMECTO YTOYHEHHS CBOMX
HETIOJTHBIX TIPEACTaBIeHUH O CYIIHOCTH MaTepuu (pUIoco(bl-uaeanncTsl, a
TaKke OTHeNbHbIe (U3WKM CTalll JOKa3bIBaTh «HECOCTOSATEITHHOCTBHY»
MaTepuaanu3Ma, OTpULATh OOBEKTUBHOE 3HAUEHWE HAy4dHBIX TEOpUH,
yCMaTpHUBaTh LeJIb HAYKH JINIIb B ONIMCAHNY SBJICHUIT U T.JI.

B.M.JIeHnH  yKasblBall, = 4YTO  BO3MOXHOCTb  MICAIUCTUYECKOIO
VCTOJIKOBAHUS HAYYHBIX OTKPBITUI COJEPIKUTCS YK€ B caMOM MpoLecce
MO3HaHMS OOBEKTHBHON peabHOCTH, MOPOXKAAETCs CaMHUM TPOTrpeccoM
HayKH.

IIpoHnkHOBeHHe B TIyOMHBI aTroMa, TMOMBITKM  BBIAEIUTH €0
3JIeMEHTapHbIe YacTH MPUBENIN K YCUJICHUIO POJIM MAaTeMaTHKH B Pa3BUTHU
(u3MYeCKNX 3HaHUM, 4TO camo Mo cebe ObLIO MOJOXKUTEIbHBIM SBIECHUEM.
OnHako Martemarn3anmsi (PU3WKHM, a TAaK)Ke HEMOJHOTa, OTHOCHTENLHOCTB,
PETSITUBU3M HAaINX 3HaHWHA B TEpPHOA KOPEHHOI0 W3MEHEHUs
TIpeACTaBIeHNT 0 (U3MYECKOM MHUpE CMOCOOCTBOBANIM  BO3HWKHOBEHHIO
Kpm3uca  (U3NKA W SBWINCh THOCEOJIOTUMECKUMHU HCTOYHHKAMU
«(hM3NIECKOTrO» NaeaIn3Ma.

B ycnoBusx Kpu3ucHO#M cutyauuu B (usuke (UI0codb-UaeannucTbl
CJleJlalii TIOTIBITKY BBITECHUTh MaTepuaii3M U3 €CTECTBO3HAHWS, HaBA3aTh
(u3rKe cBOE OOBSCHEHHE HOBBIX OTKPBITHIA, MPUMUPUTE HAYKY U PEJIUTHIO.
[To obpazHomy BelpakeHmto B.M.JleHnHa, <«HoBas (U3MKa CBUXHYyJIach B
ujeansM, TJaBHbIM 00pa3oM, HMEHHO MOTOMY, 4YTO (M3MKHM HE 3HAJIN
manektuku” [1, c. 276-277], T.e. (U3MKM He ywid HEOOXOIUMOCTH
YTOUHEHUS CBOMX NPEACTaBICHUN O CTPYKType MaTepud U BMECTO 3TOrO
MPEANOWIM  MPOCTO BBHIOPOCHTH MaTepHI0 W3 TEOPHMM W 3aMEHUTh ee
abcTpakTHOW MaTeMaTWKOi. Y (M3MKOB, KaK CIPaBEeIJIMBO  3aMETHI
B.U.JlenuH, «MaTepusi WcyesNa, OCTAINCh OOHM ypaBHeHWs»[1, c. 326],
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MOTOMY 4YTO Yy4eHble (PAKTHUECKH OTKa3ajuch OT TPEICTaBIEHUH O
(u3nydeckoil cyTH ABJICHUN, OT MOMAEJBbHBIX MPEACTaBICHUI O CTPYKType U
JBWKEHUSIX MaTepuH, KOTOPbIE COCTABIISAIOT CYIIHOCTb JIFOOOTr0 (hM3UIECKOro
ABJICHHUS.

B.M.Jlennn yka3an B cBoeif paboTe, UTO «cOBpeMeHHas (pH3MKa JIEXKUT B
pomax. OHa poxIaeT AualleKTHIecKuii mMarepranmsMm. Ponasl Gone3HeHHEbIE.
Kpome *xWBOro W >KM3HECTIOCOOHOTO CyIIeCTBAa OHHM JalOT HEH30eKHO
HEKOTOpble ~ MEPTBBIE MPOAYKThI, KOe-Kakhe OTOpOCHl, MOAJEKaIINe
OTIMpaBKe B TMOMEMIEHNS I HedncToT. K uncimy 3Tux oTOpocoB OTHOCHUTCS
Bech (PM3MUECKUI HIeanu3M, Bcd SMIUPUOKpUTHYEcKas (unocodus BmMecTe
C AMIUPUOCHMBOIM3MOM, OJMIUPUOMOHM3MOM U T.aL.» [1, c. 332]. K
OONIBIIOMY COXKaJ€HMIO,  BCE 3TO OKa3aJloCch CHpPaBEUIMBBIM M TIO
OTHOILLIEHHUIO K COCTOSHMIO (G3MKM KoHLa XX cronetud. Poxsl ¢usukoit
JMaJIeKTHYECKOT0 MaTepralin3Ma sIBHO 3aTsHYINCh. PU3NUECKU uneanusm,
SMITUPUOKPUTUIIM3M, BCE OTOPOCHI «OOJIE3HEHHBIX PONOB (U3WKH», O
KOTOpBIX mpenymnpexxian B.M.JIenun, pacuBenu NbIIIHBIM LUBETOM. MOXKHO
yTBEpKIaTh, 4YTO Bce KpuThueckue 3ameuanus B.M.JlemmHa B ampec
TeopeTndeckoii ¢m3ukn KoHma XIX - Hawama XX BB. B MOJNHOW Mepe
COXpaHWJIM CBOE€ 3HAYEHUE U TO0 OTHOWIEHHIO K COBPE-MEHHOIl
TeopeTHIecKoi (pr3rKe — GU3MKe BTOPO MOJOBUHBI - KOHIAa XX B.

Uro xe mnociyXwio ¢uiaocopckoii OCHOBOW TaKOTro MOJOXKEHUSA?
CeroHsa MOXHO yTBEp)KIaTh, uTo (husocodckoit ocHOBOI Kpu3uca GU3KUKU B
koHUe XIX — Havane XX cToJeTUil SIBUJIACh NOTMAaTUYHOCTb (puzmyeckoit
TEOpUH, TaK Ha3bIBaeMOM «kiaccudyeckoii» pusuku [2, c. 7-12; 66—71].0Ha
(eTHIIN3NPOBaAIa HECKOJIBKO «XOPOIIO W3YYEHHBIX» <GAKOHOB>» MPHUPOABI U
CTaHOBWJIAaCh B TYNUK BCSIKUH pa3, KOTAa 3T <«3aKOHbI» NPUBOAMIN K SBHBIM
HEcooOpa3HOCTSIM WIIM, KaK WX TPUHATO Has3bIBaTh, mapamokcam. OHa He
cTaBmIJIa Tiepe]; coboif 3aqaur MOHATh BHYTPEHHIOIO CYIIHOCTH (PU3NUECKIX
ABJIEHMH, a  OrpaHMYMBAJaCh  BHEIIHUM WX  ONHCaHMEM, T.€.
(eHoMeHOMOTHEH. OHAa TIPAaKTHYECKW HE CTaBWIa Tiepel co0OU 3amaum u
BBISICHEHUS] CTPYKTYp MaTepuH Ha IIyOWHHBIX YPOBHSX OpPraHM3aluu. DTO
Hen30eHO BeJO K MOBEPXHOCTHOMY NMOHMMAHUIO SBJICHU, HE TOTOBMIIO €€
K BOCTIPUSITHIO HOBBIX (D)aKTOB, NMOSABJIEHHE KOTOPBIX BCErAa OKa3bIBAJIOCh IS
Hee TOJHOM HeokuIaHHocThlo. Ho rnaBHoe, y Hee He ObUIO
MeTojojorndeckoir  06a3bl, (unocockoil oOmIel  OCHOBBI, YETKOrO
MOHUMaHMs TOTO, YTO BCA TPUPOJA €CTh COBOKYMHOCTb TeJ W SIBICHHUN
JBIWXKYIIeiics camoopraHusyromeiics marepun. Hukto He chopmymarposai
moaxoqa K BceoOmMM (QHU3WYECKMM WHBAapHaHTaM, T.€. KaTeropusiM,
MPUCYIIUM BCEM TEJIaM M SIBJIEHUSIM U KOTOPBIE B CHITy CBOEH BCEOOIIHOCTH
HeE MOAJIeKaT HUKAKUM NpeoOpa3oBaHUAM.
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N HaobopoT, BCEM KOHKPETHBIM SBJICHUSIM M 3aKOHOMEPHOCTSM,
MOJY4YE€HHBIM U3 KOHKPETHBIX YCJIOBUI, MpUIaBalCs XapaKTep BCEOOLTHOCTH,
TEM CaMbIM, HCKJIKOYalach cama BO3MOXHOCTb MX KOPPEKTUPOBKH. 3aKOH
taroteHus: Hetotrona — «BcemupHbIiii», Hauana tepmoanHaMuky — BceoOiue,
YpaBHEHUSI 3JIEKTPOAMHAMUKN MakcBejia — 3To abCoNoTHAs UCTUHA. A YK
MOATBEPKACHUE BBIABUHYTOrO MpeACKa3aHUsi Kakoro-HUOyAb YacTHOTO
SIBJIEHUSI U BOBCE JIEJIAJIO 3TU <BaKOHBI» HEMPepeKaeMbIMHU.

Mexmy TeM, oboe (hopMyTbHOE BBIpaKEHWE JIOOBIX SBJICHUN €CTh B
JlydylleM cily4ae BCEero JIMllb MEpBOE JIMHEHHOe MPUONIMKEHUE K TOMY, 4TO
CYLLECTBYET Ha CaMOM [EJie, 1a U TO TOJIbKO B YACTH IOCTABJIEHHON LENIU
uccleioBaHuA. YTiIyOJeHue B CYIIHOCTb SIBJI€HUS HEM30€KHO BBIIBUT €ro
HeJIMHEeHOCTh, a MOCTAaHOBKA APYTO# LeNu MPOCTO MpUBEAET K UHOW (popme
OIMMCAHUA dTOTO SBJICHMS.

Takum o00pa3oM, WMEHHO WIOSATUCTUYECKU MOAX0J K pa3paboTke
($u3ndecKkux TeopHil mpemonpenes i kpusnuc Gmuku koHa XIX croneTwus.
Ho BMecTo M3MEHEHHs CaMOW CYIIHOCTH METOIOJOTHH (PM3WKHU TOMUIA TI0
JanbHelieMy MmyTH a0CTparupoBaHus OT AEMCTBUTENbHOCTHM MyTEM BBOJA
TOCTYJIATOB, T.€. TIOJOKEHUH, CHOPMYITHPOBAHHBIX Ha OCHOBE «TCHHMAHHBIX
JOTaiok» W OecrpelelbHO pPacIpOCTPaHAEMBIX Ha BeCh MHP W Ha Bce
aprnenusi. M 3mech ocoOyto ponb cwirpanu Teopusi OTHOCHUTENBHOCTH
A.DJiHIITelHA 1 KBAHTOBAasI MEXaHUKa.

1.2. Poas TeopHH OTHOCHTEJHHOCTH DHHIMTEHHA U
KBAHTOBOH MEXaHHMKH B IOATOTOBKE HOBOI0 KpH3HCA
$puzuxku

B ocHoBe paccyxnenuii CrienquanbHoii Teopun otHocutenbHocT (CTO)
OiHImITEiHA JIOKUT TPUHOWIUATGHOE OTpHuaHue 3¢upa, TNpHU3HAHHAE
CyllecTBOBaHMS 3¢upa B MpUPOJe chenano Obl HEBO3MOXKHBIM MOSABIEHUE
Teopuu oTHOcuTeNbHOCTH [3].

K wmbicniu 06 oTCyTCTBUM B mpupone 3¢upa DWHIITEHH mNpuiiena Ha
OCHOBE COTIOCTaBJIEHUs pe3ylbTaToB sKkcrnepumeHtoB ®uzo (1851) [4] u
Maiikenscona (1881,1887) [5, 6].

Kak m3BecTHO, B pe3ysibTaTe MpoBeIeHMs 3KcrepuMeHTa du3o Haien,
YTO CBET YAaCTUYHO YBJIEKAETCS JABMKYILEWCS cpefoii (Boaoil). B pesysbraTe
K€ IKCTIIEPHMEHTOB IO OOHapyXeHWI0 3(UpHOTO BeTpa, MPOBEIEHHBIX B
1881 r. Maiikensconom u B 1887 1. MaiikenscoHoM M MoOpiH, 0Ka3ajocCh,
YTO Ha MOBEPXHOCTH 3eMiI 3()UPHBII BeTep OTCYTCTBYET, IO KpaiiHeil mepe,
VMEHHO TaK OBLITM MCTOJIKOBAaHBI pe3yJIbTaThl STUX OMBITOB. Ha camom mene
3¢ upHBIi BeTep ObLT 00HApY>KEeH y)ke B caMOM TIepBOM orbiTe MaiikenbcoHa,
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XOTsl CKOPOCTh €ro 0Ka3ajach MEHbILE, YeM 0XKHAaNach. DTO HAXOAMJIOCH B
npoTuBOpeunH ¢ Teopueii JlopeHa 06 abCcoOTHO HETIOABIKHOM 3dupe.

HetanbHoe 000CHOBaHME MPUHLMIOB, TMOJIOXKEHHBIX B  OCHOBY
CrneunanbHOil TEOpWM OTHOCHTENBHOCTH, OWHIITEWH pgam B craTbe
«[Tpunumn otHocuTebHOCTH U ero chenctBus» (1910) [3,c. 140].3neck on
yKasall, 4YTO 4YacTUYHOE YBJEUYEHWE CBeTa [BIKYIIeics HKUIKOCTHIO
(okcmeprMeHT PU30) «...0TBEpraeT TMIOTe3y MOJHOTO YBIICUSHUS 3(upa.
CrenoBaTesbHO, OCTAIOTCS IBE BOZMOKHOCTH:

1) >¢up MONHOCTBIO HEMOABWKEH, T.e. OH He MPUHHUMAaeT aOCONIOTHO
HHMKaKOTO y4acTHs B ABI)KEHMM MaTepuu (a Kak ke 3kcnepumeHT Pwuso,
MOKa3aBIWii YacTHIHOE yBleueHue? —B.4.);

2) s¢up yBnekaercs ABWKYILIEWcs MaTepueidl, HO OH JABWXKETCS CO
CKOPOCTBIO, OTIIMYHOM OT CKOPOCTH ABMKEHUSI MaTepHH.

PazBute  BTOpoif  rumoTe3sl  TpeOyeT  BBeAEHHA  KaKMX-JTHOO
TIPEATONIOKEHNI OTHOCUTENIBHO CBS3M MeXAy 3(GUpOM | IBWXKYIIeiics
Mmatepueil. [lepBas ke BO3MOXHOCTb 0ueHb npocma (Kypcus Moit — B.A.), u
IUSL ee pa3BUTHSA Ha OCHOBE Teopun MakcBemna He TpeOyercss HUKakKon
JOTIOJTHUTELHON TUTTOTE3bI, MOTYIIEH OCIIOKHUTH OCHOBBI TEOPHU».

VkazaB pmanee, uto Teopus JlopeHma o HemoABWXHOM 3(dupe He
TIOJTBEPKAAETCS Pe3yNbTaTOM SKCTIEPUMEHTa M, TaKUM 00pa3oM, HaJHIO
NpoTUBOpeYre, DWHINTEHH clienall BIBOJ O HEOOXOANMOCTH OTKa3aThCs OT
cpenbl, 3aloNHAOIIEHl MHPOBOE MNPOCTPAaHCTBO, MO0, Kak OH TIoJlaraer,
«...HeJb3sl CO3JaTh YHOBJICTBOPUTEIbHYIO TEOPHIO, HE OTKa3aBLIMCh OT
CYIIECTBOBAHUSI Cpejibl, 3aMONIHSIONIEH Bce mpocTpaHcTBO» [3, c. 145—-146].

Otka3z ot 3¢upa gan asropy CreuuasbHONW TEOPHHM OTHOCHUTEIBHOCTH
BO3MOXHOCTb C(OPMYJIMpPOBaTh MATH (a He 1OBa, Kak OOBIYHO CUMTAETCS)
TOCTYJIaTOB, Ha KOTOphIX 6aszupyetca CTO:

1. Omcymcmeue ¢ npupooe 3¢pupa, 9To 000CHOBHIBAJIOCH TOJEKO TEM,
YTO Npu3HaHue 3(upa BeleT K CI0KHOW TEOPHH, B TO BpeMsI KaK OTpHUIIaHHe
3(¢¥pa Mo3BOJISET CeNaTh TEOPHIO MPOIIE;

2. Ilpunyun ommnocumenvnocmu, THACAIWKA, YTO 6ce Hpoueccsl B
cHcTeMe, Haxojslieiics B COCTOSHHUM PaBHOMEPHOTO M MPSMOJHMHEHHOro
JBWXEHUS], MPOUCXOIAT MO TEM K€ 3aKOHaM, YTO M B MOKosALIelcs cucTeMe
(paHee MPUMEHMTENBHO K MEXaHWYECKUM TpoLeccaM 3TOT MPUHLMI ObLI
chopmynupoBan [anuneem);

3. Ilpunyun nocmoancmea cKopocmu ceema (HE3aBUCUMOCTb
CKOPOCTH CBETa OT CKOPOCTH UCTOYHHKA);

4. Hueapuanmnocmop 4emplpexmepHoz0 UHMepsand, B KOTOPOM
MPOCTPaHCTBO (KOOPAMHATHI) CBA3AHO CO BPEMEHEM uepe3 CKOPOCTh CBETa;
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5. Hpunyun oonoepemennocmu, CcOTIIACHO KOTOPOMY HaOJItonaTelb
CYAMT O TPOTEKaHUM COOBITMH BO BpPEMEHH IO CBETOBOMY CHUTHaly,
JOXOSIIEMY 10 HETO OT 3TUX COOBITHH.

B COOTBETCTBHM C 3TMMU TMOCTYJIAaTaMU YTBEpP)KAAeTCsS NMPUHIMTHATbHAS
HEBO3MOXHOCTh KaKMM-TTHOO (M3MIECKUM 3KCTIEPIMEHTOM, TPOBOIUMBIM
BHYTpHU JabopaTopun (CHUCTeMBI OTCYeTa), YCTAaHOBHUTb, HAXOAMTCSA OTa
nabopaTopusi B IOKOE W IBIKETCS] pABHOMEPHO W TPSIMOJIMHEIHO, a Takxke
TIOCTOSIHCTBO CKOPOCTH CBETA B JIFOOOH MHEPLMAIBHON CHCTEME.

Jlerko BUAETb, UTO HaNUuue 3(pupa He MO3BOAMIO Obl cHOPMYIUPOBATH
HU OJIMH W3 MepeuucIeHHbIX MocTynaToB. Ecim a¢up BcenpoHukarol, To
BHYTPH ABIXKYyLIeiics nabopaTopuu NoJbKeH Habmonatbes 3(UpHBIA BeTep,
CJIeIOBAaTEeNIbHO, TMOSIBJISIETCS BO3MOXKHOCTb, HE BBIXOAA 3a MpeJesbl
naboparopuu, onpeaesanTb (BakT ee ABMKEHHs MyTeM M3MEPEHHs CKOPOCTH
a¢upHOro BeTpa BHYTpu Jabopartopuu. Hammuue 3¢upa 3acTaBuio Obl
MOCTAaBUTh BOIPOC M O IEPEXOJHOM Mpolecce, HUMEIOLEM MeCTo NpH
TeHepaluy CBeTa MCTOYHWKOM, a TakXe O BEJIMYMHE CKOPOCTH CBeTa
OTHOCHTENIbHO WCTOYHMKAa B MOMEHT BBIXOAA2 B HETOCPEICTBEHHOW OT
UCTOYHUKA OJIN30CTH, O CKOPOCTU CBETA OTHOCUTENIBbHO 3(UPa, O CMEIIEHUH
3¢upa OTHOCHTENIbHO WCTOYHWKA W MHOTHE Apyrue Bompochl. [lowckn
OTBETOB Ha BCE OTH BOMPOCH BPSA JM OCTAaBWIM OBl TOYBY ISt
(hopMynMpOBaHUS MEPEUHCIEHHBIX MOCTYJIATOB.

O6mass  teopuss  orTHocutenbHoctu  (OTO) Toro ke  aBTOpa
pacnpoctpanuna nocrtyynatel CTO Ha rpaButaumro. I[Ipu 3TOM CKOpOCTH
CBeTa, SBIAMOINASICA UYWUCTO 3JEKTPOMArHUTHOM  BENMUYUHON, Oblia
UCTOJIKOBAaHa M Kak CKOPOCTb pPAacHpoCTpaHeHHWs TI'paBUTALUM, XOTS

rpaBUTalUMsl — 3TO WHOE (YyHAAMEHTabHOE B3aHUMOJEICTBHE, HEXeNn
3NIEKTPOMArHeTH3M, OTIIHYAroIIeecs Mo KOHCTaHTe B3aumoeiicTeus Ha 36 (1)
nopsinkoB. OTO — OOmas Teopus OTHOCHTENBHOCTH Jo0aBWia K

MpeIbIIyIIAM elle MATh MOCTYJaTOB — PaclpoCTpaHeHNe BCeX MOCTYJAaTOB
CTO Ha TpaBUTalMIO, 32aBUCUMOCTh XOJla YaCOB OT TPaBUTALMOHHOTO TIOJIS,
KOBapHaHTHOCTh TMpeoOpa3oBaHuii KoopAuWHaT (MpuBedeHUe (GOPMYITBHBIX
BBIp@)XEHMIT B OAMH M TOT e B IJIs JIIOOBIX CUCTEM OTCYETa), PaBEHCTBO
CKOPOCTHM PAaclpOCTPaHeHUs] TPaBUTALMM CKOPOCTH CBeTa M, HAaKOHell,
Hannuue () B nmpupone adupa. O nocnenHeM DifHINTeNH B pabotax «Ddup
u Teopusi oTHocutenbHocT» (1920) [7]u «O0 adupe» (1924) [8]sbIpazuics
COBEpILUEHHO ompeneieHHo: «CorjiacHo o0Liell TeOpUH OTHOCHTEIbHOCTH
3¢up cymectByeT. @U3NUECKOE MPOCTPAHCTBO HEMBICIUMO 6e3 3¢dupa». Bort
Tak-To!

He pa3bupas meTanbHO BceX OOCTOSTENBCTB, CBSI3AHHBIX C KPUTHKON
JOTUKK TIOCTPOSHWS] TOCTYJATOB, TOJOXKEHHBIX B OCHOBY TEOPUH
OTHOCHUTENIbHOCTH DWHIITEe}Ha, W C TaK Ha3blBAEMBIMH <IKCTIEpHUMEHTAIIb-
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HbeIMU TioaTBepkaeHUAMU» CTO u OTO, 0TMETUM JUILB, UTO JIOTHKA 00eHX
9THX YacTell 3aMKHyTa cama Ha ce0sl, KOra BbIBOJbI MPUBOIAT K UCXOJHBIM
TIOJIOKEHUAM, UTO 00€ 4acTH 3TOI eANHOM Teopruu MpOTHBOpEUaT APYT APYTy
B CYIIECTBEHHOM [yl HHX Bompoce cymectBoBanus »s¢upa (CTO
yTBepkaaeT OTcyTcTBHE 3¢upa B mpupoae, a OTO ero Hamuume) W 4TO
HUKAaKHX SKcrepuMeHTanbHbelx noarsepxxaeHnuit Huy CTO, vuy OTO Her, u
HUKOTIa He Obuto. Bce 3Tm  «monrBepkaeHWs» JHOO 3JIeMEHTapHO
OOBSICHAIOTCSI HAa YpOBHE OOBIYHOI KilaccMueckoil (pu3mku, Kak 3T0 MMeeT
MECTO, HalpuMep, C YCKOPEHNEM YacTHIl B YCKOPHUTEISX, JJUO0 Bceraa Obutn
CaMOOYEBUJIHbI, KaK 3TO ObIJIO ¢ MpoOieMoit 3KBUBAaJIEHTHOCTH MHEPTHOU M
rpaBUTallMOHHOMN Macc (kK1accuueckas (pu3MKa HUKOTIa He Aenaa pasiuduii
MEXIy HUMH), OO SBISIIOTCS CJIEJACTBUEM HaMpaBJIeHHOW 00paboTKH
pe3yJIbTaToB, KaK 3TO MMEJO0 MECTO ¢ OTKJIOHEeHHWeM cBeTa okojio ColnHIa,
KOT/la U3 BCEX METOJIOB IKCTPAMNOJISILIMKU BbIONpPAETCs TOT, KOTOPbIiT Hanboee
COOTBETCTBYET TEOPHH, JHMOO TPOCTO HE COOTBETCTBYIOT MCTHHE, Kak 3TO
UMeeT MecTo B Tipobieme 3¢upHoro Betpa. ([ToogpoOHee 0060 BceM 3TOM CM.
[91).

CrneunanbHas TeopHsi OTHOCHTENIbHOCTH C MOMEHTa €€ CO3JaHusd
0azupyeTcsl Ha JIO)KHOM TIPEICTaBIEHNMH O TOM, YTO B IKCIIEPUMEHTax IO
3¢MpHOMY BETpY, KOTOpbIe TpoBen A.MailkeJIbcOH ¥ ero MocyieI0BaTeNin B
nepuon ¢ 1880mo 1933ronsl He ObLT 0OHApYkKEH 3(DUPHBII BeTep, KOTOPBIH
JOJKeH ObUT HAOJIOAThCsl HA TIOBEPXHOCTH 3eMJIM 3a CUET €€ JBMXKEHUS Mo
opoute Bokpyr Connua. Torma nposepsiiach konuenuus I'.Jlopenua (3Ty
koHuenuuto B Hadane XIX Beka BbiiBuHYNn O.DpeHenb), B COOTBETCTBUU C
KOTOpoil BcempoHuKaromuii 3¢up OblT  abCOMIOTHO HEMOJBIKEH B
npocTpaHcTBe. [IpoBeieHHbIE AKCTIEPUMEHTBI Jajld WHbIE Pe3yJbTaThbl, HO
HUKOTIa He OBbUTO «HYJIEBOTO» pe3yJbTaTa.

OrpomHyt0 paboTy MO UCCIEeJ0BAHUIO H(PUPHOro BeTpa Mpoaeiall yueHUK
u mociaenosarens Maiikenscona JI.K.Mwiep, HO ero pe3ynbTaTel ObUIH
OTBEPTHYTHl CTOPOHHIKAMH TEOPHH OTHOCHUTEILHOCTH DWHIITEHHa, KOTOpbIe
TeM caMbIM COBEPIIVIN Hay4HbIH momyor. M maxe korma B 1929rony cam
MaiikenbCoH co cBouMM noMolHukamu [lucom u [IupcoHom nmoareepanau
CYIIECTBOBaHWE J(PUPHOrO BETpPa, 3TO HE W3MEHWJIO HUYEro. TEeOopus
OTHOCHUTENILHOCTH Y€ oOpeia CTOPOHHHMKOB, KOTOpbIE IIEJbMOBAIN
Ka)XI0r0, KTO OCMEJMBAJICSA UM MEPEUHTb.

Bce 310 He ciyuaiiHo. [Ipu3HaHue Hanuuus B MpUpoze d¢upa cpasy xe
YHHYTOXKMIO Obl OCHOBY CreunagbHOW TEOpHH OTHOCHTENIBHOCTH, MO0 Bce
€e TOCTyJNaThl He MOTYT OBITh HMKaK OOOCHOBaHBI, €CIM B TPUPOJE
cymiecTByeT 3¢up.

Heuro momoOHoe cimyuymioch W B aroMHOW (u3mke, B KOTOpPOit
TJIaBeHCTBYIOIIEE MOJIOKEHNE 3aHsIa KBAaHTOBAs MEXaHHUKa.
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B cooTBeTCTBUU C MOJOXKEHUAMU KBAHTOBOI MEXaHWKHU, POAMBIIEHCS
TOTa, KOTJa TeOpUsl OTHOCUTENILHOCTH DifHINTeHa Oblila MpU3HaHA BO BCEM
MUpe Kak ryaBHas (uzndeckast TeOpus, BHyTPH aTOMa CYLIECTBYIOT «TI0JIs»,
HO He KOHKpEeTHas MaTephalibHas cpema, TeM Oonee, He 3¢up. [lomro xe
TIPUNKCAH cTaTyc «0co0oil MaTepwanbHOW cpenibl», 0e3 Kakoro Obl TO HU
OBLTO OOBSACHEHMS, UYTO 3TO 3a Cpella M KaKOBBI €€ KOHKPETHBIE TTapaMeTpHI.

Bcst kBaHTOBas MEeXaHWKA, «OO0BACHSIIOMAN» BHYTPHATOMHBIC TTPOIECCHI 1
CTICKTPBl W3JTydeHUs, 0a3upyeTcs Ha TOCTyJaraX, O0Imee YUCIO KOTOPBIX
CeTONHSA YK€ COCTaBJIAET HecATkW. Hauamo mporecca MOCTYJTUPOBAHUS
nojoxun M.JInank B 1900 r., mpeamonoxus, 4YTO W3My4YeHHE CBeTa
NPOUCXOIUT MOPLMAMU — KBAHTaMU M 4YTO KaXKIbIii KBaHT HeceT B cebe
SHEpPruio, MpPOMOPLUOHANBHYIO YacToTe. OJTO  MOJIOKEHHEe BCKOpe
NOATBEPAMIIOCH  OMBITAMH, YTO [Jall0 OCHOBAaHME Ui  ILIUPOKOIO
UCTIOJIb30BaHMS BCE HOBBIX MOCTYJIATOB.

Pa3pabotka D.Pe3zepdopmom B 1911 r. mmaHeTapHON MOIeNW atoma, B
COOTBETCTBHUHM C KOTOPOIl BCE JJIEKTPOHBI —  DJIEMEHTapHBIC YACTHIH,
Hecylmme B ceOe paBHBIC OTPHUIATEBHBIC 3apsibl, — BPAMIAlOTCA BOKPYT
TOJIOKUTETTFHO  3apsHKEHHOTO sifpa, TpWBeNa K HOBBIM TIpoOiieMam,
HampuMep, MoYeMy SJIEKTPOHBI HE MAJal0T Ha SIPO, XOTS OHU IBIKYTCS
yckopeHHO. TOT (hakT, 9TO YyCKOpeHHEe He MPOIOJBHOE, a TIOMePEeTHOe, MPH
KOTOPOM 3HEprusi BpallleHHs BOBCE HE JOJDKHA W3MEHSTbCA, BO BHUMaHHE
HUKeM He Obu1o mpuHATO. J[7s OOBSCHEHHS 3TOTO 3araJlouHOro SBJICHUSA
H.Bopom ObL1 BEIABUHYT MOCTYJIAT O «pa3pellieHHbIX» OpOUTax, HaX0KAeHNEe
Ha KOTOpPBIX BO3MOXKHO W 0e3 m3nmyueHus. [lanee mocnenoBana Lenas Lemnb
MOCTYJIaTOB, pacCcy)XKACHUH W YMO3aKIIOUEHHH, BKIIOYas KBAaHTOBAHHOCTb
napamMeTpoB OpOUT W CaMHUX OJJIEKTPOHOB, KBAaHTOBAHHOCTb CIIEKTPOB
W3Y9YeHHUN W T.II., OMHAKO 0€3 Kakoro ObI TO HH OBUIO OOBSCHEHUS TPUYMH
BCEX 3THX TMOJIOKEHUN W sABIEHWI. TeM He MeHee Bce 3TO Jalo XOpOoLIne
METOJBI PAcUeTOB, YTO KaK OBl MOATBEPOWIO MPABOMEPHOCTH IMOTOOHOTO
MOIXO0/a.

JlrobombiTHO, urto Illpemwarep, pa3paboTaBmuii CBOe 3HAMEHHUTOE
ypaBHEHHe, HMCXOOWJI U3 OOBIYHOW MeXaHWYecKoW MoJenu KojeOaHus
MaTepualbHOH TOYKHM B TOTEHLUMAIBHOM TOJE, T.€. U3 MOJENU OOBIYHOIO
MEXaHWYECKOr0 MasTHUKa, 3aMEHWB, TpaBAa, NPUBBIYHOE OMUCAHUE
KonebaHuit MasgTHHKA uyepe3 aMIUIUTYAy M TepHOJd OINUCaHHeM TOro >Xe
KonebaHus yepe3 U3MEHEeHHe Pa3HOCTH MOJHON M MOTEHIMAIbHOI SHEPrHH.
Pazymeercs, aHcamM0lb TakuX TOUYEK, PACMOJOKEHHBIX B TMPOCTPAHCTBE,
cleoBaio OBl TPAaKTOBAaTh KaK MAacCOBYIO IUIOTHOCTh, Ha 9YTO OBIIO
oOpameHO  BHUMaHWE HEKOTOPBIMH  HCCIEIOBATESIMK,  HalpuMep,
Manenyarom. OgHaKO BMECTO 3TOTO Ha MECTO @usuueckoeo TIOHATUSL
MacCcoBO# TUIOTHOCTH OBLIO TONACYHYTO Mamemamuyeckoe TIOHATHE —
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TUIOTHOCTb  BEPOSITHOCTH  HAXOXJAEHHWsS JJIEKTPOHA B JaHHON Touke
npocTpaHcTBa. TeM caMbiM Oblila MCKIIIOUEHA caMa BO3MOKHOCTb MOMBITOK
HalTH BHYTPEHHIOIO CTPYKTYPY aTOMa M MEXaHU3M BCEX aTOMHBIX SIBJIICHHI.
OtcyTcTBHE 3(upa B NMPUPOIE W 3[eCh CHITPaJio KpaifHe OTpHLATeNbHYIO
poNb B BO3MOXKHOCTH TIOHWMAaHHWSI YCTPOWCTBA aToMa W MPWUYWH aTOMHBIX
SBJICHUM.

[To Bompocy mpu3Haums wnn oTpuuanus 3¢upa B 30-€, a 3arem B 50€
TOAbl B COBETCKOW HayKe COCTOSIIMCh IHCKYCCHH, BBITUIECHYBIIHMECS Ha
CTpaHWIIBl MAapTHIHOW TeYaTH, B MEPBYIO O4Yepenb HAa CTPAHUIBI XKypHasa
«[Ton 3HameHeM Mmapkcu3Ma» (HbiHe — «Bompockl ¢unocopun») [10]. Otn
JUCKYCCUM KOCHYJIUCh HE TOJIbKO COOCTBEHHO 3(upa, HO U MPOoOIieM Teopuu
OTHOCUTENILHOCTH DHHINTeHHa, a TakXke cTapoil mpoOJjeMbl «aeiicTBUS Ha
pacCTOSIHUU», TOYKE 3PEHHUs, COIJIaCHO KOTOpOW IJIsi mepeladd 3HEpruu
B3aMMOJIEHICTBHSA Ha J1I00O€ PAcCTOSHHE HHUKAKOW MPOMEXYTOUYHOI cpenbl
BooOmIe He HykHO. CozlepKaHle W X0 3TUX IUCKYCCHI TOCTAaTOYHO TOJHO,
HO KpaiiHe TeHmeHIMo3HO onmcaHbl A.C.COHMHBIM B KHUre <«Du3ndecKuit
upeanusm» [11], a Takke B Oonbwoii ctatbe B.I1.Busruna [12]. Omyckas
MHOTOUWCIICHHBIE TEPUNETHH JITHX JOUCKYCCHH, CIleIyeT OTMEeTHThb
HEKOTOPbIe OCHOBHBIE MOMEHTHI.

Touky 3peHuMs cymiecTBOBaHMS B Tpupone 3(upa, HEKOPPEKTHOCTH
TEOPUH OTHOCUTEIBHOCTH OWHINTEHHa W HEMPUTOJHOCTH  MPHUHLMMA
«neficTBUS Ha paccTOSTHMM» 0e3 MpoMexyTouHoil cpeabl B 30 roamwl
orctauBaiu npogeccopa MI'Y A K.TumupszeB u 3.A.LleitnuH, akaneMuk
A.AMakcumoB u  ¢unocodp D.Kompman (MockBa) W akaJeMHK-
anekTpotexHUK B.®.Murtkesuu (JlenuH-rpan). Touky 3peHus pesiTUBUCTOB,
T.e. CTOPOHHUKOB TEOPHU OTHOCUTENBHO-CTH DHHINTEHHA, KaTeropu4ecku
OTpUIABIIMX 3(OUp W TPU3HABABIINX BO3MOXKHOCTH [JeCTBUA Ha
pacctostany, Belpakanu ¢umsukn O.J[.XBonbcon, A.D.Hodde, B.A.Dox,
WN.E.Tamm, JI.IJlanmay, A.M.@penkens. [luckyccnsa npoBoaWiIach Ha
cTpaHuLax xypHana «long 3HameHeMm mapkcuzma». [IpoTnBOOOpCTBYIOIINE
CTOpoHBl B nHuckyccu B 50 romel mpeacTaBimsin  MuTkeBUY
(amexTpoTexXHUK-NIpaKTHK) 1 OpeHkenb (PpU3nK-TeopeTuk).

«[To uenomy pagy mNpW4MH, - THUcal MUTKeBUY, - MOCTPOEHHE
(u3nydeckoil Teopun, oxBaThIBalOIIEH BeCh MaTepuall, HAKOIUIEHHBIN HayKOi,
HEMBICIUMO 0€e3 MpU3HAaHUS 0cOOOro 3HaveHHs Cpeibl, 3aMoNHAoIEil Bce
TpeXMepHOe NMPOCTPaHCTBO. Ha s3bIKe MPOLIIBIX 310X, MEPEKUTHIX PU3HNKOI,
9Ta YHUBEpCalbHasl Cpeia Ha3bIBaeTCs 3PUPOM».

EmMy Bo3paxan @penkenb: <« He oTpHLal0 MPaBOMEPHOCTH
TIPEACTAaBIEHNS O TOJIe KaK O HEKOTOPOil peasbHOCTH. S| OTpHLAI0 TOJBKO
TIPaBOMEPHOCTD MPEACTABICHUS O TOM, UTO 3TO I0JIe COOTBETCTBYET KAKOMY-
TO MaTepHaibHOMY 00pasy...». B ero teopernveckoii cxeme nmpuHHMaach
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TUIOTE3a JAJbHOACHCTBUA — 3apsAAbl WIM  TOYKM B3auMOJEicTBUA
JNeHCTBOBAIM 4epe3 nycTyr cpeny. «Ho ecnu, - nponomkan ®peHkenb, -
B.®. Hannuuem mpolecca, UMEHYIOIIErOCs JEKTPOMAarHUTHBIM TIOJIEM, HE
yIIOBIETBOpsieTCA, a TpeOyeT COXPAHEHUsI HOCUTENA 3TOro MpoLecca, KakuM
apnsercst y Dapanes u Makcsenia 3¢up, To coBpeMeHHas (u3MKa Ha 3TO
OTBEYAeT PeIlNTeIbHBIM — HeT» [13].

Crnenyer ¢ TpUCKOpOWEM OTMETHTh, YTO TOYKAa 3PEHWS CTOPOHHHWKOB
TEOPHUH OTHOCHTENILHOCTH M OTCYTCTBHS B npupone 3¢gupa mobennna u 10
HAacTOSALIETO BpeMs SBISETCS B OTEYECTBEHHOW W MHUPOBOI (u3nKe
MpeBaJIMPYIOLIEH.

1.3. Kpu3suc coBpeMeHHOi1 TeopeTHYecKoil puznkn

CeroaHa (u3MKa HAXOOUTCA B TITyOOKOM KpH3HCe.

HecMoTpst Ha MHOTOUYHMCIIEHHbIE MyOJMYHbIE BBICTYIUICHUS, 3asBIEHMUS,
TIOTYJISIPHbIE W CTIe[HUalbHBIE CTAThU, IMEIOIINE LEeNbI0 T0Ka3aTh BEJTHIHe
3MaHNAST COBPEMEHHON (M3WKM W IpaHIMO3HbIE BO3MOXKHOCTH, OXKHIAOIIIE
YeNIOBEYECTBO B CBSI3M C €€ JOCTWKEHHSAMH, TIPUXOANTCS KOHCTaTUPOBATH,
YTO HA CaMOM Jielie HUYEero MoJ00HOTO HeT.

[MpakTHyeckn okasasuch O€3yCNeITHBIMA MHOTOYHCIIEHHBIE MOMBITKH
00beAMHEHNS] OCHOBHBIX (DYHAAMEHTAJbHBIX B3aWMOAEHCTBUII Ha OCHOBE
CyIIECTBYIOUIUX B COBpeMeHHOI ¢u3uke mnpeacraBieHuit. Teopus
Benukoro O6bennuenus (TBO), o koTopoit MHOTO lieT TpyOunu (hu3uku-
TEOPETHKH Kak O MIAaBHOI Lequ (PU3NUECKOro OCMBICIEHHUS MPUPOIbI, TaK U
He ObUTa co3maHa. A eciu Obl OHa W OblLI1a co3maHa, YTo ObI OT ITOrO
u3MeHunoch? beltn O pa3paboTaHbl HOBbIE HANpaBJIEHUS, CO3AaHbI HOBBIE
npubopsl? Unu (u3MKK BCero JHLIb HACIAKAATUCH Obl «KpacoToi» HOBOM
Teopru? KonmuecTBo OTKPHITHIX <GJIEMEHTAPHBIX YaCTHIP» BEIIEecTBa YxkKe
JABHO HE BSUKETCS C TOJTHOI HEONpeIesIeHHOCTBIO UX CTPYKTYPBI, U JIaBHO
y)K€ HHKOTO He YIOWBISET W HE YMWIAET  OTKPBITHE OYepeaHOH
«QIIEMEHTAPHOM YaCTHLBI».

B Teopernueckoil (u3mke MpomoIKAIOT HAaKaIUIMBATHCS MPOTHBOPEUUS,
JETNKaTHO WMEHYyeMble <I1apaJoKCaMm», ¢PacXOoIUMOCTAMU», KOTOpbIe
HOCSAT (yHIAMEHTAJbHBI XapakTep W SIBIAIOTCS CEPbE3HBIM TOPMO30OM B
JanbHeileM pa3BUTUM (QyHIAMEHTaIbHON W TMpUKIanHOW Hayku. [axe B
TaKol OCBOEHHOI 007aCTH, Kak 3JIeKTPOJMHAMUKA, UMEIOTCS LIeNble KIacchl
3aja4, KOTOpble HE MOTYT OBbIThb pelIeHbl C TMOMOILBIO CYyLIECTBYIOLIEH
Teopud. Hampumep, npu OBMKEHNWH IBYX OAMHAKOBBIX 3apsI0B BO3HUKAET
rapafiokc: TMOKOSIINecs OIWHAKOBBIE 3apsiibl OTTAJKUBAIOTCS IpPYyr OT
Ipyra mo 3akoHy KymnoHa, a nmpu ABWKEHNH OHW NPUTATHBAIOTCS, TOCKOJIBKY
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9T0 TokU. Ho Beab OTHOCHUTENILHO IpYyT Apyra OHHM MO-NPEXHEMY MOKOSTCS,
MoYeMy k€ OHHM NPUTATHBAIOTCSA TPH ABHKEHUH?

[MonoGHBIE TPYAHOCTH, HMeEIOLIUecs B OONBIIMHCTBE obnacTel (Gu3MKy,
OTHIONb HE SBIAIOTCS,  KaKk 3TO TPHHATO CYUTaTh, OOBEKTUBHBIMU
TPYIHOCTSIMH  Pa3BUTHA TIO3HABATENILHON  IEATENbHOCTH YeJloBeKa.
HenmonmMaHne CyTM TpoLeccoB, MpearnodTeHne (eHOMEHOIOTHH, T.e.
BHEITHETO ONWCAaHWS ABJEHWII B ymiepd WCCIEAOBaHUSAM BHYTPEHHETO
MeXaHW3Ma, BHyTPEHHEH CyTH ABJEHWI Hen30eKHO MOpOoXKIaeT BCE I3TH
TPYIHOCTH.

CeronmHst yXe MHOTMM $ICHO, 4YTO W TEOpUs OTHOCUTENBHOCTH, H
KBAaHTOBas MeXaHMKa B COBPEMEHHOM €€ M3JIOKEHUH  YBOIST
uccieqoBareneil OT BBIAICHEHUs! CYIIHOCTH SIBIEHHH, 3aMEHss] IOHMMaHKe
CYIIHOCTH BHEIUHMM, T[OBEPXHOCTHBIM OITMCAHMEM,  OCHOBAHHbIM Ha
HEKOTOPBIX YaCTHBIX MOCTyJaTax MW MpenmnoyiokeHusx. He crour mostomy
YAUBIATBCA, YTO TTONOOHBIH MOAX0I OKa3bIBAETCS BCE MEHEE MPOLYKTHBHBIM.
OTpaHMYeHHOCTh HArNpaBJeHWH HMCCIeN0BaHuil, BBITEKAONas W3 MOTOOHON
METO/IOJIOTHHN, He TO3BOJIIET BBISICHUTH TIIyOWHHBIE MPOLIECCHI TTPHUPOJIBI,
3aKOHOMEpHO TIPMBOIS K TOMY, YTO MHOTHE CYLIECTBEHHbIE (aKTOpbl B
JKCTIEpUMEHTaX W  TEOPETWYECKMX  KCCIIEJOBAHUSIX  OKa3bIBAIOTCS
HEYYTEeHHBIMH, @ MHOTOUYHWCIEHHBbIE  TIOJIe3HbIE  BO3MOXKHOCTH — —
HEHCTIOJIb30BAHHBIMU.  YKOPEHUBIUMICS B Hayke (EeHOMEHOJIOTHIeCKuit
METOJ Bce 00JIbIIE MPOSIBISIET CBOKO OECITOMOLIHOCTb.

«OO0UIenpUHSTHIE» MaTeMaTH4ecKue 3aBUCUMOCTH Teopuu
OTHOCHUTEJIbHOCTH M KBAHTOBOW MEXaHWKH MpUOOpesn craTyc abCOMOTHON
UCTUHBI, W Ha COOTBETCTBHE UM TPOBEPSIOTCS BCE HOBBIE TEOPUH, KOTOPBIE
0TOpachIBaOTCSA, €CJIM TAKOT'O COOTBETCTBUS HET.

OnHako He JINIIHE HAlOMHHWTH TOT TPUBHMANBHBIN (akT, UYTO Kakgoe
¢m3ryeckoe ABJIICHNE UMeeT OecHrCIeHHOe MHOKECTBO CTOPOH M CBOWCTB 1
YTO IUISl TTOJTHOTO OIMHMCAaHHWA [JaXke MPOCTOTO SBJIEHUS HEOOXOANMO HMMETh
OeckoHeuyHO OonbIIOE YWCIO ypaBHeHHWH. U HM B KoeM ciydae Henb3s
CUNTaTh, YTO TE YpPAaBHEHWs, C KOTOPHIMH MBI CETOAHS HMeeM IeJio,
OMMUCBHIBAIOT SBJIEHUS CKOJbKO-HMOYAb IMOJHO, OyAb TO  ypaBHEHUS
Ipeaunrepa nns sBJEeHUH MUKpoOMHUpa, ypaBHeHHMs MakcBenna s
3JIEKTPOMArHUTHOTO TOJIsl, WM <GAKOH» BCEMUPHOTo TAroteHHus HbroToHa.
OT0 O03Hauvaer, 4TO YTOYHEHHE (YyHIaMEHTAIbHBIX 3aKOHOB M MX
MaTeMaTUYeCKOro OMHMCaHWs MAOJKHO CTaThb OOBIYHBIM pabovyuM JeJoM U
OpeoJl HEMorpellMMOCTH, OCBSIIAOLMIMN CEroAHA HECKOJIbKO HCXOJHBIX
(hopMyn WM «IPUHIMTIOB», TOJKEH OBITH CHAT.

B 3710i1 cBsA3M LenecooOpa3HO HATOMHUTB BBICKa3bIBAHNE DHIEJbCa!

«MckmounTenbHas 3MITUPHS, MO3BOJISIOIMIAs cebe MBIIUIEHHE B JIydIIeM
cllydae pa3Be JUIb B (pOpME MaTeMaTHIeCKUX BBIYHMCIEHHI, BOOOpakaer,
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OyATO OHA omepUpyeT TONbKO OeccropHbIMU (akTamu. B neficTBUTENbHOCTH
e OHa OIepUpyeT MPEUMYIIECTBEHHO TPaJWLIMOHHBIMU MPENCTaBICHUAMH,
no Oosibllell YacTW YCTapeBIIMMU MNPOAYKTAaMHM MBILIIEHUS] CBOMX
TIPeAIeCTBEHHUKOB. .. [locnenHue ciykaT el OCHOBOIl AJsi OECKOHEYHBIX
MaTeMaTUYeCKNX BBIKJIAJ0K, B KOTOPBIX M3-32 CTPOrOCTH MaTeMaTHYeCKUX
(¢opMyn serko 3a0bIBaeTcsl TMIIOTETHYECKast MPUPOAA MPEANOChIIOK. ...0Ta
SMMUPHUS YK€ HEe B COCTOSIHMM TPaBWIBHO H300pakaTh (akTel, MO0 B
n300pakeHne MX y Hee TNMPOKIAAbIBaeTCs TPaIWIMOHHOE TOJKOBAaHME 3THX
¢baktoB» [14,c. 114].

CrnoxuBiueecss TMoJOXKEHHE B TeopeTHueckod (u3MKe - HaKOIUIEHHE
NpOTUBOpEUMii, pa3oliIeHHOCTs W AuddepeHIHans ee HarpaBlIeHUA,
TIOBEPXHOCTHOCTb OINMWCAHUS SBJICHWH, HEMOHWMaHWe TIIyOWHHOW CcyTH
ABJIEHUI W, KaK CIEeJICTBHE BCEro 3TOro, yTpaTa PyKOBOISILEH ponu mpu
MIOCTAaHOBKE W MPOBEAECHUM TPHKIAIHBIX UCCIEIO0BaHNI CBUAETEIbCTBYIOT
0 [IyOOKOM METOJONOTMYEeCKOM KpPU3HUCE, OXBATUBLIEM TEOPETHUECKYIO
¢muky. Her HMKakuX OoCHOBaHWil MMoOjarate, 4TO KpHU3WC OynAeT paszpenieH
Ha TeX JXe MyTAX, MO KOTOPBIM MPOJOJDKAeT IBUTAThCS TeopeTHdecKas
¢m3mMKa, wWIM HAa MYTAX CO3MaHMA, Kak pekoMmeHmoBan Hwunbc bBop,
«©e3yMHBIX Hei» (T.e. KOraa Bce ye BOOOIIe MepecTaHyT MOHUMATh 4TO-
m60).

MeTombl coBpeMeHHO# (hyHIaMEeHTallbHOW TeOpeTHYeCKO HayKd HaBHO
ucyepnaHbl ¥ CTajJd TOPMO30M B Pa3BUTHU TPOM3BOAMTENbHBIX CHJI, B
UCTIOJIb30BaHUN YEJIOBEKOM CHJI MTPUPOJIBI.

JaBHO 1 MHOTO ToBopHUTCs 00 HTP - HayyHO-TeXHUYECKOW PEeBOJIIOLINH,
0 JOCTIDKEHHAX HAyKH. CO3[aHbl aTOMHOE OpY>KWE W aTOMHasl SHEpreTHKa,
OCBOEHBI MOJIETBl B OJMXHMI KOCMOC, pa3paboTaHbl MHOTOYUCIECHHbIE
MaTepHalibl, CO3/IaHbl CIOKHEHINEe BHIYMCINTENbHBIE MAIINHBI, POOOTH W
T.1. OOHAKO ceromHs KayeCTBEHHO HOBBIX  OTKPBITHH CTAaHOBHUTCS Bce
MeHbIIe, pa3BUTHE HOCUT B OCHOBHOM KOJIMYECTBEHHBII XapakTep, W Aaxe
MPY W3YYEHUHN <AJIEMEHTAPHBIX YacTWI» BEIIeCTBA WCIIONB3YIOTCS He
KayeCTBEHHO  HOBBbIE TMpPWEMBI, a TPOCTO HapallWBaeTCs MOIIHOCTh
YCKOpHUTENIEN YaCTUL[ B CJIENIONW BEPE, YTO HOBBII SHEPTETUUECKUN YPOBEHD,
MOXkeT ObITb, JacT 4TO-HUOYIOb HOBOE, XOTsA MOKAa HHYEro KadeCTBEHHO
HOBOTO OH KaK pa3 U He Jaer.

B npuknagHoit (usnke pasaMdHbIE TOPKECTBEHHbIE OOCIIAHUS BCE
HUKaK He cObIBalOTCS. Y’ke MHOro JIeT Mpouwio ¢ TexX Mop, Kak Obuia
MoJly4eHa «ycTOWYMBas» IJia3Ma, MNpocyllecTBoBaBmiag  «uensix» 0,01
CeKyHIy. 3a 3TH TOIbl TIOCTPOEHBl MHOTOYHCIIEHHBIE YCTAaHOBKHM ISt
TIPOBEJCHUSI TEPMOSIIEPHBIX peaKlyif, MpHU3BaHHbIE HABEYHO OOECTeunTh
YeNI0BEUECTBO TepMOsIepHOM 3Heprueil. OmHaKO YCTaHOBKH €CTh, CO3IaHbI
WHCTUTYTHl ¥ 3aBOABI JUIA 3TUX [eJiel, MpoBeleHbl KOH(epeHInHn U
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4yecTBOBaHUA. HeT ivmb camoro tepMosia, s KOTOPOro BCE 3TO 3aTESHO, U
y’Ke 3aKpbIT HE TOJIBKO Y HAc, HO U 3a pyOeKoM psii MporpaMM 1o TepMOsiy.

To xe camoe u ¢ MI'J] - marHuTHO# ruapoanHamukoid. To ke camoe u
CO CBEpPXMPOBOANUMOCTBIO, TO XK€ CaMO€ CO BCEMH MpPUKJIaJHbIMU fenamu. U
JMIIb B 00JTACTH aTOMHOM SHEPTETHKH JieNla KaK-TO CABUHYJINCH, MOCKOJBbKY
aTOMHBIE CTaHLMU PEAIbHO CYLIECTBYIOT W MPOAOJIKAIOT cTpouThess. Ho n
3eCh NpOMCLIEIINE W3BECTHBIE COOBITUS TOBOPAT O HENOCTATOYHOCTH
3HaHWil, YTO HEMOCPEACTBEHHO CKa3blBaeTCsl Ha 0€30MacHOCTH MX
JKCIUTyaTaluH.

@dyHIaMeHTalbHbIE HCCIEeNOBaHMA B 00JacTH  (U3MUYECKHX Hayk,
Oazupyromuecs: Ha OOIIENPU3HAHHBIX WAESAX, CTalIM HEBEPOATHO JOPOTUMH,
W JaJeKo He KaXJoe IoCyAapCTBO CIOCOOHO BBIAEPKaTb CTONb TAKKOE
OpeMsi pacxXo/I0B Ha HayKy. DTO TOBOPHUT O TOM, UTO (M3MKY MOpa3wi, €ciu
MOXHO TaK BBIPA3UThCS, DSKOHOMMYECKHI Kpusuc. OOHAKO TIJIAaBHBIM
TIPU3HAKOM KpW3Wca (U3WKM SIBISIETCS TO, YTO TEOPHS W METOMOJOTHS
coBpeMeHHON (yHIaMeHTanbHON (M3NUECKON HAayKH OKasbIBAlOTCS  BCE
ME€Hee CMOCOOHBIMH NOMOYb NPUKIAIHBIM HaykaM B pELIEHHW 3aaad,
KOTOPBIE BBIIBUraeT MPaKTHKA.

Hanvuwe <«mapagokcoB», OTCYTCTBUE KAueCTBEHHO HOBBIX WAei
O3HAYalOT, YTO CYIIECTBOBABIINE B (pM3MKE WAEW YK€ MCUYEpNaHbl W YTO
¢u3nka BooOIIe U pU3UUecKas TeOpUsi B YACTHOCTH HAXOIATCA B ITyOOKOM
KpH3HCE.

31ech HET HEOOXOOUMOCTH BJABaThCsl B JETAIN KPUTHUKH COCTOSIHUS U
METOJ0JIOTUA COBPEMEHHOH TeopeTUuecKoil (U3UKH, 3TO B ONpeAeiIeHHON
Mepe BBITIOTHEHO aBTOpPOM B paboTe [2], HO BMOJHE MOXHO MPHU3HATH, YTO
Bce npezackazanus B.M.JIeHNMHa OTHOCUTENBHO TOrO, 4YTO (PU3MKY B Hayaye
BEKa HECeT B MIealu3M, MOATBEPAWINCh B KOHIE XX B. MOJHOCTHIO. Ee
TyJa W 3aHECIO.

[TonokeHnst COBpeMEHHOW TeopeTWdeckoil (u3mkm Haxomarcs B
BONMIOIIEM  NPOTHBOPEYMH  C MOJIOKEHUAMU  JUAJIEKTUYECKOTrO
MaTepuaanu3Ma.

B camom nene, B MaTepualbHOM MUPE, KaK yTBEpKIAeT JUANEKTUUECKUI
MaTepualu3M, HET Mpelena JeUMOCTH Marepud. <«OIEKTPOH Tak ke
HeucuepnaeMm, kak v atom», yteepxknan B.M.JIeHnH B cBoeil u3BECTHOM
pabore «MarepuaniusM M SMIOUPUOKPUTHLIZM» [1]. DTo 3HauuT, dTO
AJMEKTPOH 0053aH HMETb CTPYKTYpYy, MaTepuallbHOW OCHOBOW KOTOpOi
ABJIAETC HEKOTOPbIA CTPOUTENBbHBIA Marepual. OTOT CTPOUTENbHbII
MaTepuan 00JafaeT IBW)KEHWEM, €ro 4acTh  B3aUMOJCHCTBYIOT APYTr ¢
JpyroM. DTO K€ KacaeTcs M BCEX <QJIEMEHTAPHBIX YaCTUL» MHUKPOMHPA,
KOTOpBIE @ce MOTYT TpeoOpa3oBBIBaThCS Opyr B apyra. Ho 3to ke ectb
MPSIMOE YKa3aHUe NPUPOABI HAa TO, YTO OHU BCE UMEIOT B CBOEH OCHOBE OAWH
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U TOT € <«CTPOUTENbHbIM MaTepuan»! DTOT CTpouTesbHBI MaTepuan
COZIEPXKUTCS 1 BO BCEM MPOCTPAHCTBE, MOCKOJIBKY IKCTIEPUMEHTHI MOKa3aH,
YTO CHJIOBBIE MOJIS B «(pU3UUECKOM BaKyyMe», T.€. B MUPOBOM TPOCTPAHCTBE
CTMOCOOHBI  «POXIATh» 3JeMEHTapHble 4YacTWUpl. Takum  oOpasom,
pe3ysbTaThl (PU3NYECKUX SKCMEPHUMEHTOB HETOCPEICTBEHHO YKa3bIBAIOT HA
HaJlMuue B TIPHPOe MUPOBOH cpensl —3¢dupa.

Mexay TeM, coBpeMeHHas TeopeTHdeckas (U3MKa He TpU3HAET
CYIIECTBOBAaHMS TaKOTO CTPOWTENILHOrO MaTepuana B TpuHOUNe. Bce
3JIEMEHTapHbIE YacTHUIBl, 110 MHEHWIO (U3WKOB, HE TOJBbKO HE HMEIOT
CTPYKTYpbl, HO Jake He WHMelT pasmepoB! Bce wux cBoiictBa —
3NEeKTPUYECKUI 3apsd, MAarHUTHBI MOMEHT, CITUH U T.Il.— B3SUTUCh HUOTKY 1A,
OHM SBJIAIOTCS BPOXKAECHHBIMHM CBOMCTBaMM, He HMMEIOLIMMHM MOA CO0Oi
HMKaKoro MexaHu3ma. TeM caMmMbIM, OCTaeTcsl JIHIIb BO3MOXXHOCTh
(EeHOMEHOJIOTYECKOT0, T.€. TOJNBKO BHEIIHEro OMNHMCAaHUA SBJICHHWM, YeM
HaKJIQIbIBAIOTCSA OTPaHUYEHHs Ha TO03HAaBaTEIbHYI0 BO3MOKHOCThH YeJIOBEKa!
B TTyOWHBI TIPOLIECCOB MPOHWKATh yXKe Hellb3sl, W00 caMHX 3THX TPOLECCOB
He cymectByeT! Ho Torma wm BHemIHee oOmcaHWE OKa3bIBaeTCAd BeChbMa
TTOBEPXHOCTHBIM, MO0 JI000E SIBIEHWE — 3TO BHEIIHEE IPOSBIEHHUE TOTO
CaMoro BHYTPEHHETO IBIKEHUS €To JacTeil,  eclii BHYTPEHHHI MEXaHW3M
HE YYWTHIBaTh, TO HAONIOIEHWE TeX WIM WHBIX BHEIIHWX TMpPOSBICHUN
OKa3blBaeTcs JenoM ciy4ad. Torma ocraeTcs JLb (HEHOMEHOJOTHS,
BHELIHEe OIMMCaHUE SABJIEHMS, y4eT TOJbKO «HaOMI0daeMbIXx» (GakTopo. A
MOCKOJIBKY  3TH  «HaOmojaeMble  (akTopel» B (QU3MKE  CBSA3aHBI
MaTeMaTH4eCKUMH BBIPKEHUAMH, TO U TIOJYYaeTCsl, YTO «MaTepus hcyesna,
OCTaJICh TOJILKO OJIHU YpaBHEeHUs» (JIeHWH).

JnanekTudeckuii MaTepuaiu3M YTBEPXKIOAaeT BEYHOCTh BceneHHOI,
HECO03/1aBaeMOCTh 1 HEYHUUTO)KaeMOCTh MaTeprH, MPOCTPAHCTBA, BpEMEHH 1
IBIKeHUs. Teopnsi OTHOCHTENBHOCTH ODWHINTEHHAa yTBEpXKIaeT Hajmdue
«Havana» BceneHHolf, korja oHa Oblla co34aHa B pe3yibTaTe Tak
Ha3bIBaeMOro «boJbLIOTO B3pHIBa», MPUYEM YTBEP)KIAETCS, YTO IO 3TOTO
«bompmmoro  B3peIBa» BooOmE He Obuto HuYero. JlnamekTudeckuit
MaTepuanu3M TpedyeT 000O0IIEeHUs] HAKOIUIEHHOI'O ONbITa €CTECTBO3HAHMUS.
Teopuss OTHOCUTENBHOCTH CYUMTAET BO3MOXHBIM <«CBOOOIHO W300pecTH
aKCHOMATHYeCKyl0 OCHOBY (M3MKU». Teopus OTHOCHTENbHOCTH Tpebyer,
4yT00Bl COONIIOJANaCh MPEEMCTBEHHOCTh (U3MUECKUX TEOpUil: Bce HOBBIE
TEOpHH 00s3aHbI COOTBETCTBOBATH TEOPUM OTHOCHTENLHOCTH DWHIITEiHa,
HO caMa OHa HHMKaK HE COOTBETCTBYET BCEil MNpemblaylleil HCTOpUH
€CTECTBO3HAHUS Y TOPIUTCS CBOEH <«PEeBOJTIOLMOHHOCTHIO MBITILICHHS.

YewM, B MpUHLMIE, MaTepHaIn3M B (HM3HMKE OTIMYAETCS OT Maearn3Ma?
Matepuanu3m Tpu3HaeT MepBUYHON MPUPOLY, MaTepuio, a BTOPUYHBIM —
CO3HaHUe, NPEeICTaBIIEHUs O IPUPO/E, T.€. B JaHHOM cilydae — Teoputo. Eciu
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oOHapykuBaeTcs Kakoil-nubo (akT, MNpoTHUBOpeyAIlUMii TEopuH, TO
MaTepHaluCT BbIHYXIEH HM3MEHUTh TEOPUIO B COOTBETCTBUH C HOBBIMH
(hakTamu, a UaeATUCT OTOPACHIBAET HEYTOAHbIE (DAaKThl, YTO U MPOU3OILIO B
TEOPHH OTHOCUTEIbHOCTH.

«Knaccnueckass ¢uznuka» XIX crToneTHs, CTOJKHYBIIUCH C HOBBIMH
(axTamu, NODKHA ObLIA TIEPECMOTPETh CBOM TIO3UIMHM, HO HA B KOEM CITydae
HE OTKa3blBaThCs OT MaTEepHATMCTUUECKOro moaxoaa kK Teopun. Ho
¢unocockast HEZOCTATOUHOCTh (DM3UKHM TIpHBENA K TOMY, 4TO (DHU3HKH
OyKBaJIbHO COXTIIM CBOIl TIOM — (M3MKY, OTOAaB BCe Ha OTKYMN aOCTpaKTHON
MaTeMaTuKe, KoTopas cTajia u3odpaxkaTb u3 ceds u Gusuky, u punocodpuo,
¥ caMo MMpo3JaHue. Marepus ucuesna. ..

HrHopupoBaHue cyLiecTBOBaHHA B Tpupone 3¢upa CTOPOHHUKAMU
«HaNbHOAEMCTBUA» CEroOfHSA TPHUBENIO K HENpPaBOMEpPHOH abCOoIOTH3ALMN
HEKOTOPHIX (POPMYJIbHBIX 3aBUCUMOCTEH, BBIJABAGMbIX WX aBTOpPaMH 3a
MpUpOIHbIe 3aKoHbI. ClieloBaHNe TaKOi MO3WIMY NMPUHLMITNAIBHO CHUMAeT
BONPOC O BO3MOXKHOCTM Kakoro OBl TO HH ObUIO YTOYHEHHS
(yHIaMEeHTaTbHBIX 3aKOHOB, YTO B IMPHHIMIE HEBEPHO, MOCKOJBKY JIOOBIE
(¢opMynBl UMb TPUONMKEHHO OTPaKaloT pPeabHYIO NeWCTBUTEIHHOCTS.
BHOBL BO3poamnach wuaes «aanbHOmeicTBUs» («actio in distance»)g
COOTBETCTBMH C KOTOpPOW Ham BOOOIIe HE HAJO 3HATh, CYIIECTBYET Cpena,
yepe3 KOTopylo nepenaercs B3auMmopeiicTBue, uii HeT. Ou3nka oTKa3anach
OT POJIM MCCIIeA0BATENs NPUPOBI U CBATIIIIACh B aOCTPAKLMIO, HE UMEIOLLYIO
K peaibHO#l MpUpoie HUKAKOTO OTHOLIEHHUS. ..

Takum oOpazoMm, coBpeMeHHas ¢yHAaMeHTalbHasg Hayka U ee OCHOBa —
TeopeTHyeckass (U3MKa y)k€ MHOrO JIeT HaxoIATCS B TIyOOKOM KpH3HCe.
BHeUHUMY MpU3HAaKaMu 3TOTO KpU3Kca ABIAIOTCS:

- OTCYTCTBHE HOBBIX OTKPBITHI, WCKIIOUYas, pa3Be 4UTO, OTKPHITHE
MHOTOUMC-JIEHHBIX <AJIEMEHTAPHBIX YacTHI», YUCIO KOTOPBIX COCTABIISIET
yoke Heckonbko coT (o1 20010 2000),B 3aBUCUMOCTH OT TOTO, KaK CUUTATH);

- JOporoBW3Ha (yHIAMEHTAJbHBIX WCCIENOBAHWM, IS  KOTOPBIX
TIOCTPOEHBI TaKMe YCTAHOBKH, Kak, Harmpumep, CepryXOoBCKHH yCKOPUTENb,
pa3MellieHHbIli B TIOA3eMHOM TyHHene mHoit 22 kM (!), B koTopom
yctanoBneHbl 6000 MarHuToB Maccoil Kaxablii NeCSATKM TOHH, OIyTaHHBIX
TpyOonpoBofaMH, B KOTOPHIX HYXHO MPOIMYCTUTh >KUAKWM renuil, Wiu
«Tokamaku»,  TpedHa3HaueHHble U1  [OJYYEHUs  YNpPaBISEeMOro
TEPMOAIEPHOTO CHHTE3a; TEeM He MeHee, HapallMBaHHe pPe3yJbTaToB
NpeanoaraeTcs 3a cyeT HapalMBaHUs MOIHOCTeN Gpu3nyecknx npuoopos;

- TIOJTHOE HETIOHMMaHHe CTPYKTYphI BEIECTBA,

- (hakTHUECKOe TpeKpauieHne (pyHIaMeHTaJbHOW HayKoil MOMOIIN TPHK-
NaJHUKaM B pELICHWW MpakTHYeCKWX 3amad (co3MaHHbIE OTpacieBble
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00JlacTH TMPHUKJIAAHBIX HAyK HE TOJILKO OTIENWINCH OT (pyHIaMEeHTaIbHON
HayKH, HO ¥ BO MHOTOM OTIEpeIIN €g).

INocnenHee 00CTOATENBCTBO ABIAETCS PELIAKOILINM.

[Tpu3Hakamu 3TOro Kpusmuca, KpoMe TOro, SIBJISIOTCS:

- HEBO3MOXHOCTb B PaMKaxX CETOJHAIIHUX TeOpUil pa3o0paTkcs B Cylle-

CTBE SBJEHUIN, KOTOPHIMM MBI JaBHO W IOUPOKO TONb3yeMmcs, - B
JNEKTPUUYECTBE U MarHETU3Me, FpaBUTALNY, SAEPHON PHEPTUU U BO MHOTOM
JpYyTOM;

- hm3MKM MIpeanounTaOT He 00001IaTh SIBICHNS TIPUPOIBI, @ MX TTOCTYIIH-
poBaTh, TEM CaMbIM CO3HaHMe (Wzes, MOCTYJNaT) WUAET BIEpead MaTepuH
(mpupoael, GakToB), eciau (aKkTel HE YKIAObIBAIOTCA B TEOPHIO, TO HE TEOPUS
UCTIPaBJISETCS, KaK 3TO clieNain Obl MaTepHalCThl, a pakThl OTOPACHIBAIOTCS
(vero crouT omHAa JMMIB HCTOPHUA C OTOpachiBaHHEM pe3yJbTAaTOB
uccieoBaHus 3(QUPHOro BeTpa, OOHapy)XeHHOro MaiKenbCOHOM U €ero
MOCIIeOBaTEISIMH);

- MaTeMaTHKa, T.e. Coco0 omMcaHWs, HaBs3bIBaeT (Gu3nKe, T.€. MPUPOJE,
CBOM BeCbMa IIOBEPXHOCTHbIE MOJEIM U 3aKOHbI; BCE IpPOLECChl, MO ee
MHEHUIO, HOCSAT BEPOSATHOCTHBIN XapakTep, a BHyTPEHHETO MeXaHN3Ma y HUX
HET;

- B TeopeTHueckoil (pu3mKe 0OOCHOBBIBAIOTCS TOHATHSA, KOTOPbIE HEMOo-
CPEACTBEHHO MPOTHBOpEYaT AMAICKTMYECKOMY MaTepHaliu3My, Harpumep,
Teopusi «bosbIIOro B3phIBa», T.. «Hayana co3laHus BceneHHoI», npaBaa,
NP 3TOM 3asiBJIAETCA, YTO caM IUaJeKTUUECKU MaTepraIn3M ycTaped. ..

Bce 310 He cayyailHO, a mNpenonpenejeHo caMOd METONOJIOTHEH
COBpEMEHHOW (yHIaMEHTallbHOW HAaykKd U ee TOJIOBHOI objactu —
TEOpeTU4ecKoil Ppu3nKiu.

1.4. duzuyeckune P€BOJIIOINH KaK OCHOBHBIC B€EXH
pPa3sBUTUA €CTCCTBO3HAHUSA

Hcropus pa3BUTHA €CTECTBO3HAHWSI W, B YAacTHOCTH, (H3HKH,
TIOKa3bIBAET, YTO MO0OHBIE KPU3UCHI B €CTECTBO3HAHNH YK€ ObUTH U He pas,
W KaXIblii pa3 OHW pa3pelagnch CTEPEOTUITHO — IyTeM BBEAECHUS HOBOTO
HMepapXUUeCKOro ypOBHS.

Jl1st Toro 4ToObl HAaWTH BBIXOA W3 CO3JABLIErocs TYIWKA, Pa3pelnTh
HAaKOMNMBIINECS TMPOTHBOPEUUs] W MPOIABHHYTHCS B (PyHOAMEHTAIbHBIX W

NPUKJIAJHBIX HCCIIEIOBAaHUAX, CJIEAyeT BCIIOMHUTb,  UYTO BaKHeWIINe
pe3ysibTaThl  Kiaccudecko  (M3MKM  ObUIM  TIONydeHbl Ha  OCHOBE
JVUHAMHWYECKOro  MOoAXoja, Npu  KOTOPOM  KaxzIas  CTPYKTypa

nojipa3yMeBaeTcs COCTOSILEH M3 ABMKYIIMXCS YacTel, a Kaxkzas 4acTb U3
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eme Oonee Menkux. JIBikeHuMe 3TUX vacTeil M WX B3auMoneiicTBhe B
KOHKPETHBIX CIIyyasX M €CTb KOHKpeTHoe sBieHuWe. OmNucaHhe BHEIIHUX
CTOPOH SIBJICHHS TIPY JUHAMUYECKOM MOJXOJE €CTh BCETO JINIIb CIEICTBHUE, &
HE TJIaBHOE coliepKaHWe SBJIEHWs, KaK 3TO BHITEKaeT W3 (DeHOMEHOJOTHH.
JuHamMuueckuii moaxon MOJpa3yMeBaeT BO3MOYKHOCTb CO3JaHuA
HarAIHBIX (pU3NYecKUX Mojienieil Ha BceX YPOBHAX OpraHM3aliy MaTepuu.

JIMHaMW4YeCKUil MeTON MCXOOWT W3 NPEANOJIOKEHHsS, YTO KakKaas
CTPYKTypa COCTOMT U3 4YacTeil, a Kaxzas 4acTb U3 elle 0ojee MEKUX.
JIBIkeHMe 3TUX YacTell M MX B3aUMOJAEHCTBHE B KOHKPETHBIX CIIydasX CyTh
KOHKPETHO€ SIBJICHUE.

JlnHaMuueckuii MeTol B €CTECTBO3HAaHWUM BCEria OINpaBlbIBall ceOsl.
OCHOBHOM JIMHMEll pPa3BUTHS €CTECTBO3HAHMsA Bcerja ObLIO MMO3TANHOE
yriiyOlieHre B CTPYKTYpY MaTepuu, Tepexol Ha Bce Oosee riy0okue ypoBHU
ee opranuzauuu. Kaxplil Takoil mepexon o3Hauan KOPEHHYIO JJIOMKY CTapbIX
NpeACTaBICHUA, ABJISINICST  ouepenHOW (u3mueckoll peBomoume W
oOecrieunBal BBIXOI M3 Kpu3nca. M Kakmplil Takol mepexo] MHOTOE AaBall
YEJIOBEUECTBY.

OnHako KakOblil Takol Mepexol MPOUCXOAMI HE caM Mo cebe, a mop
IaBJIeHWEM HAKOIUJICHHBIX HOBBIX  (DaKToB, 00BSICHEHHE  KOTOPBIX
OKa3bIBAIOCh HEBO3MOXKHBIM B  paMKaX CyIIECTBOBABIIMX  TEOPHIA.
BosHukmas KpusKcHas CHUTyalds HE MOIJIa pa3peliuTbcs B paMKax
OCBOEHHOTO MepapXH4ecKoro ypoBHs MaTepHaibHbIX oOpa3oBaHuii. Ho oHa
paspelajack JOCTaTOYHO MPOCTO TOCHE TOro, Kak B PaccMOTPEHHe
BBOAMJICS HOBBIH, OoJiee TITyOMHHBINM MepapXUUYeCKUil ypOBEHb OpraHu3aliu
MaTepuu.

Obpartaet Ha ce0s1 BHUMaHUE TO 0OCTOSITENIbCTBO, YTO MPAKTHUECKHU BCE
¢mmyeckne Teopru A0 Havanma XX CTONETHS WMENW B CBOEH OCHOBE
¢uzuueckre Mogenu.  OTO MOHATHO, MO0 Jt0o0oe sABIEHHE  MMEeT
OeculCIEHHOe MHOXECTBO CBOWCTB, OMMCAaTh UX BCe cpa3y Helb3d. Benb
Ja)ke TaKoe MpOCTOe YCTPOWCTBO, KaK MOABEIIEHHBII Ha HUTU Tpy3,
COBEpIIAeT CJIOKHOE ABWKEHHWE W MOXET ObITb, B 3aBUCHMOCTH OT IIEJNH,

OMUCaH CaMbIMU pa3HOOOpa3HBIMU CMOCOOAMU — KaK MaATHUK B IOJie
TSHKECTH, KaK KPYTWIbHBIM MasTHUK WM, HaKOHel, KaK TpPYKUHHBIN
MasITHHUK. MU 310, eme He cuuTas KOMOMHAUMM BCEX IBVW)KEHUIA,

B3aMOJEHCTBUA C OKpY)Kalollell cpenoil, BHyTpEHHUX MPOLIECCOB U T.H.
Bce 310 ¢usuku XVII-XIX cToneruit xopouio noHUMau.

dakTH4Yecky AWHAMUYECKUI MeToa OepeT cBoe Hayalo B rirybouaifmeit
JPEBHOCTHU.

B cBoe Bpems Hemeukuii ¢Qumocod-nuanektuk I['erenms B cBoeit
JUPEKTOPCKOI peun nepex ruMHA3UCTaMU IIPUBEJ TAKOE CPaBHEHUE!
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«Kak AHTeil OOHOBIAN CBOM CHJIbI CONMPHKOCHOBEHHEM C MaTepbio-
3eMJIel, TOYHO TaK M BCAKANA HOBBI PAccBET M BO3pAacCTaHUE HAYKU U
MPOCBEILEHNS BO3HUKAET ITyTeM OOpalleHNs K APEBHOCTH.

[Tpn Bcem cBoeM Ooratom BooOpaxkeHWHM [eresib He MOT TPEICTaBHTH,
Kakoe BIIMSIHAE OKakeT Hayka B XX B. Ha Bce cdepsl xm3Hu. B XIX B.
VHTEpeC K aHTUYHOCTH OBUT MOYTH BCETAA yNesIoM yMaHuTapueB. B Hamre
BpeMsI aHTUYHON MBICIIBIO BCEPbE3 3aUHTEPECOBAJIOCH CAMO €CTECTBO3HAHUE,
TIpeXK/Ie BCETO B €€ JINANPYIOIIHNX 001acTIX - pU3NKe 1 MaTeMaTHKe.

[To mMepe Toro kak Hayka Bce Oonee ITyOOKO MPOHWKAET B CTPOCHHE
MaTepuH, 0OHapyKHUBaeTCs, YTO OHA UAET MO CTOMAM aHTUYHBIX (UIOCO(DOB.
ITone3HO HaMOMHUTH, YTO CJIOBO «aQTOM», HampuMmep, JlaabToOH 3aUMCTBOBAJ
y JleMokpuTa, ApeBHerpeveckoro ¢uiocoda-mMaTeprainucTa, 'y Hero e Mbl
Tenepb 3alMMCTBYEM CJIOBO «amep», 0003Hauyas UM HepasjlaraéMyr 4acTb
aToMma, KakoBO# sBiseTcss MoJieKyda 3¢upa. M camo cioBo 3¢up TOXKE
TIPUILIO K HaM U3 TITy0OKO# APEeBHOCTH.

CnipaBeTMBOCTH pajyl ClelyeT OTMETUTD, YTO XOTS MBI CUUTAaeM Havajo
HayKH OT IPEBHHX TPEKOB, HA CAMOM JieJie 3T0, KOHEYHO, He Tak. J[eMOoKpuT
HEOJHOKpPAaTHO TOAYEpPKUBAJ, YTO OH He SBISETCS pPOJOHAYATIHLHUKOM
aToMHM3Ma, 3TH 3HaHUS OH 3aWMCTBOBAJ Y ETHHUIETCKUX JKPELUOB U
MUISTHCKMX MaroB (MOTYYHX), Y KOTOPBIX OH CT2)XHPOBAICS MO TATH JIET.
KopHu Hayku JexaT B riyOouvaifimeil IpeBHOCTH, O KOTOPOW MBI
MpakTUYEeCKN HEe 3HaeM Huuyero. Tem He MeHee BCIO MCTOPUIO W3BECTHOTO
HaM YeJIOBEYECTBA €ro COMPOBOXKAAIM HETPAAMLOHHbIE TalfHble 3HaHMS,
KOTOpbIE MOJTYYMIIN AK€ CAMOCTOSITEIbHOE HA3BaHHE <«330TEPHUUECKHE».

OnHako, Tpofoskas — TpaguLHIo, MBI HauHEM pPaccMOTpPEHHe
cTaHOBJIeHUs Hayku oT Paneca u3 Munera, KoTopslii xui1 B VI B. 10 H. 3. 1
KOTOpPBIN y’Ke TOr[a MOCTAaBHII BOTIPOC: €CITM BCSI IPUPOJA eIfHa, TO YTO Ke
JISKUT B OCHOBAaHWM 3TOro enuHcTBa? OH TONArai, 4To MPHUPOAa B OCHOBE
BCEX SBIEHWH WMEeT HEKYyl0 eAWHYIO Cpely <«BIa)XHOW» TNpHUpOAbl —
arneipoH, WHave KakK jkK€ OHM MOTYT B3aMMOJEWCTBOBATh W BIMATH JAPYT Ha
apyra?

OTOT BONPOC COMPOBOXKAAJT €CTECTBO3HAHMWE Ha IMPOTSKEHHM Bceil ero
UCTOPUM, U TOJIKO celvac Mbl I0Jy4aeM MEpBYO BO3MOXHOCTh
NPUONIN3NTBCS K OTBETY Ha HEro.

Hcropust ecTecTBO3HaHMA HEpaspblBHO CBA3aHa C WCTOpUEH BCero
o0IIecTBa, M KaXIOMY THITy U Pa3BUTHIO NMPOU3BOAMTENbHBIX CHJI, TEXHUKU
OTBEYAET COOTBETCTBYIOIIMI MEPHO B UICTOPUN €CTECTBO3HAHUS.

Hepeviit yman pazeumua ecmecmeo3HAHUA CINTAETCSA MOATOTOBATENb-
HBIM HaTypQUI0CO(CKUM, OH XapaKkTepeH Ui IPeBHOCTH. B menoM TexHnka
Obl1a ewme ciaabo pa3BUTA, XOTS UMEJIUCH YXKe OTJEbHbIE BbIJAIOIIUECST
TEXHUYECKHE NOCTIKEHHUs. OTOT 3Tall MOXKET OBITh OTHECEH K TEPHOIy OT
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VI B. 10 H.3. IO Hayala HOBOW 3pBI, XOTS peajbHO €ro MOXHO CUUTATh
NPOAJIEHHBIM U 10 Hayajla BTOPOTO ThICSYEIETHs HOBOM 3PHI.

B V B. 10 H. 3. OMmnienokin, a B IV B. 10 H. 3. ApUCTOTeNb TPEeAIOKIIN
BCIO MIPUPOIY PA3JIOKUTh HA <«CyOCTAHIMU» — <®EMII0» (TBEPIb), <«BOIY»
(KUAKOCTD), «BO3AYX» (ra3) U «OTOHB» (FHepruro). MaKTHUYECKH OH BBEN B
paccMOTpeHHWe  arperaTHble  COCTOSIHMSI ~ BEUIeCTBA W JHEPTHIO,
00ecreynBaloONIyi0 TIEPeXo/ BEIIECTBa W3 OJHOTO COCTOSHHSA B Opyroe. Y
KWTallleB K 3THUM YeTHIpeM <«CyOCTaHIUsIM» ObIIO N00aBIEHO <«IEepeBO»
(xm3HB). Ha 3TOif OCHOBe MOABWIIACH BO3MOXHOCTH HEKOTOPOTO aHajn3a
(hU3MYECKOro COCTOSIHMS BEIIECTB U poaunack ¢unocodua. Punocodus
ApucToTens npojaepkanack B EBporie moutu 2 ThIC. JeT.

DTOT 3Tam CBS3aH  C TMEPEXOAOM  Om  HPUPOObl 6  UeloM K
cyocmanyuam («3emiii» — TBEPIb, «BOAA» — KHUAKOCTb, <BO3MYX» — ras,
«OTOHB» — JHEprusi). ITOT Tepexol SBUIICS Repeoll pesoiioyueil &
ecmecmeo3HaHuuU.

Cam Takoii mepexo]; CTUMYJINPOBAJICA CTPEMIIEHHEM K OCO3HAHUIO MUpa,
B KOTOPOM JKHJI YEJIOBEK, €T0 CTPEeMJIEHHEM YSICHUTH CBOE MECTO B TIPHPOJIE.
370 OBIJIO HEBO3MOXKHO CHIeNaTh 0€3 COOTBETCTBYIOMIET0 aHanm3a. Ha nepoe
MECTO BBINDIA 33/1a4a — Pa3o0paThCs C arperaTHbIMM COCTOSTHMSIMM Ten. U
Korna ¢urocodbl IPEeBHOCTH BBIAETIN 3Ty MpoOJeMy, BBENH TMOHATHS O
cyOCTaHIMSX, TO Ha 3TOW OCHOBE U CTalla pa3BUThcA puinocodus, a yxe oHa
no3Bosinia GOPMUPOBATHCS CAMOCTOSTENILHBIM OTPACHIAM 3HAHMI, TAKUM Kak
CTaTWKa, acTpOHOMMA M MareMaTuka. Crama (OpPMHUPOBATBCA —aIXUMUA,
XOT# ClefyeT NPU3HATh, YTO BO BCEM 3TOM MPOSABISIMCEH €L1e U OTrOJOCKH
JpeBHEUIINX (330TepUUECKHX) 3HAHUI, O CYTH KOTOPBIX HaMm ellle U ceituac
MOYTH HUYETO He U3BECTHO.

MemnimHa W (u3nka HaXOAWIMCH B 3a4aTOYHOM COCTOSHUM. Bce
€CTECTBEHHO-HAyUHble 3HAaHWA W BO33PEHHUS BXOIWIM B  €IWHYIO
HenndQepeHIMPOBaHHYI0 HAYKy, HaXOAMBINYIOCS MO 3THA0H (HIocopum.
Jnddepenumanus HayK BriepBble HAMETHIACh B KOHIE 3TOTO TEpHoaa yKe
OJMKE K CpETHAM BEKaM.

Cam mepexol OT €IUWHOMN MPUPOIBI K CyOCTaHLMAM 3HaMeHoBajl co0oit
NIEPBYIO PEBOJIIOLIMIO B €CTECTBO3HAHHH.

Bmopoii sman  pazeumua ecmecmeo3HaHuUA TOXe CUMTAeTCA
MOArOTOBUTENBHBIM. Ero moxuno otHecth Kk X—XIII B. H. 2., T.e. K
CPEeIHEBEKOBbIO, K MEpHOAY pa3BUTHA (eomanbHBIX OTHOLIEHWH. DTOT 3Tam
XapaKTepu3yeTcsl TOCNoACTBOM Teosioruu B 3ananHoii EBpome. Hayka Ha
3amaze crana MpUAATKOM TeoJoruu, penuru. K 3ToMy BpeMeHM BO3HHWKIA
ocTpeiiiias MOTPEOHOCTH CMAaceHHs JIOJAEH OT MHOTOUYHMCIEHHBIX 3MUAEMHUIA,
KOTOpble OyKBaJIbHO BBIKAIIMBAIN HaceneHne EBporsl. Beimatommiicst Bpau
cpenneBekoBbs [Mapauensc (Ouaunn ¢ou Forenreiiv, 1493-1541)uuran,
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4TO BCE MPOLIECCHI, MPOUCXOISIIIE B UEJIIOBEKE, —3TO XUMHUUYECKUE MPOLIECChHI
U Bce OOJE3HM CBs3aHbl C HapylIEHWEM cocTaBa BewiecTB. Ero meron
JeyeHns — noOaBlIeHHWE B OpraHmM3M OOJBHOIO YeJOBEKAa HEINOCTArOIINX
XUMUYECKNX BEUIECTB — IIOJIOKWI Hadano (apMakoiorni — Hayke o
JIEKapCTBax.

OTH NpUKIJIAJHBIE 3aa9¥ MOTPeOOBa N pa3dMpaTeNbCTBA C BEIIECTBAMU.
[lepexon B ecTecTBO3HaHMM OT CyOCTaHUMH K BeIIeCTBAM W SBUIICA
6MOpoil pesonioyueit 6 eCmecneo3HaAHUU.

[Tporpecc TexHUKM Ha 3amajne COBepIIANCS KpaliHe MeAJIeHHO. TeXHuKa
elle TMOYTH He HyXJajachb B CHCTEMaTHMYECKOM M3YYEHHM TpPUPOIBI, a
MOTOMY M HE OKa3blBaja 3aMETHOTO BJIMSHHA Ha pPa3BUTHE €CTECTBEHHO-
HayuyHbIX 3HaHMI. Ho M B 3TO BpeMs yXe 110 HAKOTIEHHE HOBBIX (DaKTOB,
MOATOTOBUBILUX MEPEXOJ K CIEAYIOIIEMY MEPHOLY.

Tpemuit sman pazeumus ecmecmeo3HAHUA Ha3BaH MEXaHUYECKUM H
MeTadu3MIecKuM. DTal MPoI0JKAIICS co BTOPOi mosoBuHBI XV B. 1 mwics
Jo xonma XVIII B.  DTo BpeMs YCTaHOBIEHUS KaNMUTAIACTHYECKUX
oTHoWeHwui B 3anaaHoi EBponie. DTOT 3Tam cBsi3aH ¢ NEpexoa0M OT BELIECTB
K Monekylte (MaleHbKOM Macce). EcTecTBo3HaHMe 3TOro mepuoja
PEBOJIOLIMOHHO 10 CBOMM TE€HAEHLMAM. 31€Ch BBIAENSETCSI €CTECTBO3HAHHE
Hayaia XVII B. (Camuneii) u konua XVII — nayama XVIII B. (HetoToH).
locnoacTByromMM METONOM MbILJIEHUs cTana Memagusuka. Ho yxe
TOrJla B €CTECTBO3HAHUM JIENIATUCh OTKPBITHS, B KOTOPBIX OOHapyKuBajach
JUaleKkThKa, T.e. pa3BHUTHE. EcrecTBO3HaHME ObLIO  CBSI3aHO C
MPOM3BOJICTBOM, MpeBpaIlAOIMMC W3 pemecia B MaHy(}akTypy,
JHepreTuueckoil 0azoif KOTOPOil CHYX WO MeXaHMYeCKoe JBUKEHHE.
Otcropa BcTaBalla 3ajada M3y4UTh MEXaHWYECKOe IBMKEHWE, HaiiTh ero
3aKoHbl. EcTecTBO3HaHMe OBUIO MEXaHMYECKMM, TOCKOJbKY KO BCEM
Tpo1ieccaM MPHUPOABI TpHIIaraicst NCKIIFOYUTEbHO MacIuTad MeXaHHUKH.

BBeneHne mnpeacraBieHHs O MHMHUMAJAbHOM 4YacTHLE BelIecTBA -
MOJIEKYJIE CTMOCOOCTBOBAJIO TOSIBICHUIO MEXAaHUKM MAaTEPHANbHON TOUKH
(HptoToH), MPSMBIM ~ CJIEACTBMEM Yero crajo W300peTeHne WM W
I'.JIeiiOHKLIeM MaTeMaTHKH aHajiu3a OECKOHEYHO ManbiX BednduH. K atomy
e BpEeMEHHM OTHOCHTCs co3naHue P.JlekapToM aHaJMTUYECKOH reoMeTpHH,
KocMoroHndeckoil rumorte3sl Kanra—Jlammaca, a Takke Maed pa3BUTHA B
6uonorun B.K.Bonbda, KoTOpble TOTOBUIIN YKe CIEAYIOMINNA Tarl.

B navane XVIII B. pycckum ydyensim M. B. JloMoHOCOBBIM ObLIO
c(OpMyJIMPOBaHO MOHATHE «KOPIYCKYJa», T.€. MUHUMAJIBHOTO KOJIMYECTBA
BEILECTBA, KOTOPOE BIIOCIEICTBUM ObLJIO HA3BAHO MOJIEKYJIOW. DTO payo
pasButie xuMuu. B konHme Toro ke XVIII B. dpanmysckuit xummk A.
JlaBya3be BBEN MOHATHE IEMEHTOB — MPOCTEMIINX BEIIECTB, M3 COUYETAHUS
KOTOPBIX MOTYT OBITh CO3/IaHbI JIFOOBIE BEIECTBA.
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Ilepexoq B ecTeCTBO3HAaHWUM OT BELIECTB K MoJekyle (Ha3BaHHe
«MOJIeKyJla» — MaJleHbKasi Macca — IOSIBWJIOCH TMO3Xe) SBUJICS Hipembeil
pesonroyueil ¢ ecmecmeo3HaHuu, >TOT TEPeXond Aall MOIIHBIN TONTYOK
Pa3BUTHIO XUMUH.

[Tepuon konua XVIII — nauanma XIX Beka xapakTepu3yeTcs HadajloM
OypHOTO Pa3BHUTHs KanmWTajlM3Ma Ha OCHOBE NMPOMBILIJIEHHON PEBOJIFOLVN.
[ToTpeboBanucy  Kpacwrtenu Jis TKaHeW, ¥  TO3TOMY  TPOSBUIICS
TIOBBIIEHHBIN MHTEpec K XuMuu. Ho pa3BuTre XMMHM OBIJIO HEBO3MOXKHO
0e3 crmemyromero mnepexoxa B TimyOb Marepuu. [lostomy wm Obin
OCYILECTBJIEH TMEPeXOod OT MOJEKYyJbl K MUHUMAIbHOW YacTHle MPOCTOro
BeniecTBa, koropas B 1824 r. anrnuuaHuHoM JlanbToHOM Oblla Ha3BaHa
aTOMOM, 3TO Ha3BaHUe ObLIO 3aMMcTBOBaHO y Jlemoxputa. [lon aTomom
Mo/Ipa3yMeBajIoch MUHUMAaJIbHOE KOJMUYECTBO dJIeMEHTa, najee Henenrumoe (y
JleMokpuTa — Hepa3pe3aeMoe). ITOT Mepexo] Aajl Hayallo Pa3BUTHIO XUMHU
W 3nMeKkTpoMarHeTnsMa. Ha mepBblif miaH BbIABUTAIOTCA (DU3MKA U XUMUS,
M3yvarolye B3anMorpeBpamienne (opM SHEPTHX 1 BUIOB BEIIECTBA.

OnHOBpPEMEHHO CTajia sSICHa OTPAaHMYEHHOCTh BO3MOXKHOCTEW BOISTHBIX
IBWTarteneil, MoTpedoBaCh ABWTaTell, KOTOpbIE MOXKHO ObUTO OBl
TIPUMEHSATH B JIFO00I MECTHOCTH M B CaMbIX Pa3HBIX YCIOBHsAX. M300peTenne
MapoBOTO [IBUTaTeNs Jall0 Pa3BUTHE MPOMBILIJIEHHOMY KalUTAIN3MYy, W
MPOMBIIIJIEHHOCTh BCTyNMJIa B (pa3y KpyMHOTO MAaUIMHHOTO MPOM3BOJCTBA.
Ho u mapoBoii nBurarenb He MOJHOCTBIO YIOBJIETBOPSUT MPOU3BOACTBO.
[MoTpeboBancst KOMMAKTHBIM [BUTaTeNb, KOTOPBIE MOXHO ObLIO OBl
YCTaHaBJIMBATh B JFOOBIX MOMEIIEHUSIX U Jake Ha OTAENbHBIX CTaHKax. JTO
JIaJI0 TOTYOK PA3BUTHIO ANIEKTPOTEXHUKH, KOTOpas MOJy4uia BO3MOKHOCTh
pa3BUBATbCA, MCIOB3Ys NOCTIKEHUS XUMUU.

B 3TO Bpemst B TeONOTMM BO3HHMKAET TEOPWS MEIJIEHHOTO Pa3BHUTHS
3emun, B OMOJIOTHM 3apOKAAIOTCS 3BOJIIOLMOHHAST TEOPHs, MaJIEOHTOJIOTHS,
smOpuonorus. Bo Bropoil Tpetm XIX B. BO3HMKIM KJIE€TOYHAs TEOpHs,
yUeHHe O TpEeBpaIleHUN 3HEPTHM M JapBUHM3M, KOTOpbIe HaHECIH yaap Mo
cTapoit Metadu3nke, 3aCTaBMB pacCMaTpPHBaTh BEIECTBA M MPOLECCH B MX
Pa3BUTHH.

Ha ocHoBe mepexoma K aTOMU3MY [OCJEOOBAaId  OTKPBITHA,
pacKphIBarOle AHAIEKTHKY NPUPOABI - CO3JaHHE TEOPUU XUMHUYECKOTrO
CTpPOEHHUS OpraHMYeCcKUX  COCOUHEHHI (A.M.Bytnepos, 1861),
IMepuonnyeckoii  cucrembl  31ementoB  (J.M.MeHzenees, 1869),
anektpomarnetusma (J[x.K.Makcsemn, 1873).

[Tepexon OT MOJEKYJBI K aTOMy W SBUJICS YemEepmoil peeoJiioyueil 6
ecmecmeosnanuu. C xoHuma XIX B. kanuranu3M BCTYNWI B CTaauio
AMTIeprain3Ma, 9TO TOBJICKJIO 3a CO00il TOHKY BOOPYXKCHHWIA, B KOTOPOW
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CYIIECTBEHHOE 3HaueHWe NPUOOpenu AOCTKEHHA GU3UKH, XUMHU U
3apoKJaBLIEHCS ANEKTPOTEXHUKH.

CruMynupytoliee BO3JAEHCTBHE Ha pPa3BUTHE €CTECTBO3HAHUS HOBBIX
MOTpeOHOCTEW TEXHUKH MPUBENO K ToMy, uTo B cepeante 90x romos XIX B.
TIOSIBUJINCH HOBBIE OTKPBITHS, TJIaBHBIM 00pa3oM, B (M3HWKE - OTKPBITHE
JJIEKTPOMArHUTHBIX BOJH [.I'epueM, KOPOTKOBOJHOBOTO  M3Iy4YEHHS
K.PeHTreHoMm, paanoakTUBHOCTH, 3JIEKTPOHA,  BBEJEHHME WIEW KBaHTa

M.ITnankom, CO3JaHMe TEOpUM OTHOCUTENILHOCTH A.DWHIITEHHOM,
nzobperenne paguo A.C.ITonoBbiM.  BbUIM CYIIECTBEHHO MPOABUHYTHI
TaK)Ke XUMMUS (pa3paboTka [Teprionnyeckoii CHUCTEMBI 3JIEMEHTOB

.M. MHaeneeBbIM) 1 OMOJIOTUST (BOSHUKHOBEHHE T€HETHKH).

B konue XIX — Havane XX crojeTuil MOSBUJIOCH MpelcTaBlieHHE 00
«QJIeMEHTapHbIX  yacThLax» BemectBa. B 1887 r. anrmiickum
uccnenoBarenaeMm JDx. JIx. TomMcoHOM ObUlO [0Ka3aHO CYLIECTBOBaHUE
TepBOil 37eMeHTapHON dacTWibel — 3nektpoHa. B 1911 r. B.Pesepdopn
BBIIBUHYJI TUIAHETApHYIO MOJeNb aToMa, Ha OCHOBe KoTopoii B 1913-1921
IT. TIOSBWJINCH TIPEJCTaBIEHUS 00 aTOMHOM sjpe, 3JeKTPOHAaX M KBAHTaX.
[MpoTon 6b11 OTKPBIT M B 19191., a B 19321. [). UenBukom OBLT OTKPBIT
HelTpoH. [lanee ObIT MONMyYeH IIUPOKUIN CHEKTP <OJEMEHTapHBIX YaCTHI»
BEIIECTBA, YTO MPHBEJIO K OCBOCHHUIO aTOMHOW 3HEPTHH.

H.bop pa3Bun mozens atoma Pesepdopma, U QakTudecku C 3TOro
MOMEHTa cTajla OypHO pa3BMBaTbCs KBaHTOBas MeXaHWKa. BceM 3Tum Obuia
TMOAATOrOTOBJIEHA OYepeHasi PEBOJIOLUS B €CTECTBO3HAHUM.

Ilamaa peeonoyua ¢ ecmecmeo3nanuu OblIa CBS3aHA C BBEJECHHEM B
pacCMOTpPEHUE <AJIEMEHTAapHBIX YacTUIl BELIECTBa», M 3TO TpPHUBEIO K
TIOSIBJIEHUIO aTOMHOM 2HEPTUU U TIOJTYTTPOBOAHUKOBOM TEXHUKH.

B XX cronetnn dopcupyeTcs pa3zBUTHE Mpexae Bcero Gpusnku (aToMHas
SHEPTHs, PagroJIOKALNs, PaJNOd3IEeKTPOHNKA, CPEACTBA CBSI3H, aBTOMATHKA
7 KnOepHeTHKa, KBaHTOBAas 3JIEKTPOHMKA - JIa3ephl, NEKTPOHHAA ONTHKA W
np.). Ou3MKa Kak BeAylias OTpPacib BCErO €CTECTBO3HAHWs CTaia WrpaTh
CTAMYJIMPYIOIYIO  POITb MO OTHOIIEHWIO K JpyTUM  OTPacisiMm
€CTEeCTBO3HAHUs, HANpUMep, H300peTeHHe JIEKTPOHHOTO MHUKpPOCKOMNa
BBI3BAJIO TEPEBOPOT BO Bceil Ouonorud, (GU3MONOTUH, OUOXUMUM.
@duznyeckre METOIbl OMPEAETIN YCIeXH XUMHUM, Te€0JIOTUH, aCTPOHOMMUH,
CMOCOOCTBOBAJTM PA3BUTHIO HAYKH O KOCMOCE M OBJIAICHUIO KOCMOCOM.

B Ownonorum yriyGrneHue B CTpOeHHME KIETKM TPHBENO K CO3JaHUIO
T€HETUKHU W MOJIEKYJISIPHOI OMOJIOTUM, B XMMUM - K XUMUH MOJIMMEPOB. A Ha
OCHOBE  TOJIYNIPOBOAHWKOB  CTald  pa3BUBAThCS  KUOEpHETHKAa W
BBIYHMCIIUTENbHAS TEXHUKA.
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Takum o6pa3oMm, mATas pPeBOMIOLMS B €CTECTBO3HAHMM TIpUBENa K
PEBOJIIOLIMOHHOMY CKauKy B TexHuke, k HTP - HayuyHo-TexHUuYecKo#
PEBOJIIOLNH.

['maBHOM 3ajauelf XWMHUW CTaHOBUTCS CHHTE3 MOJMMEpoB (Kaydyk,
HCKYCCTBEHHOE BOJIOKHO), MOJYYeHHWEe CHHTETHYECKOTO TOIUINBA, JIETKHX
CINITaBOB W 3aMeHuTeNeil MeTaula Uil aBUHAlMd M KOCMOHABTHKH.
OHepreTHveckoi 6a30ii MPOMBIIUIEHHOCTH B XX B. CTAHOBSATCS BCe Oolee
3NIEKTPUYECTBO  (IWHAMO-MallWHa), XUMHUUYecKas OJHeprus (IBUraTenu
BHYTPEHHET0 CropaHwsi), a 3ateM, mocie BTopoii MupOBOW BOWHBI, |
aTOMHast SHEPIHUsl.

Ilepexony k HOBOMY TMIIyOMHHOMY YPOBHIO OpraHu3alMd MaTepuu W
30eChb  MPEAIIECTBOBAI  KPU3UC, BbIPAXKABIIUICA B  HEMOHUMaHUU
MHOroo0pasus BapuaHTOB CBOMCTB OCBOEHHBIX MaTepHalIbHBIX 00pa30BaHUIA.
BBeneHre CTPOUTENILHOTO Marepuana YK€ OCBOCHHOIO YPOBHs MaTepuu
ToMOTajio pa3odpaTbCsi B CTPYKType 3TMX oOpas3oBanmii. Tak, BBemeHHe
MOJIEKYJl MOMOIJIO pa3o0paThecsl ¢ BELECTBaMM, aTOMOB — C MOJIEKyJaMmH,
3JIEMEHTApHBIX 4YacTWl — ¢ aTtomamu. Kpwmsuc mnpeomoneBaincs, Bce
HEIOYMEHMs paspellajich, Hayka T[OJydana HOBBII MOIIHBIA TOTYOK
pa3BuTHA. Ho MCXOOHBIM IMyHKTOM BCETAa SBISINCH MPUKIIAJAHbIE HYK/bI.

CBoiicTBa M TOBEAEHWE MaTEpUAIBHBIX O0pa30BaHMN CTaHOBWJINCH
TIOHSTHBIMH, €CJIM B PaCCMOTPEHHE BBOIWJINCH MaTepHalbHble 00pa3oBaHUs
Oonee riybokoro ypoBHs. Ilepexon Ha HOBBIM ypoBEeHb BCeraa O3Hayal
KOPEHHYIO0 JIOMKY YCTOSABINUXCSl MPEICTABIECHUH, SBIANCI OuYepeqHOM
(uznyeckoii peBomolMeit M obecneunBan BoIX0 U3 kpusuca (puc. 2.1).

J1s1 0OBSACHEHUs] XUMUYECKUX TPEBPALLEHNUI B TEOPHIO OBbIIM BBEICHBI
aTOMBl — COCTAaBHBIE YaCTH MOJIEKYJ] XMMHMYECKMX COENMHEHWHA. A Korna
BBISICHWIOCH, YTO aTOMBI NMPEBPAINAOTCS APYT B APYra, BO3HUKJIO MOHATHE
<«3JIEMEHTAPHBIX YaCTHID» BEIECTBA, U3 KOTOPBIX aTOMBI cocToAT. [Ipn aToM
CTAaHOBWJINCH MOHATHBIMM CBOICTBA CTapIIMX YPOBHEl opraHu3auuu
Matepun. Oka3bIBaJoCh, 4YTO MaTepualibHble 00pa3oBaHMs CTapIIero
HMepapXUUeCKOro YPOBHS OTIMYAIOTCA IPYr OT Apyra B MEPBYIO OYepenb
HabOpOM  3JEMEHTOB —  MaTepuallbHbIX  O0pa3oBaHMil  MJaIIiero
uepapxuueckoro ypoBHs. [Ipm »3ToM Mianmue oOpa3oBaHMs, Harpumep
aTOMBI WIH <QJIEMEHTAPHBIE YACTHULIBI», HAJENSAIUCH HA MIEPBBIX MOPAX JIUILIb
npocTedinmMy, Hanbosiee CYyLIECTBEHHbIMH  CBOWCTBaMH, 4YTO  Jlaxe
OTpa)kaJloch B Ha3BaHUM: aTOM («HENETUMBI»), <QleMEHTapHbIe YaCTHLIbI»,
T.e. npocrediine yvacThubl. [lo Mepe HaKOMIEHWsA OINBITHBIX TaHHBIX
MpeACTaBIeHUs O  BHYTPEHHel  CYHIHOCTM  SIBI€HUIl  MEHSUINCH,
COOTBETCTBEHHO MEHSJINCh W (U3MUECKWe MOJENN OSTHX  SBICHHH.
M3meHeHne Mojeneil BIIEKJIO M3MEHEHUS B YPaBHEHMSX, OMMCBHIBAIOIINX
ABJICHHUS.
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BcekpbiTEe CTpyKTYp, MNOHMMAaHWE BHYTPEHHErO MEXaHU3Ma CO31aBajo
BO3MOXHOCTb [UIsl HAIpaBJICHHBbIX JAelcTBUA. CTaBWIKCh HaNpaBlCHHbIE
WCCIIENOBaHMsl, TOSBJSUINCH HOBBIE METOJBI, yYBEJIIMYEHUE qyuca
pa3HoOOpa3mii CTapImero ypoBHA YK€ HUKOTO He TMyrajo, TakK Kak OBILIO
ACHO, Kak BCE 3TO MPOMUCXOAMT U nouemy. OTKpBIBaINCh COBEPIIEHHO HOBBIE
MEPCMEKTUBBl TEOPETUUECKNX W MPUKIAAHBIX  HMCCIEJOBaHUN U
npumeneHnit. OdepenHas Gpu3ndeckas peBOJIOLMS IEMOHCTPUPOBAIa MUPY
CBOM Kau€CTBEHHO HOBBIE BO3MOXKHOCTH. OTH HOBBIE BO3MOYKHOCTH Cpazy
CTAaHOBWJINCH JOCTOSHUEM MPUKJIAAHUKOB M CITYXWJIN YEIOBEYECTBY.

Crnenyer Takxke oOpaTUTh BHUMAaHHE M Ha TO, 4TO Bce (uU3MUecKue
PEBOJIIOLIMK TIOJIHOCTBIO COOTBETCTBOBAIM TOJOXKEHUSAM OUAIEKTUYECKOTO
MaTepuaiu3Ma. OHH MCXOAMIM U3 OOBEKTHBHBIX (aKTOB, MpeAroaraiu
HE3aBUCUMOCTb NPHUPOIBI OT METOAOB €€ WCCIENOBaHHWsA, MOAPA3yMEBAIU
HercyeprnaeMocTb MaTepuu BIiyOb, BCe MPOLECCHl U SBIEHUS MPOUCXOIUIN
C HECO3JaBacMOW M  HEYHUYTOXKAEMONM MaTepueil B  €BKIMIOBOM
MIPOCTPAHCTBE U PABHOMEPHO TEKYILEM BPEMEHH.

OmHako B Havaine XX CTOJNETHA MPOW3OLIIO MPUHLIUIHNAIBHOE
n3MeHeHune ¢usndeckoit Mmerononornu. Hapsimy ¢ yrimyOneHnem B cTpoeHHe
MaTepuu IMyTEM MHCIMOJb30BAHMSA TPEACTABIEHUI 00 <«3QIeMEHTapHBIX
YacTHIaX BeulecTBa» B (u3nke, a cilenoM 3a Heil MpakTHYeCKW W BO BCEM
€CTeCTBO3HAHMHU TMPOM3OIIET OTKa3 OT METOJNOB Kiaccuyeckod (M3UKU B
u3ydeHuu npupoasl. Ecnu kiaccudeckas pu3nka cloxHOe SBICHUE CBOIUIIA
K KOMIUIEKCY MPOCTBIX COCTaBJISIOLLIUX, CYLIHOCTb SIBJICHHUS OINpEAEsiach
JBIDKEHUEM MaTepuM Ha YpPOBHAX OoJjiee TTyOOKHX, YeM paccMaTpHhBaeMoe
ABJICHNE, @ OOBACHEHHE CYUIHOCTH SIBIEHUS CBOIMIOCH K MPOCIEKUBAHUIO
MPUYMHHO-CJIEICTBEHHBIX OTHOLUEHUH MEXAy 4YacTsAMHU SBJIEHUS, TO
poauBIIAsCsS B Hauaie XX crojerus TeopeTwyeckas —(H3MKa
MPUHLUUNNAIBHO TMO-WHOMY ITOCTABMIIA BOMPOC.

KBaHTOBas MexaHMKa W TEOPUS OTHOCHUTENLHOCTH, a CIEJOM 33 HUMHU U
Bce (hyHIaMEHTaJIbHbIE €CTECTBEHHbIE HAYKH OTKAa3aJlUCh OT pPacCMOTPEHHS
BHYTPEHHHX TIpOLIECCOB sBIEeHMH. Bce cranmo cBoanTbes K peHOMEHOIOTHI
— BHEIIHEMY OIKCAHUIO SBJEHUI M K WX MaTeMaTUYEeCKOMY OMucaHuio. B
MPAKTUKY CTaJI0 MacCOBO BBOIMTHCS TaK Ha3blBa€MblE€ <«IIOCTYJAaTbl» —
BOJIbHBIE TMPEAINOJIOKEHHS, KOTOPbIM, MO MHEHHIO aBTOPOB IMOCTYJIATOB,
M0JIaraeTcs COOTBETCTBOBATH MPUPOLIE.

Takoll noaxoa K U3y4EHHUIO NPUPOIHBIX ABJIEHUI HE MOT HE MPUBECTH KO
Bce OOINbIIEMY PACXOXAEHUIO TEOpHUil C pealbHOCThIO, pPe3yJbTaTOM 4Yero
cTai Kpu3nc GpU3NKH, a ¢ Hel ¥ BCETO eCTECTBO3HAHMS.

OmHAaKoO MOXHO KOHCTAaTUPOBATh, YTO B HACTOSAIIEE BPEMs CIOKHUIOCH
MOJIOKEHWe, TUIOBOE I KaHyHa OYepeqHON  PEeBOIIOLMH B
€CTEeCTBO3HAHUM.
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K cepenune 60X romoB no <«jeMeHTapHbIM YacTUL[AM>» BEIECTBa ObLIN
MOJTy4eHbl MHOTOUHUCIIEHHbIE CTaTUCTUYECKHE AaHHble. OKasanoch, YTO BCe
<QJIEMEHTAPHbIE YACTHULIBI» COCTOST <«KaxJAas U3 BCEX OCTAIbHBIX», T.€. MPU
MpeoOpa30BaHNH OO0 YaCTHUIIBI B PE3yNIbTaTe X COyAApEeHU MOTYT OBITh
noJrydeHsl mo0ble yacTuipl. C Apyroil cTOpOHBI, HHWKAaKWX CBEAEHWH O
BHYTPEHHEH CTPYKType CaMHX <3JIEMEHTapHBIX YaCTHI» HET, MOTOMY YTO B
pe3yJibTaTe TMOCTYJIAaTHBHOTO TOAXO/Aa B KBAHTOBOW MEXaHWKE W B TEOPHH
OTHOCHTENIFHOCTH W3 PacCMOTPEHHsS BHIOPOIIEH CTPOWTENbHBIH MaTephai
gacTull — 3(up — MUpoOBas cpefa. JTO OKA3aJloCh TIIABHBIM TPETSTCTBUEM
UL TIOCTYNaTeJIbHOTO  PasBUTHA  ecTecTBO3HaHus.  JlasnbHeiimee
NPOJBIKEHNE BIIyOb MaTepuM  TpeOyeT Bo3BpaTa K  METONOJOTMH
Knaccudeckoil (M3MKM, BO3BpaTa K KOHLENUMH 3¢upa, sBISBLIIETrocs
00s13aTesIbHBIM  aTpUOYTOM  €CTECTBO3HAHWSI Ha TPOTSKEHWH BCel ero
UCTOPUM BIUIOTh A0 Havaja XX CTOJETHs, 4YTO IO3BOJISIET 3TOT KPHU3HC
pa3pemmTh.

Takum o00pa3oM,  ecTECTBO3HAaHME HAXOAUTCS HAKaHYHe wiecmoil
peeonoyuu, KoTopas 1acT TOJUOK HOBOMY, HMCKIIFOUUTENILHO MOIIHOMY €ro
pazButHio. CeroHsl MOKHO TOJIBKO TaiaTh O TeX CIEACTBHAX, K KOTOPBIM OH
npuBeneT. [IpeArnonoknuTeabHO 3TO MOXET ObITh  TOJIHOE pelIeHHe
SHEPreTUYecKol, pecypcHOW W SKOJOTHUECKOW MpobieM, a BO3MOXKHO, W
3JIpaBOOXPAHEHUs] © MHOTOTO JIPyTroro.

OnHako clieflyeT OTMETUTb, 4TO, KaKk W TpH BCeX  MPEeAbIIyLINX
PEBOJIIOLIMAX €CTECTBO3HAHUs, OYEPENHON IIECTOM MEepexod Ha HOBBIN
MepapXuueckuii ypoBeHb OpraHU3allii MaTepuu TpeOyeT peBU3MU OCHOB
CYILECTBYIOLIETO  €CTECTBO3HAHUS, COXpaHeHHMs BCEro TOro, 4TO
COOTBETCTBYET HOBBIM 3ajla4aM, U OTKa3a OT TOro, YTO SIBJIIETCS HAHOCHBIM,
WCKYCCTBEHHBIM, HE COOTBETCTBYIOIIMM pealbHON Mpupone (pU3nIecKux
ABJICHUM.

H3noxxeHHOE BBILIE CBHUAETENBCTBYET O TOM, YTO TONYOK K PasBUTHIO
€CTECTBO3HAHUS M IEPECMOTPY YCTAHOBHBIIMXCS B HEM TpeNCTaBICHHUN
JAal0T HAaKOMMBLIMECS TPOTHBOPEYNS, TIABHBIMH W3 KOTOPBHIX SIBIISIOTCS
HEOOXONNMOCTb  pELIeHWs] TMPaKTUYeCKUX 3a4ad, BbITEKAIOMMX U3
OOIIECTBEHHOTO pa3BUTHSA, a TOYHEE - W3 HYXI OOLIECTBEHHOIrO
MPOU3BOJCTBA, W HEBO3MOXHOCTb BBITIOJHUTH 3TO B paMKaX AEHCTBYFOIINX
TOHATUMA.

Pa3BuTHe ecTecTBO3HaHMS MPOUCXOIAUT Mo3TanHo. Kaxmplil aTan cBs3aH
C OCBOEHHMEM Bce 0Oojiee NTyOMHHOTO YpPOBHsI OpraHu3alMy MaTepuu, 3TO U
ecTh ouepenHas Gpusnueckas peBOJFOLNS.
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OMINYECKHE PEBOJIIOIINHA

®anec (VIB. 70 H.3.) H TTPUPOA H Hosbic 3HaHHA
Apwucrorens Cy6cranunu:
dVB. 10 H3.) H 3emist Boma Bosmyx Orome{  gunocoghus

TBEPAb KUAKOCTH I'a3 JSHCPTHA

IMapameasc (XVIB.) R Bemecrso 1 Qapmaronozus
Kennep (XVII B.) Mar. touka Mexanuxa
JlomorOCOB(X VIIL B.) | Kopnyckyna 1
JlaByasbe (XVIII B.) Monekyna XUMUS
Hamsron (XIX B.) 1 AToM N onexmpuvecmeo
Pesepdopa, bop DICMEHTAPHBIC | amomnas suepeus
(XX B.) YACTHLBI NOJYNPOBOOHUKU
Awmep, 3¢pup usobune, IKON02U

Puc. 1.1. ®usuveckue P€BOJIIOIIUU B €CTECTBO3HAHUH

CeroniHst B HayKe CIIOKUJIAach THMOBask cUTyalus. [Toy4eHo B pa3iM4HbIX
JKCMEPUMEHTAaX MHOXKECTBO TaK HAa3bIBa€MBIX 3JEMEHTApPHBIX YaCTHIL
BemecTBa. Bce oHM crmocoOHBI TpaHC(OpMHUpPOBATHCS APYr B Opyra, 4YTO

CBUJICTENILCTBYET 00 WX OOIIEeM CTPOUTEIHHOM MaTepuale.

Bakyym

CMOCOOEH TIpH  OTpeNeNIeHHOM COYEeTaHWW BJIEKTPOMAarHWTHHIX —ToJel
«POXKAATh» DJIEMEHTApHbIE YaCTHIBI, YTO CBUAETENBCTBYET O TOM, 4TO H
BaKyyM, U CWIOBBIE MOJSI B CBOEH OCHOBE MUMEIOT TOT K€ CTPOMTENBHBIN
MmaTtepuasl. M moCKoabKy BakyyM Oe3rpaHM4eH, 3HAauUT BCE MHPOBOE
MPOCTPAHCTBO 3AMOJIHEHO 3TUM CTPOUTEIbHBIM MaTepuanoM. DTOT MaTepual
BCEra B €CTECTBO3HAHUM Ha3bIBAJICS 3(PMPOM, 3TO Ha3BaHWE OH W JOJIKEH
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MONy4uTh. A 3JeMeHT 3(Qupa, OH Ke HEAeNUMBbI 3JIEMEHT aroma, B
JPEBHOCTHU Ha3bIBAJICS @' MEPOM, M 3TO Ha3BaHUE OJKHO OBbITh TaKXkKe 33 HUIM
3aKperieHo.

He crnemyer nm 1 ceifuac, yquThIBasi, 4TO YUCIIO <AJIEMEHTAPHBIX YaCTHID»
BemecTBa yxe coctaBisier oT 200 no 2000 € 3aBHCHMOCTH OT TOTO, Kak
CUWTAaTh), YTO BCE OHU CMOCOOHBI MEPEXOIUTh APYT B APYTa, MPUMEHHUTH TOT
Ke MeToj, MpuHATH cioBa B.M.JleHnHa o TOM, 4YTO <QNEKTPOH Tak ke
HeWcuepraeM, Kak U aToM, mpupoaa Oeckoneuna» [11, c. 277], kak npsmoe
yKa3aHMe K JAeiicTBMIO UM  JONMYCTUTh CYIIECTBOBaHUE ele Oonee
<QJIEMEHTApHOI» 4YacTHLBI, M3 KOTOPOH COCTOSAT BCE TaK Ha3bIBaeMble
<«QJIEMEHTAapHbIE YaCTULIbI» BEIIECTBA, SABJSIOLIMECS B NEHCTBUTEIBLHOCTH
CIIO)KHBIMU 0Opa3oBaHusAMHU? Takyro YacTHIy cliefyeT Ha3BaTb <A Mep»,
MOCKOJIbKY MMEHHO Tak ee HasbiBan Jlemokpur. Ilo ero MHeHuto, amep —
YyacTHL@a aroMa M €cCTb WCTUHHO HeJeNuMas 4YacTHlla MaTepud, a
COBOKYITHOCTb aMepoB — 3TO 3(up, cpela, 3amoIHsoLAs BCE MUPOBOE
TIPOCTPAHCTBO, SABJISIOWIAACS CTPOWUTEIbHBIM MaTepPHaNoOM Ul BCEX BHIOB
BellecTBa. TakuM o00pa3oM, K BOIpOCY CcylLlecTBOBaHUS 3¢upa, ero
CTPYKTYPBI U POJIH B IPUPOE HEOOXOIUMO BEPHYTHCS.

K koHiy XIX cronetus ectecTBO3HaHHE B OCHOBHOM OMNPEAEIHIO CBOU
no3unu. Ompefennia CBOM MO3WLMKM W (pH3MKa, yKe Torja cUWTaBIIascs
OCHOBOW  ecTecTBO3HaHMs. He coBceM SICHBIMM  OCTaBaINCh  JiBA
HE3HAUYNTEJIbHBIX MOMEHTA - HECOOTBETCTBUE IKCIIEPUMEHTAIbHBIX JAHHBIX
pacyeTHbIM KPUBBIM B YacTH W3JIy4eHHS YEpPHOIo Teja U HeoOHapyKeHHe
a¢upHOro BeTpa B omnbITax MaiikenbcoHa. OTHaKO BCKOpE CTalo SICHO, YTO
9TH HECOOTBETCTBUSI TOPOIMIN <TIOJHEHIIYI0 HayuHYIO KaTtacTpody, Kpax
TeX TOJIOKEHUH, KOTOpbIE COCTABJISUIM OCHOBY KIJIACCHUECKOH (GHU3MKN».
PesynbraToM pa3buparenbcTBa  CTald W3MEHEHHE MOIX0Ja K HU3YUCHUIO
NPUPOABI, CMEHa lieNeil BCero eCTeCTBO3HAHUSL.

1.5. O 3nayennn BOUHCTBYHIIECIro MaTepuajimsma
CEroaHs

CoBpeMeHHasi TeopeTndeckas (pu3nuka TOpAWTCS CBOEH OCOOEHHOCTHIO,
CBOEIl CI0KHOCTBIO, CBOEH 3JIMTApHOCTBIO. [TOHATHE MPOCTOMY CMEPTHOMY
TO, YTO YTBEpKAAET (pu3NUecKas TEOPHsl, YaCTO HEBO3ZMOMKHO. DTO MO3BOJISIET
camoii ¢usndeckoil Teopun M30exkKaTh KPUTUKU CO CTOPOHBI MPHUKIIAJIHUKOB,
9TO K€ OTAENSAET €€ OT NMPUKIATHbIX 3334 U CO3/aeT yCIOBUS ANl CO3AaHUsA
0c000ro KiiaHa (PU3NKOB-TEOPETHUKOB, B KOTOPBIi JIFOAN CO CTOPOHBI YK€ HE
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Jomyckatorcsi. Takum oOpa3omM, mpoOiemMa M3 Hay4yHOIl mepepacTaeT B
COLIMAJIbHYIO.

B uem mpuumHa Bcero 3toro? IlpuunHa B METOHOJNOTHMH, KOTOPYIO
¢m3myeckas Teopus PHHSIA HAa BOOPY)KEHHE elle B Hadaie XX CTONeTHs, B
TOM KOHTppeBOMOLMHU (a BOBCE HE <PEBOJIFOLMI»), KOTOpas MpOHU30LLIa
Torna B ¢usuke m kotopoii eme B.M.JleHWH MOCBATHI CBOIO W3BECTHYIO
paboty «MarepuanusM M SMOUPUOKPUTHLU3M», B TOM, 4YTO TJIaBHBIM
METO/IOJIOTMIECKUM MPUEMOM B (DM3HKE CTAJIO BBIIBIKEHUE MOCTYIATOB.

Yto Takoe «roctynaT»? CortacHO BoJbImoit coBeTCko#l SHIMKIIOTE TUN
(3-e m3n., 1. 20, c. 423) mocTynat — 3TO «IpeAJOKEHHE, B CHITy KaKUX-JIMOO
cooOpakeHMi «TIprUHUMaeMoe» 0e3 [oKa3aTelbCcTB, HO, Kak MpaBWio, ¢
00ocHOogaHueM, TIpUYEM HMEHHO 3TO OOOCHOBaHME M CIYKUT OOBIYHO
JOBOJOM B TIOJIb3Y <«IIPUHATHUA» MOCTyJjaTa. ...He Kajes [IOBOJIOB,
NPU3BAHHBIX pOeoums B Pa3yMHOCTH («IIPAaBOMEPHOCTH») TpeliaraeMbixX
HaMH TMOCTYJaTOB, Mbl B KOHEUHOM CBETE HPOCHMO mpedyem 3Inozo
npunamus...». Bor Tak, Hu 6onbiie, H1 MeHbIne. TpebGyem, u Bee!

W wmaumnas ¢ 1900 r., korma M.IImaHK BEIABWHYJ TIEPBBIN MOCTYJIAT,
Havany (GU3MKN N300peTaTh MOCTYNAThl, KOTOPBIM, IO UX MHEHHIO, 00s3aHa
COOTBETCTBOBATh MPUPOJIA.

CrneunanbHasi Teopusi OTHOCHTeNbHOCTH A.DiiHImTeliHa 0azmpyercst Ha
MATKM TOCTYJIaTaX, W3 KOTOPbIX T[JIaBHBIM SABJIAETCS [EKJIapUpOBaHUE
OTCYTCTBHUSI B Tpupoje 3¢upa. ITo MojoxkeHHe Oa3supyeTcs Ha JIOKHOM
MOHUMaHUU Pe3yJIbTaTOB MEPBBIX OMBITOB MaiikelbCOHa, KOTOPBI SKOOBI
MOJYYUJT «HYJIEBOH pe3yabTaT» MpHU H3MepeHHH 3(PHUPHOro BeTpa, T.C.
HUYEro He MOJTYYWJI, 4TO sIBIseTcA J0xkbio. O0Ias Teoprus OTHOCUTENILHOCTH
TOro k€ aBTOpa A00aBiseT K ITHM IATH MOCTyJaTraM elle MATh, NpuveM
TOCTIETHUM SIBJIIETCS KaT€rOpUYEeCKOe YTBEPXKACHUE HAJWuusl B IPUPOAE
a¢wmpa [7, c. 689, 8c. 160].

KBaHTOBass  MexaHMKa  BOCIpPHMHSJIA  BCE  MOCTYJaThl  TEOpUH
OTHOCHTENIFHOCTH W 00aBMIIa K HAM ellle AEBATh, a KBAHTOBAsI TEOPHS OIS
— enute yeThipe [2, ¢. 23—26]. Ho oOliee 4KciI0 MOCTYJATOB, HAIIEIIINX
NPUIOT B PU3UYECKON TEOPUHU, UCUUCIISIETCS Y2KE MHOTUMHU JeCATKAMU.

A nanee mon BeIZyMaHHbIE W BOBCE He 00OCHOBAaHHBIE B JOJDKHON Mepe
MOCTYJIaThl HAUMHAETCS MOArOHKa (PaKkTOB, YTO M €CTh YUCTEHUIINI UIeaNn3M,
C KOTOpHIM JO0CTaTO4YHO Oe3ycrmemrHo mnbiTalncs BoeBaTh B.W.JIeHUH.
TeopeTuueckoe eCTECTBO3HAHME MOLLIO MO WACATUCTUYECKOMY MYTH, 3TO B
pe3yJIbTaTe U MPUBEJO K COBPEMEHHOMY KPU3UCY B €CTECTBO3HAHUMU.

[Tocnennue necsATHIAETHS B €CTECTBOZHAHWM CTalW HaOWpaTh CUITY
WAEaTNCTUUECKAEe TPEACTaBIECHUsI O TNPUPOAE CaMOro pazHOOOpa3HOro
Toika. OduumanbHO TOAHMMAETCS BOMPOC O CHHTE3e HAyKH W PESTUTHH.
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Bo3poxkparoTcss KpealuMOHMCTCKUE TEOPUM O CO3JAaHUU TIPUPOABI H
YCTAHOBJIEHUH €€ <«MYAPBIX» 3aKOHOB BEPXOBHBIM CYLIECTBOM — borom.

B gpyrux Tteopuax TmoHsATHE bora 3aMeHsieTcd TaK Ha3bIBA€MbIM
«KOCMHUYECKUM pPa3zyMOM», HO CyTb OT 3Toro He MeHsercs. C apyroit
CTOPOHBI, MOSABJIAIOTCS TEOPUU O TOM, YTO OJHY M3 KaTeropuil — MaTepHIo,
MPOCTPAHCTBO WJIM BpeMs — HYXKHO BOOOILE WCKIIOUNTH M3 PAacCMOTPEHHUS,
TIOCKOJIbKY «MOXKHO 000#THCh M 0e3 HuX». Bo3poxknmaroTcs 3HEpreTusMm —
TIOTIBITKA CBECTH MaTepHIO K SHEPTHH, UYTO (paKTHUECKH yKe AaBHO CAEIaHO
B TEOpETHYECKOW (U3HKe, a Takke PU3MIECKNil UIeatn3M, B COOTBETCTBUH C
KOTOPBIM MPHUPOAY MOXKHO BBIIYMbIBATh U KOTOPBIH B TEOPETHYECKOM
(¢u3MKe IaBHO 3aHAJ TOCMOJCTBYIOlIee TMosokeHHe. OJHAKO Bce 3TO
CBHMIETEJILCTBYET HE O MPaBUIBHOCTH BBI3bIBAEMBIX BHOBb W3 HEOBITHS
UJIeaTUCTUUECKUX HalNpaBleHUH — CYOBEKTHBHBIX WM OOBEKTHBHBIX, a O
HEJOCTaTOYHOCTH MaTepHaucTuiec-koil ¢punocoduu, He cymeBlIel 10 cux
Mop CO3JaThb COOTBETCTBYIOLIME METOAOJIOTMYECKHE OCHOBBI Pa3BUTHUSA
MAaTEepUANUCTUUECKON HAYKHU.

Hcknrouenne 3¢upa Kak CTPOUTENFHOTO MaTepraia MUKPOMHPA JIMLIIO
(PM3MKOB BO3MOKHOCTH aHAIM3UPOBATH CTPYKTYPHI MUKPOOOBEKTOB, TIOHATH
NPOUCXOXKACHUE HX CBOWCTB KakK pe3yJIbTaTOB BHYTPEHHEIO [BUXKCHUS
MaTepuH, 3aCTaBUJIO MpearouecTb (JeHOMEHOJIOT IO, T.€. BHEIIHEe OMMICaHue,
U3Yy4YEHHUIO BHYTPEHHUX MEXAHU3MOB SIBJIEHUI. Bce 3TO npuBeNio K NMOIHOMY
HEMOHUMaHWI0  (pu3MkamMu  ycTpolicTBa MaTepualbHbIX  0Opa3oBaHMi
<«QNIEMEHTAPHBIX YacCTHUL» BEILECTBA, AaTOMHBIX sIep, aTOMOB U UX
ANEKTPOHHBIX 000JI0YEK, a TakXke Mojel B3auMOAEHCTBHIA. DTO cpa3y ke
HAJIOXKWJIO OTPAHUYEHUs HAa BO3MOMKHOCTH W3Y4YEHMs PpEaJbHOro Mupa u
pacnpocTpaHUIOCh Ha BCe 00JIaCTH €CTECTBO3HAHMS.

C V3JI0KEHHBIX TO3MLMUI W CledyeT OTHOCHThCS KO Bcel mMpobieme
s¢upa.

BoibpocuB u3 Teopuu 3hup — cpedy, 3amoJHAOLIYI0 BCE MUPOBOE
NPOCTPAHCTBO U SIBJISIOLLYIOCS CTPOUTEJILHBIM MATEPUAJIOM JJIsl BCEX BUIOB
BellecTBa, (M3WKM JUMWIN ce0s BO3MOXHOCTH TPOHWKATh B TIyOb
MaTepHH, BBISICHATb CTPYKTYpPy MaTepualibHbIX 00pa3oBaHUi M yCTPOMCTBO
roJie B3aMMOJENCTBUIA. OHu (deTHIIM3UpOBAU HECKOJIBKO
MOCTYJIMPOBAHHBIX MaTeMaTHYEeCKUX 3aBHCUMOCTEH, OOBSBUB, UTO TENephb
UM BCe M3BeCTHO. OHM YK€ MHOTO JIET TOMUYTCA HA MECTe, HUYEro HOBOTO
HE OTKpbIBas M HapaluBass MOLIHOCTH JKCIIEPUMEHTAIbHBIX YCTAHOBOK B
CJITIOoi HaleXIe 3a CUeT ITOro MOJYYHTh 4YTO-TMO0 HOBeHbkoe. OIHaKo
YK€ MHOIO JIET HMYET0 HOBEHBKOTO HE BO3HUKAET, U MOXHO YBEPEHHO
CKa3aTh, YTO M HE BO3HUKHET, MOTOMY 4TO 0€3 MOHWMMAaHWs BHYTPEHHHUX
CTPYKTYp MaTepHabHbIX 00pa30BaHUIl U BHYTPEHHUX MEXaHU3MOB SIBICHUI
OCTaeTCsl TOJbKO METOJN «HAy4YHOIO ThIKa», BECbMa HEMNPOAYKTHUBHBIN.
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OTkazaBmUCh OT 3¢upa, Guzuku camu ceds 0000paiiu, UCKIIOUKUB cCamy
BO3MOXHOCTb JalIbHEHIIIEro MPOHNKHOBEHHUS B TITy0b MaTepHu.

[MpoGnema npu3HaHKs WK OTPULIAHKME CYLLECTBOBaHUA 3(pupa B IPUpoIe
BBIXOAWT JajiekKo 3a PaMKW CTAHOBJIEHWS YacTHOI (U3MUYecKoil Teopwi.
[MpusHanme Qakra cymecTBoBaHust d3pupa Kak MHUPOBOIl  cpensbl
CYIIECTBEHHBIM 00pa3oM Hem30e)KHO JOJDKHO KacaThCsl BCEX BHIOB
MaTepHallbHBIX 00pa3oBaHmWii, BceX (DM3MUECKWX SBICHWH W TPOLECCOB H,
ClIeI0BaTeNIbHO, BCEro ecrecTBO3HaHMA. OIHAaKO B He MEHbLIEH CTENeHn
TIpU3HAaHNE WK OTPUIaHue 3(pupa B IPUpPoJe KacaeTcst M Bcel pumocopckoit
OCHOBBI €CTECTBO3HAHMS, a yepes 3T0 | Bcell punocopun Hayku B uenoM. U
Terepb (akTHYECKH pedb HAET O BOCCTAHOBICHHH MAaTEPUATMCTUYECKUX
No3MLMii B QU3KKe, a Yepe3 Hee U BO BCEM €CTECTBO3HAHUH.

B.W.Jlennn mpumaBan Oofibllloe 3HA4YEHUE HIEOJOrM4eckoit 6oprde 3a
BHEJPEHHE B Macchl HACOJOTUM MaTepuaIn3Ma U aTeusMa. «...Mbl JOJKHBI
TOHATH, - THCAJT OH, - 4To Ge3 comumHoro Quiocodckoro o6O0CHOBaHMS
HUKaKKe eCTECTBEHHbIE HayKH, HUKaKOi MaTepraiu3M He MOXKET BbIAEpKaTh
60pBOBI MPOTMB HAaTHCKa OypXKya3HBIX WIe W BOCCTaHOBJIECHUS
Oypkya3Horo Mupocosepianus» [16]. B mosBieHun maTepHaniucTUUECKON
TEOpPWH €CTECTBO3HAHWS W BBITEKAlOUWIEH W3 Hee MaTepHaIMCTUUECKON
METO/IOJIOTAN CETOHS 3aMHTEPECOBaHbI OOJIbIIE BCETO NMPUKIIaTHUKH, Iepel
KOTOPBIMH ~ CTOAT  BaXKHEWIIWMe  3ajayd, OT  pPeLIeHHs  KOTOPbIX
HEMOCPENCTBEHHO 3aBUCHUT OyIyllee YelloBeYecTBa. 3T0, KOHEYHO,
npoOJeMbl  JHEPreTHKH,  3KOJOTWM,  TEXHOJOIWi,  KOCMHYECKO
0€30MacHOCTH, ChIPHEBOTO 00ECTeYeHHus, MAOJTOBEYHOCTH MaTepHaloB,
NPOAOBOJILCTBEHHOrO 00ECIeueHus, 3ApaBOOXPaHEeHNsI U1 MHOTOTO, MHOTOTO
apyroro. PemmuTb 3TH mpoOiaeMbl MOXKHO, TOJIBKO MOHMMas OObEKTHBHbIE
3aKOHBl TIPUPOIBI, CTPYKTYPBl MaTepHalbHBIX 00pa3oBaHWH Ha BceX
VepapXniecKuX YPOBHAX OpraHM3allMM MaTepwy, TOHWMas BHYTpPEHHHE
TIPOTIECCHI SIBJICHUIA. CrenoBatebsHo, MIPYKITaTHAKaM HYXHa
MaTepHalcTHIecKas TeopHs, OTpakarollas 0ObeKTHBHYIO peaJbHOCTh, a He
BBIIYMKH KaOWHETHBIX «y4eHbIXx». IMeHHO depe3 MpuKIaaHble TPUMEHEHHS
NPOXOIUT TNaBHBIN (poHT O0pbOBl MaTepuanusMa u uaeanmsma. M B stoit
60pbOe He MOXeT ObITb KOMIIPOMHCCOB, MOTOMY YTO CJHMIIKOM MHOTOE
3aBHUCHUT OT €€ UCXO0JIa.

BriBoasbl

1. Kpmuc ¢mukn xonma XIX — mHavama XX B. BbIpaswics B
HEeCTocoOHOCTH (U3MUYECKOl TEeOoprM OCO3HATh MHOTOYHCIICHHBIE HOBBIE
JKCMEpPUMEHTANIbHbIE JaHHbIE, MOJY4YEeHHbIE MHOTMMM HCCIIEAOBATENsIMU B
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koHue XIX cronerus. D10 OBIJIO CBS3aHO C NOTMATUYECKUM OTHOILIEHHEM K
MUMEBIIMMCS TorAa (GU3MYECKUM TEOpusiM, ¢ HMAeanu3alMeil MoMy4YeHHBIX K
TOMY BpPEMEHH <«XOpOIIO MPOBEPEHHbIX» (QUINYECKUX 3aKOHOB M €
OTCYTCTBMEM TIOHUMaHHUs BHYTpeHHeH (M3MUYECKOil CyIIHOCTH SIBICHW.
BeIixon W3 co3maBiierocs TMOJNIOKEHUS BeAylne (HU3NKHA-TEOPETUKH TOTO
BpPEMEHH HAILTK BO Bce OO0JIbIEM abCTparnpoBaHuy OT NeHCTBUTENLHOCTH, B
CO3JaHMM aOCTPaKTHBIX MOAENeH, B TPEBATMPOBAHUM MaTEMaTHUECKIX
Moznenei Hal (U3MYECKWM COJIep’KaHWeM, B IOCTYJIHWPOBAHWHM HCXOIHBIX
TIOJIOKEHHH ISl TIOCTPOEHUsI Teopwii. Pe3ynbTaToM 3TOTO CTanu BpeMeHHbIE
ycnexu pU3NKK 1 OJJHOBPEMEHHO MOATOTOBKAa HOBOTO KpHU3Hca.

2. CoBpeMmeHHas TeopeTudeckas (pu3nuka HaXOJUTCs B TITyOOKOM KpH3HCe,
BBIp@XKalLIeMcs BO Bce Ooibllell HECTOCOOHOCTH OKa3aTh coJelCTBHE
NPUKJIaIHUKAaM B PeIIeHMH HACYLIHBbIX TEXHOJIOTMYECKHX MpoOieM U BO Bce
BO3pacTalolleil  JOporoBusHe  uccaenoBaHuid.  IlpuumHa  sTtoro  —
YKOpEHUBIIAsiCs WAeaMCTUUECKas WAEOJIOTHS, B COOTBETCTBUU C KOTOPOM
JOMYCKAlOTCS BBIIBWKEHHWE TIOCTYJIATOB, MpeHeOpexxeHne (aKTHIeCKIM
MaTepualioM, 3aMeHa (M3MUECKON CYIIHOCTH SBJICHWI NPOCTPAHCTBEHHO-
BPEMEHHBIMH  WCKaXEHWSIMH, T.C. OTKa3 OT MaTepuaicTHYeCKOi
¢wrocopum w  aOCOMMOTH3AINS HECKOJNBKAX <GaKOHOB», a (aKTHUECKH
HECKOJIbKMX MaTeMaTHUeCKNX BblpakeHWH. H3MeHeHWe MeTomoIornn
TeopeTHueckol (M3MKM B CTOPOHY MAEaTM3alMd, LIMPOKOro MpUMEHEHHs
MOCTYJIATOB, aKCHOMATHKH, MOJTOHA ONBITHBIX JAAHHBIX MO MOIHbIE TEOPHU
SBIIAIOTCS HE «PEBOJIIOLMEN», KaK 3TO MOIHOCUTCS (GU3NKAMHU-TEOPETHKAMU
u Gunocodamu, a KOHTPPEBOIIOLHUEH.

3. PeanbHbIMU (pU3NUECKUMHU DPEBONIOLMAMH B €CTECTBO3HAaHMM BCEraa
ABISNINCE  0000OLIEHWE HAKOTUICHHBIX OMBITHBIX (MHOYKLMA) NaHHBIX Ha
OCHOBE BBISIBJIEHUSI MX OOIINX CBOWCTB M Ha 3TOW OCHOBE MeEpexoj Ha Ooiee
rITyOMHHBIN MepapXu4decknii ypoBeHb OopraHu3anuu matepun. [IpuBneueHne
TITyOMHHBIX YpOBHE MaTephH TO3BOJISUIO pacCMaTpUBATh MaTepUIO 3TOTO
HOBOTO Ul OYEpEeIHOro 3Tana €CTECTBO3HAHMS YPOBHS KaK CTPOWTEIbHBIN
MaTepuall MarepualbHbIX 00pa3oBaHMl TMPEABIAYIIEro CTapLIero YPOBHS.
OTo paspelago HAKOMUBLIMECS TMPOTUBOPEUMS M OTKPHIBAIO HOBBIE
HarpasJieHUs UccaeNoBaHuil (IeIyKLus).

4. BbIXOZ U3 CO3ABIIErocs Tyn1uka BO3MOXEH JIMLIb Ha MyTAX BO3BpaTa K
MaTepHalucTUUeCKOl Haeosoruu. Llenblo ecTecTBO3HAHMSA KaK HAayKH O
npupoie  JOJDKHO  SABJIATbCA ~ MOHMMaHWEe  NPUYMHHO-CIEICTBEHHBIX
OTHOLIEHUH MEeXIy MaTepHalbHbIMH 00bEeKTaMH U ABIeHUAMH. CpelcTBOM
IUTSL 3TOTO SIBJISETCA OWHAMHWYECKWIT METOH, MOApasyMeBAIOLIMK HaJudne
CTPYKTYp y JIFOOBIX MaTepHaNbHBIX OOBbEKTOB M BHYTPEHHHX MEXaHM3MOB Y
TFOOBIX SIBIIEHUH, TEM CaMbIM MPHU3HAHWE HENCUepraeéMoCTH MaTepyuy BITyOb
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W TPUHLMIHAIBHONH BO3MOXXHOCTH TOHMMaHUS BHYTPEHHHX MEXaHU3MOB
J0OBIX B3aUMOAEHCTBUIL U sIBIEHNIA.

5. B Hacrosimiee BpeMsi Ha3zpela HEOOXOOUMOCTb THiepexoda K
ClleyloNeMy 3a <OJIEMEHTapHBIMM YacTHIAMU» YPOBHIO OpTaHW3alud
MaTepuu. DTOT TepexoJ]] €cTh Mepexoa K TMPH3HAHWIO CYLIeCTBOBAaHMS B
npupone 3¢upa, Cpeabl, 3anojHAIOIMIEH BCe MHPOBOE IPOCTPAHCTBO,
SBJIAIOLIENCST CTPOWTENLHBIM MaTepHaioM Uil BCEX BHIOB MaTepHAIbHBIX
00pa3oBaHMii, NBIKEHWS KOTOPO TIPOSBISAIOTCS B BHIE Pa3IMIHBIX
B3aNMOJEHCTBUIT MaTeprallbHBIX CTPYKTYP M (PU3UUECKUX SBICHHIA.

6. Kak Bcerga B KpU3MCHOH CUTYyallnH, pa3BOpaunBaeTCs AEOJIOrHIecKas
6oppba B  TeopuM  MEXAy  MaTepHalu3MOM M HICATU3MOM.
MarepuanicTiueckoe HarpaBieHHe MOIAEPKUBAETCd U pa3BUBAETCA TEMH,
nepel KeM CTOSAT aKTyallbHble MPUKJIAAHbIE MPOOJIEMbI, HACATUCTHYECKOE
HarpaBJIeHUE CBS3aHO C TOMNbITKAMU COXPAHUTh MO3MLMHM YCTapeBIINX
Teopwii, He CIMOCOOHBIX TOMOYb TMPHKJIAIHUKAM B PELIEHUH MPaKTHIeCKUX
3agad. OHaKo, KaKk M BCerla, NIealnCTHIecKoe HalpaBjieHne oOpeueHo Ha
nopaxeHue. EcTecTBO3HaHNE HaXOAWTCA HakaHyHe odepenHoil (usnueckoit
PEBOITIOLNH, KOTOpas Hen30eKHa.
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I'naBa 2. KpaTkas ucropus 3¢upa

Enunblit 3¢up nponussiaet Bcro Beenennysto.
Jlpesnexumaiickuii oaocuzm.

2.1. KpaTkuii 0630p Teopuii u MoaeJeii y¢pupa

HeoOXoauMOCTb ~ KPUTHUYECKOTO  PAacCMOTPEHMs ~ MHOTOYHCIIEHHBIX
CYIIECTBOBABLINX paHee TUMOTe3, Mojeell M Teopwii 3(upa BeITEKaeT U3
TOrO OOCTOSITENbCTBA, YTO, HECMOTPS Ha MPABWIBHYIO HCXOIHYIO
NPEANoCbUIKY,  YTO  B3aUMOJCWCTBHE  MEXKIY  TellaMM  JOJDKHO
00yCJIOBIMBATHCS KAaKOK-TO TPOMEXYTOUHOH cpenoit —3¢upom, HU oiHA U3
Teopuil 3¢upa He cymesna yIOBJIETBOPUTEIBHO OOBSICHUTb COBOKYMHOCTb
BCEX M3BECTHBIX SIBJIEHU, C OJHON CTOPOHBI, U HE MO3BOJIMIIA MPEACKA3AThH
KaKUX-TM00 HOBBIX HaIlpaBleHWI HCclieloBaHMi, ¢ Ipyroil. B pesynbrare
3TOTO B XO/€ Pa3BUTHA (U3MKK ObUTM OTOPOIIEHBI HE TOJNBKO 3TH TEOPHH,
MOJENM ¥ THUTOTe3bl, HO TaKKe W COOCTBEHHO TOHATHE 3(upa Kak
«OKOHYATEJIbHO Ce0sl TUCKPEUTHPOBABIIEE».

PaccMOTpuM  OCHOBHBIE KOHLENUIMW 3¢upa, CYyIIECTBOBABIINE B
€CTeCTBO3HAHMMU, M MOMBITAEMCSl MPOAHAIU3UPOBATb WX IOJOXKHUTEIbHBIE
CTOPOHBI 1 HEIOCTATKH.

HecMoTtps Ha To uTO psin wccnenoBarteseil UCTOPUM 3¢dupa U pa3BUTUS
(u3MYeCKUX MpeACTaBICHUI MPUINKCHIBAIOT BBEAEHHE B €CTECTBO3HAHME
unen s¢pupa Pene [lexapty (1596-1650),a ugen aromuszma JleMOKpUTy
(470-380rr. 10 H. 3.), CIEyeT CUUTATh, YTO U MOHATHE dPHpa Kak MUPOBOI
cpezbl U MOHATHE aTOMOB — 3JIEMEHTOB BeELIECTBA OBbIIIM M3BECTHBI 3a0JITO
JI0 3TOTO M COMPOBOXKJANIM IMPAKTUYECKH BCIO U3BECTHYIO HBIHE UCTOPHUIO
YE€JI0BEYECKOH LIMBUIIN3ALIUN.

[Tpexne Bcero, cieayeT OTMETHUTh, YTO BCE PEJIUTHMM MHpa B TOM WIHU
VHOM BHJ€ NMPHU3HABAJIN HAJIMUME HEKOEH HEBMIMMON CBEPXbECTECTBEHHOMN
cBslIeHHONH Cuiibl, JeXkalneil B OCHOBe BCEro CyIeCTBYIOLIEero Mmupa. Bepa B
peaNbHOCTh TAKOW CHIIBI, CTpEMJIEHHE TO3HATh ee W 00pecTH CBS3b C 3TOU
TaMHCTBEHHON M BE3HECYIUEW CWIOW - 3TO OJHA W3 BaXHEHIIUX CTOPOH
BCsikol penru [1].

CoBpeMeHHBII  XpUCTHAHCKUIT OorocioB AJjekcaHap MeHb Tak
OIUCHIBAET ATy HEBeIOMYHO cuiy [2]:

«...HaeHubI-aITOHKUHBL TI0J UMEHEM MaHUTY MOYMUTAlOT HaAMHUPHYIO
cuny. Ilpencrasnenus o Held Mbl BCTpeuaeM y kureneil Manaiin. Ota cuna
HOCHT OIpeJeNICHHbIIl CBepXbeCTECTBEHHBIN XapakTep. Ee Ha3bBatoT MaHa.
V naryacoB 3Ta TAMHCTBEHHAs! cila UMeHyeTcss OHUM.
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[To Bo33peHMsAM aBCTpaNuiCKuX abOpUTreHOB, CYIECTBYeT Hekass BaHrapp
— BeyHas HempeonojnMas Oe3Nnukas cuia, KoTopas MposBiseT ce0s B THU
CO3MIaHMA U MPOAOJIKAeT OKa3blBaTh IIOJOTBOPHOE BIUSHHUE Ha JKU3HB MO
cell eHb. Y aMEepUKaHCKHUX HAPOAOB MbI TOKE€ HAXOAWM MOHATHE 0 Mane. Y
obutareneit 3amagaoro Cynmana ee mms Hesma, y murmees — MerGe, y
3yJycoB - YMoiis, y yranauiiueB — KoK, y ceBepHBIX KOHIOJIE3LEB — DJIUMa.
Becbma wHTepecHBIe W TIYyOOKWE TIO CMBICTY TIpeACTaBJIeHUS O Bricmem
Hauane cyllecTBYIOT y CeBepOaMEpUKAHCKUX HHIEHUEB. <«Pelurno3Hble
BEpOBaHUs JAKOTOB, - MUIIET OJAWH MCCJEN0BaTelb, - HE B OOXKECTBaX, Kak
TaKOBbIX, OHa B TAMHCTBEHHOM HeToO3HaBaeMoM HedTo, KOTOpOro oHM CYTh
BoIUTOLIeHUA. Benuyaiimmum o0bekToM MOKIOHeHUs ABnsieTca Taky Bakaw,
KOTOpPbIi CBEpXbEeCTBEHEH W TaWHCTBEHEH. OJTa CuUJa, Y HPOKE30B
Ha3biBaeMasi OpeHpa, y [oJIeHropoB — BaHrapp, mpoHHM3bIBaeT co0oii BCrO
TPUPOLIY».

C 3TuM mnepekuKaeTcsl MpelacTaBieHre Y MHOTMX HapoaoB o boruHe-
Marepu, nopoxaaroieil Bce )KUBOE.

VY eruntsiH ATyM — 60T BEUHOCTH, Bce ¥ HUUTO. OH CcylIecTBOBaJ, Kormaa
elle HUYEeTo, KpoMe Xaoca, He ObUI0, W OyAeT CYIIeCTBOBaTh B TOM JKE
MpaoKkeaHe MOcie TOro, Kak MHUpP 3aBepIUUT MpelHa3HAYEHHbIH €My MyTb.
ATyM colep:kuT B cebe Bce cyliee. Y MHOIMX HapOJIOB MEPBOOCHOBON MUpa
ABJISUICS Xaoc, U3 KOTOPOTO BO3POAMIOCH BCE.

V TI'ecuona, U3BECTHOIO OPEBHETPEUECKOrO M03Ta, B Mo3Me «TeoroHus»
OMHUCAaHO CcO3J4aHMe Mupa OoramMum Kak Mpolecc TMPeoJoieHUs Xaoca
HEMOABIKHOCTH; OT OOroB Mpou3oien 3hup — BEpXHU Tyde3apHblid coi
BO3Qyxa. OTa KapTMHa WMEEeT CBOMM  HCTOYHMKOM  BOCTOYHbBIE
KOCMOTOHMYECKHE CXEMBI.

EcTb Bce ocHOBaHUA Monaratk, 4To 1o kpaiiHeil mepe B VI-IV B. 10 H. 3.,
a BeposTHeE BCETO0 W 3HAYWTENIBHO paHee, wWaew ddupa ObUH
pacnpocTpaHeHbl goctatouyHo mupoko [3]. Tak, OCHOBHbIE peBHHE
WHOUICKUE YYeHUS — JDKaHU3M, JIOKasATa, Baillllelinka, HbAsS U 1p., TaKue
penurnu, Kak OpaxMaHW3M W OyII3M, W3HAYaIbHO colepXaiu B cebe
yueHue 00 d¢dupe (akaimra) Kak O €IUHOM, BEYHOW W BCEMPOHHULAIOMICH
¢usnydeckoil cyOcTaHIUM, KOTOpas HENOCPEICTBEHHO He BOCIPHHUMAETCS
yyBcTBaMH. D(up enuH M BeueH. Matepus BooOle (MyAraia) cOCTOMT U3
Melnpuaiiimmx yactuil (aHy), obpasyromux atomsl (MapamaHny), 00JalaroIux
MOABIKHOCTBIO (IXapMoii). Bce coOBITHSI MPOUCXOIAT B MPOCTPAHCTBE U BO
BpPEMEHHU.

[Tpakputu — MaTepusi B yUeHUU CaHXbsl, CO3JaHHOM MyzApeloMm KaHanoi
(Tnykoit), - HUYEM HE MOPOXKIEHHAs MEPBONMPUYKHA BCeX Bemlei. OHa BeuHa
U Be3lecyllla. JTO caMas TOHKas, TauHCTBEHHas W OrpoOMHas Cuia,
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NepUOAMYECKH CO3Jarollas W paspyliaromas Mupsl. Ee snemeHTbl (TyHBI)
MPOCTBI, HEJIEIUMBI 1 BEYHBI.

JIKaltHUCTBI CUUTAIOT, YTO UX YUeHHUe ObLIO MepenaHo UM 24 y4uTelsiMu.
[Mocnennmii, Bapaxamana, xwi1 B VI B. 10 H. 3., €ro npeamecTBEHHUK
[MTapmBanaTxa —B IX B. 10 H. 3., OCTaNbHBIE — B IONCTOPUIECKHE BPEMEHA.

B npepnekutaiickom qaocusme (IV B. 10 H. 3.) B kaHOHe «J/lao 13 IBUH» U
Tpaktartax <«{KyaH-I3bI» W <«Jlao-I3bI» yKa3bIBaeTcs, 4TO BCE B MHpe
COCTOMT M3 YaCTUI[ TPYOBbIX «ly» W TOHYAHIIMX <«I3WH». OHU 00pa3yioT
eIUHBIN «u» — (P, W3HAYATBHBIN, eIUHBIN IS BeeX Bemel. «EauHbBIN
3¢up npoHM3bIBaeT Bcl0 BceneHHyro. OH  COCTOMT U3  «WUHB»
(MaTepuanbHOE») M <«sH» (OroHb, 3Heprus). HeT HM onHOUW Beww, He
CBS3aHHOM ¢ APYro#, ¥ BCIOAY MPOSBIAIOTCA UHb U AH» [4].

B npesHeii SAinonnu ¢unocodsl nmonarain, 4To MPOCTPAHCTBO 3AMOJHEHO
MyKEKy — OecrpelnenbHON yHHBEpCalbHON CBEPXbECTECTBEHHOHN CHIION,
JUIIEHHONW KauecTB W (opM, HEZOCTYNHON BOCHPHUATHIO YEJIOBEKOM.
Muctnueckuii  abcomoT  Tak€Ky SBIsSeTCSs TPHUPOAOI  MAeaTbHOTO
TepBOHAavalla «pw», CBI3AHHOTO C MaTepUabHBIM HAdaJlOM <«KI». «Pu» —
SHEprusi, KOTOpas BEYHO CBf3aHa C <«KU» — MaTepueli m 0e3 Hee He
CYLIECTBYET.

Ectb Bce oOCHOBaHWS TMpearnojarat, YTO BCE MHPOBBIE DPEIATUN —
OyIau3M, XpUCTHAHCTBO, KOH(YLIMAHCTBO, CHHTOM3M, MHIYU3M, HyJau3M U
Jp. — B TOM WIM WHOM BHJIE Ha paHHEH CTaAuu 3auMCTBOBANIN
MaTepHaIMCTUYECKNe WAeu IpeBHel 3(hHpoarHAMUKH, a Ha Oojee Mo3gHen
CTaZiii Pa3BUTHUs BBIXOJIOCTHIIN YUEHUE, OTKa3aBIINCh OT MaTepuaanu3ma B
MOJIb3y MUCTUIM3Ma B Yrofy NPUINEIIINM K BJIACTH TOCHOACTBYIOIIAM
knaccam. B JlpeBHell I'peumu 3TO NpoOM30LLIO, BEPOSATHEE BCEro, MOCIE
pesomoumu VII-VI BB. 10 H. 3., MOJOXKUBIIEI KOHEL] pOJOBOMY CTPOIO U
npuBe et kK modene paboBIaAENbYeCcTBa.

OnmHako TIepeloBble MBICIHWTENM TBITATMCH COXPAHWTHh  JPEBHUE
MaTepranucTudeckue 3Hanus. @anecom Munerckum (625-547rr. 1o H. 3.) —
IpeBHerpedeckuM (uiocodoM, pomoHaYaTbHUKOM AHTUYHOW W BooOIIe
eBporneiickoil ¢puiocopun U Hayku, ocHoBaTesneM MuneTckoil ¢punocodekoit
IIKOJBI — OBUI TIOCTaBJIEH BOMPOC O HEOOXOIMMOCTH CBEIEHHs BCEro
MHOroo0Opa3usi sIBICHMN W Belleil K eIuHOW OCHOBe (MEPBOCTHXHMU WU
nepBOHavaly), KOTOPO OH CUUTAJ KHUIKOCTh («BJIXKHYIO ipupoay») [5—8].

Anakcumanapom (610-546rr. no H. 3.), yueHukom aneca, ObLIO
BBeleHO B (puyocoduro MOHATHE TMepBOHAYala — <@nepoHa» - eIUHOU
BEUHOH  HEONpeleseHHON  marepud, MNOpoXjaromeid  OecKOHeuHoe
MHOroo0pasue CyIero.
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Anakcumen (585-525rr. no H. 3.), yueHMK AHaKCUMaHIpa, 3TUM
NepBOHayaloM cyuTal ra3 («Bo3myx»), MyTeM CTYIUIEHUS M Pa3pekeHHs
KOTOPOT0 BO3HHMKAIOT BCE BELIM.

PazBuTne uaeit «nepBoHauana» Obi1o npouseeneHo Jlepkummom (V B. 10
H. 3.), BBIABUHYBIIMM WICK TMYCTOTBI, pa3fensiomell Bce cymiee Ha
MHO)KECTBO 3JIEMEHTOB, CBOWCTBa KOTOPBIX 3aBHCAT OT WX BEJIMYHMHBI U
($opMBI IBWKEHUS, W Hajee — yueHUKoM JleBkunma J[eMoKpHuTOoM, KOTOPOTO
eBporieiickas HayKa CUUTaeT OCHOBOIIOJIO)KHUKOM aTOMHU3Ma.

[To psimy cBunmeTenscTB JleMOKpHUT BHavaje o0ydancs y XallieeB U Maros,
MIPUCIIAHHBIX B JIOM €ro OoTuA, a 3aTeM B cTpaHe MUIMM NP MOCEIEeHUN
maroB. Cam /[leMOKpUT He TMpUIIUCHIBAN ce0e aBTOPCTBa aTOMHU3Ma,
yNMOMHUHAsA, YTO aTOMHU3M 3aUMCTBOBaH UM Y MMISIH, B YaCTHOCTH y MaroB —
Kpedeckol KkacTel (MJIEeMeHH, MO CBUIETeNbCTBY [epomora), OOHOTO M3
IIeCTH TUIEMeH, HacessaBIIMX Munuto (ceBepo-3ananHeie o6actu Mpanckoro
Haropbs).

TocnioncTBOBaBIIas WMaes Marop (MOTYYMX) — BHYTpEeHHee BellM4He |
MOTYILECTBO, CHJa MYIpPOCTH W 3HaHWe. [lo psmy cBUAETENHCTB, Maru
3aMMCTBOBAJI CBOM 3HAaHWS Yy XaJlIeeB, KOTOPBIX CUYHUTAIM OCHOBATEISIMU
3BE3J0YETCTBA U aCTpPOHOMHUHU. Xajleu, KOTOpbIM B aApeBHed ['peuuu u
IpeBHeM Pume mnpunaBajoch OoJblIoe 3HAa4YeHHE, SBISUIACH JKpelamu-
rajarejsiMM, a TakXke HaTypalucTaMH, MaTeMaTHKaMH, Teocodamu. Maru
OCHOBAJIM YYEHUE — Maruio, Mo3BOJISIBIIEE HA OCHOBE 3HAHUs TalfH MPUPO.IbI
MPOU3BOIUTE HeoOblyaiiHble sBIeHWs. B nanpHeliimem 3To yueHue, K
COXaJIEHHIO, OBbIJIO JAUCKPEANTHPOBAHO MHOTOUYMCIECHHBIMH TCEBIOMAaramMmu-
mapJaTaHaMH.

Haubonee moapoOHO aTOMHU3M [IPEBHOCTU OTpaKeH MMEHHO B paboTax
JleMokpuTa, dYeMy TIOCBSIIIEHO MHOTO JIUTEPATypHBIX HCCIEeIOBAHHA.
Crnenyer, OmHaKo, 3aMeTHTh, YTO HEKOTOPHIE IOJIOXKEHUS aTOMH3Ma
JleMokpHTa ocTaqvch HEMOHATHIMH JI0 HACTOSAIIETO BPEMEHHM MpaKTHIEeCKH
BCEMH WCCIIe/IOBAaTENIsIMM €ro TBOpuYecTBa. Peub, mpexae Bcero, MIeT o
COOTHOIIEHHUSX aTOMOB ¥ YacTelf aTOMOB — aMepOB.

JleMOKpUT yKa3blBall, 4TO aToMbl (0'TOLOC) — 3JIeMEHTHl BelIeCTBA —
HelenuMbl (PM3UUYECKH, He pa3pe3aeMbl B CHIY TUIOTHOCTH M OTCYTCTBUS B
HUX TyCTOTBl. ATOMBI HaJleIeHbl MHOTUMHU CBOMCTBAaMM TeJl BUIMMOTO MHUpA!
W30THYTOCTBIO, KPIOYKOBATOCTBIO, MUPAaMHUAAJIBbHOCTBIO W T.M. B cBoem
0eCKOHEYHOM pa3HOooOpa3uu 1o ¢opme, BeIWYMHE W TIOPSIKY aTOMbI
00pa3yloT Bce coaepkuMoe peaiqbHOro mupa. OIHaKO B OCHOBE 3THX
Pa3IMYAROLIMXCS MO BelMYMHEe U opmMe aTOMOB Jiexkat amepsl (O'HEPNL) —
WCTUHHO HeJeNMble, JINILIEHHbIE YacTeH.

Wpes o pAByx BHIax aroMoB Oblla YMOMsSHYTa M MOCIEAYIOLIMMU
HCCIIeIoBaTeNAMH, Harpumep, dmukypom (342—271rr. 1o H. 3.).
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Awmepbl (o JIeMOKpHUTY) WU ¢QIEMEHThI» (M0 DNUKypy), SBISACH
4acTAMU aTOMOB, 0OJaalT CBOICTBAMHU, COBEPIIEHHO OTJIWUYHBIMH OT
CBO¥iCcTB atoMoB. Hampumep, ecnu aromaM NpUCyHIa TSKECTb, TO aMmepbl
TTOJTHOCTBIO JIMILEHBI 3TOTO CBOICTRA.

[TonHOE HEMOHMMaHKE HAa MPOTSKEHUU MHOTHUX BEKOB 3TOT0 KaKyIIErocs
MTPOTHBOPEUMSI MPUBENO K CYIIECTBEHHOMY UCKa)KEHUIO TOJKOBAHMS YUECHUS
Hemokpura. Ve Anekcanap Adpoauniicknii ynpekaer Jlepkunma u
JleMokpHuTa B TOM, YTO HE HMEIOIIUE YacTell HeAeINMbIe, MOCTUraeMble
YMOM B aTOMax U SIBJIAIOIIUECS UX YACTSIMM, HEBECOMBI. DTO HEMOHUMaHUE
npojoibkaercs U B Hame Bpemd. Tak, C.S.Jlypbe ynoMuHaeT 06 amepax Kak
0 MareMaTU4ecKux BenuunHax. M.JI.AXyHIOB NpPOAOJIKAET UCTOJIKOBBIBATh
amepbl Kak abCTpakTHOE MaTemMaThudeckoe noHsTue [9].

VYnoMsHyTOE Kaxylleecs MPOTUBOPEUME HMEET B CBOEH OCHOBE
npencTaBieHle O TOM, 4YTO BeC (TSXKECTh, MPaBUTALMA) €CTb BPOXKACHHOE
CBOMCTBO JTI000 MaTepnn. Mexay TeM, rpaBUTalls MOXET ObITh 00bSICHEHA
Kak pe3yJibTaT ABWXEHUS W B3aUMOICUCTBUs (coynapeHuit) amepo. Torna
aTOM KaK COBOKYMHOCTb aMEpPOB, OKPY)KEHHBIi aMepaMM K€, MOXKeT
WCTIBITBIBATh TPUTSDKEHWE CO  CTOPOHBI  JIPYTMX aTroMoB Omaromaps
MMIyJbCcaM 3HEPruy, NMepeaaBaeMblM aMepaMu Mo-pasHOMY, B 3aBUCHMOCTH
OT TOTO0, C KaKOil CTOPOHBI OT aTOMa HAaXOAATCS IPYrHe aTOMBI, UTO U CO3AAET
3¢ GeKT B3aMMHOIO MPUTSKEHUS aToMOB. (DaKTUUECKHM WMEeT MECTO He
NPUTSDKEHUE, a NMPUTAIKUBAHWE aTOMa K APYTMM aToMaM aMepaMu Cpelbl.
AMepbl ke, ABISISICh HOCHUTENSIMH KMHETHYECKOW JHEepruu, camu mo cebde
HHUKaKo# TshkecThlo obOnangath He OyamyT. CrenoBaTeNbHO, €CIM MOJjarath
rpaBUTALUIO CIIEICTBUEM MPOSBIECHUS IBUKEHUS COBOKYITHOCTH aMepoB, a
HE BpOXIEHHBIM CBOWHCTBOM MaTepuu (IBICHHEM, CBOMCTBEHHBIM
KOMIUIEKCY M He TPUHAJIeKALNIMM €ro 4acTsaM), TO MPOTHBOPEYUE JIeTKO
paspemniaercs. Bes ke COBOKYMHOCTb aMepoB, NMEPEMEIIAIOIINXCS B MyCTOTE,
ABIsieTC  O0mmedt MUpOBOW  cpemoif, amepoHOM, TIO BEIPAKCHUIO
AHakcuMaHzpa, B MO3IHEHWIIEM HANMEHOBAaHHUH TT0-PYCCKH — 3(pHUPOM.

[Mo3xe puMckmii o3t U unocop-marepuanuct Tut Jlykpermit Kap (I B.
IO H. 3.) B ¢unocodckoit mosme «O Tpupole BelIel» H3JIOKWI B
noaTuyeckoil (hopMe MaTepHaIUCTUUECKHE MpencTaBieHus JleMokputa u
Onukypa 00 ycTpoiicTBe MpHUpoAbl. DeMeHTbl 3(¢upa y HEro HasblBaJNCh
«TIepBOHayaa», 1 IMEHHO U3 HUX COCTOST BCE MpPEAMETHI, a 3GHp B LEIOM
NpakTUYecKn oOJlafial CBOWCTBaMM rasa, MoToMy uTo «...IlepBoHauana
Belllell B mycToTe HeoObATHOM MaTyTcs» [10].

Taxum o6pazom, 3¢up MMeeT JOCTATOUHO APEBHIOI UCTOPHIO, BOCXOIS K
CaMbIM HavajlaM M3BECTHON MCTOPUH KyJIbTYPHOTO YeJIOBEYECTRA.

Pene Jlekapt (1596-1650)B cyimecTBeHHO 0Oojiee MO3IHKME BpEMeHa
BHOBb NIOCTAaBMJI BOMPOC O CYLIECTBOBAHWU MaTEepPUH, CIUIOLIb 3aMOJHAOLIEH
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BCE TMPOCTPAHCTBO M OTBETCTBEHHON 3a MEPEHOC CBETOBBIX BOJH. JlekapT
00BbsICHAT 00pa3oBaHUEe MaTepUH BOOOILE U IUIAHET B YaCTHOCTH CBOMCTBOM
BUXpeit 3upa, cOCTOALIEro U3 MHOKECTBA KPYIJIbIX YacTUL,. B HekoTOpbIX
ceonx pabortax [11] J[lekapT mbITaics KOHCTPYHUPOBATh MEXaHHYECKHE
Mozeny (U3MYecKnX SIBICHWH, MHOT/IA MPOTHBOpedrBhie. OIHAKO TIIaBHON
OTIIMYNTENIbHOW 0COOEHHOCTBIO paboT JlekapTa sIBIsieTCs TO, UTO OH TBITANICS
OTBICKaTh BHYTPEHHUI MEXaHN3M (pU3NIECKUX SIBICHUH.

Hcaak HptotoH (1643—1727Heckonbko pa3 MEHs CBOKO TOUKY 3pEHHS
OTHOCHTENIbHO CTPYKTYpel 3¢Hpa, a Takke O camMoM (akre ero
cyuectBoBanus [12—14]. OnHako B KOHLle KOHIIOB HBIOTOH BbICKazajycs
JOCTaTOYHO OMNpEIESIEHHO M B CBOMX MOCIEIHUX paboTax B3MIsAIbl Ha 3(hup
COBEpILIEHCTBOBAJ, Pa3BUBAJ, HO HE MEHsJ KapAWHajibHO. HBIOTOH cuMTan
BO3MOXKHBIM <BBIBECTM W3 HadaJl MEXaHUKM M BCE OCTaJbHble SBJICHUSA
NPUPOJBI», Tojaras, 4YTO «BCE OTH SBIEHUA OOYCIOBIUBAIOTCS W
HEKOTOPBIMH CHJIAMH, C KOTOPBIMH YaCTHLBI TeJl BCJEICTBUE NPHUWH,
TOKy/la HEW3BECTHBIX, WJIM CTpeMSTCAd APYr K Ipyry W CUEIUISIOTCA B
TIpaBUIIbHBIE (PUTYpBI, WU K€ B3aMMHO OTTAJKWBAIOTCS M YAAISIOTCS OPYyT
oT apyra». B pabdote «OnTika win TpakTaT 00 OTpaXEHHSX, MPETOMIICHHUX,
M3THOAHMSX | 1BeTaX cBeTa» [12] HploTOH pa3BUBaeT, B YaCTHOCTH, MBICIb O
BO3MO)KHOCTH TIPEBPAILEHNS CBETA B BELIECTBO M 0OPATHO.

B muceme x P.boitmto 28 c¢erpanst 1679 r. HeloTOH yTOUHSET cBOM
npeacTaBieHus 00 3dupe B MATH NpeaOKEHHUAX.

1. Tlpennonaraercs, 4TO MO BCEMYy MPOCTPAHCTBY paccesHa 3(pupHas
cyOcTaHLMs, CIOCOOHAs K CHKaTHIO M PacIlMPEHUIO U Ype3BbluaifHo ympyras,
«OJIHMM CJIOBOM, - TOBOPUT HBIOTOH, - BO BCEX OTHOIUIEHMAX MOXO0XKas Ha
BO3/1yX, HO TOJIKO 3HAUUTENBbHO O0Jiee TOHKasI».

2. Ilpennonaraercs, 4yTo 3(h)up NMPOHUKAET BO BCE TeJia, HO B TIopax TeJl OH
pexe, 4eM B CBOOOTHOM TPOCTPAHCTBE, U TEM PEXkKe, UeM TOHBIIE MOPHI.

3. lpexamnonaraeTcs, 4TO pa3pexeHHbI 3¢up BHYTpH Ten u >3¢up Ooree
TUTOTHBI BHE WX MIEPEXOIST APYT B IpyTa MOCTETIEHHO U HE OTPaHWYNBAIOTCS
PE3KMMHU MaTeMaTHIeCKUMHU TIOBEPXHOCTAMHU.

4. Tpennonaraercs, 4T0 MpU COMMKEHUM ABYX Tel d(Up MEXIy HUMU
CTaHOBUTCS peXe, YeM TMpexkae, M 00NacTb IMOCTENEHHOrO pPa3peKeHUs
MPOCTUpAeTCs OT TMOBEPXHOCTM OJHOI0 Teja K TOBEPXHOCTH JIpYyroro.
«[TpnunHa 3TOrO B TOM, - MUIIET HBIOTOH, - 4TO B Y3KOM IpPOCTPaHCTBE
MEXIy TeldaMu 3(Up yke He MOKET IBUraTbCsl W TepeMellaTses Tyaa U
CIOJIa CTOJIb CBOOOTHO».

5. «13 4eTBepTOro MpemyIOKEHUs CleAyeT, YTO MpU CONIKEHUH Tesl 1
MpY  pa3pexeHnun >pupa MeXIy HUMU TPH TECHOM CONVIKEHWH JIOJDKHO
TIOSIBUTHCS] COMPOTHUBIIEHNE 3TOMY U CTPEMJIEHHE TeJl OTOMTH APYT OT Opyra.
Takoe conpoTHBleHWE W CTpeMIJIEHHE pa3oMTHCH OyneT BO3pacTaTh MNpH
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JanbHeileM  COMIKEHUHM BCIEICTBHE Bce OONBIIEro  pa3pexeHus
NPOMEeXyTOYHOro 3(Hpa, HO, HAKOHEeL, KOorja Teia COMIyTcs Tak OJW3KO,
YTO M30BITOK HaBIEHHS BHEWIHETo 3(upa, OKpYXKaloLIero Tejia, Hal
pa3pekeHHbIM 3(UPOM MEXIy TellaMH CTaHeT HACTOJNBKO OOJIBIINM, YTO
TIPEBO3MOJKET COIPOTUBIIEHHE Tel K CONKEHWIO, TO W30BITOK JaBIEHUS
3aCTaBUT Tejla C CHJIOK COJM3UTBCA M OYEHb TECHO CLEMUThCA ApPYr ¢
IpYTOM».

HyxHO 3aMeTnTh, 4T0 HBIOTOH MHOTOE MPEIBOCXUTHI Ha KaUe€CTBEHHOM
YPOBHE B OTpeNeNieHnH CBOMCTB 3(Hpa, XOTS W IMyTal IUIOTHOCTh 3(upa
(pa3pexeHue) ¢ TaBJIeHUEM B HEM.

B 1717 r. Ha 75 romy >KM3HM BO BTOPOM aHIJIMICKOM W3IaHUU
«Onrtuku» HbloTOH B (opMe BONPOCOB M OTBETOB H3JIaraeT CBOIO TOYKY
3peHHs OTHOcUTeNbHO »3¢upa. Tak, TrpaiAueHT IUIOTHOCTH 3¢dupa mpu
nepexofe OT TeJla B MPOCTPAHCTBO NPUMEHAETCS st OOBSACHEHUS TATOTEHMUS,
TIPY 3TOM 3(Up TIOAPa3yMEBAETCS COCTOSIINM M3 OTAEIBbHBIX YacThLl. «Takoe
BO3pacTaHWe TUIOTHOCTH, — numieT HproTOH, — Ha OONBIIMX PaCCTOSTHUAX
MOXeET OBITh Upe3BBIYAHO MeEIEHHBIM; OJHAKO €CNH YIpyras cuia 3Tod
Cpebl Ype3BbIUAiHO BEJIMKA, TO ATOTO BO3PACTAHUS MOXKET OBITh TOCTATOUHO
IUTSL TOTO, YTOOBI YCTPEMIISITH Tenla OT OoJiee TUNIOTHBIX YacTel cpenisl k Oojee
pa3peKeHHBIM CO BCEil TOM CHIION, KOTOPYIO MBI Ha3bIBa€M TATOTEHHEM».

HbIOTOH BHOBB CTABUT BOTIPOC 00 aTOMUCTHYECKOM CTPOSHUH 3pupa:

«Ecnmu  KTO-HUOYIb TMPeamnoyiokur, uto 3¢up (MogoOHO Halemy
BO3IYXY), MOXET ObITb, COAEPXUT YacTHLbI, KOTOpPbIE CTPEMSTCS
OTTAJIKUBATbCS OHA OT APYTOMi (S He 3HAI0, YTO TAaKkoe 3TOT 3(Up), YTO €ro
YacTHULBI KpaifHe Majibl CPaBHHUTEJIBHO C YAaCTHULIAMM BO3AyXa M JaXKe CBETa,
TO 4pe3BblYaifHas MajJoCTh 3THUX YACTHLL MOXET CIOCOOCTBOBATH BEJIMYMHE
CHJIBI, OJarogaps KOTOPOM YacTHLBI OTTAIKWBAIOTCS OPYT OT Jpyra, JAenas
cpemy upe3BHIYAHO pa3peKeHHOW M yNpYroil B CpaBHEHHH C BO3IYyXOM H,
ClIeI0OBaTeNIbHO, B HWYTOXKHOW CTEMEHM CMOCOOHONH K COMPOTHBIEHUIO
IBWKEHUIO OpOIIEHHBIX TeJl W Ype3BBIYaifHO CIOCOOHOW BCIIECTBHE
CTpEeMJIEHUS K PaCIIMPEHNIO NaBUTh Ha OOJbIINE TeTa.

Takum oOpazoMm, HbIOTOH cam yka3al Ha BO3MOXHOCTb OOOHTH
3aTpyZHEHHE, BO3HUKAIOLIEE BCIIEICTBUE COMPOTHUBICHUS d(pHpa IBHKEHHIO
HEOECHBIX TeJl.

«Ecnu atoT 3¢up mpennonoxurs B 700 000pa3 Gonee ynpyrum, dem
Hal Bo3nyx, u 6onee yem B 700 00Opa3 pa3peskeHHbIM, TO COMPOTHUBIEHNE
ero O0yner B 600.000.000pa3 meHbmuM, yeM y Bonabl. CTonb Maloe
COTIPOTHBIIEHWE €lBa JIM TPOW3BEAET 3aMeTHOE W3MEHEHWE IBWKEHHUI
TUIAHET 3a JeCATH THICSY JIET».

B o3r1oif ke pabGore HpIOTOH crpammBaeT, He SIBISETCS JM 3pEHUE
pe3ysibTaToM KojiebaHuit a¢upa B ceTyaTKe U HEpBax.
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Maiikn ®apagneii (1791-1867),yBepeHHblii B cyllecTBOBaHUM 3dupa
(«mupoBoOro 3¢upa»), MPEeACTABNIAN €ro Kak COBOKYIMHOCTb HEKHMX CHIIOBBIX
JuHui. @apaneil KaTeropuyeckd OTPHULAT BO3MOXKHOCTb JACHCTBUS Ha
paccrosHAM («actio in distance»)depe3 mycToTy — TOYKY 3pEHUS MHOTHX
¢m3mkoB Toro BpemeHn. Oqnako PapaneeM Npupoa U MPUHLIMIT YCTPOHCTBA
CHJIOBBIX JIMHUI pacKpbIThl He Obln [15—17].

Jokeiimc Knepk Maxkcsenn (1831-1879) B cBoux pabotax, cpeau
KOTOPBIX HY)XHO B TMEpBYIO O4epenb OTMETHTh [18—22], memaeT BBIBOI O
pacnpocTpaHeHNH BO3MYIIEHU OT TOUKU K TOYKE B MUPOBOM 3Hpe.

«JlelcTBUTENBHO, - nuimetr MakcBen, - eciad BooOIle 3SHeprus
nepeaaeTcst OT OQHOTO Teljla K IPYroMy He MTHOBEHHO, a 3a KOHEYHOEe BpeMs,
TO JOJDKHA CYyLIeCTBOBaTh Cpefla, B KOTOPOW OHAa BPEMEHHO NpeObIBaeT,
OCTaBMB TEPBOE TeNO M HE OOCTUTHYB BTOporo. [lo3tomy 3Tu Teopun
JOJDKHBI TIPUBECTH K TOHATHIO Cpeibl, B KOTOPOM M MPOUCXOIUT 3TO
pacrnpocTpaHeHHe».

[IpuHsAB MOJHOCTBIO TOUKY 3peHus Papanes, Makcseiu, kak u Papanei,
HEe JdaeT Kakoi-mmbo wMomenu dpupa W OTpaHUMUYUBACTCS  OOIIMM
TIPEACTABIIEHNEM O «CHJIOBBIX JIMHMAX». ClenyeT, mpaBla, BCe JKe yKa3aTb,
qT0 B [21] MakcBemt ynoMuHaeT 06 3(upe Kak 0 )KMIKOCTH U BHIBOIUT CBOH
3HAMEHUTHIe ypaBHeHHs B padotax [20, 22], ommpasch Ha NpencTaBlIeHHs
Ienpmronbia, PaHkiMHA M IpYrUX TMIPOMEXAHUKOB O IBWKEHMM BUXpel B
MIeanbHOM )XUIKOH cpene.

B teuenume XIX B. ObUIO BBIABHHYTO HECKOJBKO Mogelneil 3¢upa.
3HauyuTeNbHAs YacTh MX HE OTBeyaja Ha BOMpoc 00 ycTpoiictBe 3¢dupa n
XapakTepe B3aUMOACHCTBUI. ABTOPbI 3TUX TEOPUH NbITAJIUCh NPUIIUCATH
3¢upy Te WM MHbIE CBOMCTBA, C MIOMOLIBI0 KOTOPBIX MOXKHO OBIIO 0XKHAATH
XOTs Obl IPUHLUUTHAAILHOTO 00BSICHEHHS HEKOTOPBIX SIBIICHUI [23—26].

Tak, mns oOBsiCHEeHWS TONWUYHON abeppaunyl CBeTa 3Be3[, OTKPHITOI
Bpanneem B 1728r. u nocturatomeit 20,3', @penenem B 1818r. BriepBhie B
mickMe K Aparo Oblla BbICKa3aHa Wies O HENoABIXHOM 3¢upe [27-29],
KOTOpasi BINOCJENCTBUM ObUla CYIIECTBEHHO pa3BUTa W JOTOJIHEHA
Jlopentem. [31-33].

[To unee ®penens, 3up mnpencraBnser coOOW CIUIOMWIHYIO YMPYTyIO
cpeny, B KOTOPOIi HAXOAMTCS BELIECTBO YACTHL aTOMOB, B OOLIEM, HUKAK HE
CBf3aHHBIX C JTOH cpenoil. Pomb 3dupa — mnepemaya MeXaHHMYECKHX
konebanuit u BonH. [Ipu oObsicHeHun abeppauuu  DpeHenb cHayana
MUCXOAWJI W3 IMPOCTOr0 CJIOKEHHs cKopocted 3emiau M cBeta. OpHako
HEKOTOpbIe 3KCIEPUMEHThI, B YacTHOCTH, omnbIT Aparo (1818-1819)no
UHTep(epeHLMH  MONAPU30BaHHBIX IYYKOB CBeTa M JKCIEPUMEHT
BockoBnya—Ope ¢ TeneckoroM, HAaNoOJHEHHBIM BOJOW, TMOKasand, 4TO
JOTIOJTHUTENBHBIX OTKJIOHEHUH CBeTa, KOTOpPbIE NOJKHBI ObLIM OBITH, €CIn
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Obl 3¢up ocTaBajcs HEMOIBHKHBIM, HeT. s cnaceHus runotessl PpeHenb
MPEUT0KIIT BBECTH KO3(p(ULIMEHT yBIeUeHus cBeTa cpelloi

k=1-1n?,

rae N — ko3 GULIHEHT ONTHYECKOTO MPETOMIIEHUS CPEIb.

ITosicHeHWe MpH 3TOM CBOJAMTCS K TOMY, YTO ABWXKYILAsCSA cpefa CBOUMHU
aToMaMU MbITaeTcs yBJe4b 3a cO0Oi CBET, B TO BpeMsl Kak 3¢up, ocTtaBasch
HETIOIBM)KHBIM, TIpersiTcTByeT 3ToMy. Cam @DpeHenb Takke He MbITAJICA
PacKpbITh NMPUUWHY yBJIedeHus 3¢upa 3Toi cpenoit. [lomywarorcst kak Obl
TpU He3aBUCHMBbIE (HM3NYecCKne CcyOCTAaHIMW: OTHENBHO 3(Hp, OTAEIBEHO
OTITHYEcKasi cpeia M, HaKOHEell, OTAENbHO CBET IMPH TIOJHON HESICHOCTH X
(M3MYECKOTO B3aNMOIECTBYS.

Teopus  ®penens—JlopeHua, OOHAKO, MPOTUBOPEYUT HUCXOAHOMY
NpeCcTaBIeHNI0 00 3dHpe Kak 0 MepeHocunKke B3anuMojeicTeuil. B camom
Jene, eciau 3(Up He MPUHMMAET HUKAKOro y4yacTusl B JBMKCHWHM BELIECTBA,
TO W BELIECTBO HE MOXKET B3auMoJelcTBoBaTh ¢ 3¢upoM. CrenoBaTesbHO,
3¢1p HEe MOXKET TNepeaaTh BEIIECTBY SHEPrui0 CBOEro ABWXeHWsA. Hammuo
JIOTHYECKOe MPOTHBOpEUne, MPOUCTEKAroIee U3 OTCYTCTBHS KaueCTBEHHOM
KapTUHBI CTpOeHUs 3(pHpa 1 MeXaHW3Ma €ro B3anMOIEHCTBHS C BELIECTBOM.

Crokcom B 1845 . Obuta BeicKa3zaHa MbICHb 00 yBiieueHWH 3emuieit
okpykatouiero >¢upa [28]. Bonee meTanbHbIe pacueTbl MOKa3ajid, OJHAKO,
gyto mpuHiATHe wuaen CTokca 0e3 Kakux-TuOO OroBOPOK O3HAYaeT
HEOOXOAMMOCTh HaJIWYMS TOTEHIMalla CKOpOCTH 3(upa BO BCEM
OKpyXaromeM 3eMiio mpocTpaHcTBe. <« Toro dToObl 000#TH 3TO
3arpynHenue, — muinetr Jlopenn [33, 34], — MOXHO HCIOJIL30BATh TO
00CTOATENBCTBO, YTO CYIIECTBOBAHME MOTEHLMANa CKOPOCTEH He sIBISEeTCS
HEoOXOANMbIM BO BCEM MPOCTPAHCTBE, OKPYKalOIEM 3eMIII0, TaK KaK MbI
UMeeM JIeJlo  TOJNbKO C OrpaHW4eHHoil oOsactero. OpHako 3TO
NPEeANOJI0KEeHHE TIOBENO Obl HAC K OYE€Hb UCKYCCTBEHHBIM M MAJIOBEPOSITHBIM
noctpoeHusiM». TakuM obOpasom, nzaes CToKca He Hallla JajibHeHIIero
Pa3BUTHS BCJIEACTBHE CIIOXKHOCTH TOCTPOEHHs, XOTsS B Hel, 0e3yclOBHO,
COZIepKaJIOCh panroHaibHOe 3epHO. KpoMe Toro, HUKaknX NpennosioKeHni
0 XapakTepe B3amMoIeWcTBHs 3¢upa ¢ 3emiell W mpupone camoro 3¢dupa
CTOKC He BbICKa3al.

[lnank moKasajy, 4YTO TpyAHOCTeW, WMeBmIMXcs B rumote3e CTokca,
MOKHO M30€XaTh, €CIIU MPEANOJI0KHTb, UTO 3(PUP MOXKET CKUMATBCST U UTO
OH TMOJBEpP)KEH BJIMAHUIO CHJIbI TshKecTH. HUKakux mnpeanonoxeHuit o
BO3MOXKHBIX MPUYMHAX Takoro BiusiHUs [lnaHk He BbIckasbiBajl. B cBomx
peyax [lnaHk moOkasajl, 4YTO 3TO TMPEAINOJIOKEHHE YyKa3blBaeT Ha
CYIIECTBEHHYIO KOHJAeHcaluio 3¢upa B nose cuibl Taxkectd. Okono 3emin
9Ta KOHJEHCAlHs MO CPaBHEHWIO C OTKPBHITBIM MPOCTPAHCTBOM COCTABISAET
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60000, oxono ConHua — eme B 28 pa3 Ooiblue. JlanbHeimero pa3BuTHsA
runote3a [1naHka He momy4uia.

Onpir ®Pu30 MO YBJIEYCHUIO CBeTa JBIXKYyllelcs cpenoii (Bomoit),
npoBeneHHbI uM B 1851r. [35] u noBTOpeHHsIit 3eemanoM B 1914-1915.
[36], uumcmenHo cooTBeTcTBOBaN KO3 GULIMEHTYy YyBieueHHs @PpeHens.
CrnemyeTr, OIHAKO, 3aMETHTh, YTO, XOTS ydeT Kodddwuimenra ymiedeHUs
TO3BOJIMII, TI0O MHeHHMI0O DHU30, MOMYYWTH XOpOollee COBMAJeHWE TEOPHH W
OTIBITa, CTATHCTUKY, HEOOXOAUMOI TSl MOJOOHOTO YTBEPXkKASHHUS COOPaHO HEe
ObIJIO, MHOTHE COIMYTCTBOBABLINE IKCIIEPUMEHTY OOCTOATENHCTBA YUTEHBI HE
ObLIM, M Ha OCHOBE yKa3aHHBIX 3KCIIEPHMMEHTOB MOXKHO, B JIy4llIeM ciyuyae,
rOBOPHTH JIMIIb O KaYeCTBEHHOM MOATBEPXICHUH unen dpeHens, XoTa gaxe
B 3TOM MOXKHO COMHEBaTbCs. HecMOTpsl Ha TO YTO YHCIEHHO KO3()(PHULUEHT
yBiedeHuss ODpeHens paccuMTaH C BBICOKOW TOYHOCTBIO IJIsi MHOTHX
BEILECTB, HAa CaMOM Jelie 3KCIepUMEHTalbHas MpOBepKa €ro BeJIUYHHBI
HUKeM 0oJiee He TTPOBOIMIIACK, a CaM 3TOT KO3 (PUIIMEHT He UCTIOIE30BaH HA
B OJJHOM (hpm3HdecKoM mpuoope...

[epuem Obuta BBIIBUHYTA HAes O TONHOM 3axBaTe 3dupa maTtepueii
[37,38]. T'mmotesa [Iepua, OAHAKO, HAXOMUTCS B  MPOTHBOPEYMU C
sKcrepuMeHTOM W30, MOCKONBKY 3TOT SKCIEPUMEHT MOKa3al JIMIIb
YacTHYHBIN 3aXBaT 3()Upa BeIeCTBOM.

Puty, BBens B ypaBHeHuss MakcBesia TNpuUBEeJEHHOE BpeMs W 110
CYILLECTBY BEpPHYBIIUCH K rHnoTe3e JlopeHwa, Noy4un yIoBIeTBOPUTEIbHOE
COBMAJieHWE ypaBHeHWi MakcBemta ¢  pe3yjbTaTaMHM  ONTHYECKUX
IKCTIEpUMEHTOB. B pe3ynbrate poaunach «0anaucTHieckas runoresa» Purna
[39], u3 koTopoii cnenoBaso, YTO ABMXKYLIMIICA MCTOYHHMK CBETa HUCITyCKaeT
CBET CO CKOPOCTBIO, PaBHOM B aOCOJIOTHBIX KOOPAMHATaX IeOMETpUYEcKOn
CyMMe CKOpOCTel CBeTa B BaKyyMe M CKOPOCTH HCTOYHHKAa. B cBOMX
paccyxIeHusIx PUTL omepupyeT TONbKO MaTeMaTHYeCKUMHU BBIKIAAKaMH |
Tak ke, Kak 1 JIopeHI], He yKa3bIBaeT Ha XapakTep CBA3el MeXIy BEIECTBOM
7 3QUpoM, He paccMaTpHBaeT TPHUPOAY CBeTa M cTpoeHue 3¢dupa. Takas
MOCTaHOBKA, Oymydn OecrpenenbHO pacnpoCTpaHEHHOH, MPUBOOWT K
MOJIOKEHHIO, MPH KOTOPOM JUI OBOMHBIX 3BE3N HOJKHBI MMETh MECTO
MOMEHTBHI, KOTJa 3Be37a, ABMKYIIAscs MO HAmMpaBieHWIO K 3emie, DOJDKHA
KazaTbCsl JABWKYyIelics Bcnate. Habmonmenus Jle-Currepa (1913) [40]
MOKa3alu, 4YTO TaKOTO SIBJICHUS HET.

Takum o0pa3oM, TepeurcieHHble TMIOTe3bl, MOAETIH U TeopuH 3¢upa,
Bo3Hukimue B XIX B., BO-MepBbIX, paccMaTpuBaid 3Up Kak CILIOLIHYIO
OJIHOPOJHYIO Cpely ¢ MOCTOSHHBIMHU CBOWCTBAMH, OIWHAKOBBIMHU IS BCEX
TOYEK MPOCTPAHCTBA M JTIOOBIX (PU3NUECKUX YCIOBUIA, BO-BTOPBIX, HE el
HUKaKUX TMpPEANONIOKEHUH HU O CTPYKType 3¢upa, HU O XapakTepe
B3aNMOJEHCTBHUIT MeX Ty BemecTBOM 1 3¢upoM. Takoe MonokeHne MpUBEo
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K HEBO3MOXKHOCTH B paMKaX 3THX TeOpHi, (pakTHUecKH OMUparoluXcsl Ha
Kakoe-TM0O0 OJHO YacTHOE CBOWCTBO 3¢dupa, YHIOBIETBOPUTH BCEMY
pa3HO00pa3HI0 M3BECTHBIX fABJIEHMI. HekoTopoe MCKIIOUeHHe Bce ke 3[ech
coctaBiseT Teopuss dpeHens, MocTaBUBIIas CKOPOCTh CBETA B 3aBUCHMMOCTh
OT CBOWCTB cpellpl, B KOTOPOi CBeT pacmpocTpanseTcsa. Teopust dpenens
TOJTy9YHIIa TaibHelIIee pa3BuTHe B paboTax DUHINTeTHA.

[MapannensHO ¢ omucaTeNbHBIMH KOHLENUHUSIMU 3(pHpa pa3BHBAINCH U
HEKOTOpble TWMOTE3bl, TNbITABLIMECS HANIyNaTh CTpOoeHWe J3dupa. OTH
TUIMOTE3bl  TONYyYWJIM  Ha3BaHWE  «MEXaHMYECKHX», TOCKOJIbKY OHH
ONEpUPYIOT € MEXAHWYECKHMMHU MPEACTAaBIECHUSIMU — IMEPEMEILEHUsIMA U
CHJIaMU.

Kak yxe ymnoMuHanoch, MepBble MeXaHM4YeCKne Mojenan d¢upa Obun
npemnoxensl Pene Jlekaprom u  Mcaakom HbtoroHoMm. Hekortopeie
MeXaHU4ecKre Teopuu u Mojaenu 3¢gupa 6butn pazpadoransl B XVII u XIX
CTONIETHAX U TTO3KeE.

OmnpeneneHHblii WHTEpec Tpenacransier coboit Teopms JK.JI.Jlecaxa,
MpU3BaHHAs OOBACHHUTH CYIIHOCTh TsAToTeHWs. [lo Jlecaxy [41, 42], a¢pup
TIpeAcTaBIsieT co0o0it HeuTo, MoKOOHOE Ta3y, C TOW CYIIeCTBEHHO!N pa3HULEH,
YTO 4YacTHUBl 3(upa NpakTHUEeCKW He B3aMMOIEHCTBYIOT MeEXAy Cco0Oii,
coynapsisick 4pe3BblUaiiHO peiko. Becomas marepusi moriomaer 4acTHIbI,
MOATOMY TeJa SKPaHUPYIOT MOTOKM YacTHLl d¢upa. DTO MPUBOIUT K TOMY,
4TO BTOPOE TEJO WCIbITHIBAET HEOJMHAKOBOE C Pa3JIMYHBIX CTOPOH
MOATAIKUBAaHWE CO CTOPOHBI YacTWll 3¢upa W HauMHAET CTPEMUTHCT K
nepBomy Teiry. Teopus Jlecaka He BCTpeTHSa AOJDKHOTO TOHUMAHUS B
MOMEHT TIOSIBICHHS, HO CTO JIET CHycTd eil Obulo oka3aHO OoJblloe
BHuManue [IpeBo [43], [lIpammonm [44, 45],B.TomcoHom [46], Tatom [47].

Teopus a>dupa kak ympyroii cpempl npemiaraiach Hasee (1824),
IMyacconom (1828), Kommu (1830) [23]. HaBbe paccmartpuBan 3¢up kak
HECXKMMAEMYI0 KMIKOCTb, OOJaNafolIyl0 BA3KOCTHIO. BszkocTs 3¢dwmpa
paccmarpuBaiiack MM KakK TNPHWYMHA B3aUMOJEIHCTBUI MeXIy dYacTHLaMu
BemecTsa M 3QUpoM, a Takke Mexay 3(QUpoOM W YacTHUIaMHU BELIECTBa,
clleZioBaTeNIbHO, YaCTHIL BelleCTBa Mexk Iy co0oii uepes 3dup.

Komm paccmaTpuBan 3¢gup Kak CIUIOIIHYIO Cpeldy W OMNepHpoBal
HanpsHKeHUsIMH 1 JeopManusiMy B Kax10i Touke mpocTpaHcTBa. B paborax
no ontuke Komm panm maremarudeckyro pa3paboTky Teopun PpeHens u
TEOpUH Aucnepcuu. B nanbHeliemM BbIACHUIOCH, YTO JAHHOE OOBsSCHEHHE
NPUBOANT (PAKTUUECKHU K TOJIKOBAHWIO MAarHUTHOTO TOJIS Kak MepeMeleHns
gacTull 3Gpupa, YTO MPOTHBOPEUMIIO (HaKTy OUINEKTPUIECKOTO CMEIeHNS.

B cBoux paborax Heiiman [48, 49] ucxonun w3 MpearnoyioxKeHus o
TIOCTOSTHCTBE TIOTHOCTH 3(mpa Bo Bcex cpenax. PaccmarpuBast adup kak
ynpyryro cpeny, HeiiMan aHaIn3upoBai Mpolecchl MoJsipu3alyi CBeTa.
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I'pun cumran 3¢up [50] crutomHOM ynpyroil cpemoif, Ha OCHOBaHHU
4ero, MCXOIOd W3 3aKOHa COXPAaHEHWs JHEPruu, TMPHUMEHAEMOro K
JeopMHpoBaHHOMY yNpyromy Teldy, OH pacCMOTpeNl OTpakeHHe U
TpeIoMJIeHNe CBeTa B KPUCTAUIMYECKMX Ccpelax. B mepeuncieHHBIX
MeXaHWYeCKMX MOJENAX Mpupoaa 3¢gupa ¥ MPUIHMHBI TOTO, 4TO 3(PHpP BEIET
ce0s KaK ynpyroe Tejo, He BBISCHSITHUCE.

B matemarudeckux paborax Mak-Kymiaxa (1809-1847) [51]p koTopbIx
MPOBEJCHO TEOMETPHUYECKOE MCCIIEOBAaHNE MOBEPXHOCTH CBETOBOIl BOJHBI,
3¢up paccMaTpuBalicsi KakK cpeia, B KOTOpPOW TOTeHUWalbHas (QYHKIHS
ABJIsieTCs KBaJpaTHMYHON (yHKUuMel yrinoB BpameHus. Ddup Mak-Kynnaxa
crutoltHoi. XoTs Teopust Mak-Kynnaxa siisieTcst Teopueid ynpyroit cpeabl, 1
HU O KaKOM DJJIEKTPOMAarHeTusMe B Hell HeT HM CIJIOBa, MOJY4YEHHbIE UM
ypaBHEHUs], Kak oTMedaeT JIopeHL, Mo CyLecTBY COBMAalOT ¢ YPaBHEHUSAMHU
JJIEKTPOMAarHuTHOi Teopun MakcBemna. CpaBHEHHE C APYTMMHU TEOPHAMU
ynpyroro 5¢upa TOKa3bIBaeT, UTO CYIIECTBEHHAs IIOJIOXKHUTEIbHAs
ocobeHHOCTh Teopun Mak-Kynnaxa 3akitouyaeTcsi MUMEHHO B HaJUYUK
TIOHATHS BUXpeBoro apwxeHus. [lo Beipaxkennto Ban-I'epuna, Teopusa Mak-
Kymraxa —3To BUXpeBas Teopus 3¢upa.

B.Tomconom (nopmom KenbBuHoM, 1824—1907) 6buto mpemioKeHO
HeckoibkO  Mogeneir adupa [52-58]. Cuauana KenbBuH mbITancs
yCOBEpIIEHCTBOBaTh Monelb 3dupa Mak-Kymiaxa, 3aTeM npemnoxu
MOJeNb KBa3WJIaOMIbHOrO 3¢pupa — OJHOPOJHON M30TPONMHONW  cpenbl, B
KOTOpOH  TPHUCYTCTBYIOT BHUXpU. HemoctaTkoM Mopenu okasaiach
HEeyCTOWYMBOCTh paBHOBECHS 3(Hpa, MOCKONbKY MOTEHLMANbHAsl HEPTUs B
9TOI1 MOzieIN HUTe HE UMeeT MUHUMYyMa. Mozenb KBa3uiaabuibHoro agupa
TpeOyeT  3aKkpeIyIeHWs TpaHUYHbIX  YCJIOBMH, 4YTO  MPOTUBOPEUUT
MPEACTaBICHNUSIM O OecrpenenbHOM ¢ 0e3rpaHMYHOM  IPOCTPAHCTBE
BcenenHoi.

KenbBUHBIM BBICKA3BIBANNCH MPEITOJIONKEHUSI O CKOPOCTH 3(Hpa Kak o
MarHUTHOM TIOTOKE W O CKOPOCTH BpalleHus »>(upa Kak BeTUYNHE
IVRJIEKTPUUECKOTO CMelleHus. J|aHHbIe THUIOTe3bl He TONYUYMIN TOJKHOTO
pa3BUTHs B CBSI3M C MaTeMaTHYECKMMH TpyAHOCTAMHU. J[lanbHeiiue
pa3paboTku nprBenn KelbBrUHA K MOCTPOEHHIO MOJENH 3(upa U3 TBEPIbIX U
KUAKUX TUPOCTaTOB (TMPOCKOMOB) AN MOJYYSHUS CUCTEMbI, OKa3bIBAIOILEH
COMNPOTHUBJICHHE TOJIbKO AeopMauusiM, CBSI3aHHBIM ¢ BpalleHneM. KenbBuH
MoKasaJl, 4To B J3TOM Cllydae [OJy4aeMble YPaBHEHHS COBMAJAIOT C
YPaBHEHUSIMU  3JIEKTPOAMHAMUKU. Takas MoJenb MO3BOJNAET Takxke
OOBSCHUTH paclpoCTpaHEHWE CBETOBBIX BOJNH. Kpome Toro, Kenbnun
TIBITAJICS PACCMOTPETH IPUP KaK KUIKOCTh, HAXOMAIILYIOCS B TYpOYJIEHTHOM
IBWKEHWH; OH TIOKasall, 4TO TypOYJEHTHOE MABWKEHHE COMPOBOXKAACTCS
KosieOaTeNbHBIM IBMKEHHUEM.
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HanbHelilnee pa3BuTHE Teopus mnonydmna B pabote KenbBuHa «O
BUXpeBbIx atomax» (1867) [55],rue a¢up npeacTaBieH kak cOBepLICHHAs
Hec)kuMaeMasi KHUIKOCTb O0e3 TpeHus. KeslbBUH TMOKa3al, 4YTO aTOMBI
SBJIIOTCSI TOPOMAANBHBIMHU KOJNbLaMu [ enbMrosbua. OTa uaes HeCKOIbKO
paHee BbIABUTaIach PaHHUTOM B paboTe «O MONEKYNISpHBIX BUXpx» (1849—
1850), rame aBTOPOM  paccMaTpMBAIIUCh  HEKOTOpble  MPOCTEMInue
B3aMMOJEHCTBHA. BO3MOXHBIIT MeXaHW3M B3aUMoOIeHcTBUA ddupa
BelecTBa 6bUT paccMoTpeH Jlapmopom [59].

ikona Jx.JIx.Tomcona (1856—1940) mponomkuna 3Ty auHHIO. B
pabotax «OnekTpudecTBO W MaTepus», «Marepus u 3¢up», «CTpyKTypa
cBeta», «DapaleeBbl CHIOBbIE TPYOKM U ypaBHeHUs1 MakcBenia» u ap. [60—
64] IIx.Jx.ToMCOH TOCIEOBATENbHO pa3BUBAET BHUXPEBYID TEOPHUIO
MaTepuu M B3aumozelcTBuil. OH TOKa3aj, 4TO MPH W3BECTHBIX MPOCTHIX
MPEATNOJIOKEHUAX BbIPaKEHUE KBAHTOBOTO BHXPEBOrO KOJbLIA COBMANAET C
BbIpakeHneM 3akoHa [lnanka £ = hv. ToMcoH, ucxXoas M3 BUXPEBOI Teopun
a¢upa, mokaszan, 4To E = MC2. ABTOPCTBO 3TOW (OpMYIIBl MPUMUCHIBAETCS
OuamreitHy, xota JIxk.Jx.Tomcon momyumn ee B 1903 1. 3amonro mo
OiHmITeliHA, a TJIaBHOE, W3 COBEPIIEHHO APYTMX MPEANoChUIOK, YeM
OWHIITEIH, NCXO/1s, B YaCTHOCTH, M3 HAIMYMS B TIpUpoJe dhupa.

JIx.Jlx. ToMcoH co3ian BeCbMa CTPOIHYIO TEOPHIO, U3JI0KEHHYIO B pAle
pabot, m3manubX ¢ 188010 1928r. EqvHCTBEeHHBIM, TIOXKATY, HETOCTATKOM
3TO# TeOpWH ABISETCS MAEANN3aLMs CBOMUCTB 3(Hpa, MpeacTaBIeHNe 0 HEM
KaK O CIUIOIIHON WACAJIbHOW HEC)KUMAEMOW KUIAKOCTH, YTO MPUBENIO 3TY
TEOPHIO K HEKOTOPBIM CYIIECTBEHHBIM MPOTUBOPEUHSM.

Takum o6pazom, B.Tomcon (nopn KenbBun) wu JDx.Jlx.TomcoH
paccMmaTpuBaliy €AMHYI MaTepuo — 3(up, a pa3inyHble €€ TPOSBICHUS
00yCIIOBIMBAIN Pa3IMYHBIMU (hopMaMu ee KHHETUYECKOTO ABM)KEHMUS.

HHTepecHO OTMETHTH, YTO BUXPEBBIE TEOPWH 3(Hpa HE MPOLULTH MHUMO
BHUMaHUs JHrenbca. B pazgene «OnektpuuectBo» (J{nanexTrika mpupobl)
[65, c. 97] oH nueT: «DJIEKTPUUYECTBO — ITO IBIKEHHUE 4acTWll 3¢upa, U
MOJIEKYJIbl TeJla MPUHUMAIOT yJacTHe B 3TOM IBIDKEHWH. PaznudaHbie Teopun
Mo-pa3HOMY HM300pakaloT XapakTep 3Toro IBIKeHms. Teopun MakcBena,
Xankens u Penapa, omnmpasch Ha HOBEWIINE WCCIIEOBAHUS O BHUXPEBBIX
JBWKEHUSIX, BUIAT B HEM, KaxJas 1M0-CBOEMY, TOXe BUXpeBoe IBMxeHMe. U,
TakUM 00pa3oM, BUXPH CTaporo JlekapTa CHOBa HaXOAAT MOYETHOE MECTO BO
BCE HOBBIX  OOJIACTSAX 3HaAHUA». <«OQUpHas Teopus», MO BbIPAKEHHUIO
OHrenbca, «1aeT HalOekAy BbIACHUTb, M0 SBIAETCS COOCTBEHHO
BEIIECTBEHHBIM CYOCTPaTOM JIEKTPUUECKOTO IBUKEHUS, Yo COOCTBEHHO 32
BElllb BBI3bIBAET CBOMMH [BWKCHHUAMH JJIEKTPUUYECKHE SIBIEHUA». 31ech
VHTEPECHO elle W TO, YTO DHrejbc OOoJbIIoe BHUMAaHWE YAENSN WMEHHO
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BBIACHEHUIO (M3MYECKON CYLIHOCTH SIBJIEHWs, a HE MPOCTO OMMCAaTENbHON
abcTpakuuu.

Psin teopuit a¢mpa 6bu1 coznan B Poccun. Upen Diinepa (1707-1783)p
cBoiicTBaX MUpoBOro 3¢upa [66—68] okazanu BnusHre Ha Pumana (1826—
1866), koTopblit B cBoell Jekuun «O THNOTe3axX, JeXKalluX B OCHOBAHUSX
reomerpun» (1854) W3NOXKWT KOHUEMIMIO MHPOBOTO MPOCTPAHCTBA,
pa3pernB HEKOTOpbIE 3aTPYAHEHHS, C KOTOPBIMH BCTPETHIICS Diinep.

M.B.JTomonocoB (1711-1765) otBepran Bce crneuuduueckre BUIbI
MaTepHy — TeIUIoTy, CBET, NMPHU3HABAJ JUIIb 3(Up, C TOMOIIBI0 KOTOPOTO OH,
B YaCTHOCTH, OOBSCHST M TATOTEHHE KaK Pe3yJibTaT MOATAJIKUBAHUS TUIAHET
yacTMlaMu d¢upa 3a CcYeT pa3HOCTH pAaBjieHuit [69—75]. Drta wupes
JlomoHOCOBa OblNa BbICKa3aHa paHbllle, 4eM aHajornyHas unes Jlecaxa,
TIOYTH Ha COPOK JIET.

Bonbmoii unTepec npencrasisia noneitka J[.M.MenneneeBa onpeneanTsb
XUMHUYecKHe cBoiicTa ddupa [76]. OGmHpHbIe HCCIeA0BaHNS TIO YIPYTOCTH
ra3oB NpH OYeHb HU3KWX AaBJieHWsx Benuch J[.M.MeHaeneeBbIM C IIENBIO
SKCTIEpUMEHTAIbHO TomoiTH K 3¢upy. «¥Yxe B 70X romax, - mwmer
MeHnneneeB, -y MeHS HaCTOHUYMBO 3aces BOMPOC. 1a UTO e Takoe 3(PHp B
XUMudeckoM cmeicie? CriepBa s mojarai, 4to 3¢Hp ecTb Ccymma
pa3peKeHHBIX Ta30B B MPEAENTbHOM COCTOSTHUM. OTBITHI BEJMCh MHOIO TPH
MaJIbIX JaBJICHUAX — JUIA TOJy4eHHs HaMEKOB Ha OTBeT». «MHe KaxeTcs
MBICJIUMbIM, YTO MHPOBOI 3(Up HE €CTh COBEPIICHHO OJHOPOIHBIN ras, a
CMECh HECKOJBbKHMX ONM3KMX K TpeNeslbHOMY COCTOSIHUIO, T.€. COCTaBJEH
noJ00HO Hallel 3eMHOM aTMOocdepe U3 CMECH HECKOIbKUX Ta30B»

MeHnneneeBsiM 3up ObLT BKIIIOYEH B TaOIHILy XUMUUECKUX JIEMEHTOB B
«HYJIEBYIO» CTPOKY M Ha3BaH «HBIOTOHHEM», BIOCIEACTBUM 3Ta CTpOKa U3
TabNuIpBl ObLIA U3BATA.

N.O.SpkoBckum [77] Gbuta mpemyioxena B 70x romax XIX cromerus
Teopus razononooHoro 3¢upa. [To ero MEHeHNMIO, 3NieMeHTH 3dupa obnazanu
BPOXKICHHBIM CBOWCTBOM — TPH COYAAapeHHUH B3aUMHO TOPMO3HUTH IpYyT
Ipyra, a Ipv YyCTpaHEeHNH TPETIATCTBYUS TMPOAOJIKATh CBOE IBIKEHHE TaK XKe,
Kak 3T0 ObUIO 10 OCTaHOBKHW. [Ipupoma Takoro mnosedeHWs yacTul 3¢upa
SlpxoBcknM He paccMaTpuBaiack. Onupasch Ha NpejacTaBieHue o0 3dupe
Kak o0 razonono0Hoii cpexne, SApkoBckuit paccMOTpeN HEKOTopble (Pu3MUecKre
SBJIEHUs], B YaCTHOCTH, CIeJall MOMbITKY CO3AaTh MoJeNb TAroTeHus. B 20¢
rogpl XX cToneTusi Molels rasomnomobHoro 3¢upa OblTa paccMOTpeHa
IT.A.ITuOTpOBCKMM, OJHAKO TOJBKO HA YpPOBHE Kaue€CTBEHHON MOJEIU
HEKOTOPBIX OTIENbHBIX SIBJICHNH, TTIaBHBIM 00pa3oM TATOTEHHS.

B Oomee mozgHMEe BpeMeHa, KOTAA TEOpHsS OTHOCHTEIHHOCTH Oblia yxKe
OIMPOKO W3BECTHA, HEKOTOpble COBETCKME W 3apyOekHble ydeHble
OTCTanBaJIl MEXaHMYECKYIO TEOpHI0 3(hMpa, CTAHOBSCH MPH 3TOM HA TOUKY
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3peHus BHXpeBoi Mozxenu. Cpemu 3THX paboOT HEOOXOAMMO OTMETHTb
padotel  K.D.ITuonkosckoro [78], 3.A.lleiitnuna [79, 80], Hocsmme
NperMYIIeCTBEHHO O0030pHBIN  XapakTep, paboThl Yalitekkepa [81],
H.IT.Kactepuna [82], B.®.Mutkenya [83—85]u np.

B pabore Kacrepmna [82] mnpocMaTpuBaeTcs aHAIOTHA MEXKIY
BUXPEBHIMU [BWKEHHSMHM BO3AYLIHBIX TOTOKOB M 3JEKTPOMAarHUTHBIMU
SBIEHUSMHM,  yKa3blBAaeTCs  HAa  HEJOCTAaTOYHOCTb  TIpeJCTaBIeHUN
MaTeMaTHYeCKNX BBIBOAOB Oiijiepa OTHOCUTENHEHO BUXPEBBIX IBIKEHUI,
TIOCKOJIbKY BBIBOABI Jiiyiepa WCXOOWIM W3 TPEACTAaBIEHW O CIUIOMIHON
cpene, B TO BpeMs KaK ra3 COCTOMT W3 OTHENBHBIX YacTWI M He ABJIAETCHA
cIlowHeIM.  KacTepuHBIM  TpPOBEIEHO YTOYHEHWE Kak  ypaBHEHWi
adpOIMHAMUKM  TMPEMMYILECTBEHHO  MPUMEHHUTEJIBHO K  BUXPEBBIM
JBWKEHMSIM, TaK U ypaBHEHHS 3JIEKTPOMAarHUTHOTO TOJIs, a TaKkke MoKa3aHa
uX riy0oKas aHaJIoTHsl.

B paborax coBerckoro akamemumka B.D.MwurkeBnua  «PaboThI
B.Tomcona» (1930), ©cHoBHbIe BO33peHHsT coBpeMeHHOM (usuku» (1933),
«OcHOBHbIe (u3nueckue Boz3peHus» (1934) [81-83lu apyrux He TOJNBKO
OTCTamBaeTcss HeOOXOAMMOCTD TIPU3HAHMSA (aKTa CyIecTBOBaHMS 3¢upa, HO
W TIpemyaraeTcsi Mojenb, B KOTOPYIO (akTHUeCKW 3aloKeHbl WOen
Jx.lx. TomcoHa, 0 ueM MuTkeBUY MPsMO T'OBOPUT.

MHuTKEeBUY OTCTaMBaJl MEXaHMYECKYl0 TOUKY 3peHus Ha 3¢up. B omHoii
U3 CBOMX PaboT OH paccMaTpUBal «KOJIbLIEBOM 3JEKTPOH, KOTOPbIH MOXXHO
BBIYMCIUTh KaK »JJIeMEHTapHbIi MAarHWUTHBI BHXpb, ABWXKYIIMHCA 1O
KecTKoi opOuTe W BMewUlawuiics B 00beM, HOPMaJbHO MPUMHUCHIBAEMBINA
ANMEeKTPOHY».  [lepeHOCUMKOM >HepruM MMTKEBHY CUUTANl <GaMKHYTYIO
MarHuTHYIO JIMHHIO, OTOPBAaBLIYIOCS OT MCTOYHMKA M COKPALIAIOLIYIOCS IO
Mepe OTAauM JHePruM», W YKa3plBal Ha MOA00HMEe MAarHUTHOTO TMOTOKA
BuxpsiM ['enbMronbia. Bee e TiraBHBIM B paboTax MuTKeBHYA SBISIIACH He
3Ta MOJeNb, JOCTATOUYHO HECOBEpLIeHHas, a yOeXIeHHe B CyIIeCTBOBAHWU
s¢upa.

B pabote «OcHOBHBIe (pu3mUeckre BO33peHWSA» MMUTKEBUY TIHIIET:
«AOGCOJIIOTHO TMYCTOE MPOCTPAHCTBO, JIMIIEHHOE BCSKOTO (U3NYECKOTO
COZIepKaHuUs, HE MOXKET CIIyXKHUTb apeHOl paclpoCTpaHeHUs KakuxX Obl TO HH
Obul0 BOJH... [Ipu3HaHue »3¢upa, B KOTOPOM MOTYT HMETh MECTO
MeXaHUYeCKHe  JBIKEHMS, T.6. MPOCTPAHCTBEHHbIE  MEpEeMeEILEeHHs
3JIeMEHTapHBIX 00BbEMOB 3TOM MEpBOMATEPHH, HEMPEPHIBHO 3aMOJHAIOIICH
BCE Hallle TPEXMEPHOe MPOCTPAHCTBO, CaMo MO cebe He ABNAETCS MPU3HAKOM
MEXaHUCTHYEeCKOW TOYKHM 3peHus... HeoOxommmo, HaKoHel, BIIOJHE
OTIpeIeIeHHO PeadMINTHPOBATh «MEXaHWYECKOEe IBIDKEHHE», HaIUIeKaIlnM
00pa3oM MOJEpPHMU3NPOBAB, KOHEYHO, COAEp)KaHWE 3TOr0 TEepMHHA, W
packpernocTuTs (U3MUYECKYI0 MBICNIb, TIPU3HAB 3a HEHl 3aKOHHOE MpaBo
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OTepUpOBaTh TMPOCTPAHCTBEHHBIMH TEPEMEILEHUSMU COOTBETCTBYIOIIMX
¢3MUeCKHUX peabHOCTEH BO BCEX CIydasX, KOTAa Mbl CTPEMHUMCS MO3HATh
KOHEYHYIO CTPYKTYpY TOTO WJIM MHOTO (husmyeckoro mpouecca... bopbda ¢
OmMO0YHONH  HAyYHO-(QMIOCO(CKOH YCTaHOBKOH, KOTOpas WMMEHyeTcs
MEXaHUCTHYECKOW TOYKOM 3peHus, He JOoDKHa OBITh TIOAMEHEeHa B
COBpEeMEHHOW ()M3MKEe COBEpIIEHHO HE OOOCHOBAaHHBIM TOHEHHWEM Ha
3aKOHHBIE MOTBITKA PACCMOTPEHUS TeX MeXaHWUECKUX JBHKEHHM, KOTOpbIE,
HECOMHEHHO, COCTaBIIIIOT OCHOBY CTPYKTYpPBl BCSKOTO (DM3MYECKOTO
Tpo1iecca, XOTs HUKOMM 00pa3oM camMH MO0 cebe He HCUepIbIBalOT €ro
cymHoct. Crnenyer, HakoHel, TepecTaTb OTOXKAECTBIATH TEPMHHbBI
«MEXaHMYECKHI» M «MEXaHUCTHUECKHUiD», KaKk 3TO, K COXaJICHHUIO, HEPeIKo
UMeeT MeCTO B COBPEMEHHOW HayuyHo-¢pumiocopckoii u duzndeckoit
JUTEpaType».

B paborax [23-26, 79, 80, 89-91, 92-9G]puBeneHsl 0030pbl MO
WCTOPUU Pa3BUTHS S(GUPHBIX KOHIEMIWI W COBPEMEHHBIX B3TJISIOB Ha
TIpUpOy «(HU3NUECKOTO BaAKyyMa.

Hapsimy ¢ pa3paboTkamu Teopuii 1 Mozeneii 3gpupa pa3sBUBajach TOUKa
3peHus 00 OTCYTCTBHH 3(pMpa Kak TAKOBOTO B TIPHPOJIE.

B 1910 r. B pabore «IpuHIMI OTHOCHTETHHOCTH M €r0 CIIEICTBHSI»
OWHIITEHH MHCcaj, YTO «HENb3s CO3IaTh yNOBJIETBOPHUTEILHYIO TEOPHIO, HE
OTKa3aBIIMCh OT  CYLIECTBOBAHMA HeKOel cpenpl, 3amoyHsAOLIEH Bce
npoctpaHcTBo». [lo3ke B paborax <«Odup W TEOpHs OTHOCHUTENHLHOCTH»
(1920) u «O6 adupe» (1924) DitHITEiH U3MEHWIT CBOKO TOYKY 3pEHUS
OTHOCUTENIHO ~ CYLIECTBOBAaHMSA 3(Hpa, OAHAKO 3TO OOCTOATENbCTBO
MaJIOM3BECTHO, U OHO HE MOBIWSJIO Ha OTHOLIEHHE K 3(UpYy CO CTOPOHBI
00JIBIINHCTBA PU3UKOB-TEOPETUKOB.

Axagemuk S.M.OpeHkenb KaTeropuyeckd OTPHULAT CYIIECTBOBAHUE
MHUPOBOTO 3(Hpa, CpaBHMBAS MONCK CBOWCTB 3(Hpa C «OOTONCKATENLCTBOM 1
6oroctpoutenbcTBOM» [89], W oOTcTauBan MPUHIMI AaNbHOAEUCTBUA. B
HacTofllee BpEeMsI WMAEW, CBSI3aHHbIE C <IEHCTBMEM Ha pPaCCTOSHUM»
TIPOIOJIKAIOT Pa3BUBATHCS, OHAKO HapsAAy C 3TMM BO MHOTHX pa0oTax Bce
Yalle UCTIOJb3YeTCs NMpelIcTaBleH!e 0 «PU3NUECKOM BaKyyMe», «BaKyyMHOMN
KUAKOCTH» M T.MI., YTO (PAaKTHMUYECKH BOCCTAHABIMBAET MPEICTABIEHHUS O
MHUPOBOM cpene MOA ApYruM Ha3zBaHHeM. OOHapyXeH psl BaKyyMHBIX
3¢ dexToB — HyNeBOil ypoBeHb 3HEPruM TMOJIel, BUPTyaJbHbIE COCTOSAHMSA
YacTHL, MONSpU3aLMi Bakyyma M T.I., YTO 3acTaBiisieT OTKa3aTbCs OT
npencTaBieHuii 0 BaKyyMe Kak O IMyCTOTe ¥ BHOBb IOCTABUThL BOMPOC 00 ero
ctpyktype [90, 91].

OmnucanHast BbIIIE ANCKYCCHSA €CTh (PaKTHUECKH CIOp O TOM, HY)KHO JIN
WCKaTh MaTepHajJbHYI0O OCHOBY BHYTPEHHEr0 MeXaHW3Ma SBIECHWI WIN
JOCTaTOYHO HAWTH TOAXOISIIINIA MaTeMaTHYeCKWi ammapar sl BHEIIHETO
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OMUCaHMA SIBIEHUI. DTO crop Mexay AUHAMUKOW U (eHomeHonorueit. Ho
Ul JUHAMUYECKOTO TOAXO0Ja SBJIEHUE €CThb Ppe3yJbTaT JeHCTBHA
BHYTPEHHEr0 MeXaHHW3Ma, CKPBITBIX ()OPM IBWKEHHMS MaTepHH, U BHEIIHee
OIKMCAaHUE €CTh BCEro JIMUIb CJEICTBUE 3TOro MexaHusMma. [loHumaHue
TIPUYWH, TIoueMy (u3nueckoe sBJIeHHWE MMEHHO TakKoe, MO3BOJSET yd4ecTb
MHOTHME  CTOPOHBI, YCKOJIb3AalOIIME€ OT BHHMAHUA  UCCIENOBATEI,
OTPaHWYHBAIOIIETOCS JINIIL (PEHOMEHOJIOTHEH, BHEIITHAM €T0 OMMCaHNUEM.

2.2. HemocTaTKku H3BECTHBIX THIOTE3, TEOPHIl N Mojeeii
3¢upa

Hecmotpsa Ha obunme U pazHooOpaszue pa3iu4HbIX TUIOTe3, MoJeneil u
Teopuii 3¢dupa, HX aBTOpaM He YyHOAJIOCh CO30aThb CKOJbKO-HUOYIb
3aKOHYEHHYI0 U HENPOTUBOPEUMBYIO KapTHHY MUpA, OXBAThIBAIOLIYIO XOTS
Obl OCHOBHbIE (DOpMBI BeIleCTBa M BHUIbl B3auMoJeHcTBMHA. Bcem 3Tum
TUMOTE3aM M MOJENSIM CBONCTBEHHBl T€ WIHM HWHbIE HMPUHLUUMNHAAIBHbIE
HEJOCTAaTKH, He TMO3BOJIMBLINE MM DPa3BUThCA. M rmaBHasg mpuumHa 3THX
HEI0CTaTKOB — METOI0JIOTHUYECKAs!.

OCHOBHBIX HE/IOCTATKOB OBLIO TPH.

[TepBbIif HETOCTATOK COCTOSUT B TOM, YTO BCE TMITOTE3bI, MOJENIH U TEOPUHN
3¢upa, HaAYMHAS C CaMbIX TEPBBIX W KOHYAs TOCIEIHWMH, paccMaTpUBan
ONpee/ICHHbI Y3KMI Kpyr SIBICHWH, HE 3aTparvBas OCTaJlbHbIX. Moxenu
Hexapra u  HblOTOHA, €CTECTBEHHO, HMKAaK HE MONIM  YYecTb
JJIEKTPOMArHUTHBIX SIBJICHUH, TeM OoJiee BHYTPUaTOMHBIX B3aUMOJEHCTBUIA.
B paborax @apames, MakcBenna, Jlopenua, Iepua u  apyrux
UcciefioBaTeei He Y4MUThIBallaChb TIpaBUTAalUs U HE PacCMaTpHUBAIKCh
BONPOCHI cTpoeHH BemiecTBa. B cBoux pabdotax Ctokc u @peHesb NbITaluCh
O0BSCHUTh (aKTHYECKW IUIIb sBIeHNA abeppauyn. B MexaHmueckmx
Mozenax Haswe, Mak-Kymnaxa u pamee B.Tomcoma u Jx.TomcoHa
paccMmarpuBalics TJIaBHBIM 00pa3oM KpYr 3JIEKTPOMArHUTHBIX SBJIEHUIA,
npasaa, B.Tomcon u J[x.ToMCOH mbITaauCh BCE K€ B KAaKOH-TO CTENEHU
TIPOHUKHYTh B CyTh CTPOECHNUS BEILECTBA.

Takum o0pazoM, HM OfHA TeopHs 3(upa He MblTaNach AaTb OTBET HU Ha
BOIPOCHI CTPOEHUS BELIECTBA, HU HA OCHOBHBIE BU/bl B3aUMOICHCTBUI, TeM
caMbIM OTOPBAB HUX APYT OT Ipyra.

BTopbIM KpyNHBIM HEZOCTAaTKOM TpPAKTUYECKH BceX 0e3 HCKIIOYEeHUs
TeopHii u Mozeneit a¢upa, kpome mozeneit HotoToHa u Jlecaxa, siBisieTcs To,
yro 3¢up paccMaTpuBaicid Kak CIUIomHas cpega. Kpome  Toro,
OOJIBIIMHCTBOM aBTOPOB 3(up paccMaTpwBaiCs Kak WAeaNbHas JKUIKOCTh
WIN WaeanbHoO TBepnoe Teno. Takas MeTadmsnyeckas naeain3anysi CBOHCTB
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a¢upa, nomycTuMas A ONHUX (U3MYECKHX YCJIOBMH WM SBJIECHUH,
pacnpocTpaHsaIach aBTOMaTHYECKH Ha BCE MbICIMMbIE (pU3NUECKUe YCIOBUS
W BJIEHUsI, YTO HEMUHYEMO BEJIO K MPOTUBOPEUHSM.

TpeTbuM HEAOCTATKOM MHOIMX TEOpUH, KpoMme nocnenHux, B.Tomcona u
Jlx.TomcoHa, sBIsSeTCd OTpPBIB MaTe€pUM BENIECTBA aTOMOB W YacTHI] OT
Matepun 3¢pupa. Ddup BHICTYNMaeT KaKk CaMOCTOSTENbHAS CyOCTaHIWSA,
COBEpIIEHHO HEMOHATHBIM 00pa30M BOCTIPHHMMAIOINAsi SHEPTHI0 OT YaCTHIL
BelIeCTBa M Mepeaarolas SHEPrHo YacTulaM Beulectsa. B paborax @peHnens
n JlopeHua Tpu (aKkTUUECKW HE3aBHCHMBIE APYr OT Apyra cyOCTaHUWW:
BELIECTBO, He 3aBuUcsIIee OT 3upa; 3¢up, cBOOOAHO MPOHHUKAIOIIUIT CKBO3b
BEIECTBO, M CBET, HEMOHATHBIM 00pa3oM CO34aBacMblif BEIIECTBOM,
nepeaBaeMblil BelIECTBOM 3(QUPY U BHOBb BOCIPHMHHUMAEMbIH BELIECTBOM
COBepILEHHO 6e3 Kakoro Obl TO HU ObLIO PacKpbITHA MEXaHW3Ma BCEX ITHX
repenay U rnpeBpanieHui.

XoTq aBTOpaMHU MNEPEYMCICHHBIX BBIIIE TUIOTE3, MoJeNeld M Teopuid
3¢pupa cam (akT CyIIECTBOBaHMS Cpeibl — TEepeHOCUMKa JHEPTHr
B3aMMOJICHCTBUI M OCHOBBI CTPOEHHMS BEILECTBA - YTBEPXKAAICA MPaBUIBHO,
TepevrcIeHHble  HEeNOCTaTKU CAENald  MPaKTUYECKH HEBO3MOXKHBIMU
WCTIONB30BaHWE JTHX TEOPU W HMX Pa3BUTHE B paMKaX MCXOMHBIX
TIPEANOCHIIOK.

OnHako riaBHBIM HEJOCTaTKOM BCeX Teopuil U Moaenei adupa sBIsIOCH
(hakTHUECKOE TOCTYJIMpPOBaHUE ero cBoiicTB. Hukakux ¢unocopckux wiu
METOJI0JIOTHYECKUX OCHOB oOmpeneNieHus (pu3nuecknx mnapameTpos 3¢upa
NpakTUYEeCKW HUKTO HUKOTZAa HE BbIABUrajl. B 3ToM miaHe omnpeneneHue
napaMeTpoB 3¢upa HOCUIO TaKOH ke MOCTYyJAaTUBHBIH XapakTep, Kak W
yTBEpK/eHHe 00 ero oTCyTCTBUM B npupone. Puzndeckue cBOWCTBa 3(pupa
HE ONpeAessUINCh W3 W3BECTHBIX OMNBITHBIX HAHHBIX, KOTOPBIX OBLIO B T€
BpEMEHA SBHO HENOCTAaTOYHO, a TOCTYJHMPOBAINCH, MCXOASd U3 BKYCOB
Ka)XIoro aBTopa KoHuenumu. Ho Bce OHM CXOOWNCh Ha TOM, 4TO 3¢dup
TpeAcTaBIsieT Cco0OH HEYTO ujaeabHOE U aOCONIOTHOE, HamnpuMep
WCABHYIO KMAKOCTB. O¢up o6nasan CcBOWCTBOM BCENPOHMKHOBEHWS,
MpUYEM caM MEXaHU3M 3TOr0 BCENPOHWKHOBEHHS HUKaK He 00OCHOBBIBAJICS.
MBbICIb O TOM, YTO MPU MPOHUKHOBEHUM CKBO3b BEILECTBO I(UPHBINA MOTOK
MOJKET TOPMO3HUTBLCS B CHITY BSI3KOCTH WJIM APYTHMX MPUYMH, HU pa3y Jaxke He
o0cyxanace.

Oc¢up Dpenens, tak xe kak U d¢up JlopeHua, — 3TO aOCOMOTHO
HenoABWKHbBIN 3¢up. DPup 'epua obnamaeT cBoiicTBOM OBITH abCOIOTHO
3aXxBa4eHHBIM ABIKYIIUMCS TeoM. Odup y MakcBemia — 3To naeanbHas
KUAKOCTb, B KOTOPOH AEHUCTBYIOT 3aKOHBI BuUXpel I'enbmrombua. Makcseint
He o0paTwi BHUMaHMS Ha TO, YTO, Mo [ enbMronbily, BUXpH, a y MakcBeiia
MarHuTHOE TIOJie — 3TO BHXpeBble oOpazoBaHuWs 3¢upa, OHW HE MOTYT HHU
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00pa3oBbIBaTbCS, HU HcUe3aTb B HWIOCAIBHON JKMIKOCTH, 4YTO SBHO
NPOTHBOPEYHUT OMbITaM. Takum 06pa3om, uneanusauust CBOMCTB 3¢upa cpasy
kKe oOpekaeT Bce MOA0OHbIE TEOPUH Ha IPOTUBOPEUHS U Ha MOPasKeHHeE.

To, 4uto Takas wpeanmsaums >¢upa OblTa TPHUHATA HAa BOOpYKEHHE
MHOTHMHM  aBTOpaMu caMbIX Pa3HOOOpa3HBIX KOHUENMWMH 3¢upa,
METO/IOJIOTMIECKH MOKHO TIOHSATB, IOCKOJIBKY JTAHHBIX /IS Oosiee Wi MeHee
NpaBUIBHOTO OMNpeJesieHus  CBOHCTB 3(upa Torga He CyLIECTBOBAJIO:
€CTEeCTBO3HAaHUE HEe HAKOIMJIO CBEIEHH O NMOBEICHUHN 3IeMEHTapHBIX YaCTHI
BEIIECTBA M X B3aMMOIIPEBPALIEHNSX, Ta30Bas JMHAMHKa He Oblla pa3BUTA.
OnHako HEKOTOpble MOMEHTBI YK€ M TOTAa ObUIM M3BECTHBI, HO MM HE
NpHuIaBaoch 3HaueHMs. Ha Bcex 3Tamax pa3BUTHSA €CTECTBO3HAHHMS MOXKHO
O6bul0  copMynupoBaTh  MpeacTaBieHHe 00  O0mUX  (QU3MYECKHX
uHBapuaHTax. [locTynupyst cBoiicTBa 3¢upa, MOKHO OBIJIO TPEIJIOKUTh B
KauecTBe MOJENM Ta3oBYK cCpedy, XOoTs Obl MCXOAA W3 TOTO, YTO cpena
J0JDKHA €CTECTBEHHBIM 00pa30oM 3aMoJHATh BCe MUPOBOE IIPOCTPAHCTBO U He
OKa3blBaTh 3aMETHOTO CONpOTUBJIEHUs. OJHAKO HUYEro 3TOro CAEJIaHO He
OblIO,  YTO  CBUJIETEIbCTBYET O  HEJNOCTaTOYHOH  pa3paboTke
METO/IOJIOTHIECKUX OCHOB (PM3WKHM MPAKTHIECKW Ha BCEX 3Tarax pa3BUTHSA
€CTeCTBO3HaHUA. J[ManiekTHuecKnii MaTeprain3M B OTNpENeNeHHO! CTeneHn
BOCTIOJIHWJI 3TOT TpoOes, HO, Kak IOKa3bIBaeT OMBIT, OH TaKk W HE cTal
pabourM HMHCTPYMEHTOM Ul BCeX, KTO MbITajcs pa3paboTaTh TEOpUH,
TUMoTe3bl U MoJenu 3¢upa, 1 TeM Oosee He cTall pyKOBOICTBOM ISl TEX, KTO
OTYJIbHO OTPHLIANl U MPOJOJDKAET OTPULIATh €r0 CYIIECTBOBAHHUE B MPUPOIE.

2.3. DupHnbiii Berep. PeassHocTh 1 dpanbcupukanus

Hcropust mouckoB 3¢upHoro Betpa [92, 93] sBnsieTcs OOHOM U3 CaMbIX
3allyTaHHBIX ~ WCTOPWIl ~ COBPEMEHHOTO  €CTECTBO3HAaHWs.  3HaueHHe
uccieoBaHNil 3()MPHOTrO BETpa BBIXOJUT JAIEKO 3a pPaMKH HCCIeJOBaHHUN
KaKoro-11Mbo 4acTHOTO (PU3UYECKOTO SIBIEHUS: pe3yNbTaThl MEPBBIX padOT
9TOr0 HaMNpaBJICHNS OKa3ajM pellarollee BIMSHHE Ha BCE €CTECTBO3HAHHE
XX cronerna. Tak Ha3bIBaeéMblii  «HyJIEBOW pe3yabTar»  MEPBBIX
3KcnepuMeHTOB  A.MalikenbcoHa W O.Mopnu, BBINOJHEHHBIX 3TUMU
nccnenosatenasiMu B 1881u 1887 r., mpuBen ¢puznkoB XX B. K MBICIH He
TOJBKO 00 OTCYTCTBMHM Ha 3€MHOW TOBEPXHOCTH 3(PHUpHOTO BEeTpa, HO W K
yOexxaeHuro, 4To 3Gpup — MUpOBas Cpefa, 3aIoHSIOMmAs Bce MPOCTPAHCTBO,
He CylecTByeT B Tpupome. HWKakne TOJNIOKHUTENbHBIE pE3YIbTaThl,
TOJTydeHHbIe 3TUMU W IPYTUMH HCCIIeIOBAaTEeNsIMHA B OoJiee MO3JHUE TOJBI,
yke He mokosiebanu 3Toil yBepeHHocTu. M maxe korpa cam A.DHHIITEHH B
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1920u 1924rr. cTan yTBepKaaTh, 4To «pu3nKa HeMbIcauMa 6e3 3¢upa», 3To
HE U3MEHUJIO HUYETO.

OnHako, Kak BbIsCSIETCS TeNepb, B 001aCTH 3(pUPHOTO BETpa B CBOE BPEMs
psSIIOM yueHBIX OBUIH TPOBeNEHbI BECbMa CONMIHbIe padoThl. HekoTopsie n3
HUX JIJIN UCKJTIOYUTENLHO O0TraThlif MO3UTHUBHBII MaTtepran. K HuM, KoHeuHO
e, B TEpBYIO oOdepenb HYXKHO OTHECTH WCCIeOBaHUSA, IPOBEICHHBIE
3aMeuaTebHBIM aMepUKaHCKUM ydeHbIM mpodeccopom KaiicoBckoil mKoIbI
npuKJIaaHoi Hayku JldiitonoM KinapeHcom MunepoM, NOTpaTUBILNM Ha 3TH
WCCIIeIOBAHMS TIPAKTUUECKH BCIO KM3HB. He ero BuHa, a ero u Hama Oena B
TOM, 4TO BCE TOJIydeHHbIE UM U €ro TPYMIMoi pe3ynbTaTbl COBPEMEHHUKAMU
y4eHOro 1 6oJiee Mo3IHUMHU U3HMKaMHU-TEOPETHKAMH OTHECEHBI K KaTeropun
«He npusHaHHBIX». K 1933r., xoraa uccienopanus Muepa v ero rpymnibl
OBbLTM 3aBEpLIEHBI, IIKOJA PEIATUBUCTOB — MocienoBareneil CriequanbHON
TEOPUH OTHOCHTENBHOCTH A.DHHINTEHHa MPOYHO CTOssla Ha HOrax u
OIUTENBbHO Cliefusa 3a TeM, YTOObl HUYTO HE MOIJIO IOKOIe0aTh ee yCTOM.
Taxkomy «HETIPU3HAHMIO»  CMOCOOCTBOBAJIM  TakXke  pe3yNbTaThl
SKCTIEPUMEHTOB, B KOTOPBIX HEKOTOpPHIE APYTWe aBTOPHI, BOBCE HeE Keias
TOTO, HaJeNajlu OIMOOK W He TONyYHSIN HykKHOTO 3(ddekra. X He Hy)KHO
OOBMHATH B TpeIHAMEPEHHOCTM TaKOrO WCXOAa: OHM TMPOCTO HE
npencTaBsin cebe npupoay 3¢upa, ero cBOUCTBa, €ro B3aUMOJEHCTBUE C
BEIIECTBOM, W TI0O3TOMY TIpM MpPOBEIEHUM 3KCMEPUMEHTOB UMM ObUIH
JOMYyIIeHbl MPUHLMNUANbHBIE OIIMOKM, HE TMO3BOJMBLINE WM JOOUTbCA
ycrnexa. CeroiHsi NpUYMHBI 3TUX HEYyJay CTajl COBEPLIEHHO TMOHSATHBI.

OnHako Haj npoOsieMoit 3(MPHOTo BeTpa BCE €Il TATOTEeT HeraTuBHOE
MHEHHE TaK Ha3blBaeMON «Hay4dHOIl OOIIECTBEHHOCTH», W 3TO SBJsETCA
Cepbe3HON MOMeXOW Ui BOCCTAHOBIEHHS TpeAcTaBieHUil 00 3¢upe u
pa3BepThIBaHMHM pabOT B 3TOW Upe3BBIYAWHO TMEPCHeKTUBHOIN oOmacTh
ecrecTBo3HaHUA. CeromHs HEOOXOOMMO KPUTHUYECKH MEePEOCMBICIHUTH BCIO
WCTOPHIO TIOMCKOB 3(HMPHOTO BeTpa XOTA OBl JUIA TOTO, YTOOBI TOHSTH
VCTWHHOE TI0JIOKEHHE B 3TOM BOTIpPOCe W B OyIyIieM He JOMycCKaTb OIHNOOK,
KOTOpBIE Pa3MYHBIMKA HCCIIENOBATENSIMA ObUIM OMYIIEHBI, YTO W SBUJIOCH
HEIOCPEACTBEHHON MPUUNHON OTKa3a OT NaJbHEWIINX UCCIENOBAaHUI B 3TOM
HarpaBJIeHHUH.

Hctok mpobneMsl 3¢upHOro BeTpa — sBIeHUEe abeppali CBeTa B
acTpoHOMHH, KoTopoe Obuio oTkpeiTo JIx.Bpamneem B 1728 r. s
oObsicHeHus1 abeppauuu ObLT  BbICKa3aH psAd  TUmoTe3, Haubosee
TUIOJOTBOPHON M3 KOTOPBIX 0Kka3aiack runote3a O.DpeHesst 0 HeMoABUKHOM
s¢upe, BeIABUHYTast UM B 1825r. n 3aTem ucnonb3oBanHas X.JlopeHuem B
€T0 JNIEKTPOINHAMUKE IBVKYIINXCS CPel.

Jix.K.MakcBen He3a101ro 10 cMepTH OTMeTHIT [94], 4To MpH ABMKSHUH
3emu ckBO3b 3(Mp Ha ee MOBEPXHOCTH JOJDKEH MPUCYTCTBOBAaTh 3(PUpPHBIN
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BeTEp, KOTOPBIl COOTBETCTBEHHO JOKEH W3MEHATh CKOPOCTb CBETa,
pacnpoctpanstoierocs B supe. K coxanenuto, otmeuan Makcenn, Bce
METOJbl M3MEpeHHs M3MEHEHHs BPEeMEHHM MPOXOXKISHUs CBETa Ha OTpe3Ke
MyTH TpeOYIOT BO3BPALIEHNS CBETAa B NCXOJHYIO TOUKY, MO3TOMY pa3HHLA BO
BpPEMEHM OKa3bIBAETCS 3aBHCSIIEH OT OTHOWIEHWS KBaIpaTOB CKOPOCTEH
3(¢UMpPHOTO BETpa M CKOPOCTH CBETa, a 3TO OYEHb Majas BelIWYMHA, W ee
MPaKTUYECKU HElTb3sl U3MEPHUTb.

Hecmotpss Ha 310, B 1880 r. A.MaiikenscoH pa3pabortan mpudop —
UHTepPEPOMETP € IBYMS TEPECEKAOUIMMUCS ONTHYCCKUMH MYTAMH, C
MOMOIBIO KOTOPOTO MOAOOHBIE M3MEPEHHs CTalM BO3MOXKHBIMH. OIHaKo
0Ka3aJioCh, YTO MOJYyUYEHHbIE Pe3yJbTaThl HE COOTBETCTBYIOT OXKUAAEMbIM U
OTKJIOHEHUsI HAXOATCS B MpejieniaX BeluunH omuook [95].

He ynoeneTBopuBIINCH pe3yabTaTaMu 3kcrieprMeHTa 1881r. u B CBsI3U C
BBICOKOW YYBCTBUTENILHOCTBIO MHTEp(EepoMeTpa K BUOPALIMOHHBIM MTOMEXaM,
Maiikenbcon 1886—1887 rtr. coBmectHo ¢ Tpodeccopom D.Mopim
TIPOOJDKUI paboTy, CYHIECTBEHHO YCOBEPILIEHCTBOBAB HWHTEpP(EepoMeTp
MOMECTHB €ro Ha TIOIJIaBOK, MOTPYKEHHBI B PTYTHYK BaHHY, YeM
n30aBwics OT BIusHUA BuOpauuit [96]. Pe3ynbraThl BHOBb  ObLIH
TOJIOKUTETIEHBIMH, HO OHH BHOBb HE COOTBETCTBOBAIIM OXXKUJIABLIMMCS, TaK
KaK JIaBaJii 3HaYeHUE CKOpOCTH 3()UPHOTO BETpa, 1Mo KpaifHe Mepe, B 10 pa3
MeHbllee. Bo3HUK BOMPOC 0 MPUYMHAX TAKOTO HECOOTBETCTBUS.

B 1892r. Ix.@uipkepanbaom 1 X.JlopeHieM He3aBUCUMO IpyT OT Apyra
OblTa BbICKa3aHa TUIOTE3a O TOM, YTO MPUYMHONW OTCYTCTBHS CMEILIEHMS
UHTeP(PEPEeHLMOHHBIX  TOJIOC ~ MOXET  ObITh  COKpalleHHe  Iuiey
uHTEepdepoMeTpa Mpu IBWKEHUH BELIECTBA ILIEY CKBO3b 3(GHP: MPOUCXOIUT
ngedopMauus TOJsl KaXIOro 3apsiia, a MOCKOJNBKY BCE CBA3M B BEILECTBE
HMEIOT JJIEKTPUYECKHIA XapakTep, TO aTOMbl cONMM3ATCs (IIUpHHA Tesla TpH
3TOM  TPOMOPLMOHATIBHO  yBenmuuutcs). Toraa  ObUTO  BBICKa3aHO
TIPEATNONIOKEHNEe O TOM, YTO pa3lWyYHble BeIlecTBa OYAyT, BEPOSTHO,
TIpeTepreBaTh Pa3IMIHOE OTHOCUTEIBHOE COKpalleHHe, a MO3TOMY MOXKHO
OyIeT YJOBUTb Pa3HUILy B COKpALIEHWH ABYX CTEp)KHEH, BHIMOJHEHHBIX W3
pa3HbIX MaTepuasioB (ObLIM MCMOJB30BaHbBl CTallb U COCHOBas APEBECHHA).
[MpoBepka »3TOro OOCTOATENBCTBA HE TMpUBENAa K  MOJOXKUTEIbHBIM
pesyibrataM. OfHako Oblja BbICKa3aHa MbICIb O TOM, YTO HEMpPaBHJIbHO
NPOBOAMTb  JKCTIEPUMEHTHl B  TIOABAJBbHBIX  KOMHATaX, MOCKOJbKY
MOBEPXHOCTHBIE ciion 3eMiin MoryT[25—27]3kpaHrpoBaTh 3(UpHbIE TOTOKH,
M 4TO 11eJIecO00pa3HO MOAHATh HHTep(EpOMETp Ha OTAETBHO CTOALLYIO TOpY.
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B 1905r. 3.Mopmau u JI.K.Musnepom 3KcrepuMeHTbl ObLITH MPOI0IKEHbI
Ha EBKJIMIOBBIX BeIcOTax Ha BeicoTe 250 M Han ypoBHeM Mops. Pesyibrar
ObUT TBepHO 3aUKCHUpOBaH: MarHUTyAa 3QUpHOro BeTpa coctaBwia 3—3,5
km/c [97].

Hanee pabotel ObiM mpomoinkeHbl mpodeccopom JI.K.Mmumnepowm,
KOTOpBIN TIOTPATHII Ha TPOBEIeHHNE 3KCTIepUMEHTOB okoJio 40 jieT, 3aBepmvB
ux B 1925 r., nonoxuB wux B BammHrroHckoit akamemun Hayk [98] u
BBIMTYCTUB COOTBETCTBYIOIIMIA oTdeT [99] (puc. 2.1).
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Puc. 2.1. ®parmenTs! 3anuceii 3¢upHoro Berpa rpynmnoii JLK.Muanepa nHa
rope MayHt BuJjicon B 1925 .



68

OKCNepUMEHThl TMPOBOIMINCH, B oOcepBaTopun MayHT BuicoHn Ha
Beicore 6000 ¢pyToB (1860 M) c momomiplo 60NBIIOTO WHTEphEepoMeTpa.
MunsepoM M ero rpynmoii Obuta cobpaHa rpomManHas CTaTUCTHKA: TOJIBKO B
1925 r. 6s10 BEIMONHEHO Ooniee 100 000 oTcuetoB. B pesynprate OBLIO
0o0HapyXeHO, YTO CKOpOCTh 3(MPHOTO BETpa Ha 3TOIl BBHICOTE COCTABIISIET
okono 10 km/c, a ero HampaBiieHHe He opOWTalbHOE, a TanakTudeckoe. C
Y4eTOM W3MEHEHHsI CKOPOCTM BeTpa MO BbICOTe ObLIT cIeNaH BBIBOL O
YacTHYHOM 3axBaTe 3()UPHOro MOTOKa 3eMIiel, YTO BIOJHE COOTBETCTBYET
CETONHALIHUM TIPEJCTABICHUAM Ta30BOM AWHAMHUKHA O 3aKOHOMEPHOCTSIX
MOTPAaHUYHOTO CJI0s M 00 00TeKkaHu mapa (3eMi) ra30BbIM OTOKOM.

B pesynbrare pabot Munnepa, nocrasusuiero B 1905-190#4 1921-1925
IT. CEPHI0 DKCIEPUMEHTOB C MHTep(HEepPOMETPOM, yHACIEIOBaHHBIM MM OT
MaiikenbcoHa ¥ Mopiu, BBIAICHWIOCH, YTO MMEETCA YeTKas 3aBHCHMOCTb
CKOPOCTH 3(HUPHOTO BETpa OT BBICOTHI, MPUUYEM Ha MOBEPXHOCTU 3eMJIH, KaK
3T0 ¥ 06110 Noka3aHo B 1881u 1887rr., oTHOCHTENIEHAS CKOPOCTD A(UPHOTO
BeTpa Masia ¥ Ha BeicoTe 250M HaJl ypoBHEM MOpPS COCTaBIsIeT MPUMEpHO 3
kM/c, a Ha Bbicore 1860 M — or 8 mo 10 km/c. Takum o06Gpazom,
OTHOCHUTEJIbHasi CKOPOCTh S(MPHOTO BETPa HApacTaeT ¢ BHICOTOM.

B pesynbrate 06pabOTKM AaHHBIX MUIUIEp HAIeN, Y4TO HANpaBiecHHE
3(HUPHOTO BeTpa TAKOBO, KaK ecli Obl 3eMiii B CBOeM [BIKECHUH B
HEMOABWKHOM 3(Hpe Tepemelnanack 1Mo HalpaBiIeHHUIO K 3BE3le CO3BE3NSA
JlpakoHa (cknoHenue +65°, npsamoe BocxoxkaeHue 262°). BeposrHas
TIOTPENIHOCTD B SKCIIEpUMEHTaX Musiiepa He TipeBbiana 2°.

O nmomy4yeHHbIX pe3ynbTaTax Muijiep OONOXKWI — CHEeLHaNbHOM
KoH(pepeHUuH, codpanHoit 4-5 deBpans 1927 r. B obcepBatopun MayHT
Buscon [100], a 3atem omy6:rkoBai 60JibIIyt0 0030pHYIO cTaTthio B 1933r.
[101].

[Monmy4eHHBIe MWIIIEPOM Pe3yIIbTAaThl HAXOAATCS B MOJHOM COOTBETCTBUH
¢ TeopHelt 00TeKaHusI apa MOTOKOM rasa.

[lpn obTexkanun mIapa Tra3 oOpa3yeT TMOTPaHWUYHBIN CIIOH, NpUYeM
Onmmwkalilie K TMOBEPXHOCTH TeNa CJOM IBHXKYTCS BMeCTe C TeJoM, a
OTJaJIeHHble MMEIOT HEKOTOPYI0 TPOMEXKYTOYHYIO CKOpPOCTh, IPH ITOM,
HayMHasi C HEKOTOPOro 3HaueHMs, CKOPOCTb Tra3a COOTBETCTBYET €ro
CKOPOCTH B CBOOOJHOM MpocTpaHcTBe. MHaue roBopsi, MOrpaHUYHbIN CIOM
MMeEeT OINpeAeNCHHYIO TOJLIMHY, ONpelesieMylo MapameTpamMHM M rasa, u
mapa.

B Toukax ¢ KOOpIMHATaMHU OTHOCUTENILHO LEHTPAILHONM OCH ra3oBOTO
noroka @orp = 109,6° norpanuuHbIi cnoil oTpeiBaeTcs. Haumnas ¢ 9Toii
KOOpAWHATHI, Ta3 [OMKeH ObITh HEMONBIKEH OTHOCHWTENBHO INapa Ha
Pa3IMYHOM OT HErO0 PacCTOSHUM BIUIOTh O OTOPBABILETOCS M MPOXOASIIETO
Ha HEKOTOPOM PACCTOSHUM OT LIapa MOrPaHUIHOTO CIIOS.
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PaboTbl aHaJOrMYHOrO HampaBjieHUs ObUIM TPOBEAEHbI M JPYrMMHU
uccnenoBareasiMu. Ha Toit sxe koHpepenuuu P./Ix.Kennenu coobuun, yTo,
nocie Toro kak Muijiep OIMyOJNMKOBall CBOM pe3yibTarl B 1926 r., uM,
Kennenu, ObuT ipuayMaH u pa3paboTaH Apyroii mpubop, 6oee MpocToit, HO
00J1aIaroI i, 0 €r0 MHEHHMIO, Ype3BbIYaifHO BEICOKOI YyBCTBUTEILHOCTEIO,
coctapuBiueii 0,001 uHTEpdepeHIMOHHOMN MONOCH! (XOTSA Pa3MBITOCTh KpaeB
UHTepepeHINOHHBIX monoc coctaBnsier 10-20%! —B.4.). Tlpubop 6bun
3arakoBaH B T€PMETHUHBIN METAJUIMUECKUH AMIMK, KOTOPBIN OBbLT 3armoiHeH
renreM. K Hagamy 1927t. npubop OB OTNIaXKeH, W BCE 3KCTIEPUMEHTHI yiKe
OblTH mpoBeleHbl. Hukakux pesyiabraToB KeHHennm He Moydms, o 4eM U
JONOXKUI Ha KoH(pepeHIMU. DTo ObUIO WM MCTOIKOBAaHO HE Kak
HEMPUTOHOCTh €ro mnpubopa, TIIATENBHO H30JIMPOBAHHOIO OJylarogaps
METaTMYECKOMY SIIUKY OT TNPOHUKHOBEHUsI 3(UPHBIX MOTOKOB, a Kak
OTCYTCTBME B Tpupone 3¢dupHoro BeTpa. bbumm m apyrue aHajgoruuHble
TIOTIBITKA, HampuMep TOAbeM WHTepdepoMeTpa Ha cTpaTocTaTe Hal
Bproccenem B 1926 1. 3necy uccnenosarenu A.llukkap m E.Ctasms ToXe
3aKyTOpWJIM TIPUOOp B METAUTMYECKWI SMIMK. Pe3ynbTaTel B 3TOM ciydae
ObLTH HeonpeaesieHHbIMU [93].

B 1929r. A. MaiikensconoM coBMmectHO ¢ @.I'.ITucom n @.ITupcorom
ObLTU MOBTOPEHBI IKCIIEPUMEHTHI 110 0OHapy»)eHuo 3¢upHoro Betpa [102,
103], Ha 3TOT pa3 BMOJHE YCIEIIHO 3aBEpPUIMBIINECS: HAa TOM JKe BBICOTE B
obceparopun MayHT BuiicoH MMM OBIJIO TOJNy4EeHO 3HAa4Y€HHE CKOPOCTH
BeTpa 6 kM/c. YMeHbIIEHHEe CKOPOCTH 10 CPaBHEHMIO ¢ JaHHBIMM Muepa
JIerko 00BACHSIETCS TeM, UTO B OTIMUYME 0T Muiiepa MaiikenbcoH MpoBOAMIT
JKCMEPUMEHTHl B (PyHIAMEHTAJIbHOM JOME, CTEHbl KOTOPOro HECKOJbKO
CHU3WJIN CKOPOCTb 3(UPHBIX MOTOKOB.

Takum o00pazoM, HET OCHOBAaHMH CUMTATh <«TBEPIO YCTAHOBJIECHHBIM>
OTCYTCTBME B NpHpoje 3(upa Ha OCHOBAHWH pPe3yJbTATOB SKCIIEPUMEHTOB,
npoBeaeHHBIX B 1881m 1887 rr. Hao60opoT, 3TH paboThl, M B 0COOEHHOCTH,
paboTel Munepa, onpenenseHHO TOBOPAT B TIOJIB3Y CYIIECTBOBAHUS (pHpa, a
HEeoMnpe/IeIeHHOCTh KPaTKOBPEMEHHBIX TIPOBEPOK JAPYTUMH aBTOPAMHU MOKHO
CKOpee OTHECTM K He THIaTeJbHOH MOArOTOBKE 3KCIEPUMEHTOB, 4eM K
KaKUM-JTM00 0Ka3aTeIbCTBAM.

HHTepecHo 0TMETHTh, 4TO MIIIJIEPOM TOJTyHdEeHO HarpasiieHne 3()UpHOTro
BETpa, HE COBMAJAIOIIEE C 0’)KUAAEMBIM B INIOCKOCTH OPOUTHI 3EMJIM BOKpPYT
Connua. Ero pesynbTaTbl OTpa)arOT Na)Xe HE CTOJbKO IBHKEHUE 3eMIIU
BMecte ¢ ConHueM u [amakThkoldl B MHpPOBOM MPOCTPAHCTBE, CKOJBbKO
IBIDKEHNE 3(UPHBIX TTOTOKOB BHYTPH [ allaKTHKH.

B 1929-1933rr. MaiikenbCOHOM W €ro cotpynHukamu (MaiikelbCoH
ymep B 1931 r1.) ObIT MOCTaBIeH JKCIEPUMEHT B YaCTHYHOM BaKyyMe.
CkopocTh cBeTa W3Mepsiack B JKkele3Hoil Tpybe mmmHoit 1600 M m
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nuaMeTpoMm 1 M, pacrionokeHHOi Ha MayHT Buinicon. Boznyx u3 TpyOsl ObL1
OoTKa4yaH. BnusHus a¢upHOro BeTpa OOHApYXKeHO He ObLJI0, YTO U He-
YIUBUTENIbHO, TIOCKOJIBKY MeTa/ulbl  00NajgaloT OCOOEHHO  BBICOKMM
3(¢MPOAMHAMUAYECKUM COTIPOTHBIIEHHEM W JKeJle3Hble TPYObl 3KpaHUPYIOT
3¢dext. C TaknM JKe YCIIEeXOM MOXKHO THITAThCS W3MEPSTh BO3MYIIHBIN
BeTep, AYIOUMH Ha yJwie, TpUOOpOM, pacrojioXKEHHBIM B 3aKyIOPEHHON
KOMHaTe.

B 1958-1962rr. rpynma amepukanckoro uccienosatens Y.Taymca,
n3obperarenst Masepa, HblTallaCh U3MEPUTb CKOPOCTb 3(UPHOro BeTpa ¢
TIOMOIIBIO JIByX MAa3epoB, PacloOJIOKEHHbIX Ha TMOBOPOTHOW miardopme.
ITpeanonaranock, 4To 3(pUPHBIA BeTep AOJHKEH, YCKOpPsSl CBET, M3MEHSThb
YacTOTy MPUHUMAEMOro u3iyudeHus. Dddekra moaydeHo He ObLIO, UTO
MO3BOJIMJIO aBTOPaM OOBSIBUTH 00 OTCYTCTBUU 3(GHUPHOTO BETpa B MPUPO/IE.

VKkazaHHBIf 3KCHEPUMEHT cojep)kai rpyoeliiyro owmuOKy: 3pUpHbII
BeTep MOT Obl U3MEHUTH (ha3y CHI'HaIa, HO HUKaK HE ero YacTOTy, MOCKOJIbKY
JOTUIepOBCKUil 3((GEeKT y B3aMMHO HEMOABIXHBIX MCTOYHWKOB KoJieOaHW
(MazepoB) W mpueMHHKa (MHTep(EPEHIMOHHOW KapTHHKHM) BCeraa W
TIPUHIMNHAIEHO PaBeH HYIIO.

B [93] onucaHbl MepevyrclieHHBIe YKCIIEPUMEHTBI U MOCTABJIEH BOMPOC O
HEOOXOAMMOCTH BO3Bparta K TMpoOiieMe CYIIECTBOBaHWS B TPHUPOAE
3¢ upHOro BeTpa.

B Hacrosimiee BpeMst pAIoM HccrenoBareseil B MHULIMATHBHOM TOpPsIIKe
NpoBOIATCA paboThl MO HCCIeNOBaHUIO 3(UpPHOTO BeTpa. OTH pabOThI
BBITIOJHSAIOTCSI € HCMoNb3oBaHueM 3ddekToB mnepBoro mopsiaka (3dexr
MPOTIOPILIMOHAJICH MEPBOi CTENEeHN OTHOLIEHUSI CKOPOCTH 3(HpPHOTO BeTpa K
CKOPOCTH cBeTa) — wu3MepeHHs (a3bl CUrHana B paguodvana’oHe U
U3MEpeHUs OTKJIOHEHHUA Jyuya Jia3epa OT €ro CpeJHero IOJIOXKEeHUs.
Pe3ynbTarel 3TUX padOT MOATBEPAMIIM HaNW4ne 3(QUPHOTO BETpa Aaxe Ha
TOBEPXHOCTH  3€MJIM, OJHAKO OHHM TOKa He TOoKoJjeOaan CTOPOHHWKOB
TEOPHH OTHOCUTETLHOCTH.

B 1998-2002T. B XapbskoBe B MHCTHTYTE panno(u3UKN U NIEKTPOHUKH
HAH Vkpaunsl rpynmno#t  FKO.M.['anaeBa Obul BBHITIONHEH OOJNBIION KpyT
WCCIIENOBAaHUM MO  BJIUAHHUIO  METEOPOJIOTMYECKMX  YCJIOBUH  Ha
pacrpocTpaHeHHe PaaruoBOJIH 8-MUITUMETPOBOTO uana3oHa Ha 6aze 13 k.
[Ipu 3ToM OBUIM BBIABIEHBI CyTOUHBIE W TrOJOBble Bapuauuu. O6paboTka
pe3yJIbTaToB MoKa3ajia MPaKTHYECKH IMOJHYI0 KOPPEISLHI0 ¢ pe3ylbTaTaMu
Mumnepa 1925 r. [104]. Takum 00pa3oMm, OCHOBaHWIA, Ui TOTrO, 4YTOOBI
CUNTAaTh  OTCYTCTBHE 3(QHUPHOTO BeTpa  SKOOBI  MOATBEPKICHHBIM
JKCTIepUMeHTabHO, HeT. Hao0opoT, TpoBeneHHbIE SKCIEPUMEHTHI SICHO
TOKa3aiu, 9To 3GUpHBIN BeTep CYIIECTBYET, YTO OH HapacTaeT C BBICOTON W
YTO OH HMeeT TallaKTMYecKoe, a He OpOWTaJibHOEe HampaBlieHne. JTO
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O3HayaeT, 4YTo paboThl MO IPUPHOMY BETPY NOJDKHBI OBITH MPOJOKEHBI, B
YacCTHOCTH, C TIPOBEIEHNEM 3KCIIEPUMEHTOB Ha BEpLIMHAX TOp U B KOCMOCE C
MIOMOLIIBIO CITyTHUKOB.

Yrto mamyT m3MepeHHs 3(UpPHOTO BeTpa Ul HAYKW W TPakTHKA? Jlns
HayK{ OHM JaxyT BO3MOXHOCTh 3HAYMTENLHO 00Jiee MONHBIX MpeACcTaBIeHUN
0 TIpolieccax, MPOTEKAIOMIMX B OKOJIO3EMHOM TPOCTPAHCTBE, MPOUCXOISIIINX
B ComHewyHo#t cucreme um B [amakTuke, W, HakoHel, 00 YCTpoOWcCTBe
BcesieHHOH B LIEJIOM.

JIsi MpakTHYeCcKWX Iesiell CHCTeMaTHieckoe HcCieaoBaHne 3(UpHOTO
BETpa B OKOJIO3EMHOM M Ooyiee OTHAJICHHOM IPOCTPAHCTBE MO3BOJIUT
CBOEBPEMEHHO OOHapyXMBaTb M YUYUTHIBaTh BIMSHME KOCMHYECKHX
(akTOpoB Ha mpolecchl, mpoucxonsmue Ha 3emie. [lockoibky Bce 6e3
UCKJTFOUEHMs MPOLIECChl MHEPLIOHHBI, TO MO COCTOSHUIO MapaMeTpoB 3¢dupa
— €ro IUIOTHOCTH, BA3KOCTH, TEMIEpaTypbl, HM3MEHEHUsIM HalpaBieHUN U
CKOpPOCTH 3(UpPHBIX TOTOKOB B OKOJO3€MHOM IPOCTPAHCTBE MOXHO CO
BpeMEHEM Hay4UWThCs MPOTHO3MPOBATH OyMyIIHe 3eMHbIe TPOLEcch. JTO B
CBOIO OYepenb TMO3BOJUT CYNIECTBEHHO COKpPaTUTh MHOTHE HeTaTHBHbBIE
TIOCIIEACTBUS KOCMUYECKOTO BIMSHUS Ha 3€MITIO, @ BO3MOXKHO MPEaypeInTh
WM TaKe TTOJTHOCTBIO MX M30eXKaTh.

BriBoasbl

1. Konuenuust 3¢upa COMPOBOXKAAET pPa3BUTHUE €CTECTBO3HAHUS OT
JpeBHEHIINX BpeMeH JO HacTosllero BpeMeHW. Pa3paboTaHHbIE
Pa3TMYHBIMK aBTOPaMU KapTHHBI MUPA M pa3INIHbIe PU3NIECKUE TEOPHUH 0
Havasa XX CTONeTHs MPaBWIbHO MpEAToiarajy CylecTBOBaHNE B MPHUPOE
MUpOBOi1 cpensl — 3¢upa, SBISIOMIErocs OCHOBOW CTPOEHHs BellecTBa W
HOCHTEJIEM JHEpTHH (PU3MICCKUX TOJIei 1 B3anMOIeHCTBHIA.

2. Heymaum MHOTOYMCIIEHHBIX aBTOPOB TeOpWil, Moneneil W THIOTE3
3¢upa ObITH TpefonpeneNeHbl OITMO0YHBIM METOANYECKIM TIOAX0I0M 3THX
aBTOpPOB K Mpobieme 3¢upa. B cooTBeTCTBMM C 3TUM MOAXOAOM CBOMCTBA
3¢upa He BHIBOAWINCH U3 Pe3ylbTaTOB 0000LIeHNs HAOMIOAeHUI pealbHOM
JEWCTBUTENIHOCTH, a TOCTYJMPOBAINCh W  WICATM3MPOBAIUCH, UTO
Hen30exHO Besio K mpoTuBopedusM. OJHAKO 3TO OOBSACHAETCH, B MEPBYIO
odyepelb, TeM, YTO €CTECTBO3HAHWE HE MPOLUIO CTaglM HEoOXOAMMOro
HaKoIieHns! (pakToB, OTCYTCTBOBAJIM Tra3oBas [IWHaMUKa W JaHHblE 00
3JIEeMEHTapHBIX YacThuax. v To, u Apyroe MosiBUIOCH JIMIIb K cepeanHe XX
cToneTnsi, Koraa ObUTM  agMUHUCTPATMBHO  MPEKpalleHbl  BCAKHE
WCCIIeIOBAaHMS TI0 TeopHH 3(dupa.
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3. VkopeHuBmmiics B XX B. (HEHOMEHOIOTHUECKUN TMOAXO0H K
(GU3MUeCKUM  SIBJIGHMAM, CBSI3aHHBIM, B YacTHOCTH, C BHEOPEHUEM B
TEOPETUUECKYIO (DM3UKY TEOPHU OTHOCHTENBHOCTH M KBAaHTOBOW MEXaHUKH,
TIPUBEI K 0TKa3y OT KOHLENUUH 3(pupa ¥, Kak CIeACTBUE, K NTHOPHPOBAHUIO
BHYTPEHHHX MEXaHU3MOB SBJEHHH, K TpPeHeOPEeKEHNIO BHYTPEHHUMHU
IBWKEHUSIMH MaTepud. Du3NUecKkue SBICHUS CTalld OOBSACHATHCI Kak
pe3yJbTaT MPOCTPAaHCTBEHHO-BPEMEHHBIX MCKakeHHH. [1pu 3TOM oTHeNnbHbIe
CBOICTBA ANEKTPOMATHUTHBIX B3aUMOJCHUCTBHUIA, B YaCTHOCTH, KBAHTOBaHME
SNIEKTPOMArHUTHOW  3HEPTWH, CKOPOCTh  CBETa, HCKYCCTBEHHO W
HeolpaBJaHHO ObUIM paclpocTpaHEeHbl Ha Bce 0e3 UCKIIOUeHUs (hruznveckue
B3aMMOJICHCTBUA, BKIIOYAs SIEpHblE W TpaBUTaUMOHHBIE. Takoil moaxon
YCTaHOBUJI MpeJiesT B IO3HABATEIbHBIX BOSMOKHOCTAX YEJIOBEKOM MPUPOJBI.

4. CoBpeMeHHast TeopeTuyeckas (Gu3Kka BbIHYkKIEHA KOCBEHHO BBOIMTb
MOHATHE MUPOBOM Cpelbl MOA Ha3BaHMAMHU «DU3UUECKHUI BaKyyM», «10jie —
ocoOBbIif BUI MaTepuu» W T.I., u3beras Ha3BaHUA <«QQUP» KaK SKOOBI
IVICKpeIUTUpOBaBIlee ce0s, POSBIIAS TEM CaMbIM HETOCIIeI0BAaTEIbHOCTh B
cBOEl (IITocoCcKoif OCHOBE.

5. CoBmaseHne TONYYEHHBIX OSKCHEPUMEHTAIBHBIX pPE3ylbTaTOB C
pacueTHBIMH TI0 (opMynaM TEeOpHUH OTHOCHTENILHOCTH ¥ KBAaHTOBOM
MEXaHWKM He O3HayaeT CHpaBeUIMBOCTH YKa3aHHBIX TEOpWi, TaK Kak
NofoOHBIE JK€ YHCIEHHblE pe3ylbTaThl MOTYT ObITh TMOJIy4eHbl Ha
COBEpILEHHO MHBIX OCHOBAX, HalpUMep Ha OCHOBE 3aBHCHMOCTEil ra3oBoi
MEXaHUKH, BBITEKAIOIINX W3 MPEICTaBJICHUI O CYIIEeCTBOBAaHWH B MpPUPOIE
a¢upa, obasaronIero CBOMCTBaMHU 00BIYHOIO PeabHOTO rasa.

6. DkcrmepuMeHTbl MO OOHAapyXeHHI0 <A(HUpPHOro BeTpa», MAaBIINe
OTpHULATENIbHBINA pe3yNbTaT M SBUBIIMECS OCHOBOW Uil YTBEPXKIECHUA 00
OTCYTCTBMM B mpupozae 3¢upa, ObIIM TOCTaBIEHB MO0 METOIWYEeCKH
HeBepHO (Y.TayHc, 1958-1962), 1160 WHCTpYMEHTAbHO HEKOPPEKTHO
(Kennenu, 1925-1927 Ynnunrsopt, 1926—19271Tukkap u Crasns, 1926).
Pe3ynbTaThl 3THX 3KCIIEpUMEHTOB HE JAfOT OCHOBAHWH JUIA OJHO3HAYHOTO
BBIBO/Ia 00 OTCYTCTBHUHM B TIpHpoze 3¢upa.

7. HWmeroTcs  mpsAMble  3KCHEpPUMEHTAbHBIE  TOKA3aTeNbCTBa,
CBHAETENBCTBYIOIINE O HAJMYMU B OKOJIO3EMHOM MPOCTPAHCTBE «Q(HUPHOTO
BeTpa». OTH HaHHble moiydeHsl Mopnu (1901-1905)Munnepom (1921—
1925) u MaiikenscoHom (1929). PesynmbTathl WX  WcCleAOBaHUMN
CBHACTENBCTBYIOT HE TOJBKO O (haKTe CyLIECTBOBAaHUA B NMpHpone 3pupa, HO
1 00 ero ra3onofo0HOM CTpyKType. B HacTosiee BpeMs BbIMOJIHEHBI HOBbIE
yCIHENIHble  TOMBITKM ~ W3MEpeHHs 3()UPHOTO  BeTpa, H  CO3JaHbI
BBICOKOYYBCTBHUTEIIbHBIC MPHOOPBI 1-r0 MOpsAKa, MO3BOJSIONINE TOCTABUTD
vccenoBaHus 3(UPHOTO BeTpa Ha KaueCTBEHHO OoJiee BEICOKHI YPOBEHB.
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8. HeoOxomuMocTb MpoBeNEHHS CHCTEMAaTHYECKUX HCCIEeNOBaHMIA
3¢UpHOTO BeTpa B OKOJIO3€MHOM NPOCTpPaHCTBE Kpome
o0LIeno3HaBaTeNIbHBIX Leleil CBA3aHa M € MNPaKTUYECKUMM 3afavyaMy,
MOCKOJIbKY BCE BIIMSHMS KOCMOCA Ha 3eMIII0 MPOXOAAT Yepe3 OKpyKarouii
3emimo 3¢up. YuuThiBas MHEPLUUOHHOCTb BCEX IPOLECCOB BOOOILLE,
CHCTEMaTHYeCKWe WCCIEeNOBAaHWA COCTOSHMS —TMapameTpoB 3dupa B
OKOJIO3EMHOM  TIPOCTPaHCTBE — IUIOTHOCTH, [JaBIIEHWS,  BSI3KOCTH,
TeMIiepaTypbl, CKOPOCTH W HaIpaBJieHUs TMOTOKOB W JAp. MOXHO OymeT
Hapsy C y)K€ W3BECTHBIMH IPYTUMU METOJAaMH MCIIONB30BATh U CO3IaHUs
3¢¢eKTUBHONH  CUCTeMBl  MPOrHO3a  MHOTMX  3€MHBIX  COOBITHIA,
NEePBONPUYNHON KOTOPBIX ABJIAOTCA KOCMMYECKHE BIUAHUA. DTO MO3BOJIMUT
MHUHUMU3MPOBATh HEraTHBHbIE TIOCIEACTBUS TAKWX BJIMAHMM, BKIIOYas
MHOTHe NPUPOJHBIE M TEXHOTEHHbIE KaTacTPOHI.
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I'naBa 3. MeToaojorn4ecKkre OCHOBBI 3(l)l/IpOHI/IHaMI/IKI/l

Hayka, 3a1aua KOTOPOi COCTOUT B TIOHUMAHUM TIPUPOJIBI,
JOJDKHA  MCXOJMTh U3 MPEATION0KEHUS BOSMOKHOCTH ITOTO
TIOHMMAHHS M COTJIACHO STOMY TIOJIOKEHHIO TOJDKHA JIENIaTh
CBOM 3aKJIIOYEHHUS ¥ MCCIIET0BAHMS.

I'Tervmeonovy [1]

3.1. O HeKOTOpBIX MNOJOXKEHHAX JUHATEKTHYECKOro
MaTepHATH3MA

[lpexxne dWeM BOCCTaHaBIMBATL TMpeAcTaBlieHHs 00 3¢dupe, HYKHO
OTBETUTHb Ha BOMPOC, 3a4eM BOOOIIEe BCe 3TO HyKHO. [ljist 3TOro mpuuercs
BCTIOMHHTbH, 3aueéM BOOOIIe Hy)KHa HayKka W, B YAaCTHOCTH, 3a4eM HY>KHO
ecrecTBo3HaHue. U 3meck He 000HTHCH O€3 aHal3a TOTOo, YTO MPEACTABIISIET
co001i 00IIECTBEHHOE MPOU3BOJICTRBO.

J1st Toro 4ToObl KWTb, YEJOBEK MOJKEH MOTPEOJSITh ONpeleseHHbIe
npeaMeTsl — peaMeThl notpednenus. [IpenmeTsl noTpediaeHus camu o cede
npupoJa He TMPOW3BOAMT, MUI 3TOrO HY>KHBI CpEICTBa MPOU3BOJCTBA.
CpenctBa MpoM3BOACTBAa caMH Mo cebe He paboTarOT, Ha HUX paboTaeT
yesnoBek. YToObl MPOU3BOANTH C MOMOIIBIO CPEICTB MPOMU3BOJACTBA HY>KHbIE
YeNoBeKy TMpeaMeThl MOoTpedIeHus, He0OXOMMBI ChIpbe M TexHosoruu. Ho
9TOOBI CO3/1aTh HY’)KHbIE TEXHOJOTHWH, CIOCOOHBIE TPOW3BOINTH HYKHBIE
TpeAMEThl TOTPeOIeHNsS C TIOMOIIBIO T0OBIBAEMOTO CBIPbs, HEOOXOANMO
3HaTh YCTPOMCTBO MPUPOIBI, HAUTH €€ 00BEKTHBHBIE 3AKOHOMEPHOCTH, 10O
TOJIBKO Ha MX OCHOBE MOXXHO CO3[aBaTh HY)KHbIE TEXHOJIOTHH ¥ NOOBIBATH
IUSL HUX HYyXKHOe CbIpbe. TakuM o0pa3oM, WMEHHO CO3JaHWe TEXHOJOTHi
ABJAETCA KOHEUHOH LIeNbI0 €CTEeCTBO3HAHWs, M 3TO MOATBEpKIAaeTcs Bcei
UCTOpHel pa3BUTHS HAayKW: T€ 3HAHMS, KOTOPbIE OCBOCHBI TEXHOJIOTHSIMH,
COXpaHAIOTCA, a T€, KOTOpble HE OCBOEHbI TEXHOJIOTUSIMU, PAHO WM MO3THO
yTpauMBaroTCs, a 3aTe€M, €ClIM B HUX BO3HUKAET HYXkJa, NMePeOTKPbIBAIOTCH.
Ortcroza BbITEKaeT U U3BECTHAS (POPMYJIHPOBKA HAYKH.

Hayka — cdepa dYenmoBedeckoil HeATENbHOCTH, (YHKIMEH KOTOPO
ABJIAETCA BBIPA0OTKA W TEOpeTWYecKas CHUcTeMaTH3anus OOBEKTHBHBIX
3HaHWI O NeCTBUTENBLHOCTH, OJHA U3 (GOpM OOLIECTBEHHOTO CO3HaHUS [2].
COOTBETCTBEHHO, eCHIECHEO3HAHUE — CUICTEMA HAyK O NIPUPOJE, U3ydaroLas
paznyHble  (OpMBI  CYIIECTBOBAaHUS, W3MEHEHHS COCTOSHMS, IBVKEHHS
MaTepuy B MPHPOJe: UX MaTepualibHble HocuTenn (CyOcTpart), oOpasyromue
MEepapXUUuecKylo JIECTHHL TOCIe0OBaTEeIbHbIX YPOBHEH CTpYKTypHOMH
OpraHu3allil MaTepuu; WX B3aUMOCBS3M, BHYTPEHHIOIO CTPYKTYpY U
T€He3NC, OCHOBHBbIE TMO3HaHHBIE ()OPMBI OBITHS — MPOCTPAHCTBO U BpEMS,
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3aKOHOMEPHYIO CBSI3b SIBJICHWM MNpPUPOABI Kak oOLIero Xapakrtepa,
oXxBaThIBatOIIEl pAA (HOpPM ABIKEHUS, TaK M CNeLU(PUIECKOro XapakTepa,
Kacaroleics JMIIb OTAENbHBIX CTOPOH TE€X WIIM MHBIX (OpM IBIKEHHMS, UX
cyoctpata u cTpykTypbl [3]. «[IpeIMeT ecTeCTBO3HAHWUS — ABWKYIIASCS
Mmatepus. [lo3HaHWe pa3nmUuHBIX (OPM JBWKEHUS SBISETCS TJIaBHBIM
MpeIMeTOM ecTecTBO3HaHMsA» (DHTenbe) [4].

Otcrona BbITeKaeT W 3amada (Gu3nku. Qu3uka — Hayka, W3ydarolias
mpocTeiiiue ¥ BMecTe ¢ TeM HauOosiee oOlue 00veKmugHbie
3aKOHOMEPHOCTH SIBIICHUM TPUPOABI, CBOWCTBA M CTPOCHHS MaTepud |
3aKOHbI ee IBIKeHMA. [IoHATHA QU3UKK U ee 3aKOHBI JIe)KaT B OCHOBE BCETO
ectecTBo3HaHUA. Du3nKa u3y4yaeT (PyHKUMOHAIbHBIE W KOJNMYECTBEHHBIE
00beKmugHble 3aKOHOMEPHOCTH sIBJICHMIA [5].

OKpyXamLMii Hac MHpP, YacTblO KOTOPOTO SBIAEMCAd W Mbl CaMH,
MatepuaneH. «J{eificTBUTeNbHOe eINHCTBO MHUpa, MUcan DHrejbC, COCTOUT B
ero MaTepHalbHOCTH, a 3Ta TMOCIeIHsAs JOKa3blBaeTCs He Mapoi
¢okycHnuecknx ¢pa3, a IIMHHBIM W TPYIHBIM pa3BUTHEM (unocopun n
ectecTBO3HaHUA» [6, C. 39].

Bce nmemo B TOM, YTOOBI OTKPBITH 3aKOHBI 3TOrO JABWXKeHWA. U3
W3JI0KEHHOTO  HETOCPEACTBEHHO BBITEKAaeT 3HauYeHHWe MaTepuaiu3Ma:
MaTepHain3M MOKa3blBaeT HEOOXOIMMOCTh U3YUeHHS! 0OBEKTUBHBIX 3aKOHOB
NpUpoAbl, a He BbiOgyMbiBaHME uX. OCHOBHOM Bompoc ¢uinocopun, 4TO
HAaXOOUTCSI Ha MEPBOM MeCTe — MaTepHs WM CO3HaHWE, T.e. OObeKTHUBHAS
peabHOCTh WIJIM HAIUW MPEACTABIICHUS O Hell, MaTepualu3MOM peLiaeTcs B
NOJIb3Y MaTepUH, a ACATN3MOM — B MOJIb3Y CO3HAHMS.

[Mpu3HaHMe TEpPBMYHOCTH MaTepUM O3HAYaeT, 4YTO OHAa HHUKEM He
COTBOpPEHa, a CYyLIeCTBYeT BEYHO, YTO TMPOCTPAHCTBO M BpeMs CYTh
O00BEKTUBHO CYLIECTBYIOIINE (POPMBI OBITHSI MaTE€pWH, YTO MBILLICHAE HE
OTJIETUMO OT MaTePUH, KOTOPask MBICIIUT, YTO €AWHCTBO MHUPa COCTOMT B €r0

MaTepHUaIbHOCTH.
MartepuanucTuueckoe pelieHue BTOPOH CTOPOHBI OCHOBHOTO BOTIPOCa
¢wrocopum — O TO3HABAEMOCTH MHpa — O3Ha4daeT YOexkJeHHe B

a/IeKBaTHOCTH OTpa)KeHUs AEHCTBUTEIBHOCTH B UEJIOBEYECKOM CO3HAaHWM, B
MO3HaBaeMOCTH MHUpa M €ro 3akoHoMmepHocTei. «Hame cyObekTHBHOE
MBILUIEHWE U 00bEKTUBHBII MUP MOAYMHEHbI OJJHUM M TeM e 3aKOHaM» [7,
c. 231].

HunanexTudecknii MaTepraau3M — 3TO Hayka O Hanbosee 00IIMX 3aKOHax
JOBWKEHUS] WM Pa3BUTHA TpPUPOIbI, oOIIecTBa W co3HaHMA. FcxomHoi
KaTeropueil AJis MaTephaJuCTHIeCKOW NTUAJIeKTUKH SBISETCS KaTeropws
MaTepuu U (hOpMBI ee CyIIeCTBOBAHUS — JIBM)KEHHE, IPOCTPAHCTBO M BPEMSI.
Bce 00beKThl 00/1a1af0T BHEITHUMH CTOPOHAMH, KOTOPBIE HETIOCPEICTBEHHO
BOCTIPUHMMAIOTCS OIIYLIEHUSIMA. JTO KadecTBEHHas CTOpOHAa 00beKTa, ero



76

OTIMYME OT Jpyrux oO0bekToB. (OCO3HaHHME KayecTBa TPEIIIECTBYET
MO3HAHUIO KOJIMYECTBEHHBIX CTOPOH oObekTa. OTCrOIa cpa3y BUAHO, YTO
mo6oMy  (YHKIMOHATBHO-KOJTMYECTBEHHOMY OMUCAHUIO0 OO0BEKTa MOJKHA
MpeIIecTBOBaTh €ro KauecTBeHHas Moneib. OIHaKo KayecTBa OObBEKTa
OTIPENeTISIIOTCS  €r0  BHYTPEHHUM  COJIEp)KaHHWEeM, KOTOpoe W  SIBISeTCS
MPUYMHON Hainuuus y OOBEKTOB TeX WIM WMHBIX KadecTB. M moaTomy
MO3HAHUE WIET «OT COCYIICCTBOBAHWS K Ka3yalbHOCTH (MPHYUHHOCTH —
B.A..) n oT oxHOW (opMBI CBSI3M W B3aUMO3aBUCUMOCTH K APYroi, Gonee
riy0okoii, 6osiee obieii» [8]. YriybieHHOe OCO3HAHME CBSI3M BHEIIHETO U
BHYTPEHHETO PacKphIBAETCS B KaTEropusiX GopMbl 1 COIEpIKaHUS.

JuanexTrdeckuil MaTepuain3M yKa3blBaeT, YTO BCIKUN OOBEKT U BCIKOE
SBJICHUE HY)KHO paccMaTpuBaTh B MPOLECCE €r0 CTAHOBJICHUS, Pa3BUTUS U
Jerpajaiuy. Pa3BuThe TpencTaBiseT co0oil mepexoa o0beKTa M3 OIHOTO
COCTOSIHMSI B KaueCTBEHHO JAPYroe, OT OJHOM CTPYKTYpbl K JpYyTrOii.
Jerpagaumsi o0beKTa BIUIOTH 1O €ro YHUYTOXKCHUS He O3HaydaeT
WCYE3HOBEHUS] MaTepHH, a O3HauaeT BCEro IIMIIb MEepPexXo] MaTephH B
CTPYKTYPY MHOTO KadecTBa. «Bcs Mpupoa, HauMHAS OT MeJIbUaMIIINX YacTHIL
ee JI0 BeJIMYalIInX TeN, HauuHas OT MeCUNHOK M KOHYas COJTHIAMU, HaunHas
OT MPOCTEMIINX U KOHYAs YeIOBEKOM, HAXOAUTCS B BEUHOM BO3HUKHOBEHHH
W WCYE3HOBEHHH, B HETPEPHIBHOM TEYECHWH, B HEYCTaHHOM IBWKCHUH U
u3MeHeHun» [7,c. 15].

U3 Bcero 3To mpsMO BBITEKAET, YTO 3a/a4a UcclieoBaTels-MaTepruaiucTa
— U3yYEHHUEe MPHUPOJIbI TAKOW, KAK OHa eCTh, HPABUTCS OHA WM HE HPaBUTCS,
ponu He urpaeT. COOTBETCTBEHHO 3ajayell MaTepuaUCTUUECKON Teopuu
SBJISIETCS OMUCAHKE 3aKOHOB MPUPOIbI U BCKPBITHE MPHUYMH, MO KOTOPHIM
9TH 3aKOHBI TaKOBbI. [103TOMY eciii 0OHapy»KHBaeTCs, YTO KaKue-To (haKThl,
paHee OTKPBITBIC HJIA HOBBIE, HE COOTBETCTBYIOT TEOPHH, TO TEOPHS HOJIKHA
ObITh M3MEHEHa, YTOYHEHa WIM JaXe OTMEHEeHa TOJHOCThIO KaK He
COOTBETCTBYIOIAss OOBEKTUBHOW peallbHOCTH. W TpH 3TOM Bce OOBEKTHI
JOJDKHBI PacCMaTpHUBaThCA KakK CTPYKTYPHbIE OpraHW3allid MaTepuH, T.e.
WMEIOIIe HEKOTOPBI «CTPOMTEIbHBIN MaTepuai», OpPraHu30BaHHBIM B
CTPYKTYpPY, W 3Ta CTPYKTypa HOJDKHA paccMaTpuBaThcs B Tpolecce CBOEi
OpraHM3alyy, pa3BUTHs, IErpajallud C MEepeXoJOoM 3TOr0 «CTPOUTENHLHOTO
MaTepualia» B UHYIO CTPYKTYpY.

Marepuanuzm He JomycKaeT HUKaKOTO MOCTYJIMPOBAHUS,
MaTepHalIMCTUYECKass TEOpHUsS OIMUPAaeTCsl Ha BBIBOIbI W3 YCTAHOBJICHHBIX
(akToB, M 3TH BBIBOABI MOTYT KOPPEKTHPOBAThCSA MO Mepe HaKOIUICHUS
HOBBIX (akTOB. MaTeMaTHKa 31eCh SBISIETCS TIOJIC3HBIM IOTONHEHHEM K
KaueCTBEHHBIM (DM3MYECKUM TPEICTABICHUSM O CTPYKTYpe MaTepHUallbHBIX
00BEKTOB M 0 (PU3NYECKUX TIPOLIeccaX U SBICHUSX.
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Tor »xe BONpoC pewiaeTcsd HMICAIU3MOM B MOJIb3Y CO3HAHMA. 3IECh
cuuTaeTcs, 4YTO 3ajaya HAyKM — CO3JaTb OINpPEIEJICHHYIO JIOTHKY,
OCHOBAHHYIO Ha HECKOJIbKUX MCXOAHBIX MOJOKEHMsX. KpuTtepuem HCTHHBI
CUNTAeTCs HE COOTBETCTBHE PEAbHOCTH, a <IIPOCTOTa» WIIM <«KpacoTa»
TEOpWH, BO3MOXKHOCTh HanboJiee <«IIpOCTOT0» OTMCAHUS 3aKOHOB TPHUPOJIBI.
3mech BO3MOXEH <TIPUHOMI 3KOHOMUHW MBIIUIEHUS», B CBOE BpeMs
npoBo3riamenHbit 3.MaxoM. U ecin B mpupoze oOHapyxuBaetcst (akT, He
YKIaABIBAIOMINICA B y3aKOHEHHYIO TEOpHMIO, TO 3TOT (hakT MPOCTO
oTOpaceIBaeTcsl, Kak <«HETNpHU3HaHHBI». HWMeHHO Takas wucTopus W
npousouuia ¢ 3PUPHBIM BETPOM, KOTOpBI ObLT OOHapy>keH B pe3yJibTare
MHOTOJIETHUX OTBITOB, HO KOTOPBIH OKA3aJICsl «HE MPHU3HAHHBIM», MOTOMY
4TO TEOpPHs OTHOCHTEIBHOCTH OWHINTEHHa HE COOTBETCTBOBAJA 3THM
OTIBITHBIM JIaHHBIM.

INocTynuposanue, T.e. BbIIBUKEHNE MOCTYJIATOB — BOJIbHBIX MOJIOXKEHUH,
KOTOPBIM IKOOBI 00513aHa COOTBETCTBOBATH PEATbHOCTD, SIBISETCS OJHUM M3
OCHOBHBIX METONOB WJAEATUCTUUECKNX Teopuil. Yero crosAT Takme
TIOJIOKEHHS, KaK <OJIEKTPOH B aToMe He TamaeT Ha SIpo W He W3NydaeT
MOTOMY, YTO OH JBHTaeTcs Mo paspemieHHbIM (?! — B.A.) opoutam» (H.Bop)
Wi  «AKcMOMaTudeckas OCHOBa (M3WKHM [OJDKHa OBITh  CBOOOIHO
n3obpereHa» (DMHINTeNH). MaTemMaTHKa 31ech SBIAETCS HE JOTONHEHHEM K
KaueCTBEHHbIM (U3MYECKUM TMpEACTABICHUSIM, a OCHOBOH MpPUPOIBI,
KauecCTBEHHbIE K€ MPEICTaBJIEHHUs OKa3bIBAIOTCS BOOOILIE HEHYKHbIMU. B
(u3nUeckux TeopuAx, Kak crpaBeminBo 3ameTun B.M.JlenuH, <«watepus
ucyesna, OCTaJNCh OHU YPaBHEHUSI».

Otcroma cpazy BHMIHO, B YeM pa3TIM4YMe MaTepHaIUCTUYECKOro |
UJIeaTMCTHYECKOTO0 MOAX0A0B B HAYYHOW Teopuu. MaTepHalINCThl U3y4aroT
TIPUPONY, W eciii (aKkThl HE COOTBETCTBYIOT TEOPHH, OHM MEHSIOT TEOPHIO.
Wneannctsl «300peTatoT» TMpHUpoAy, ¥ eciu (akThl He COOTBETCTBYIOT
TEOpWH, OHM OTOPACHIBAIOT HEYromHele (akTbl. DTO W TPOU3OUUIO C
3(QUPHBEIM BETPOM: KOTAA OBIIM TONYy4eHbl OJHO3HAYHBIE pE3yJbTaThl U
OTIpeIeIeH0, OTKyda XIyeT OH(WpHBIA BeTep, WMEIOUMH TaJaKTHuecKoe
HampaBJeHHe, M C KakKoil CKOpOCTBbIO, TO OTHU Pe3yiabTaThl (HH3UKH-
PETSITUBUCTBI «HE MPU3HAIN» U T€M CaMbIM COBEPIUMIM Hay4yHbII MOAJIOT,
OTBEprHyB M >3(QupHBI BeTep, M caM 3(hUp KaKk MHUPOBYIO cpeay u
CTPOUTENBHBIN MaTepuan Uil BceX BMAOB BewecTBa M mnoseil. Ecimu Obl
Mof00HOe CIIyYWIIOCh ¢ MaTepUaIMCTUIECKO Teopuel, TO aBTOpbI TEOPHU
BBIHY>KJIEHbI ObLITN OB IEPECMOTPETH CBOIO TEOPHIO.

B ocHOBe MaTepHaNMCTUYECKOTO TOAXOJa JIEKHT BECh  OMBIT
€CTECTBO3HAHUs, W W3 HEro HeroCPeICTBEHHO BBITEKAIOT HEKOTOpBIE
OCHOBOTIOJIATalONIe MOMEHTBI sl JF00O0H MaTeprualMCTUUECKON TEOpHH.
OTOT OMBIT TOBOPUT O TOM, 4YTO BCSIKOE KOHKPETHOE MaTepHalibHOe
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oOpazoBaHKe MMeeT Havyajo U KOHell, HO MaTepHsl HUKyJa He UcYe3aeT, OHa
MEepeXoANT B Jpyrue MarepualibHble 00pa3oBaHMs. BceneHHast B LIEJIOM ke
He WMeeT HM Hayaja, HU KOHLA, W TMO3TOMY BCSKOE MaTepHualbHOe
o0pa3oBaHye HEOOXOIMMO paccMaTpHUBaTh Kak CTAHOBSIIEeCs, BO3HUKAIOIIEe
B pe3ysibTaTe HEKOTOPBIX MPOLECCOB, CYIIECTBYIOIIEe KOHEUHBIH CPOK W
YHUYTOXAOWeecs] B pe3yibTaTe Ipyrux mnpoueccoB. [lpm 3TomM Bce
TIPOVCXOIUT B MPOCTPAHCTBE W BO BPEMEHH, UTO W €CTh JABWKEHHNE, KOTOpOoe
TOXE He BO3HUKAET M3 HUYEro, a TOJBKO MEPEeXOAWT W3 OAHON (OpMBI B
IpYTyio. DTOT KpyrooOopoT MaTtepru Bo BeeneHHOIT BeueH.

Hukakux HemaTepuasbHBIX MpoLeccoB Bo BceneHHol U B M000i Touke
MPOCTPAHCTBA M B JIF0O00I MOMEHT BPEMEHH ObITh HE MOKET. A MOCKOJbKY U
MPOCTPAHCTBO, ¥ BPeMsl OMPEAENAIOTCA Kak CBOWCTBAa MaTepuy, TO Kakyto Obl
MaJIyIo JIOJIF0 MPOCTPAaHCTBA HU PacCMaTpuBaTh, B HEll BCeraa JOJKHA ObITh
MaTepusi, 1 Kakoil Obl caMblif Malblif OTPe30K BpeMeHU HU paccMaTpuBaTh, B
HeM BCer/ia eCTb MaTepHalIbHBII Mpotecc.

B mocrnenHee BpeMs HEKOTOpBIE WCCIIEOBATENN CTaJM paccMaTphBaTh
SHepronH(OpMalMOHHbIE TIPOLECCHl Kak HeKoTopoe (yHIaMeHTaJIbHOe
cBO#cTBO Marepuu. He oTpunas mpaBoMepHOCTH Takoro MoJaxofa, CIeayer,
OHAaKO, 3aMeTHTh, YTO  TpW Tepenade uWHPopMaumm  HEOOXOANM
MaTepHallbHbIi HOCWTENb — CHTHal, KOTOpPBIH oOJamaeT ompeneneHHON
CTPYKTYpOii, HeceT B cebe OINpedesieHHYI0 SHEprHi0 U CIOocoOeH ObITh He
TOJIBKO W3JTyYeHHbIM MaTepHalbHBIM MEpelaTYUKOM, HO W MPHHITHIM
MaTepHalibHbIM TIPUEMHHUKOM B TOM BHJE, B KOTOPOM OH M3iydeH. M ecin
XOTs Obl OJHOTO M3 TMEPEYUCICHHBIX aTpUOyTOB HET, TO HU O KaKOM
SHEepronH(pOPMAaLMOHHOM MPOIIECCe HE MOXKET ObITh U PEYH.

Hukakoro «meiictBuss Ha paccrosHum» («actio in distance»)
B3aMMOJAEHCTBUS TeNl TPH OTCYTCTBUM MaTEepPHAIBbHOTO HOCUTENS 3TOTO
B3aNMOJIEHCTBUS — B TIPUPOJIE HE CYIIECTBYET, M €CITM 3TOT MaTepHaIbHBIN
HOCUTENIb HE YYTeH B TEOPETHUECKHX TMOCTPOSHMSAX, TO 3TO JOJDKHO
paccMaTpuBaThCs He KaK yCTPOWCTBO MPHUPO/IBI, @ KaK HEJOCTATOK TEOPHH.

He cnemyer 3a0bIBaTh, 4TO Tak k€, Kak 4epe3 OrPaHUUEHHOE YHCIIO
TOYEK, JIeXKaIINX Ha NIOCKOCTH, MOKHO NMPOBECTH OECUNCIEHHOE MHOXKECTBO
KPHUBBIX BBICIIEr0 MOpPsAKa, JI000€ KOHEYHOE YHUCIO (aKTOB MOXKET OBbITh
«00BSACHEHO» OEeCUMCIEHHBIM KOMMYECTBOM Teopuid. JI000i KOHKpeTHBIH
(akT He TOATBEPXKIAET TEOPUIO, a BCEro JUIIb MPOTUBOPEUYMUT WIN HE
npotuBopednT eil. Hampumep, COOTBETCTBHE MOMYYEHHBIX pe3yJIbTaTOB
JKCMIEPUMEHTOB TpeoOpazoBaHusiM JIopeHIla MOKHO TpaKkToBaTh Kak
«TOATBEPXKACHNE>» IBYX B3aMMHO HCKIIOYAIOUINX Teopuii — CrienuanbHON
TEOpPUH OTHOCHUTENbHOCTH DifHIITelHa, oTpunaromeii 3dup, um Teopun
HeToIBMKHOTO 3(¢upa camoro JlopeHna.
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W eme HeoO6X0OMMO OTMETHUTB, YTO KaXKIbIH MpoLece U Kaxka0e sIBICHNE
UMEIOT BHYTPEHHUI MEXaHM3M, CKpbITble IBWKEHHS MaTepun Ha Oosee
ITyOOKOM MepapXMYecKOM YpPOBHE, KOTOPbIE M TOPOKAAIOT 3TOT MpoLecc U
sBienne. Ho mo6oit mpouecc u moboe sBIeHWe, a Takke X BHYTPEHHHH
MEXaHU3M He MOTLYT ObITb ONpeeseHbl ¢ aOCOMIOTHOIl JOCTOBEPHOCTBIO,
MIOCKOJIbKY YHCJIO CBOMCTB y KaXKJOro U3 HUX OeCKOHe4HO Benuko. JIroboii
TpeAMEeT MOKET OBITh TMO3HAH C ONpeleNieHHbIM NpUONIKEHHEeM, HO 3TOT
mpouecc MO3HaHWA JOJDKEH MPOJOJIKAThCS, TMOCTENEHHO  yTOYHSAA
TIOJTydeHHbIe 3HaHUSA. DTO W €CTh MpoliieMa OTHOCUTENbHON M aOCOMIOTHON
UCTUH.

Becb HakoruieHHBIH  OMBIT  €CTECTBO3HAHWSA  CBHIETENBCTBYET O
MPaBOMEPHOCTH TIOJIOKEHU I JMaeKTHYECKOTO MaTepuain3ma.
CoBpeMeHHble (U3MUECKME TEOpUM, W B TMEPBYIO O4Yepelb  TEOpuUs
OTHOCUTENLHOCTH DMHIITeliHA ¥ KBaHTOBas MEXaHUKa B ee (uiocodckoit
YacTH, HAXOAATCA B BOMHIOEM NPOTHBOPEYMH C  MOJOKEHUSIMHU
JUaNIeKTUYECKOro MaTepruanniMa. Gu3snkaMu-TeopeTuKaMu MPU3HAETCS 3TOT
(daxT, HO OH OOBSICHSETCS TEeM, YTO CaM IWAJeKTUYECKHH MaTepHain3M
ycrapen. Ha camoMm nesne Bce Ha000pOT, U, XOTSI TEOPUS OTHOCUTEJILHOCTH U
KBAHTOBAs MEXaHWKa JaJIi MHOTHUE IOJIE3HbIE METOMbI pacueTa KOHKPETHBIX
ABJICHUI, 3TO BOBCE HE CBMIETEIBbCTBYET O MPABWJILHOCTH CAMHUX TEOPHIl.
Bonee Ttoro, moctaBuB TIJaBHOW 3amayeil (uU3MKU (EHOMEHONOTUIO —
BHEIIHEE OMUCAHWE SBJICHWI, OHM OrpaHMYMIM BO3MOXHOCTH YellOBEKa B
TO3HAaHWU TPUPOIBI W 3aBeNu (U3NKY M BCE €CTECTBO3HAHME B TYIUK.

3ajgaya  ecTEeCTBO3HAaHUs — BO3BPATHTbCI K  MaTepHalMCTHYECKON
METONOJIOTMM M C €€ T[OMOLIbI0 Pa3peliuThb BCe HAKOMMUBINUECS
MPOTUBOPEYHS.

W13 Bcero M3N0KEHHOTO COBEPIIEHHO €CTECTBEHHO OIMpPEIENsAeTCsl poib
3¢MpOaMHAMUKN — pa3zenia (U3UKH, TOCBALIEHHOTO W3YyYEHWIO BCETO, YTO
CBSI3aHO C 3(hupoM.

Dgupoounamuxka — pazgen GU3NKHA, UWIYHAOWHMH  CTPYKTYpY
BEIIECTBEHHBIX W  HEBEIIECTBEHHBIX  00pa3oBaHWii, CHIIOBBIX W
MH(GOPMALIMOHHBIX MOJieil B3auMOJEMCTBUII HAa OCHOBE MpeICTaBieHUN 00
a¢upe — MaTepUaNIbHON cpelie, 3aroHsoLel Bce MUPOBOE MPOCTPAHCTBO,
ABJIAIOLIEHCS CTPOUTENIbHBIM MaTepuajgoM AJisl BCeX BUAOB OpraHu3aluu
BEILECTBA U MOJIEH, ABMKEHUSI KOTOPOTO MPOSIBIISIFOTCS B BUIE TE€X MM WHBIX
(hu3NUeCKUX ABJICHUIA.

O¢upoarHaMMKa MPOXOJUT CTaAWIO CTaHOBJIEHUs. OQHAKo yxke ceiuac
BUJIHO, YTO HA €€ OCHOBE OIPEIeIISI0TCS. HOBbIE HAaNpaBJIeHUs UCCIeI0BaHuil,
TIOSIBJIIETCS MHOXKECTBO THUIIOTE3, TEXHOJOTHI M JAaXe OTKPBITHHA. ITO
€CTECTBEHHO, TaK KakK Mepexo] Ha HOBBIN ypOBEHb OpraHU3alWU MaTepuu
TIO3BOJISIET TIOHATH CYIIHOCTh (U3MYECKWX SBICHWH W CHeNaTh Ha 3TOU
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OCHOBE MHOKECTBO HOBBIX 3akitoueHWi. BHenpenuwe sduponuHamuku B
(U3KKY ecTh ouepeiHasi, ecTas Mo cYeTy 3a BCIO HCTOPUIO €CTECTBO3HAHMS,
¢u3ndeckas peBomonMa. Takum 00pa3oM, K BOMNPOCY CYLIECTBOBAHUSA
3¢upa, ero CTPYKTYpHl U POJH B TMPHpOAe HE0OX0AMMO BepHYThCS. OHAKO
37ech HE00X0JUMO clieNaTh ONpeieJeHHble MPeaynpeKIeHHs.

O¢upoariHaMHKa B CBOEii OCHOBE MMEET MaTepHaliu3M, T.€. UCXOINT U3
TIPEACTABICHNS] O MaTepUaJbHOCTH, OOBEKTHUBHOCTH W HE3aBUCUMOCTH OT
HaIMX TIpeJICTaBJIeHUI OKpy»Karoulel nelicTBuTenbHOCTH. Ho oHa nmomkna
OBITH TOTOBA K BHECEHWIO WCIIPABJIEHH B JIIOObIE CBOM TIOJIOKEHHMS, €CIU B
peanbHOM MHpe OKaxyTcs (akTel, UM MpoTuBopevamue. CTOPOHHUKU
3(GMPOANHAMUKH, @ UX CETO/IHS YK€ MHOTO, HE JIOJKHBI 3a0bIBaTh O TOM, 4TO
BCSKOE SIBIEHHE HEHCYeprnaeMo, W MO3TOMY BCE€, UYTO paccMaTphBaeTcs
3¢ MPOAMHAMUKON ¢ TO3ULMI CYIIECTBOBaHUS B MpUpoae 3(upa, ecTb BCEro
JUIb MOJEIM peabHbIX MpPOLEcCOB. ODTH MoAENM OyIyT YTOUHSTHCS,
YCOBEPLIEHCTBOBATBCA MOCIEAYIOIUMHU UCCIIEN0BATENIAMH, U 3TOT HPOLECC
COBEpIIEHCTBOBAHNS MoOJeJell — MPeACTaBIeHU 0 CYIIHOCTH (DU3NUECKUX
SBIEHNI — OyoeT MJNThCS CTONBKO, CKOJNIBKO OyneT CyIIecTBOBaTh
€CTeCTBO3HAHMUE.

Buenpennio  s¢mponvHamMukun B (QU3MKYy ~— OyOyT — BCSUECKH
TIPOTHUBOJEWCTBOBATh TOCMIOACTBYIOIINE TEOpETHIEeCKNe MIKOIbI. [Ipr3HaHme
3(UpoAMHAMUKY [UIi HUX THOETbHO, MO0 eCTeCTBEHHO BO3HMKAET BOIIPOC,
4yeM (pU3NUecKre TEOPUH 3aHUMAINCh 10 cHuX mop? [TbITaTecs nepeBocnuTaTh
JEWCTBYIOINE HAay4YHbIE LIKOJbI MOYTH OGeccMbICIeHHO. BbIxo 3aKimovaeTcs
TOM, YTOObl HE3aBUCHMO OT HHUX J(QHUpPOANHAMUKA CTaHOBHJIACh
CaMOCTOATENIbHON Hay4yHOH IKosoil. HeT coMHeHus, 4To Tak OHO U OyeT.

3.2.MeToaosorus 3(pupoIHHAMHKHA

3.2.1.Bceobmue ¢puzuueckne HHBAPHAHTDI

Jl1st onpesienieHss OCHOBHBIX MPUHLIUIIOB METOJO0JIOTUH 3(PUPOANHAMUKHI
MPeIBapUTENbHO HYXKHO OTBETHTb Ha BOMPOC O LEJISIX €CTECTBO3HAHMUS.
VYTouHeHHe e eCTeCTBO3HAHMS HEOOXOAMMO, B YaCTHOCTH, TIOTOMY, UTO
TOT WIM WHOW OTBET ONpefAeNnseT B 3HAYUTENBHOI CTenmeHW camy
METOIOJIOTHIO.

M3BecTHBI BBICKa3bIBaHUS, KOTJa LEJBI0 €CTECTBO3HAHUS OOBABIAIACH
BO3MOKHOCTb MPHKJIAJHOTO WCIOJIB30BAaHUS HOBBIX 3HaHMN. CyIIeCcTBYIOT
MHEHus: 00 oOnucaTelbHBIX LEJNAX HAyKd, HampuMmep O MOJTyYeHHH
MaTeMaTHYeCcKUX  3aBUCHUMOCTEH,  JKCTpamnoJupYyIOUIUX  MOJyYeHHbIE
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JKCMIepUMEHTaNbHBIE  Pe3yJibTaThl U OOBABISEMBIX Jajee 3aKOHAMHU
MaTepualbHOrO MHUpa.

OpHako ecTh OCHOBAaHUS YTBEpXkJaTh, YTO TNEPEUUCIICHHbIE BBILIE
MHEHWS SBIISIOTCS, C OJHOW CTOPOHBI, KpalHUMHU, C Opyroi — SBHO
HEIOCTaTOYHBIMU. B camMom nerre, TpakTOBKa MparMaTHUYECKUX IeJiei HayKu
B II€JIOM W OTHOCNBHBIX €¢ HampaBJieHW  Kak TEePBOOUYEPETHBIX W
eIMHCTBCHHBIX, @ HE KOHEYHHIX HEMWUHYEMO TPUBOOUT K TOMY, YTO
COOCTBEHHO TIO3HAHWE TMPHUPONBI OTOABUTACTCS HA BTOPOM IDIAH WA
CHWMaeTCsl COBCEM, B pe3ylbTaTe Yero W TMPUKIATHBIC JTOCTIXCHUS
OKa3bIBAIOTCSl MOBEPXHOCTHBIMU M chy4aiiHbiMH. Kak mMoOKa3bIBaeT OIBIT,
HaWTy4YIllie MpakTUYecKre pe3yNbTaThl JeKaT Ha CThIKE HaykK, Ka3ajloch Obl,
He UMEIOIUX OTHOIICHUS K MOCTaBIEHHOM MPUKIIaAHOM 3aaa4e. ITo TpOyeT
JOTIONTHUTENbHBIX YCWIIMH, W CcleloBaTelbHO, peajbHasg MaKcHUMajibHas
oTJaya HayKd HAXOOUTCA B MPOTHUBOPEUUH C Haeell ObICTPOro MOTyYEeHHS
TIPHUKJIQHOTO pe3yJiIbTara.

MaremaTtnieckoe KOJUUECTBCHHO-(QYHKIIMOHATFHOE ONMCAHWE SBIICHUIA
OKa3bIBACTCA MOJIC3HBIM, @ B HEKOTOPBIX CIYJassX M HEOOXOAVMBIM YCIIOBHEM
TONTydeHHsT TPUKIATHBIX Pe3yJbTaTOB, a TakKXke TMpeacKa3aHWs HOBBIX
¢ dextoB m sBieHmit. OOHAKO, YYHTBIBasS OECKOHEUHOE pa3HOOOpasme
Ka4eCTB W CBOMCTB KaXJIOTO MaTepUAIbHOTO TeJla, MOKHO yTBEPKAATh, YTO
nmoboe MaTeMaTHyeckoe OIMCaHHWe ecTh BechMa Y3KOe M OJHOCTOpPOHHEe
oToOpaxkeHHe peaibHOM aelicTBuTenbHOCTH. [Ipy aToM: 1) HeT HUKakoi
rapaHTMd B TOM, YTO MaTeMaTHdeckas 3aBUCUMOCTb OTpakaeT Bce
CYIIECTBEHHbIE CTOPOHBI SIBJICHUS; 2) HET rapaHTUH, YTO MOCTAHOBKA HOBBIX
JKCMIEPUMEHTOB BBISIBUT KaKue-TMOO HOBbIE CTOPOHBI SIBIEHUH, MO0 cama
MOCTAHOBKA HOBBIX JKCIEPUMEHTOB OMHUpAaeTCid Ha Te ke MaTreMaThdecKue
3aBHCUMOCTH, CJICIOBATEILHO, OTHOCHUTCS K TOM e Y3KOi 001acTH SBJICHU,
W3 KOTOPOI BBITEKACT W CaM TIOJydeHHBIN paHee <3akoH». Takum o0pazoMm,
«GaKOH» BCE BpeMs TONTBEpKIAeTCA. BBIMTH ke 3a paMKH HalIeHHOTO
OTHAKIBI <«GaKOHAa» MPAKTHIECCKHW UPE3BBIYAHO TPYHHO, TaK KaK B KaXXIOM
JKCTICPUMEHTE WMEIOTCS  TIOTPEITHOCTH, OTKJIOHCHHWS OT  <«XOPOIIO
YCTaHOBIIEHHOTO 3aKOHa» CIUCBHIBAIOTCS HAa HUX, a KaueCTBEHHO HOBBIE
JKCMIEpUMEHThl He cTaBATcs. [loMCKk HOBBIX obOnacTell oOKa3bIBaeTcs
ClTy4yaiiHbIM, a OXKHUIAeMbIil pe3ynbTaT HeoNpeaeIeHHbBIM.

Kak mpaBunbHO ykassiBan MakcBein [9], maremarndeckue (OpMYIbI
CYyTh pe3ylbTaT YMPOLIEHUA pealbHbIX SBJIEHUI, a WCMOJb30BaHNE
MaTeMaTUYeCKUX ¢dopmy, He MO IKPETIIEHHBIX ¢uzndeckuMu
MPEICTaBICHUSAMH, TPHUBOAUT K TOMY, UTO «... MBI COBEPIICHHO TEpsieM U3
BUIY OOBSICHAEMBbIC SBIICHWSA W TIOTOMY HE MOXeM TMpWHTH K Ooee
IIMPOKOMY TIPEICTABICHUIO 00 WX BHYTPEHHEW CBS3M, XOTA W MOXEM
TPEIBBIYUCTUTD CIIEICTBHS U3 TaHHBIX 3aKOHOB».
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Takum oOpa3zoMm, HHM TpUKIagHasA, HA OMHUcaTesbHas CTOPOHBI HE MOTYT
SIBJISATHCS TJIAaBHOM LIENTBIO €CTECTBO3HAHUA.

Takoli Lenplo 11 ecTecTBO3HAHMA BooOIIe, U (U3UKK B YACTHOCTH, Ha
BCEX JTamaX W YPOBHAX Pa3BUTHA MOJDKHO OBITh BCKPBITHE TIPUPOIBI
SBJICHU!, BBISCHEHWE TPUYWH, TIOYEMY ITH SIBIICHUS WMEHHO TaKue, a He
WHBIE W HET JIM B HHUX KaKHUX-JTMOO KAuyecTB, MOKa elle HEM3BECTHLIX. Ho
Tako Toaxon TpeOyeT TOHWNMAaHWS BHYTPEHHETO MeXaHW3Ma SBJICHUI,
aHaM3a TPWIUHHO-CJICICTBEHHBIX OTHOIICHWI MEXAy MaTeprualbHBIMU
00pa30BaHUSAMH, YYACTBYIONINMH B W3YJaeMBIX SBICHHUAX W 3 dekrax.
BcekpeiTue 3THX CBfi3eil M OTHOILEHW TMO3BOJNISET 0ObACHUMb SABIEHUSA, T.€.
OOBSICHUTB, MOYEMY 3TO sBIIEHHME MMEHHO Takoe, a He WHoe. BckpbiThe
BHYTPEHHUX CBS3€H, BHYTPEHHUX JABIKECHUN MaTepUU B SBJICHUSIX MO3BOJISIET
PacKpBITh CYIIHOCTD SIBJIEHUI OoJiee MOJHO, YeM NPU MCTIOIb30BaHUU TOJIBKO
BHeIIHero onucaHus. Ilpu 3ToM MOTYT OBITH Y4YTEHBl O00JIACTH
pacTpoCTpaHeHNsT  TOJTYYEHHBIX  MAaTeMAaTHYeCKHX  3aBUCHMOCTEHl |
c(hOopMyITHPOBaHBI TOMYIIECHABIC IPUOIIKEHNS. DTO AaeT BO3MOXKXHOCTh TIPH
HEOOXOIMMOCTH YTOTHHUTH TIOTy9IeHHBIE 3aBUCIMOCTH.

Bricmieii ke 1enpto (GU3UKHM KaKk OCHOBBI €CTECTBO3HAHUS JOJDKHBI CTaTh
BEISIBJICHWE OOIMIel sl BceX sBJICHWUU (U3MUECKOW OCHOBBHI, 0O0MIEero
CTPOWTENILHOTO MaTepwaia i BCeX BHUIOB BEMIECTBA, CTPYKTYPHOM
OpraHu3ali MaTepualibHbIX 00pa30BaHUi Ha BCEX YPOBHAX MepapXU4ecKoit
OpraHu3alii MaTepud W BBIBJICHHE OOILEr0 MEXaHHW3Ma OCHOBHBIX
(yHIaMeHTallbHBIX B3auMoaeiicTBuit Mexay HUMU. Ho amst Toro, 4ToObI 3TO
MOXXHO OBLIO cHenarb, HEOoO0XOAMMO CHayajla OIpelesuTh BceoOLIre
¢u3nyeckue WHBApUAHTHI, T.. T€ KaTerOpUH, KOTOpbIE OCTalOTCA
HEM3MEHHBIMU TIpU JIOOBIX TMpeoOpazoBaHUAX MaTepUANIbHBIX CTPYKTYp U
MpH J00BIX NpoLeccax.

Kak w3BecTHO, pe3yabTaToM JIFOOOTO JKCIIEPUMEHTA  SBISFOTCS
COOTHOIICHUSI MEXIy (PM3UUECKUMH BeJIMIMHAMU. B 3aBHCHMOCTH OT TOTO,
Kakye W3 OTHX BEJUYUH CYUTAIOTCA IMOCTOSHHBIMU, HE3aBUCUMBIMU
WHBapUaHTaMHU, OCTaJbHBIC BEJIMYWHBI, KOTOPBIC CBS3aHBI C TEPBHIMH
COOTHOILEHUSIMH,  TOJyYEHHBIMH B  DKCIEPUMEHTE,  OKa3bIBalOTCSA
nepeMeHHbIMU. B HEKOTOPBIX CiTydasx BBIBOIBI U3 MOZOOHBIX COOTHOLICHUH
OKa3bIBAIOTCS CTOJIb Ba)KHBIMH, YTO CYLIECTBEHHBIM 00pa3oM BIUSIOT Ha
pa3BUTHE BCEro €CTECTBO3HAHMS.

Tax, B pe3y/ibTaTe 3KCIIEPUMEHTOB TI0 OMpPEIeICHIIO MAaCChl YaCTHLIBI IPU
NpUOTMKEHUH €€ CKOPOCTM K CKOpPOCTH CBeTa TMoJydaeTcs CJo)KHas
3aBHCUMOCTh, CBS3BIBAIOMIAs HANPSKEHHOCTh TIOJS KOHAEHCATOpa W
HaTPSKEHHOCTh MarHUTHOTO TIOJISA, Yepe3 KOTOPBIE MPOJIeTaeT YacTHIIa, C e
3apsAI0M, CKOPOCTBIO TIOJIETa, PaalycoM KPUBU3HBI TPACKTOPUM W MAacCOM
[10]. IMpunsiTve B KayecTBe MHBAPUAHTOB HAMPSHKEHHOCTEM MOJIA U 3apsiaa
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YacTULBl NPHUBOAMT K BHIBOAY 00 M3MEHYMBOCTH Macchl. OmHaKo eciu
CUUTaTh MHBAPUAHTOM Maccy, TO Ty JK€ 3aBUCUMOCTb MOXKHO
MHTEPNPETUPOBaTh Kak 0OHapy)KeHHe 3aBUCHMOCTHU 3apsaa OT CKOPOCTH, Ha
9T0 OBLTO YKa3zaHo Bymem. Ecnum yuecTs, 4To mpu mpuOIMKEeHUN CKOPOCTH
YacTUIBI K CKOPOCTH CBeTa (CKOPOCTH PACIPOCTPAHEHUS SJIEKTPHIECKOTO
TOJIs) B3aMMOJEHCTBIE MEXIY YaCTHLEeH U TI0JIeM TOJKHO yMEHbIIaThes (1o
aHaJIOTUHM C POTOPOM ACMHXPOHHOTO IBUTATeNs, IBWXXYLIMMCS B OeTyIiemMm
MarHATHOM TIOJie), TO Ta JK& 3aBHCHMOCTh JOJDKHA TPaKTOBAaThCsA Kak
3aBUCHMOCTh  KO3()(HUIMEHTa B3aWMOAEHCTBUS  MEXIYy 3apsDKeHHOU
YaCTHULEH 1 MOoJIeM MPU HEM3MEHHOCTH 3apsAaa U Macchl. MoryT ObITh U UHBIE
MHTEPNpeTalyy 3TOi 3aBUCMOCTH.

B Teopuu OTHOCHTENbHOCTHM ODiHIUTEHHA 3a BCeoOIIMEe WHBAPUAHTHI
NPUHATBL CKOPOCTb CBETa M YETHIPEXMEpHbI HWHTEpBal, B KOTOPOM
NpHUpPAILEHNs] KOOPOMHAT CBA3aHbI C MPHUpaLIeHHeM BPEMEHH 4epe3 Ty ke
CKOPOCTBH CBeTa. JTO, BO-TIEPBBIX, ITOCTABHJIO BCE BUIBI B3aNMOAEHCTBUIT B
3aBUCHMOCTb OT CKOPOCTH CBETa, XOTS CKOPOCTb CBETa €CTh BEJIMYMHA
3JIEKTPOMArHUTHasE ¥ HE MMeeT HUKAKOTO OTHOILIEHWs! HU K SAEPHBIM, HU K
TpaBUTALMOHHBIM B3aNMOJICHCTBHSAM, BO-BTOPBIX, TIPUBEIIO K
TIPEACTABICHNSIM 00 WCKPWBJIEHNH MPOCTPAHCTBA M 3aMeJICHUs] BPEMEHH.
[TpsAMBIM pe3ynbTaToM 3TOTO BBHIOOpa WHBApHAHTOB SBUIUCH W3MEHYMBOCTH
Macchl MNpH W3MEHEHMM CKOPOCTH Tell, W3MEHEeHHe  HMX pa3Mepos,
9KBMBAJICHTHOCTb 3HEPrMM M Maccel M T.I. Ecnim Obl 3a BceoOuiue
WHBApUaHTHl OBLTM BBHIOpAHBl WHBIE BEIWYHMHBI, TO U pe3yJbTaT ObUT OBl
COBCEM WHBIM, U TEOPHsI OTHOCUTENILHOCTH MMeNa Obl COBCEM WHOM BHI.

U3 M3110)k€HHOTO BUIHO, YTO K BHIOOPY MHBApHAHTOB HY)KHO OTHOCHUTBHCS
c 0OJbLION OCTOPOXKHOCTBIO. B CBSA3M ¢ BO3MOXKHOCTHIO — NpOM3BOJIA B
BbIOOpE MHBApMAaHTOB HEOOXOAMMA pa3paboTka METOHOJOIMYECKUX OCHOB
JaHHOTO TIpeaMeTa. PaccMOTpUM OCHOBHBIE TpeOOBaHUS, MPEAbSBIsEMbIE K
o01IMM (pU3MYECKUM MHBapHUaHTaM.

OueBWOHO, YTO HA POJb BCEOOIMX (U3NYECKUX MHBAPHWAHTOB MOTYT
MPEeTeHAOBaTh JIMIIb Takue (U3NIEeCKHe BEJTUYWHBI, KOTOPbIE TMPHUCYIIN
abCoNMIOTHO BceM (M3MYECKMM SBICHUSM W TaK WM MHaye MpPOSABIAIOTCSA
CYLIECTBEHHBIM 00pa3oM B JHOOBIX hopMax cTpoeHHs MaTepUu Ha JIFoOoOM ee
YpOBHE W MNpH JIOOBIX BHUAAX B3aMMOMACHCTBHMI. DTH BEIMYUHBI HOJIKHBI
NPHUCYTCTBOBAaTh HA YPOBHE OpPraHM3allid MaTeply B MPEIMEThl M BEILECTBa,
B MOJICKYJIbI, aTOMBI, dJIeMEHTapHble YaCTHLBl, a TakKe Ha YpOBHE IUIAHET,
3Be3], TalaKTUK M BceneHHol B wenom. 3T1o TpeboBaHHE HEOOXOAMMO, TaK
KaKk OCHOBOH Ka)K[IOrO Makpompolecca sBJIAETCS COOTBETCTBYIOIIUIA
MUKpoIpolecc, 00yCIOBIMBAIOLINI 3aKOHOMEPHOCTH  MaKpoIpoLecca.
EnvHCTBO MpHpoABl 3aCTaBIsIET M UIT MUKPOMUPA, U UT MaKpOMHUpa MCKaTh
BCeoOUIMe WHBAPHUAHTHI, OTHOCUTENHEHO KOTOPBIX M MOXKHO OLIEHWBATh
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Jpyrve BeJIWYMHBI, MPUCYTCTBYIOLIME B TpouLeccaX, SABIGHUAX U
JKCMEepUMeHTaX. OTOT TMOAXOJ MPHUBOIUT K HEOOXOAMMOCTH HCKaTh
(u3nyeckre WHBapHaHThl TOJBKO Cpedu BEJIUUYWH, MPHUCYTCTBYIOIIMX Ha
m000M ypOBHE OpraHW3alid MaTepull W CYHIECTBEHHBIX Ui JIIOOBIX
SBJICHUI.

C oToii MO3NIMK Takas BENWYWHA, HAPUMED, KaK 3NMEeKTPUIECKUH 3apsm
HE MOJXKET BBHICTYNaTh B KadyecTBe BceoOmero (M3MYecKoro WHBapHaHTa,
TIOCKOJIbKY 3Ta KaTeropws, peajbHO TNPHUCYTCTBYIOIIas B MHKpPOMHpE, He
TIPOSIBIISIETCS] CYIIECTBEHHBIM 00pa3oM Ha ypOBHE OpraHW3aluyd MaTepuu B
MOJIEKYJIbl, BEIECTBA, 3BE3/bl, ralakTMKA. Bo BCAKOM ciydae, Hajiudue
3aps0B BHYTPM aTOMOB M MOJIEKYJ] HECYLIECTBEHHO Uil (u3nuecknx
B3aMMOJIeficTBUI Ha OoJyiee BHICOKOW CTYINEHHM OopraHu3auuu. [ paBuTanus, B
YacTHOCTH, BooOmIie obxonuTca 0e3 TpeAcTaBlieHHl 00 3JIeKTpUYecKoM
3apsine. Majo Toro, Jake Ha ypPOBHE 3JIEMEHTapHBbIX YacTHLl KaTeropus
JNIEKTPUUECKOTrO 3apsijia He BCErja UrpaeT CyLIeCTBEHHYIO POJjb, IOCKOIbKY
WMEIOTCSI YaCTHILIBI, Y KOTOPBIX 3apsill OTCYTCTBYET.

[To Tem xe MpUUYMHAM B KadecTBE BCEOOIINX (M3MYECKAX WHBAPHAHTOB
HE MOTYT BBICTYNATh XapaKTePUCTHKH OTACIbHBIX (PM3MIECKUX SBICHUIH WIN
OTHENbHBIX (OPM MaTepuy, Hampumep mapameTpbl ()OTOHOB CBeTa
(moctosiHCTBO (hOopMBI  (POTOHA, TOCTOSHCTBO CKOPOCTH €r0 JBWXKEHUS —
CKOPOCTb CBETa, MPAMOIMHEHHOCTH pacnpoCTpaHeH!s  T.11.).

PaccmatpuBas Hambosee oOlIMe XapakTepUCTUKA MaTepuHd Ha Jr0O0M
YpOBHE €€ OpraHu3aliyd, MOXHO KOHCTAaTHpOBaTh, YTO JUIA BCEX JTUX
YPOBHEIl  CyILECTBYIOT TOJbKO 4YeTbIpe JeHCTBUTENIBHO  BceoOLIue
(¢usnyeckre KaTeropuu. OTHUMU KaTEeroOpusiMM  SIBJISAIOTCS  COOCTBEHHO
MaTepusi, TpocTpaHcTBO, Bpems. CyllecTBOBaHWE  MaTepuud B
TIPOCTPAHCTBE W BO BPEMEHH €CTh AIBHKEHNE MaTEPHN.

B camom nerne, 0 1060M MPOMCXOASAIIEM SBICHUN MOXKHO CYIHUTh TOJIBKO
B CBSI3 C TEM, YTO 3TO SBJIEHWE MPOUCXOINT C MaTepueid, a He He3aBUCHMO
OT Hee (Bce sBJICHHS MaTepHalbHbI), B MPOCTPaHCTBE (BHE MPOCTPAaHCTBA HE
MPOUCXOAUT HUYET0) ¥ BO BpeMeHH (BCe MPOLeCcChl TIPOTEKAIOT BO BPEMEHN),
4TO caMoO Mo cebe yke O3HayaeT ABMKeHHe Matepuu. Kak crpaBeannBo
3ameTi1 @.JHrenbe, B MUPE HET HUUET0, KpOMe ABMXKYIIEHCsS MaTepyu.

Kateropun marepuu, MpocTpaHCTBa M BPEMEHHM M MX COBOKYIHOCTH —
JBWXKEHUS SIBJISFOTCS OCHOBOW MJIsI BCEro MHpPO3AaHMA. OJTH KaTeropuu
BCEraa AOJDKHBI CUUTATBCS UCXOAHBIMU MPU PACCMOTPEHHH JIFOOBIX CTPYKTYP
OpraHu3ali MaTepuu, JIOOBIX MPOIECCOB U JIOOBIX (PU3NUECKUX SBICHUMN
TIPUAPOJIBI.

[TockonbKy KaTeropuv MmarepuH, TPOCTPAHCTBA W BPEMEHH W WX
COBOKYITHOCTH — JBW)KEHHS CTIpaBEIJIMBHI IJIsl BCEX YpPOBHEH OpraHM3aluu
MaTepuy, HauyWHas OT BceneHHO# B 1EeMOM W KOHYas 3JIeMEHTapHBIMU



85

YacTULIAMU BEILECTBA, HET HUKAKOTO OCHOBAHMS MoJlaraTh, YTO HA ypPOBHE
OpraHu3ald MaTepuu Oosiee TIIyOOKOM, 4eM <@AJEeMEHTApHbIe» YacTHLbI
BEILECTBA, 3T KaTETOPUH OKaKyTcsl HECTIPaBEJIUBBIMH.

Kak BceoOmme kareropwm AJs BCEX YPOBHEH OpraHW3aldd MaTepHH,
COOCTBEHHO MaTepwsi, TPOCTPAHCTBO, BpeMs W JABWKEHHE TEM CaMbIMU
BBICTYTAIOT B KAU€CTBE BCEOOINX (pU3NIECKNX MHBAPHAHTOB, HE 3aBHUCSIINX
HU OT KaKMX YaCTHBIX ()OPM OpraHM3aLMH, YACTHBIX BUIOB IBVIKEHHS WIN
4yacTHBIX sBNeHni. CrenoBaTebHO, BceoOmue (Gpu3nueckre NHBApUAHTH He
TIOCTYJIAPYIOTCS, @ OTPENENIIOTCS Ha OCHOBE OOOOIIEHMS BCEX M3BECTHBIX
€CTECTBO3HAHHMIO ONBITHBIX MAAHHBIX, KaK 3TO M HOJDKHO OBITh TpH
MaTepHaNIuCTHYECKOM MOJAX0AE K U3YUEHHIO MPUPOIbI.

JIns MCTIONb30BaHUA MHBAPUAHTOB B peajibHbIX 3aBUCHMOCTSAX HYKHBI
COOTBETCTBYIOILIE Mepbl — EIWHHLBI W3MepeHHs. B kauecTBe emuHMLL
M3MEPEHUs] MOTYT OBITb B3AThl €AWHUIBI COOTBETCTBYIOIIMX (PUIUUECKUX
BennunH. Hampumep, B KadecTBe Mepbl BpEMEHHM BBICTYMAeT €IMHMIA
BpPEMEHHN — CeKyHIa, paHee ompejelieHHas kak 1/24-60-60mons cyTok, a
Mo3)Ke TpHBA3aHHAs K aTOMHOMY STaJlOHY 4YacTOThl. B KadecTBe Mepsl
MPOCTPAHCTBA BBICTYMAIOT EIWHWLA JJIMHBI W ee TMPOM3BOIHbIC (MeEpbI
miomaad W obbema). 3a eAWHUIY JIMHBI NPUHUMAINCH Da3iNyHbIe
3TaJIOHbI, HO B HACTOsIIEE BpeMs 3a eauHuily npunat metp — 1/ 40.000.000
Jons 1auHbl [Tapkckoro MepuanaHa, BIOCIEACTBUM Takke MPUBS3aHHAS K
aTOMHOMY 3TaioHy. CrpaBeUIMBOCTh BbIOOPA ATUX BEJIMYMH B KaueCTBE Mep
BpPEMEHH W MPOCTPAHCTBA MOATBEP)KAEHAa BCEM OIBITOM €CTECTBO3HAHUA.
Yro kacaeTcst Mep KOJMYECTBA MAaTePHUH M IBIKEHHMS, TO 3eCh HEOOXOANMBI
JOTIOJTHUTENLHbIE OTOBOPKH.

[psaMoii Mepbl KolM4yecTBa MaTepUM OO HACTOALIET0 BPEMEHH He
HalineHo. KOCBEeHHO!, HO CTPOro MPOMNOPLMOHANBHON MEpOH KOoJM4YecTBa
MaTepud B Kiaccuueckod  ¢umsmke cyuramach Macca.  Teopws
OTHOCHTENIbHOCTH, BHECS TIOHSTHE M3MEHUYMBOCTH MAcChl CO CKOPOCTBIO, TEM
caMbIM TIOCTaBHJIA 1Ol COMHEHHE BO3MOXKHOCTH MCTIONBb30BAHMS MacChl Kak
MepBbI KOJIMYECTBA MaTeprH.

[MpuHIMNManEHO Macca MOXKeT OBITh TOJBKO KOCBEHHOW Mepoi
KOJIMYECTBA MaTepry U B MOXKET ObITh CBfA3aHA C KOJIMYECTBOM MaTepuu He
npAMOiA, a (YHKUMOHAIBHOM 3aBUCUMOCTBIO, B KOTOPYIO BOWIYT M Ipyrue
BeNMuMHBI. OJHAaKO BEPOATHOCTb TOrO, YTO HHEPTHAas Macca ABISETCA
WHBapHaHTHOM Mepoi KoNWyecTBa MaTepuH, T.e. CTPOro MPOMOPLHOHATbHA
KOJIMYECTBY MaTepPHH, TOpa3do BbILIE, YEM BEPOSATHOCTb TOTO, UYTO Y
IOBWKYIIEHCS 4YacTWIBl HMHBApWAHTHEI B3aMMOAEHCTBUSA 3apsima ¢
3NIEKTPUUECKMM ¥ MarHUTHBIMH TIOJISIMH, MICTIOTb3YEMBIMU B SKCTIEPUMEHTE.

B camom peme, CKOpPOCTh CBeTa €CThb CKOPOCTh pPacHpOCTpaHEHUS
JNIEKTPOMArHUTHOTO  TIONSl.  3apsil  WMeeT  3JIeKTPUYECKyl0 TPUPOLY.
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[TpubnauxkeHne  CKOPOCTH  3apsDKEHHOW — 4YacTHLBI K CKOPOCTH
pacmpocTpaHeHHs1 CHJ, BO3ACHCTBYIOLIMX Ha Hee (a HampsHKEHHOCTH
MarHuTHOIro u 3JIEKTPUUYECKOTO noJei ABJISIIOTCS CUJIaMU,
BO3ICUCTBYIOIIMMU  Ha 3apsil), HEMHHYeMO TMpUBEIET K W3MEHEHHIO
BEJIMUYMHBI B3anMojeicTBuA. Ecnam Obl 4acTula MMena CKOPOCTh, PaBHYHO
CKOpOCTH CBE€Ta, DJIEKTPUYECKOE M0JIe, 1O KpaiHeil Mepe, HampaBJIEHHOE
BIOJb TPAEKTOPUHM YaCTHIBI, BOOOIIE HE MOTJo Obl BIMATH Ha Hee.
CrenoBartenbHO, B3aUMOJEICTBHE 3apsAaa U HAMPSKEHHOCTH NPU JABWKEHUN
YaCTHLBI JOJKHO OBbITh HEJTMHEHHBIM. UTO KacaeTcs BO3JIEHCTBHS Ha Maccy,
TO HEMOCPEACTBEHHOTO BO3IEHCTBUS 3JIEKTPOMArHUTHOTO MOJIsl HA Maccy 10
HACTOSILLET0 BpeMeHM He HaiineHo. Kpome TOro, wusBectHa U
JKCIEPUMEHTAIIBHO MOATBEPXKIEHA CTpOras IMPONOPLUOHAIBHOCTh MEXKIY
rpaBUTALIMOHHOW W MHEepTHOW  Maccamu. Ho  rpaBuTanmoHHbIE
B3aMMOJENCTBHSA OTINYAOTCA 110 BEJIMUMHE OT SJIEKTPOMAarHUTHBIX HA MHOTO
MOPSAAKOB. OTO O3Ha4yaeT, 4YTO TPAaBUTALMOHHOE B3aUMOAEHCTBHE, a
ClIe0BaTeNbHO, U Macca UMEIOT APYTYIO (PU3UUECKYIO OCHOBY.

Takum oOpasom, oxumaTh, YTO Macca YacTUIBI MEHSETCSl 10 Mepe
TIPUOIMKEHUS] CKOPOCTM YaCTHIBI K CKOPOCTH CBeTa, T.6. K CKOPOCTH
pacrnpoCTpaHEeHUsI IEKTPOMArHUTHOTO TOJIA, BOOOIIE TOBOPS, HET HUKAKUX
ocHoBaHui. Ecny ske Takoe M3MeHEeHHe W TIPOUCXOINT, (UTO He BBITEKAeT U3
OIMMCAaHHOTO BBILIE OMbITa, HO MOXET ObITh MPOBEPEHO IPYrHMM CIOCOOOM,
HamnpuMep OIpEJeNIEHUEM KMHETUYECKOW OHEPruM  OCTaHABIMBAEMOM
YaCTHULBI), TO TOJBKO 3a CYET MPUCOCAWHEHHS K YacTHLE MaTepuud MaccChl
cpenbl, okpyxatoeit ee. [TocienHeMy 0OCTOSITENILCTBY €CTh OMpeNeNICHHAs
aHaJIorus: mepes JEeTAIINM caMoJIeTOM 00pa3yeTcs yIJIOTHEHHas! BO3LyLIHAS
NnoJylKa, KOTOpas CO3MaeT €My HEKOTOPYI IPHCOECIUHEHHYI0 Maccy,
BJIASIIOLLYIO HA €T0 a3POJUHAMUKY.

[lockonbKy HMHEpPTHas Macca SBJISETCS KOCBEHHOW MepOil KoJM4yecTBa
MaTepu, TO MOXKHO MNpPEeNNoJ0XKHUTh, XOTS Obl MPUHLUNHMAIBHO, YTO
BO3MOJXKHBI YCIIOBHS, TP KOTOPBIX OJHO U TO e KOJMYECTBO MaTepuu OyaeT
UMETh B HEONWHAKOBBIX YCIOBHAX PpasIMuHyl0 HWHEPTHYIO (TeM Oonee
rpaBUTALIMOHHYIO) Maccy.

UYro kacaeTcst MepbI IBMKEHUS, TO 3[1€Ch U3BECTHBI TAKUE TPaIULIMOHHBIE
Mepbl, KaKk KOJINYEeCTBO IABIKEHHUs (HEMPAaBUILHO Ha3bIBAEMOE UMITYJILCOM) H
SHEpPrus,  MHOTOKPAaTHO  MOATBEPXKIEHHbIE  OJKCIHEPUMEHTAIBHO U
CIIpaBEIUIMBBLIE Ul BCEX TIPOSABIECHUA W B3aMMOIEHCTBHIA C y4EeTOM,
€CTECTBEHHO, SBJICHUH, NPOMCXOIAIIMX HA BCEX YPOBHSAX OpraHU3aLUU
marepuu. IlpumeHeHue TOH WIM HMHOII Mepbl B TOM WM WHOM SIBJIEHUU
3aBUCUT OT XapakTepa SBJIEHHA. 31eCh HEOOXOAMMO BCIIOMHUTb aHAIIN3
OHresbca, U3 KOTOPOTO BBITEKAET, YTO KOJMYECTBO IABW)KEHUS €CThb Mepa
JBUKEHUS OJJHOTO UEPAPXUUECKOIr0 YPOBHS, a SJHEPIHA €CTh Mepa IABIKCHUS,
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HeoOpaTHMO MepeXoAAIIero Ha ITyONHHbIH ypOBEHb OpraHU3alii MaTepHH,
Harpumep, pyu COyAapeHNH Heynpyrux Tei B Temioty [/, c. 67—81].

HeobxoauMo OTMETHUTh OJHO BaXkHeiillee CBONHCTBO WHBapHUaHTHBIX
BeJIWYMH. Byaydu W3HA4YaJbHBIMHM, 3TU BEIUYMHBI CTPOTO IOJYUHSAIOTCS
mpaBwiiaM aaauTHBHOCTH. OO 3THX BeNMYWHAX HENb3s TOBOPHUTH Kak O
HEJIUHEWHBIX, TAK KaK MMEHHO OTHOCUTEJIbHO HUX JOJDKHBI IPOBOAUTHCS
W3MEPEHNs] M OLEHKM BCEX OCTANbHBIX BeMWUuH. ClenoBaTeNnbHO, HeNb3s
paccMaTpuBaTh UCKPUBIIEHUE JTyya CBETA BOJIM3M rPaBUTALMIOHHBIX MAcC Kak
pe3yJIbTaT «UCKPUBJICHUS» MPOCTPAHCTBA, a HYXXHO paccMaTpuBaTh
¢usnyecknit mpoLecc WCKPUBICHHSA TpaeKTopuu (OTOHOB cBeTa MOJ
BO3/EHCTBUEM IPAaBUTALIMU UJIU B PE3YNbTATe IPYTHUX IIPOLECCOB.

Henb3ss roBopuTb O 3aMKHYTOCTH IIPOCTPaHCTBA, CChUIASCh Ha
ONTUYECKUI U I'PaBUTALMOHHBIA MapalOKChl, a HY)KHO MCKAaThb HEYUYTCHHbIE
¢usmyeckre (aKTopsl B T€X PpaCCyXIEHUAX, KOTOpblE IPHUBENH K
TIOSIBJICHUIO TapafioKCOB M KOTOpbIE HOCAT aOCTpakTHO-MaTeMaTHYeCKUi
WAeaJN3UpOBAHHBINA XapakTep. OTH SBIEHUS MOKa YTO PAaCCMOTPEHBI Ha
CaMOM NPUMUTHBHOM YPOBHE, XOTS MPUPOAA JFOOOT0 SBIEHUS CYLIECTBEHHO
CJIOXKHEE.

Heib3si TOBOPUTH O OUCKPETHOCTH MPOCTPAHCTBA U BPEMEHU HA YPOBHE
MUKpPOMHpA, TaK KaK JUCKPETHOCTb JIOOOW BEIMYMHBI MOKHO OTpPENesUTh
TOJBKO OTHOCUTENIHO JAPYrOoll aHaJOroBOW BENWYMHBI, M A oOuiei
VHBAPUAHTHOW BEJWYMHBI, ABIAIOLIENHCA WCXOOHOM Ul BCEX OCTaJbHBIX,
Takoe TIOHATHE, KaK JAMCKPETHOCTb, HE  MOXET  CYLIeCTBOBAThb
NPUHUUITHAAIBHO.

IIpocTpaHcTBO M BpeMs BBICTYNAlOT HapALy C MaTepued Kak
00BEKTHBHBIE KaTEropuH, HE 3aBUCALINE OT KaKUX-THOO0 YCIIOBUI U SIBJIICHUH,
B HHUX IPOMUCXOIALIUX, OHU OTPAKAIOT BCKHO COBOKYIHOCTb JBIXKCHUS
MaTepuu BO Bcell BeelleHHOM Ha BceX MEpapXUUYECKUX YPOBHIAX OpraHu3aluu
MaTepul W He 3aBUCAT HU OT KaKMX 4YacTHocTed. Bcroay, B JrOOBIX
(OpPMYIBHBIX 3aBUCUMOCTSAX 3TH BEJWYWHBI MOTYT BBICTYNATh TOJBKO Kak
apryMeHTbI 1 HUKOT/Ia He MOTYT SIBISAITHCS (DYHKLMSIMU Yero Obl TO HU OBIIIO.
CrnenoBarenbsHO, UCTIONB30BaHUE MIPUHLUIIOB JUAJIEKTUYECKOrO
MaTepHaln3Ma Ha BCEX YPOBHAX (IM3MUECKOTO TMO3HAHUA HEU30€KHO
NPUBOAUT K  €BKIMAOBY  MPOCTPAHCTBY U OJHOHAIIPABICHHOMY
HENpPEPLIBAEMOMY BPEMEHH.

Bo Bcex ciyuasx KakyLIMXCS <«HEIMHEHHOCTEH» MpOCTpaHCTBA U
BpPEMEHH HYKHO MCKaTh HEYUTEHHbIE INTyOMHHbIE MPOLIECCHI, B TOM YHUCIE U
Ha YpPOBHSX OpraHM3allUd MaTepud, Oojiee TTyOOKHMX, 4eM OpraHu3auus
MAaTepUU B <BJIEMEHTAPHBIX>» YaCcTULAX BEIIECTBA.

Hannume BceoOmmx (M3MYeCKNX WHBAapUAHTOB [UIi BCeX YpPOBHeil
OopraHu3alUuy MaTepud U CYLIECTBOBAHWE HEINPEPBIBHOW UENMU INPUYUHHO-
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CIICICTBEHHbIX ~ OTHOLIEHWH MEXIy YacTHbIMU  SIBICHHMAMH, TaKxke
OXBAaTbIBAIOILEH BCE YpPOBHM OpraHM3allMM MaTepHH, 3aCTaBISIOT MoJjarars,
4YTO HUKAKMX MPEeNNOYTHTENIbHBIX MaclTaboB MPOCTPAHCTBA U BPEMEHHU B
MIPUPOJIE HE CYIIECTBYET, ¥ IOITOMY Ha BCEX YPOBHSIX OpraHU3aLMN MaTepyn
JEWCTBYIOT OJTHH U Te e (PU3UUeCKHe 3aKOHBI M HUKaKUX «OCOOBIX» 3aKOHOB
IUSL SIBIEHWH MUKpoMupa He cymiectByeT. OTciofa BbITEKaeT ocoboe
THOCEOJIOTMYECKOe 3HAUE€HWE AaHaJloTMi MeXAy SBIECHUSMH MaKpo- H
MUKpPOMUpA.

Awrmuiickuit  ¢pusuk k. Peneit (1842-1919), npunaBas Bompocam
aHaJoruif ¥ Noao0us B pU3MUECKUX ABJIECHUSIX 0cob0e 3HaUeHKe, TOBOPHI IO
3TOMY MOBOAY: <«S 4acTO yOUWBISAIOCH TOMY HE3HAUNTEIbHOMY BHUMAaHHIO,
KOTOpOE YyIeNseTcsl BEJIMKOMY MPHUHLMITY <«IO00MsS» Jake CO CTOPOHBI
KPYMHBIX y4eHbIX. Hepeako ciyuaercsi, 4TO pe3ynbTaTbl KPOMOTIMBBIX
UcCleIOBaHNI TPETOIHOCITCS KaKk BHOBb OTKPBITBIE <GAaKOHBI», KOTOpBIE,
TeM He MeHee, MOJKHO TIOJyYHTh alpHOPHO B TeUEHHWE HECKOJBKUX MHUHYT».
B npunnune snopxa Peneil mpas, 0qHAKO KaXIbl pa3 HYXKHO 3HATh, KaKOW
VIMEHHO aHAJIOTHEN B KAKOM ClTydae MOKHO MOJIb30BAThCS, a KAKOM HeJb34.

OueBMOHOCTh TIONYYEHHBIX pPE3YJBTATOB BBIACHSETCS, Kak MpaBHJIO,
Tocjie MPOBEACHNUS NCCIeI0BaHU, a He 0 HUX.

YeTbIpe BCeOOMNX MHBAPUAHTA: OBMKEHHE W TPU €ro COCTABISIOINE —
MaTepusi, TPOCTPAHCTBO W BpeM, 00JIalaloT CeMbI0  OCHOBHBIMH
CBOIICTBAMU:

- HAJTMYMEM BO BCEX CTPYKTYpPaX U SIBJICHUSX,;

- COXpaHEeHHeM MpH JIFOObIX MTpeodpa3oBaHuUsIX;

- OecripeieNbHOM NeTMMOCTbIO;

- aIIUTUBHOCTBIO;

- JINHEHHOCTBIO;

- HEOTPaHUYEHHOCTBIO;

- OTCYTCTBHEM KaKWX-JIMOO TMpPEANOYTHTENbHBIX MAaciuTaboB WIN
TIPEATOYTUTEIbHBIX OTPE3KOB.

M3 3THX CBOICTB MHBAapUaHTOB C HEOOXOANMOCTBIO BBITEKAIOT CBONCTBA
Hallero peajbHOro MUpa:

1) HEyHMYTO)XKMMOCTb M HECO31aBaeMOCTb MaTepuH, MNPOCTPAHCTBA,
BpPEMEHHU U IBWKEHUS;

2). eBKIMIOBOCTb MPOCTPAHCTBA;

3) paBHOMEPHOCTb TE€USHUs BPEMEHH;

4) OecnpenenbHas OEIUMOCTb MaTepud, MNPOCTPAHCTBA, BPEMEHH MU
IBYDKESHUS;

5) mpucyTcTBHE MaTepuM W IBWXKEHHS B JIFOOOM, CaMOM MaJeHbKOM
o0beMe TIPOCTPAHCTRA,



89

6) HenpepblBHOCTb MaTepHalbHBIX  MPOCTPAHCTBEHHBIX  CTPYKTYP
(Bkirouast ToOJIeBbie) M TIPOLIECCOB BO BpeMeHM  (OKOHYaHWE OIHHUX
MPOLIECCOB IaeT Havyano APYTUM MpoLeccam);

7) viepapxuueckas OpraHu3alyis MaTepud B MPOCTPAHCTBE ¥ MPOLIECCOB
BO BPEMEHH,

8) omMHAKOBOCTh (PU3MUECKUX 3aKOHOB Ha BCEX YPOBHSX OpraHU3aLUH
MaTepuu;

9) omMHAKOBOCTh (PU3NUECKUX 3aKOHOB BO BCEX TOYKAX MPOCTPAHCTBA W
Ha JI000M OTpe3Ke BpeMeHH;

10) Csenenue Bcex mponeccoB (BKIroYass Bce TaK Ha3blBaeMble
(yHIaMeHTaJbHbIE B3aMMOMACHCTBHA) K MEXaHUKe — MEepeMEleHHI0 Mace
MaTepuu B MPOCTPAHCTBE;

11) BeckoHeuHOCTh U GecripenenbHOCTh BeeneHHo B IPOCTPaHCTBE;

12) BeckoHe4uHOCTh U OecripenenbHOCTh BeeneHHoi Bo BpeMeHH;

13) [ocTosHHbIN (B cpeaHeM) BUI BeeneHHOI BO Bce BpeMeHa.

[MpuHuumuaneHo  anst  GopmynupoBaHust  o0mMX  (PU3MUECKUX
VHBApPMaHTOB M BBITEKAIOMINX W3 HUX BHIBOJOB MaTepralia ObIJI0 JOCTATOUYHO
Ha mo0oM 3Tamne pa3BUTHA ecTecTBO3HaHusA. Ho g stama mo Hauvama XIX
cronetnsi 310 ObUTO He akTyanbHo, B XIX crometm yxe OblTa B
3HAUMTEJIbHOW CTETeHW yTpadeHa MaTepHallicTUUecKas METOHOJIOTHS, a B
XX cronetun Bes pu3uka odpaTuiachk B uaeanusM. Tak Wi nHaye, HO 3TOro
CZIeJlaHo He ObLIIO.

Bceobue ¢usnueckue HMHBApHAaHTBl CO3HAIOT 0a3y M MOCTPOEHUs
MoZeneil MaTepualbHBIX CTPYKTYP M MPOLIECCOB Ha JIIOOOM 3Tare pa3BUTHA
€cTecTBO3HaHMA. DTO TeM Oosiee aKkTyallbHO ceifyac, BO BpeMs OYepeqHOro
Kpu3uca, TMepeKMBaeMOro eCTeCTBO3HAHMEM, M 3TOW BO3MOXHOCTBIO
HE0OX0AMMO BOCTIONIB30BATHCA.

W3 W3110’)KEHHOTO BBITEKAET Cliefylollee MPUHINMHUAIBHOE TOJOKEHHE.
[Tockonbky B MHpe HET HHUYEro, KpoMe IBIKYIIeHcs MaTepud, Bce
¢m3ryecKkre B3aMMOIENCTBHS UMEIOT BHYTPEHHUIT MEXaHNU3M M MOTYT OBITh
CBEIIeHBI K MEXaHHKe, T.€. K TIepeMEIeHNsIM MacC MaTepiy B MPOCTPAHCTBE
¥ BO BpeMeHH. M3BecTHOe MoJIoKeHNe COBPEMEHHOMN TeopeTHieckoit Gusukn
O TOM, YTO CYLIECTBYIOT YeTbipe (yHAaMEHTAIbHBIX B3aUMOICHCTBUS —
cuibHOe M ciaboe sAIepHble, 3JIEKTPOMAarHUTHOE M TPaBUTALMOHHOE, HE
CBOAMMBIX YT K APYTY, BEPHO JIMIIL B TOM CMbICJIE, YTO APYT K APYTY OHU
JedcTBUTENbHO He cBoasATcsA. Ho Tak ke, Kak B cBoe Bpems olmbancs
XK.®ypre, nomaraBmMii, YTO TEMJIO TNPHUHAMISKHT K OCOOOMY BHAY
JBWKEHUS] MaTepUH, He cBOAMMOMY K MexaHuke (1822),a cnycts 50 et
Jl.BonbriMaH moOKazad, YTO TEIMJIO — 3TO Pa3HOBHUIHOCTH KHHETHYECKOTO
JBYDKEHUS] MOJIEKYJI, TaK JKe oInbaeTcsi 1 COBpeMeHHas (pr3ndeckast Teopus,
ToJiararomas, 4To ykasanHble (yHIaMeHTaJbHbIE B3aNMOAEHCTBUS HE MOTYT
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ObITb CBeleHbl K MexaHuke. M3 pacCMOTPEHHBIX BBIIIE BCEOOIIMX
(M3MYECKUX WHBAPUAHTOB HEMOCPEICTBEHHO BBITEKAET WX CBOJWUMOCTb K
MeXaHUuKe, HO Ha YpoBHe OoJiee TIIyOOKOM, YeM caMu 3TU (hyHIaMeHTalbHbIe
B3aUMOJEHCTBUS.

3.2.2. MoaeibHble (KauyecTBEHHbIE) MPEICTABJICHHS CTPYKTYP
H MPOIeCCoB

BblisiBlIeHHEe BHYTPEHHET0 MeXaHU3Ma JIOObIX SIBICHNI BO3MOXKHO JIMIIb B
TOM Ccly4ae, €cCliM 3a CBS3IMM W B3aMMOAEHCTBUAMM MaTepHANIbHBIX
00pa3oBaHMii, y4acTBYIOUIMX B HHX, NMPHU3HAETCA MPHHIMI TPUIMHHOCTH.
[TockonbKy (u3nyueckue SBIEHHUS €CTh CIEACTBHE BHYTPEHHHUX IPOLECCOB,
3a49acTyl0 HEOUIyTUMBIX Ha JOCTHUTHYTOM YPOBHE pa3BUTHA (QU3HWKH, TO
npu3HaHve (akTa NPUUYMHHOCTH WMeeT MPUHIWMHUAIbHOE 3HaueHue, 160
3apaHee Ha BCEX OJTanax MO3HAHMS YTBEpXKIAeT HaJIMYWe BHYTPEHHETO
MeXaHHW3Ma SBJICHUI U MPUHLMITHAIBHYIO BO3MOKHOCTb €0 PacKphITHS.

Llenecoobpa3Ho B CBA3M C 3THM BCIIOMHHUTH CIIEAYIOLIEE yTBEPkKICHHE
OHrenbca: «...HO Tle Ha TOBEPXHOCTH MPOMCXOIUT Urpa cilydas, TaM cama
3Ta Cly4yallHOCTh OKa3blBaeTCs MOAYMHEHHON BHYTPEHHHM CKpPBITbIM
3akoHaM. Bce meno B ToM, 4TOOBI OTKPBITh 3TU 3aKOHBID» [4, ¢. 174-175; 5¢.
361].

B Hacrosimiee Bpems, OfHaKo, ropa3no 0ojee ITMPOKO pactpocTpaHeHa
MPOTHBOTIOJNOKHAS ~ TOYKAa 3pEHWs, Tlojlararolmas ycTpOWCTBO — Mmpa
VHIETEPMUHUPOBAHHBIM M TEM CaMbIM HaKJIa/IbIBAIOIIAS TPUHIHUITHAIbHBIE
OTpaHWYEHUs Ha BO3MOXKHOCTH €0 N3y4YEeHUs! ¥ TIO3HAHUS.

OTKa3 OT MpeaCcTaBIeHNH O CYIECTBOBaHNH B TPUpoAe 3¢pupa — MUpOBOi
Cpesl, ABISIOMIEIcS CTPOUTETBHBIM MaTepralioM BEIECTBa, MPUBEN QU3UKY
K OTKa3y W OT BHYTPHaTOMHOM cpesibl. KBaHTOBas MexaHMKa, MOSBUBLIASACS B
20-e roapl cpaszy ke MOCJEe CTaHOBJECHUS TEOPUN OTHOCHUTEIBHOCTH, cTaya
ONepupoBaTh MaTeMaTHMYeCKUMHM aOCTpakLUUsIMHU, OMNHpasch, TpaBla, Ha
MaHeTapHyto mopnens Pesepdopna, BbinBuHyTyo B 1911 r., moctatouHo
HarAHY0, HO O0JaJafollyl0 MHOTUMM HENOCTaTKaMHh. DTH HeNOCTaTKH
TIPUBENM K MHOTOYHCIIEHHBIM TapagoKcaM, KOTOpble CTallil JIEYUTHCS He
MyTeM YCOBEPILEHCTBOBAHMS SBHO HEYIOBJIETBOPUTENHLHON MOMENH, a yTeM
BBOJIA TTOCTYJIATOB M <TIPHHLUIIOB» — BOJBHBIX yYTBEPXKISHHUH THTIA aKCHOM,
000CHOBaHME KOTOPBIX 3aKJIIOYAJOCh B TOM, YTO HEKOTOpBIE CIEICTBUS U3
HUX HaXOIWJIM MoaTBepkaAeHne. OpmHako OecrpenenbHOe pacrpocTpaHeHNe
MOCTYNAaTOB W TIPUHLMIIOB TIPUBOIWJIO K HOBBIM TapajokcaM, KOTOpbIe
Jeyunuck TeM ke crmocodomM. CaM ke MeXaHM3M SBIEHMH He
paccmarpuBarcs. [ToaTsepskaanoch MojokeHue, BbICKa3aHHOE ellle B Havaie
XX croserus B agpec ¢puzuku B.M.JleHuHbIM: «MaTepus ucuesia, ocTajauch
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onHu ypaBHeHus» [11, c. 326], T.e. U3 ¢u3KuKK ObLTU BHIOPOLIEHBI UMEHHO
¢u3ndeckue mpeacTaBieHust o6 ycTpoiictBe mupa. Ho Tem cambiM Oblia
NPOJIOKEHa 0pora K TYIHKY.

W3BecTHBIN MpUHLUN HeompeaeNeHHocTH  [eiiseHOepra («aipuHLMAM
WHICTEPMUHAPOBAHHOCTH», MO BbIpaxkeHMI0 bBoma) mpuBen (U3UKOB K
BBIBO/ly, YTO B WCCJIEJOBaHMAX, MPOBEAEHHBIX Ha KBAHTOBOMEXaHWYECKOM
YpOBHE, BepHee, Ha YpOBHE IEJIeHUs] MaTephy Ha <AJeMEeHTapHbIE» YaCTHIIBI
BEIIECTBA, NMPUHUMIUAILHO HE MOTYT OBITh HaiileHbl TOYHBIE MPUYWHHBIE
3aKOHBI JIETaJbHOTO TOBENCHUS TaKMX WHIMBHIYaJbHBIX CHUCTEM W 4TO,
TakuM o00pa3oM, HEOOXOOMMO OTKa3aThcs B AaTOMHONH o0macTu OT
NPUYMHHOCTU KaK TakoBOd. DTuUM (akTuueckd OB MOCTaBieH Oapbep B
BO3MOKHOCTH MO3HAHUS MaTepHN 1 3aKOHOMEPHOCTEN peabHOro MHpa.

ITosToMy HekoTopble BedyllMe (PU3MKKM HE COIJacHbl C TMPUHLMIOM
WHIETePMUHN3Ma, OHU paccMaTpHUBAOT CIy4yallHOCTb Kak CJEICTBUE He
ydeTa OOBEKTHBHO CyIIecTBYHOIUX (aktopoB. Tak, Bom B pa6ote [12]
yKa3bIBaeT, YTO B 3KCMEPUMEHTAX BCEr/a MPHUCYTCTBYIOT HECYIIECTBEHHBIE
HeyuTeHHbIE (PaKTOPbI, NCKAXKAIOLINE Pe3YJbTaThl, YTO M MPOSBISIETCS Kak
cirydaifHocTh. OIHaKo cieayeT OTMETHTh, uTo boMm ykasam Jumb Ha OnHYy,
CyOBEKTHBHYIO, CTOpPOHY TIpOSsIBIEHMS ciydaiiHocTH. He MeHee BakHOM
ABJIAETCA BTOpas, OOBEKTHWBHAs, CTOPOHA, CBA3aHHAs C TeM, 4YTO [UIf
nposiBiieHUs 3P ¢deKTa Ha ypoBHE MaKpoIpolecca He0OX0AUMO IOCTaTOYHOE
HAaKOIUIeHWe  W3MEHEHWH  Ha  YpoBHEe  MHKpompolecca. JlaHHoe
00CTOATENLCTBO CBSA3aHO CO BCSKOTO POJA KBAHTOBBIMU M ANMCKPETHBIMHU
npoLeccamy, co BCSIKOTO poza HEJIMHEeHOCTSIMHY, 30HaMu
HEUYBCTBUTEJILHOCTU M OOpPATHBIMH CBSI3IMH BHYTPEHHHMX pETYJISTOPOB
ABIEHU W T.N. B KadecTBe Mpumepa MOMKHO NMPHUBECTH OOBIYHOE CyXOe
TpeHWe. TpenMeT, JieKalluii Ha Kakoil-Tnbo TBepaod MOBEpXHOCTH, He
CIBUHETCSI C MecTa, IOKa TPHWIOXKEHHas K HEMY CHila He IOCTHTHET
OTIpeieIeHHO! BEJTMYMHBI, TIOCNIe YeTO0 OH CIABMHETCS PBIBKOM, MOCKOJBKY
BeJINYMHA TPEHWs YMalueT, Kak TOJbKO TpeaMeT cOBhHeTcs ¢ Mecra. Ho
aHaJIOTMYHBIE TPOLIECCHI MOTYT MMETh MECTO M B MHUKpPOMHpeE. XOpOUINM
NPUMEPOM SIBIISETCS Takke oOpa3oBaHWE BHXpEH B MOTOKE JKUAKOCTH MpPHU
HEKOTOPOM COOTHOLLIEHUH MEXIY CKOPOCTBIO, pa3MepaMy Tesla U BA3KOCTBIO
cpenbl, Ha3blBaeMOM uHciIoM PeliHosbaca: NMpu MaibIX 3HAUEHHMAX 4YHCIA
BUXpU HE 00pas3yloTcs, HO €clii CKOpOCTb pacTeT M 4ucio PeliHonbaca
yBEJIMUYUBAETCA, TO C OMNPENECICHHOIO MOMEHTa HAUMHAIOT MOSBIATHCA
TYpOYJIEHTHOCTH, & 3aTeM yCTOWYNBBIE BUXPH.

Crnenyer TakXke OTMETHTh M TO, YTO TPOTEKaHHE BCEX MPOLECCOB Ha
YPOBHE MUKpPOMHpPa 00BbEKTHBHO HE 3aBHUCHT OT (paKkTa HAOIFOIaeMOCTH, XOTS
MHOTAMU (pU3MKaMH YTBEP)KAAETCS HEKHM COJUICU3M: SIBIEHNE CYIECTBYET
MOCTONBKY, TOCKOJIbKY MBI ero HaOmogaeM, W TO3TOMY HCKaKeHHe
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pe3yJIbTaToOB U3MEPUTENBHBIMU TPUOOPAMU MPUHLMIUATIBHO U HE TIO3BOJIAET
clleNlaTh OJHO3HAYHbIE BBIBOIBI O XapakTepe siBleHWi. Ha camom e nene
M3MepUTeNIbHAs TEXHMKa B CHJIy CBOEro HECOBEpLIEHCTBa CHOCOOHa,
KOHEUHO, WCKa3uUTh pe3yNbTaThl JKCIIEPUMEHTa, €CJIH He MPHHSITHI
COOTBETCTBYIOIINE Mephl, HO HEOOXOAMMO BBIOMpPATH WM CO3[aBaTh TaKWe
W3MEpHUTENbHbIE CPEICTBA, KOTOPble BHOCHIN Obl HCKaKEHHS B JIOITYCTHMBIX
npenenax, WIM MPUMEHATh KOMICHCAMOHHBIE METOIbI, MPU KOTOPBIX
n3MepsieMasi BeIMIMHA He UCKaXKaeTcH.

W3 W3N0XKeHHOM TO3WLMK BBITEKACT NPUHLMITHANIbHAS BO3MOXHOCTb
M3yYeHUs] BHYTPEHHUX MEXaHW3MOB SBJIEHMH Ha J000M ypOBHE
OpraHu3aLy MaTepuUH.

[Mpm3Hanuve QakTa NPUUYMHHOCTH TO3BOJISIET PACKPBITH MEXaHU3M
SBJICHUS. M CTaBUT BOMPOC 00 3JIeMEHTapHBIX B3aMMOACHCTBHAX BHYTPH
SBJICHUS. DTH dJIeMEHTapHble B3aUMOIECHCTBUS MOTYT MPOMUCXOAUTH MEXIY
B3aMMOJEHCTBYIOIIMMH 3J€MEHTaMH TOJBKO 4Yepe3 HeroCpeICcTBEHHOE
COTIPMKOCHOBEHWE B OOIIel Touke TMpoCTpaHCTBA, OyAb TO MpsMoe
COyJapeHrne 4YacTHIl WIM B3aUMOJeiicTBME dYacTWl ¢ mojeM. [lpuHimmn
«uedcTBUsA Ha paccrosHum» (actio in  distance), noxpa3zymeBaromii
B3aWMOJEHCTBHE  IBYX OJEMEHTOB dYepe3 IMyCToe MpPOCTPaHCTBO,
MPUHLUITHATEHO HEe MOXET PAaCKpPbITh MEXaHW3M SBJICHUN WMEHHO MOTOMY,
YTO MMeeT B BHUIOY CYLIECTBOBaHME MYCTOrO TNPOCTPAHCTBA MEKIY
B3aUMOJICHCTBYIOIIMMH  3JIEMEHTaMHM. OTOT MNPUHLMI OBbIT  OCYXKIEH
¢usukamu enie B XIX cToneTuu, U HET HUKAKON HY>KIObl BO3BPALIATHCS K
HEeMY, XOTs TaKue MOMbITKU He MPeKpaLIalTcs 10 CUX Mop.

Kaxxnoe sneMeHTapHOE B3aUMOIEWCTBUE ABIASTCS CIEICTBHEM IPYToOro
3JIEMEHTapHOTO B3aUMOJEHCTBUS U, B CBOIO OYepelib, BBICTYNAET MPUUNHOM
TOCNIEAYIOMET0 B3aMMOIEICTBIS APYTMX »IIeMEHTOB. Takum oOpazom,
MMeeTCsl HelpepbIBHAs LIeTb TIPUYKH U CIIeICTBUIA.

[Ipy3HaHWe HEMPEPHIBHOCTH MPHUYMHHO-CIIEICTBEHHBIX Lenel COOBITHIA
roJpa3yMeBaeT, BOOOIIe TOBOps, €AWHBII BHYTPEHHWII MEXaHW3M Y BceX
SJIEMEHTAPHBIX SBIEHWH W B3aNMOJEWCTBMI, BO BCSIKOM Cllydae, He
UCKJIIOYaeT TaKoro MeXaHu3Ma. MHTepecHO OTMeTHTb, YTO HCTOPHSA
NoKa3blBaeT, Kak, HECMOTpS Ha BO3pacTaiollee YHCIO pPa3HOOOPa3HBIX
SBIICHUI M, Ka3aJoch Obl, BO3PACTAIOLIYI0 BO3MOXXHOCTH Pa3sMHOMKEHHs
BAapMaHTOB MEXAaHM3MOB SBIICHWI, Ha caMOM Jelle B TpOLecce pPa3BUTHA
€CTeCTBO3HAHMS LIeJ NMPOLEeCC COKPALLEHHs YUCia 3TUX BApUAaHTOB.

B 1922 r. ®ypse npumen k BbiBoxy [13], uTo «... KakuMu Obl
BCEOOBEMITIOIIMMI HHU OBITM  MeXaHWYeCKWe TEeOpHH, OHM HHUKaK He
MPUMEHNUMBI K TeTyIoBbIM 3ddekram. Temno mNpuHAIIEKUT K 0codomy
paspsiy sIBICHHIA, KOTOpPbIE He MOTYT ObITh OOBSICHEHBI 3aKOHAMU JIBHKEHHS
" paBHOBecus». A yxe B 1868r., T.e. 46 €T cIycTs MOCIIe BHICKA3bIBAHUS
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@Oypwe, Bonbuman mokazan [14, 15], uro TemioBoe ABWKEHUE €CTh
Pa3sHOBUIHOCTb MEXAHUUYECKOTO IBHKEHUS.

DTOT mpolecc COKpalEHUs 4Yucia Pa3sHOBUIHOCTEH B3aUMOIEHCTBUI
npoaoykaercs. B HacTodimee BpeMs OHO CBEJEHO K YETBIPEM: SAECPHOMY
CHJILHOMY, SIIEPHOMY CJIaOOMy, 3JIEKTPOMAarHUTHOMY ¥ TPaBHTAllMOHHOMY.
OpHako NpHU3HAHWE 3aMKHYTOCTH MNPUYMHHO-CIEACTBEHHBIX LEMeil Bcex
COOBITHII MPUBOINT K BBIBOAY, UTO B OCHOBE THUX YETBHIPEX B3aUMOJEHCTBUI
JOJDKEH CYyIEeCTBOBaTh €IWHBIN mporecc. M3 toro dakra, yTto B Mupe HeT
HUYEro, KpoMe JABWXKYIIEWCS MaTephH, ¢ HeOOXOIMMOCTBIO BBITEKAeT, UTO
9TUM €IMHBIM MTPOLIECCOM JOJKHBI ObITh MEpEMEIEeHHsT MaTepHaIbHBIX Macc
B NPOCTPAHCTBE, W,  CJIEINOBAaTeIbHO, BCE  TaK  Ha3bIBaeMbIe
«(pyHIaMeHTalIbHbIE» B3aUMOJAEHCTBUSL  JOJKHBI  OBITh  CBEIEHBI K
MEXaHUYECKOMY MEPEMELICHUIO MaTepUaIbHBIX MAacC B IPOCTPAHCTBE.

IIpyHOMNMAaIbHAs BO3MOXKHOCTb BCKDBITUS BHYTPEHHEr0O MEXaHU3Ma
ABJICHUI MOXKET OBbITh peaJln30BaHa PA3NWYHBIMU MyTsAMH. OIWH U3 HUX —
METOJ TNPEeMJIOKEHHS CIIydyalHbIX TUIOTe3, CIEACTBUS W3  KOTOPBIX
TIPOBEPSIIOTCS. M COTIOCTABIISIOTCS C PEATbHBIMU COOBITUSIMHA. DTH THITOTE3BI
MOTYT HOCUTH aOCTpakTHO-MaTeMaTHYeCKWi XapakTep, a MOTYT MMeTb U
XapakTep KauecTBEeHHbIN. [10JI0KUTENTBbHBIM MPUMEPOM SIBIIAETCS YpaBHEHUE
[Ipenunrepa, cocTaBIeHHOE OOCTATOYHO AOCTPAKTHO, HO IaBIIEE CHEKTP
pelleHni, MPUTrOAHBIX U PacCMOTPEHUs SIBJICHUHA MHUKPOMMpA, BIIOJHE
YIOBJIETBOPUTEJIBHO COBMAJAOIINX C MPAaKTHYECKUMHU HAOIIOACHUSIMHU.
JpyruM INpUMEpOM MOXKET CIIy>)KUTb BCE Ta K€ TEOPUs OTHOCUTENbHOCTH,
MO3BOJMBINAs HE TOJBKO ONKCATh HEKOTOPbIE M3BECTHBIE SBJIEHUS, HO U
NpeacKa3aTh HEKOTOPBIE HOBBIE.

OnHako, HECMOTPS. Ha BHEILIHIOK MPHUBJIEKATENLHOCTb JAHHOTO METOJA,
OH BO MHOTHUX CIIy4asX yBOJUT OT PEAIbHOCTH, MOCKOJIBKY HE BCKpBIBAET
BHYTPEHHEN CYIHOCTU SBJICHUA.

JlelicTBUTENBHO, TPOW3BOJIbHASA TUMOTE3a, TOJOXKEHHass B OCHOBY
W3y4eHUs SBJIEHUH, NACT CTOJb K€ MPOU3BOJIBHYIO CHUCTEMY CIEACTBUIA,
KOTOPBIE CTOJb K€ CIy4aifHO MOTYT COBMACTb C HEKOTOPBIMHM W3BECTHBIMH
SBJIEHUSIMH, CO3/aB BIeYaTJIEHNE NMPaBaONoA00HOCTH. OJHAKO HET HUKaKOH
YBEPEHHOCTH B TOM, YTO 3TH CJIEACTBMSA COBMALYT C OPYrMMHU (paKTaMu
JEeWCTBUTENILHOCTH, €lIe€ He OTKPBITBIMU. OTKpbITHE k€ HOBBIX (DaKkTOB
OyIeT 3aTpyIHEHO B TOW Mepe, B Kakoil 3aBoeBaBLIas MPU3HAHWE TUIOTE3a
OK@KETCA HECOCTOATENILHOM ISl UX NPeICKa3aHus.

ITockonbKy KaXk[J0€e YacTHOE SIBIEHHE MOXKET ObITh OOBICHEHO HE OHUM,
a MHOTHUMH CTOCO0aMH, TO W TpyNNa YacTHBIX SBICHUH MOXET OBITh
Y/IOBIIETBOPUTENFHO yJIO)KEHa B JIF0O0E€ KOJIMYECTBO 0000MIAIOmMNX UX
runote3 W Teopuil. CregoBaTeNbHO, MYTh CpPaBHEHMs  CIEACTBUIA,
BBITEKAIOINX U3 TUIOTE3, COBEPLUIEHHO HEOCTATOYEH.
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PaccMoTpeHHe CyLIECTBEHHBIX CTOPOH MEXaHHM3MOB SIBICHHH MOXKET
NpoucTeKaTh TOJNBKO M3 TpeAcTaBieHUil 00 WX OOIIHOCTH, YTO TpedyeT
OJTHOBPEMEHHOT0 PaCCMOTPEHHUS BCEX M3BECTHBIX SIBICHUI M BbIAEIEHUS UX
001mmx yepT. OHAKO ¥ MPU 3TOM BO3MOXHO IOJTyYeHHE JIF0O0TO KOJIMUecTBa
Teopuii. B ToM umWcne W B3aMMHO MCKIIOYAIOMINX APYT Apyra. XopoinMm
mpuMepoM  3lech  ciaykuT CrenpanbHas TeOopHs  OTHOCHTENBHOCTH
OiHIITElHA, KaTerOpUYecKW OTPUIAIOLIas HajJudne B TpHupoae >¢pupa, HO
WCTIONB3YIOIass B KauecTBE MaTeMaTH4ecKol OCHOBBI MpeoOpa3oBaHUs
JlopeHna, KOTOpbI BBIBEN WX, MCXOAS W3 CBOEH TEOpWH HEMOABHKHOTO
a¢upa. CrnenoBaTenbHO, IJIS MOCTPOECHUS 000OIIArOIIel TEOPUH OJKHBI
ObITb KpOME  SIBIEHMH y4TeHbl W  TOJNOXEHHS  JUaJEKTUYECKOro
MaTepHalin3Ma, K KOTOPbIM HAJ0 OTHOCUTHCS KaK K O3KCHEPHMEHTaIbHO
NpOBEepeHHBIM (haKkTaM, OTpa)katoluM HauboJiee 00IIKe CTOPOHBI peabHOTO
mupa. B Teopuu, kpome TOro, NOJKHBI OBITh HaMEUEHbl €€ TPaHULbl U
BO3MOXKHOCTH ~ TIOCNieNylomiero  yTouHeHus. [IpoTtmuBopeume  Teopum
peanbHOMY (DaKTy MOJKHO WCIIONIB30BATHCS [UISi YTOYHEHUS TEOPHH, €CIN
HYXHO, €€ W3MeHeHWsd, a He oTOpacbiBaHus (akTa, Kak TOCTyNuia
CrneunanbHasi TEOPUsI OTHOCHUTEIBHOCTH C 3KCIIEPUMEHTaMH 10 3(UpHOMY
BeTpy. HakoHew, Teopus HOIDKHA HMCXOAWTh W3  KaueCTBEHHBIX
TIPeACTaBIeHNH,  MOIKPEIUIEHHBIX  KOJMWYECTBEHHO-()yHKIMOHAILHBIMU
ONMUCaHUAMU, TIPH 3TOM KadeCTBEHHbIE MPEACTABICHUS JOJKHBI MMO3BONAThH
HaliTM  TIpaHULBl W JOMYCTHUMbIe  YMPOIIEHHMS  (YHKIHOHAIBHO-
KOJIMYECTBEHHBIX OMUCAHUI MPU peIIEHNN KOHKPETHBIX 3a/1ad.

CrnemyeT NMOMHHTb, YTO KaXIblil MpeAMET W KaXAoe SBJIECHHE HMEIOT
0eCUHCIEHHOEe MHOKECTBO CTOPOH M KaueCTB M MO3TOMY MOJHOCTHIO MOTYT
ObITh OMKCAHBl JIMIIb OECKOHEYHBIM YHCIOM YpaBHEHUIH ¢ OECKOHEUHBIM
YHUCIIOM YJIEHOB.

Takum o6pazom, moboe peanbHOE MaTeMaTHIECKOe OMKMCaHWe TpeaMeTa
WIIN SIBJIEHUS HOCHUT YaCTHYHBIN, MPUOIKEHHBIH XapakTep, OXBaThIBAIOLINN
JVIIb HEKOTOPbIE CTOPOHBI TIpeIMeTa WM WCCIIEI0OBAHHOTO SIBIICHUS, TIPH
5TOM [JaXe He BCerJa CyIIeCTBEHHbIe Ui TOCTaBIEHHON  Lenn
uccienoBanusa. OTcroa cienyeT, 4To MPeACTaBIeHHA O J000M mpeamere
W SIBJICHWUH, T.€. UX MOJENH, MOTYT M JOJIKHbI HEMpPEepbIBHO YTOUHSTHCH,
COOTBETCTBEHHO MOTYT W JOJKHbI YTOUHATBCS W MaTeMaTHYeCKue
3aBUCHMOCTH, OIHUCBHIBAIOLINE 3TH MOAENU. UHCIIO TakuX NpUONMKEHUH n
YTOYHEHU1 OECKOHEUHO.

[Ipennaraemblii  HUXKE  METOX, UCXOMAIINA W3  OOBEKTUBHON
MaTepHAILHOCTH  fBJIEHWH, W3 WX TNPUYMHHOCTH Ha BCEX YPOBHAX
OpraHM3alii MaTepuH, W3 TpeICTaBIeHWH O eIWHCTBE BCeX SBICHUN
TIPUPOJIBI M 0 HEOOXOIMMOCTH TOCIIEI0BATENLHOTO MPUOJIDKEHUS Moieneit n
OMKCaHU K peajbHOW NeHCTBUTENLHOCTH, HE MpeAcTaBisieT co0oil yero-To
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0c000 HOBOTO: 3TO OOBIUHBIN METOA MAaTePUATUCTUIECKON TEOPUH MO3HAHMUS.
HNMeHHO 3TOT MeTOJ MOXKET MO3BOJIUTH MOCTPOUTH O0O0OOIIAOLIYI0 TEOPUIO
BELIECTBA, B3aMMOAECHCTBHI U (PU3UUECKUX SBJICHUN.

3.2.3.I1yTH BCKPBHITHS BHYTPEHHHX MeXAHHU3MOB sIBJICHHI

IIpu ompeneneHun nmyTeil BCKPBITUS BHYTPEHHUX MEXAHU3MOB SIBJICHUI
BO3HUKAET HEKOTOpas NPUHUUMHAIBHAS TPYIHOCThb, CBA3aHHAs C T€M, 4YTO
YUCIIO CBOWCTB y KaXAOTO ABJIEHUSA My KaXIOrO €ro J1eMEeHTa B MPUHLIUIIE
6eckoHeuHO BennKo. [103ToMy 0cO0eHHO BaXKHBIM CTAaHOBUTCS BBIAEIEHNE U3
BCell COBOKYMHOCTH CBOWCTB TaKHX, KOTOpbIE SIBISIOTCS CYILIECTBEHHBIMH
JUI TIOCTaBJeHHO! 3anaun. [Ipu 3ToM HEO6XOIUMO ONpPEeSIUTh OTHOLIEHHE
K O0TOpacelBaéMbIM  CBOWCTBaM, TIOCKOJIBKY MX HEy4YeT BeleT K
THOCEOJIOTMYECKOMY YIPOLIEHUIO (JOpM MaTepuu U SABJIECHUH.

Bomnpocel  MeTojonoruu  ympoleHHs — NPEAMETOB  UCCIENOBAHUMN
HEOJHOKPATHO paccMaTpuBalUCh B JuTeparype. Kpurepuii <«apocTOTbI»
4aCTO UCIOJIb30BAJICA UCCIEN0BATENSIMU KaK OJMH U3 OCHOBHBIX apryMEHTOB
B BbiOope TOH wuiauM wuHON Teopuu. I[lodTOMy Ha [aHHOM acmekTe
1e71ec000pa3HO OCTAaHOBUTHCS JeTallbHEE.

B HekoTopblx paboTax, Hampumep B [16], mpemmaraetcss B KauecTBe
KpUTEpHs] ICTUHHOCTU NPH BBIOOpE TOH WM MHON TEOPETHUUECKON CHCTEMBI
WCTIONB30BaTh <«UHAYKTUBHYIO MPOCTOTY», T.€. MPEANOYMTaTb Ty CHCTEMY
MPEeICTAaBICHNUN,  «...IOCBUIKM  KOTOPOW  OCTAlOTCS  WHBapUAHTHBIMH
OTHOCUTEJIbHO OoJiee INMPOKOH rpymnmbel npeoOpasoBaHuit». Crenyer,
OJTHaKO, BO3pa3HTh, 4YTO, TMOCKOJIbKY CaMHM TpyMmel MpeoOpa3oBaHUit
OTpaXkaloT YPOBEHb AOCTUTHYTHIX 3HAaHMH M 00s3aTeIbHO B 3TOM CMBICIIE
OJHOCTOPOHHH, MOJOOHBIH MOAX0A HOCUT CyObEKTUBHBIHM XapakTep.

ITpeanouteHue 6osee MPOCTOro MyTH MOXKET 3aCTaBUTh MCCIIEIOBATENS B
KOHEYHOM HUTOre OTOWTH OT MEPBOHAYAIbHOW LENH — MOWCKOB WCTHHBI.
Hanpumep, cymiecTBeHHO IIpole OTHICKAHHWSA BHYTPEHHHX MEXaHU3MOB
SBJIEHNI abCTparnpoBaThCsi OT HUX, MPUAATh MAaTEMaTHYECKOMY OMHMCaHWIO
CaMOCTOSITENIbHOE 3HaYEeHHE, YTO NPUBEMET, B KOHLE KOHILIOB, K TOMY, 4TO 3a
VCTVHHBIE TIEPBUUYHBIE MPEICTABJICHUS] HAYHYT MPUHUMATBCS Te, KOTOpbIE
HanOoee yIoOHBI B MareMaTHYecKoM OTHomeHuH. K coXaJeHuro, NMEeHHO
TaKk M MPOUCXOOUT AOCTaTOYHO 4YacTo. [IpuMepom ToMy sBisieTcss BCs
KBAaHTOBAasg MEXaHHWKa, KOTOpas TOJHOCTBI0 HWrHOPHpOBaja HAJIA4Me
BHYTPUATOMHOT'O MEXaHU3Ma, 3aMEHUB €T0 BEPOATHOCTHBIMH MOHATUAMH.

Tak HasblBaeMblii <«IIPUHLUI MPOCTOTHI» 3a4acTyl0 OKa3bIBAaeTCA
UTHOPUPYIOLINM peallbHyt0 (pU3nuecKyro KapTHHY MHpa.

K kakuM JanekuM MociaeaCTBUSIM MOXKET MPUBECTH MOAOOHbIN MOAXOx,
BUIIHO Ha Mpumepe BbicKasbiBaHuA O.Maxa. OTBepras NOHATUE KOJIMYECTBA
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Martepud, Max NpHU3HAET «IIOHATHE MACChl KAK MaTeMaTUUECKOl BEJIMUMHBI
yIOBJIETBOPSIFOIMM HEKOTOPBIM YPaBHEHUSIM TEOpEeTHYECKOH (U3MKH, YTO
BechbMa ymo0HO i Hayku» [10, 17],T.e. Macca 31ech BBICTyMaeT He Kak
OOBEKTHBHAS PEANbHOCTb, & KaK HEKWil «yOOOHBIN» JUIS WCCIIe0oBATENs
KOX((UIMEHT B ypaBHCHHSX.

Oitrmteitn mumet [18]: «...IloHATHS W OTHOWIEHWS, B OCOOEHHOCTH
CYIIECTBOBAHNE pEATbHBIX O0OBEKTOB M, BOOOIIE TrOBOpPS, CYLIECTBOBAHMWE
«peanbHOr0 MUpa», ONpaBJaHbl TOJILKO B TOW Mepe, B KAKOIl OHU CBSA3AHBI C
YYBCTBEHHBIMH  BOCTIPUSITHSAMH, MEXAYy KOTOPBIMH OHH  00pasyroT
MBICJIEHHYO CBS3b... OiHa 13 6onbIINX 3acayr KaHTa cocTOUT B TOM, 4TO OH
MoKa3aJl 6ecCMbICTIEHHOCTb YTBEPKAEHHS O pealbHOCTH BHELIHEro Mupa 6e3
3TO Mo3HaBaeMOCTH. ...Lleabto Hayku sBIAETCA, C OOHOW CTOPOHBI,
BO3MOXKHO 0Oojiee TMOJHOE T[O3HaHWE CBA3M MEXIy YYyBCTBEHHBIMHU
BOCTIPUATHAMU B UX COBOKYITHOCTH U, C IPYroil CTOPOHBI, JOCTUKEHHUE STOM
LeJIA MyTeM MPUMEHEHUs] MMHUMyMa MEePBUYHBIX MOHATHIA W COOTHOLIEHWA
(mobuBasich, HaCKOIBKO 3TO BO3MOXKHO, JIOTHYECKOTO €IWHCTBA B KapTHHE
MUpa, T.. CTPEMACh K MUHUMYMY JIOTHYECKHUX JJIEMEHTOB).

HyxHO oOTMeTWTh, 4YTO mis OWHIITElHAa KpUTEpUH TPOCTOTHI OBLI
MPSIMBIM  PYKOBOJCTBOM K peiicTBuro. Kak yxke ymnomMuHansoch Bellle, B
pabote [19] DiHIITENiH OTMETHN, YTO Uil pa3pelieHHs MPOTUBOPEUMiA
BBIBOJIOB PE3YJIbTATOB 3KCIEpUMEHTOB Pu30 U MalikenbcoHa OH BUAMT JIBE
BO3MOXKHOCTH: 1) 3(Mp TMOJNHOCTBIO HETOABWXKEeH; 2) 3(hup yBJIeKaeTcs
IBWXYLIEHCA MaTepuel, HO OH IBWXKETCSI CO CKOPOCTBIO, OTIMYHOW OT
CKOpOCTM  JBWKeHUs Marepud. Jlanee oH mnuiuer: «...PasBurue BTOpOIt
TUNoTe3bl TpeOyeT BBEAEHHs KaKUX-IMOO MpEeArNoJoKeHHH OTHOCUTEBHO
CBSI3M MexXIy 3pUpoM M IBHXKyleics matepueil. IlepBast ke BO3ZMOXKHOCTh
ouenv npocma (KypcuB MoM, — B.A.) U s ee pa3BUTHA Ha OCHOBE TEOPHHU
MakcBemia He TpeOyeTcs HUKAKOW MOTONHUTEIBHON THITOTE3bI, MOTYIIEH
OCJIOXKHHUTb OCHOBBI TEOpUM». OTO MOJIOXKEHWE MpHBeao OifHmTeliHa K
OTKa3zy oT 3¢wupa.

Ceilyac MOXHO TOJNIBKO TajmaTh, K KakuM OBl BBIBOAAM MpHIIEN
OUHIITEHH, ecnu Obl OH He COOJIA3HMIICA <IIPOCTOTOI» MEPBOro MOJOKEHHUH,
a uccnenosai Obl BTopoe, «QoJjee cloxkHoe». Bo BcsikoM citydae, sICHO, YTO
HM O KaKOM OTKa3e OT 3(upa 3/1eCb MPUHLUUIHNAIBHO HE MOTJIO UATH pedu, HO
u CneunanbHas Teopus OTHOCHTENILHOCTH He TMOsABWJIach Obl Ha CBeT.
CnenoBaHue ke NEPBOMY MOJOXKEHUIO 3aCTaBUIO OWHINTEHHA MOTPaTUTh
MHOT'0 BPEMEHHU Ha OeCIIOIHbIE MOMBITKH MOCTPOUTH HAa 3TOM MyTH €AMHYIO
TEOPHUIO MOJIA.

W3 npuBefeHHBIX MPUMEPOB BUAHO, YTO MPOW3BOJI B NPUMEHEHUH
«IIpUHLOUNA TMPOCTOTBI» MOXXET MMETh JAajeko uaymue nocnenactsus. C
JpYroi CTOpPOHbI, PACCMOTPEHUE MAaTEPUU U SBJICHUN BO BCEH COBOKYITHOCTHU
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UX CBOWCTB HEBO3MOXKHO, TAaK KaK YMCIO CBOICTB JIOOOro MaTepHalbHOTO
oObekTa  OeckoHeyHo BenuMko. OTciola  CTaHOBUTCA — OYEBUAHOMN
METO/I0JIornYecKasi BAXKHOCTb MTOJHUMAEMOM MPOOIEMBI.

Jns Toro d4ToOBI OMpenenuTb, KakKuM 00pa3oM MOXHO BBIIEIHTH
CYIIECTBEHHbIE CTOPOHBI ~ TPEAMETOB W  SIBICHWH, LielecoodpasHo
pPaccMOTPETh 3TOT BOMPOC B NCTOPUUECKOM aCTIEKTE.

B c¢unocodckoii nuTepaType cumTaeTcs, 4TO TPEeOOBAHWSA aHaIW3a
CYIIHOCTH NIPUPOIHBIX SBJICHUI BIiepBbIe BBIABUHYTHI PanecoM MUIEeTCKIM.
Ecnm mo Hero mpupona paccmarpuBaliach Kak HedTo enwHoe, To Parnec
YCMOTpEN B 3TOM €JUHCTBE HaJUdMe MHOTUX Pa3IUdMid, MIMEIOIINX OOLIyI0
MEPBOOCHOBY, M TakKMM 00pa3oM yKazaJdl Ha CIOXKHOCTb TNpPHUPOABI W
NPUHLMIHAIBHOE HAMpaBJeHUEe aHaJn3a MNPUPOIHBIX SABJICHWI Ha MyTH
U3BICKaHUS HeKoell o0iieil mepBoOCHOBEI. Takoil MepBOOCHOBOW OH CUMTAI
«BJIAXHYIO MPUPOJLY>, TO-COBPEMEHHOMY — F’MIPOMEXaHHKY .

[Moz:xe Omnenokn (490—430rr. 10 H. 3.) NPEUIOKUIT B KauecTBe TaKoi
TIEPBOOCHOBBI YETBIPE «CTHUXHMM» - 3eMJII0, BOJY, BO3yX M OTOHB, yKa3aB, UTO
000 mpeaMeT u M000e SBIEHNE COCTOSAT M3 KOMOWHALIMKM 3THX YeThIpeX
CTUXUH.

Meicnb  DOMrmenoknia  CyImIEeCTBEHHO TJIyOXe, YeM 3TO  OOBIYHO
TIPEACTaBISIETCSl NCTOpUKaM. B camom nene, eciim TOHUMATh MCTOJIb3yeMble
OMMENOKIOM MOHSTHSA CTUXWII HECKOJNIbKO LIMpEe, HANpUMEp <3eMisa» —
TBEpOb (TBEPHOE COCTOSHME), «@OAa» — JKMOKOCTh, <BO3AYX» — ras, a
«OTOHB» —3HEPIHs, TO Mbl (PAKTUYECKH CTAIKUBAEMCS C YTOMHUHAHUEM TpeX
OCHOBHBIX COCTOSIHMI MaTepuu — TBEPIbIM, *KMIKHMM M Tra3000pa3HbIM U
npucyiei el sneprueid. Hy>kHO OTMETUTb OTHOBPEMEHHO, YTO HENPUAAHUE
KQXIOMY M3 O3THX COCTOSHMH KakKMX-TMOO JOMOJHUTENbHBIX CBOMCTB
O3HAYaeT, YTO BBEICHHBIE OMIEAOKIOM «CTHXWM» TMOAPa3syMeBaJINCh
3JIEMEHTapHBIMU B CBOEH OCHOBE, HA/IEJIEHHBIMU €JMHCTBEHHBIM Ka4e€CTBOM.

Pa3BuTHe B cpeiHMe BeKa aJIXMMHUM MTOCTaBHIIO BOTIPOC O JPYToil cucreme
3JIEMEHTOB, U3 KOTOPBIX COCTOSIT BCe Tesa. BbUTH BBIIENEHbI «BEUIECTBA», B
YacTHOCTH METaJUIbl, Cepa W HEKOTOpble NpyTrHe, KaKA0oe W3 KOTOPHIX OBLIO
HaJeleHO OrpaHW4eHHoil rpymnmnoil kauecTB. Mmes reHesnuca BelIECTB,
BbickazaHHasi P.bskonom (1214-1292),sBnsieTcss (akTUUECKH MOMBITKON
CHHTE3a CJI0KHOT0 U3 MpocToro. Takum 00pa3oM, U HA 3TOM dTarle pa3BUTUS
NpEeACTaBIEHU 0  CTPYKType  MaTepuM  CIOXHble  BeIlecTBa
MOAPa3yMEBAIOTCA COCTOSAIIMMKM W3 TPOCTBIX, OOJNIQJAIOIINX MHUHUMYM
kauecTB [19].

Pa3BuTHe XMMWM TIPUBENO K TPEACTABICHWIO O HaWMEHbINeil dJacThie
BellecTBa, oOONamaromeii BCeMHM XUMHWYECKHMH CBOICTBAaMM IaHHOTO
BeIIeCTBA. XOTS OQHUUIUATIBHBIA TEPMUH «MOJeKyla» ObLT y3aKOHEH
MexayHapoaHsIM KoHTpeccoM B Kapicpys Tonbko B 1860r., 3TOT TEpMHUH 1
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(axTHUeckoe ero 3HaueHue ObUIM M3BecTHBI JlaByasbe (1743—1794%anonro
no asroro. IlpaBma, JlaByasbe cpaenan cienyroluee MNpu3HaHue: «...Eciau
Ha3BaHHUEM s7eMeHma Mbl XOTUM O0003HAYUTb Mpocmule Tella U HedenuMbie
MOneKyibl, U3 KOTOPBIX COCTOAT Tella, TO BeChbMa BEPOSTHO, YTO Mbl MX HE
3Haem» [21, 22].

Tem He MeHee, JIOTHKA W 3/1eCh COXPAHAETCS: CIOXHBINA TIPEIMET — TeJIo
TIpeAToiaraeTcsi COCTOSAMMM U3 0oJiee MPOCTBIX — Mosekyd. Kpome Toro,
BEIIECTBA, KOTOpbIE HE MOTIM ObITh pasloxkeHbl, JlaByasbe Ha3Bal
MPOCTBIMH, TEM CaMbIM TTOATBEPIUB OOIIHOCTh METOIA.

JlanbHeiiiee NPOHWKHOBEHHE B TIIyOb MaTepUH CBS3aHO C HMMEHEM
Jix.TaneroHa (1766—1844)B pa6ote [23] JJanbTon oTMeuaeT: «...5 n3dpan
CIIOBO amom i 0003HaUeHMS 3TUX MEPBUUYHBIX YACTHL, MPEANIOUUTas ero
clloBaM «acThLa», «@oNeKyna»  WIM  KakuM-Tu0o  OpYrum
YMEHBIIUTENIbHBIM Ha3BaHUAM TOTOMY, 4YTO 3TO CIIOBO KaXeTcs MHe
3HAYMTEIHHO OoJiee BHIPa3UTENIbHBIM: OHO BKJIOYAET B ce0s MpencTaBieHNe
0 HEJIeNMMOCTH, Yero HeT B JPYrux 00o3HadeHWsX». [ladbTOH mMpeasaraer:
«...Bce aTroMbl omHOTO poza, 6e3pa3IuyHO MPOCThIE WIN CIOXKHBIE, TOTIKHBI
00s13aTeNIbHO paccMaTpBaThCcs KaK OJMHAKOBBIE MeXIy co0oit mo ¢opme,
BUJIy ¥ BCEM JIPYTUM OCOOEHHOCTSIM.

WU XoTs mo3nmHelInne WCCleoBaHUsl TOKa3alW, YTO 3TO He Tak,
npeicTaBieHde 00  OJMHAKOBOCTM  aTOMOB, T.e. MeTadu3nyeckoe
OrpaHMYeHNe CBOWCTB, MPUAAHWE TMPOCTOTHI 3NEMEHTY-KUPIUYUKY, U3
KOTOPOrO COCTOAT Oojiee CIIOXkHbIE 00pa3oBaHMs — MOJIEKYJIbI, BEILECTBa,
Tesa, ObIJI0 COBEPIIEHHO HEOOXOIUMBIM YCIOBHEM BO3MOXKHOCTH aHalM3a U
CHHTEe3a MaTepiM Ha JTAHHOM 3Tare Pa3BUTHSA €CTECTBO3HAHUS.

VYcraHoBleHHbIT B Havyane XX crojeTus (akT pa3HOOOpaszus aTOMOB,
HallMuWe W3JIy4eHWH, WCXOAALIMX W3 HEKOTOPBIX M3 HHUX, MpeBpalieHue
aTOMOB OJIHMX BEIIECTB B aTOMBI JIPyTMX BELIECTB MMOKA3alM, YTO aTOMBI HE
SBJIAIOTCSL TIPOCTEHINMMU W HENENMMBIMH  00pa30oBaHUSIMU MaTEepHH.
[Mpennoxennas Pesepdopmom B 1911 r. mnaHeTapHas MoJeidb aroma
mo3Bosimyia  COPMYJIMpOBAaTh  TMOHSATHE  <OQJIEMEHTApHBIX  YacTHI,
COCTaBJISIIOLIMX AaTOMbI. OJIeMEHTapHbIM YacTHLaM ObUIM MPUIIHMCAHBI
HECKOJIbKO OTPaHMYEHHBIX CBOWCTB, CpPeIM KOTOPBIX OOHHUM M3 TJIaBHBIX
OblTa X HeAeNuMOocTb. TakuM 06pa3oM, Ha JAHHOM 3Tare Pa3BUTHs aTOMbI
ObUIM TPU3HAHBI CIOXKHBIMU O0pa3oBaHWAMHU, a BCe HUX pa3HooOpasue
OOBSACHSIOCH NMPOCTHIMA KOMOMHALMAMM 3JIEMEHTapHbIX YacTul. M Tombko
NPOHMKHOBEHWE B TJyOb aTOMHOrO sApa MOKa3ajo, 4YTO CaMH
«QIIeMeHTapHbIe YaCTHIBI» BOBCE HE SBIISIIOTCS 3IEMEHTapHBIMH.

[TogBomss ~ WTOr  WBNOXKEHHOMY,  MOXHO  OTMETHTh  OOMmmit
METOIOJIOTMYECKHUT TIOAX0 K aHAIHN3y CTPYKTYphl MaTephH Ha BCEX dTarax
Pa3BUTHS €CTECTBO3HAHUS. DTa METOIOJIOTHSI 3aKIFOYAETCS B CIIETYIOLIEM.
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Hakomnnenue ¢akToB 0 pa3HOOOpa3suu CBOUCTB, (OPM U JBUKEHUS
MaTepHUu CTAaBUT BOMPOC O CJIOXKHOCTU YK€ W3y4deHHbIX (hopM MaTepuu u o
HalM4uM o0muKX (GopM U CBOMCTB MaTepUu Ha YPOBHE, OoJiee rIyOoKoM, 4eM
yKe OCBOCHHBI ypOBeHb. DTH (DOPMBI U CBOMCTBA: a) MPOCTHI B CMBICIIE
MaJioro 4YHWcia CYIICCTBEHHBIX KauecTB WM  TIPHUIMCBIBAEMBIX; 0)
MpoucTekaloT w3 (opM W OCOOEHHOCTEH ABWKEHWS Marepun Ha
npenbAyneM (cTapiieM) ypoBHE OpraHW3alnuyi MaTepUH; B) ABISIOTCS JIMIIb
YacTbl0 BCEX CBOWCTB MaTepwy Ha paccMaTpuBaeMoM (MIlaaiueM) YpoBHE
OpraHM3alii MaTephy, YeM Ha HadaJlbHOM 3Tarle OCBOEHHWS 3TOTO YpPOBHS
OpraHM3alii MaTepuH TMPHUXOAWTCA BPEMEHHO MpeHeOpeub, Mo KpaliHeil
Mepe, 10 HAaKOTUIEHHsI HEOOXOANMBIX TaHHBIX.

B panbHeiiieM Mo Mepe HAKOIUIEHWS HOBBIX JAHHBIX MaTepHalbHble
00pa3oBaHKs 3TOr0 YpOBHS BHOBb OKaXyTCs CJIOKHBIMHM, U BHOBb HY’KHO
OyzeT BBOIUTH TMpelcTaBlieHHs 00 eme Oonee  TIIyOMHHOM YpOBHE
OpTaHM3ali MaTepHH, <KHUPMUYAKKA» KOTOPOTO BHOBH BPEMEHHO OyIyT
CUNTATHCS TIPOCTHIMHU.

HyXHO OTMeTWTb, 4TO HaiifiecHHbIE Ha HOBOM YpPOBHE OpraHM3aLUHf
CBOMCTBA MaTepuy MOTYT OBITH TOJNBKO CYIIECTBEHHBIMH, 0O BBIIEIISIIOTCS
TOJIBKO TaKWe M3 HUX, KOTOpble OOBSCHAIOT pa3HooOpasue (Gopm 1 CBOHCTB
MaTepHy Ha MpeAbIayIIeM YpoBHe opraHnzauun. Takum oOpa3om, B OTINIHE
OT  M3JI0KEHHOTO BbIIIE CYOBEKTUBHOIO MPEACTABICHUS O <«IIPOCTOTE»
ABJIEHUS. TPU M3YYCHUH CBOWCTB MaTepuu Ha Ppa3IMUHBIX YPOBHSIX
OpraHM3aLy Mbl IMEEM JIEJI0 C JUANeKTHYECKUM TOHATHEM MPOCTOTHI.

Haiinenubiii oOmHUN METOHONOTMYECKUH MPUHLUUN JOJDKEH OBbITh
NPUMEHEH M B HAcTOAIIEe BpeMsl, MOCKOJbKY HAKOMMJIOCh JOCTaTOYHO
JAHHBIX O CIIO)KHOCTH  <QJIEMEHTApHBIX» 4YacTHL[ BellecTBa, 00 WX
pasHooOpa3mn, a Takke 00 WX  B3aMMHBIX  TpEBpAIEHMSX,
CBHMIETENLCTBYIOIINX O HAIMYMM Y HUX OOIIET0 CTPOUTENEHOTO MaTepHraa.

W3 wu31m0KeHHOTO BBITEKAeT HEOOXOAWMOCTH aHaji3a TOBEICHUWS TpH
B3aNMOJEHCTBUN <3JIEMEHTAPHBIX YaCTHUID» BELIECTBA, BBIICICHNS Ha OCHOBE
3TOTO aHaiM3a OOLIMX IJISi BCEX BHIOB B3aMMOJEWCTBHI XapaKTEPHCTHK,
NIPUZIaHNSL CBOWMCTB sieMenmapHocmu HOBbIM, Gosiee METKUM 00pa3oBaHUAM
MaTepHy, SBJIAIOLIMMCS CTPOUTEIbHBIM MaTepualoM Ul <«QJIeMEHTapHBIX
YacTHL» BELIECTBA, BBIBEJCHUS W3 MX CBOICTB pa3HOOOpa3HbIX (hopM MX
JBUWXXEHUs], TOCTPOSHNSI HAa OCHOBE 3TUX (POPM BCceX BHIOB B3aMMOJEHCTBUS
crapmx (opMm, HayMHAas OT <QJIEMEHTApHbIX YacTUI» BELIeCTBAa 10
BceneHHoIi B LlesioM, a Takxke Npejacka3aHue HOBBIX ABJIEHUH U 3¢ (eKToB B
Pa3NMYHBIX OOJIACTSAX €CTECTBO3HAHUS, MOMIEkKALINX SKCIepUMEHTAIbHON
TIPOBEpPKE.

H3noxxeHHBI T METOIOTIOTMIECKHi TIPUHIAT HEOIHOKPaTHO
WICTIONTB30BAJICS PA3IMIHBIMH HCCIIE0BATEIIMU TMPUMEHUTENBHO K YaCTHBIM
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3ajayaM KHHETUYECKO# Teopunm Marepud, Hampumep, bomsumanom [14], a
take A.K.TumupsizeBbiM [24], 1 TOCTaTOYHO YCIIEIIHO.

BriBoasbl

1. OCHOBHOI LENBI0 €CTECTBO3HAHUS NIOJKHO OBITH BCKPBITHE TPUPOJIBI
SBJIEHWI, T.. BCKpPBITHE BHYTPEHHEr0 MEXaHW3Ma SBJEHHWI, NMPUYNHHO-
CIICICTBEHHbIX OTHOLIEHUH MeXIy MaTepHaIbHBIMH 00pa3oBaHUsIMHY,
YYacTBYIOLIVMMHU B HUX, U Ha OCHOBE MX OOOOILEHUs HAaXOXAECHUE OO0IIUX
3aKOHOMepHocTel ycTpoiictBa mpuponsl. CyliecTBOBaHME BHYTPEHHHUX
MEXaHU3MOB SBJICHWI TMpeArnojaraeT HaJluuyue NPUYUHHBIX CBsI3eH, T.e.
JETePMUHU3M.

2. Tlpm3HaHue (¢akTa NOPUYMHHOCTH CTaBUT BOMNPOC O MPUPOIE
3JIEMEHTApPHBIX B3aMMOJEHCTBUI BHYTPH SIBIEHW, 3TH B3anMMOIECHCTBUSA
MEXIy 3JIEMEHTaMH MOTYT TPOMCXOAMTH JIMIIb Yepe3 HeroCpeICTBEHHOE
COTIPUKOCHOBEHWE B  OOWIel TOYKEe TMPOCTPaHCTBA, TEM  CaMbIM
TIPUHIMTHATBHO oTBepraercs «IPUHIAT TaTbHONEHCTBHS,
TIpeAToNIaralonii B3auMO/IeHiCTBME TeJl depe3 IyCTOTY, M yTBEpiKAaeTcs
TIPUHINT OJIM3KOIEHCTBIS Ha JTI0OOOM YPOBHE OpraHU3alii MaTepHH.

3. Kaxnplii mnpeaMer W Kaxaoe SBJIGHUHE WMEIOT OecdlCIeHHOe
MHOKECTBO CTOPOH M KadyecTB, MO3TOMY KaKJ0€ KOHKPETHOE OMNHCaHHUe
(Mozmenb, MatemaTuueckas (GopMysa, CIOBECHOE M rpaduueckoe OMUCaHUs
T.L.) SBAAETCA MNPUONMKEHHBIM. DTO O3HAa4YaeT, YTO MpEACTaBICHUS O
npeaMeTax M SBIEHMAX JOJDKHBl HEMPEpPhIBHO  YTOUHATHCA — IyTeM
YCOBEpIIEHCTBOBAHMS (PM3NYECKUX MoJelel W WX MaTeMaTHYecKOTro
omucaHWi. DTO  3HAYAT  TakXke, UYTO W  yCOBEPIIEHCTBOBaHWE
(yHIaMEHTaTbHBIX 3aBUCHUMOCTEH (M3WKH, OTpPaKalOIIMX JIMIOb 4YacTh
O0IIMX 3aKOHOMEpPHOCTEHl TpPHPOABI, MOJDKHO SBIATHCS OHHOW W3
Ba)XHEHMIINX 3a1a4 TeOpeTHIeCcKoil (PU3UKH.

4. Jhiobomy wmateMaTuueckoMy (JIOTHUeCKOMY, (YHKUHOHATEHOMY,
KOJIMYECTBEHHOMY) OMNMCAHWIO JOJDKHO TMpPEAIIeCTBOBaTh KaueCTBEHHOE
OMucaHNe — MOCTPOCHNE MOJIeNiel MpeAMETOB U siBeHNI. Mozenn NOKHbI
OTpakaTb OCHOBHBbIE JUIA TMOCTaBIEHHON LM KayeCTBEHHbIE CTOPOHbI
MPEIMETOB U SIBICHNH, OOBACHSTH UX C KAUE€CTBEHHOI CTOPOHBI, T.€. CBOJAUTh
UX K COBOKYMHOCTH 4YacTed, KaxJaas W3 KOTOPbIX MOXET CUMTaThCs YyKe
MOHATHON B €€ OCHOBHBIX CBOMCTBaxX, W WX B3aumojeilicteuro. OTcroga
BBITEKAaeT MPUHLIMMHAIbHAS BaXKHOCTD PUMEHEHHS aHAJIOTHI C M3BECTHBIMU
TIpeAMEeTaMH ¥ SBJIEHUSIMHA 1 000CHOBAaHWS MIPAaBOMEPHOCTH MPUMEHEHUS TeX
WJIA WHBIX aHATOTHI B KOHKPETHBIX CITyJasX.
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5. Tlpu noctpoenun ob6mWuX ¢uzndecknx Teopuil (yHIaMeHTaNbHOE
3HaueHHe MMeeT OMpefeieHne BCeoOmMX (U3NUECKUX WHBAapHAHTOB —
KaTeropuii, He N3MEHSIOIINX CBOUX CBOIMCTB MpH JFOOBIX MPeoOpa3oBaHUAX U
B3aMMOJAEHCTBUAX (M3MUeckux Tenl. BceoOmme ¢u3ndeckne WHBApUAHTHI
JIOJDKHBI HE TIOCTYJIMPOBAThCSA, a OIPEAENAThCS Ha OCHOBE O0OOIIEHHOTO
aHanM3a BCEX W3BECTHBIX (M3MYECKHX B3aMMOIECHCTBUIA ¥ SBICHUIA.
Kputepnem otbopa BceoOmmx (M3MUECKHX WHBAPHUAHTOB  SIBIISIETCS
COOTBETCTBHE (PAKTy HAIMYMSA 3THX KaTeropuii BO Bcex 0e3 HMCKIIOYeHHs
MaTepHaNIbHBIX 00pa30BaHMAX U ABJICHUSX TIPUPOJBI.

6. KaTteropuu, He yJI0BIETBOPSIOIIME MPUHLMITY BCEOOIIHOCTH, HE MOTYT
ABJATbCA BCeoOLUMH (pU3NUECKUMI WHBapuaHTaMu. TakuM oOpa3zoMm, Takue
KaTeropu, Kak 4YeTBIPEXMEpHBbIi WHTEepBaJl MM CKOPOCTb  CBETa,
MPOBO3MJIALUEHbl TEOPUEHl OTHOCHUTENBHOCTM OHWHIUTEHHA B KauecTBE
BCceoOIMX WHBAPUAHTOB HempaBoMepHO. TeM Oojee HeMpaBOMEPHO
pacmpocTpaHeHHe HJIEKTPOMAarHUTHBIX TMOHATUIM (CKOPOCTM CcBeTa) Ha
rpaBUTallMOHHbIE  siBJeHWst B  OOmeil Teopuu  OTHOCHTEIBHOCTH,
MpeTeHAYIOWe Ha  3BaHWE  «TEOpUH  TPABUTALMM»,  MOCKOJBKY
rpaBUTALMOHHbIE SBJIEHUSI HE NMEIOT OTHOILIEHHUS K JIEKTPOMArHeTH3My.

7. [TpoBeneHHbIN 00001IEHHBI I aHaJIn3 MOKAa3bIBAET, 9TO
HaJIMYECTBYIONIMMH BCIOAY KaTerOPHsAMH SBISIOTCS MaTepusi, IPOCTPAHCTBO
Y BpEeMs, YTO O3HAUYaeT ABMKEHUE MaTepPHUH, MOITOMY UMEHHO 3TH KaTeropuu
BCIOAYy  BBICTYNAalOT BCEOOWMMH  (U3MUECKUMH  WHBapHaHTaMM  —
NEepBUYHBIMKA  TMOHATHAMM,  OTHOCHTENBHO  KOTOPBIX M JIOJKHBI
paccMaTpuBaThCs Bce OCTaNIbHbIE (PU3NUECKe 3aKOHOMEPHOCTH.

Kak BceoOmue ¢usnueckre MHBapUaHTbl, MaTepHsi, MPOCTPAHCTBO W
BpEMs M UX COBOKYMHOCTb — JBMKEHHE 00JNafaroT CBOMCTBAMU HAIMYHSA BO
BCEX CTPYKTypaX W SIBJECHUSX, MEPBUYHOCTBIO, COXPaHEHWEM TpH JOOBIX
npeoOpa3oBaHusAX,  OeclpenenbHOl  AENMMOCTBIO,  aJANTUBHOCTBIO,
JMHEIHOCTBI0, HEOTPAHMYEHHOCTBIO.

3TO O3HayaeT, B YaCTHOCTH, E€BKJIMIOBOCTb pEANbHOTO (PH3NUecKoro
MPOCTPaHCTBa, PAaBHOMEPHOCTh W OIHOHAINPABIEHHOCTh BPEMEHH, BEYHOCTh
U HEyHMYTOXXMMOCTb MAaTepHH, TPOCTPAHCTBA, BPEMEHH U JBWXKEHHS,
COXpaHeHHe B cpeHeM BceneHHOl B OIHOM M TOM e BHIE M OTCYTCTBHE Y
Hee KaKoro-mnbo «Hauajia» WK «KOHL@a». BceneHHas B 1eJ0M cTalioHapHa
W IMHaMU4Ha, B HEll CcylecTByeT HeNpepbIBHAs yepeia MPoLEeccoB, KOTOpbIe
Bce 0€3 MCKITIOYEHUsI CBA3aHbI C IEpEMEILECHUAMY MaTepuH B POCTPAHCTBE U
TEM CaMbIM SIBJIIFOTCS MEXaHUUECKUMHU MTPOLIECCaMHU.

8. U3 cBoiicTB BceoOmMX (U3NUECKNX WHBApWAHTOB MJISI Makpo- M
MUKpPOMHPA BBITEKAET, YTO KAKMX-THOO TPEINOUTHTENbHBIX MaCIITa00B s
IOBVWDKEHWS, MaTepHWW, TPOCTPAHCTBA W BpPEMEHM HE CYIIECTBYeT W,
ClIeI0BaTeNIbHO, Ha BCEX YPOBHAX OpraHW3allid MaTepud B Makpo- W
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MUKpOMHUpE AEHCTBYIOT ONHM M Te k€ (U3NUECKHe 3aKOHbl M HUKaKHX
«0co0BbIX» (PU3NYECKUX 3aKOHOB B MMKPOMHpE HE CYLIECTBYeT. OTO
MO3BOJIIET MPH aHaiuu3e sBJICHUH M pa3paboTke Moreneil CTPYKTyp
MaTepHalIbHBIX 00BEKTOB IIMPOKO MCTIONL30BATh aHAJOTUH MAaKpOMHUPA.

9. OCHOBHBIM HampaBlieHWEM pa3BUTHS €CTECTBO3HAHMS Bcerna ObLIO
pa3BuTHE B TyOb MepapXuWuecKoil opraHmzauny Matepun. OdepenHoil stamn
Pa3BUTHS 3HAMEHOBAJICS BBEJIEHUEM TIPENICTABIEHHUI O HOBBIX MaTepHalIbHBIX
oOpa3oBaHMAX, Ooylee MeJNKMX IO Macce W 1O pasMepam. OITHM
MaTepHabHBIM 00pa30BaHMSIM BPEMEHHO TPHIMCHIBAINCH TMPOCTEHIINe B
OTHOLIEHUU (OPMBI 1 B3aUMOIEHCTBUSA (POPMBI.

10. CrpykTypHas opraHu3alys MaTepuH MPOCTHpaeTcs OeCKOHEUHO
BIIyOb M BBEpPX MO MEpapXMYeCKUM ypoBHsM. OOliee KOJIMYECTBO YpOBHEH
0eckoHeYHO, oOfllee KOJIMYEeCTBO MaTephH, MPOCTPAaHCTBA, BpPEMEHU U
IBWKeHUs BO BceneHHoit OeckoHeuHo. OIHAKO KaKOblH KOHKPETHBIN
TIPOIIECC OXBATHIBAET OTPAHMUEHHOE KOJIMYECTBO MaTepWH, MPOCTPAHCTBA,
BpeMeHH W IBIKeHus. [locienHee, B 4acTHOCTH, O3HAa4YaeT MpenelbHOCTh
pacnpocTpaHeHHss B TPOCTPAaHCTBE M BO BpeMEHHW JIOOBIX TMoJiel u
B3aUMOJIEHCTBUI.

11. Bce moNOXeHHS METOAOJIOTMH 3(PUPOANHAMUKH  TOIHOCTHIO
COOTBETCTBYIOT IOJIOKEHHAM JNAIEKTHIECKOTO MaTepraIn3Ma.
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I'naBa 4. Ctpoenue >¢upa.

ONBIT MOKa3bIBACT, YTO K HOBBIM OTKPBITUSM [IPUXOMIINA OYTH
MCKJIFOYUTEIIBHO — [OCPEACTBOM  KOHKPETHBIX — MEXaHHYECKHX
npescraBieHuid. ...He MOXeT 1M U MOIHOE B HAcTOsIIEe BpeMs
HAIPABIICHKE, OTPUIIATEBHO OTHOCSILEECS K JIFOOBIM CIICHUAILHBIM
MPEICTABIICHUAM, TaK e Kak ¥ MPU3HAHNUE KaYeCTBEHHO Pa3TNIHBIX
BHJIOB DHEPTHH, 0Ka3aThCs 1IaroM Ha3an?

JI.Bonvyman [1]

[TpusHanue 3upa, B KOTOPOM MOTYT UMETh MECTO MEXaHUYECKUE
JBMDKCHHUSI, T. €. [IPOCTPAHCTBEHHBIC IIEPEMEILICHHUS DJIEMEHTAPHBIX
00BEMOB 3TOM «IEPBOMATEPUN», HENPEPHIBHO 3aIOJHSIONICH BCe
HALIE TPEXMEPHOE MPOCTPAHCTBO, €amMo M0 cebe He ABJIACTCS
MPU3HAKOM MEXAHUCTHIECKON TOUKU 3PSHHS.

B.®@.Mumxesuu [2]

4.1.Crpykrypa 3¢upa

N3noxeHHas BbIIIE METOJIOJIOTHS TMO3BOJIAET MOAOHTH K ONpPEaeSICHHIO
CBOMCTB 3¢upa.

OcHOBHBIE CBO¥CTBa 3(1pa Kak MUPOBOI Cpelbl, SABIISIOMIENCS OCHOBO#
CTPOEGHMS BCEX BHUJIOB BELIECTBA W OTBETCTBEHHOW 3a BCE BHJIbI
B3aMOJEUCTBIIA, HEOOXOAMMO BBLIBOAWTHL TOJLKO Ha 0a3e aHaln3a OOIMX
CBOICTB pealbHOr0 MHUpa. YUMThIBas Takxke, 4TO 3(pUp Mpearnosaraercs
MUPOBOI CPENoM, T.e. Cpeloil, 3anOJHAOLIEN BCE MUPOBOE MPOCTPAHCTBO,
JUISL OTIpeZIeNIEHNs ero CBOMCTB HEOOXOAMMO MpOaHATU3MPOBaTh Hanbosee
XapakTepHble CBOMCTBa BakyymMa KOCMMYECKOrO TIPOCTPAaHCTBA. A,
YUUTbIBasg, YTO OJJIEMEHTbl d3dupa craexyeT cyUTaTh OJHOBPEMEHHO
CTPOUTENEHBIM MaTepHajioM BCEX MaTepHalbHbIX 00pa3oBaHuii, B TOM YHCIe
HaUMEHBLINX W3 WCCIENOBAHHBIX — JJIEMEHTApPHBIX YacTUL BELECTBA, IS
OTIpeIeJIeHUsT CBOWCTB 3JIEMEHTOB 3(Hpa HEoOXOAMMO TMpOaHAIN3NPOBATH
HanOomee OOWIME CTOPOHBI B3aWMOJEHCTBUSI 3JIEMEHTApHBIX YaCTHI
BELIECTBA.

[Tpn onpenenennu cBOWCTB 3(hmpa W3 OOIMX CBOMCTB pealbHOTO MHpa
ClIeyeT YYecTb, YTO MaTepus, NPOCTPAHCTBO U BpEMS  SABIAIOTCA
WHBapHaHTaMM, CJIeI0OBATENIbHO, HUKAaKMX OCOOBIX CBOWCTB Ha YpOBHE
MUKPOMHUpaA U Ha ypOBHE 3(pUpa HU y MaTepHUu, HU y MPOCTPAHCTBA, HU Y
BpPEMEHM HET. A 3TO 3HAYUT, YTO dQUP MOAUUHSAETCA TeM ke (QU3NUECKUM
3aKOHaM, 4TO Makpo- U MUKpoMup. OTcrolla cpa3y ke BbITEKaeT, uTo 3¢hup
JOJKEH MpeACTaBIATh CO00H OIOHY M3 OOBIYHBIX Cpel — TBEpAOE TeJlo,
XKHUIKOCTh WIN ra3, n00 HUKaKUX APYTHX cpel B Makpomupe HeT. [Ipu stom
13 BCEro OECKOHEWHOTO pa3sHOOOpas3ws CBOWCTB peajbHOTO MUpa B MEPBYIO
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odyepelb HEOOXOOMMO YUUTHIBaTh CBOICTBA, CBS3aHHbIE C Tepenadeit
9HEpruM B3aUMOJeHCTBHI M CO CTPYKTYPHBIMH NPe0Opa30oBaHUsAMU MaTEPUU.

PaccMoTpuM XapakTepHble SBJIEHUS MaKpoMHpa M BbITEKalOIIME U3 HUX
TpeboBaHMs K »HUpy Kak K cpene, 3amloNHAOMEH BCe MHPOBOE
MIPOCTPAHCTBO.

M3 npakTUKN ecTECTBO3HAHUS U3BECTHO, YTO KOCMHYECKOE MPOCTPAHCTBO
SBJSETCS W30TPOIMHBIM TI0 OTHOLIEHWIO K PaclpOCTPaHEHUIO JIIOOBIX
SHEPreTUYECKUX Mojeil u BosmyleHuil. M3 3Toro cBoicTBa KOCMUYECKOTO
MPOCTPAHCTBA Cpa3y BBITEKAET M30TPOMHOCTh 3aMOJIHAIOLIEH ero cpensl, a
TaKKe CBONCTBO I3TOH Cpejbl 3amojiHATh €CTECTBEHHbIM 00pa3oM 3TO
MPOCTPAHCTBO 0€3 MyCTOT M AUCIOKALHIA.

B camowm niene, B KOCMHUY€CKOM MPOCTPAHCTBE B CPEHEM PaBHOMEPHO BO
BCEX  HaMpaBJICHUAX  PAaCMpOCTPAHAIOTCA  CBET,  pAJAMOBOJIHBI W
TpaBUTALIMOHHBIE MOJIS. DIEKTPHUUECKNE, MATHUTHBIE U SIIEPHBIE TIOJIS TaKXe
HUKaKOMY HalpaBJIEHHUIO B MPOCTPAHCTBE HE OTHAIOT MpeAnouTeHus. Takum
00pa3oM, HET HHKAaKOTO OCHOBAaHWS TPHUMUCHIBATH MPOCTPAHCTBY, a
CIIeIOBATENIbHO, U CPeJle, €ro 3aMoHSIOMEN B OTCYTCTBHE BELIECTBA, KaKylO
ObI TO HM OBIJIO AHU30TPOTTHOCTD.

OTcyTcTBHE aAHM30TPOMHOCTH B Cpeje, 3aMoJHSIOIEH KOCMHUYECKOe
MPOCTPaHCTBO, O3HAYAET, UTO 3Ta Cpeia HE MOXKET ObITh HM JKHIKOCTBIO, HA
TBEpAbIM TEJOM, Kak 3TO TMpelrosiaraloc MHOTMMU aBTOpaMu paHee. B
YCIIOBUSIX HEBECOMOCTH >KHUAKOCTb MMOJ AEHCTBUEM CHIJI TOBEPXHOCTHOTO
HaTSHKeHUs TOJKHA COOMpAaThCs B LIapbl, YTO MPUBENO Obl K 00pa3oBaHUIO
MyCTOT Mexay mapamu. J{nd jroboro peanbHOro (pU3M4eckoro TBEPIAOTo
Tesla XapaKTepHbI Te WIM MHble auciokauuu. M To, u apyroe npuseso Obl K
HEepaBHOMEPHOMY pacrpelesIeHHIO ToJieil B Bakyyme.

OnHako 3(GHUp MOXET SBISTHCS Ta30TMONOOHBIM TEJOM, TaK KakK Takoe
Teno oO0JazaeT CBONCTBOM €CTECTBEHHBIM 00pa3oM 3aloiiHsTh Bce
TIPEIOCTaBIEHHOE €My TPOCTPAHCTBO 0€3 MyCTOT W OUCIOKAlWi, M Jaxe
YCPEAHATh CBOE pacHpeesieHre, M OHO MOYeMY-JIHN00 HapyIIEeHO.

U3 ¢akTa Masoro compoTHBieHNs 3(upa ABWKEHHUIO TN, B YaCTHOCTH,
BbITEKAeT, 4To 3(hup NOJKEH 00JanaTh OTHOCUTEIBHO MaJIOl TJIOTHOCTBIO 1
Maioit Bs3kocThio. Eciau Obl 3¢up obnagan OONBIIMMH CHIaMU CLETJICHUS
MEXIy CBOMMHM YacTSIMM, 3TO CKa3aJoch Obl Ha IBWXEHUH IJIAHET, OJHAKO
3Toro He HabOsomaeTcs. ['a3omonoOHas cpela XOpOLIO YAOBIETBOPSET U
JaHHOMY TpeOOBaHUIO B OTJIMUMWE, HAMIPUMEp, OT TBEPIOro Tela.

N3BecTHble OOJbIIME CKOPOCTH pAaclpOCTPaHEHUS BO3MYLIEHUH B
TIPOCTPAHCTBE 3aCTABIIAIOT ToyiaraTh y 3¢upa GoJbLIyI0 YHpYyrocTs, 4TO W
SBJISTIOCH TMPUYMHON TOTO, YTO HEKOTOPBIE aBTOPHI cUMTANN 3(Up TBEpABIM
tenoM. OmHako OoJbIIasi yNpPyrocTh XapakTepHa HE TOJBKO IS TBEPAOTO
Tena, HO W AJIst IFOOOTO Tena MpH  yCJIOBWH, YTO SHEPTHs B3aMMOIEWCTBHUI
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MEXIy €ro 4yacTHLaMW HOCHT PEaKTHMBHBIM XapakTep M He NEepeXOAuT B
TeIo, T.e. cpeda obiagaeT MalbiMU MoTepsAMu. TpedoBaHUAM OOJBIION
YIPYTOCTH OTBEYAIOT U TBEPAOE TEJO, M JKMIAKOCTh, U Ia3.

Takum o00pa3oMm, MO COBOKYITHOCTH BCeX TpeOOBaHWI  CBOHCTBaM
MaKpoMUpa yIOBJIETBOPSET TOJbKO ra30mnono0Has cpesa.

PaccMOTpuM ~ HEKOTOpbIE  XapakTepHble SBJIEHUS MHUKpPOMHUpa W
BBITEKAIOIIE U3 HUX TPEOOBAHUS K 3JIEMEHTY CPEJIbI.

Kak w3BecTHO, Tak Ha3bIBa€Mble >JIEMEHTApHBIE YacTHIBI BEUIECTBA
00/1ajaloT CBOMCTBOM B3aUMHOro mnpeoOpa3oBaHus. M3BecTHO paxe
BBIp@)XEHHUE, UTO JF00as eMeHTapHas YacTHLa COCTOUT U3 BCEX OCTalIbHBIX,
T.e. B pe3yJbTaTe B3aUMOICUCTBUA MEXIy c000i IByX WM Oonee 4acTHILl
MOKeT OBbITh MOJIy4eH BecbMa LIMPOKMUiA CIEKTP 4acTull Apyroro Buna. [Ipu
3TOM HE CYILECTBYET TaKHUX DJIEMEHTAPHBIX YacCTHUL, KOTOpble HE MOIJIM Obl
OBITh Pa3oOXKeHbl Ha JIPYrue WM He MOdydaluch Obl B pe3ysbTare ACNEHUSI
Ipyrux dvactvi. He cymecTByeT Takke pasleNbHBIX TPYyNI YacTul, He
Tepexo X Ipyr B Opyra. Bce 3To o3HawaeT, 4TO BCE 3lIeMEHTapHbIE
YaCTHIIBl BEIIECTBA COCTOSAT U3 OMHMX M TeX )K€ yacTeil, W3 OJJHOTO U TOTO ke
CTPOWTENILHOTO MaTepuana, a W3BECTHBII OJKCIepUMEHTAJIbHBIH  (akT
«POXKICHUS» YaCTHLl B BaKyyMe TpPH OTpPeNesIeHHOM COOTHOIIEHHH Moiel
MOXET paccMaTpuBaThCs Kak (JakT OpraHW3allMK 3TOTO XK€ CTPOUTEIHHOTO
Marepuana, CojAep)Kallerocs B BaKyyMe, B 3JIEMEHTapHble YacTHLIbI
BelecTa. Ecnu Obl Takoro MaTepuaia B BakyyMe He ObLIO, TO U HE U3 Yero
6bu10 OBl UM 00pa3oBbIBaThesA. CleNoBaTeNbHO, HAIULO €OIUHCTBO MaTepuu
(G13MUECKOTO BaKyyMa U MaTepPHH dJIEMEHTapHBIX YaCTHILL BELLECTBA.

PaccmoTpenue B3auMoAeicTBHMI yacTHLl BellecTBa IOPYr C OPYroMm, B
pesyJibTaTe KOTOPBIX MPOMCXOIUT Npeobpa3oBaHue uUX (OPM U BHOB,
MOKa3blBaeT, YTO JTH B3AaUMOIEHCTBHUA  SBISIOTCS pe3ynbTaToMm
MEXaHW4YeCKOro TIepeMeIleHns 4YacTWll B TMpocTpaHcTBe. [lpm  3TmX
B3aNMOJIEHCTBUSIX COXPAHAIOTCS BCe MEXaHMIECKUE TTapaMeTpbl — SHEPTus 1
nmIynsc. Ecni cautath MaTepuio HEYHMUTOKHUMOM, TO MMEIOLIN MeCTo B
paie coynapeHuil nedexT macc MoeT ObITb OTHECEH 3a CueT Iepexoja
YacTH MaTepud M3 COCTaBa 4YacTUL B OKPYXKAIOILYI0 MX Cpemy.
CnenoBaTenbHO, B OCHOBE B3aMMOAEHCTBHMSA DJIEMEHTApHBIX  YacTHLL
BEILECTBA JIEXKAT 3aKOHBI MEXaHUKH.

YacTh asieMeHTapHBIX 4YacTHI[ BEILECTBa TakKe MepeMelIaloTcs B
NPOCTPaHCTBE B COCTaBE CaMHMX OJTHUX OJJIEMEHTapHbIX YacTHL. ITO
YIOPSIIOUEHHOE IBIKEHHE HaOMI0JaeMO COBPEMEHHBIMH M3MEpPHUTENIbHBIMU
cpeactBamu. [locnme e TOro, Kak B pe3yibTaTe B3aUMOJCIHCTBUS U
MpeoOpa3oBaHMsl <AJIEMEHTapHBIX YaCTHWI» BEIIeCTBA YacTb MaTepuu
nepelria U3 cocTaBa YacTHULL B OKPYXKAIOLIYIO Cpefdy, YTO MpOSBIAETCS Kak
nedekT Macc, 3Ta yacTh MaTepu Ha COBPEMEHHOM YPOBHE M3MEPUTENbHON
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TEeXHUKHM CTAHOBUTCS HE HAOII0aeMOi COBpEMEHHbIMU NpUOOpaMu. JTO He
O3HayaeT, OIHAKO, ee OTCYTCTBHA, a (aKT HeHaOJII0JaeMOCTH NOJIKEH
paccMaTpuBaThCsl KaK BPEMEHHBIH: MOXKET CTaTbCsl, YTO PAHO WU IMO3IHO
COOTBETCTBYIOIINE MPHUOOPHI OYyAyT CO3MaHBl U TO, UTO CETOAHSA HAOIONATh
HET BO3MOKHOCTH, B OyIyIlieM cTaHeT HaOJIF01aeMbIM.

B cBoe Bpems wu3BecTHHI (u3MK [lOHTEKOPBO, CTONKHYBIINCH C
nedexkToM Macc, pemm, YTo HeJOCTAIOILyl0 MacCcy YHOCHT Manas 4yacTHlia,
He nMerolnas 3apsaa. [1o aHamornm ¢ HEHTPOHOM OH Ha3Ball €€ «HEWTPUHO»,
YTO O3HAYAeT «MaJleHbKWH HelTpoH». [I[pMHIMMUANBEHO HE NOMKHO OBITH
BO3paXeHUI MpOTHB Takoil TpakToBKM nedekra Macc. OQHAKO CleayeT
o0paTUTb BHHMMAaHWE M Ha JPYryl0 BO3MOXKHOCTb — pPacCenBaHUS
ocBoboauBLIeTOCS 3Hpa B OKPYXKAIOIEM MPOCTpaHCTBEe Oe3 oOpa3zoBaHUsA
HOBBIX YacTHIl. DTa BO3MOXKHOCTb 10 HACTOSILEr0 BpEMEHHU HE yUUThbIBAlIach
¢$uzuKoii.

Takum obOpazom, mpencraBneHne 06 3¢dupe Kak 0 Ta3omoao0HON cpene
MOXET OBbITh MPUHITO ¥ HA OCHOBAaHWW aHajM3a MOBEAEHUsS 3JeMEeHTapHbBIX
YaCcTHIl IPH UX B3aUMOJIEHCTBUSX.

Bo3Hukaer Bompoc, KakMM ke 00pa3oM dUacTUObl 3¢pHpa MOTYT
YepKUBAaTbCS B COCTaBe JJIEMEHTApHBIX YACTWI[ BEIIECTBa, ecnu 3¢hup
sBiseTcd razoM? OTBET Ha 3TOT BOMPOC HECIOXKEH, €ClIH YYecTb, UTO
JJIeMEHTapHble 4YacTHLbl BEIECTBA MPEACTABIAOT cO00W TopouIadbHbIE
BHUXpeBbIe 00pa30BaHUs YIUIOTHEHHOTO ra3onoaodHoro 3¢upa. OcHOBaHHEM
JUISL TIOJOOHOTO YTBEPKAEHHS CIYXKUT TO OOCTOSATENbCTBO, YTO WMEHHO
TOpPOUJAbHbIE BUXPU SBISIFOTCS €IMHCTBEHHOH (opMoil aBMXKeHMH,
CTMIOCOOHOH yiep*kaTh B 3aMKHYTOM 00beMe YIUIIOTHEHHBII ras.

Paznnune ynenbHOI Macchl 3l€MEHTapHBIX YacTHLl BellecTBa TpedyeT
JOMYyIIEHWs C)KMMAaeMOCTH Cpeldbl B MIMPOKMX TIpefeniax — CBOMCTBO,
KOTOpBIM 00JIamaeT TOJBKO Ta3onono0Has cpena. 3HAUYMTENbHbIE CHIBI W
SHEPruM B3aUMOJEHCTBUII MEXIy TelnaMu JIeTKO MOXHO OOBSICHUTH
OONBIIMMH  ABIEHUAMH ¥ CHJIaMHU YTIPYTOCTH, KOTOPBIMH CMOCOOEH
oOnazmaTh ra3 Gmarogapsi BEICOKOW CKOPOCTH TepeMelIeHus B MPOCTPaHCTBE
€ro 4acTvL.

CoBMeCTHOE pPaccMOTPEHHE BCEX MEPEUHCIEHHbIX CBONCTB pPEallbHOTO
MUpa TMO3BOJAET MPUHTH K OJHO3HAYHOMY BBIBOAY O TOM, 4YTO 3pUp —
MHUpOBasi cpefa, 3aloJHAIIAs BCe MUPOBOE MPOCTPAHCTBO, oOpasyromias
BCE BHUJbl BelECTBA M OTBETCTBEHHAas 3a BCe BHIbl B3aUMOJEICTBUIA,
npeacTaBiseT co00i peanbHBIN, T.e. BAKUM M COKUMaeMblid, Ta3. DTOT ra3
COCTOMT M3 CYIIECTBEHHO Oojiee MEJKHX, YeM »BJIeMEHTapHbIe YacTHIIBI
BEIECTBA, YAaCTHL, KOTOpbIE MeiecooOpasHO Ha3BaTh TaK, KaK OHH
Ha3bIBAIMCh B JpeBHOCTH JleMOKpuTOoM, - d mepamu, T.e. (U3MIECKA
HelleIMMBIMU YacTsAIMK MaTepun. PasymeeTcs, CBOWCTBOM HENETMMOCTH OHU
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HaJeJIeHbl YCJIIOBHO, BPEMEHHO, 10 HAKOIUIEHNS CBEIEHWH O pasHOoOpaznu
amMepoB U MX B3aMMHBIX MPEBPALLEHUSIX U MPeoOpa3oBaHUsAX.

Tabnuya 4.1.
Kauecmeennoe onpedenenue ocHO8HbIX ceolicme Ihupa
CaoiicTBa CaoiicTBa 3¢pupa
peajbHOro MHpa
Maxpomup
WuBapnaHThI BCeX QU3NUECKIX WuBapuanTsl 3¢pupa —marepus,
ABJICHUI — MaTepHus, MPOCTPAHCTBO,  NPOCTPAHCTBO, BPEMS, IBUKEHUE
BpeMs, IBHKEHHUE
N30TponHOCTh XapaKTePUCTHK EcrecTBeHHOE 3anoHeHNE d3(UPOM
BEIIECTBA 1 MOJIell B MPOCTPAHCTBE | MPOCTpaHCTBa O6e3 MyCTOT U
JUCJIOKalui
Maroe conpoTHBJIEHUE ABUKEHHIO Maible MIOTHOCTb U BA3KOCTb
Ten
Bonbime ckopocTu pacnpocTpaHe- Boabwas ynpyroctsb
HUs B3aMMOJEICTBUIA
Muxpomup
B3anmHoe npeBpalleHue Bcex Bo3moxHOCTE 00pa3oBaHust
JJIEMEHTapHBIX YaCTHIL] BELIECTBA Pa3NUYHBIX CTPYKTYP
VciioBre B3aMMHBIX NTPEBpaILEHUT OnemeHTHI 3rpa TOIKHBI
YCTOHUUBBIX <«QJIEMEHTAPHBIX obecreuynBaTh BO3MOKHOCTh
4acTHL» —B3alMHbIE COyAapeHHs B3aUMHBIX COyIapeHUit ¢
C COXpaHEHHEM MEXaHUYECKUX COXpaHeHHEM MeXaHMIeCKUX
MapaMeTpoB ABMKEHHS —3HEPTUU U | MapaMeTpoB IBMKEHUS — 3HEPTUN
UMITyJIbca 1 UMITyJIbca
VaepxaHue Matepuu B npeaeiax Hanuuaue ¢popm nBmxeHus,
YCTOHUMBBIX <«3JIEMEHTAPHBIX o0ecrieunBaOIINX yIepKaHue
YaCTHI» BELIECTBA 3¢upa B cocTaBe MaTeprabHBIX
OO6pazoBaHuii
Paznuuuie yenbHBIX MIOTHOCTEH CxumaeMocTh 3¢Hpa B IUPOKHX
«3JIEMEHTAPHBIX YaCTUL» BEIECTBA | Mpenenax

Bv1600: >dpup —razonono6Hoe TeI0 CO CBONCTBAME PeaIbHOIO rasa.
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[lepemernienuss aMepoB B MPOCTPAHCTBE M MX B3aUMHbIE COYAApEHUS
3aCTaBIAIOT MOJAraTh, YTO AJIA YacTell aMepoB TaKKe XapaKTepHbI 3aKOHBI
MEXaHUKM M YTO YacTH aMepoB Takxke O0OpazyloT cpely, 3alofHSAIOLLYI0
MHUpPOBOE TPOCTPAHCTBO. OTa Cpela TakkKe Tra3omnono0Ha, ee 3JIeMEeHTHI
Mellbue aMepoB, a CKOPOCTH MepeMeIleHHs] B MPOCTPAHCTBE CYLIECTBEHHO
BBIIIIE, Y€M CKOPOCTH TepemMelneHns aMmepoB. COBOKYITHOCTb 3THX YacTHIl B
TPOCTPAHCTBE TIpeACTaBiIsAeT coboif 3dup-2, Gonee ToHkmiA, yem 3¢up-1,
oOpa3oBaHHBINH amepamu. OHAKO Ta JKe JIOTHKA, MPUMEeHeHHas K 3(upy-2,
3aCTaBJsIeT CUYWTATh €ro 3JIEMEHTHl COCTOAMMMH W3 3¢upa-3 W Tak 10
06EeCKOHEYHOCTH.

HepoctatouHocTh cBeneHuWii o cBOHCTBax 3¢upa-1, KoTOpbIii B
JanbHeilieM OyneM Ha3blBaTb MPOCTO 3(HPOM, 3aCTABIAET OTPAHUUMTHCA
oTpeziesieHueM CBOMCTB TOJIbKO 3Toro 3¢dupa (Tadsn. 4.1).

Ha 3¢up pacmpocTpaHsAroTCsl Bce 3aKOHBI OOBIYHOM ra3oBOM MeXaHMKH,
TIOCKOJIbKY Ha BCEX YPOBHSIX OpTaHM3alli MaTepuu AEHCTBYIOT OIHH M Te
Ke 3aKoHbl. ['a3oBasi MexaHWKa TPOIIJa OMpelNesieHHBI MyTh Pa3BUTHS B
IpYrux oO0NacTIX eCTeCTBO3HAHWS W Terepb MOXKET OBITh C YyCIeXoM
WCTIONIb30BaHa U pacyeToB MapaMeTpoB Kak camoro 3¢dwpa, Tak W Bcex
MaTepHallbHBIX 00pa30BaHMii, CTPOUTENEHBIM MaTepPHAIIOM ISl KOTOPBIX OH
ABJSAETCA, 1 BCEX BWIOB B3aMMOJEWCTBHI, KOTOpBIE OH O0YyCIIOBIMBAET
CBOMMH JABM)KEHUAMH.

4.2. OnpenesieHde 4YHCIEHHBIX 3HAYEHUH NapaMeTpoB
3¢upa

UncreHHbIe 3HAaYSHNS TapaMeTpoB 3(rpa B OKOJI03EMHOM MPOCTPAHCTBE
KaK peajlbHOTrO BA3KOr0 CXKMMAEMOro ra3a MOYKHO ONpPEeeNIUTh Ha OCHOBAaHUU
SKCTIEPUMEHTALHBIX JaHHBIX, XapaKTepU3yIOUINX Te WM MHbE pu3nueckie
npoLecchl ¢ y4eToM 3(UPOJMHAMUYECKUX MPEeACTaBICHNI O CYIIHOCTH 3THX
npoueccoB. [lockonbky ¢u3ndeckrue sBICHHUS B OOJBIIMHCTBE CBOEM
uccleoBaHbl B 3€MHBIX YCJOBUSIX, MOXHO TOBOPHTb O 3HAYCHUSX
napaMeTpoB 3(upa JUIb B IPOCTPAHCTBE, HEMOCPEACTBEHHO OKPYKarOILEM
3eMJII0, pacmpocTpaHsAs UX Ha Apyrue obnactu BceneHHO# JuMIIb Mo mepe
YTOUHEHHUS YCIOBWII HaxoxkIeHus 3¢pupa B 3TuX obiacTsax. [lapameTps
s¢upa, Takue, Kak TJIOTHOCTb, JAaBJE€HHWe, TeMIieparypa W Ap., MOTYT B
Jpyrux obnactsax BceneHHON CyIIeCTBEHHO OTJIMYATBCS OT MapaMmeTpoB
3¢upa B OKOJO3eMHOM TMpocTpaHcTBe. OO0 ITHX OTIMUYUSIX MOXHO B
MPUHLUIE CYyIUTh HA OCHOBE BHE3EMHBIX MCCJIEIOBAaHUIN, aCTPOHOMHYECKMX
HaOmonennit m T.m. [lapameTrpsl 3¢umpa BHYTpHM BellecTBa TakKxke
CYIIECTBEHHO OTJIMYAlOTCs OT MapameTpoB 3¢dupa B Bakyyme. B naHHOM
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naparpade BBIUMCIAIOTCS JIMIIb MapamMeTpsl 3¢upa B CBOOOJHOM OT
BEILECTBA OKOJIO3EMHOM MPOCTPAaHCTBE. PacdeThl Mpou3BeleHbl Ha OCHOBE
npencraBieHnii 00 3PpUPOIMHAMUYECKON CYIIHOCTH 3JEKTPUYECKOro MOJIS
BOKpYT NMPOTOHA M O BHYTpEHHE# CTPYKType camoro mportoHa. [lepBoe maer
OCHOBY JUIf ONpeleseHUs MaccoBOil IUIOTHOCTH 3¢upa, BTOpoe — Uit
OTIpelieleHuss HIDKHeW TpaHWubsl maBieHuss B 3¢upe. Bce ocTanbHble
TapaMeTpsbl TTOJTy9eHbl IyTeM MPOCTHIX PACYETOB C MIOMOIIBIO COOTHOIICHHH
razoBoii nuHamuku [3-12].

Ilnomnocmo 3hupa ¢ ce0600Hom npocmpancmee. Kax Oynet nokazaHo
B 8§ 6.1u 8.6, nmanexTpuueckas MPOHULIAEMOCTh BaKyyMa &, €CTh TUIOTHOCTb
a¢upa O, B CBOOOJHOM OT BELIECTBA MPOCTPAHCTBE. DTO HEMOCPEACTBEHHO
BbITEKAET U3 COTMOCTABJICHUS] SHEPTUM JIEKTPUIECKOro TMOoJIs MPOTOHa Wep U
9HEpPruM  KOJNBLEBOrO  ABWKEHUS  3(upa W, BOKPYr  TpOTOHa,
OTOXXIECTBJIAEMOr0 C 3JEKTPUUECKUM TI0JieM TMpoToHa (MpU  HaTM4uu
TOPOMAAILHOTO ABMXKEHUs 3()upa BOKPYT MPOTOHA), T.K.

0 EE
wep:ID 0 av; (4.1)
o 2
© O, sz
w=J00 av, (4.2)
rh 2

rae £ — HanpsKeHHOCTh 3JICKTPUIECKOTO MO, Vi, — CKOPOCTh KOJIBIIEBOTO
IBWKeHus 3¢upa Bokpyr mnpotoHa, dV — o3neMeHTapHbIi 00beM
NPOCTPaHCTBA BOKPYT MPOTOHA, I, — PaNyC MPOTOHA.

OTctoma cpa3y BHIHO, YTO TOCKOJNBKY IOKa3aTeNH CTeleHel & u L,
paBHbI 1, TO

& = 885107 &m " =p = 88510 krm (4.3)

4TO BIMOJHE cooTBeTCTBYeT B3rinam O.Dpenens (1823)nprMeHuUTENBHO K
TEOPHH HETIOABM)KHOTO 3(upa.

Takum oOpa3oMm, IUIOTHOCTb 3¢Hpa B OKOJO3EMHOM IIPOCTPAHCTBE
OKa3bIBaETCS U3BECTHOM C BHICOKOW TOUHOCTBIO. J[JIs OCTaIbHBIX MapamMeTpoB
MOYKHO TTOKa TOBOPHUTD JINIIB O TIOPSAKAX BEJINYNH.
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ITlhomnocmo amepa (3nemenma 3pupa). TIpoTOH ecTh MaKCUMAIBHO
CKaThlii BUXpb 3(Upa, B KOTOPOM BHYTPH HMMEETCS Pa3pereHHbIN 00beM
a¢upa, a 3pup B CTEHKaX MPOTOHA YIUIOTHEH, HO OCTaeTcs Ta3oM. B cTeHkax
MPOTOHA amepbl NOJKHBI UMETh CBOOOIHBIN TPOOer, MO3TOMY TUIOTHOCTh
aMepa JOJDKHA OBITH He MeHee 4YeM Ha [Ba MOpSAAKa BBIIIE IUIOTHOCTH
MPOTOHA, YTO U HY’)KHO CYMTATh HIKHEH TpaHHIell MIIOTHOCTH aMepa.

Panuyc poToHa MOXKET ObITh OTIPEIIeNieH U3 U3BECTHOTO BBIPAKECHUS IS
3¢ PeKTUBHOTO paaryca aTOMHOIO siapa, paBHoro [3, ¢.457]

R=aA”® (4.4)

rae A —4uciio HyKJIOHOB B aTOMHOM SiIpe, @ — paanyc HykJoHa. s siapa
atoma Bojopoaa a =rp=1,12¢ = 1,12.1015 M.
O0BeM MPOTOHA COCTABUT

4 4
Vo=0 nr’=0 11,1210 =588-10%um3, (4.5)
3 3

U, CJIeI0BaTENIbHO, CPEHION MIOTHOCTh HYKJIOHA pp MOKHO ONPENENTUTh 10
OTHOIIEHHIO MacChl HyKJIOHA (MPOTOHA, HEWTPOHA) K ero 00beMy. YuuThIBas,
YTO Macca MpoToHa M, = 1,6725-1045 KT, aero paauyc p, = 1,12 -1015M,
TTOJTy I 1M

m,  1,6725-10%

pp=00 =000000 = 2,818 wrm> (4.6)
Y 5,88:10%

ITpubaBnas nBa nopsaka, OyoeM MMeTb HW)KHEE 3HaueHUE MJIOTHOCTH
amepa

pa =3 :10%krm 2, 4.7)

OmHuouienue ouamempa amepa K cpeoOHeil OJUHe €20 C80000H020
npoéeza. I1noTHOCTB 3(pupa p> B CBOOOAHOM MPOCTPAHCTBE MOKHO BBIPA3UTh
gepes MacChl aMepa Ma ¥ KOJIMYECTBO AMEPOB B €IUHULE 00beMa Na Kak

p> =myn,. (4.8)

Konndecteo amepoB B enuHulle obbema cBoOomgHOro 3dupa
ompenensieTcsl CpeHel IIMHOM cBOOOIHOTO mpobera Aa M ga = T da/4 —
IUIOIIABIO €T0 TTONepeyHoro cedeHns, Tae Oa — xrameTp amepa [4, ¢. 209]:
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1
n=0000. (4.9)
/2 XG,

Macca amepa paBHa

rna :pavay (410)

rae oobem amepa V, COCTaBUT

nda3
V,=00. (4.12)
6
Orcrona
nd2-4 /2 d,
P :pavana:paDDDD =0 'Dpal (412)

6/2 A0, 3 A,

OTKyZa OTHOINGHWE IJIMHEI CBOOOXHOTO Mpobera amepa K €ro JHaMeTpy
COCTaBHT:

b A2pa /2 -310°
k=00 =000 =0go0o000g =1,6-18 (4.13)
d, ?, 3-8,85-10"

/lagnenue r¢pupa ¢ ceo600HOM npocmpancmee P> ompemenum u3
MPEICTAaBICHUS] O TOM, YTO MMIYJIbC B TIONIEPEYHOM OTHOCHUTENILHO CBOETO
HampaBJeHUs [BWKEHHS aMep MOXeT I[epelaTb JpyroMy amepy,
HaxOAALIEMYCsl B COCEIHEM CJIO€, TOJbKO MpH kacanuu. Toraa

P,= PyAJ/ da (4.14)

3neck P, ecTb BenmuuKHa, 0OpaTHas MarHUTHOM NPOHULIAEMOCTH BaKyyMa,
T.C.

= u = T - =8. HM e, .
P,=1ju=1/4n 10" =8-10 2 (4.15)

®du3nYecKuii CMBIC 3TOro JaBJI€HUS — B nepegadye -HSHEPrunl B
MOMNMEpPEYHOM OTHOCHUTEIBHO ABMKEHUA aME€pa HallpaBJICHUU. OTcrona

P,=P,\/d,= 810 -1,6-1 =1,3.16Hm > . (4.16)
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Suepzocodepiicanue eOUHUYbI oovema yupa (Heprus
TETIOCOAepkKaHKsA) paBHO, KaK M Il BCAKOTO rasa, ero AaBJeHHUIO, T.e.

w,=P>=1,3- oM™ . .
P> =1,3-16° 3 (4.17)

Jlns cpaBHeHMS 11e1eco00pa3HO HATIOMHUTb, YTO OJlHa MEraTOHHas
BOZOpONHAs OGoMba mpu B3pbiBe Bhigenser sueprmio B 5-13° Ik n,
crefoBaTeNbHO, 1 KyOMueckuii caHTUMETp CBOOOJHOro 3(upa comepKut
SHEPTHI0, COOTBETCTBYIOILYIO B3pbIBY, MpuMepHO, 200 ThicSY MUILIHAPIOB
MeTaTOHHBIX 60MO, a 1 kKy0. M cBOOOIHOTO 3upa —B 1 MITH. pa3 OobIe.

CPEOH}UI CKopocmb menJjioeozo osudIcenun amepa B CBOOOTHOM
MPOCTPAHCTBE OMNPEACTIUTCA U3 SHEPrOCOACPIKAHUA € AUHULIbI obbema 3(pra
KakK

w, o, 21,3168 4

u=(00) =(@Eoo00) =54-1uc™ (4.18)
Dy 8,85.10*

Ckopocmb nepeozo 3¢yka (CKOPOCTb PACIPOCTPAHEHHS MPOAOIBEHOTO
BO3MYILIEHHUS) paBHA

Y 54 1%
vi= 00 =0000 =4,34-18mc™ (4.19)
1,24 1,24

Ckopocmb 6mopo20 3¢yka (CKOPOCTb PacpoCTpaHEHUs TeMIIepaTypPHbIX
BOJIH B 3()Hpe, OHA e CKOPOCTh CBETa) paBHa

V,= 316 m-c (4.20)

Junamuueckan easkocmov (Kodpuuuenm enympeHHezo mpeHus) 0
MOHO OTPEAC/IUTh W3 YpPaBHEHHWS IJIs MOMEPEYHOro OaBJeHHs B TOrpa-
HUYHOM CJloe Bsi3KOro rasa (aHamor ypaBHeHwss HbloTOHa T JABMKEHHS
Bs3KOM sxuakoctu [4, ¢. 210]:

dFy = ndSdvdx, (4.21)
OTKyZAa
dF dx dx AX
n=00-00 =P00 =P 00. (3)2

dS dv dv Av
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Ilpu paguyce npoToHa fp = 1,12:107° M u 3(1)(bell<5T1/lBH0M pannyce
B3aMMOJIEHICTBHS HYKIIOHOB B simpe nmeitepus rp =1,2-10 M, onpeaenum
TOJIIIMHY MOTPaHUYHOTO CJIOA KaK

O=r,—r,= 8107 m. (4.23)

Kak Oyzner moka3aHo B IJl. 6, OTHOCUTENbHAsA CKOPOCTh IBMKEHUS ddupa
Ha MOBEPXHOCTAX CTEHOK MPOTOHA M HEMTPOHA, OOpaIleHHbIX APYT K APYTY,
COCTaBJIsIeT

Av=316 mc? (4.24)

1 IUHAMHWYECKYIO BA3KOCTb MOKHO OMPEACTIUTHL KaK

AXx 8-107"
n=P,00 =131 0000 =3510% krm ™ ¢~ (4.25)
Av 3.16*

Kunemamuueckas eésazkocmo PpaBHa OTHOLIEHHUIO BA3KOCTHU K IUIOTHOCTHU
X=nlp, (4.26)
H, CJIEA0BaTCJIbHO,
3,5-102
Xx=0000 =4-10m%c™ (4.27)
8,85-10

Korppuuuenm memnepamyponpoeoonocmu it 00bIIHOTO BS3KOTO
C)KMMaeMOT0 ra3a COBMaJaeT 10 BEIUYUHE C KHHEMAaTHYECKOM BA3KOCTBIO!

a=x~410m* ¢ (4.28)

Cpeonaa 0nuna ce0000H020 npode2a amepoe BHe BELIECTBA MOXKET ObITh
ornpezeseHa u3 Beipaxenus [4, c. 211; 5, 6lkak

Ja=3y/u~ 4.160/54.16° = 7,410 m. (4.29)
Huamemp amepa onpenenurcs U3 MpoCTOro COOTHOIIECHUS

dy = Zo/ko.=7,4-10"%1,6-10%° = 4,6:10* . (4.30)
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H/lOM(lOb nonepevuHoco cevenusn amepa CoCTaBuT
o,=1d,24 =1(4,6-10%)? /4 = 1,66-10%° m2. (4.31)
Oo0vem amepa cocTapnsieT
V, =1d,3/6 =1(4,6-10%°)%6 = 5,1-10"%m %, (4.32)
Konuuecmeo amepos ¢ eounuye odvema c60000H020 Ihupa coctaBuT

n, =12 Ao, = 1/1,41.7,4-10°1,66-10%° =5,8-162 m . (4.33)
Macca amepa Moxet ObITH OTIpeNieNieHa 13 TUIOTHOCTH 3¢dupa:

m,=p/ n, = 8,85 :10%% 5,818 = 1,5.10kr. (4.34)
Ilnomnocmv mena amepa, Takum od6pa3oM, paBHa

6=m/V,= 1.5:10"51.10*= 3.16% kr-m™2, (4.35)
Temnepamypa 3¢hupa, xak v BCAKOTO rasza, ONpeaessieTcss BIpaKEHUEM
T=mu% 3k =1,5-10"*. (5,4-16°)?/3-1,38-10%® = 107*K. (4.36)

Yoenvnaa mennoemkocmov pupa npu P = const HaxomuTcs U3
BbIpayKeHUs

cp=3k/2n,=3:1,38:10°¥2:1,5:10™* =141 M* c 2 K  (4.37)

roe k =1,38-10° z JIx-K 1 - nocrosinuas BonbiMana.

Yoenvnaa mennoemkocmov 3pupa npu N = const HaxoauTcs U3
BbIpaXKeHUs
ov = ce/(1+2N) =1,4-16%1 + 2/5) = 18 m® ¢ 2K, (4.38)

rae N —uucro cremeHelt cBoOoIbI amepa (mpeanonoxutensHo, N = 5).

Koyppuuuenm mennonpoeoonocmu cBobomgHoTO >PUpa, Kak W s
BCSIKOTO Ta3a, HAXOIWUTCS W3 BRIPAXKCHUS

kr =uAp, v/ 3 = 5,4-16-7,4.10"°.8,85.10'21FY 3 =

=1,2-18 krmc 2K (4.39)
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Tabnuya 3.2.

Ilapamempyt 3¢hupa 6 0K0103eMHOM RPOCMPAHCMEE

[TapameTp | Bennunna | Enununa n3mepenus
Sgup ¢ uenom
[110THOCTD 0,= 8,85-10" KPM ™
JlaBnenuve P> 1,3-166 Hm2
VnenbHoE w > 1,3-1@6 Z[>1<-M‘3
JHeprocoaepKaHue
Temmnepatypa T<10* K
CKOpOCTh MEPBOTO 3BYKA V; >4,3.16° M-ct
CKOpOCTb BTOPOTO 3ByKa V,=c =316 M-ct
Koa¢ppuument Temmnepa- a~4-10 M2t
TYpPOTPOBOTHOCTH
Koaddumment kr=~1,2:18° kr-m-c K
TETJIONPOBOTHOCTH
Kunemarndeckas X = 4-10 M7oc
BSI3KOCTh
JlnHamuveckasi BA3KOCThb H~ 3,5-10° KM e
[TokazaTtenb agnadaThl 1-1,4 -
TennoeMKocTh Ipu c > 1,418 Moc KT
TTOCTOSTHHOM JIaBJIEHUH
TerutoeMKoCTb pU oy > 10" Moc 5 KT
MTOCTOSTHHOM 00beMe
Amep (dnemenm 3rupa)
Macca m, < 1,5-10™* KT
Jluametp d.< 4,6-10%* M
KomaecTro B emuHUIIC n, > 5,8-16% M
o0bemMa
Cpenusis HA As < 7.4-10% M
cBoOosiHOTO Tpobera
CpeaHsisi CKOpoCTb u,~54.16° Mc
TETJIOBOTO JIBM)KEHHS
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Yucno coyoapenuii Kaxcoo2o amepa ¢ c60000HOM Ipupe ONpeneauTcs
U3 BbIpXKEHHS

Y. =UA=54.16%/7,4.10" = 7,3.18'c* (4.40)

Yucno coyoapenuii amepoe ¢ eouHuue o00vema ce0000H020 IPupa
COCTaBUT

Yy =van,=7,3-16" 5,816 =4,2.16¢ . (4.41)

C y4eToM CyLIECTBEHHOTO pa3jiMuusi B OUaMeTpe amepa W IJIMHE €ro
cBoOomHOrO mpobera »¢up Kak ra3 1O CBOMM CBOICTBaM [OJIKEH
MPUOIKATECST K KIIACCHYECKOMY HWAEANIbHOMY ra3y, Mo KpaiiHel Mepe, B
CBOOOZIHOM OT BeLIeCTBAa, OOPa30BAaHHOTO YIUIOTHEHHBIMH 3()HUPHBIMHU
BUXPSIMH, TIPOCTPaHCTBE. MOXKHO MOJarath, 4TO JUIA 3TOTO ra3a J0CTaTOYHO
ONMM3KOM SABJSIETCSl CTaTUCTWKA bBomblMaHa Uit KOOpAWHAT M WMITYJILCOB
aMmepa, a paclpejielieHHe CKOpocTeil, BHUAMMO, OJIU3KO OMMCHIBAETCS
pacrnipesienieHreM MakcBesuia, XOTS HaIW4Hue BS3KOCTH BCE K€ TOBOPHT U O
HEKOTOPBIX OTJIMYMAX B pacnpeieleHuH apaMeTpoB 3GHpa OT yKa3aHHbIX.

Bce mpousBeneHHblE BBIUMCIEHHS M TONTy4YEHHbIE 3HAUCHUS SABISAIOTCS
OpHEeHTHPOBOYHBIMU (Tabn. 4.2). [lapamerpbl 3¢upa Kak B OKOJIO3EeMHOM
NpPOCTpaHCTBE, TaK M B OPYrHX objacTsAX BceneHHOH cremyeT yTOUHATb U
NepenpoBepsITh.

4.3. ®opmbl aBrkeHns d¢upa

OneMeHT 3¢upa — amep — obJanaeT eAMHCTBEHHOW GopMoil ABIKEHUS —
PUBHOMEDHBIM — NOCHIYRAMETILHOIM — OUJICEHUEM B TIPOCTPAHCTBE.
BzaumopeiicTBie amMepoB APYr C OPYroM OCYLIECTBISAETCS €IMHCTBEHHBIM
CrocoOoM — TMyTeM YIpPYroro coyAapeHuss M, TeM caMbiM, OOMEHOM
KOJIMYECTBOM JABWXEHHUS (MMMyJbcaMHu). DTO coymapeHue ¢ OONbIION
CTETMEHbIO MPUOIIMKEHUS] MOXXHO CYMTAaTh aOCOJIOTHO YNPYTrWM, T. €.
TIPOUCXOIAIINM 0€3 MOTeph KOINIECTBA ABKEHHS.

COBOKYIHOCTb aMEpPOB — 3JIeMEHTapHbLil 00beM dupa — 061agaeT Tpems
¢opmamu nBWKeHMS. ANGQPY3NOHHOHN, MOCTYMaTeNbHONH W BpalaresibHOMN
(puc. 4.1) [7].

Hnddy3nonHas ¢opma ABWKEHHWS aMepoB B 3(Hpe ecTb BCernaa, Hae
Korga 3(¢up MOJHOCTHIO YPaBHOBEIIEH W HUKAKOTO BHEIIHEro ABW)KEHUS B
HeM HeT. [ToaTomy 3Ta popma OBHIKEHHS SBIISIETCS OCHOBHOM, NCXOAHOM IS
paccMOTpeHHUs JIIOOBIX ApyTuX GopM ABHKEHUH.
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Pasnomepnoe nocmynameivioe Heusicenue
08149}6@7—11/1@ amepa ajleMenma caza
* ‘ + Jeusicenue
Jlugpyzuonnoe Tocmynamensnoe Bpawamenvnoe eMenmapHozo
osuxcenue 2aza osudicenue 2aza Oeuwnicenue 2aza | oapema caza

Puc. 4.1. Ipn:xkenue amepa, GopmMbl 1 BUABI ABHKeHHs1 3pupa

Mudppyzuonnaa ¢opma nuxenuss 3¢upa, kak u ao0oro rasa,
obecrieunBaeT TpPU BUJAA [BWKCHUS. HEPEHOC NAOMHOCMU, NePeHoc
Kojuuecmea oeudicenusn (UMnYabca), nepeHoc IHEPUU.

Hocmynamenvnaa gopma osudxcenusa rupa obGecnieurBaeT 1Ba BUIA
IBWKCHUS. JAMUHADHOe Mevenue (TNa BeTpa) U HPOOObHOE
Kosebamenpnoe (TUTA 3ByKa, B pe/iesiax MOIYJISl yIPYTOCTH).

Bpawamensvnaa ¢opma oeurncenusa rgpupa obecnieunBaeT 1Ba BUIA
IBWKCHUS. PA3OMKHYMOe epawjamensrHoe (TUMa cMepua) U 3AMKHYHIOe
epawjameinshoe (TUTa TOPOUIA).

Bcero ceMb OCHOBHBIX BHJIOB ABU)KEHMS.

IlepeuncnenHble BUIObBI JABWXKEHHs MOTYT JaTh LIMPOKWI CHEKTp
KOMOWHUPOBAaHHBIX BHUIOB ABWKEHUs, COOTBETCTBYIOIIMX TEM WM WHBIM
(u3ryeckUM B3auMOAEHCTBUAM, (PU3nMuecKHM MmojsiM M siBIeHUAM. Kpome
TOTO, C y4eTOM B3aUMOJIEHCTBHSA MOTOKOB 3(upa, 00JaAaI0IINX Pa3TUIHBIMU
¢opMaMu W BHAAMH IBWXEHWH, KOJIMYECTBO BAPHAHTOB B3aWMOAEHCTBUS
MOXeT OBbITh NOCTATOYHO Benuko. OJHAKO BO BceX ATHMX (opMax M BUIAX
IOBWKEHWI >(upa JeXUT eIMHCTBEHHBIN BWA ABWKEHUS — TepeMelieHue
amMepoB B TIPOCTPAHCTBE M EOWHCTBEHHBI BHI WX B3aMMOIEWHCTBHS —
yIpyroe coyaapeHue, 4To W SABIsSeTcsS oOmieil OCHOBOW st Bcex (opm
IBWKEeHUs 3(upa ¥ U BCeX BHIOB OpPraHM3all{ BeIecTBa, HAYMHAs OT
3JIEMEHTAapHBIX YacTHI] BellecTBAa M KOHYas BcenenHoii B uenoM. Otcroza
cpasy BHUJHA MPUHLMIIMAIbHAS BO3MOXHOCTb CBEJCHUS BCEX BHJOB
B3aUMOJAEHCTBUIl K MeXaHHWKe — TOMY WIM WHOMY BHIY IepeMelleHHs
3(UPHBIX Macc B MPOCTPAHCTBE.

Hughdhyzuonnan gpopma osusricenua srpupa (puc. 4.2)

1. ITepenoc naomnocmu. IlepeHocHoe nu¢¢dy3MoHHOE TBMKEHUE UMEET
MecTo B JIOOOM rase Kak Mpu PaBHOMEPHO pacrpeielieHHOH, Tak W NpH
HEpPaBHOMEPHO pPAaclpelesNieHHOM TUIOTHOCTH. [lepeHocHOe —IBIKEHHE
CTPEMUTCS BBIPOBHATH KOHLEHTPALMIO TJIOTHOCTH, @ TakiKe KOHLEHTpPALMIO
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Mmacc (camommddysus), ecnu OTCYTCTBYET BOCCTaHABIMBAalOLIas HepaBHO-
BECHOE COCTOSIHME NMPUYHHA.

Jlughgpyzuonnoe oguxcenue

Y Y Y

L. Ilepenoc niomuocmu 2. Ilepenoc xomuuecmea 3. Ilepenoc anepeuu
Qewicenus ¥,
‘pasuenue Cypve
Saxon Quxa Vpasrenue Horomona d0 =k ﬂdet
dm = -DL dsd dF = <2 s o
m = -D—= t & k=ne
d ] = Vpaenenue
;; =DAc n=3 upi MeNLONPOEOOH OCMiL
¢
T = DAT - ,p
-k
ap "7 Bk “Tap
o l V2 AT
v, AP 1
R>P, 7T,

Puc. 4.2. Iuddysuonnas popma aBuzkeHus 3pupa.

s mepeHocHoro muddy3MOHHOTO IBIKEHWS XapaKTepHbI HEKOTOpbIE
0COOEHHOCTH, CBA3aHHBIE C T€M, YTO B OJHOKOMIIOHEHTHOI cpeze, KaKoBOH
aBisercss 3¢up, Ha npouecc camoauddy3un HakIagbIBAOTCA MPOLECCHI
tepmoaud¢y3uu. Kpome Toro, yTBepkmarh, uTo dUp ABIAETCA
OTHOKOMIIOHEHTHOM CHCTEMONH M UYTO aMmepbl OIMHAKOBBI MEXIy COOOI,
ocHoBaHMii HeT. Ckopee, HAaoOOpOT, amepbl Kak BHUXpEBble 0OpazoBaHUs
3¢upa-2 Hen30eKHO NOJKHBI pa3indyaTbcs U Jake 00pa30BbIBATH CIOKHBIE
CTPYKTYpbl TuMa MoJsieKyd. OfHako B HacToslee Bpems Uil MOoA00HOro
YTBEPKAEHHS TaKKe HET OCHOBAHWI, MOSTOMY BOMIPOC O TOHKOIl CTPYKType
a¢upa, o peanbHOil (opmMe amepoB, BUAAX pacHpeleleHuil CKOpOCTei,
0COOEHHOCTSIX B3aMMOJEHCTBUI aMepOB MeXay COOOH M T.M. AOMXKEH ObITh
OTHECEH Ha Oynyiiee.

Ssnenne an¢pQy3nu TIOTHOCTH B OJHOMEPHOM CJydae OIMCBIBAETCS
nepBbIM 3akoHOM Puka [4, c. 212-213]:

dM = —D dSdt g/dx, 48)
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rae dM — macca, nepeHocuMast 3a Bpems: dt uepes 31eMEHTapHYIO TUIOLAAKY
dS B HampaBieHNM K HOPMaJlU X K paccMaTpUBaeMOli TUIOIIAIKe B CTOPOHY
yobIiBaHUs TWOTHOCTH; D — kxoadduument camomuddysum; do/dx —
IPaIMeHT IUIOTHOCTH.

B ciyuae TpexmepHoil muddy3un W3MEHeHHE KOHLEHTpAaUuH ¢ C
TeYeHWeM BPEMEHH TIPH TOCTOSIHHOM TemIepaType W OTCYTCTBUM BHELIHWX
cui onceiBaeTcs nuddepeHIransHBIM ypaBHeHeM camoauddy3nn:

dc J Jdc 17 Jc 174 fJc
00 =0 (bO)+0 (DO) +0 (OO). (4.47)
ot oKX OX & Jdy oz oz

Ecnu D He 3aBHCHUT OT KOHLIEHTPALUH, TO YpaBHEHUE MPUBOJUTCS K BULY

d c/ot = DAC (4.48)

(BTOpOIi 3akoH Duka), rae A - auddepeHunanbHbI onepatop Jlamnaca; ¢ —
KOHLICHTPALMS YacTHIL ra3a.

2. Ilepenoc Konuuecmea osudcenus (umnyiivca). TlepeHoc kKonmdecTBa
JBWXKEHUs, HENpaBWIbHO MMEHyeMoro ceifyac B (u3nKe MMITYJIbCOM
(busuveckn wuMIynbc — TPOW3BEIECHHE CHIBI Ha BpeMs AedcTBHA —
OTCYTCTBYET B OTHENIbHO ABIKYLIEHCA yacTHle, M1 KOTOPOil XapakTepHbI
Macca U CKOPOCTb JBWKEHUS OTHOCUTENBHO CpeIHeil CKOpOCTH ABHMKEHHS
BCell OCTaNbHON COBOKYIMHOCTH YACTHI), PEATU3YyeTCs B CJOSIX CPEIBbl,
JBIDKYIIUXCS OTHOCUTENBHO APYT Ipyra ¢ HEKOTOpO# ckopocThro. IlepeHoc
KOJIN4eCTBA MABIKEHHS W3 OIHOTO CJIOA B JPYroil sBiseTCS NMPUYMUHOMN
BSA3KOTO TPEHUs WU BA3KOCTH rasa.

IlepeHoc konmuuecTBa ABMKEHUS ONpelenseTcss ypaBHeHWeM HbroToHa
JUTSL IBYDKEHMS BA3KOM skuakocTtH [4, ¢. 210]:

dF, = ndSdy/dx, (4.49)

rie dF — cuna BHyTpeHHEro TpeHus, AelicTByomas Ha mmiowmanky dS
TIOBEPXHOCTH CJIOSL BJONb TJIOCKOCTH moBepxHocTH; dV/dX — rpaameHTt
CKOPOCTH [IBIKEHHS CJIOEB B HampaBJeHUH », TEPNeHAMKYIIPHOM
MOBEPXHOCTH CJIOSA; /] - KOO(P(MULMEHT BHYTPEHHETO TPEHUS, YHCICHHO
PaBHBI CUIle TPEHHS MEXAY IBYMS CIOSIMU C IUIOIIAIbIO, PABHOM eMHHULE,
NpH TPaMeHTe CKOPOCTH, PABHOM €IUHULIE.

CornacHo 371eMEHTapHONH KMHETUUECKON TEOPUU

n= u_)\_pJS. (4.50)
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Bonee TouHas Teopus NPUBOAMT K 3amMeHe MHoxutens 1/3 Ha
KO3(hGUIMEHT @, 3aBUCAIIMIA OT XapaKTepa B3auMOJeUCTBUS MoJiekyl. Tak,
IUTSL MOJIEKYJI, CTAITKUBAIOIIUXCS KaK Tiajkue TBepable mapel, ¢ = 0,499.
bonee TouHble MonenM CHUJI B3aUMOJEHCTBHA MNPHUBOIAT K TOMY, YTO
K03(hpUIMEHT @ OKa3bIBaeTCs Bo3pacTarolle GyHKImel Temnepartypsl. s
3pUPOIMHAMUKY Ha JAHHOM 3Talle ee pa3BUTHA MOA0OHbIE BONPOCH! CTABUTH
paHo.

Koadduuuents! nepeHoca K 1 /7 He 3aBUCAT OT MUIOTHOCTH rasa, Tak Kak
npousBeneHue AQ He 3aBUCHT OT 0. BA3KOCTh raza pacTeT ¢ MOBBILICHHEM

TeMIiepaTypsl POTIOPUMOHATEHO A/ T .

3. Ilepenoc 3nepeuu. Tlpu Hanuyuu B Taze oOJacTU C Pa3IUYHBIMU
CPEIHECTaTUCTUUECKUMU CKOPOCTAMM  COCTaBJISIOIIMX Ta3 4YacTHL —
Pa3IMYHBIMU TeMIIepaTypaMi — BO3HHMKaeT TepMoanddysus, B pe3ynbraTe
KOTOPOIi TeMIepaTypbl MOT'YT BbIPABHUBATBCS, €CIIU TEILIO HE PAcCEUBACTCS
HeNpepbIBHO B MPOCTPAHCTBE U €CITM K ATUM 00JacTsIM He TIOABOAUTCS TETJI0
M3BHe. B MpOTMBHOM ciyyae YCTaHABIMBAeTCS HEKOTOPBI TpagMeHT
TeMIeparyp.

[TepeHoc TemTa gepe3 eUHUIYY TOBEPXHOCTH OTPENeNseTCs ypaBHEHHEM
Dypeoe [4, c. 210]:

dQ = —kdSdtd7dx (4.51)

rie K = ¢, — K03p(ULUMEHT TerIoNnpoBOIHOCTH, YMCIEHHO paBHBIN
KOJIMYECTBY TETUIOTHI, TEPEHOCUMOMY Yepe3 eAWHHILy TOBEpXHOCTH 32
eIVHUILy BpeMEHH TPU TpaJfeHTe TeMIepaTypsl, paBHOM enunuie; d7/dx —
TpafiueHT TeMIEPaTypHI.

Pa3HOCTB CIIOEB MOTPaHMYHOTO CJIOS OTpeleNseTcs BhpaxkeHueM [8, c.
285, 315]

AT = (Au)?/2cp, (4.52)
roe Au — mepemaj CKOpPOCTeil cJloeB; Cp — TEIJIOEMKOCTh ra3a Npu
TIOCTOSAHHOM AAaBJICHUU.

CBs13b IMHAMHMYECKOW BA3KOCTH M TeMIlepaTypbl B MOTPaHMYHOM CIIO€
ornpezenseTcs BeIpakeHueM

nin, = (TIT,)¢, 0,5<¢é<1. (4.53)
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TakuMm o00pa3oMm, B TMOTPaHAYHOM CJIO€, B KOTOPOM HMEET MECTO
CYIECTBEHHBI TpagueHT CKOPOCTEH, TemIeparypa Tra3a TOHWKEHA |
COOTBETCTBEHHO MOHIMKEHA €r0 BSI3KOCTh. DTO UMEET OOJIbIIOE 3HAUECHHE IS
CTaOMIBHOCTH BUXPEBBIX 00pa3oBaHuii a¢upa.

VpaBHeHHE pacrpocTpaHeHHs Teria B 3¢upe, Kak W B JIOOOM rase,
omnpezesseTcs BeipaxenueM [9, c. 447-455]:

Ty =aAT —fleyp, a=k, lcyp,, 4.54)

rne T(M, t) — Temneparypa Touku M(X, Y, z) B Momenrt t; K. = const —
KO3(PULUEHT TEmIONPOBOIHOCTH, @ — KOIPQUIUEHT TeMIepaTypo-
NPOBOIHOCTH; f — IIJIOTHOCTB TEMIOBBIX HCTOUYHUKOB.

Iocmynamensnasa hopma osudicenua rpupa (puc. 4.3)

1. J/lamunapnoe meuenue. JlavmuHapHoe TeUeHUE ra3a BO3HUKAET IPU
HaJIMYMKM Pa3HOCTM JaBleHUH B IBYX oOnacTax mnpoctpaHcTa. [lpu
MOCTYNaTeIbHOM JABW)KEHUH ra3a Iu(Qy3MoHHOE IBMKEHHE COXpaHseTcs,
OJIHAaKO Ha XaO0THUYECKOe IBIKEHHE MOJIEKYJ HaKIagbIBaeTCsl yIOpsI0ueHHOe
IBIKEHHE MOJIeKyl B oOLIieM HampasjieHMH. BpamiatenbHoe IBHKEHHE
00BEMOB raza MpH 3TOM OTCYTCTByeT. [Ipu MocCTymaTelbHOM [BWKEHHU
MOJKET MPOUCXOIUTh Aedopmaiusi 00beMOB rasa.

MaTeMaTH4eCKUMH BBIPAKEHUSIMH, ONMCBHIBAIOIIUMH TOCTYTATeIbHOE
IBWKEeHWe »3¢upa TNpHW JAMUHAPHOM TEUEHWH, SIBJIAIOTCS W3BECTHBIE
ypaBHEHUs THAPOMEXaHUKH JUTA C)KUMaeMOTro BS3KOTO rasa, B TOM YHcJIe:

ypaBHeHHe BepHyIH, oTpaxkaroliee cOXpaHEeHHE SHEPTHH B CTpye Trasa
(cymMMa KMHEeTHUYeCKO M MOTeHIMATbHOW SHEPTHIi B CTpye raza COXpaHsieTcs
B JIIOOOM CEUEHHUU CTPYH):

V22 +[ dPlp = const; (4.55)
ypaBHEHUE COCTOSTHHUS:

RT NE)  N2C(T)
P=00[1+000 +000 +..]; (4.56)
v v 2y
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ypaBHenne HaBbe—CToOKCa!

v 1
OO0 = -0 grad + 02y, (4.57)
dt Yol

a TaKXXC YpaBHCHHSA, OMUCBIBAIOINE NBWKCHHUA rada B MOTPAHUYHBIX CJIOAX,
HalpuMeEp, NHTETPpajibHbIC COOTHOIICHUA KapMaHa 1 HCKOTOPBIE APYTHC.

HocmynameﬂbHoe oguIeHIe

Y '

4. Jlavunapunoe 5. Konebamenvnoe npodonshoe
Vpaesnenue bepnynnu Vpasnenus :
v? dpP - 2-it cmenenu:
Yooy f A ;
2 / R const az
52 Mo =0 yz 1)
Ypaenen ue cocmoanus
a= BT
p= [ I +N D) Vv
- 1-it cmenenu
dA
Vpasnenue Hasve-Cmoxca divd - =ar= Pxyzy
dv 1 1 v
ar ~ p &red P tywot( 53 )grady AP
L A
—
—
=
== r>7

Puc. 4.3.IMoctynarenbHast popma aBu:keHNs dgupa.

Oco0OeHHOCThIO UCIOJIb30BAHUS ypaBHEHU TMIPOMEXaHUKN
MPUMEHUTENBHO K 3(GUpY ABISIETCS] OTCYTCTBUE OOBEMHBIX CHIJI, 1O KpaiiHel
Mepe, AJs1 Ha4aJbHOTO 3Tana WCcel0BaHHi, Koraa (pakToM CylecTBOBaHHS
a¢upa-2 npeHedperaercs. Bo Bcex 4acTHBIX clydasx, KOTJia 3TO BhITEKAeT U3
KOHKPETHBIX MojelNieif, BO3MOXHO YMpOLIEHWE YpaBHEHMH, Hampumep
MpUMEHEHNE YpaBHEHUI Diinepa BMecTo ypaBHeHus: HaBbe—Crokca.
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CylIecTBEHHBIM YTIPOILEHNUEM SBISAETCS BO3MOXKHOCTb B OOJIBIINHCTBE
cllydaeB IMpeHeOpeub BA3KOCTbIO M CKMMAEMOCTbIO, OJHAKO 10 TeX JIMIIb
nop, TI0Ka 3TO He HapyIIaeT NCXOJHYIO MOJIEb SBJICHUS.

Jlnsl HEKOTOPBIX HAMpPABIEHWH, TAKUX, HATIPUMep, KaK MEeKTPOINHAMUKA,
BBIBOJ, ypaBHEHWI KOTOpbBIX OasupoBajcsi Ha MpPEICTaBICHUH O
HEC)KMMAEMOCTH 3(Hpa W OTCYTCTBUU y HETO BA3KOCTH, B HACTOSIIEE BPeMs
y)Ke He TIPEeNCTaBiIsSeTCS BO3MOXKHBIM JITHMH TapaMeTpamH TpeHeOpeub,
MOCKONBKY MCCIIEOBAaHUS MOKa3aJd WX CYHIECTBEHHOCTb Ml MHOTHX
YACTHBIX SIBJICHUIA.

2. IlIpooonvhoe KoreoamenvHoe osudicenue ¢ zaze (1-il 3¢yK) BOZHUKAET
Npyu  TOSIBICHMM  Majoro  u30bITOYHOro  naeieHus.  CKOpocThb
pacnpocTpaHeHUss 3TOro M30BITOYHOrO JABIEHHA B Mpefenaax MOIyJs
YIPYTOCTH €CTh CKOPOCTh pacrpocTpaHeHus 3Byka [5, 6].

MaremMaTH4ecKUM  BBIPAXKEHHEM, OMHCBIBAIOLINM MPOAOJIEHBIE
KoneGaHWs B cpelie, MOXKET ObITh BOJTHOBOE ypaBHEHHE BTOPOTO TIOPSAKA:

02%¢
OO0 —cAg =Q (X, v,z 1), (4.58)
ot

rae Q(X, Y, z t) —Bo3MymIaroliee Bo3ecTBIE; @ - CKANSIPHBIN MOTEHIHMAI; ¢
— CKOpPOCTh PaCHpOCTPaHEHHs MPOJIOILHOrO BO3MYIIEHHsT (CKOPOCTh 3BYKa),
KOTOpasi ISl ra3a ompeaenseTcs BeipaxkeHueM [4, c. 535]:

c=VyPlp (4.59)

3neck Y - mokazaTelib aauabdatsl; P — naBjaeHue; O - TNIOTHOCTh Tasa.

[TpyHUMNHATBHO CYLIECTBYIOT BOJHOBBIE YpaBHEHMs! MEPBOro MOPSIKA,
BBITOJJHO OTJIMYAIOUIMECs OT BOJIHOBBIX YpaBHEHUI BTOPOro MOpsaKa CBOEH
NpPOCTOTON W TeM, YTO B HUX HE MPUXOAUTCS MPUHUMATh MCKYCCTBEHHBIX
NPUEMOB JIJIsl YHUYTOKEHHUsS] OTHOTO M3 pEelIeHUH, AAloUIero pacxojsuieecs
BbIpakeHHe. TakuM ypaBHEHHEM JUIsl OZHOMEpPHOro KoyieOaHUs SBISEeTCS
BbIpakeHUe

dA, dA
00 -00 =P, (4.60)
dx edt

a Ui TPEeXMEPHOTo
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dA
dvA-0O0 =P(XY,zt); (4.61)
cdt

ornepauusa OCJIEHUA Ha BEKTOP ¢ ABJIACTCA HOHYCTHMOﬁ, MOCKOJIbKY
HalpaBJICHUE JOTOTO0 BEKTOPAa B TOYHOCTU COBIMAAAET C HANPABJICHUCM
BEKTOpPa A, HaxXoadamerocs B YUCJINUTEIIC.

Bpawamensnaa gpopma osuixncenua ygpupa (puc. 4.4.)

1. Pazomknymoe epaujamenvroe 0guiiceHue TposBisieTcs: B TypOyJIeHT-
HOCTAX M C(OPMHUPOBABIIMXCSA BUXPAX. IIpH pa3soMKHyTOM BpallaTeJbHOM
JIBWKEHUH OCb BUXPA YXOIUT B OECKOHEUHOCTb, @ CKOPOCTb BpallEHUs
YMEHBILAeTCs 10 Mepe yIaJleHns! OT OCH.

B Tex ciyuasx, Koraa CKMMaeMocCThlo 3(upa MOXHO NpeHeOpeub, uTo
WMeeT MeCTO, HampuMmep, B CBOOOJHOM OT BEIIECTBA MPOCTPAHCTBE,
YpaBHEHUs]  BpamaTellbHOTO  IBIDKEHHWS COOTBETCTBYIOT — ypaBHEHUAM
BUXPEBOTO IBWKEHUS BA3KOI HECKMMAEMOI )KUAKOCTH!

dv

O +Qxv =—gradH — yrotQ; (4.62)

dt

divw =0; (463
P ¢

H=0 +0; (4.64)
P 2

Q=rowv=TIlg; (4.65)

r=vd, (4.66)

rae V — cpedHsas MOCTynaTelbHas CKOPOCTh YacTUL[ B paccMaTpHUBaeMOM
TOYKe MPOCTpaHcTBa; I” — NHTEHCUBHOCTb BUXPS; O - IUIOLIAb BUXPSL.
OnHaKo NpU PacCMOTPEHNM CTPYKTYPhI BEILECTBA CKUMAEMOCTBIO BUXPS
Henb3sl TpeHeOpeub, TOCKOJNBKY (akT Takoil CXKMMaeMOCTH CTaHOBUTCS
ONpefeNAomUM Tpu OoOBsICHEHUN TMoBefeHUs 3¢upa. B a3Tom ciyuae
YpPaBHEHHs MOTYT CYLIECTBEHHO YCJIOXHAThCA. Ocoboe 3HaueHHe MpU 3TOM
npuoOpeTaeT BbIACJICHNE M3 BCell COBOKYNMHOCTH (DaKTOPOB TeX W3 HMUX,
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KOTOpbIE B KaXJIOM KOHKPETHOM CIlydae CYIIECTBEHHbI, HallpuMep BA3KOCTH
W TeMIepaTypbl IPU PAaCCMOTPEHNH MPOLIECCOB B MOTPAHUYHBIX CIIOSX.

3. Bpawgamensroe ogudicetie

Y '

6. Pazomxnymoe 7. 3amxnymoe
o 3awxon buo-Casapa

_+__:_ 7 - O- —_ —_—
5 Qv =-grad H - y rotf; . n Fplop
" T P

Teopema I'aycca

Ir= gﬁv_dT bILF
W(r) = Q5
S
o
N T
P B,
~——

Puc. 4.4. BpamarensHasi gopma aABu:KeHHs1 dpupa

2. 3aMKHym0€ epauiameilibHoe oeudIceHUe €CThb TOPONJAIBHOC
nBWXeHWe raza. [lomumo YKa3aHHbIX BbILIC COOTHOIUECHUN MJIsI OMHUCAHUS
TOPOUAAJIBHOTO OBWKEHUSA MOKHO HWCIOJb30BAThL 3aKOH EHO'CaBapa B
cJiydyae€, Korga CXKuMaeMOCTbIO U BA3KOCTBIO Ira3a MOXKHO npeﬁe6pelu>:

r (¢-pdp
vo) =—0 Joooo, (4.67)
a  f-pP

rae P - paanyc-BeKTOp.

3aMKHyTOe BpamaTeJbHOE IBIDKEHWE 3(upa SBISETCS OCHOBOW IS
CTPYKTYp Pa3iIMYHBIX MaTepHalbHBIX 00pa3oBaHMi Ha YPOBHE OpraHW3alnn
MaTepuy TUMA BJIEMEHTapHBIX YACTHILL.
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BriBoasbl

1. ConoctaByieHre OOLINX CBOWCTB Makpo- ¥ MUKPOMHpa MOKa3aio, 4To
MHUPOBOE TIPOCTPAHCTBO 3aMOJIHEHO MaTepHalibHOW cpenoi, obiamaromieit
CBOIICTBaMHM peaibHOTO, T.€. BA3KOIO M CXKMMaeMoro, rasa. Ota cpefa, Kak u
paHee, JOJDKHAa Ha3bIBaThCs 3(MPOM, 3JIEMEHT Cpellbl NOJKEH Ha3bIBAaThCA
a’mepoM (mo J[eMoKpHuTY).

2. Ddup sABnAeTCS CTPOUTENIBHBIM MaTepHUaloM Ui BCEX BHUJIOB
BEILECTBEHHBIX 00pa30BaHMii, HAUMHAS OT AJIEMEHTAPHBIX YacCTULl U KOHYAs
3Be3gaMM M ranakTukamu. CusoBble Qu3nyeckue MO SABIAIOTCA
CIIEICTBUEM Pa3TUYHBIX (OPM ABMKEHHS 3dupa.

3. Ilpm ompeneneHNH YHCIEHHBIX 3HAYEHWH TapaMeTpoB 3dupa
BO3MOXKHO ¥ 1IeJIeCO00pa3HO WCMOJIb30BATh amapar OOBIYHOW Ta30BOM
MeXaHWKH. [Ipow3BeneHHBIE pacdeThl TO3BOJIMIIM  OPUEHTUPOBOYHO
OTIPEIEINTh OCHOBHBIE TTapaMeTphl 3(Hpa B OKOJIO3EMHOM TPOCTPAHCTBE —
ero TIUIOTHOCTb, HaBJE€HHE, YAENbHOE 3SHEProcojepikaHue, TeMIeparypy,
CKOpOCTh MepBOTO u BTOpOTO 3BYKOB, KO3 PULUEHTHI
TEeMMNepaTypONPOBOJHOCTH M TEIJIONPOBOIHOCTH,  KMHEMAaTHYECKYI0 H
IMHAMUYECKYI0 BA3KOCTH, TMOKa3aTesb aauadarthl, TEMIOEMKOCTH TIpH
MOCTOSTHHOM 00beMe M MOCTOSIHHOM JIaBJIeHHH, a TaKkKe MapameTpbl aMmepa —
ero Maccy, pasMepbl, KOIMYECTBO B €IWHHLE 00beMa, CPENHION AJHMHY
cBOOO/IHOTO TIpo0era, CPeqHIOI0 CKOPOCTh TETUIOBOTO ABHKEHHUS.

4. Ananmz opm aBrkeHus 3(upa Kak ra3onogo0HOro Tena rnokasai, 4To
aeMeHT 3dupa — amep — oOiamaeT eTWHCTBEHHOU (opMoit ABWKeHHUS —
paBHOMEpPHBIM  TOCTYMaTeNlbHBIM  ABWKEHHEM B TPOCTPAHCTBE;
JJIeMEHTapHBI 00beM 3¢upa oOmamaeT Tpemst (GopMaMu NBIDKEHUS —
1 y3MOHHOM, MOCTYNaTeNIbHON U BpallaTeIbHON, IPH 3TOM:

ougysuonnaa popma obecnieunBaeT TpU BUAA ABIKEHHUS — MEPEHOC
TJIOTHOCTH, MIEPEHOC KOJIMYECTBa IBMKEHHS 1 ePEHOC SHEPTUH;

nocmynamenvHaa opma — 1Ba BUAA ABWKEHUS — IJaMUHAPHOE TEUSHHUE
¥ IPOIOJIbHOE KonebaTeslbHOe NBUIKEHUE;

epawjamenvraa opma — 1Ba BUNA IBIKEHUS — Pa3sOMKHyToe (THma
cMepya) U 3aMKHyToe (ThTa Topouna). Becero ceMb BUIOB ABMXEHHUS d(upa.

Bce ykazanHble ()OpMBI M BHUIBI IBWKEHHS OIMMCHIBAIOTCS W3BECTHBIMU
MaTeMaTHIeCKNMHU 3aBUCUMOCTSIMH OOBIYHON ra30BOM MEXaHUKH.

5. [peHeOpexeHne BHYTPEHHUMH OCOOEHHOCTSIMHM CTPOEHUS aMepoB |
BHYTPEHHUMH (hOpMaMH JBW)KEHHS MaTepUH Ha YPOBHE IBIKEHHS MaTepUn
Oomee TIyOOKOM, WeM 3¢dup-1, sBISIETCS BpPEMEHHBIM, THOCEOIOTHICCKAM
npreMoM. AMmep SBIsIeTCS CIOKHBIM 00pa3oBaHMEM, OHAKO HCCIIEI0BaHHE
CIeNyIOIIMX YPOBHEW opraHu3aliy MaTepyuu ABIAETCA 3aladell Clemyommx
3TAmNoB Pa3BUTHUS FPUPOTMHAMUKH.
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maBa 5. CTpoeHue ra3oBbIX BUXpen

Marepwus, Kak CyIIeCTBYIOIIasl HE3aBUCHMO OT HAIIETO CO3HAHMUS
00bEKTUBHAS PEAIbHOCTb, UIMEET MIUPOKOE pazHooOpaszue Gpopm.
T.9poeu-I pys [1]

5.1. KpaTkas ucTopusi TeOpHH BUXPEBOI0 IBHKeHHUS

Kpatkas ucropus TeOpur BUXPEBOTO ABMKEHUS U3JI0KEHa B [2].

Hauano coBpeMeHHOW TeopuM BUXPEBBIX [BWKEHUH  TOJIOKHI
I''T'enpmronsl, omybnukoBaBmuii B 1858 r. cBoii Mmemyap «OO6 uHTerpane
TMAPOAMHAMUYECKIX YpaBHEHUH, COOTBETCTBYIOIINX BHUXPEBOMY
IBWKEeHNI0» [3, 4], B KOTOpOM OH BIiepBble CHOPMYJIUPOBAT TEOpeMy O
coxpaHeHun  Buxpeil. CoracHo  3Toif  TeopeMe, TMpH  CWIAX,
YAOBJIETBOPSAIOLINX 3aKOHY COXPAaHEHMs HEPTUH, HEBO3MOXKHO CO3/1aTh WIIN
YHUYTOXHTH YK€ CYIIECTBYIOUINH BUXPh H, 00Jiee TOro, HEBO3MOXKHO Jaxe
W3MEHUTh HaNpsHKeHHWE TMOCJIeqHero. 3apoXKAeHWe W yracaHue BHXpeid,
Ha0OrofaeMble B MPUPOJE, LEIUKOM OMNPEAENSIOTC MACCHBHBIMU CHJIAMH
Tpenus. Tonbko OGmaromapsi 3TUM CHJIaM OCYIIECTBIISIETCSI BUXPb, M OHM ke
3aCTaBJISIIOT 3apOJUBLIMICS BUXPb MOTYXaTh.

WHTerpasbl ruipoAnHaMUYECKUX YPaBHEHNI, U3 KOTOPBIX KaK CIEICTBHE
BBITEKAaeT TeopeMa O COXpaHEeHWHU Buxpeil, OblIM momydeHsl eme B 1815r.
Komm. Ho Kowmum wuHTEpecoBasia JMILb aHAaIUTHYECKAs CTOpOHA Jefa.
I'eomeTpuueckass ke MHTEpNpeTalys €ro pe3yabTaToB MPUHAMIEKUT
I'ensMromsity. Tonabko Mmocie 3TOro BO3HUKIIA Ta IpyTna BOMPOCOB W 3ajad,
KOTOpBIE TEeNepb COCTABIISIOT MPEIMET YUEHHSI O BUXPSX.

OpmHako Henb3sd HE YMNOMSHYTb, UYTO YacTHble CIy4aW TEOpPEMBI O
COXpaHeHMH BHxped Obuim yxe wu3BecTHel Jlarpamxy. B cBoeit
«AHAJIMTHUECKON MexaHuke», onybOiaukoBanuoii B 1788 1. [5], oH
JOKa3bIBAET, UYTO ABWKEHWE WACATBHOM KMIKOCTH, 00Jlafasi MOTEHINAIOM
CKOpocTeil B Kakoi-THO0 MOMEHT BPEMEHH, OCTaeTCsl TAKOBBIM 3a BCE BpeMs
gewokenus. Jlanee Komm u CTokCc [OKasblBalM, 4YTO BCsKas YacTHLA
UJleanbHOM KMAKOCTH HUKOTZA HE TMOJydaeT BpAILEHHWs OT OKpyXkaroliel
cpezbl, ey He obJiaaia UM B HadallbHbI MOMEHT BPEMEHH.

B 1839r. mBenckuit yueHsiit CBeHOepr Iokaszall CleIylIlyl0 TeOpeMy:
YIJIOBbIE CKOPOCTH BpAILEHMS YacTHUL B Pa3IUUYHbIX MOJOXKEHUAX €€ Ha
TPaeKTOpUH Bceraa o0paTHO MPONMOPLUUOHAIBHBI KBaJpaTaM PAacCTOSHUS ee
OT TpaekTopuy nBWXKeHWsA. OTCIOfa 3aKiFoueHHe. YacThla >KUAKOCTH,
TOJTyYUB B KaKOW-JINOO MOMEHT YIJIOBYIO CKOPOCTb, HUKOT/IA HE MepecTaHeT
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Bpalarscs M, HA000pOT, YacTHL@ KUAKOCTH He OyneT BpallaTbCs, €Clu B
Havase IBMXEHUs e yrioBas CKOPOCTh OblIa paBHA HYJIO.

B ykasaHHOM Bblle MeMmyape [elpMrojbla MNPUHLUI COXPAaHEHUS
BuXpell Obu1 0O0OCHOBaH BO Bcell mojHOTe. bonee Toro, TaMm ke ykazaHO
MPaBWJIO  OTIpelieNieHns]  CKOPOCTel  ABIDKEHWS] BUXPEBBIX  LIHYPOB,
HaXOJSIIMXCS B MIeaJbHOW HEC)KUMAEMOIl JKUIKOCTH, W TeX YacTel UIKON
Macchl, TA€ OTCYTCTBYIOT BUXpH. MM ke yKazaHa aHaJOTHUS MEXIy
CKOpPOCTSMH  JBWKEHWS YacTHUIl JKMAKOCTM W  CHWIaMH  JeHCTBUS
raJbBaHUYECKUX TOKOB HA MAarHUTHBIH TTOJIFOC.

Bce mocnenyromue paboTsl, mosBuBInecs nocie 1853r., mo cyuiectBy
ABJISIFOTCS pacIlMpeHUeM U 0000IIeHHeM OCHOBHBIX PE3yJIbTaTOB, AOOBITHIX
I'enbMronbLem .

WranbsHckuii yueHslit benbTpamu, none3ysick TeopeMamu, BbIBEI€HHBIMU
I'enbMronsiem, Aan NpaBuiIo OMpenesieHus] CKOPOCTel YacTHLl CKMMaeMoin
KHUIKOCTH, HaXOMsIIelics B BUXPEBOM IBW)KEHHM W 3aMKHYTON KOHEYHBIM
o0beMOM. DOTO TpaBWIIO, YCTaHABJIMBAIOIEEe 3JIEKTPOAMHAMHYECKHE
QHAJIOTHH, M3BECTHO Kak TeopeMa benbTpamu [6].

Kpynnsiit mar Brniepen nocne ['enbmronsia cnenan Kupxrog. B cBomx
«Jlexnuax mo MmateMaTwueckoil ¢usmke» [7] oH man muddepeHUIMaNbHBIC
YpaBHEHUsI IBIKEHUS IPAMOJIMHEHBIX W TTapaIeTbHBIX BUXPEBBIX IITHYPOB,
HaxoAALINXCA B HEOIpaHWYEHHOI Macce Hec)kuMaeMoil xuakocTH. OH xe
yKa3all yeTblpe UHTerpaja 3TUX ypaBHEeHHH.

OcHoBbiBasick Ha ypaBHeHusX Kupxroda, I'pebas B 1877 r. pemun
HECKOJIbKO 3aJa4 O IUIOCKOM JIBMKEHHMHU TpeX, YeThlpex U 2N BUXpeil. 3agauy
O JBWKEHHM 4eTblpeX BHXpeil ['pebib orpaHMYMBaeT CyLIECTBOBAHWMEM B
pacrloNoKeHNNn BHUXpeil MIOCKOCTH CUMMETPHHM; ABWXKEHHEe 2N BUXpeil
OTPaHWYMBAET MPEATION0KEHUEM CYIIEeCTBOBAHNS B PACTIONOKEHUH BUXpei N
TUIOCKOCTE T OPTOTOHAILHON CUMMETPHH.

JIBa roma cmyctst mocne pabotel ['pebns mosBuiack pabora Koortca
(Cootes), B KOTOpOii OH pacCMOTpeNl JBWKEHHE BHUXPEBOrO KOJIbI[A U
MoKasai, 4YTo KosbleoOpasHas ¢opMa Buxps — ¢opMa ycToHuMBast.
N3ydeHneM [JBWKEHHMS BUXPEBBIX KOJELl MHOTO 3aHMMalcs Takxke
JIx. ToMCOH.

BuxpeBbIM ABMKEHMAM B CXKMMaeMOW >KHIKOCTH MOCBSILEHbI PaboOThI
I'perua u Ulpe. JIBuxxkeHue BUXpeil, OrpaHUYEHHBIX CTEHKaMHM, U3y4all cam
I'enbMronsbL.

PaccmaTpuBasi IBMKEHHE IBYX MPSIMOJUHENHHBIX MapaielIbHbIX BUXpel
B M€AIIEHO HEC)KMMAEMOW KHUIKOCTH, | €IbMTOJIbII ITOKa3al, 9TO TIIOCKOCTb,
JeTsias pacCTOSHUE MEXAY ABYMS BHUXPSAMH C PaBHBIMHU TI0 BeJMYMHE
HaNpsUKEHHOCTSIMU, HO Pa3HBIMH TI0 3HAKYy, MOXKET MPUHUMATBCS 3a CTEHKY,
€CII OHa TEepIeHAWKYJIpHa K YKa3aHHOMY paccTosHWiO. Buxpp Oyner
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JBUTraThCsl MapajulelbHO 3TOH CTeHKe, W Bechb 3(PdexT CTeHKH CBOAMTCH,
TakuM 00pa3oM, K 3P ¢deKTy, TPOUCXOAIIEMY OT U300pakeHUs] BUXPS, €CIH
CTEHKY paccMaTpHBaTh Kak 3epKaJo.

I'punxunn B 1877-1878rr. paccMoTpen 3amaun O ABWKEHUM BUXpeil B
KHUIKOCTH, OTPAaHWYEHHON LMIMHAPUYECKUMH TMOBEpXHOCTAMHU. [lonb3ysich
METO/IOM M300pakeHni, OH PEIInII 33/1a4M O TUIOCKOM ABWKEHHUH OJHOTO W
IBYX BUXpeil BHYTPW W BHE TIOBEPXHOCTH KpPYTJIOTO LWJIWHAPA, a TaKkKe B
TIPOCTPaHCTBE, OTPaHUYEHHOM TTOBEPXHOCTHIO TIPSIMOYTOJTEHOM
YeTHIPEXYTOJILHOM MPU3MBI.

B 1876-1883rr. anrmiickuii ¢pusuk O.Peitnonbiac [8] akcnepumenTa-
JbHO YCTAaHOBWJ  KpUTEpWil Tmepexoja JIAMHUHAPHOTO TEYeHUs B
UWIVHAPUYECKHX  Tpybax B  TypOyJE€HTHOe UM  BBeJl  KpUTEpHH,
XapaKTepU3yIOUUH KPUTHYECKOE COOTHOLIEHWE MEXIy WHEPLUOHHBIMU
CHJaMU M CHJIaMHU BSI3KOCTH, TpPHU OMNpPEIEJIEHHOM 3HaueHUH KOTOPOro
JIaMUHApHOe TeUeHHE MepeXOIUT B TypOyJIeHTHOE U Jajnee B BUXpeBOe. DTO
cootHoureHne Re =pvl/y, Ha3BaHHOE <«@ucioM PelfHonbaca», CBA3bIBACT p —
MIOTHOCTD JKMIKOCTH, V - CKOPOCTh TIOTOKa, |- XapakTepHbI TMHEWHbIH
pasMep, # — HAWHaMUYeCKMH KO3(D(UIMEHT BS3KOCTH W  TIO3BOJISIET
OTIPENEINTh YCJIOBHAX 0Opa3oBaHUs TypOyJNeHTHOCTeW ¥ BHXpeil B
KOHKPETHBIX ~ CIy4asX TEYeHWH JKUIKOocTed  BONM3M  pa3smMyHBIX
MOBEpXHOCTEH U hopM.

B 370 Bpems psmoM ydeHbIX ObUTM pelIeHbl MHOTOYMCIIEHHbIE YacCTHBIE
3aJa4l BUXpEBOro JBWXeHHA. CoOBEpIIEHHO 0co0yr 3ajauy MOCTaBMII
nepen coboit B 1894 r. H.E.)KykoBckuii, KOTOpBI#, MOJB3ysICb METOAOM
KOH(GOPMHOro H300pakeHus], pelmi 3aJadyy O IBWKEHUU BUXPS BOIU3U
OCTpUsl KJIMHA, TOTPYKEHHOTO B JKMIKOCTb. PaccMmarpuBas TpaekTopHu
BUXps, OH TIOKa3ajl, YTO BHXPEBOl INHYp Bceraa YKJIOHSETCS OT
TMOJJHOCHMOTO K HeMy Hoxka. Briocnencteum JKykoBckuii pazpaboTai Teopuio
TaK Ha3bIBAEMBIX «IpUCOEeTMHEHHBIX» BHXpEH, VMEIOLIYI0
(byHIaMeHTaIbHOE 3HAUCHUE I MHOTHX TpHJIoKeHui [9].

B.ToMcoOH, OCHOBBIBasCh Ha TEOPEME O COXPAaHEHHH BHXPEW, BBIABHHYI
ocobyto aromuctuueckyto runoredy [10—11]. OH npeAnoioXui, 4To Bce
NpocTpaHCTBO BceneHHO# 3amoiHeHo 3GpUpoM — UAeanbHOM KUIKOCThIO, B
KOTOpOil aTOMbl MaTepuu MpPEACTaBIIOT €000l OecKOHeYHO Malibie
3aMKHYTbIE€ BUXpPH, 3apOAMBINMECS B 3Toi »kuakocTH. PasHooOpazue B
cBoiicTBax aroMoB B.ToMCOH 00BACHMI MHOrooOpasuem IBIXEHU, B
KOTOPOM HaxOAsATCs YacTHLbI OJHOTO MPOCTOro BellecTBa. Buxpesas teopus
aToMoB, co3maHHas B.TomcoHoM, He momyuywna TPU3HAHUS W Pa3BUTHS.
Tonmbko B 20x romax XX cronerus Hemeukwil ruaponuHamuk A.KopH
TIOTIBITAJICS BHOBb BOCKpecHTh uiaen B.Tomcona, HO MpUMEHUTENBEHO HE K
aToMaM BEIIEeCTBa, a K TOJIKOBAHUIO TPUPO/IBI JIEKTPOHA.
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Heckonbko mnozxke H.IL.KactepuH cpenan mNoOMbITKY NOCTPOEHUS
BUXPEBOW Teopuu dneMeHTapHbiXx vactul. OpHako unen A.KopHa wu
H.I1.Kacrepuna OblTd BCTpeueHbl C OONBLIMM HEJIOBEpUEM IIUPOKOH
Hay4YHOW  OOILIECTBEHHOCTBbIO,  BCIENCTBHE YEero OHM  OKa3aJuch
W30JIMPOBAaHHBIMU M HEBOCTPEOOBaHHBIMH, XOTSA B paboTax 3THX YYEHBIX
COZEPIKUTCS] HEMAJIOE YHCII0O NHTEPECHBIX COOOpaKeHNH.

C pa3BUTMEM aBHWALMM Yy4YeHble HATOJKHYIMCh Ha HEO0OXOIMMOCTh
W3y4eHUs] BUXPEBBIX 00pa30BaHMWil Mpu 0oOTEeKaHWMM TBEpAbIX Ted. B atom
OTHOINIEHMHM 0cO00r0 BHHMMAaHMA 3aclHyXkuBaroT paboTel Kapmana wu
H.E.)XyxoBckoro. IlepBbiii BecbMa NOAPOOHO WH3ydYal TMOBEIEHUE Tak
Ha3biBaeMoli BuxpeBod gopoxku Kapmana [9, 12, 13]. Hmetotcs
3aMeuaresibHble MmpousBencHuss A.A.DPpuamMaHa Ha PYyCcCKOM s3blke «OTbIT
THAPOMEXAHUKHU CKUMAEMOH KUAKOCTU», a Takke «O BUXPAX B )KUAKOCTH C
MeHsonieics TemnepaTtypoii» [14, 15],B KOTOpBIX JaHa MOCTAHOBKA 33134 O
JBW)KEHUH BUXPEH B CKMUMAEMOM XKUIKOCTH.

HaxkoHer, ciexyeT ynoMsHyTbh 00 uccienoBanusx O3eeHa [16], koTopsrii
BIEPBBIE TMOCTABWJ W PELIMI DS 3agad O ABWKEHMHM BHUXped B BA3KOM
xuakocth. Mnen O3eena u @puamMana enie K IyT CBOETO NPOAOJIKEHNUS.

B Oomee mo3mHee BpeMsi pPAOOM COBETCKMX M 3apyOeXHBIX
HCClleioBaTeNell TeopeTHiecKre U3bICKaHUs B 00J1aCTH BUXPEBOTO ABMKEHNUS
OBLTN MPOJOJKEHBI [CM. 10T JIMT.].

CrnemyeT OTMETHTh, YTO CJIOKHOCTb 3ajay TypOYJEHTHOW M BHXpeBOit
ra3zoBoii IMHAMHKM YacTO 3acTaBiisieT HccienoBaresiell  MCHoJIb30BaTh
yIpOLIEHHbIE MOJENW SBJEHUH, He Bcerga KoppekTHele. Hampumep, B
KUIKUX BUXPAX WCIOJIb30BAHO MPEICTAaBIEHHWE O TOM, YTO LEHTpalbHas
4acTbh JIMHEHHOTr0 BUXPS BpAILAeTCsl 10 3aKOHY TBEPJOro TeJa, XOTsI HUKaK1X
GM3UUeCKUX TPEnocbUiok st 3Toro HeT [17]. Bo MHOrmX ciydasx
WCTIONB3YIOTCSI MOJIENIN, He OTBevarolue (Gusnke sBIeHMH, TpeHeOperaeTcs
C)KMMaeMOCTBIO Ta3a TaM, Tlie NMpeHeOpedb 3TUM Hellb3s, He HMCCIeIyIOTCS
BSI3KOCTHBIE, TEMIIepaTypHble 1 apyriue 3pdexTs.

MHorue 3amauu BUXPEBOrO ABWKEHHS Cpell, U B 0OCOOEHHOCTH, Ta30B He
pemieHsl 10 cux nop. K HUM ciieyeT oTHeCTH, B MEpBYIO o4Yepeib, MpodiemMy
o0pa3oBaHMs, CTPYKTYp M 3HEpPreTHKM Tra3oBbIX BHUXpeil. [lameko He B
YIOBJIETBOPUTEIILHOM COCTOSIHUM HaXOAWTCS TEOpHs MOrPaHUYHOro CIlos,
XOTA 37ech MHoroe caenano [18] . [IpakTHYECKH MOJHOCTBIO OTCYTCTBYIOT
pelieHus B 00JacTH B3aMMOJEHCTBHS BUHTOBBIX Ia30BbIX MOTOKOB. Hukorzaa
HE paccMaTpUBAINCh 3aJadyM, CBS3aHHbIE C B3aMMOINPOHMKHOBEHHEM
BUXPEBBIX TIOTOKOB B  Pa3speXeHHbIX Tra3ax, C B3aUMOJAEHCTBHEM
CBEPXIUIOTHBIX BHHTOBBIX Ta30BBIX CTPYKTYp THIIAa BWHTOBBIX BHXPEBBIX
TOPOMIATIBHBIX KOJIELl WJI B3aUMOJEHCTBUEM CI0XKHBIX BUHTOBBIX BUXPEBBIX
CTPYKTYP, COCTOSILIIMX U3 MHOTHX BUXPEH.
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Tem He MeHee W B 3TOil 00JAacTH CO3/aH CONUAHBIA 3a7el, KOTOpbIi
ClieyeT UCHONb30BaTh TMpH pa3paboTke >S(PUPOAUHAMUYECKHX OCHOB
CTpOEGHUS MaTepuu. AKTyalbHOCTh  pELIeHHs NpoOJieM BHUXPEBOro U
BHHTOBOTO JIBIKCHUS Ta30B BO3PACTAET C TMOSBICHUEM >(OUPOIMHAMUKH, IS
KOTOPO# TIepeuncIIeHHBIe TPOOIEMBI TPEICTABIIIOT 0CO0YO0 BaXKHOCTD.

5.2. O6pa3oBaHne W CTPYKTypa JHHEeHHOr0 ra3oBOro
BHXPSI

[pu mepemeniennn Macc ra3a OTHOCHTENLHO OPYT ApyTa B ra30BOi cpesie
BO3HMKAIOT TypOYJIEHTHOCTH, TIepeXoIsIIie B BUXpeBble 00pa3oBaHusl.

[MpuHIMNMATBEHO BUXPEBBIM 00pa3oBaHHWEM SIBJISETCS J000E IBUKEHHE
KUIKOCTH WU ra3a, Ui KOTOPOTro

fvdl
rotv=IlimOO000 #0, (5.2)
As-0  AS

T. €. TO, IJI1 KOTOPOI0 HUPKYJIAUUA CKOPOCTU MO 3aMKHYTOMY KOHTYPY HE
paBHa HYIJIIO. OHHaKO, JOaJICKO HE BCIAKOC JOBWKEHUE, MJId KOTOpPOro
BBITIOJTHACTCA MNPUBCACHHOEC COOTHOLICHUE, ABJIACTCA BUXPEM B IOJHOM
CMBICJIE OTOr0 CJIOBA.

B camom Ae€JIe, TCUCHUE Ira3a BAOJb HETIOJIBM)KHOW CTEHKW HEOJIWHAKOBO
Ha pa3sHbIX paCCTOSAHUAX OT HEE. Z[J'l}l TaKoro CJIOUCTOI0 TCYCHUA

1 0w ovy 1 0vy
ro,v=0 (OO —-00 )=0 00 #0, (5.2)
2 0y ox 2 oy

TaK Kak MpojoJibHast (B HANpPaBJIEHUU OCH X) CKOPOCThb Vi MEHSAETCS 10 Mepe
yIaJleHHs, OT CTEHKHM, T.e. YBEJIMUYEHUS BeIWYMHBI Z. TeM He MeHee BUXpS
KakK TaKOBOTO TP MOJOOHOM TEUEHWH MOXKET U He ObITh, XOTS TPEATOCHUTKA
IUTSL TIOSIBTIEHWsSI TypOYJIEHTHOCTH CO3/aHbl MMEHHO Oaromaps pa3HOCTAM
CKOpPOCTEN TeUeHUs Ha pa3HbIX PACCTOSHUAX OT CTeHKH (puc. 5.1).
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Puc. 5.1. PacnpeneneHne ckopocTeii B MOrpaHMYHOM cJI0e MJIOCKOI
MJIACTHHBI.

B ruapomexaHuke, Kak HM3BECTHO, MPUHITO pa3ivyaTh JaMUHApHOE,
TypOYJE€HTHOE U BUXPEBOE ABMXKEHHUS, IEPEXO] OT OJHOTO U3 HUX K IPYroMy
onpezensercs unciaoMm PeifHonbaca Re:

Re =vl/y, (5.3)

rae V — CKOpOCTb TeueHHs cpeibl; | — XapakTepHbIii JTUHEHHbIN pasmep; X —
KMHEMaTU4ecKas BA3KOCTb CPElbl.

Kak moxkaszano B pabotax [8, 18 — 21u np.] mepexon OT JaMHHApHOTO
JBIDKEHUs] K TypOyJIeHTHOMY HauMHaeTcsl OT 3HadeHWUil uucen PeiiHonbaca
nopsaka 2000 fio uccnenoBanusiMm camoro PeitHonbaca ot 2300), onHako
BO3HUKamOIIKUe TypOyJEeHTHOCTH He  00s3aTebHO  COMPOBOXKAAIOTCSA
MOBOPOTOM (BpalleHHeM) yacTHl cpenbl. [Ipu Goliee BBICOKMX 3HAYEHHAX
gucna PeifHombaca TypOyJIeHTHOCTh CTAHOBHUTCS yCToWumBO#. Ecnu ke mpu
TAaKMX 3HAYEHUSX 4dncesl PeifHonmbaca MPOMCXOAMT MOBOPOT YACTHIL CPEBI,
TO JBUKEHUE CTAHOBUTCSA BUXPEBBIM.

VYcroifunBoe M HENpepbhIBHOE BHXpeoOpa3oBaHWE MOXET MPOWCXOIHTH
UMb TIPYA BOBJEYEHWH B TPOLECC HEKOTOPOTO0 MHHHUMAJBHOIO 00BbeMa
a¢upa U obecnieyeHHss HEKOTOPOTO MUHUMAJIbHOTO TpagleHTa CKOpOCTei
MpU COYAApEeHUU CTPYIHl.

IIpy nBWXKEHMM MOTOKOB Tra3a OTHOCUTENBHO IPYrMX IOTOKOB WIH
MOKOSLLMXCSI MACC HA PaHMLAX MOTOKOB BO3HHUKAET MOrPAHWYHBIN CJOH, B
KOTOPOM BO3HHKAeT IpaJIueHT ckopocTeil [22]. B morpaHu4HOM Clioe UMeeT
MECTO CHIKEHHE TeMIepaTypbl, TaK KakK

T=T, —/Pr u?/2cs, (5.4)

rae Pr —aucno Ipanarmis, paBHoe
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Pr = ncplkr; (5.5)

U - CKOpPOCTh I'PAHHIIbI IOTPAHUYHOTO CJIOST; Cp — TETIOEMKOCTh Cpebl MPH
MOCTOSTHHOM JIaBJIEHUM; /] - JAWHAMUYECKas BA3KOCTh, K, — ko3 uumenr
TETIOMPOBOJHOCTH.

Hanuuue rpagueHta CKOpPOCTEH 3KBHUBAJEHTHO B KaXKIOM TOYKE CpeIbl
HAJIMYUIO BYX MPOTUBOIIONOKHO HAMPABIEHHBIX MOTOKOB.

VMeHbIlIeHHE TeMIIEpaTypbl MPUBOIUT K YMEHBIIEHUIO B MOrPAHUYHOM
cioe ko3 uimeHTa 1uHaMuueckoi Bsiskoctu [18, ¢. 285, 316—-318; 22fak
Kak

n T .
0O =(0); 05<¢<1, (5.6)
1o T,

YTO B CBOIO Ouepelb MOBBINAET CTAOMIBHOCTh BHXPEBOTO 00pa30BaHMA,
MOCKOJIbKY 3HEprus, MepelaBaeMas UM COCEIHUM CIIOSM BHELIHEW Cpemsbl,
yMmeHbliaetcs (puc. 5.2).

Puc. 5.2. 3aBucumocTtu CKOPOCTHU NMOTOKA, TEMIIEPATYPbI U KUHEMATU4eCcKoi
BA3KOCTH OT PACCTOSAAHUSA A0 CTEHKH ra3oBoro Buxps

DKcreprUMeHTabHBIM TTOATBEPXKICHIEM CHIDKEHHS TeMIepaTypsl B
MOTPAaHMYHOM CJIO€ SIBJISIETCS LIMPOKO W3BECTHBIA (DakT oseleHeHus
MOBEPXHOCTEN KPbUIBEB JIETSLIEr0 CaMoIeTa.

Ha maneHue QMHaMHUYECKOW BS3KOCTH B MOTPAHUYHOM Clloe OOpaiuaiu
BHUMaHHE HEKOTOPBIE aBTOPbl. OTO OOCTOATENBCTBO OBUIO  TaKKe
MOATBEPXKICHO HKCIEPUMEHTaNbHO (cM., Hampumep, [22]). Hekotopsie
aBTOPbl  CUWTANIM, YTO YMEHbLICHHE JIMHAMUYECKOTO Ko3duuueHTa
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BSI3KOCTH MPOUCXOOHUT WM3-3a TaK Ha3bIBAEMOIrO «pa3phiBa cKopocTeit» [19—
20].

B morpaHuYHOM ciioe BUXPs. UMEET MECTO NaJeHHe aBICHHs, YTO
SBIIACTCSL CINEICTBMEM TOTO, 4YTO IIEHTPOOEKHAs CHIa, CTpeMsLiascs
OTOPOCUThH Ta3, HAXOINAIIMICS B TIOTPAHUYHOM CJIO€, B YCTAHOBHBIIEMCS
JBWKCHUW JIOJKHA OBITh ypaBHOBEIEHA CHUJION, KOTOpass BO3HUKAeT U3-3a
Pa3HOCTH IaBJICHWM BHEIIHEW Cpeibl M CIOEB, HAXOIALIMXCS B 06JACTH,
pacronararoiuxcs Omke K HeHTpy BpaiieHus (puc. 5.3).
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Puc. 5.3. HuiuHapudecKkuil ra3oBblil BUXPb: MOMEPEIHOE CeUEHUE BUXPS (a);
pacrpeniesieHie IUIOTHOCTM ra3a (6); DSIiopa KacaTelbHBIX —CKopocTe#t  (6);
3aBHCHMOCTB YIJIOBOM CKOPOCTH BpAICHHUS ra3a B BUXpE OT pajuuyca (2)
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[TaneHwe BSA3KOCTW B TOTPAaHUYHOM CJIO€ BHUXPS, C OIOHOM CTOPOHBI, U
0oTOpoC LEHTPOOEXHOH CUIIOl ra3a W3 ILEHTpalbHOW 00NacTH BUXpS Ha
nepugeputo, ¢ JApYrodf, CHOCOOCTBYIOT TOMY, 4YTO Ta30BbIii BHXPb
(dopmupyeTca Kak Bpawjarolascs TpyOa, B CTEHKax KOTOPOH pasMelaeTcs
OCHOBHas Macca BHXps.

Puc. 5.4. Cxkartne ra3oBoro BHUXpPS Ha BXole B BO3AyX03a00pHHK
PeaKTHBHOIO IBUraTeJsi CaMoJieTa (Ha CTOSIHKE)

ITpoBeneHHbIE Ha CMELMAIbHO CO3[AaHHOM CTEHZIE PaboThl MO M3yYEHUIO
YCIIOBUII TOSBIEHHS BUXpeH Ha BXOAE BO3IyX03a00PHHKOB PEAaKTUBHBIX
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CaMOJIETOB TIPHU 3allyCKe IBUrarels, IMOKa3alu, 4YTO JIMHEHHBIA Tra3oBbIA
BHUXpb [NeHCTBUTENLHO MpeAcTaBifeT co0oii oOpa3oBaHue TumMa TPYOBI C
YIUIOTHEHHBIMU CTEHKaMHU.

Ha puc. 5.4 xopoiwo BUIHO, YTO AMAMETP YCTAHOBUBILETOCS HA BXOJE B
BO3/lyX03a00pHUK TYypOWHBI BUXPS CYIIECTBEHHO, B JECATKM pa3 Mo
IAaMeTpy W B COTHU pa3 MO IUIOIIAAM TONEpPEYHOTO CEYEeHMs, MEHbIIE
COOTBETCTBYIONINX pa3MEpPOB BO3MyX03a0OpHWKA W YTO CaM BHUXPh WMEET
TpyOUaTyro CTpyKTypy.

DJeMeHT Ta3a, HaXOIAIWICS Ha BHEIIHEH CTOpOHE TPYOBI, CTPEMUTCS
MoJ JeiCTBUEM BHYTPEHHEIo NAaBIIEHUS U LIEHTPOOEKHOM CHIIBI OTOpBAThCA,
3TOMY TMpPEMATCTBYET BHEWIHEe JHaBieHHe. Ecnu BHYTpEeHHME CHIIbI
MPEBBIIAIOT BHEIIHUE, 3JIEMEHT ra3a OTOPBETCS OT TPyObl, Tak Kak IJis rasa
HUKaKUX MPETSITCTBUIA K 3TOMY HET. CyMMa BHYTPEHHUX CHJI OCTABLUETOCS B
CTEHKaX rasa OKa3blBaeTCs MEHbIUE BHELIHMX WM paBHA UM, — IOCIEIHEE
COCTOSIHUE SIBJISIETCA HEyCTOW4MBBIM. CkaThe Tena BUXPS BHELIHUMU
CAJaMyd — JaBJICHMEM OKpPYXKalIleil cpelbl — BbBI3BIBAET YBEJIWNYEHHE
CKOpPOCTH Bpall€HWs, MPUYEM BHYTPEHHEE NaBJIEHWE MPHU 3TOM MaAaeT, Tak
4YTO PAaBHOBECHE OCTAETCS HEYCTOWUMBBIM M BUXPb MPOJOJKAET CKUMATHCS.

Ha smemeHT Takoif TpyOBl AEUCTBYIOT IIEHTPOOEKHAs CWIIa M Pa3HOCTh
BHEIIIHETO W BHYTPEHHETO NaBJIEHUH, TaK YTO

dF =adm= (P, —P;)dS — w?rdm, (5.7)
rac
dS=rhyde;

a — ycKopeHue BIOJb paauyca, IpruodpeTeHHoe Maccoit dmy r — paauyc, Ha
KOTOPOM HaxOJMUTCs 3Ta Macca OT LeHTpa TpyOsl; N, — anrHa oTpeska TpyObl,
da — yron, 3aHIMaeMBlif 371eMeHTOM Macchl dm.

Kak BUHO U3 BeIpakeHUs 5.7, IpU HEKOTOPOM 3HAUEHUU pajauyca

Pe—P; dS
r>rg= —— —— (5.8)
w? dm
nMeeEM
w?r dm> (P, —P)dS (5.9)

T.e. YCKOpeHHe OyIeT TOJOXKHTENbHEIM M Macca dm Oyner oTOpomeHa OT
Buxps. OcraBuiascs yacTb UMeeT I < I,
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ITpu r < 1, BEIMUMHA @ UMEET OTPHLATEbHBIN 3HAK, U BUXPb HauMHAET
CKUMaTbCs BHELTHUM JaBJieHHEM. Pa3HOCTb CHJT COCTaBUT:

F=(Pe—P)dS= w?rdm. (5.10)
Y4uteiBas, 4To
P=pRT (5.12)

U YTO BO BHYTpeHHei 00JacTH IJIOTHOCTh p YMEHbIIaeTcs 3a cueT oTopoca
raza LeHTPOOEKHOW CUIION K CTEHKaM, IMEeeM:

2, U2
P =piR (T, —\/7_) Pe— (0o —pi) RT, \/7_ (5.12)
A ce2
CrnenoBaTesbHO,
w2
Pe—Pi = (po—pi) RT,, + ~/Pr ——. (5.13)
Cp2

HanbHelimmii npouecc OyAeT onpeneniTbcs TpeOOBAaHUAMHU COXPAaHEHUS
MOMEHTa KOJINYEeCTBA ABM)KEHMUS:

L =rmu= const. (5.14)
CnenoBaTellbHO,
W2 w2
dF =[ (0o —p) RT, + /Pr —] dS- —dm=
p2C 2
W LdL 2dL
= (po —pi) RT, rda. + ~/Pr do — do. (5.15)
cp2 rdm r3dm

Takum o0pa3oM, MMeeT MECTO CI0XKHasi 3aBUCMMOCTh U3MEHEHHS CHUJ B
CTeHKaX BMXps OT paauyca. Eciu mepBblil 4ileH ¢ yMEHbIIEHWEM paanyca
YMEHbIIAETCsl, TO BTOPOH M TpeTHi wieHsl yBenuuusaroTcs. CokpallieHue
panuyca OyneT TMpoxojbkaTbes OO TeX TNOp, IMOKa TPeTHH 4ujleH He
CKOMIIEHCHUPYET IepBbIe JBa.
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Puc. 55. Buemnuii Buag cvmepua (@) M ero CTpyKTypa M0 JAaHHBIM
Hab0sronenuii (0)

Puc. 5.6. OGpa3oBaHue UMKJIOHA B paiioHe Dopuabl (CHHMOK M3 KOCMOCA)

[lpn HEKOTOPOM KPUTHYECKOM 3HaueHWM pamuyca fkp, korma dF = O,
MpOIleCC OCTAHOBUTCS, TPH JTOM BHUXPHh OYIOeT XapaKTephu30BaThCS
CyIIECTBEHHO TMOBBIIIEHHON TUIOTHOCTBIO ra3a B CTEHKaX W CYIUECTBEHHO
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MEHbLUEH, 4YeM OKpyxawowas cpeaa, Ttemneparypoid. B ueHtpe Buxps
JaBJeHue OyAeT MOHWKEHO MO CPaBHEHWIO C OKPYKAOIIUM BUXPb Ta3oM.
OTO MOHMKEHHE CBS3aHO HE TOJIBKO M HE CTOJNBKO C YMEHBIIECHHEM
IUIOTHOCTH ra3a BHYTPU BUXPS, CKOJIbKO C IIOHUKEHUEM TEMIIEPATYPHI.

JlaHHble, mpuBeleHHble B [23—25], MOATBEPKAAIOT H3JI0KEHHOE BBILIE
(puc. 5.5, 5.6).

5.3. DHepreTuka ra3oBbIX BUXpeii

Kak BUIHO W3 MpenpIaymero pasnesna, TeJo Ta30BOr0 BUXPS CKUMAETCS
OKpYy’Karolieit cpeoit B mporuecce popMupoBanus BUXps. [loarBepxaeHemMm
3TOTO CIYXHWT TOT (paKT, 4TO TeJO cMepya SBIsIeTCs] OoJiee TOHKUM, HEXENN
€r0 OCHOBaHMeE, Tlle TPEHHE O TOYBY HE TO3BOJISIET €My Pa3BUTh OOJBIIYIO
CKOpPOCTh BpamieHusa. Jl[pyrnMm TMOOTBEp)KAEHUEM CKaTHs Tella BHXPS
aTMocdepoii CIY)XUT TO, YTO Ha CTOSHKE NPH 3alycke TypOOpEaKTHBHBIX
JBUTaTeNeil caMoNeToB Mepel  BO3MyX03abOpHHKaMHM 4YacTo oOpasyercs
BUXpb, MpUYeM eAWHCTBEHHBIH. [lnomanb MOMEPeYyHOro CeueHus 3STOro
BUXPS B COTHHU Pa3 MEHbLIE IJIOIAaIl CaMOro BO3IyX03a00pHHKa, U €CIIM BHE
BUXPS T€UEHHE BO3AyXa B BO3AYX03a0OPHHMK MPAKTHYECKH OTCYTCTBYET, TO
CKOPOCTBH TIPOJIOJIEHOTO TE€YEHUs BO3/IyXa B CAMOM BHXpe BecbMa OoJibInas;
MPaKkTHYeCKH BeCh BO3AYX B TypOWHY WIeT 4depe3 3TOT BHXpb,
00pa30BaBIINiics CaMONPOU3BOJIBHO HA BXOJE B KOMIIPECCOP.

Takum oOpa3oM, (akT caMONMPONW3BOJILHOTO YMEHBIIEHHS TUIOLIAIN
TIOTIEPEYHOT0 CeUeHHs BUXPS B Mpolecce ero (hopMUpOBaHUS peabHO UMEeT
MecTo. YMeHbIIeHNE TUIOMAAN MOTePEeuyHOro CEYeHUs] BUXPS, ECTECTBEHHO,
€CTb Pe3yJbTaT yMEeHbIIEHHUs ero paauyca. Takum obpaszom, GpopMupoBaHue
BUXPSl COMPOBOXIAETCS YMEHBIIEHHEM ero paaumyca C OTHOBPEMEHHBIM
YIUIOTHEHHEM TeJjla BUXPH.

CyIecTBYIOT IBa BHJA BpallaTeJIbHOTO IBIKEHHUSA Tesla ¢ MepeMEeHHbIM
pamMycoM, K COXaleHHI, B Kypcax MEXaHHKH pacCMOTPEHHBIX
HeI0CTaTOYHO MOAPOOHO.

[lepBbIit BUA IBWKEHWS — CaMOIPOM3BOJIbHOE, 0e3 MoaBOda 3HEPTHH,
ToKasaH Ha puc. 5.7¢a, 5.8 4. J[BwxeHne Tena MPOUCXOIUT BOKPYT LMIMH/PA,
Ha KOTOpBIi HaMaThIBaeTCsl HHUTh, yAep)KWBamomas Tejo,. B stom ciydae
TeNo, ABUTASACH MO WHEPIMH BOKPYT LMIMHIpA, TOBOPAYMBAETCS BOKPYT
MTHOBEHHOTO LIEHTpa BpallleHUs], HaXoIsdlerocs Ha oOpasyrollell HWIMHApa
(Touka O Ha pucyHKe). MTHOBEHHBIN LIEHTp BpallleHusl MepeMelnaeTcs Bee
3a TenoM. HuTb HaTsHyTa, TpaeKTOpus Tela B Ka)KIblii MOMEHT BpeMEHH
CTPOro MepneHAUKYISIPHA HUTH, TO3TOMY HPOEKLMS CHUIIbl HATSDKEHUS HUTH
Ha TPaeKTOPHIO paBHA HYIIO.
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HecMoTpst Ha TO 4TO B 3TOM Cliydae paauyc MeHsieTcsi (yMEHBLIAeTCs),
TaHTCHIMAJIBEHOE YCKOPEHHWE OTCYTCTBYET, II0ITOMY TeJO MABIKETCS C
MOCTOSIHHOW ~ JIMHEWHOM  CKOpOCThiO (P OTCYTCTBMU  TIOTEPbD).
CnenoBaTensHO, XOTS [ = var, HO JHHelfHas CKOpPOCTb, KOJMYECTBO
JBWKCHUS U SHEPTHS OCTAIOTCS IOCTOSHHBIMH:

v = const; p=mv= constw = m#2 = const, (5.16

KaK ¥ JIOJDKHO ObITh MPU OTCYTCTBHMH MOTEPD M MOIBOA SHEPTUU.

BTopoii BuI ABWXKEHUs Teja C MEPEMEHHBIM PagUyCcoOM — JBHXKEHUE
BOKPYI HEMOJABW)XKHOTO IIEHTpa TMpPU W3MEHEHWH paauyca 3a CYeT
TOCTYTIJICHHUsT SHEPTUM W3BHE — TOKa3aH Ha puc. 5.7, 6, 5.8, 6. 3nech, mis
TOrO YTOObl YMEHBIIWTh PAAUYC TPAEKTOPHH, HYXKHO COBEPIIUTH
JIOTIOJTHATENLHYIO PaboTy MO MpPEOJOJEHUI0 HEHTPOOEeKHOM cuibl. Torna
Macca HavyHeT JBWraThCs MO CIHMpPATH, U MPU 3TOM YTOJ MEXKIY HHUTBIO U
TpaekTopuei OyneT MeHblie TpsMoro yria. [losBiseTcss MpOeKIus
LHEHTPOOEKHOM CUibl Ha TpaekToputo. OOIlee IBWKEHHE TeNa MPOMCXOIUT
M0 KPHMBOM, MTHOBEHHBIM IIEHTPOM BpAIIEHUs Tl KOTOPOM SBISAETCS TOYKA
O’, BbIHECEHHas1 B CTOPOHY OT TOYKH O, K KOTOPOU MPUKpEIIeHa HUTh U K
KOTOpOIi HampasieHa cuna Fu, mpu 3ToM npoekuus cuiibl Fu Ha HampasieHe
JIBWKEHUS] HE paBHa HYyNIO, M TeJO TNPHOOpeTaeT YCKOPEHWE BIOJb
TPaeKTOPHUHU.

az, F;
B \mA
A ’C )\/\au, o8
F o
Y
\\
\\
r b()’
>0
r =var r =var r = const
v = const v =var
a) 6) 8)

Puc. 5.7. JIBuxeHHe Tejaa MO TPaeKTOPHMM C MepeMeHHBIM paauycom:  0e3
MoJIBOJIa YHEPruu (a); € MOABOIOM IHEPruu (6); K pacdeTy HEHTPOCTPEMHUTEIHLHOTO
yckopeHus (8)
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n
V, ==V,
— 6]
) V=V,
a =
r<r, mvr = const
w = const
r, 2
1
W= (72) Wy
Tozp anuunvrii
Cnotl —_ 12 > P]_
Obnacmv mopmosiceHus
8)

Puc. 5.8. Bpamenue Tena: BOKpyr wwiuHApa (a); BOKPYr LEHTpa MpH
M3MEHEHUH pajityca BpalieHus (6); CTpyKTypa HWKHEH 4acTH cMepda, B KOTOpOit ra3

JIBHKETCSI C U3MEHEHHEM paiyca BpatieHus (g)

Jlnst oObldHOTO BpaliarenbHOro aBwkeHus (puc. 5.7g¢) u3 mnomodus

TpeyronbHUKOB AA” O u abe cnenyer:
AViv=S/r =vAt Ir

AT
AVIAt = a, = v2]r;

a u3 mogo6us TpeyronsHkoB ABCu AEF (puc. 5.%) BeiTekaeT, 4To

a la, =-v,lv,
nin
Vv, V. 2vr V; Vy
a, =-a; — =- = :
vV, rv, r
OTKyZa
a, = -o\V,

(5.17)

(5.18)

(5.19)

(5.20)

(5.21)

T.€. YCKOp€HHME MaACCbl B DJOTOM ClIydyac HUWMECT MNpUpPOAY YCKOPEHUA

Kopnommca.
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YMHOXkasd 00a uieHa BeIpaKeHHUsA Ha paauyc I, IMeeM
ar +v,v,=0; (5.22)
WHTETPUPYS 110 BPEMEHH, TIOTTy4aeM

ovr or

J.(a,r +v,vr)dt:I(—— r+v, —)dt=const. (5.23)
ot ot

[TockonbKy B ckoOKax CTOWT MOJHBIN An(epeHrai, nMeem
Vr = const. (5.24)
JJ1 OCTOSAHHOM Macchl MOy YMM
mvr = const, (5.25)
OTKYyJa CIIEQYET, UTO IIpH I <[Ig

mys2 mv;2
Pp =MB>pP =My, W, = —— > W= ——. (5.26)
2 2

Takum 00pa3om, 3aKOH TIOCTOSIHCTBA MOMEHTa KOJMYECTBAa IBYKEHUS
CIIPAaBEIUIUB, €CIM B CHCTEME 3a CUET BHEIIHUX HCTOYHHKOB HM3MEHSETCA
9HEprus, HampaBJeHHas Ha COOTBETCTBYOLIEE U3MEHeHUe (yBENUUeHUe WK
yMeHbIIEHWe) paauyca BpalieHus Tena. PaccMOTpeHHBINM — ciydail
NPUHUUITAAIBHO OTIUYAETCA OT MPEAbIAYLIEro TEM, YTO SHEPIUsl BPALICHUS
Tena usMeHsercsa. Ilpm 5ToM  Bce  OCTalbHblE  XApaKTEPUCTUKU
YCKOPSIOILETOCs TeNa, HalpUMep TeMIIepaTrypa 1 Ap., He MEHSIOTCS.

TaHreHuuanbHas CKOPOCTb ABWXKEHMS Tesla MPU yMEHBbLICHUU paiuyca
BpalIeHUs] OKaKeTCs CYLIECTBEHHO OoJiblle TepBOHAYaJbHOW u OymeT
ONpEAECNATLCA BBIPAKEHUEM, IIOJIYYEHHBIM W3 YCJIOBUS IOCTOSIHCTBA
MOMEHTA KOJIMUECTBA JABUKCHUS:

ro
U = — U, (5.27)
"

To ke camoe HOMKHO OBITh W B cilydyae (OPMUPOBAHUS BUXPEBOTO
IBWKEHUS Ta3a («CKUMaeMOol JXKUIKOCTH»): ueM  Ooyiee CxKaT BUXPb, TeM
Oosbe OyIeT CKOPOCTh IBMKEHHS TIOTOKOB. DTO e JOJKHO UMETh MECTO 1
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B CTPYKType C(OPMHUPOBAHHOIO BHXps; BHYTPEHHHE CIIOW JOJIKHBI
JBUTaThCS CO CKOPOCTBIO 0OJIbIIEH, YeM BHELIHUE CIIOM.

OHeprusl TaHTE€HLMAIBHOTO IBWXKEHUs, MpHOOpeTeHHas Maccoil 3a
€IMHULLy BPEMEHH, paBHA

F,AS V2V,
W, =—— = maVv,=m—— =mwo V, V, =mo?V I. (5.28)
At r

OHeprusi, BJIOKEHHas B paluajibHOE TepeMellleHne Tenaa 3a Ty Ke
€IMHULYY BPEMEHH, COCTABJISAET

Fu AS, V2 v,
= = maV,=m——, (5.29)
At r

Wy

" CJICA0BATECIIbHO,
W, =Wy, (5.30)

YTO MOATBEPXKAAET TOT (PAaKT, YTO MPUOOPETEHHAS MAacCOW IHEPrHs MMeEET
UCKJTIOUNTELHO BHEIIHEE MPOUCXOXKICHHE.
Cuna, yckopsitolias Maccy, paBHa

(VARVA

FT = =MmwV, (531)

1 nponopuroHaibHa yl"J'lOBOﬁ CKOPOCTH U CKOPOCTU U3MCHEHUA paanyca.
CI/IJ'Ia, KOTOPYIO HY>KHO MPHUJIOKUTH K MAaCC€ B palaJIbHOM HalpaBJICHWUH,
COCTAaBIJISICT.

v,2

F, = = mo?r. (5.32)

Takum obOpa3zom, F, — monHas cuna, a 3Heprus, HanpaBieHHas Ha
NPEeo0JICHHE STON CHUJIbI TIPU TEPEMEILCHUH Tejla CO CKOPOCTBIO Vi, U €CTh
BCS JHEPTHUs, KOTOPYIO HYXHO BJIOXKHTh B CHCTEMY s oOecriedeHHs
COKpaIIeHNs paanyca W MPUOOPETeHUsT Maccoil JOTIONHUTENLHOW YHEPTHN
BpalleHMS.
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PaccMoTpeHHBIN MeXaHW3M HAKOTUICHWS SHEPrMU BPALIAIOIIMMCS TEJIOM
MO3BOJISAIET MOHATH MPOUCXOKIACHUE IHEPTUH IA30BbIX BUXPEH, ABISAIOIIUXCS,
KaK W3BECTHO, BECbMa SHEProeMKUMHU 00pa30BaHUAMU.

[lpuBeneHHbIN BBIIE BBHIBOJ CIPaBEAJIMB Ui CIydas BpamleHUs He
TOJBKO TBEPIOTrO Tela, HO M HECXKMMAeMOW J>KMAKOCTH, KOTAA JHEeprHs
panranbHOTO JIBYDKEHUS TPATUTCS TOJBKO Ha M3MEHEHWE paanyca BpalleHWs
7 COOTBETCTBEHHO Ha M3MEHEHHE SHEPrMU TaHT€HIMAIBHOTO IBIKEHMS. B
Ccllydae jke CKUMaeMOoTO ra3a SHepris paaraibHOTO IBWKEHHS TPaTHUTCS elle
Y Ha I3MEHEeHNe BHYTPEHHEH SHEPTUH ra3a 3a CUeT ero CKaTHsl.

OnHako 31ech 0011as KapTHHA CTAHOBHUTCA CYILECTBEHHO CIIOXKHEe.

Ecnu 6b1 HekoTOphIii 00beM Taza mpu GOPMHUPOBAHUHM BUXPS CIKUMAIICS
6e3 U3MEHEeHUsI CTPYKTYphl, TO B 3TOM 00beMe HEU30EKHO YBEIMIMBAIOCH
Obl IaBJIeHUE Ta3a B CBA3U C M3BECTHBIM 3aKOHOM

P =RTN, (5.33)

rae R— yHuBepcanmbHas ra3oBas OCTOSIHHAS, T — aOCONIOTHAS TEMITEpaTypa,;
V - o6sem. Ho Torma u ¢dopmupoBanne camMoro BHXpsS CTajo Obl
HEBO3MOXHBIM. OpHako B (opMupyIOIIEeMCsl BUXpE pasiM4HblE CIOU
HaXOIATCSl Ha Pa3HOM PAacCTOSHMM OT LIEHTPA, YTO MPUBOAUT K TOMY, YTO
OHM M ABWXKYTCA C pa3sHbIMH CKOPOCTAMM — BHYTPEHHHE OBICTpee, 4em
HapykHble. OTCIOfa B KaKAOW TOUKE BHXPA MMEETCSl TPAAMEHT CKOPOCTel,
YTO CYLIECTBEHHO MEHSET BCIO KapTHHY.
B cootBeTcTBUY ¢ auddepeHunansHoii hopmoii ypaBHeHus bepHyiu

pvdv+dP =0 (5.34)

TIPY yBEJTUUEHUM CKOPOCTHU MOTOKA AOJIKHO CHHXKAThCS 1aBJICHHUE.
CHIKeHHEe [aBlCHHUS B Tra3oBOM IOTOKe OylIeT O3HayaTh CHIKCHHE
TeMrepaTypsl 1 KOMIEHCUPOBAThCA JOOABIEHUEM MacChl ra3a Co CTOPOHBI.
CnenoBatenbHO, B CTEHKax Tena BUXps OyAyT WMETb MECTO TMOBBIIICHHAS
TUIOTHOCTb M MOHWKEHHAs TEMIEpaTypa, YTO U €CTh Ha CAaMOM JIeJie.

HyxHO 3aMeTHTh, UYTO TMpHUBEAEHHbIE COOOpaXKEHUs] He SBISIFOTCS
CTPOTHMH, TIOCKOJIbKY C)KaTHWe Tejla BHXPS TPOUCXOAMT 3a CUET pabOThI
JABJICHUs] BHELIHETO OTHOCUTENBHO Teja BHUXpA Tra3a. OTO AaBIeHHE
pasroHsieT MOTOK rasa, TakuM o0pa3oM, YCKOpPEHHE TMOTOKa MOET 3a CYeT
n0o0aBIeHUs SHEPTUM B CTPYH, a He TMPOCTO TepepacrpeneieHusl IHepTuii,
Kak 3To cienyeT u3 ypaBHeHus bepHymmm. Tem He Menee, cam akT cxaTus
TeJla ra3oBOro BHUXPA TOBOPUT O TOM, YTO W IJIOTHOCTb CTEHOK BHXpS
TOBBIIIEHA, W TEMIepaTypa CTEHOK IMOHIKEHa. OTO O3HayaeT, 4To K
MOCTyNaTebHOM CKOPOCTH BHYTPEHHHX CJIOEB BUXPS, BbI3BAHHOW C)KaTHeM
BUXpsl BHEIIHUM JaBJeHUWEM, JA00aBIAETCS CKOPOCTb, CBA3aHHAas C
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nepepacrpeieleHieM DJHEPrud Temja B JHEPrHi0  MOCTYMaTelbHOro
nwkeHns. TakuMm  o0pa3oM, TaHTeHLMANbHAs CKOPOCTb  IBMKEHHS
BHYTPEHHUX CJIOEB BUXpsA Oyzner Ooiibllle, YeM 3TO BHITEKaeT U3 (HOpMYJIbI
(5.27).

Crnenmyer ¢ coxaJleHWEM KOHCTaTHPOBAaTbh, YTO MEXAaHW3M Y4acThs
TEIJIOBOW  SHEPTMM  XAaOTHYECKOTO  JBIKEHWS  MOJIEKyl ra3a B
TOCTYAaTeIbHOM ~ [IBIDKEHWH TIOTOKOB BHXPS pPaccMOTpeH B Ta30BOM
JVHAMUKe COBEPLIEHHO HEI0CTaTOuHO. B CBA3U CO CIIOXKHOCTBIO 3aJauu
3/IeCb MOKHO TOBOPHUTH O HEM JIMIIb TIPEIOJNIOKHUTENEHO, UCXOIS U3 TOTO
HECOMHEHHOTo (hakTa, 4YTO ra3 B CTEHKaX BHXpA YIUIOTHEH M HMeeT
MOHM)KEHHYIO OTHOCHUTEJIbHO BHEILIHEH Cpeibl TeMIeparypy.

[MpuHIMNUAaNnEHO Tepenaya TeIUIOBOM JHEPrMH BHYTPEHHUMHM CIOSMU
rasza MOXeT NMPOMCXOAMTh MO JABYM HalpaBJEeHHUSAM — BO BHEILIHIOIO CpPeny U B
YCKOPSAIOIIMECS MOTOKH CaMOro TeJla BUXPSl.

[lepenaua Teria BO BHEIIHIOW Cpeldy MOXET MPOUCXOAMUTb 3a CUeT
BbIOpOCA ILEHTPOOEKHOW CHIOM  MoJeKys, objajarolmuX HauOoblei
CKOPOCTBIO, W3 BHYTPEHHUX CJIOEB BO BHEIIHWE (QHAIOTHYHO WCTIAPEHUIO
KHUAKOCTH C TOBepxHOCTH). OcTaBHIMeCcs MOJICKYJBl MepepacnpenenstoT
CKOPOCTH, TEMIIepaTypa cJI0sl OKa3bIBAETCS TTOHMKEHHOM.

[lepenaua TemMoOBOW 3HEPTMU TIOCTYIMATENbHO ABWXKYIIUMCS CIOSM
MOKET MPOUCXOIUTH 3a CUET TOro, YTO CPeAHsAs JIMHA Mpodera MoJeKys B
TaHTe€HLMAJIbHOM HampaBJeHUH yBelnnuuBaeTcs. [Ipy coxpaHeHHH yaenbHOi
9HEPrUH rasza MPOMCXOIUT MepepachpenesieHle MeXIy TaHIeHLMaTbHOW M
HOPMaJIbHOM ~ CKOpPOCTAMM:  YBENMYEHHWE  YHOPSNOYEHHOW  4acTu
TAHTe€HLMAJIbHON COCTaBIIOLIEH ABWXKEHUS TPHBOIUT K COKpALLCHHIO
TAHTeHLMAJIbHOM YacTW XaOTMYECKOTO [BIDKEHHSA, B pe3yJlbTaTe Yero
CHIKAeTCsl CKOPOCTh BCETO TETIOBOTO ABMKEHMA. Temmeparypa nagaer:

rnazz rr‘(arz_v‘[2+z/—lr2+a|2)
= <

T2 =
X B

r('ﬁ12+ IZ,2+IZ|2)
< T= . (5.35)
B

3meck M — Macca MOJIEKYJNbl rasa; T — KOOpPOMHATa TaHreHLHAIbHON
COCTABISIOLICH NBWKEHHS, KOOpAWHATA [ — paiuaibHOM; KoopauHarta | —
OCeBOM; # — CpelHss CKOPOCTh XaOTHYEeCKOro (TEriOBOT0) IBMIKEHUS
MOJIEKYJ;  Vr CKOpPOCTb YHOPSIJOYCHHOrO TAHTCHIMAIBHOTO JIBIKEHUSI
(ckopocTb cTpyH raza); K — nocrosiHHas bonbumaHna.
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Ho B 3TOM ciyyae CKOpOCTb BHYTPEHHUX IIOTOKOB Tra3a OKaKeTCs
Oosbllle, YeM CKOPOCTh, MOJTydaeMasi TOJIbKO 32 CUET pPa3roHa ra3a BHEIIHUM
JaBJIEHWEM OKpYXarollel BUXpPb CPElbl, YTO CYIIECTBEHHO OTIMYAET 3TOT
TIpoLECC OT ABWKEHHS TBEPAOTO Teja ¢ IEPEMEHHBIM PaIilyCoM.

Takum oOpazom, XOTsi ObI Ha KaUeCTBEHHOM YPOBHE MEXaHW3M MOTEpH
TEIUIOBOM IHEPIMH BHYTPEHHUMH CIOSIMH BHUXPS CTAHOBUTCS TOHSITHBIM,
X0T4 B OyAylLleM 3Toil 3afaue JOJDKHO ObIThb yJeneHo Oojee CyIIECTBEHHOE
BHUMaHWE.

[Tpu cxatum Tena BUXpS BHEILIHUM NABJICHHEM MMEEM Ha MOBEPXHOCTH
BUXpsI PaBEHCTBO JaBJICHUI

P.=P,+P, (5.36)

rne P — naBnenue 3¢dupa B cBOOOIHOM mpocTpaHcTBe; P, — nmaBieHue,
co3jaBaeMoe LEHTPOOEKHOM CUIION Ha TOBEPXHOCTH BUXpH; P; — maBieHue
BO BHYTpeHHei obnactu Buxps. [Ipu aTom

W
P.= , , (5.37)
2

T1€ p, — INIOTHOCTb Ta3a B CBOOOJHOM MPOCTPAHCTBE, Us - CPEIHSAS CKOPOCTh
Xa0THUYECKOTO IBM)KEHHS MOJIEKYJ,

op
P, = ’ (5.38)
r

roe V — MocTymatelibHas (TaHTeHLUANbHAs) CKOPOCTb JBMXKEHHUS CTEHKH
BUXpsI; 0 — TOJIIMHA CTEHKH; p — IUIOTHOCTDH Ta3a B CTEHKE BUXPS; I — pagnyc
CTEHKH BUXPS.

BHyTpeHHee naBiieHHe B LIEHTpalbHOI obsacTh Buxpst Pi M MIOTHOCTH
raza B CTeHKE BUXPS CBA3aHbI C TEMIIEPaTypOif COOTHOILEHUAMM:

T;
PP (5.39)
T
T,
P=Po— (540)
T.

O6o3nauas T,/ T, = k1, nonyuum u3 (4.36)ypaBHeHHE
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u? V25 GxT

Po =Po * Po
2 r Kt 2
Wi
2%
k2 — Ky +2——=0. (5.41)
u?r

PemeHnueM >Toro YpaBHEHUA 6yz[eT BbIpaKE€HUE

1 1 V35 1 %0

kp=—+ — (1-8—) =1-2—. (5.42)
2 2 ér Gr

W, takum oOpa3zoM, Temmeparypa BHYTPM BHUXpS M B €ro CTEHKe
OTIPEeEIINTCS KakK

2
T=T,(1-2—) (5.43)
wr

a IJIOTHOCTb CTECHKH OKaXXCTCA paBHOﬁ

Po
p=— (5.44)
V25
1-2——
ar

Orcrona BUIHO, 4YTO MO MEPE YBCINYCHUA CKOPOCTU BpALICHUA BUXPA
TEMIIEPATYypa BHYTPU HETO CHWIKACTCA, a JIOTHOCTb CTCHOK YBCJIMYHUBACTCH.

OnpeneJmM CKOPOCTb NBWKCHUSA CTCHKH BUXPS MPU €ro C)KATHUU.

HpnpameHHe CKOPOCTH JOBWXCHHA CTCHKH MNPOUCXOAUT 3a CUET
CHWKCHUSA TCIIJIOBOTO COACPIKAHUSA I'a3a BHYTPU BUXPS, TOSTOMY

AR AT T-T,

= = = 1% (5.45)
w2 T, T,
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U, CJI€0BaTENbHO,

P
AV = AV3(1 —k7) = v —, 6)4
r
B pe3yJibTaTe MoJyqum
¥R,
Ve —— (5.47)

0
r(1—/2 —)
r

3nece R, M V, — HavdaJbHBIA paanyc BUXpeoOpa3oBaHWs W HavajbHASA
CKOPOCTB TIOCTYTIATEILHOTO NBIDKEHUS ra3a B MOMEHT 00pa3oBaHMS BHUXPS
COOTBETCTBEHHO.

Takum o0pa3oM, CKOpPOCTb MOTOKa C)KUMAEMOro rasa B Telle BUXpA
MOXET CYHIECTBEHHO TMpPEBHIIIATh CKOPOCTb TIOTOKA JKWAKOCTH TpH
OIMHAKOBBIX BHEITHUX MapamMeTpax BUXPA.

BHyTpu BuXps B pa3pexeHHOH 30He TaHreHLMaIbHAs CKOPOCTb K LIEHTPY
Oyzer 1mi1aBHO YyObIBaTh, 4YTO HANOMHUHAaeT YyObIBaHHE CKOPOCTH BO
BpallaloLIeMcsl TBEPAOM Teje, XOTsA MpHpona 3Toro yOblBaHMS MHas (puc.
5.3g). B otnuune oT )XUIKUX BUXPEH, LEHTP KOTOPBIX 3aIOJHEH KUIKOCTHIO
TOW ’Ke TUIOTHOCTH, YTO M WX mNepudepus M KOTOpbIA,KaK yTBep:KAaeTcs
HEKOTOPBIMH aBTOpaMu, BpallaeTcs MO 3aKOHy TBepaoro Ttema [17], urto
0e3ycJIOBHO HEBEPHO, Ta30BbIii BUXpb WMeEET TpyOdaTylo CTPYKTypy. B
LEHTPaIbHONH YacTH Ta30BOTO BUXPS IaBJIeHWE Ta3a IMOHMKEHO 3a CYeT
pazbpoca yacTul] U3 LEHTpa LEHTPOOEXKHOI CUIOH, a caM BUXPb CHapyxkH
OTpaHWYEH TOTPAaHWYHBIM  CJIOEM C  TOHWKEHHBIMH  3HAYeHUAMU
TeMrepaTypsl W BS3KOCTM W CO 3HAaYeHHWEM IUIOTHOCTH, IUIaBHO
TepeXOISIIM OT BBICOKOW TIJIOTHOCTH CTEHKH BHXPS K TUIOTHOCTH ras3a B
OKpY>Karouiei cpene.

W3 u3510/KEHHOT0 CIIeqyeT, YTO Ta30Bblif BUXPb NMPH CBOEM 00Opa3oBaHUU
KOHLEHTPUPYET B cebe JHEepPruro OKpyKarolled cpeibl, W 3TOT TMpouecc
KapJUHATBHO oTIH4aeTcs oT JFOOBIX JIpyTHX MPOLIECCOB,
COMPOBOXKAAIOIINXCS ~ PacCeMBaHWEM  JHEPIMM B OKpYXKarolleM
TIPOCTPaHCTBE.
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54. JIBm:keHHe Tra3a BOKpYr JIHHEiiHOro BHXPS
JHepreTHYecKUi Mapagokc

B cooTBeTcTBMM € W3BECTHBIMM MOJOKEHUAMH THIPOJUHAMMKM IS
HeC)KMMaeMOM KUAKOCTH BOKPYT BUXPEBON HUTH YCTaHABJINBAETCS KPYroBOe
JBWKEHUE KUIKOCTH, MOJUHHSIIOLIEECS 3aKOHY

I'= {vdl =const, (5.48)

rae [’ — BelnW4MHa UUPKYJIALUH; V —CKOPOCTh ABMKEHUsS! KUAKOCTH BOKPYT
LIEHTPa BUXPsI HA PACCTOSHUM I' OT LeHTpa; dl — 31eMeHT ATHMHBI MOTOKA.
OTcrona CKOpPOCTb MOTOKA COCTABISET

v="r1 2, (5.49)

T.e. CKOPOCTb MOTOKa OOpaTHO MPOMOPLMOHAIbHA PACCTOSHHUIO OT LIEHTpa
BUXpS U yObIBaeT MO TUNEPOOTMIECKOMY 3aKOHY.

OTo mosoxkeHue, BrepBeie copmynupoBanHoe ['.['enbMronabsueM u ¢ Tex
MOp  W3/araeMoe MNpakTHM4eCKH BO BCEX CHCTEMAaTHMYECKHX Kypcax To
THApOAVHAMUKE, Ha CaMOM Jelle BecbMa He TOYHO, TaK Kak BeleT K
JHEpPreTUYecKOMy MapafokCy, B COOTBETCTBMM C KOTOPBIM 3HEpPrUs
IBVDKEHUS] JKAAKOCTH BOKPYT €IWHWLBI [UTMHBI JIMHEWHOTO BUXPS paBHA
0ECKOHEYHOCTH TIPH JTF0OOM 3HAYEHUH LIMPKYIISALNH.

B camom nere, BenWurMHa 3HEPrUM OBIKYLIEHCS BOKPYT LEHTpa BUXPS
KHUIKOCTH OTIPECINATCS BhIpaKEHUEM

I+l 2ardr Alpl2 o dr Alpl?2 =
W= 2 dv = fai o r2 = | —=—inr| (550
Y | 4 ?r? 2t R T 2n R
WITH HA eIMHUILY JJTHHBI BUXPS HMEEM
"\ sz 0
- = ]| =e, (5.51)
Al 2n R

4ero, pasymeercs, He MOXKET OBbITh 110 YMCTO (PM3UIECKAM COOOPaKEHUSIM.

BuxpeBoii 3HepreTHueckuii mapaJokc Ha caMOM Jiefie SIBIsSeTCS BCEro
JIUIIb WITFOCTpaLeit HeJOCTaTOYHOCTH MCTIONIb30BaHHON MOJENH, B TaHHOM
cllydae —MOJENH cpelibl Kak HeC)KUMaeMoil N HEBS3KOM JKUAKOCTH.
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He cnenyet 3a0bIBaTh, 4TO B COOTBETCTBUU C TeopemaMmu | enbMrosibua
BUXPU HE MOTYT ObITh CO3/IaHbl WJIM YHUUTOKEHBI, XOTS HAa CAaMOM JIeJie OHU
Y BO3HUKAIOT, U YHWYTOXAIOTCS, YTO €lle pa3 FOBOPUT O HENOCTAaTOYHOCTH
WCTIOB30BaHHON MOJENN BUXPS KaK KPyroBOTO JABWXEHHS HECKUMAeMoOil H
HEBA3KOH XKUIKOCTH. YYeT TOJNBKO CXUMAEMOCTH NMPUBEAET K HapyLICHUIO
3aKOHa pacnpeesieHns] CKOPOCTH TI0 THUMEPOOINIECKOMY 3aKOHY, a YUeT elIe
¥ BSI3KOCTHU MPHUBEJET K HEOOXOAUMOCTH yUeTa JHEPreTHIECKUX MOTEPh, YTO
€lle COKPaTHT pacCTOSHHWE, Ha KOTOPOM BHXpeBass HHUTb MPHUBOAMT B
JBIKEHUE OKPYKAIOLIYIO €0 JKUAKOCTb.

Kpome Toro, Bce mpuBeieHHbIE BbILIE MAaTeMaTUYECKH BbIBOJbI BOOOILE
HEe YYHUTBIBAIOT IIpOLlECCa CaMOro CTAHOBJIEHWsS BUXPSA, paccMaTpuBas
BUXPEBYIO HUTb W [IBW)KEHHE OKpY)Karolleil ero >KMUIKOCTH KaK HEKYIo
BHUXPEBYIO CTaTHKy, BOOOLIE HE MMEOILYIO0 NMPEeAbICTOPUM. 31eCh HUTh He
ABJAETCA NMPUYMHON, NMPUBOISLIEH B JBMKEHHE OKPYKAIOLLYI XHIKOCTb,
HUTb W OKpYXamollas >XUIKOCTh MPOCTO HAXOAATCA B JAWHAMUYECKOM
paBHOBECHH.

Ha camom nene, B peanbHBIX (U3MUECKHX YCIOBHSAX BCE 3TO HE Tak,
BUXpb SIBISIETCA MPUYMHOHN, MO KOTOPOIl IBMKETCS OKpy’Karolas ero
KHUIKOCTb, Ha 3TO JBW)KEHWE BUXPb [OJDKEH 3aTpaTHTh DSHEPrHI0, B
pe3ybTaTe 4ero 3HepreTMka CaMoro BUXPsl yYMEHbIIaeTcs. J[BmkeHue B
AKUIKOCTH PACMpOCTPAHAETCSA MOCTENEHHO, COOTBETCTBEHHO MOCTENEHHO
YMEHBIIAETCS] M SHEPreTHKa BUXPsl, YTO NMPUBOIUT K CHW)KEHHIO CKOPOCTH
ero BpallleHUs M yBeJIWYeHHIo ero auamerpa (quddy3us BUXps). A HamMdue
BA3KOCTH JIEJIaeT 3TOT MPOLECC HEOOPATUMBIM.

Iepenaua sHeprum CHKMMaeMoi >KUAKOCTH HEN30EXKHO COMPOBOMKIAETCS
ee cxkaTueM, KoTopoe OyneT TeM cHibHee, YyeM OJImke XKHMIKOCTb K Tely
BHUXpS, 3TO HApYILIUT 3aKOH TUMNepOOIMYEeCKOr0 YMEHBLIEHUS CKOPOCTH
JBVKEHHUS KHUIKOCTH B OKpecTHOCTIX BUXpA (puc. 5.9).

Takum 00pazoM, B peasbHBIX CHUTYalMSIX HHKAKOTO <QHEPreTHYECcKOTro
rapasiokca» HeT, TaK )K€ KaK HUKaKhX <«I1apaloKCcoB» IPHUpojAa BOOOIIEe He
3HaeT. Bce 0e3 uCKMOYEHMS «MapafoKChl» CyThb pe3yJjbTaT HAIIEro
HETOJHOro, 4acTo CaMOro MOBEPXHOCTHOTO 3HaHWA O pPaccMaTpUBAEMOM
npenmere.

HeuTo aHajornyHoe cywiecTBYeT M B MPEACTABIECHUSX O ABMKEHUSIX
AKUIKOCTH BHYTPH BUXPA.
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Vo/vy

kp> 1, corcumaemvni 2as,

0,75 \\ T=To

kp= 1, Hecorcumaemas srcuoKocme

0,50 \ N
0,25 a = k> I, corcumaemvlii 2as,
\// <7,
N
0 1 2 3 4  n/n

Puc. 5.9. PacnipenesieHne ckopocTeil BOKPYr WHJIMHAPHYECKOro BHUXPS s
uaeanbHoi (HeC;KHMaeMoil) KUIKOCTH U rasa

ITockonbKy B COOTBETCTBHM C TMOCTOSIHCTBOM LIUMPKYJIALMHM 1O Mepe
YMEHBIIEHUS] pPafuyca CKOPOCTb MIBWXKEHUS JKUAKOCTH pacTeT W TpH
0ECKOHEYHO MaJioM paauyce CTaHOBUTCA OECKOHEYHO OONbLIONH, TO
TUAPONVHAMUKY BBEJHM IOCTYNAT, COTJIACHO KOTOPOMY B LIEHTpE BUXPSA
JOJDKEH CYyLIecTBOBaTh HEKMil KepH, Bpallaloluiics MO 3aKOHY TBEPAOro
TeJa, B KOTOPOM CKOPOCTB K LIEHTPY BUXPS JTMHEHHO yMeHbluaeTcs. Hukakux
¢m3MYecKknX COoOOpakeHWil TP 3TOM HE TPUBOINTCS, a TOJNBKO (akT
HEBO3MOXXHOCTH OECKOHEYHO OOJIBIINX CKOPOCTEH.

Ha camoM zerne Bce He Tak.

VBenuueHne CKOPOCTH JBW)KEHWS Cpelsl BHYTPH Tella BUXPA,
HECOMHEHHO, UIMEET MECTO, TMOCKOJIbKY 3TO HETNOCPEICTBEHHO BBITEKAaeT U3
MexaHu3Ma o00pa3oBaHWs BUXpS M TOCKOJbKY WHaue OyAeT HapylleHO
IMHaMHUYecKoe paBHOBecHE KHUAKOCTH. Ho B cxxMaeMoit AKUIKOCTH B BUXpeE,
Kak 3TO OBLJIO MOKa3aHO BhILIE, HEW30eKHO 00pa3yroTcsd CTEHKH BUXpS, B
KOTOPBIX 3Ta XXHMAKOCTb (Ha camMoM jeile — ras, MO0 caMO TOHATHE
«C)KUMaeMast KHUAKOCTb» MPOTUBOPEUHUT (PU3NUECKON CYLIHOCTH KHMAKOCTH)
CKUMaeTcd. OTH CTEHKM OTHEJeHbl OT OCTallbHOM Macchl JKHIKOCTH
TOTPAaHWYHBIM CJIOEM, B KOTOPOM TPOWCXOIOWT TIUIABHBIA TMepexon OT
CKOPOCTH CTEHKM K CKOPOCTH OKpYy’Karolleil cpembl, a Takxke IIaBHBIN
Tepexo]] TNIOTHOCTH, TEMIepaTypbl M BSI3KOCTH. BHYTpH Tena BUXps HOJKEH
UMEeTb MECTO TaKOH ke Mepexoi ¢ TOi 0COOEHHOCTHIO, UTO TeMIepaTypa
(BO3MOXHO, ¥ TUIOTHOCTb) Cpelbl BHYTPU BHUXPSI MEHbBINE, YeM CHapykH. A
TOrJa He B YIJIOTHEHHOM KepHe, KOTOPOro BOOOIIE B BUXPE HET, a B 3TOM
pa3pekeHHOM BHYTPEHHEM MpPOCTPAHCTBE HIET IUIABHBIA TEepexox oT
CKOPOCTH BHYTPEHHEH MOBEPXHOCTH CTEHOK BHXPS K €ro LeHTpy. B mepBom
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NpUOTMKEHUH 3[eCh MOXKHO, BEpOSTHO, ONEPUPOBATH CIOKEHHEM JBYX
runepOoJ1, Kak 3To MOKa3aHo Ha puc. 5.3,8.

5.5. O6pa3oBaHue U CTPYKTYpPa TOPOHAATbHBIX I'a30BbIX
Buxpeii. O6pa3oBaHne BHUHTOBOTO IBHKEHUSI

Kak mokasan Posenxen [26], MOBepXHOCTh MOTPAaHUIHOTO CIIOS TTOCKOI
CTPYH CTPEMHTCS CBEPHYTBCS B Psill NBOMHBIX crimpaneii (puc. 5.10),06pa3ys
BUXPH, OCH KOTOPBIX MEPHEHANKYJISPHBI HANpPaBJIECHUIO CTPYH W TpamueHTy
ckopoctu. [lomyuymBmmecss BUXpH HAYHYT CaMOTPOM3BOJBHO CXKMMATHCH,
yYMEHbIIas pagryc U yBeITMINBask OKPYKHYIO CKOPOCTb.

.,
/\/—\\2
4//' T3
e

Puc. 5.10. HeycToiiunBoCTb MOrpaHHYHOr0 CJI0SI MeXKAY MOTOKAMM rasa:
CTpENKaMM yKa3aHbl HAIPaBJICHWS] TEUCHWH; 00JacTH TOBBIIIEHHOTO JIaBJICHUS
0003HaYeHBI 3HaKaMH +, LU(PBI COOTBETCTBYIOT CTAAUAM  Pa3BUTUs IpoLiecca

OKCMEPUMEHTAIbHBIM MOATBEPKACHUEM CaMOMPOU3BOJIBLHOTO COKUMAHUS
BUXpeill sBIseTcs oOpa3oBaHME BHUXpeil y BXOJOB B BO3XyX03a0OpHHUKH
CaMOIIETOB. NPH BXOJHOM OTBEPCTHH BO3yX03a0OPHMKOB OKoNO 1 M.
oOpa3zoBaBIuiics Ha ero BXOJe BUXPb UMEET AUaMeTp okoiio 4—6 cMm (cM.
puc.5.4).

Paccmorpum sTOT mpouecc. ToOHKas BHXpeBash HUTb WM LIEJUKOM
TpaJiieHTHBI cJOi B CKUMaeMOM Tra3e HeyCTOWYMBBIE OO0pa3oBaHMUA,
YCTOHUMBBIM ABJISAETCA TOJbKO BUXPEBOE KOJIBLO, a HAnOOoIee yCTOMIUBBIM —
BUHTOBOIl TOpPOWMAAJbHBIA BHXpb, TaK Kak TIpaJueHT CKOPOCTH Ha €ro
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MOBEPXHOCTH MaKCHMaJleH M, 3HA4MT, BS3KOCTh IOrPAaHUYHOTO CJIOS
MUHMMaibHa. OOpa30BaHMIO TaKMX KOJEL W3 JIMHEMHBIX BUXpEW MM U3
IPaJMEHTHOrO CIIOSA JOJ/DKHBI  CIOCOOCTBOBATh Ae(OpPMalMM  BUXPEBBIX
HWTEN, BbI3BIBAEMBIE KaK TMOJIEM CKOPOCTENl Cpembl OKOJNIO CaMux
HCKPUBJIEHHBIX BHUXPEBBIX XXTYTOB, TAaK W TYpOYJEHTHBIMHU (IIYKTyarlusIMu
BHYTPH JKTYTOB, @ TaKke TypOYJEHTHOCTBIO OKpY)Karomieil cpempl. Kpome
TOTO, BJIOJIb OCEll BMXPEBBIX KI'YTOB PAa3BUBAIOTCA KOJNeOaHNs, B Pe3ylbTare
Yero BIOJIb Tejia BUXPS OOpasylOTCsS CTOSYME BOJHBI Pa3IUYHON MJIHHBI,
CMOCOOCTBYIONINE Pa3IeeHAI0 BHXPEBBIX KIYTOB HA OT/EJbHBIE YYaCTKH,
KOTOpble B JalbHeWlIeM COeAMHSIOTCS NonapHo, obpasys neriu [27] (puc.
5.11).

BuxpeBble MeTIM 00pa3yroT MOTOK ra3a, KOTOPbId CTPEMHTCS PACIIMPUTh
HETII0, B PE3yJIbTaTe Yero 00pa3yercs BUXPEBOE KOJBLO. DTO KOJBIO MPH
3HAYUTENILHOM TPEBBILIEHUH AMaMeTPa KOJIbIla Hajl AMaMeTPOM ero Teja (1o
Jluxtenmreiiny D/d > 86 [28] )HeycTONUNMBO OTHOCUTENBLHO (POPMBI.

@@*

*©
©

—- ——

Puc. 5.11. [locnenoBaTeibHOCTB CTaAMiT 00pa30BaHUs BUXPEBbIX KoJIewl

Kak w3BecTHO [21, 29], BUXpeBoe KONBIO MHAYLUPYET B OKpYXKarolei
cpefie MOTOKM ras3a, MPU 3TOM CaMO KOJNBLO, €CIM OHO HE YIUIOTHEHO,
TepeEMENIAETCs B MPOCTPAHCTBE CO CKOPOCTBIO

r D 1
v=—(In———). (5.52)
4D d 4

VIIOTHEHHOE BUXPEBOE KOJIbLO OYAET MEIUIEHHO Pa3roHATbes. OLHAKO
MPY WCKaKeHWW (OPMBI KONblLia HalpaBlieHWE MOTOKOB ra3a MeHseTcs, W
€CIIM YacTH KOJbLA CO3AanyT OOMMIT TOTOK, TO 00pasyroTCs METIH, KOTOPbIE
cpa3sy ke paclpaBJIsOTCs.

MUHUMYMY 3HEprMM TaKoil CHUCTEMBI COOTBETCTBYET MHUHHUMYM
OTHOILIEHUS

I/S=min. (5.53)
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3nech | — cpennsa anuHa, a S— momanb MONepeyHOro ce4eHNus OOLIero s
JBYX TMeTeJlb M0TOKa rasa.

CrtpemiieHne CcHUCTEMbl K MHHUMYMY OHEpPruM CO3[aeT  CHJIbI,
HanpaBJieHHblE HA paclIMpeHne IUIoIaAu TeTelb W cOmmKeHue
TepeceKaroInxcsl JacTel metenb. [ToCKONBKY B NMEpECEKAOMMXCs YacTAX
TeTesb HalpaBJIeHNe BPAIEHUS] OJMHAKOBO, 3TH YaCTH COJIBIOTCS, HO TYT K€
et chOPMUPYIOTCS B CaMOCTOSITENIbHbIE BUXpEBbIE KOJIbIA, KOTOpBIE
otaensaTcs Apyr ot apyra. [lomyuuBimimecs KombLa TMOABEPTHYTCS
JanbHeHmeMy neneHuto. Takoe fgeneHue OyIeT MPOJOIKATECS IO TEX MOp,
MOKa JraMeTp Tejla TOPOUja He CTaHET COM3MEPUM C PanycoM COOCTBEHHO
Topouna. B pesynbrare ¢dopma Tena Topouaa MpUONU3UTCS K INAPOBOM
(Buxpb Xuia), Mpy 3TOM CTEHKU TOpouaa OyayT YIJIOTHEHHBIMH.

PaccMoTpeHHbI MexaHH3M 00pa30BaHMs U JEJICHUs] BUXPEBBIX KOJIELl He
ABJII€TCA €IMHCTBEHHBIM. JlefleHne BUXPEBBIX KOJIell Mocjie UX o0pa3oBaHUs
JIETKO BWIETh Ha TPOCTOM OTIBITE, €CIM B 0aHKY CO CIIOKOWHO# BOmO ¢
BBICOTBI 2—3 CM KamHyThb Karumo duepHwia. Ha puc. 5.12 BugHo, Kak
TepBOHAYaIbHO 00pa3oBaHHOE B pe3yibTaTe TMOMAAaHWsA Kallld YepHHUI B
BOLy TOPOWIAAbHOE KONBLO HAYMHAET paclajaTbcd Ha Oolee MeEIKHE
TOpPOUIANIbHBIE KOJIbIA, KOTOPBIE B CBOIO OYEpedb NENATCS Ha eme Oolee
MeJIKUe U T.JI.

Puc. 5.12. O6pa3oBaHue M [ejleHHe TOPOMIAJBLHBLIX BHUXPEBBIX KoJell B
JKUAKOCTH NMPU NMaJeHUN Kanjiu

Takum 06p330M, Xa0THUYECKOE CMECHICHUEC IIOTOKOB XUAKOCTH TaKXe
CIocoOHO NMOpOANTH ACIAIINECA TOPOUAATIBHBIE KOJIbLIA.
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BuHTOBOI BHXpeBOW TOpouI ra3a MpeacTaBiseT coOoil obpa3oBaHue
THIa CBEPHYTOW TpyOBI, B MOJOCTH KOTOPOW AaBJieHWE W TUIOTHOCThH Trasa
HIDKE, YeM B CBOOOIHOI cpele, HO B CTEHKaX a3 CYIIECTBEHHO YIUIOTHEH.
Crenkn TpyOBbl BONM3M LEHTPAIbHON OCHM O0ECNeyMBalOT B 3TOM MecTe
Hanboyiee BBICOKYIO IUIOTHOCTh Ta3a (MCKIIOYask COOCTBEHHO OCEBOE
LEHTpaJIbHOE OTBEPCTHE), 3Ta 06JIACTh MOXKET OBITh Ha3BaHa KEPHOM (SIpOM)
BHHTOBOT'O TOPOUIAILHOTO BUXPSI.

Kak moxazany sKCTIepHMEHTBI ¢ OOBIYHBIM JBIMOBBIM TOPOWIOM, TakKas
TpyO6a HUMeeT >JUIMICOMAANbHYIO (opMy, B pe3yjbTaTe uero AUAMETp
tTopouna D meHblne nByX, HO Gonee omHOro Anamerpa Topa d M cocTaBiseT
npuMepHo 1,70, nuameTtp BHYTPEHHEr0 OTBEPCTHSI TOpa & paBeH MPUMEPHO
0,25, a oTHoWEeHWE OCEBBIX pa3MepoB 3uiica paBHo mpumepHo 0,7:1
(manHble 3ammcTBOBaHBI W3 paboTel [30] M OTHOCATCS K CTPYKType
BO3/YIIHBIX JBIMOBBIX TopouioB) (puc. 5.13, 5.14)/Ins 3pupHBIX BUHTOBBIX
BUXPEBBIX TOPOWIOB COOTHOIIEHHS pa3MepoB W (hopMbl OyIyT, BEPOSTHO,
HECKOJIbKO WHBIMH, HO BPSAI JIM 3TO CYIIECTBEHHO.

Puc. 5.13. TopouaanbHblii ra3o0Bblii BUXPh B pa3pese

B BUXpeBOM ra30BOM TOPOHUAE, CTPYKTYypa KOTOPOro ONH3Ka K 3aMKHYTOM
TpyOe ¢ YNJIOTHEHHBIMM CTEHKaMH, OTYETJIMBO BBIJENAIOTCA KEepH —
LEHTpajlbHas 4acTb, UMEIOLAs 0CeBOE OTBEPCTHE, 000J0UKa, 0Opa3oBaHHas
BHEITHUMU CTEHKaMU TOM e TpyObl, M TOTPaHWYHBIN MOBEPXHOCTHBIH CITOH,
yIEepKMBAIOIIUI ra3 B yMJIOTHEHHOM BHAE B CTeHKaxX. JIMHWMHM Toka rasa B
TOPOUJATLHOM JIBM)KEHHH B CTEHKaX TPYObI MPOXOASAT BO BHYTPEHHEH yacTu
TOpouJa 4Yepe3 MIolanb, CyeCTBEHHO MEHBINYI0, YeM cHapyxHu. [Toatomy
CKOpOCTb TOPOWJAILHOTO IBWKEHHUS raza B LEHTpPabHON 4YacTH Topouza
3HAUYUTEJIbHO OOJIbILE, YeM B HapyKHbIX cTeHKax. OJHaKO MOJIHasi CKOPOCThb
MOTOKA HE MOXET W3MEHHUTbCS, TaK KaK JHEpPruro JBIKEHHS TMOTOKa
IUIOTHOTO Trasa oOTJaTb HeKyJda, MNO3TOMY JHMHUS TOKa rasa MeHseT
HalpaBJieHUe. K TOPOMJaJbHOMY HalpaBJeHUIo Jo0aBisercs koiblesoe. [1o
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Mepe yHaleHHs OT OCH TOpa TOpPOHIajbHAas COCTAaBJAIOLIAS  CKOPOCTH
YMEHBIIAETCs, a KOJIblieBasg COCTaBJAIOIIAas HapacTaeT. J[BikeHWe raza B
CTEHKax TpyObl MpuoOpeTaeT BUHTOBOM XapakTep.

Puc. 5.14. CrpykTypa AbIMOBOro KoJjbua. Beimyckas AbIM B BO3IYyX depe3
KOHel| TpyObl, MOXKHO YBHJIETb, YTO 3TO TYrO CBEpHYyTas TOPOWIAJbHASI CITHPAb.
OnmHako O3TO BCETO JIMINb TEPEXOJHAsl CTPYKTypa, KoTopas B JalbHeimem
(dopMupyeTcst TaMAHApHEIH TOPOUIATBHBIN BUXPh

3HaK BMHTOBOTO IBIKEHHS B TOpPOMAE OMNpenenseTcs TeM, KaKoil 3Hak
BUHTa WMeNl K O3TOMY BPEMEHM Ta3oBbIi MOTOK B OKpYXarollem
nmpocTpaHcTBe. Eciim B HeM yke CyIIECTBOBaJiO IBIDKEHWE CTpyi Trasa
OTpelieIeHHOTO 3HaKa, TO W BHOBb 0Opa3oBaHHbIE TOPOWIANbHBIE BUXPHU
OyoyT UMeTb BUHTOBOE JBWKCHHE TOTO K€ 3HaKa. DTO 3HAYMT, YTO €CIIH B
HEKOTOpOil 00JlacTH MpOCTpaHCTBa yXKe CO3MaH XOTS Obl ONWH BUXPEBON
BUHTOBOM TOPOWI, TO W BCe OCTaJlbHbIe OOpasyrolecs TOPOUABl OYIyT
HMETb TOT K€ 3HaK BUHTOBOTO BHKEHHSI.

Buxpb TopouaanabHoit popMbl TpeAcTaBiIseT co00it 3aMKHYTOe B (hopme
Topouna (tuma OyOnuka) BuXpeBoe oOpasoBanue. Ecnm paagmyc Tena
TOpoMaa I MHOTOKPAaTHO MEHbIIe paaumyca Topouna R, TO BHYTpeHHsA
CTPYKTypa BHXps He OTIMYaeTcs OT OMNHCAHHOM BBIIE CTPYKTYPbI
nuHelHoro Buxps. OJHAKO eClM 3HAYeHUs PaguycoB COMUSMEPUMBI, TO
KapTHHA CYLIeCTBEHHO MeHseTca. [IpM CoM3MEepUMBIX paauycax Tena
TOpOMa U CaMOTO TOPOWA pa3Hble YacTH CTEHOK TPYObl — YIUIOTHEHHOTO B
HUX Ta3a HaxoAsATCsA He B PaBHOM MOJIOKEHWH. Ta yacTh CTEHOK, KOTOpas
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HaxXoAMTCsS ONMKe K LIEHTPaTbHOM OCH, MMeeT OO0 IUIOMAaJb CEYCHHUS
CYIIECTBEHHO MEHbIIIE TOI YacTH CTEHOK, KOTOpasi HAXOANTCS BAAJIN OT OCH.

| i

D

A
U

a)l

Puc. 5.15. PacnpenejieHne ckopocTeil JBH:KeHHH CTEHOK TOPOMAAILHOIO
BHXPS. @ — TOPOUAAIBHOTO; 6 — KOJbLEBOTO

[Motok ra3a, oOpasyromuii CTeHKH (TOPOMIANbHBIN MOTOK), JOJDKEH
TOJTHOCTBIO MPOUTH U Yepe3 OJHO, ¥ Yepe3 BTopoe ceueHue. ClienoBaTelibHO,
pacxoj rasa yepes 00a ce4eHus A0JUKEH ObITh 0OMMHAKOB. OHAKO MOCKOJIBKY
IoIaah BTOPOTO CEUYEHHS 3HAYMTEIbHO OOJbIe TIUIOMIAAN [EPBOTO
CevyeHMsi, TO TOPOMIATbHAsS CKOPOCTh Ta3a BO BHEINHEM CEYEHHWH IOJKHA
ObITh 3HAYMTENILHO MEHbIIE, YeM BO BHYTpeHHeM. [IOCKOJBKY CKOPOCTh
TOPOMAATLHOTO IBWXKEHUS B IIEHTPAILHOM YacTH TOPOHIA BEJIHKA, TO CTPYs
M0 WHEPIWH OyAeT BBIHOCHTBHCS BIOJNb OCH W BECh TOPOHI MPUOOpETET
($hopMy JTyKOBHUIIBI.

Jns Toro 4TtoObl TOpOWAANbHAS CKOPOCTH TA30BOTO MOTOKA CHU3MIIACH,
OHa JOJDKHa OBbITH JINOO TOTAIleHa 4eM-TO, JIMOO W3MEHHTh HallpaBliCHUE.
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lacuth ckOpOCTH B JaHHOM Ciydae HeueM, IOCKOJbKY Ta3 B CTEHKax
TOpOMJA YIUIOTHEH U OTAATh SHEPIHI0 BO BHE WJIM B3ATh €€ OTTYAA HENb3S.
CrnenoBarenbHO, CKOPOCTh IMOTOKA Ta3a OCTAHETCS IOCTOSHHOHM, HO OHa
BBIHY)KJIeHa OyleT W3MEHUTh CBO€ HaMpaBJeHHWE MEPNEeHANKYISPHO
NEPBOHAYAJILHOMY HaIIpaBJIEHHIO0. B pe3yibTaTe BO3HUKAET KOJIbLEBOE
JBIDKEHUE BCETO TOPOUIA, U B KAXIOH TOUKE €ro MOBEPXHOCTU UMEET MECTO
COUETaHUE TOPOMIAIBHOIO U KOJBLEBOIO ABWKEHWN, KOTOPBIE B CyMMeE
JAlOT BHHTOBOE [BIKEHHE CTEHOK Topoupa. Ha puc. 5.15 mokazano
pacrnpeielieHue CKOPOCTEW TOPOUIAIBHOTO U KOJILLEBOTO IBMKEHUIN CTEHOK
TOPOUIAIILHOTO BUXPS IPU COU3MEPUMBIX pPajuycax Teaa TOPOUAa U caMoro
TOpoHJa.

Buxpesoii BUHTOBOM TOPOUL MOXET XapakTepu30BaThCs
UHTEHCUBHOCTBIO TOPOUAANBHOIO ABWKEHHS, HHTEHCUBHOCTBIO KOJIbLIEBOTO
IBWXEHUS U BHYTPEHHEN dHEpruei.

Jl1 TOHKOTO KOJIbLIA, Y KOTOPOrO paJinyC Tena Kojblia I MHOTO MEHbLIE
Rk — pagnyca camoro koJiblia, ”HTEHCHBHOCTh TOPOMAANILHOTO IBUKEHUS (IO
KPYTOBOW OCH) COCTaBHT:

I, =V,S= 4RV, (5.54)

rae V, — CKOpPOCTb TaHICHUMAJILHOTO JBUXKCHHA, A UWHTCHCUBHOCTH
KOJIBLIEBOT'O IBMXXCHUSA

I, =V,S= 42rRv,, (5.55)

rlie Vi, — CKOPOCTb KOJIBLIEBOTO IBHKEHHS.
Jlnst mapoo6pasHoro Toponna 6oee TOTHBIM OYIeT BEIpakeHNe

I =V,S = 4R, (5.56)

I =V S = R Ak, (5.57)
roe S, — rmiomans MOBEpXHOCTH Topouza, R, — BHewHuit paguyc Ttena
TOpOMIA; V; U Vi - COOTBETCTBEHHO TOPOHMJAIbHAS U KOJIbLIEBasi CKOPOCTH Ha
9KBaTOpE LIapOBOTO TOPOUA.

Temnepatypa TMOBepXHOCTH Topounga 1, OymeT omnpenensTbes
BBIPA)KEHUEM

T,=T,-~Pr v,% 2cp, (5.58)
rne 7T, - TeMmmeparypa rasa B CBOOOJHOM TMpocTpaHCTBe; Pr — ymcino

Mpanarns (mis x = 1,4Pr= 0,723);V, — ckOpocTh Ta3a Ha MOBEPXHOCTH
TOpouIa; Cp— TETUNIOEMKOCTh Ta3a MPHY MIOCTOSTHHOM JaBJICHNH.
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ITonHas BHYTpeHHs S3HEPTHs TOPOUA COCTABUT:

w, = mZ/2 =m(vi? + v 2)/2, (5.59)

TJie V — CKOpOCTh TIOTOKa 3¢upa B Teye Topouaa. Jis mrapoBoit Gpopmer 3Ta
CKOpPOCTb TPWMEPHO paBHAa CKOPOCTH KOJBLEBOTO IBVMKEHWS Ha JKBATOpE
TOpouja, i1 TOHKOTO BUXPEBOro KoOJbLA CKOpOoCcTh moToka B 1,41 pasza
OosbIe.

BuHTOBBIE BHXpEBBIE KOJbIA Ta3000pa3HON cpemsl — 3Qupa, KOTOPHIA
CYLLECTBEHHO YIUIOTHEH, MOYHO paccMaTpuBarb Kak YCTOWYMBBIE
3JIeMEeHTapHble YacTULbI, 00pa3yloIlUe BeLEeCTBO.

PaccMOTpUM BHYTPEHHIOKO 3HEPTUIO TOPOMAAIBLHOTO BUXPS CKMMAEMOI0
raza. Macca 3J1eMEHTapHOM CTpYHKH rasza B COCTaBE BUXPS paBHa!

Am = 2xrr Arbp. (5.60)
Tak xak

Ar IArg=r1lrg;  plpy =123 (5.61)

TO

Am = 2arArbp = 2t Argbp. (5.62)
ITockonbky

= 2nryVv, = 21rv = const; (5.63)
V =wr = 21rv; (5.64)
r2=r2v,!v, (5.65)

TO SHEPTHUA 3J'leMeHTapHOI71 CprﬁKH ra3a B BUXPE OKAXKETCA paBHOﬁ

AMVP
AE= — :nroArobpo'47T2V2r2 = 49T3ro3Arobquov
2

=Ahv= 2rhv, (5.66)
rae

Ah = 473 SAT bV, (5.67)
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CrenoBatesibHO, UIsl BCErO BUXPS BHYTPEHHsIS S3HEPTHs paBHA
E=hv=2nhv = 2nhro, (5.68)

OTKYyHda CJICAYCT, YTO Y€M CUJIbHEC BUXPb 6yﬂeT CKaT BHCIIHUM JaBJICHUEM,
TEM BBILIC 6yﬂeT €ro yrijioBasg CKOpOCTb BpallICHUA.

CoOTBETCTBEHHO [JIi TOHKOTO BHUXPEBOI0 TOPOMAAJIBHOTO KOJIbLA 6y11eM
HMCTb

Jw? Mr2¢?2

E.= = . (5.69)
2 2

VYuuteiBas, 4TO

I,=2nrV,=2nrv=const, V=rw, (5.70)
nojiygyacm
I, =2 w, %)

", CJIEAJ0BATEJIbHO, DHEPTUA KOJIBLIEBOIO BPpAICHUSA COCTABJIACT

M @
E,=———=nMIf =hf =2z#f. (5.72)
2

Takum oOpa3oMm, TocTossHHas [lmanka 7 mpuoOpeTaeT MpPOCTOi
(hm3UIeCKuii CMBICIT:

h=MIJ2 (5.73)

T.€. TIOJIOBUHY TPOU3BEAEHHUS MACChl TOPOUAAIBLHOIO BHHTOBOIO BHMXPS Ha
LUPKYJISILIAIO OKPYXKHOM (KOJIbLIEBOM) ckopocTy. B dusnke 0ObIYHO MPUHSATO
0003HayaTh 4aCTOTY He 3HAKOM «f>», a 3HAKOM «w».

COOTBETCTBEHHO MOMEHT KOJIMUYECTBA IBWKEHMS (CITMH) TOPOUAANBHOTO
BUHTOBOT'O BUXPSI COCTABHUT

L=Mrv=Mr2w =Ml =p 3)7
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5.6. /IBH:KeHHE ra3a B OKPECTHOCTSIX TOPOHIAJIHHOIO
BHXPS

5.6.1. TopouaajnbHoe H KOJbIEBOe [BHKEHHSI Tra3a B
OKPEeCTHOCTSIX BUHTOBOI'0 TOPOHJAILHOTO BUXPS

Jns  nuHeiiHoro BuXps OECKOHEYHOW MAJMHBI YObIBAaHHWE CKOPOCTH
JOBWXKEHUS] Cpelbl MPOMCXOAWT MPOMOPLMOHAIBLHO TIEPBOIl  CcTeneHn
pacctostHus. Ecnu BOMM3M Apyr Apyra BpallaroTcs B MPOTHBOMOJIOAKHBIX
HarpaBJIeHUsX JIBE BUXPEBbIE HUTH OECKOHEUHOH UIMHBI, TO B KX JI0H TOUKe
MPOCTPaHCTBa TMPOUCXOANT BEKTOPHOE BBIYMTAHWE CKOPOCTel W yObIBaHME
00IIeil CKOpOCTH TepeMeleHnst Cpeabl TPOMOPUMOHATBHO YyXKe BTOpPOU
CTETEHHN PacCTOSHUS.

-G

0)

Puc. 516. K BbIBoOy 3akoHa pacrnpefejeHHsi CKOpocTeil BOKpYyr
TOPOMIAJBLHOI0 KOJILLEBOro BUXpst: (a) Uit TOPOUIAILHOTO ABWKeHUsT | (0) st
KOJIBLIEBOTO JIBIKEHUS; 1 — pacnpocTpaHeHHE KOJBIIEBOTO JBU)KCHHUS BEPTYIIKON
IpU OTCYTCTBHHM TOPOMIAILHOTO JBHXKCHHS; 2 — PaclpoCTPaHEHHWE KOJBIEBOIO
JIBHKCHUSI TOPOUIATBHBIM JIBHKCHUEM

Ho ecnu HUTH He GECKOHEUHHI, a MPEACTABISIOT cO00M TOoponmatbHOe
KOJIbLIO, TO yObIBAHWE CKOPOCTH IBWXEHUS CPEIbl MPOUCXOAUT B MEPBOM
MPUOIKEHUM  MIPOTIOPLUOHANIBHO — TPEThbed CTeNMeHW pPacCcTOSHUS |
omnuckiBaeTcs 3akoHoM bro-Casapa (puc. 5.16):

I, (r—p)xdp
V() = | , (5.75)
4L |r—p|3
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rae [+ —3HaueHue UMPKYJISILUN TAHTeHIINAbHOM CKOPOCTH Ha MOBEPXHOCTH
BUXpSI; I — pallyc-BEKTOp BUXpEBON HUTH L; p — paamyc-BeKTOp TOYKH, B
KOTOpO# paccMaTpHBaeTCsl CKOPOCTb.

CocTaBJsrolue CKOpOCTH MO 0CAM KOOPJIUHAT UMEIOT BUAL!

3 simcosp
Vg~ —I[, ———  co9;
4 r3
3 Sim cosp
v~ —[, ———— sirb; (6)7
4 r3
3
v, ~ —I;
x3

Ecnu TopompanbHblii BHXph HMMEET KpPOME TOPOMIAIBHOTO €Ie H
KOJIBLIEBOE BpAILEHWE BOKPYT CBOEl OCH, TO OH CBOMM JABIKEHHEM
3aXBaTHIBAET OKPYXAIOUIMH Ta3 W OTOpachiBaeT €ro B CTOPOHY OT BHXA.
Ecnu 661 ABMKEHHME MPOUCXOAMIO B OKPECTHOCTSX LIMJIMHAPHUUECKOTO BUXPA,
00J1aJjato1ero noAcocoM rasa o CBOMM TOpLiaM, TO CKOPOCTb MOCTYMATeb-
HOTO [BWXKEHHS Ta3a MEHAnach Obl MO THMepOOIIMYEecKOMY 3aKOHY:

v=[ll2nar, (5.77)

roe I — UMPKYJSIOUS KOJIBIIEBOTO IBWXKEHHA. [Ipu 3TOM pacrionizaHue
KOJIbLIEBOTO JIBMKCHHS TPOMCXOIWIO OBl TONBKO B TOJINWHE LWJIUHAPA B
BHUJIE TUIOCKOTO «OJIMHA.

OnHako B TOPOMIATIBHOM BUXpE HAIWYUE TOPOMIATBLHOTO IBKECHHS
BOKPYT HETro pa3MbiBaeT CJIOi, B KOTOPOM MPOMCXOAUT KOJbLEBOE
IBWKeHHe. B pesynbraTe KONbIIeBOE OBIDKCHUE CPelIbl OXBAThIBACT CHavana
OIHY TONOBUHY cdepbl, a 3ateM W Apyryoo. Ilockombky oObeMHas
mpkynsuust coctaBut b/k (b — Tonmmmua kombua, [k — UMPKYJSLIUS
KOJIBLICBOTO JBIDKEHMs), @ pa3MbIB CJOS MPOMCXOAUT B Tpejenax
MOBEPXHOCTH I1apa, paBHOI 41l 2, TO KONbLEBAs CKOPOCTh B OKPY:KAIOLIEM
TOPOHMAATBHBIN BUXPb IPOCTPAHCTBE OTPEIETUTCS BHIpaKEHHEM

b

Vi = , (5.78)
4rr2
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H, CJI€O0BaTEJIbHO, AJIA KOJIbLIEBOTO ABWKXEHHA B OKPECTHOCTAX BHUHTOBOTI'O

TOPOMIATLHOTO BUXPS Vi ~ 1/12,
[ToTOK KONBLEBOW CKOPOCTH OMpeaeNiseTcs HEKOTOPbIM aHaJIOroM
Teopembl OcTporpaackoro—I aycca:

fds=br,. (5.79)
S

Crnemyer 3amMeTuTb, 4YTO TIPUBEAEHHBIE BBIPAKEHUS HOCAT YHCTO
KMHEMaTHYeCKUil XapakTep, HE YUYWTHIBAIOUIMH CXKUMAEMOCTH CpEbl,
KOTOpass OCOOEHHO MpOSABJIAETCS BOAM3U Tejla TOPOUAAILHOTO BHXpH, a
TaKKe HE YYWTHIBAIOUINN MHEPLUMOHHOCTh MAacChl Tasa, BBITEKAIOIIETO W3
LEHTPAITBHOTO OTBEPCTHS TOPOWAA. YUET e MHEPIHOHHBIX CHJI PUBOANT K
TOMY, UTO TEYeHHWEe OKa3blBaeTCd HECMMMETPUYHBIM OTHOCHTEJBHO
TJIOCKOCTH KOJIbLIa. DTa HECUMMETpHS CKa3blBaeTcs W Ha KOJIBLEBOM
IBWKEHNH.

Heob6xoaumMo OTMETHUTb, 4YTO B OTJIMYHE OT TOPOMIAIBHOIO B
pacmpeneneHn CKOpOCTel  KONBLEBOrO ABMXKEHUS B  OKPECTHOCTAX
BUHTOBOTO TOPOMIAJBHOTO BHMXpA BO3MOXEH Ciy4ail, KOTAa KOJbLEBOE
IBIDKEHUE 3aMBIKaeTCs B HETIOCPEICTBEHHOW OJM30CTH OT Tela BHUXpPs. JTO
CBSI3aHO C pa3MuneM B MPUIMHAX 00pa30BaHMS 3TUX JBWKEHHH.

B ominune oT TOpOMAaJIbHOrO ABMKEHUs rasa, KOTOpoe HepenaeTcs 3a
CueT [aBlEHMSA CO CTOPOHBbI HAOEraroIUX OHJIEMEHTOB ra3a, KOJbLEBOE
JBIDKEHUE TMepeaaeTcss OT CI0S K CJIO0 B OCHOBHOM 3a CUET BA3KOCTH rasa.
Ecnan rpagMeHT CKOPOCTH OTHOCHMTENBHO HEBENUK, TO HE MPOMCXOIOUT U
CYLLECTBEHHOTO CHIDKEHHS BA3KOCTH, TOCKOJBKY BS3KOCTH CBSi3aHa C
Temnepatypoii cooTHoweHueMm (5.6), a cama Temmeparypa CBs3aHa C
nepenagoM CKOpoCTeil BIpaKeHUEM:

Av)?
AT=-/Pr —, (5.80)
Cpp

rae Pr -gucno [panarmis (s razos 0,72 < Pr < 1)¢p — TemnoeMKoCcTb NpH
TTOCTOSIHHOM JABJIEHUH, p — IJIOTHOCTb rasa.

Ecnu ke nmepenan cKopocTeil BENHK, YTO MOKET UMETh B MOTPaHUYHOM
CJIO€, TO COOTBETCTBEHHO BEJIMKHM U Tepenajbl TeMepaTypsl U 3HAYUTETBHO
YMEHbIIEHa BS3KOCTb. B 3TOM cilydae KoJblieBO€ ABMKEHHE He Oyner
nepenaBaTbCsl BHELIHMM  CIIOSIM, Takoe TMOJIOKeHHe BHXps  Oyzaer
YCTOHYMBBIM, U TOPOUI OyAET BpallaThCsd B 3TOM MOTPAaHUYHOM CJIO€, Kak B
MIOALIMITHUKE CKOJIbXKEHUs], He NepesiaBasi 1ajiee CBOEro IBMKEHHUS.
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Takum o6pa3oMm, caM TOPOMAAIBHBIN BUXPb, 00NaAOMINN KOJIbLEBBIM
JBUXKEHUEM, OKa3bIBAETCSl BUHTOBBIM BHXPEM, @ €M0 OKPECTHOCTH OXBAa4YEHBbI
BUHTOBBIM [BIMKEHHEM C TEPEMEHHBIM BUHTOBBIM (PAKTOPOM, MOCKOJBKY
COOTHOILIEHNE CKOpPOCTel TOPOMOAIBHOIO M  KOJBLEBOTO JABMXKEHHI
MEHSeTC B 3aBUCHMOCTH OT PAacCTOSHUS OT BHXpA MO-PasHOMY:
TOPOMIANIBHOE IBWKEHHE YOBIBAET MPONOPLMOHATBHO KyOy, a KOJIBLEBOE
KBaJpaTy PacCTOSHUS OT LIEHTPa BUXPA.

5.6.2. TemneparypHoe moJie BOJIW3M BHXpPS H MOTJIONIEHHE
BHXpeM OKpPYKAaI0MIero ra3a

Kak OblJ10 MOKa3aHO BhILIE, BCAKUAN BUXPb, B TOM YHCIIE U TOPOUIATbHBIH,
UMeeT TMOHWKEHHYI0O OTHOCHTENbHO BHeEHIHed cpembl Temmeparype. Kak
m3BectHo [18, 22, 30, 31c. 447-455],pacnipenencHue TeMreparyp B rase
onpeiesisieTCsl ypaBHEHUEM TETUIONPOBOAHOCTH

oT oT? oT? 0T ?
— =a( + + —), (5.81)
ot 0% 0% 0%z

WJIA B COKPAIICHHOM BUE
f
T (M, 1) = aAT— , (5.82)
cpp

rne T (M, t) — Temnepatypa cpeasl B Touke M ¢ KOOpIOWHATAMU X, y, Z B
MOMEHT BpemeHH {; a — KO3()(UIMEHT TErIONPOBOAHOCTH CPEJBbI,
XapaKTepU3yIOIIUI CKOPOCTh BEIPABHUBAHUS TEMIIEPATYPbl B HEPABHOMEPHO
HarpetoM Tesie; f - MJIOTHOCTb TEMJIOBBIX HCTOYHHMKOB; Cp — YHAEJIbHASA
TEIUIOEMKOCTb CPEJbl; p — INIOTHOCTb CPEIbI

0? 0? 0?
A= ( + + ). (5.83)
0% 0% 0%z

VY1uIoTHEHHBIH TOPOUAAJIbHBII BUXPh TIO CBOEH (opMe OIM30K K mapy, U
Ha pPacCTOSHUAX, COCTABJIIOLIMX BCEr0 HECKOJIBKO PAIUYyCOB, pPa3sHHLA
MEXIy TEMIIEPATypHbIM MOJEM TOPOMIA U IIapa CTAHOBUTCA COBEPIIEHHO
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He3HauuTenbHOM. [TosToMy IUIsl yHpowieHHsl Bceil 3aaud pachpenesieHus
TEMIIepPaTyp B CPele, OKPYKAFOLISH TOPOUJ, 3a €ro MOJENb MPHUHSIT LIap.

B chepuueckux KoOpAMHaTaX Ul IIAPOBOTO  WCTOYHMKA TeIuia
MOIIHOCTBIO (] pemieHue ypaBHeHus (5.83)umeet Bun:

q 2 0 o?
T)=—— — | e do (5.84)
Aacpr /m rlat

rae I —pacCTosiHUE OT LICHTPa TEIJIOBOIO UCTOYHHUKA.

TemnepaTypHblii TpaJUeHT, MPOMOPLUOHAIBHBIA TEIUIOBOMY IOTOKY,
OTpefeNseTCs BbIpaXKeHNEM:

oT q 0 1 o o2
gradT= —=—— —(—— [ e dd). (5.85)
or  2n%acepr or  r r/24at

I'panueHT TemmepaTypbl MpH MaJbIX PACCTOSHHUAX OT MCTOYHHMKA Teruia
OTIPEeEIIUTCS KakK

0 1 o« o2
gradT=kg— (—— | e do)=
or r r24at

0 1 o 2 1 r/2x/§ -02

k—(—— [ e de+— | e da)=
or r o r o

keaN2m r2

= —kg : (5.86)
r2 4at

[ocneanuit unen crpemutcs K Hymo npu ' —0. Tlpu Gonbmmx
pacCTOAHUAX BbBIPAKEHUE
1 = o?

— | e da (5.87)
r r/Zx/;
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3aTyXaeT CYIIECTBEHHO ObicTpee, YeM 1/f, MOCKOJNIBKY MaKCUMyM HHTerpaia
uMeeT Mecto nipu I = 0. CienoBaTenbHO, U TpaJleHT TeMIeparypbl yObIBaeT
npu GOMNBIIMX PaflycaX CylIeCTBEHHO ObICTpee, YeM 2,

I'pamment TemnepaTypbl B TPEXMEPHOM MPOCTPAHCTBE  MOYKHO
MPEICTaBUTh B CIEAYIOLIEM BHE!

kq

gradT= ——® (r,}) (5.88)
r2
1 0 1 o -2
D)= —r2— (-— | e da); ro= 2-/at. (5.89)
A 21T or r riro
ITpu aTOM
lim® (r,t) = 1. (5.90)
r —0.
Ly
M
| I
=i"
P [ O N R - 8
\____y
0 -

Puc. 5.17. PacnpeaesneHue TemnepaTtypbl U JaBJeHUs] BOKPYT COBOKYMHOCTH
TOPOMAAJIBHBIX BUXPeil B CBOOOHOM NMPOCTPAHCTBE

TakuMm 00pa3oM, TpagMeHT TeMIepaTyp Ha MalblX pPacCTOSHHAX
YMEHBIIACTCS TMPOTOPLMOHATIBHO KBaApaTy PacCTOSHUS, a Ha OOJbIINX —
3HaYMTENbHO ObIcTpee (puc. 5.17).

[IpencTaBiseTr WHTEpPEC ONpPENETMTh CKOPOCTh  PacTpOCTPaHEHHS
rpagmeHTa Temmeparyp. I[lOCKONIBKy [aBIeHMEe B Ta3e CBA3aHO C
TeMIepaTypoi MpOMOPLUHOHATBLHOM 3aBUCHMOCTBIO
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T= — (5.91)
3pk

rne P — naBneHue; ma —macca MOJIEKYJbI; p — TUIOTHOCTh; K — mocTosHHAs
BonbiMana, To

m,
gradl’ = ——— gracP (5.92)

PK

H, CJIe0BaTebHO, CKOPOCTb PACMPOCTPaHEHUs TPaiMeHTa TeMIIepaTyp ecTh
CKOPOCTb PaclpOCTPaHEHUs TpaiMeHTa MAaBJIECHUA, a 3TO €CTb CKOPOCTh
NIepBOro 3ByKa, ONPEIeIIeMOro KaKk

a=VyPp. (5.93)

[Ton Bo3neiicTBHEM rpagueHTa IaBICHUH BECh a3 HAUMHAET CMEINAThCS B
CTOPOHY TOPOWAAIBHOTO BHXPS M TOMJIOMATBCA MM, 3a CUET YEro macca
BUXpS M €ro 00bEeM HENpPEephIBHO YyBENMYMBAIOTCS. [IOCKOIBKY MOMEHT
KOJINYECTBA JBWKEHMSI KaK TOPOMOAIBHOIO, TaK M KOJbLEBOIO ABMKEHWIA
COXpaHseTcs, TO CKOPOCTb IBIJKEHHMsI Tra3a Ha TOBEPXHOCTH TOpOHIA
YMEHbBINAETCS, COOTBETCTBEHHO YMEHBINAETCS W TPaJAWEHT CKOPOCTH,
TeMrepaTypa MOBEPXHOCTH TOPOUA YBEJIMUUBAETCS. DTO MPUBOAUT K TOMY,
4TO BSI3KOCTh ra3a Ha MOBEPXHOCTH TOPOMIA YBEJIMYMBAETCS, W IUIOLIAIb
TIOBEPXHOCTH TOXE YBEJIMYMBAETCS, MOATOMY YBEJIMYMBAETCS M  OTAaya
SHEpruM IBWXEHWUsl CTPyH rasa BO BHEINHIOW cpely. Buxpe yBennuusaer
CBOM pa3sMepbl M 3Heprootnady. Ero ycToHYMBOCTb yMEHBINAETCS, U C
TEUeHHeM BpeMEeHM BUXpb IUGPyHOMpPYeT W  Tpekpallaer CBoe
CYIIECTBOBAHUE.

5.7. Juddy3us Buxps

['a30BbIif BUXpb TMPH CBOEM CO3JaHWM HapallWBaeT IHEPTHIO 3a CUEeT
CKaTus Tejla JABJIEHUEM OKpPYJKAIOIIEro BUXpb ra3a, a 3aTeéM HauMHaeT
pacTpauMBaTh €€ WU3-3a BA3KOCTU 3TOro rasa. Takoil mpoLuecc XOpoIo BUAEH
Ha TIpUMepe KOJIBLEBBIX BUXPEi, 00pa3oBaHHBIX C MOMOIIBIO 3aMOJTHEHHOTO
IOBIMOM TaK Ha3blBaEMOTO <«fllMKa Byma» — sMmWKa C OTBEpCTHEM,
NPOTHBOIIONOXKHAS CTOPOHA KOTOPOTO 3aTsAHyTa Ynpyroii MmemOpanoit. Ilpu
yaape 1o MeMOpaHe W3 OTBEPCTHS BBIPHIBAETCA KOJIBLIEBON BUXPb — TOPOM,
KOTOPBI NBIKETCS MPAMOJIMHEINHO, 3MEHsIsl cBou pa3Mmepsl (puc. 5.18).
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S SN N
0-0-0-0-0-0-0- Y

Puc. 5.18. /IBuxkeHue u mpeoGpazoBaHue razoBoro topouaa: 1 — cramus
CKaTUs TOPOMAQ; 2 — CTaaus pacuupenus toporaa (muddysus); 3 — craqus pazsaia
TOpoMA.

Puc. 5.19. HeycroitunBocTh JIJAMHHAPHOTO BHXPEBOro KoJbla. BepxHuii psn
CHMMKOB TOKa3bIBa€T HWCTEUEHHE BOJBI C BBEJICHHONM B HEE Kpackoil depes
ISITUCAHTUMETPOBOE OTBEPCTHE, B PE3YJIbTATE YEro CO3MAETCS OCECUMMETPHYHOE
BUXpEBOE KOJbLO. HIkHMI psJ  CHUMKOB IIOKa3bIBAaeT MOCIIENOBATEIbHOE
paspylieHue Kosblla H3-3a HeycroiuuBocTH. J[lanee koabno auddyHaupyer
HOJHOCTEIO [54]
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Ha nepBoii crtagum, ansmeiics OONM CeKyHIbl, AWAMETp TOpouza
YMEHbIIAeTCs, Ha 3TOI CTaAuu TOPOU] yBETMYMBAET CBOK SHEPTHUIO 32 CHET
CKaTHUs €ro BHEIUHMM JaBlieHWeM rasa. Ha crienyroiueif, BTopoii, cragun
TOPOMJ YyBEJIWYMBAeTCSA. Temepp OH TepsieT PHEPIHI0 3a CUET BSI3KOCTH
(mbdy3us Buxps). DTa BTOpas CTaaus JIUATCA J0JbIe, 4YeM IepBas. 3aTeM
HAcTymaeT TpeTbs CTaaus, Ha KOTOPOIl TOPOMIAIBHOE KOJbLO HauyMHAeT
TOPMO3WTBCS M PaclyxaTh, a 3aTeM pa3BaJMBaThCcs. Topoua mnpekpamaer
cylecTBoBaHWe. MojenupoBaHue BUXpeBOro koiblia B Boxe (puc. 5.19)
MOATBEPIUIIO U3IIOKEHHOE.

OnHako MpHW YBEIWYEHUM IUIOTHOCTH TeNla BUXpS JOJs OTOaBaeMoit
SHEPruM COKPATHTCS MPOMOPLHOHATIBHO OTHOIIEHWIO TJIOTHOCTEH M BpeMs
penaKkcald COOTBETCTBEHHO YBEJIMUYMUTCS. YUMTHIBas, YTO YBEJIMYEHHE
TUIOTHOCTH Tejla BUXPS MPOUCXOAWT 3a CUET COKpPALIEHUs €ro pasMepoB U
COOTBETCTBEHHOTO YBEJIMUEHHUsS €ro CKOPOCTH BpalleHWs, a 3Ha4MuT,
YBEJIMYEHUS FPAJINEHTa CKOPOCTH U MaJeHUs BSI3KOCTU B MOTPAHUYHOM CJIO€,
ClIeyeT MOJIAraTKOJIbLIO BHE3alHOb, YTO BPEMs YBEJIMYMBAETCS MPUMEPHO
MPONOPLIMOHATIBHO KBAJApPaTy OTHOLIEHMS MJIOTHOCTEH Tesla BUXPS U CPEBI.
CrenoBatenbHO, IUI YIUIOTHEHHOTO BUXPSI BPEMS pENTaKCALNK COCTABUT

a pr
t =0,36—(—)> (5.94)
X pcp

Ha muddysuto BUXps MOBIUAET HE TOJBKO BA3KOCTb Cpeibl, HO U (hakT
MOTJIOLIEHNSI UM Ta3a OKpPYXKaloLero MpocTpaHcTBa. [paJueHT HaBieHus B
rase, BbI3BaHHbIIl rpagleHTOM TeMIepaTypbl, MPUBEAET K CMELIEHHUIO YacTHIL
OKpY’KalOIIero BUXPh ra3za B CTOPOHY BUXPS, HENPEPHIBHOMY TOTJIOMIEHUIO
BHXpEM ra3a OKpYXalOLIero TMPOCTPAHCTBA B TENO BHUXPS M YBEIMUSHHIO
Maccel BHUXpsS. [lOCKONIBKY MOMEHTBI KOJHMYECTBAa TOPOWIAIBHOTO W
KOJTBLIEBOTO IBWKEHUIT COXPAHSAIOTCS, @ Macca yBEJIMIMBAETCS, 3TO TIPUBEIET
K TIOCTENIEHHOMY YBEJIMUEHWI0O 00beMa BHXpPS, CHIKEHHIO CKOPOCTH
IBIKEHHS TIOTOKOB B TeJle BHUXPS, YMEHbLICHHUIO TPaiHeHTa CKOPOCTel B
MOTPAaHUYHOM CJIO€ W  COOTBETCTBYIOLIEMY YBEJIMYEHUIO  BA3KOCTH.
VBenuueHne oObeMa BUXPA W IUIOLIAAM €ro MOBEPXHOCTH BMeECTe C
YBEJIMYEHUEM BSI3KOCTU TNPHBENET K YCKOPEHHIO TOTepH 3HEpruu 00oMX
BUIIOB IBIKeHMA. [loTeps sHeprum mpuBeneT K MoTepe yCTOMYMBOCTH, U Ha
OmpeieNIeHHOM 3Tare BUXPb MPEKPaTUT CBOE CYLECTBOBAaHMHE.
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5.8. CujioBbI€e B3auMo/IelicTBHA ra3a H BUXpei

5.8.1. CymHocTh CHJIOBBIX BO3/IeiiCTBHIi ra3oBoil cpeabl Ha
Tea

OcHOBHOE BO3IEHCTBME Ta30BOM cpedbl Ha BUXPU TPOUCXOIWT TPH
(opMHpOBaHMM BHXpS, KOTJa BHEIIHEE IaBlieHWE COKUMAaeT TEeJNo BUXp,
JIOBOIS €ro TUIOTHOCTb 10 HEKOTOPOTO TMpeAeNbHOrO 3HAa4eHWs. ITOT
npotecc paccMoTpeH Boiie. Kak ObLIO MOKa3aHo, B nipoliecce GopMHUPOBaHUS
BUXPsI IPOUCXOUT YCKOPEHUE MOTOKOB 3(pupa, 00pa3ylomux Tejo BUXps, a
TaKKe CHIKEHUE TEMIepaTypbl BCEro Tella BUXPS M COOTBETCTBEHHO €ro
MOBEpXHOCTH. B pe3ysnbTaTe B OKpyXawlleil cpene yxe o0Opa3zoBaHHBIM
BUXpPEM CO3/IAIOTCSA MOTOKM M CHIDKAeTCs TeMIeparypa, 4TO Co3[aeT
COOTBETCTBYIOIINE T'PATUCHTHl CKOPOCTH M TeMIepaTypbl. DTO TPUBOIUT K
TIOSIBJICHUIO TPAJANEHTOB NaBlieHNH 3(upa B OKpykeHNH Buxpst. [lonapmmii B
TI0JIe STUX TPAIUEHTOB JABJIEHUH NPYroil BUXPh UCIIBITHIBAET TENEPh YK€ CO
CTOpPOHBI 3(hrpa cHUIIOBBIE BO3AECHWCTBHS. DTO )K€ KaCAeTCsl M CHCTEM BUXpeH,
T.€. BCEX MaTEePHAIBHBIX TeJ, MOCKOJIBbKY BCE OHU SIBIISTFOTCS OTPE/IeIEHHBIMU
COBOKYIHOCTSIMH 3(pMPHBIX BUXPEH.

Takum  o0Opa3om  ocymIecTBIsieTCS  B3aWMOAEHCTBHE Tell  depe3
MPOMEXYTOYHYIO cpeay — 3pup, B KOTOPOM Tepeaadya UMITYJIbCOB OT OJHUX
aMepoB K JpYyrUM MPOMCXOAUT MyTeM YIPYroro CTOJNKHOBeHus. Tak B
NPUPOJE Pean3yeTcst KOHLETLUS OJIU3KOICHCTBHYS.

Beime ObUTO MOKa3aHO, Kakve BUbI NBIKCHUS CO3JAIOTCS BUXPSIMU B
a¢upHOl cpene, (akTUUeCKM TaKUX MABIKEHHWH BCEro aBa — 3TO JHOO
CTpYiHBIE TEUeHHs NMPEeNMYIIECTBEHHO BMHTOBOM CTPYKTYpBI C pa3iMdHBbIM
BUHTOBBIM (pakTopom, Jbo tepmoauddysnonHoe. IlepBbie co3maroTcs B
cpene 1nMOO ABWXEHWSMH TIOBEPXHOCTEW BUXPEBBIX BUHTOBBIX TOPOWIOB,
T.e. KacaTeJbHBIM CHOCOOOM, TYT BaXKHYIO POJIb UTPAeT BA3KOCTH, JMOO 3a
CUET Pa3HOCTH NaBJIEHWH, T.e. HOPMAIBHBIM CIIOCOOOM. Pa3sHOCTh naBieHMi
MOXET TPOM30MTH, HampuMmep, B pe3ylnbTaTe pacnaga BUXped u
OCBOOOXK/ICHUSI paHee CKaToro B ero Tene 3¢upa. Bropsie co3patroTcs B
cpelie B pe3ysibTaTe €e OXJIAXKICHUS TEJIOM BUXDS, B KOTOPOM TeMIlepaTypa
BCEr/a NMOHKEHa OTHOCUTEBHO OKPYXKAIOLIEH Cpebl.

B ocHOBe BcexX BUIOB B3aUMOJEHCTBHI B 3(hUpe JEKUT ero BHYTPEHHSS
SHEprusi, SIBISIOIIAsCS pe3yJbTaTOM TEIUIOBOrO MepeMelleHHs aMepoB B
MPOCTPAHCTBE W peaiu3yeMas B BHIE JAaBJeHHA. JTO JaBlieHHE BecbMa
Bemuko u cocrasnsier 1,3.1G° [Ma (mwxuss rpammua). Bmaromaps sTomy
JaBJICHWIO BCe BUXPH, 00pa3oBaHHbIe B 3()Upe, CKaThl, TPUIEM OCHOBHBIE —
TIPOTOHBI — CXKATBI A0 TpeleNbHO IoTHOCTH. OTHAKO HETTIOCPEICTBEHHO Ha
B3aNMOJIEHCTBHE BUXPEBBIX CTPYKTYp 3TO JABJICHWE HE OKa3bIBAeT BIMSHUSA,
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MOCKOJIbKY BCE 3/€Ch YPaBHOBELIEHO, W HA KaxIblii BHUXpb HAeiicTByeT
JaBJeHHe co BceX cTopoH. OHO He OILyIaeTcs, TaK JKe Kak He OLrylaeTcs
JaBieHHe atMoc(epbl Ha MpPeAMETbl, XOTA Ha KaKAbli KBaapaTHbIH
CaHTHUMETp armocdepa HAaBUT C CWIOW omHOro Kuiorpamma. CuioBoe
B3aMMOJEHCTBHE 3(pHpa C BUXPIAMHU OCYIIECTBISETCS TOTAA, KOTIa BUXPb
TorafiaeT B TPaAWeHT AABJIEHWS W Ha pa3Hble CTOPOHBI BUXPS OKa3bIBAIOT
BO3/IeiiCTBME pa3Hble NaBIeHWA. OJTa pPa3HOCTb [aBJIEHWH, CBA3aHHAs C
HaJlMdYMeM B Cpele TpaJneHTa NaBJIeHWs, W OKa3blBaeT Ha BUXPb KakKk Ha
LEJIOCTHYIO CTPYKTYpY CBOE BO3IEWCTBHE, 3acCTaBIisAs €ro CMEIaThCs WIN
nepopmupoBateca. [lo cBoeMy XxapakTepy BO3IEHCTBHA HMX MOXHO
pasaenuThb Ha:

7060BO€ BO3AEICTBHE ra30BOT0 MOTOKA Ha TEJIO;

O0KOBbIE BO3AEHCTBHSA ra30BOr0 MOTOKA Ha TEJIO;

TepMOIMHAMUYECKOE BO3AEICTBHE Cpe/ibl Ha TeIO.

5.8.2. JIoGoBoe Bo3aeiicTBHE ra30BOro NOTOKA HA TEJIO

Temo, momaBmiee B MOTOK Tas3a, HCHBITHIBACT JIOOOBOE MNABJIEHHWE CO
CTOPOHBI 3TOT0 IMOTOKAa. OTO AWHAMUYECKOS [aBICHHE BO3HUKACT
BCIIEACTBUE TOPMOKEHHUs MOTOKA HA CTOPOHE Teja, OOpalleHHOM K MOTOKY.
Ha 3agHeli cTopoHe Tena MOKeT 00pa30BaThesl pa3pekeHre, a B HEKOTOPBIX
ClyyasX — W TPHUCOCAMHEHHbI BUXPb, Ha TPAHULAX KOTOPOTO IaBJICHUE
OyZIeT CHIDKaTbCs, 4eM OyHeT OKa3aHO MOIOJHUTENbHOe BO3AEHCTBHE €O
CTOPOHBI cpelibl Ha BUXph (puc. 5.20).

HaoGopoT, mpu JIBMXKEHHUHU Tela B HETOIBIKHOW Cpelle BCE yKa3aHHBbIC
BO3ICUCTBUSI COXPAHAIOTCA B TOM JXKe BHUIE, HO B 3TOM cjydae MPHHATO
TOBOPUTH O JTIOOOBOM COMPOTHUBIICHNH, UCTIBITHIBAEMBIM TEIIOM.

B>P
2%
—— F
——
_—— B

Puc. 5.20. JloG6oBoe BO3/1elicTBHE, OKa3bIBa€MO€ HA TeJI0 CO CTOPOHBI MOTOKA
rasa

Cwuuta, Bo3ieiCTBYIOIIAs Ha TeJO, B TOM U B IPYTOM Cllydae OMHUCBIBAETCS
BbIpaKeHUEM
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F = cypSV, (5.95)

rae p — IVIOTHOCTb Cpelibl, S— Mmiowlajb MONepeyHoro ceueHus Tena; V —
CKOpPOCTh Haleraromero TmOToka, C, — Oe3pa3MepHbIii Ko3ddummeHt,
ABJISIOIIMICS QyHKIHMeH 6e3pa3zMepHoro yucna PeliHombaca:

vd
Re = ——. (6)9

3nece d — Tak Ha3bIBaeMBIM «xapakTepHbIM pasmep» (Wi Imapa — ero
IMaMeTp), ¥ — KUHeMaThdeckasl BA3KoCThb cpensl [18, ¢. 29-31, 40-42].

Kak umcio PeitHonmbiaca, Tak u Oe3pasMepHBIil KOAPPHUIMEHT JTOO0BOTO
COTIPOTHBIICHUS] MOTYT MEHSThCS B INMPOKUX Tpeneiax, MOCIeqHU — oT
HECKOJIbKUX COT (MpH MaiblX duciax PelfHonblaca mopsioka AECATBIX NoJiei)
J0 HeCKOJIBKUX HeCATHIX (MpH 6oibIInX ynciax PeliHonmbaca mopsiaka coTeH
ThICAY W MWUIMOHOB), TpHYeM TMpU YyBEIWYEHMH uuchaa PeiiHonbaca
K03 pULUEHT JTOOOBOTO COMPOTUBIIEHUS CHUXKAETCH.

5.8.3. BokoBbI€e BO3AeHCTBHS ra30B0ro NOTOKA HA TEJIO

CrpyliHOe Te4eHNEe, OMBIBAIOILEE TEJIO C OJHON €r0 CTOPOHBI, OKAa3bIBAET
Ha Hero JIBa BO3AeiCTBYSA — MPOIOJIbHOE U NoTiepeuHoe (puc. 5.21).

y

[

— X

2

Puc. 5.21. [IpouncxoxaeHue NpoaoILHOI CHIIBI, BO3AelCTBYIOLIEH Ha TeJo €O
CTOPOHBbI OMBIBAIOLLEr0 NOTOKA

IpomonbHOE CTpYyiiHOE GOKOBOE BO3NCHCTBHE SBISIETCS PE3YJIBTATOM
TOPMOJKEHMSI MOTOKAa OOKOBOM CTOPOHO!M Tella 3a CUET BS3KOCTU CpPEIbl,
3HaYeHWE BO3HWKAIOWIEW CHITbI, JIeXkallel B HaNpaBJeHWH MOTOKa,
omnpenensetcs ypapHeHueM HetoTtona [33, ¢c. 210]:
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dv
dF, = — ydS— (5.97)
dy

e 7 — JUHaMHU4YecKas BA3KOCTh cpelbl; dS —3eMeHT Miolany OMbIBaeMoii
noBepxHocty; dv/dy — TrpagMeHT CKOpPOCTH B  TepHEeHANKYISIPHOM
OTHOCHTEJIFHO TOBEPXHOCTH HampaBineHnn. OnHako ypaBHeHue HproToHa
OMNHKCHIBAET MPOLECC JIULIb B MEPBOM MPHUOIMWKEHHH, Ha CAMOM JieJie KapTHHa
JOCTaTOYHO CIIO’KHA M CBS3aHa C M3MEHEHUSIMHU BSI3KOCTH OT TeMIIEpaTyphl, ¢
BJIMSTHAEM M3MEHEHHS TIOTHOCTH Ta3a U T.1L.

[Ipy OMBIBAaHWY TIACTHUHBI MMOTOKOM Ta3a Ha ee MOBEPXHOCTH JaBJICHUE
CHWXaeTcs. B mepBOM TNPHOMKEHUH 3Ty CHIIy MOXXHO OINpPEAeNUTh W3
ypaBHeHust bepHym:

V dp
—t f ——=const. (5.98)
2 p

[Nonaras s mepBoro mpubmmwkeHus p = cOnst (.e. mpeHeOperas
W3MEHEHUSAMH TUIOTHOCTH) TOJNYYMM BBIDQKEHUS IS TONHOM 3HEeprum
TOTOKa

V2
——+ P=w=const. (5.99)
2
rae W —noJjiHas OHEPTUA € ANHULIBI oO0beMa MoToKa.
B3sB mnepByl0 NpOM3BOAHYIO B HANpaBJIEHWUH, MNEPHNEHAMKYISAPHOM
MJIOCKOCTHU OMBIBAaEMOM TUIomaaKu, noJay4num

dv dP
N — = — (5.100)

dy dy

B3gB MHTErpaq OT 3Hau€HUs BENWYMHBI Y3, MPH KOTOPOM V = Vi 10
3HAYEHUS )2, IPA KOTOPOM V = Vy, TaK 4TO Vo — V1= AV, TOJTyYHM:

p(AV)?
—  =_AP. (5.101)
2

Takum 00pa3oM, Ha CTOPOHE MIACTHHBI, OMbIBAEMON ra30BbIM MOTOKOM,
JaBieHue OyJeT MEeHbIle, YeM Ha MPOTUBOIIOIOKHOI CTOPOHE, U 0OpasyeTcs
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pe3yNbTUPYIOLIasl CUlla B HAMpPaBJICHUH, HEPICHINKYIIPHOM HaNpaBIeHUIO
notoka (puc. 5.22).

Yy
2
v, _pAvi
x Af)’/— 5
| X
o
Avy

Puc. 5.22. IlpoucxoxkaeHue momepevyHoil CcHJIbI, BO3AeiicTBYIOLIell Ha
MOBEPXHOCTD TeJIA CO CTOPOHBI OMBIBAIOIIEr0 MOTOKA

Ecnu Bpamaronuiics UWIMHAP WM LUMJIMHAPUYECKUHA Tra3oBblii BUXPb
OMBIBAeTCs IOTOKOM Ta3a, TO Ha HEM BO3HUKAeT rpagueHT ckopocTeil. C Toi
CTOPOHBI, I/Ie HalpaBJIEHUs! MOTOKOB MPOTHBOIOJIOXKHBI, TPAJUEHT CKOPOCTH
OynmeT Oonblle, yeM Ha TPOTHBOTIONOXKHOW, THE HANpaBieHWs IBWKEHUST
CTeHKHM LWJIMHAPAa M MOTOKAa COBMAAAOT, 3[€Ch I'PAAUEHT OyIeT MEHbIIE.
COOTBETCTBEHHO MaJIeHUE AABJICHUs Ha TEPBO CTOPOHE OKaXKeTcs OoJblIe,
a caMo JaBJICHHE MEHbIIE, YeM Ha BTOPOH CTOPOHE.

PazHoCTb naBneHWil co3macT Ha TMOBEPXHOCTH ILWIMHApA CHUITY,
HalrpaBJIeHHYI0 MEpINeHANKYJSIPHO HaleralomeMy TMOTOKY B CTOPOHY
MEHBLIEr0 AaBJIEHUs, T.e. B CTOPOHY HaWOOJbLIEH Pa3sHOCTH CKOPOCTEH.
SBnenue Obul0 OTKpbITO B 1852 r. Hemeukum yudeHsiM [.I.Marnycom u
MOJy4UJI0  Ha3BaHue dddekra Marnyca (puc. 5.23) [34, 35].
H.E.XyxoBckuM Obljla JOKa3aHa Teopema, COrJlacHO KOTOpOH MoxbeMHas
cuna Y, IeHCTBYIOIIas Ha OMBIBAEMbII TOTOKOM MPEAMET, OMpPENeIeTCs KakK
MPOW3BEICHNE IUIOTHOCTH CpeAbl p Ha CKOPOCTh TMOTOKAa Vi U Ha
LUPKYJSIIAIO 3TOH e CKOPOCTH TI0 JTI000OMY 3aMKHYTOMY KOHTYpY [

Y =pVvil, (5.102)
Teopema JKyKkOBCKOro HOCUT MHTErpalibHbI XapakTep. s yscHeHus

(Gr3HMUecKoil TPUPOIbI 3TOM CUIBI MPENCTaBISET WHTEPEC ONMPENENUTh ee
nuddepeHIranbHOe BEIpaKEHHUE.
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po

P

a) 6)

Puc. 5.23. IlpoucxoskmeHue momnepedHoil CcWJIbI, Bo3AeilicTByIOLIell Ha
BPAILAIOIIMICS UHWJIMHIP CO CTOPOHBI OMBIBAIOIIEro MOTOKA. a — OOTEKaHHE
LIMHPA TIOTOKOM Ta3a: 6 — 3IMopa JaBIeHNH ra3a Ha HUITHHAD

Ha Teno Bpamatomierocs nuivHapa OyaeT AeiCTBOBaTh Pa3HOCTh JaBICHHM

p
AP =AP;, — AP;= — (AVZZ —AVlz). (63])
2

3mecs AV, U AV; — COOTBETCTBEHHO Pa3sHOCTH CKOPOCTEH MOBEPXHOCTH
LUUJIMHAPA 1 Haberarolero noToka no o6euM CTOpoHaM LIWJIMHIPA.

Takum o6pa3oMm, B HampaBlCHWH, MEPHNEHIUKYJIAPHOM HAMpaBIEHUIO
MOTOKA, Ha IIOBEPXHOCTh OyAeT JeiicTBOBaTh CHJa, CBS3aHHAas C
YMEHBIIEHUEM JIaBJIEHUS OKpyxKarowed cpeapl. Pu3nyeckoil OCHOBOIt
U3MEHEHUS CKOPOCTM [IOTOKA HA OMBIBAEMOW IIOBEPXHOCTU SBISETCS
BA3KOCTb cpeabl. Kak Oyner mokazaHO HMKe, NIMEHHO 3Ta Cujia SIBJISeTCS
(¢m3MYecKkoii  OCHOBOIl  CHJIBHOTO  SIAEPHOTO W 3IEKTPOMAarHUTHOTO
B3aUMOJIEHCTBUI.

5.8.4. TepmoaunaMuveckoe Bo3aeiicTBHE CpeJbl HA TeJIO

ITpy HaxoXOeHWM Tesla B TPaAMeHTHOM TeMIepaTypHOM MoJjie d¢upa Ha
HEro BO3JEHCTBYeT cwila, CBfA3aHHas C TeM, YTO JaBJIEHWE Tas3a
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NPOMOPIHMOHATILHO  €r0  TeMIlepaType U CBSI3aHO C  TeMIepaTypoit
cooTHoIneHuneM [38, 39]:

3ps

P, = KT, (5.104)

2my

roe kK = 1,38-1023 —Ix-K - noctosiHHaa bonbeumana; p, = 8,85 10 P krm®

- moTHOCTH 3dupa; My = 1,5-10™ kr —macca amepa.

CnepnoBaTensHo, A8 aHanu3a pacrlpeneneHus IaBleHui B 3dupe
HEO0O0X0AMMO paccMaTpHBaTh paclpeleseHue TIOTHOCTH ra3a U TeMIeparyp.
AOGcomoTHas BeTMUMHA JaBlieHUs d¢pupa cama no cebe HUKAK He BIMAET Ha
TIOSIBJIEHUE CHJIBI, CTPEMSIIENCsl CMECTUTD TeJI0 M3 OJHOW TOYKU B JPYTYIO.
[TpynunHO# MOSBIEHUST TaKOW CHIIBI MOXET OBITh JIMIIb Pa3sHOCTh JABJIEHHIA,
JEWCTBYIOIINX Ha TEJIO C MPOTHBOTIONOKHBIX CTOPOH. DTa pPa3HOCTh MOXKET
TIOSIBUTBCS TOJIBKO B TOM CiIydyae, €Clii B MPOCTPAHCTBE MMEETCs IpaJveHT
nasieHuit. [Ipu 3TOM OTHOILIEHWE TeMrepaTypsl K DaBJIEHHUIO, TaK e Kak 1
OTHOIIIEHWE WX IPAJIMEHTOB, B 3(MPe COCTABUT

7, gradl, 2m, 21,5-10
= = = =8,2:10°*K I1a™ (5.105)
P, grad®, 3Kp, 31,382.8,85.10%

PesynbTupytomas cuia, AecTBYrOLIas CO CTOPOHBI CpeIbl Ha Telo,
HarpuMep Ha 3aMKHYTbIH TOPOMIAJbHBIH BUXpb, OyAET MPONOpLUOHATIbHA
rPaMeHTy JABIEHUs M pasMepy BHUXpA (IpHM YCIOBHH MAJIOCTH pa3sMepa
9TOro BHUXpsA 10 CPaBHEHHIO C pAcCTOSHUEM OT Tena, CO3JaBIIEro
TeMIepaTypHoe MnoJie). DTa Cujia COCTaBUT

F = Siubougrad® =V, gracP. (5.106)

3nech Sy - 3KBHBAJIEHTHAs TUIOMIAAb TOMEPEYHOro ceueHus Tena; Loks —
paccTosiHUE, SKBUBAJICHTHOE [UIMHE TapaJulesIeNUIeNa, UCTIBITBIBAIOILETO Ty
)K€ CHIIY, YTO M pacCMaTpUBaeMBbIil BUXPb, HA KOTOPBIN BO3IEUCTBYET CUIIA;
V, — DKBUBAJICHTHBI 00bEM Tela.

MoHO MNOKa3aTh, 4TO MPHU MOCTOSTHHOM TPAaJUEHTE NABICHUS B Cpele
cuila, JAEHCTByIOLIas HA TelIO, HE 3aBUCUT OT OpUEHTALUU Tejla B
npoctpanctBe. Tak, mIsd napaiielenunesa co CTOPOHAMH, PpPaBHBIMU
COOTBETCTBEHHO «, b, ¢, MPU OpUEHTALMU CTOPOHBI @ TIO OCH, BIOJIb KOTOPOi
JeHCTBYeT TpaiueHT AaBieHnd, moayuum (puc. 5.24pa3HocTh AaBlieHU Ha
TpaHsx

AP =P, —-P; =agracP. (5.107)



177

[lmomane cedeHust Tejia COCTaBUT

S=hc. (5.108

N

/ ;
) AP

Puc. 5.24 IpoucxoxaeHne CHI0BOro TepMOAHHAMUYECKOr0 BO3eiiCTBUS Ha
TeJIO CO CTOPOHBI HEPABHOMEPHO HATPETO# cpeabl

OO6mmas xe cuna Oyner
F = SAP =abcgrad® =V grad. (5.109)

ITpu opueHTalMy CUITbI BAOJL CTOPOHBI b nMeeM
AP =P, —P; =b gracP, (5.110)

a Iomaab CeYCHU Tejia COCTAaBUT
S=ac. (5.111)

OO61mas e cujia U B 3TOM cjiydyac

F =SAP =abcgrad® =V gracP. (5.112)
ITockonbky
3p,
gradP, = kgrad,, (5.113)

i,



178 I'maBa 5. CTpoenne razoBbIX BUXpeii.

TO 3aJaya OTbICKAHWS CHJ, ACWCTBYIOIUMX HAa BTOPOE TEJIO CO CTOPOHBI
MEPBOro, CBOAUTCSA K OTHICKAHUWIO 3aBUCHMOCTH IpalMEHTa TEMIEpaTypbl B
cpele OT pacCTOsHMUA OT MEPBOrO Teja, CO3JAIOLIEr0 B IMPOCTPAHCTBE
TEIUIOBOM MOTOK.

[Tpu pacuere mnepBoro MNpUOIMKEHHS MOKHO TMOJIOKUTH p> = CONSt,
TMOCKOJIbKY HEMCTBYIOIIHWE CHJIBI Majibl M HE CYIIECTBEHHO W3MEHSIOT
ITOTHOCTH 3upa. Takoe MpennooxkeHrne CyIeCTBeHHO YIPOIIAaeT BEIBOIBI
3aBUCUMOCTEM.

Kak Oynmer mnokazaHo jganee, TE€pPMOJMHAMHYECKHE BO3IEHCTBUS €O
CTOpOHBl 3¢upa Ha Tena SABISAIOTCA OCHOBOW  IpaBUTALIMOHHBIX
B3auUMOAEUCTBUI TEJI.

BriBoabl.

1. Bce BelleCTBEHHble MaTepualibHbie  00pa3oBaHUs  ABJSIOTCA
YVIUTOTHEHHBIMH BHUXPSAMH Ta30mMoJ00HOTO 3(upa, W TMOITOMY BHUXPEBOE
(BpaiatesibHOE) IBMKEHHE ra3a UrpaeT 0COO0YIO POJib B CTPOEHUU MaTEPUU.
V3ydeHn0 BUXpPEBOTO NBWKEHUS W COIYTCTBYIOIIUX €My SBJICHUI OBIIO
YIEJIEHO MHOTO BHUMaHUS pa3jIMyHbIMU UCCIEN0BATENSIMU, KOTOPBIMU ObLIN
MOJy4YeHbl BaXkKHble pe3ynbTaTbl. OJHAKO MHOTME TPOOJIEeMBl TEeOpUu
BHUXPEBOT0 JBWKEHHUS ras3a, CBs3aHHble C oOpa3oBaHMeM U audp¢y3uei
BUXpEN, UX DHEPreTUKOM, B3aMMOIEHCTBUEM BHHTOBBIX ITOTOKOB, TEOPUEN
MOrPaHUYHOr0 CJIOS U T.N., OO HACTOALUETO BPEMEHM €ILUE HE MOJYYMIU
JOJDKHOTO Pa3BUTHAL.

2. VcioBueM BO3HWKHOBEHHWS BHUXPEBOTO JBIWKCHUS  SBISCTCS
TpaieHTHOE TE€YEHNE, BO3HUKAIOIIEE, HAIPUMEP, B PE3yJIbTATE COYAAPECHHUS
IBYX CTpy#i ra3a. B mpomecce ¢GopMHpOBaHWS TOpPOWTALHBIE BUXPH
CTIOCOOHBI IEeTUTHCS U YIUIOTHATBCS, 00pas3ys Bce Ooiiee MeNkue U Bce Ooee
MJIOTHBIE TOpOUJAATbHbIE BUXpU. TeMreparypa Teja BUXpsS NOHUKAETCS IO
Mepe YIUIOTHEHHS], @ CKOPOCTh TAHTE€HUMAJILHOTO JBUKEHUS YBEIMYUBAETCS,
MPUYEM 32 CUET HE TOJIBKO C)KATUs TeJla BUXPsS BHELUHHUM JAaBJIECHHEM, HO U
nepepacnpenesieHdss  CKOPOCTH  TEIUIOBOIO  JBWXKEHHS  MOJIEKYJ B
MpUpalleHUe TaHTeHUMANbHOW CKOPOCTH BpalleHus BHXpsA. CKOpoCTb
TAHI€HLMAJILHOTO JBWXKEHUSI BHYTPEHHHUX CJIOEB BHUXpPS BbILIE, YEM
HapyXHbIX.

3. IIpu popMupoBaHNM ra30BOTO BUXPS MPOUCXOIUT CAaMOIPOU3BOIbHOE
npeoOpa3oBaHie MOTEHLMATBLHOW SHEPTrUU JAABJIEHUS OKPYXKAIOLIETO BUXPb
ra3a B KMHETMYECKYIO dHEpPruro BpauleHus Buxps. [Ipu atom cobmonaeTcs
3aKOH MOCTOSIHCTBA MOMEHTA KOJIWYECTBA ABWKEHUS, U YEM CUJIbHEE CXKATO
TEJI0 BUXPSA, TeM OOJIbIIE B HETO 3aKauWBACTCS SHEPTHH W3 OKPYKAIOUICH
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cpenbl. Takum o6pa3oM, (opMUpOBaHKE ra30BOr0 BUXPSA — 3TO MPHPOIHBIN
npouecc MpeoOpa3oBaHUs IMOTCHUMAIbHOM JHEpPruM [aBjeHUS Tra3za B
KUHETUYECKYIO SHEPTUIO BPALICHUS BUXPA.

4. YIUIOTHEHHBIH ra3 B JIOKaJIBHOM 00beMe CIOCOOEH YAEP KaThCsl TOJIBKO
B BUXpE TOPOWAAIBHON CTPYKTYpHI THIA 3aMKHYTOW camy Ha ce0s TpyOsl. Bo
BHYTPEHHEN IIOJIOCTU TOPOMJA IUIOTHOCTb U [JAaBJICHHE ra3a IIOHUKEHSI,
CTEHKHM M KE€pH CYIIECTBEHHO YIJIOTHEHbI. TOpPOMIANbHBIA BUXPb OKPYKEH
MOTPaHUYHBIM CJIOEM Ta3a, B KOTOPOM TeMIepaTypa U BA3KOCTb MOHWKEHBI
MO0 CPaBHEHUIO C TEMIMEpaTypoil M BA3KOCTBbIO OKpYKarollel cpelbl. ITO
o0ecreunBaeT yCTOWYMBOCTb BHUXPEBOTO  TOPOWAA M UIMTEIBHOCTh €ro
CYLIECTBOBAHMSI.

5. B TopounaibHOM BUXPE CaMOINpPOM3BOJILHO BO3HHKAET BHHTOBOE
JBW)KEHUE — COYETaHHE TOPOMIAIBHOIO ABWKEHUS C KOJBLUEBBIM — BOKPYT
€ro LEHTpalbHON ocu. BHHTOBOE [BWXKEHHME BO3HHMKAET BCIEICTBHE
Pa3HOCTH IUIOINAAX CEYEHWH IOTOKAa rasa B TOPOMJAJIBHOM [BIKEHUU BO
BHYTpeHHeld U BHewHed oOnactax Topouzaa. I[Ipu 3ToM cKOpOCThb
TOPOMIABHOTO IBWKEHHS yObIBaeT OT LEHTpa K mepudepnu, a CKOpocTb
KOJIBLIEBOTO JIBIKEHUS BO3pacTaeT. BHHTOBOIl TOpoWnanbHbI BHXph
001aiaeT MOBBIIEHHOH YCTOHINBOCTHIO.

6. BuHTOBOIi TOpoOMAaNbHBIN BUXph Ta3za B Tpolecce 00pa3oBaHUSA
KOHLEHTPUPYET B cebe IHEPTUIO OKPYKaroIe cpedbl W sBIAETCS, TaKUM
00pa3oM, MPUPOAHBIM MEXaHM3MOM MO MPeoOpa3OBaHMIO MOTEHLMAIBHON
SHEPIrUU Ta30BOW Cpelbl B KNHETUUECKYIO SHEPTHIO BPALLEHH BUXPSL.

7. B OKpecTHOCTSIX BHHTOBOTO TOPOMIAIBHOTO BUXPS BO3HUKAIOT
paznuHble (OpPMbI IBHXKEHUS: TOPOUIALHOE, ONMUChIBaeMoe 3akoHoM buo-
CaBapa; KoJbLEBOE, omucbiBaeMoe Teopemoii Octporpaackoro—laycca, a
Takke TepMmoanddysroHHOe, OMKMCHIBAEMOE ypaBHEHHEM TEIUIOTPOBOIHO-
CTH.

8. B pe3ynbTare BO3HMKHOBEHHS] B OKPY)KalOIIEM BHUXPb MPOCTPAHCTBE
TEMIIEPATYPHOIO TPAJUEHTa IPOUCXOAAT IMEPEMELICHUE ra3a B CTOPOHY
BHUXps, TMOMIOIIEHNE ra3a BHENIHEH Cpeibl TENOM BUXPSA, B CBS3H C 3THM
YBEJIMYEHUE PA3MEPOB M YMEHBLIEHHE CKOPOCTU BPALLEHMS, YTO CHUKAET
YCTOHUMBOCTb BUXpsI, MPUBOAUT K HAPACTAHUIO MOTEPh YHEPTUU BpALLECHUS
BO BHEILHIOIO Cpefly 1, B KOHLE KOHLIOB, K IU((y3ur BUXpPs U €ro pacnany.

9. Bce B3auMoeiicTBUSI MEXIy ra3oBbIMU BUXPSAMM, HAaXOAAMIMMUCST B
o01eit ra30Boi cpesie, MPOUCXOAAT MO NPUHIUITY ONU3KOIAECHCTBUS yepes Ty
cpeny. Kaxpoe BuxpeBoe o0pa3zoBaHME CO3[Ja€T CBOUMH ABHKEHUSIMHU
COOTBETCTBYIOILME IBIKEHUS B OKPYXKAIOLIEM €ro rase, KOTOPO€ B CBOXO
ouepeb OKa3blBaeT BO3JEHCTBHE Ha Apyrye BUXPEBbIE 00Pa30BaHMA.

10. CymecTByeT Bcero 4eThipe BWAA BO3JAEHCTBHUIA NBWKEHWH Ta30BOit
cpenpl Ha Tena: JI0OOBOe BIOJb HAMNpaBleHHWs TOTOKA, OOKOBOE BHIOIb
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HampaBlieHUs TMOTOKa, OOKOBOe TIOMepeK HalpaBJeHHs TMOTOKa H
TemnepaTypHoe. Bce oHM cBA3aHBI ¢ TpagMeHTaMU JaBJeHHi, BO3SHUKAIOLINX
B ra3oBoil cpere JuOO B CBS3U CO CKOPOCTHBIMH, JHOO B CBA3H C
TeMIepaTypHBIMH TpaTieHTaMu rasa.
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I'naBa 6. Hyk/10HBI H aTOMHBIE AAPa

H3bicKaTh MOJIEIb U ACTEPMUHUCTCKYIO MEXaHUKY MHAMBHIYaIbHBIX
MHKPOOOBEKTOB, JOIMYCKAIONIYIO B KAYeCTBE OOBEKTUBHOM
CTATHCTHYECKOM MEXAHUKH OOBIYHYIO KBAHTOBYIO MEXaHHUKY

JKan Hone Buscwe [1]

6.1. KpaTkas ucropus uccjieoBaHHii aTOMHOI0 siApa

CymecTBoBaHWE aTOMHOTO  siipa  OBIIO  OTKPBITO  AHTIIMIICKAM
uccienoBatenem J.Pesepdopaom B 1911 1. [2]. TIpoBoas OMBITHEI MO
TIPOITYCKaHUIO allb(ha-9acTHLl, W3Ty4yaeMbIX €CTECTBEHHBIM pPaANOaKTHBHBIM
WCTOYHMKOM, Yepe3 TOHKYIO (ONIbTy pasziMYHBIX BEMIECTB, OH OOHApYXWI,
4TO aib(a-yacTHUUbl 4Yalle, YeM I3TO MpeAroyiarajoch, paccerBarOTCs Ha
6onblne yrisl. Pesepdopa npaBuibHO UCTOIKOBAN 3TOT (akT Kak HaJIW4Ke
B aTOMe [MOJIOKHUTENbHO 3apsHKEHHOTO s1pa, HMMEIOLIEro CyLeCTBEHHO
MeHbIIe pa3Mepbl, yeM cam aroMm. Jlo Pesepdopma B aTomMuctuke
rocrnoJcTBoBaJM  mpexacTtaBieHuss Jx.ToMmcoHa, corlacHO  KOTOpPBIM
TIOJIOKUTENBHBIH 3apsa aToMa CUUTAJICsd PaBHOMEPHO pacrpelesieHHbIM 10
BceMy 00beMy aroMa, a 3JeKTPOHBI OBIIM BKparuleHbl Ooiee WM MeHee
paBHOMEPHO B 3TOT 00BEM, Kak M3IOMUHKH B TecTo. B 1919T. Pesepdopa
OOHapYKWJI CPeIN YaCTHL, BEIOUTHIX M3 aTOMHBIX si7ep, MPOTOHBI — YaCTULIBI
C eIMHWYHBIM TIOJNIOKUTENBHBIM 3apigoM W Maccoif, B 1840 pa3
TIPEBOCXOIAIIEH Maccy 3JIEKTpOHa.

Ko BpeMeHM OTKpBHITHUS aTOMHOrO sipa ObIIM M3BECTHBI TOJBKO [IBE
3JIeMEHTapHbI€ YacTULBI — JJIEKTPOH M TMPOTOH. B COOTBETCTBHMU € 3THM
CUNTAJIOCh BEPOATHBIM, YTO aTOMHOE AP0 COCTOMT n3 HuX. [IpencrasneHue
0 NMPOTOHE BO3HMKIO B Hadajge XX Beka B BHAE TMMOTE3bl O TOM, YTO BCE
A0pa cOoCTOAT W3 Anep aroMoB Bogopoaa. B 1919-1920rr. Pesepdopn
JKCTEPUMEHTaIbHO HaOogan sAapa BOAOPOAA, BbIOWTbIE W3  JPYrUX
3JIEMEHTOB anb(a-4acTuamMH, oH ke B Hadase 20X TOIOB BBEN TEPMHH
«apotoH» [2]. OnHako B koHIe 20X rogoB MPOTOHHO-3JIEKTPOHHAS THIOTE3a
CTOJIKHYJIaCh C CEpPbE3HOW TPYAHOCTHIO, TOMYYMBLIEH Ha3BaHWE «a30THON
KatacTpobl». CHHWH fApa a30Ta, WMEOUMH B CBOEM COCTaBe, Kak
npearnonaranock, 21 gactuiy - 14 npoTOHOB M 7 3JEKTPOHOB, KakIas W3
KOTOPBIX MMe€JIa CTIUH %2, B COBOKYMHOCTH NOJDKEH OBIT MMETh CIUH Y2, a
COTJIACHO JAHHBIM IO W3MEPEHHIO0 ONTHYECKUX MOJIEKYJSPHBIX CHEKTPOB
CIIMH OKa3aJicsl paBHbIM 1.

CoctaB aTOMHOro siapa ObUl BBISICHEH TIOCIE OTKPBITHS YYEHUKOM
Pezepdopna Tx.Yensukom (1932)HeiiTpoHa [3], Macca KOTOporo okaszanach
ONMM3KOM K Macce MPOTOHA, 3JEKTPUYECKWH 3apsa OTCYTCTBOBal, a CIHH
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oKazaJics paBHbIM Y2. UeIBHMK YCTAHOBMI, YTO OOHapyKEHHOE HEMELKUMHU
¢mukamu bore m bexepoM mpoHMKarollee W3NydeHHE, BO3HHUKaroLlee Mpu
60MOapaIMpOBKE AaTOMHBIX sJI€p, B YACTHOCTU OEpUILIUs, O-4acTULAMH,
COCTOWT M3 He3apsHKeHHBIX YacTHII C MAccoif, OIM3KOi K Macce MpoTOHa.

Wpest o ToM, 4TO aTOMHOE SIAPO COCTOUT U3 TPOTOHOB M HEWTPOHOB, ObIIa
BIlepBLIE Bbicka3aHa B neuatu J[.J[.MiBanenko (1932) [4] u HenocpeaCTBEHHO
Benen 3a 3TUM paseuta B.[eitsen6eprom [5]. [IpoToHBI M HEHUTPOHBI ObLTH
00bearHEHBl O0IIMM Ha3BaHWEM HYKIIOHBI. TeopuW MpOTOHAa W HEWTpOHa, a
TaKKe aTOMHOTO Spa, COCTOSIIETO W3 MPOTOHOB W HEHTPOHOB, TOCBAIIEHO
Ooubloe KoaudecTBo pabor [6—26].

B nanbHeiiliem TeOpust aTOMHOro sAapa craja YCIOXKHATbCA. bbuin
OTKPBITHI HOBBIE YacTHLpbI, Oojiee TsKesble, YeM HYKIOHBI, KOTOpBIE
NPEaNOJIOKUTENILHO TOXKE HTOJDKHBI BXOOWTh B COCTAaB aTOMHBIX sep. DTH
YacTHULbI OB 0OHAPY)KEHBI B AEPHBIX PeaKLUAX MpH O0MOapIUpOBKe Aaep
YacTUIAMH BBICOKHX YHEPTHIA.

B cooTBeTcTBUM C Teopuell OTHOCHTENLHOCTH W KBAHTOBOW MEXaHWMKOi
ObIO  pemieHo, 4YTO Ui W3YYeHHWs AaTOMHOTO siipa Heo0X0IMMo
O6omObapanpoBaTh WX 4YACTHLAMU BBICOKMX OJHEPTHil, sl Yero ObuM
TIOCTPOEHBI YCKOPHUTENIM BBICOKMX 3Hepruit. B 70X romax sHeprum yacTui,
Pa30THaHHBIX Ha YCKOPUTENSIX, COCTABWIM JECSITKH W COTHM MWIJIMApIOB
anekTpoH-BosibT ([3B). Cuurtaercs u ceifuac, 4TO BBICOKME 3JHEPrHU
OTKPBIBAIOT BO3MOXKHOCTb M3Yy4YEHHUsS CTPOCHHUS MaTepuyd Ha TeM MEHBIINX
PacCTOSHMAX, YeM BBILIE DHEPTUS CTATKMBAIOIIMXCSA YacTUL. YCKOPHUTEIH
CYILECTBEHHO YBEJMYWIM TEMIIbl MOJy4eHHs BCE HOBBIX <QJIEMEHTapHbIX
qacTUL». Bl TONy4YeHbl TsKesble aHTHYacTUIbl — aHTUNpoToH (1955),
antuHedTpoH (1956),antucurma-runeponsl (1960).B 1964 . OblT OTKPBIT
caMbIil TSDKENBIM TUTIEPOH ¢ Maccoif OKOJIO IBYX Macc mporoHa. B 60x
rogax Ha YCKOpUTENSX OBbUIO OTKPBITO OoJNbIIOE YHCIO KpaiiHe
HEYCTOWYMBBIX YACTWI, TMONYyYMBIIUX Ha3BaHUE <PE30HAHCOB», MacChl
OONBIIMHCTBA W3 HUX MPEBBIMIAIOT Maccy mpoToHa. B 70X romax wwcio
BHOBb OTKPBITBIX YacTHI[ C CaMbIMH HEO)KMIAHHBIMH CBOWCTBAMH PE3KO
YBEJIMYMIIOCH. {1 OnMcaHust 3TUX HOBBIX CBOMCTB OKa3aJloCh HEOOXOIMMBIM
BBECTH DA HOBBIX MOHATHI, TAKMX KaK «CTPAHHOCTB», <OYApOBaHUE» U T.I.

B HacTosimee BpeMsi cTajla MOJAHOW Teopusi kBapkoB [23], coriacHo
KOTOPOM TsKeNble YacTHLBl TMOCTPOCHbl M3 Pa3IM4HBIX KOMOWHALMi
«UCTUHHO DJIEMEHTAPHBIX» YAacTHLl — TPeX KBAapKOB U TPeX aHTHKBApPKOB,
K&KABIH M3 KOTOPHIX MMeeT MacCy TopsIka MATH MNPOTOHHBIX Macc.
CoenuHeHne KBapKOB MeXIy co0Oif MpPUBOOWT K MpeoOpa3oBaHUIO Macc
KBapKOB B JHEPTHIO CBfA3M, B pe3yJbTaTe, COCAMHUBIINCH, HANPUMEP B
MIPOTOH, TPW KBapka, UMEIOIINI KaXIblii M0 5 MpOTOHHBIX, a B cymme 15
MIPOTOHHBIX MAacc, COXPAaHAIOT B BHIE MacChl TOJNBKO OOHY MPOTOHHYIO
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Maccy, ocTaibHble 14 MpOTOHHBIX Macc Mpeodpa3yloTcs B IHEPTUIO CBA3EH
KBapKoB Mexay coboil. IlpaBma, B skcrepuMeHTaX KBapkoB Tak M He
HaLA. ..

Hapsgy ¢ paccMOTpeHHEM aTOMHOIO sapa, KakK COCTOSIIETr0 W3
3JIEMEHTApPHBIX YacTWL, ObUT BBIABUHYT pAN SOEPHBIX MoIesel, T.e.
TIPUOIIMKEHHBIX METOIOB OTHMCAHWs, OCHOBAHHBIX Ha OTOXKIECTBIECHHUH sSIApa
C Kakoi-mbo cucTeMoii, CBONWCTBAa KOTOpPOW JTMOO XOpOIIO M3YyYeHBI, JTHO0
MOJAAIOTCA CPaBHUTENIBHO MPOCTOMY TEOPETHYECKOMY aHanHu3y. TakoBBI,
HarpuMep, siepHbIE MOJENN BBIPOXKAEHHOTO (epMu-rasa, KHUIKON Karulu,
poTaropa (Boyruka), 06oj04eqHast MOJEIb U JIp.

s oObsICHEHMsI SAEPHBIX CHII, CBS3BIBAIOIIMX HYKJIOHBI B SApax
(cunbHOE sAmepHOe B3aMMOJIEHCTBHE), TAKKEe HCIOJIb30BAaHbI PA3IMUHbIE
Mozenu. B 1935r. sanoHckuii pusuk X.FOkaBa BeICKa3al TUIOTE3Y, COTJIACHO
KOTOpOil HyKJIOHBI OOMEHHMBAIOTCSA APYr C JAPYTOM HEKOTOpOW dYacTuUei,
obnagaroleli Maccoif W SBJSIOLICHCS MEePeHOCUYNKOM SIAEPHBIX cun [24].
[TomoOHass  rumoTesa  He3aBUcuMoO  BeinBurasacb M.E.Tammom m
J..UBanenko . Takas gactuia Obita oOHapyxeHa B 1947r. u Ha3BaHa 7-
Me30HOM. Ho B panbpHelieM BBIACHWIOCH, YTO HY)KHO NpUBJIEYb IS
OOBSICHEHUsI CHJIBHOTO B3aWMOIENUCTBUS W psin Apyrux yactui. Cuumtaercs,
YTO OMpeleNeHHbI BKJIal B CWIBHOE B3aNMOJCHCTBHE JAIOT M CaMH
HYKJIOHBI. YacTullpl, y4acTBYIOLIME B CHJILHOM B3aUMOIEHCTBUM (aapOHBI),
OKpYKeHbl oOsakaMy Me30HOB. P.DelfHMaHOM Obljla BBIABUHYTa MOJEIb
«IapTPOHOB», B KOTOpPOW TpenmnonaraeTcs, 4YTO aIpoHbl B HEYMPYrux
COyJapeHusix BelyT ceOsd  KaK COBOKYIHOCTb TOUYEYHBIX YacTHL —
«TapTPOHOB», HEKOTOPBIM 00pa3oM paclpeleNieHHbIX MO HMIyjabcaM. B
KauecTBe MapTPOHOB MOXKHO PaccMaTpuBaTh KBapKW, CUMTAsl, YTO aAPOHbI
TTOMHMMO TPEX KBapKOB COAEPKAT Takxke 00Jako KBAPKOB-aHTUKBAPKOB.

B cBsI3U ¢ M3II0KEHHBIM 11€JIeCO00pa3HO TOTIOHUTENBHO BCIIOMHHUTH 00
WCTOPUH OTKPBITUSI HEUTPUHO — IIIEKTPUUECKH HEHTpanbHON 3JeMeHTapHOM
YaCTHLI, MMEIOIIEeH MacCy MOKOs, MHOTO MEHBINYIO, YeM Macca MOKOs
anekTpoHa. OTKpBITHE HEWTPUHO, N0 MHEHHIO (M3WKOB, MPUHAIIIEKHUT K
qucily HanboJiee ApKUX U BMECTE C TeM TPYIHbIX cTpaHHL B (pusnke XX B.

BrnepBble B 3kcrepuMeHTalIbHOM (u3MKe HEHTPUHO mMposiBuiioch B 1914
r., korga aHmuickuii ¢m3uk JHx.UYenBuk oOHapyX Wi, 4YTO 3JIEKTPOHBI,
UCIycKaeMble TpH [-pacnaje aTOMHBIX SAep, WMEIOT HEeNpepbIBHbIN
9HEPreTUYeCKHi CrIeKTp. DTO sIBIEHHE HAXOAWJIOCh B SIBHOM MPOTUBOPEYHU
C Teopueil KBAaHTOB W TMPHUBOIWIO K HaApyLIEHUIO 3aKOHAa COXPaHEHUs
SHEpruu.

B 1930 r. mBeiimapckmuii ¢m3uk B.[laynu B muckMe ydacTHHUKaM
ceMruHapa B TropuHreMe cOOOMIMII O CBOEW «OTYASHHOW TOTBITKE» CTACcTH
3aKOH coxpaHeHus sHepruu. [laynm BeICKasasl TMIOTE3y O CYLIECTBOBaHHUHM
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HOBOM DJIEKTPUYECKH HEUTpPaNbHON CWJIBHO TIPOHMKAKOIIEH YacTULBI,
obnagaromeii Manoit Maccoit, 6marogapst KOTOpoit U co3gaeTcsi BreyaTieHne
0 HecoONIOJIEHNH 3aKOHa COXpaHeHus »Hepruu. [locne oTkpeiTus B 1932r.
HeliTpoHa wWranbsHCKUH ¢m3nk O.DepMu TNpemIoKUI Ha3BaTh TaKylo
YaCTHLYY «HEUTpUHO» (MaJleHbKHI HEeUTpOH). BriocneicTBUM HEUTPHHO OBLITO
oOHapyXeHO, W HEWTPWHHOE W3ITyueHHe HCIIOIb30BAIOCh KaK MHCTPYMEHT
W3y4Y€HUs BHYTPU3BE3IHBIX MPOLIECCOB.

B pa3Ho00pa3HbIX 1 MHOTOUNCIIEHHBIX KCIIEPUMEHTAX, MPOBEACHHBIX Ha
YCKOPHUTENSIX BBICOKMX IHEPTHid, MONy4YeHBl pa3MyHble ¥ MHOToOOpas3Hble
JAHHbIE TI0 CWJIBHOMY B3aMMOJIEHCTBHIO YAaCTHL, a TAKXKEe IO MOTYYECHUIO
CaMbIX pa3HOOOpa3HbIX «JIEMEHTAPHBIX YaCTUI» BeELIeCTBa, OOllee YHCIO
koTopbix konebnercsa ot 20010 2000,cMOTpst Kak CYUTATh U YTO YYUTHIBATb.
OmHako BCe OTU JKCIEPUMEHTANIBHBIE PE3YNbTaThl HE CIMIIKOM XOpOLIO
COTIPSAraroTCa IPYr ¢ APYroM, MO3TOMY TEOPETHKAM MPUXOIUTCS BCE BPEMs
YCIIO)KHSITh CBOM MOJENN U TEOPHH, UTO, KaK OHM CUHUTAIOT, OOBSICHAETCA
CJIOKHOCTBIO MPEIMETa UCCIIeJOBAHMA.

C coxameHWeM cJedyeT KOHCTaTUpOBaTh, 4YTO HAaX  BCEMH
HCCIIeIOBAaHUAMHU B 00JIaCTU aTOMHOTIO siipa BUCUT (uiocodckasi OCHOBA U
METOJ0JIOrHYecKasi TEHb TEOPUN OTHOCUTEIBHOCTH DHHINTEiHA N KBAHTOBOM
MeXaHWKHd. Teopus  OTHOCWTENBHOCTH, BHIOpOCHB  3dup, JHMNNA
<«QJIEMEHTAPHBIE» YACTHULI BEILNECTBA CTPOUTENILHOTO MAaTepuana W TeM
CaMbIM CTPYKTYpbl. HacTHLbI HE MMEIOT HE TOJIbKO HHMKAaKOro MeXaHW3Ma,
OOBSCHAIOLIET0 WX  CBOWCTBA — MAarHUTHOrO  MOMEHTa,  CITHHA,
3JIEKTPUYECKOrO 3apsijia U T.[., HO Jaxke pasMepoB. Bee ux cBoiicTBa B3snIKCh
HUOTKYZla, OHU BPOKICHHbIE. DUIUUECKOW OCHOBBI JTUIIWINCL U ANEPHBIE
B3aMMOJENCTBYA. A MOCKOJIBKY HET HUKAKOW CpeNibl, Yepe3 KOTOPYIO MOIIH
Obl B3aMMOJEWCTBOBATh YACTHIIBI, TO BCS JIOTMKa HccienoBaTerneil Oblia
HanpaBjieHa Ha TOWCKHM YacTUI, KOTOpble MOIJIH OBl Kak-TO OOBSICHUTH
pe3ysbTaThl MCCIIENOBaHMi, KOTOPBIX ObuT0 Hemano. OmHaKo HUKOMY He
MPUIIO B TOJOBY, 4TO BCE 3TO MHOrooOpa3We 4YacTHll, OTKPHITOE C
TOMOIIIBI0 YCKOPUTEJNIEH BBICOKMX JHEPrHii, He COJAEpPXKUTCSA B BEILIECTBE, a
TMOJTy4aroTCsl B CAaMOM 3KCTIEPUMEHTE, YTO BCE 3TO OCKOJKHM MM KOMOMHALIMN
OCKOJIKOB BEILECTBA, CO3JAHHBIX MpH OOMOapIMpOBKE MUIIEHEH, M 3THX
OCKOJIKOB MOXKET ObITh MOJIydEHO OecuMClIeHHOEe MHOecTBO. [IpakTuka 310
MOATBEPKIAET.

IIpuxoguTcs KOHCTATUPOBATh TAKXKE M TO, YTO B MOIENAX U TEOPHAX
aTOMHOTO sApa U CWIBHBIX B3aUMOJEIHCTBUI HAIIAIHO NPOJEMOHCTPU-
poBanbl ¢unocodckas 6ecroMOIIHOCTL OONBIIMHCTBA TEOPHU U OTCYTCTBHE
Hay4HOH METOJOJIOTMH. BoJbIIMM HEZOCTaTKOM CYyIIECTBYIOIIMX TEOPHA
<QIIEMEHTAPHBIX YaCTHUI» ABJISETCS] OTCYTCTBHE KaKWX-TMOO TpencTaBIeHUH
0 CTPOEHHHU U CTPYKTYpPE YaCTHL], a TaKXKe O MPUPOJE MOJIEeH, OKPYKAIOLINX
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WX, 1 HHUKOTO 3TO He BoJiHyeT. COBCeM He paccMaTpuBaroTcs (U3MUYEcKHe
MPUYUHBI, 10 KOTOPbIM BCE 3T MHOTOYUCIICHHBIE YaCTHULII UIMEIOT BCE CBOU
CBOIiCTBAa M TOYEMY OHM CIOCOOHBI TpaHCc(OpMHUPOBATHCS APYr B JApyra.
HenonnMaHne BHYTpeHHEro MeXaHW3Ma TIIPHUBENO K MHOTOUYMCIEHHBIM
TIOTIBITKAM ~ TTOJTYYWTb CBEICHWS O MHKPOMHpE IIyTeM HapalyBaHWs
MOLIHOCTEl YCTAaHOBOK B CJIENOM Hajexae Ha ciydail. Ho ycraHoBku, Ha
KOTOpBIE 3aTpadeHbl TPOMaJHbIE CPENCTBA, CO3/IaHbl, a ICHOCTH B CTPOSHHUN
MaTepHy MPaKTHUECKH He MPHUOaBUIIOCH.

Bce 3to nocroifHo coxxaneHus. He CTOWT yIOMBISATHECS TO3TOMY, HYTO
nporpamMMbl MOJOOHBIX MCCIENOBAaHUI HAa YCKOPUTENAX BBICOKHX HEPrHid B
1999r. ObIM 3aKpHITHL MPAKTHYECKH BO BCEM MHpE, MO BCell BEPOSITHOCTH,
BCJIEACTBUE cBoel Oecrone3Hoctu. IlyTh, Mo KOTOpOMy LI BCE 3TH
uccleIoBaHus, OKa3ajics TYNHKOBBIM.

6.2. Omnpenesenne 3pUPOIHHAMUYECKHX T[AapaMeTpPOB
HPOTOHA

O¢uponrHamMMka C  caMOro  Havala  MpeAnojiaraeT  Haludue
CTPOUTENILHOTO Marepuaia, W3 KOTOPOr0 COCTOST BcCe 3JeMEHTapHble
YacTHLBl BelecTBa. JTO cpa3y e MO3BOJSET MOCTaBUTh BOMPOC 00 WX
CTPYKTYpPEe M O BHYTPEHHEM JBW)XEHHM MaTepUH, pPe3yJbTaTOM KOTOPOTO
SBJISIIOTCSI BCE BHEIIHKME CBOMCTBA MUKPOYACTHII.

Ha6monenuss  Bropakanckoit  o6cepBatopun  (AMOapiryMsiH) 3a
AKTMBHOCTBIO f/Ipa CIUpaibHON ["aJakKTHKK BBISBUJIM MCTEUEHUE MPOTOHHO-
BOJIOPOJIHOTO Ta3a M3 ee Apa, a TaKKe HaJINIHMe CKOTUICHUS MOJIOIBIX 3BE3]T
BOKPYT siipa. ITO MO3BOJISIET BbICKA3aTh OMPEE/ICHHYIO YBEPEHHOCTh B TOM,
YTO MMEHHO B SIIPE CMUPATLHON TaJaKTUKKA W 3apOXKAAIOTCS MPOTOHBI, U3
KOTOpPBIX B JayibHeiieM (GOPMHUPYIOTCS 3Be3/bl, a 3aTeM B MpOILECCE
SBOJIIOLIMM B HUX CO3JAIOTCS M BCE OCTAIIbHBIE 3JIEMEHTHI.

IIpoToH sBJsIETCS OCHOBHOM MMKpOUYacTUIell BCEro MHUpPO3AaHHs Ha
YpPOBHE BellecTBa. ODTO ClenyeT W3 TOro, 4To MPOTOH — OCHOBa aToMa
BOJIOPOZIa, OH BXOJHT B COCTaB siIEP BCEX BEIECTB, MPUUEM, KaK 0Ka3ajocCh,
HEWTPOH 3TO TOT XK€ MPOTOH B OJHOM M3 €ro cocTosHMIA. [103TOMy MOXKHO
nojlaratb, 4to Oosee 99% macchbl BCEro BUAMMOTO BEIIECTBA B HAaIIei
[anakTrKe, a BEPOATHO, U BO BCeIeHHOM COCTOUT M3 TPOTOHOB.

ITockoJIbKY €IMHCTBEHHBIM BHAOM JBWXEHHS 3(upa, CrIOCOOHBIM B
3aMKHYTOM 00beMe coOpaTh YMIOTHEHHBIN 3(UpP, ABIAIOTCS TOPOUIAIbHBIE
BUXPH, CTPYKTYpa MPOTOHA JOJKHA ObITh OTOXJIECTBJIEHA MMEHHO C TaKOW

CTPYKTYpOil.
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HecmoTps Ha He OYeHb UETKYIO KIacCU(UKALMIO BUXPEBBIX U
TypOyJIEeHTHBIX TEUEHHI, CYIIECTBYIOLUIMX HbIHE B T'MIPOMEXaHHKE, MOXKHO
OTMETUTb CYILLIECTBEHHYIO 3aBHUCHUMOCTb XapakTepa TEYEHHH KUAKUX U
ra3oBbIX Cpell OT 3HaueHWl uncna PeliHonbaca. B 3Toi cBs3M mpeacTaBisieT
WHTEpEC OTPEICIUTh 3HAYCHUS MTapaMeTPOB IABWKEHUS d(PUPHBIX MTOTOKOB B
Hamel ["anakTuke.

Kak moxazaHo HWke, 3(QUpHBIC TIOTOKH NOBWKYTCA IO JBYM pyKaBam
criupaibHON ["anakTUKU HaBcTpeuy APYr APYTY, BCTpeUasch B LIEHTPATbHOMU
gacTh — ee sjpe. B pesynbraTe coymapeHUs U TIepeMeInBaHus CTpyit adupa
1 00pa3yroTcs 3aMKHYThle TOpoMIalbHble BUXpHU. Kak Moka3bIBaeT OMBIT
JKykoBckoro ¢ kamjei, nagarouiei B BOLY, TOPOUAAJIbHBIA KOJbLEBOH
BHUXpb 00pa3zyeTcs cpasy e TMocle CONPUKOCHOBEHHSA Karid C BOMAOM.
OOpa3oBaBlIMiics TOpPOMA HAYMHAET WCIYCKaTh CTPYH, HEIUTbCcd U
00pa30oBbIBaTh HECKOJIBKO OoJiee MENKUX TOPOUAATBHBIX KOJell, M TakK
Heckobko pa3 (cM. puc. 5.12). B omimune ot BuxpeoOpa3oBaHUs B
KUIKOCTH, TP OO0pa3oBaHWMH B 3(Upe BUXPEBOE KOJBIO CKUMACTCS
TABJICHUEM OKpY’Karollero wx 3Qwupa, a qajiee CHOBA JICTUTCSA Ha Bce Ooiee
MEJIKAE TOpPOUIbl. DTOT MPOLECC YIJIOTHEHUS U JEJIeHUs MPOUCXOIUT
MHOTOKpaTHO, N0 TeX [MOp, MOKa CTEHKM O0O0pa30BaBILErocs MPOTOHA He
YIUIOTHATCS IO HEKOTOPON KPUTHUUECKOW BEJTWYMHBI, PU KOTOPOU JesieHue
npekpamaercs. OOpa3oBaHHbIE Ha TIOCIEIHEM JTare TOPOUAAIIbHBIE
BHHTOBBIE BUXPH YIUIOTHEHHOT'O 3(Hpa U CyTh MPOTOHHI.

[ockonbky uucno PelfHonbaca Aist yCTOHUMBOrO BHXpeoOpa3oBaHUs
JIoJoKHO coctaiATh He MeHee 2000, To mpu cKOpoCTH MOCTyIUieHUs 3dupa
no ogHoMy pykaBy 10 Thic. KM/C TOJIIWHA TOTPAHUYHOTO CJIOSI OKaXKETCs
paBHOI BCETO JIMILIb

d = Re/v=20003,5 10% 10/ = 2 10°m. (6.1)

Takum oOpazom, B Tmpenenax cTpyid 3¢wupa, IITUPUHA KOTOPBIX
WCUUCIISIETCS] CBETOBBIMH TOJAaMM, BO3MOXXHO MaccoBoe 00pa3oBaHKe
BHXpeil, 4To 1 HaOMI0AaeTCA.

B mepecuere Ha MJIOTHOCTH 3(GMpa B OKOJO3€MHOM MPOCTPAHCTBE Ha
OJMH TPOTOH MpPOM3OWAET 3arpaTa 3(upa, COOTBETCTBYIOWAS KyOy coO
cTopoHoii 810° M, Ho B sape ['anakTHKH, rIe MIOTHOCT ShUpa BhIlIE He
MeHee, 4eM Ha 3—5TMopsAaKoB, 3TOT KyO MOXKET UMETh CTOPOHY He OoJiee, ueM
107 m. Takum 06pa3oM, YCIOBHS sl 0Opa3OBaHMs MPOTOHOB B SPE
["anakTKu UMEIoTCH.

B cooTBeTcTBMM C TpencTaBIeHUAMHU 3(PUPOIMHAMHUKHN TIPOTOH €CTb
TOPOMIANBHBI BWHTOBOM BHUXpPh C YIUIOTHEHHBIMH CTEHKaMH, CTPYKTypa
KOTOPOTO COOTBETCTBYET  HEKOTOPOMY TIOMOOMIO TPYOBI, 3aMKHYTOW B
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KOJIbLIO. BuxpeBoe IBWKEHHME, OJHaXIbl BO3HHUKIIEE B cpene, OyneT
CMOCOOCTBOBATh MOSIBJICHUIO BHXpeH B APYrMX 0OJacTAX Cpeibl TOTO ke
HarpaBJIeHUs, YTO M YK€ CO3JaHHbII BUXpb. TO ke KacaeTcs U BUHTOBOTO
nskenus. Co3naHHbIe B siape ['aJakTHKU BUXPH OJHOTO KAaKOTO-TO 3HAKA
BUHTOBOTO [JBW)XEHUS OyIyT CMOCOOCTBOBaTb TOMY, 4YTO BO BCEM
MPOCTPAHCTBE Aapa OyAyT CO31aBaTbCd BUHTOBBIE TOPOWABI OJHOTO U TOTO
K€ BHMHTOBOTO 3Haka — JHWOO TOJNBKO TMPAaBOBWHTOBBIE, JHOO TOJIBKO
JIEBOBUHTOBBIE, KAKOTO MIMEHHO 3HaKa MPeICTOWT BBISICHUTH B Oynymem. Ho
TO K€ OTHOCUTCA M KO Bceil Beenennoii. [loatomy B mpepenax Bcenennoit
Bpsil JIM MOTYT CYIIECTBOBaTb O0ONAacTH Ha OCHOBE TaK Ha3bIBaeMoOM
«aHTUMaTepuu», T.e. HA OCHOBE aHTUIPOTOHOB. Takhe aHTUMPOTOHBI MOTYT
OBITb CO3/1aHbI JINIIb HUCKYCCTBEHHO.

Xota obwas ¢opma MpoTOHA MPHUOIMKAETCA K IIApPOBOM, OHAa BCe XkKe
TakoBoi He sBnsercs. [lo3ToMy y NpOTOHa HEe MOXKET ObITh MOJIHON
CUMMETPUM HHU 3JIEKTPUYECKOTO, HM MarHWTHOTO TOJiel, WX CHUMMETpHs
BO3MO’KHA TOJIbKO OTHOCHUTENIBHO OCH, IPOXOJAILEN uepe3 LEHTP MPOTOHA.

Ha puc. 6.1 mpexacraBneHa CTpyKTypa NpPOTOHAa W J@HBI SIFOPHI
TUIOTHOCTEM, a TaKKe 3MIOPbl TOPOUIJANTBHON M KOJIBLIEBOI CKOPOCTEH.

M3 Takoro npencTaBiaeHus cpasy ke BbITEKAeT HalM4Yhe B MPOTOHE KepHa
— CTEHOK TpyOBI, HAXOAALIMXCS B LEHTPe MPOTOHA, a TaKXke HeOOJbIIOro
0CEBOT0 OTBEPCTHUS BHYTPH MpoTOHa. BHYTpH TpyOBbl B pe3ysibTate AeHCTBUS
LHEHTPOOEKHOW CHIIbl JaBjieHWe 3¢}upa IOMHKHO OBITh TMOHIKEHO IO
CPaBHEHHIO C BHEIUHMM JaBiieHWEM 3(upa, XOTd MIOTHOCTh 3(upa MOXKET
ObITh U OoJiee BBICOKOH, eclid TeMIlepaTypa 3¢upa BHYTPU NPOTOHA HIKE
TeMmrnepaTypsl BHeWHed cpeldbl. K TakoMy MpeAnojoKeHUI0 MPUBOIAUT
cooOpaxeHHe O TOM, YTO BHELIHWE CTEHKH MPOTOHA JOJIKHbI TaK’Ke UMETh
TIOHIKEHHYIO TEMIIepaTypy OTHOCHTENIFHO BHEUTHETO 3(upa M3-3a HATWIHS
Ha €ro MOoBEPXHOCTH TPAANEHTHOTO TEUEHHS.

[Tockonbky cedeHHME TMMOTOKAa B LEHTPE Tejla NPOTOHA WUMEeT JUId
TOPOMIATIBHOTO TMOTOKA CYHIECTBEHHO MEHBINYIO IUIOAAb, YEM CEYeHHE
MOTOKA B HApYKHBIX CTEHKaX MPOTOHA, TO CKOPOCTh MOTOKA B LIEHTpE OyaeT
CYILECTBEHHO OoJibllle, YeM B Hapy»KHbIX CTeHKaX. VHEpLMOHHBIE CHIIbI
3aCTaBsAT TEJI0 TPOTOHA BBITAHYTbCS B LEHTPE BAOAbL OCH, a C
MPOTUBOTMIONOKHON CTOPOHBI B CBSI3M C HapacTaHWEM CKOPOCTH IOJIKHA
o0pa3oBaThcs BOPOHKA. B 1iesioM 3T0 mpuBeneT k ToMy, 4To (hopMa MpoTOoHA
OyneT HalmoMHUHATh opMy KyToJia («<MaKOBKH») PABOCIABHOM LIEPKBH.

ITepexon mortoka 3¢dupa M3 BHYTpeHHEH 4acTH TOpoHIa B HapyKHbIE
CTEHKH COMPOBOXKIAETCS CHWXKEHUEM CKOPOCTH IMOTOKAa B TOPOMIAIBLHOM
HanpasieHnu. Ho moToky Hekyna oToaTh CBOKO IHEPTUIO JBUKEHUS, TIOTOMY
YTO BHEWHWI 3(up, OKpyKalOMMii MPOTOH, UMEET Mayl0 TUIOTHOCTb. JTO
O3HAYaeT, YTO MOTOK 3(Hpa 10 BBIXOJE W3 LEHTPATbHONW YacTH BBIHYKIECH
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W3MEHUTh CBOE HampaBlieHWe [ABWXKEHHWE, COXpaHsds oOllee 3HaueHHe
CKOPOCTH: TOPOUJAJILHOE HaMpaBlieHHe NMpeodpa3yeTcs B KOJIbLEBOE BOKPYT
IJaBHOW OCH TpoTOHAa. B pe3ynbTare B HapykKHbBIX CTEHKaX MPOTOHA
oOpa3yeTcss BHHTOBOE [ABWKEHHE — OJHOBPEMEHHOE CYLIECTBOBAHME
TOPOMAATBLHOTO ¥ KOJNBLEBOr0 (BOKPYT INIAaBHOW OCH TOPOMIA) NBHKEHHM.
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Puc. 6.1.CTpyKTypa npoTOHA: a) NMOMEPEYHBbIit pa3pes; 6) 3Mopa MIOTHOCTH; §)
SMOpa TEMIIEpaTyp; 2) SIIopa CKOPOCTH TAHICHIMAILHOrO IMOTOKA; O0) 3Iopa
CKOPOCTH KOJIBLIEBOTO MOTOKA

ToponpanbHblii BUHTOBOW BHUXPb BBIAYBAa€T M3 CBOEW CEpPEeAVHBI —
[IEHTPAJILHOTO KaHaJa — BUHTOBOU MOTOK 3¢dwupa. B meHTpe mpoToHA MOTOK
a¢upa MpakTHIECKN HE WMEeT TpaareHTa CKOpOCTel, 3aT0 OH CXKaT, U 3TO
O3HayaeT, 4YTo Temreparypa 3¢upa B 3TOM MECTe U BA3KOCTb MOBBIIIEHHI,
OHM MMEIOT XOpOLUEe CLEIUIEHWE € TEJOM CaMOro MNpPOTOHA, U TO3TOMY
NpPOTOH paboTaeT Kak ABUraTelb, MEPEroHAIOMINN CKBO3b ce0sl OKpY KaroIui
ero »¢up. IlocTymarenbHOe ABIKEHHE 3TOrO MOTOKA Mpeodpasyercs B
TOpouJaNbHOE NBIWKEHHE 3(upa BOKpYr Tella MPOTOHA. DTO ABWKEHUE BO
BHEIIHEM OTHOCHUTEJIBHO MPOTOHA MPOCTPAHCTBE MOMYMHEHO 3aKOHY buo-



189

Cagapa, T.e. TOMY k€ 3aKOHY, YTO U MarHUTHOE Mo0JIe MPOTOHA, €ro CKOPOCTh
yObIBaeT 00paTHO MPONOPLUUOHAIBEHO KyOy pacCTOSTHHU.

VYObiBaHME CKOPOCTM  KOJNBLEBOrO JBIKEHHS TMOTOKOB  3(¢upa,
Pa3MBIBaEMOT0 TOPOWMIAJIBHBIM BWKEHHWEM TPOTIOPLUMOHATIBHO KBaapaTy
paccTosiHuS.

B ToponngaabHOM OBIKEHNM OOWH 00bEM Ta3a BOBJIEKAeT IpyToi 3a cueT
TIPSIMOTO Ha HETO NaBJIeHNs, B KOJIBLIEBOM YK€ COCETHHE CIJION 3aXBaTHIBAIOTCS
32 c4eT BA3KOCTH 3¢upa. DTO TMPUBOAWT K TOMY, YTO TOPOHMIAIBHOE
IBIDKeHNE Oy/leT OXBaThIBaTh BCE OKpYXKalollee MPOCTPAHCTBO, KOJBIEBOE
e JBI)KEHHE MOKET MMETb JIBa COCTOSHHS — OXBaThIBAIOLIEE OKpYsKarollee
MPOCTPAHCTBO MM JIOKAJIM3yeMOe B Mpezenax HEKOTOPOro MOrpaHuYyHOro
Cllo, B KOTOPOM BCIEACTBHE OONBLIOTO 3HAYEHUS TIpajleHTa CKOPOCTH
BA3KOCTb M TEMIIEpaTypa 3HaUNTEIbHO CHUKEHBI.

ITockonbKy, kKak 3To OyIeT MOKa3aHO HIDKE, TOPOMIATIbHOE IBIKEHHE
3¢upa BOCTIpUHUMAETCS Kak MarHUTHOE T0JIe, TO 3THM M OOBSCHAETCS TOT
(axT, 4TO MarHUTHBIM TIOJIEM, @ CJIEJOBATENbHO, U MarHUTHBIM MOMEHTOM
00/aJjaloT U INpPOTOH, U HEHTPOH, a Takke BCe APYIrue 3IEMEHTApHbIE
yacTUIbl BeulecTBa. KonblieBoe ke IBWKeHHE 3(pHpa BOCTIPUHIMAETCS Kak
anekTpuueckoe mode. [Ipy nokanu3any KoJbLEeBOTO OBIKEHUS B Tpelenax
TOTPAaHWYHOTO ~ CJIOS  YacTWIa BOCHPUHAMAETCS Kak  JJEeKTPUYECKH
HeWTpasbHas.

OmnpenenyiM HEKOTOpBIE MapaMeTpbl MPOTOHA.

Paouyc mena npomona MOXHO HAlTH W3 BENWYHMHBI 3PPEKTHBHOTO
panuyca siipa, onpeensieMoro CoOoTHolIeHneM [27 ]:

R=aA”® 4=112¢. (6.2)

D¢ dexTuBHBIN paauyc ompenenseTcss W3 MPOLECCOB B3aWMOAEHCTBUS
aipoHOB (HYKJIOHOB, ME30HOB, ayib(ha-4acTHIL U JIp.) C AAPAMU U MOXKET ObITh
HecKoJbko Oonbmielt BenuuuHbl — oT 1,2 ¢ mo 1,4 ¢. JAng manpHeHmmx
pacyeToB NMpUHAT I, =a = 1,12¢ = 1,12.10™ M, MOCKOJIbKY pa3HHILIA MOKET
OBITh OTHECCHA B CJIOKHBIX SAIPAX 3a CUET TONIIUHBI MEKXHYKIOHHOTO CITOS.

Oo0vem mena npomona B IEPBOM TIPHOJIMKEHAN MOXKHO OMPEIENTNTh Kak
o0beM mapa, nMerotero paguyc 1,12 ¢:

4
Vp=—nr,’=5910"m° (6.3)
3
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Macca npomona, xak W3BecTHO, paBHa [SIBopckuii | m, = 1,67-10°" «r.

Cpeonas niomuocnb npOMOHA ONPEIEIINTCS U3 COOTHOLUEHUS:
O=MmyV,=1,67-10"/5,9-10®° =2,8-1¢" xr/im® (6.4)

ITockonbKy CTEHKHM MPOTOHA AOJIKHBI ObITh YIJIOTHEHBI 10 KPUTUYECKOTO
3HAueHUs, MOXKHO YTBEP)KIATh, UTO 3Ta MJIOTHOCTh OJMHAKOBA KaK Yy LIEHTpa
TOpOMJIa, TaK U Y €ro MOBEpXHOCTH. Bo Bcex MOMepevHbIX ceueHHsIX MPOTOHA
JOJIKHO COOJTIOAAThCS COOTHOIIEHHE:!

V,S, = const , (6.5)

rae V; — CKOpOCTb TOPOUAAIBHOIO MOTOKA;, S; — o0luas IUIOWAaAb Ce4eHHs
TOPOMAAILHOTO IOTOKAa 3(upa B IMPOTOHE, M OHO HE OMpeleeHO
OTHOCUTEJIbHO KaXXAOTo U3 CcOMHOXuTened. OpgHako BOJM3M LEHTpa
TUIOIIaab CEYeHUS ISl TIOTOKA 3HAYMTENBHO MEHbIIe, YeM Y TOBEPXHOCTH,
MO3TOMY CKOPOCTb MepeMellleHus cTpyit 3dupa BONU3M LEHTpa J0JKHA ObITh
CYILLECTBEHHO OoIblle, YeM y ero kpaeB. CTpOruii pacueT 31ech 3aTpyAHEH.

banzocTb GopMbl MpoTOHa K IApooOpa3HOM MO3BOJISET IMPOU3BECTH
OLICHOYHBI pacueT CKOPOCTH OBMKEHHS aMePOB Ha MOBEPXHOCTH MPOTOHA.

3HayeHne TOPOMIANIbHONW CKOPOCTH HAa TMOBEPXHOCTH MPOTOHA MOXKHO
MOTIBITATECSA HATH U3 3HAUYEHMSI MAarHUTHOTO MOMEHTA TPOTOHA.

Qusuueckas  cywjHOCMb — MAZHUMHO20 ~ MOMEHMA  HPOMOHA
ompeesnseTcs Kak MaKCUMaJlbHOE 3HAUEHUE PEalbHOT0 MEXaHUYECKOro
MOMEHTa, BO3AEHCTBYIONIET0 Ha YacTHILy, MOMABIIYI0 BO BHEIIHEE CHJIbHOE
MarHuTHOE ToJie, T.€. B TIOTOK 3dwupa (puc. 6.2).

P
1 2
- +
+ -
2 1

Vv Y

Puc. 6.2.Bo3HHKHOBeHHE BPaLIAIOIero MOMEHTA MPH MoNaJaHUH MPOTOHA B
JIAMUHApHBIA NoTOK 3¢pupa: 1 — 30Ha NOHWKEHHOrO JaBlICHHs;, 2 — 30Ha
MOBBILLICHHOT'O JAaBJICHUS
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Ha y4acTok nmoBepXHOCTM NPOTOHA, HA KOTOPOM HaMpaBJIeHNs] BHELTHETO
MOTOKA M MOTOKA Ha MOBEPXHOCTU MPOTOHA COBMAJAIOT, MAaJCHUE NaBJICHUS
COCTaBUT:

A Py = py(Vy — V;)? cogo/2 (6.6)

30eck @ — Yrod MeXIy HalpaBle€HHEM BHEIIHEro TIOTOKAa |
HarpaBJIeHNEeM TOPOUAATIBHOIO ABWKEHHS 3(hupa Ha TIOBEPXHOCTH MPOTOHA.

Ha Ttakom Xe ydacTke, HaxoAsIieMcs Ha MPOTHBOIOJIOKHOI CTOpoHe
NPOTOHA, MaJlCHNE JaBJICHNS COCTABHT:

A Py =p, (Vg + V)2 coSal2. (6.7)

W Ha mpoToH OyneT AeHCTBOBATH MOMEHT, OINpeneNseMblii pa3HOCTbIO
3TUX NMAJACHUN JaBJICHUN:

AP= AP,—4 Py = 2oV, V, COZat. (6.8)

OTa pa3HOCTh MHaBJIEHWH MO BCEl MOBEPXHOCTH MPOTOHA CO34ACT
MEeXaHW4YeCKUil MOMEHT, pa3BOpauMBAIOLIMN MPOTOH TakK, YTOObI MOTOKH
a¢upa Ha BHEIIHUX CTOPOHAX TPOTOHA OKA3aJUCh AHTHUNAPAJLIEIbHBI
HaIpaBJIEHUIO BHELIHETO TIOTOKA.

Nmes B BHIy, 4YTO B3aUMOJEICTBUE TOPOMIAIBHOIO JABWXKEHHSA C
BHEIIHUM IIOTOKOM IPOMCXOAUT B IIONEPEUYHOM HAMpPABICHUU 34 CUET
BA3KOCTH CO CKOPOCTBIO CBETa, B KAUECTBE CKOPOCTU HAOETraroIero MoToKa B
BBIPAKEHUE CJIEAYET MOACTABUTh V,; = € = 3-1¢ w/c. Toraa wis MarHUTHOTO
MOMeEHTa OyJeT CpaBeIJIUBO BEIPA)KEHUE

Wy = Kzp,eVi Sy = K pyeViVp, (6.9)

rae K — koadduiment, yuuTeiBaronmii GopMy NpOTOHA M HaMpaBJICHUs
YIJIOB TMOBEPXHOCTHBIX YYAaCTKOB OTHOCUTENIBHO HaOerarolero mnoToka
a¢upa; p — MWIOTHOCTh 3(upa B CBOOOTHOM MPOCTPAHCTBE, ¢ — CKOPOCTH
CBETa; V; - CKOPOCTb 3(MPHOTO MOTOKA HA MOBEPXHOCTH MPOTOHA B palioHe
ero 3KBaTopa; S, Iy, V, — COOTBETCTBEHHO MJIOWIA/bL NIOBEPXHOCTH, PAAHUYC U
00beM MPOTOHA.

Takum o0pa3oM, @usuueckaa cywiHOCmb MAZHUMHO20 MOMEHMA
NPOMOHA — MEXAHUYECKUI MOMEHm, KOmOpblil 0y0em UcCnbInbléams
HPOMOH, 0Cb KOMOPO20 PACHONOHCEHA NEPHEHOUKYAAPHO HANPAGIEHUID
Habdezaouiezo NOMOKa IPupa, 0surcyue2ocsa co CKopocmowlo ceema.
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CKOpOCTb TOPOMAANBHOTO ABWKEHHSA 3¢Hpa Ha MOBEPXHOCTH MPOTOHA
npole BCero HallTH U3 NMpeAcTaBIeHNi 00 3KBUBAJIEHTHOM KPyroBOM TOKE.

MarHuTHbI1 MOMEHT NPOTOHA COCTaBIAET 2,79y, rle |, — AnepHblit Mar-
HETOH, PaBHBII 5,05-10% ok T, Tee. Hp 1,41.10%° Jox Tt

Kak m3BecTHO, MarHUTHBIF MOMEHT TPOTOHA MOXET OBITH OTpeIeNeH Kak
MarHATHBIA MOMEHT HEKOTOPOTO KPYTOBOTO TOKa i, TEKYLIETO B 3aMKHYTOM
KOHTYpe, TJI0IaAb KOTOPOro paBHa S

M=iS. (6.10)

W3 s¢pupoarHaMudeckoir MoJeay MPOTOHA BUIHO, YTO JWAMETP TaKOro
KOHTYpa MpHUMEpPHO paBeH paluycy MpoToHa. M3 3akoHa MOJHOrO TOKa
CJIE[Ly€eT, YTO HAMpPSIKEHHOCTb MarHUTHOTO TOJIsl COCTABIISIET BETMUNHY

i
H=00, (6.11)
Zur

rae r =ry/2. Takum 06pa3oM, MOTydaeM AJIs IPOTOHA

tp tp 1,41-16°
H=00O0 =000 =000000 =10%° A/ (6.12)
2rS nr,  n°1,12.10%

Kak Oymer mnoka3aHo B rIJlaBe 8, MarHuTHoe Toje (U3UUECKU
npencraBisgeT co0oif MOTOK 3¢upa, a HANPSHKEHHOCTH MArHUTHOTO TMOJSA
COOTBETCTBYET CKOPOCTb MOTOKa 3(upa B CTPYKType MarHUTHOW CUIIOBOM
muHUY. 3HaueHnio 1 A/M COOTBETCTBYET CKOpOCTh motoka B 376,65 m/c.
CrnenoBaTenbHO, CKOPOCTh TMOTOKa 3(Hpa Ha MOBEPXHOCTU MPOTOHA OydeT
paBHa

v, = 376,65-18 =3,76-1& wlc.
Pazymeercs, Bech pacueT HOCUT BeCbMa MPUOIMKEHHBIN XapakTep.

Qu3uyeckas cyuwjHOCmb IJ1eKmpu4eckozo 3apsaoa npomona. TIpoToH -
Bpallaroluiics Topous mapoodpasHoii GopMbl ¢ paauycoMm [, CO3laeT B
OKPECTHOCTH TOJie BpamieHus. TopoumanbHOe ABW)KEHHWE pa3MbIBaeT
BpallafoLIAiCs CIOM, MO3TOMY CKOPOCTh KOJBLIEBOTO JIBMXKEHHS Cpelbl Ha
PACCTOSHUY I OT LEHTpA IIapa COCTaBUT
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Vi = Vi (1) (6.13)

DHeprust noJist CKOpocTell MPHU MOCTOSTHHOM MIOTHOCTH 3(Upa COCTABIAET

© PVE P2y o dur?dr
WKZJ. OO0 dv=000 I 00 =2tpvlrs, (6.14)
v, 2 2 rp rt

rae P, - TIOTHOCTh CPelbl, KI'M S, V, - CKOpPOCTh Cpebl Ha 3KBaTope
HpoTOHA, M/C; I, —paguyc IPOTOHa, M; Wv —3Heprus, JIxK.
J71s 3IEKTPAUYECKOTO 3apsa (| IPOTOHA SHEPTHUS COCTABIAET

o geE2 q
Wq:IDDdV;E:DDD; (6)1
vV, 2 €2

U, Takum obpazom,

g€ o q24nr2dr q?

Wy = 0O J.DDDD:D[ID[I. (6.16)
2 1, lémegr®  Bmegr,

3nech q — 3apsa, Ki; g, — anektpuueckas MocTosiHHas Bakyyma, @/M; € —
OTHOCHUTEIIbHAS TUAJICKTPUIecKast POHUIIAeMOCTb.

CormocTaBnsisi BBIpQKEHHS U1 MEXaHUYECKOW DHEPrUU MOJS KOJbLEBOMN
CKOPOCTU Cpe/ibl U DJIEKTPUUYECKONW IHEPTHH TOJS AJIEKTPUUECKOTo 3apsijia
MPOTOHA, UMEEM

W, = Wg; (6.17)
q2

2npv = 0000, (6.18)
BEEL Iy

OTKYJda HaX0aum
q
PV S =6 (00 )3, (6.19)

£4€
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rae S, — mionaab NOBEPXHOCTH MIapa, UMEIOLIEro M0 OKPYKHOCTH CKOPOCTh
Vio-

Takum o00pa3oM, BeIMYMHBI ¢ MW ( TPUOOPETAIOT MPOCTYIO
VHTEPIIPETALNIO!

&, ®m = p, kr/M3; 0, Kin=pv,, S kric. (6.20)

Jusnekmpuueckaa npoHuUuaemMocmy ecmov RIOMHOCHMb Iupa, npu

3

omom eounuye [ @Im] coomeemcmeyem edunuua [ke/m’]. UmenHo otcroaa
2

CllellyeT, 4TO MaccoBas IUIOTHOCTh d(upa B Bakyyme paBHa 8,85-10"

kr/m3.

Dusuyeckas CywHOCmb  3IJ1EKMPUYECcKo20 3apA0a HPOMOHA -
RO6EPXHOCMHAA UUPKYAAUUA RIOMHOCMU IPuUpa.

ITockonbKy Uit IPOTOHA I, = 1,12-1015 M, = 1,6-1019 K7, nonyuum,
4TO0  OKpykHas  (KOJibIeBas)  CKOPOCTb  JBWXKEHHS  TOBEPXHOCTH
TOTPAHUYHOTO CJIOS TIPOTOHA paBHA

1,6-18
Vo= 00000000000 =1,15-18" mc™ (6.21)
4r-1,12.10°. 8,85-10"

H3MeHeHWe HampaBieHUs ABM)KEHUS MOTOKa 3(Hpa OT TOPOUIATBLHOTO K
KOJIbLIEBOMY YBEJMYMBAETCA MO Mepe YBENHWYEHUS PAcCTOSHUA OT OCH
TOpOMAA, TIO3TOMY B MIEPBOM MPUOIMKEHUH BECh TOPOUI BpAILAeTCs BOKPYT
CBOEli TJIaBHOI OCH TOYTH Kak TBEpAOe TeJo, T.e. KacaTellbHasi CKOPOCTh B
LEHTpe BpallleHWss paBHa HYNMIO, a Jajee HapacTaeT JIMHEWHO
MPOTIOPLMOHANBEHO  paauycy. B TopowmgaabHOM ke ABWKEHUH WMeeTcs
NPOTHUBOMNOJIOXKHOE IOJIOJKEHUE. B LEHTpPe MPOTOHA CKOpPOCTh 3dupa
3HAYMTEJIBHO OOITbIIe, YeM Ha ero nepudepnn.

VauTeiBasg MpUOMIDKEHHOCTh pacdyeTa TOPOMOATBHOW W KOJbLEBON
CKOpOCTell Ha MOBEPXHOCTU MPOTOHA, LEIeCO00Pa3HO U3 YUCTO JOTMYECKUX
coOOpaeHMH CUYMTaTh HMX PaBHBIMHM, NPUYEM JOCTOBEPHOCTb pacueTa
KOJIbLIEBOM CKOpPOCTH BbIlIe. [1OCKONBKY HampaBieHUs TOPOMIAJIbHOM M
KOJIbLIEBOM CKOPOCTEH MepneHINKYISpHBl APYr APYTY, MOXKHO OINpPEAeNUTh
MOZYJIb CKOPOCTH TIOTOKA 3(1pa Ha MMOBEPXHOCTH TOPOHAA Kak

Vp=+/2 1,15 -18" = 1,6 -18" wic.
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VuuThiBasg, YTO Ha BHYTPEHHHMX CTEHKaX MPOTOHA CKOPOCTb ABWKEHHS
JOJDKHa ObITh Ha [Ba TMOpsAAKa BbIIE, YeM Ha BHELIHEeW CTOpOHe
MOTPAHUYHOTO CJIOS, CIIeyeT ee CUMTAaTh OJM3KOM K CKOPOCTH MEPBOTo
3ByKa, T.e. nmeromeit mopsimok 107 mM-c™  (ckopocTh nepBoro 3Byka B s¢upe
paua 4,3-18° m«c™) . Takoro xe mOpAAKa MOMKHA OBITH CKOPOCTH
3(MPHOTO MOTOKA, BBITYBAEMOTO MPOTOHOM M3 LIEHTPAIBEHOTO OTBEPCTHS.

Takum oOpa3zoM, B Tpenenax TOJNIIMHBI CTEHKH TIPOTOHA W €ro
TOBEPXHOCTHOTO TIOTPAaHUYHOTO CIIOS TPOWCXOIUT Tepernan CKOpPOCTH
norokos s¢upa or 4,3-16° m/c Buytpu npotoma mo 1,6 16" wm/c ma
MOBEPXHOCTH MOTPaHUYHOTO ciiod, T.e. moutu B 300 pa3. DToT nepenaj cko-
POCTH MPONCXOIMT HAa PACCTOSHUH, He npeBbimatomeM 2,51-10'° M, Takum
00pa3oM, rpaleHT CKOPOCTH 37ech cocTaBiser nopsaka 1,3-16%m/c/m.

Takoii 60JbIION TPaAMEHT MPUBOIUT K PE3KOMY MaJeHHI0 U Oe3 TOoro
HeOOoMbIIOl BS3KOCTH 3¢Upa, YTO SBIAETCS IOMOJHUTENBHBIM (aKTOPOM
obecrieueHns BBICOKOH cTaOMIIBHOCTH TIPOTOHA.

Bpemsa penakcayuu (camonpous3goibHozo pacnada) HPoOMOHA Kak |
BCAKOTO BUXPS OMPENEITUTCS BHIPAKEHUEM:

o Pp Kk
r=0,360 (0O), (6.22)
X2 2

rIe pp - IUIOTHOCTh 3(upa Ha TMOBEPXHOCTH TPOTOHA; p> - IUIOTHOCTB
cBobogHOrO 3¢upa. IIpeamonoxkutensHo K = 2, oqHaKO CHpaBelIMBOCTh
3TOT0 MPEANOJOKEHNS] B JajibHellleM IO/KHA ObITh 06OCHOBaHA
JOTIONHUTENBHO. Ecium Bce ke BBICKa3aHHOE TIOJIOKEHHWE CIPaBEIIUBO
(YIUTBIBAIHCH YMEHBIIECHHE OTAAa4d SHEPTUH TPHU MaJoi MIOTHOCTH 3dupa
OKPY’KalOIEro MpOCTPAHCTBA MO CPABHEHHIO C MIIOTHOCTHIO MOTPAHHIHOTO
CJIOS Ha MOBEPXHOCTH TMPOTOHA, MOHIKEHHE TEMIEPaTypbl B MOTPaHUYHOM
CJI0€ W BBI3BAHHOE 3THUM MOHKEHHE BSI3KOCTH, a Takxke (HaKkTop MOBBINICHHSA
YCTOMYHMBOCTH Tejla MPH OBICTPOM MEPEMEIIEHUH IPAHULBI OTHOCHUTENBHO
OKpYKaroliel cpept), TO

1,12 -10%° 2,8.1¢
1=0,360000 (0D000)%=2516% =10"= 2000mnpx rer.
4-10 8,85-10°

PeanbHas BeMMYMHA BPEMEHW pejakcalMd, MO-BUAMMOMY, MEHBbIIE,
MOCKOJIbKY TpOLECC peJlakcalMyd — 3TO MpOoLiecC HEeNMHENHBI M moTeps
SHEpPruM BUXPEM HapacTaeT C TEUYCHWEM BPEMEHM 3a CUeT yBEJIMUYEHHUsS ero
pa3Mepa, CHIKEHHUS MIOTHOCTH MOrPaHWYHOro cios W T.M. Mcxons ke u3



196

npencraBieHuii o (OPMUPOBAHMM W pachale MPOTOHOB B CHNUPaJbHOMN
lanakTrike — 3TO BpeMs, MO-BUAUMOMY, MOKHO OLeHUTh kak 10 — 20mupa.
ner. DTO coOBMagaeT C BpPEMEHEM pacliaga MpOTOHA, YCTaHOBJICHHBIM
SKCTIEPUMEHTAILHO TI0 M3BECTHBIM METOIMKaM, OJHAKO Cpa3y e ClielyeT
OTMETUTb, YTO 3TW METOIWKH OCHOBAHBI Ha HEBEPHBIX TPEICTaBICHHUAX U
TO3TOMY HE MOTYT NPUHUMATHCSI BO BHUMaHME.

Konuuecmeo amepoe 6 eOuuuue o0vema npomoHa COCTaBUT
n,=nap/o =5,8-10. 2,8.1¢'/8,85-10"* = 1,816, (6.23)

rae Na — KOJWYECTBO aMepoB B eAMHUIE oObema CBOOOAHOTO 3¢dupa B
OKOJIO3EMHOM MPOCTPAHCTBE, L, — CPENHAA IUIOTHOCTh MPOTOHA, pPaBHasA
2,8-10xr/mM3, o, — 10THOCTB (PHPa B OKOJIO3EMHOM IIPOCTPAHCTBE.

Cpeonss ouna c60000H020 npodeza amepa ¢ mejie RPOMOHaA
A= 142 n,o,=1/1/2 -1,8-16%1,66-10° = 2,3-10" . (6.24)
Temnepamypa mena HyK10Ha MOXET ObITh HalileHa W3 MPUMEPHOTO

paBeHCTBAa [aBJIEHWI Ha €ro TMOBepXHOCTH (Npu TpeHeOpeKeHUH
LEHTPOOESIKHBIM JIaBIICHUEM):

T,=T.0,10,= 10" - 8,85.10%2,8-13¢" = 3,1.10”° K. (6.25)

Cpeonaa cKkopocmb Mmeniogo20 O0BUIMCEHUA aAMepa 8 meje HYKIOHA
COCTaBHT:

U = wVp, /o, = 5,4-16°V 8,85-10" /2,8-16" =3.10 mc* . (6.26)

Yucno coyoapeHuil Kaxcoo2o amepa ¢ mejie HyKioHa

Yp= U, = 3:10/2,3:10% = 1,3-16°c™* . (6.27)

6.3. dusuyeckasi CyIHOCTh CHJIBHOTO SIIEPHOTO H
3JIEKTPOMATHUTHOI'0 B3aMMOAEHCTBHI NIPOTOHOB

B3anmogzeiicTBue Mo0bIX MaTepuabHBIX CTPYKTYp - YacTHUI] BELIECTBA U
CHUJIOBBIX MOJIEH MOXKET OCYLIECTBIISATbCA TOJBKO B TOM Cilydae, €clii UMHU
CO3JAl0TCSl TpaJMeHThl JAaBieHui B 3¢upe. Torma Tesno, mnomasmiee B
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HEPABHOMEPHO PACIIPENETIEHHOE MOJIE IABJIEHUIl, CO3AaHHOE APYTUM TEJIOM,
HAauMHAaeT WCIBITbIBATb BO3ICHCTBME 3TOrO0 Teja Yepe3 3TOT TIPATUEHT
JaBJICHUM.

Puc. 6.3.B3aumoseiicTBHe ABYX IMJIMHAPHYECKHX ra30BbIX BUXpeii:
a — BpAIIAONINXCS B POTUBOTOIOKHBIX HAMPABICHNSX; 6 — BPAIIAIONINXCS B OJJTHOM
HaIpaBJICHUH

Ecnn faBa mapajulelbHBIX BpAINAOMIMXCS LUJIWHIPA PacIo0KEHBI
BOJIM3M IpyT Apyra, TO B3aUMOJEHCTBHE UIMHAPOB OyNeT ONpenensThes UX
HampaBJieHUAMH BpallleHUs OTHOCUTEeNbHO Apyr npyra (puc. 6.3.) Ecim
MEXIy LMIMHAPAMU MPOBECTH MIIOCKOCTb CUMMETPUH, TO JIETKO BUIETb, UTO
UWJIVHAPBI CBOWMM BpAILEHWEM JOJDKHBI 3aroHsATh ra3 M3 CBOOOXHOTO
MPOCTpaHCTBAa B 00JacTh MEXIY TMOBEPXHOCTbIO LWIMHApPAa W 3ToH
TUIOCKOCTBIO. YUNTbIBasA, UTO ra3 o0iajgaeT MIOTHOCTBIO U, CIIE0BATEINLHO,
VHEePUMOHHOCTBIO, JJIsI TOTO 4YTOOBI OH [BHTralicss YCKOPEHHO B 3TOM
MIPOMEXKYTKE, €r0 HY’KHO CXaTb. DTO MPHUBEJET K TOMY, YTO IUIOTHOCTb ra3a
B MPOMEXKYTKE MEXIy LWIMHAPOM M IUIOCKOCTBIO CHUMMETPUM OKaXeTcs
BBIIIE TUIOTHOCTH Ta3a B CBOOOJHOM IPOCTPAHCTBE, 3TO TOBLICUT €ro
Temnepatypy W JHaBJieHHe, IOCKOJbKY W3 YpPaBHEHHS COCTOSHMS Tasa
CIIedyeT, 9To
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- (6.28)

rne R —yHuBepcasbHas ra3oBas IOCTOsIHHasA; T —abcooTHas TeMIeparypa,
V — MmonspHelii 00beM. Ilockonbky 00BeM coOKpalaetcs, a TemIiepaTypa
pacTeT, TO 3a CUET ATOTrO JaBJIEHHE ra3a B MPOMEKYTKE MEXIY LMIMHAPOM U
IJIOCKOCTBIO ~ CUMMeTpuM  OyzmeT  yBenmuuBaThes.  OTHOCHTENbHOE
TIpUpalleHne TaBJIeHNUs] COCTABUT:

AT AV
AP; =P (—— +—). (6.29)
T %

OnHako 3a cyeT rpaJiueHTa CKOpOCTel JaBJieHHE B TOM K€ MPOMEKYTKE
OyIleT CHIXKAThCs Ha BEJINUNHY

V2
APy = ——, (6.30)
2
rone Vv -— CKOpOCTb OBUKCHHUSA CTCHKHU Lll/lJll/lHlea. Cﬂeﬂ,OBaTeﬂbHO, B

MNPOMECIKYTKE MEKAY HUIUHIAPOM U TIJIOCKOCTBIO CUMMETPUU HU3MCHEHUEC
JaBJICHUA OMPEACTINTCA Pa3HOCTBIO

AP = AP, — AP;. (6.31)

Benuuuna AP B 3TOoM cnydae Oyner oTpuuaTelbHas, TeM Oojiee 4TO B
rPaMeHTHOM TEYEeHUM TeMIepaTypa Bcerna cHibkaeTcs. CrenoBaTesibHO,
LWIMHAPHI, BpallaloLecs B OMHOM HalpaBieHUH, OyAyT CTPEMUTHCS APYT K
Apyry.

Ha >Tu umnuHapsbl WK Ha MIMHOPUYECKUE ra30Bble BUXPH, KPOME TOTO,
JOEWCTBYIOT JI00OBBIE CWJIbI, CBS3aHHbIE C BHEIIHNMH TOTOKaMH Trasa,
KOTOpble OHM CaMU CO3JA0T B OKpyXarolled cpeme. DTO 3aCTaBUT HX
BpamateCsd APYr BOKPYr Opyra. YCKOpeHHWe, KOTOpoe OHH TpHOOpeTyT,
3aBUCHT OT CKOPOCTH TIOTOKOB, TUTOIIATN W Macchl.

Ecnm umnuHapsl OyayT BpalnaTthesl B TPOTHBOTIONOXKHBIE CTOPOHBI, TO B
NPOMEXYTKE MEXIy HUMHU I'pagueHTHOro TeueHus yxe He Oyner, a Oyner
NPOCTO YCKOpEHHOe TedeHWe rasa. B stom cimydae AP, = O u ocraetcs
TOJIbKO MpHpalieHue napieHus AP, UMIuHAPBI OYyOyT OTTaJKUBATHCA OPYT
OT Jpyra.

[MpuTsSHKEHUIO WM OTTAIKUBAHMIO LMJIMHIPOB OyAyT CIOCOOCTBOBATH
TaKke TPaJAMEHThl CKOPOCTEil Ha CTOPOHAX, MPOTUBOMOJIOKHBIX TIOCKOCTH
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cummMeTpru. OHAKO B CBA3M C TE€M, YTO CKOPOCTH TOTOKOB, a 3HAYWT, M
rPagMeHThl CKOpoCTell 37ech cinabee, 4YeM C€O CTOPOHBI TUIOCKOCTH
CUMMETpPHMHM,  BIHMAHME W3MEHEHHs IaBleHHs B 3ToM objactu Oyner
CYLLECTBEHHO ciabee, ueM B 001acTU MeXIy LMWIMHAPOM U IUIOCKOCTbIO
CMMETpPHH.

[lpencTaBnsgeT WHTEpec pacCMOTPETb Ciydail TpeX LWIMHIPOB,
BPALIAIOIINAXCSA B OJHY CTOPOHY, M3 KOTOPBIX JBa HAaXOIATCs BONM3W OpyT
Ipyra, a TpeTuii — B HebGoibmoM otnaneHuu (puc. 6.4). [Tockonmbky 006a
TIepBBIX LMJIMHIpPA CO3NA0T BO BHELIHEM IPOCTPAHCTBE OOLIMH TOTOK, TO
TpeTuit LUAMHAP Oy#eT K HUM MpPUTATHBATBCA, HO 3aTeM OH OymeT MX
oOKaThlBaTh A0 TeX TMOp, TOKa HEe OKAKeTCsS B YIIyONeHHH MEXIy
LWIMHOPaMH, KOTOpOe M ABJNAETCS IJIsl HEro peajbHOW MOTEeHLMaTbHON
amoil. Ecnu cun, cBA3aHHBIX C BSI3KOCTBIO, OKAKETCS HEOOCTATOYHO MJIs
BBIXOJIa U3 3TOTO YIIIyOJIeHHUs, TO TPETUii LMIMHAP 3/1eCh U OCTAHEeTCs.

R —

Puc. 6.4.B3aumMojeiicTBre TpeX BpallaOMUXCsl HHJIMHIPOB.

Bo Bcex cimy4asx MCTOYHMKOM 3HEPTMW Ul OBIKEHHS TOTOKOB rasa
ABJIAIOTCSI caMW BWXpHM. PaccmarpuBaeMas IUIOCKOCTh — TIIOCKOCTB
CUMMETPHH, PACTIONIOKEHHass MEeXIy BUXpsAMHU. Y B ToM, U B IpyroM ciydae
KaKAbI BUXPb 3aroHs€T ra3 M3 BHELIHEro MPOCTPAHCTBA B MPOMEXYTOK
MEXIy BHUXPAMH, CXKHMas €ro W MpuaaBas TMOTOKY AOTMOJHHUTEIbHYIO
sHepruro. Ho B mepBoM ciryyae rpaldeHT CKOPOCTH TMOTOKa MEXIY BUXPAMH
BEJIMK, a BO BTOPOM Cllyyae MaJsl, M TO3TOMY B3auMOAEICTBHE BUXpel ¢
MOTOKaMU Ta3a U TeM CaMbIM JIPYT € IPYToM CYIIECTBEHHO Pa3IMYaroTCs.

Ha ocHoBe M3110)K€HHOTO MOXET OBITh PACCMOTPEH MEXaHMU3M NEeHUCTBUS
CWJIBHOTO sifiepHOro (puc.6.5u 6.6) ¥ 3IeKTpOMAarHiTHOTO B3aUMOIeHCTBYS.
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APCS[B

APy <_AP SMB

Puc. 6.5.B3aumMopeiicTBie YacTHL BellleCTBA Yepe3 rPagueHThl JaBJIeHHUIl:
a — B cllyyae OJIM3KOro KOHTakTa (CHJIBHOE SJIEPHOE B3aMMOJCHUCTBHE); 6 — B
cllydyae IUCTAHIMOHHOTO (3JIEKTPOMArHUTHOTO0) B3aUMOICHCTBHSI.

EM»>B

-1

-2

-3

\\>

/|

N

N2

0

05

1,0

r, 10 M

Puc. 6.6. 3aBUCHMMOCTb DJHEpPrUH B3aMMOJEHCTBHSI MEXKAY HYKJIOHAMH
(MpOTOH-NPOTOHHOE M MPOTOH-HETPOHHOE B3aUMOAENCTBHS) OT PACCTOSHUS
MesKAY HUMH MPH aHTUNAPAJLJIeTbHBIX CIIHHAX

OOBIYHO ISt TIOOOHBIX PACUETOB MCTIONB3YIOTCS YpaBHeHUs bepHymm.
OnmHako B HHX TpeArNojiaraeTcs TOJbKO B3aWMHBIN OOMEH »JHeprueil
JABJICHUs] W JHEPrueil MOCTyMmaTeabHOro ABMKEHHS ra3a NMpH MOCTOSHCTBE
WX CYMMBI.

H03TOMy OTW YPAaBHCEHUSA OKaA3bIBAOTCA HEIMPUTOAHBIMMU JId
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pacdeta yka3aHHbIX ciy4aeB. OOmas rasoJuHamMH4eckas 3ajaya pacuera
B3aMMOJEHCTBUA BHUXPEN C YYETOM HM3MEHEHHs TEMIIEpPATyphl, BA3KOCTH WU
JaBleHui ObIBaeT NOCTATOYHO CJOXKHOW. TeM He MeHee oOIpejaeNeHHbIe
coo0pakeHHs 3/1eCb MOKHO MPHUBECTH.

B nepBoM ciy4ae Npu OTCYTCTBUM I'paJueHTa CKOPOCTEM AaBIEHUE raza
MEXAY BHUXPSAMM IIOBBIIIAETCA 3@ CUET €ro CXaTus, MOCKOJIbKY ra3 W3
CBOOO/IHOTO TPOCTPAHCTBA 3aroHAETCS B OTHOCHTENBHO Y3KHH TPOCBET
Mexay uviauHapamu. [loBbllleHWE OaBieHUA NPUBEIET K OTTAJIKUBAHUIO
BUXpEil ApyT OT apyra.

Bo BTOpOM cnydae ra3 TOYHO TakK k€ 3aroHseTcs M3 CBOOOIHOTO
NPOCTPAHCTBA B TOT € MPOCBET, YTO XOPOLIO BUIHO U3 PUCYHKA, HO 31€Ch
BO3HMKaET OOJIBIION rpagieHT CKOPOCTH, B Pe3yJIbTaTe KOTOPOTo JaBJeHUE B
rase majaeT CyIIECTBEHHO OoJble, YeM TOBBIIIAETCS 3a CUET CHKaTHsA rasa.
OTO MPOUCXOJUT, B YAaCTHOCTH, MOTOMY, YTO B TPAJUEHTHOM IOTOKE rasa
TeMIepaTypa CHXKAETCA 110 3aKOHY

AT = —Au?/ 2cp (6.32)

roe AU — mepenajg CKOpPOCTH, Cp - TEIUIOEMKOCTb Tra3a MpH MOCTOSIHHOM
JaBJICHUM.

Ecnu ke BUXpU HaXoIiATCs Ha O4YeHb OJU3KOM pacCTOSHHUM, HalpHMep B
npezenax MOrPaHWYHOrO CJIOs, TO OCHOBHYIO Pa3HOCTb AaBJIEHHH co3facT
Pa3HOCTh CKOPOCTEH B MEXBHUXPEBOM 30HE, KOTOpas COCTaBUT 2V, W TOTAA
najieHne naBieHns OyaeT paBHO

AP = — 2ov,2, (6.33)
a cuJIa TIPWKAaTHs BUXpel IpyT K IpYyTy COCTaBUT

AF = SAP. (6.34)

OHeprus B3auMOJEICTBUS BUXPEil

W= APV, (6.35)

rae V —06beM MeKBUXPEBOTO MPOCTPAHCTBA.

Ha OCHOBaHMM H3JIOKEHHOTO MOXXHO OTPEIENUTh CHWKCHUE IaBJICHUS
3¢upa B MEKHYKIIOHHOM MPOCTPAHCTBE aTOMHBIX snep (CHUIIbHOE snepHOe
B3aNMOJICHCTBIE).

B cootBercTBUM ¢ BbhipaxeHueM (5.101) nnst B3auMoIeHCTBHS BUXPEH,
HaXOISIIMXCS HA GJIM3KOM PAacCTOSIHUM APYT OT APYTa, T.€. B 30HE OOJIBIIOro
3HaYeHMsI TPaMeHTa CKOPOCTEl, HIMeeM
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AP, =— 0,5V,2. (6.36)

31€ch V — CKOPOCTh IBUKEHHS (pupa Ha MOBEPXHOCTH NPOTOHA.
Ecnu He yuuTsIBaTh CkaTre 3(hupa B MEXKHYKIOHHOM MPOCTPAHCTBE, TO,
TOJICTABYB YHMCJICHHbIE 3HAUEHUS, TOTyUNM:

AP,=-0,5-8,85-10° 1,6~ 102 = 1,13-18' Na.

C yyerom cxarus 3¢upa 3Ta BeJIMYMHA [OOIDKHA OBITH HECKOJBKO
Oonbire.

Kak wm3BecTHO, 3Heprusi cBsi3ell HYKIJIOHOB B siIpe AeiTepus cocTaBisieT
2,27 MaB wunu, 4To TO K€ caMoe, 3,6-1013 Jlx. B anbda-gactuie sHEprUs
CBsI3€i, MPUXOASAIIAsCS Ha ONWH HYKJIOH, cocTaBisieTr /,6M»dB, HO Ha OOHY
TOBEPXHOCTh COTPSHKCHUS IPUXOoAnuTCs Becero 3,8 MaB, i 6-10" Jix.

Ha puc. 6.6 mokaszaHa 3aBUCHMOCTb SHEPTMH M COOTBETCTBEHHO CHII
MEXIy HyKIIOHaMH.

Hmes B BHMAYy, YTO paaMyC HYKJIOHa B sOpe COCTaBJsieT HECKOJIBKO
OonbLIyIO, YEM paHee NMpHHATas BeJIMYMHA, 32 cueT AeopMaldy HYKJIOHa
W3-32 NIPIKATHA HYKJIOHOB APYr K ApYry, mpumeM pammyc 1,2:10"° M n
momap cederns 4,5-10%° M° npu BenmuiHEe MEKHYKIOHHOTO MPOMEXYTKA
8=0,1p = 10" M nmeem nanenne IaBIeHNs B MEKHYKIOHHOM MPOMEXKYTKE
IUTS TIEPBOTO CITydast

W, 3,6-10°
AP, = = = 8.1 Ila, (6.37)
S5 4,5-10°.10"°
a BO BTOPOM CiIy4ae
W 3,8.10°
AP, = = =8,4-1% Tla. (6.38)

Si 4,5-16° -.10™°

Takum 00pa3om, pacueTsbl, npoBeneHHbIe N0 Gopmyre (6.38) Haxonsarcs B
XOPOILEM COOTBETCTBHH C OMBITHBIMU JaHHBIMH U B HEILIOXOM COOTBETCTBUH
¢ BeNIMUMHOI IaBIeHNs B cBoGoIHOM 3dupe, coctamsmomem 1,3-16° TTa.

DTo  yMeHbIIEHWe [aBieHHS B  MEKHYKIOHHOM  MPOMEKYTKe
KOMIIEHCHPYETCS YBEJIMUYEHHEM TUIOTHOCTH 3(GHpa B MEXKHYKIIOHHOM CJIO€ U
COCTABJISIET BCETO JIMIOb Majlylo JOJIFO JaBjieHHWs 3(upa B CBOOOTHOM
TIPOCTPAHCTBE, @ UMEHHO ISl IEPBOTO CITydast

oP, = 8:16°/1,3-16°=6,15 -10* = 0,0615%.
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Jnis BTOpOTO Clly4yas
oP, = 8,4-16°/1,3-16°= 6,46 -10 = 0,0646%.

B pesynbTaTe B3anMoAeHCTBUS OBYX OJMHAKOBBIX BUXpEW uepe3 oOIIyto
ra3oBYyIO Cpely BHeIlHee NaBjieHWe OyneT MpWKWUMaTh WX OpPYr K IpyrTy,
MpUYeM 3To OyIeT NMPOWCXOAWTb TeM CHIIbHee, YeM MEHbIIe OKaKeTcs
BEJIMYMHA MPOMEXKYTKA MEXKIY HUMHM, OCKOJIbKY FpaIileHT CKOpOCTU OyneT
npHu 3ToM Bo3pacTtarb. COmmKkeHne OyneT MPOUCXOAUTH N0 TOM BEJWYHHBI,
noka He BCTYMAT B JeWCTBHE BTOPMYHBIE (AKTOPBI, MPENATCTBYIOLINE
JanbHeWIleMy  CHWKEHWIO  JABIIGHWs,  HalpuMep, COM3MEpPHMOCTb
MPOMEXYTKa C UIMHOW CBOOOTHOTO Mpobera MOJeKy U Tp.

Ecnu )ke mpOTOHBI HaXOISTCS Ha PACCTOSIHWH, MPEBBIMIAIOMIEM XOTS OBl
HECKOJIKO PaJMyCOB IPOTOHA, TO OHM IOMNAJAIOT B 30HY MOHIKEHHOIO
rpagueHTa CKopocTell (3JeKTpOMarHWUTHBIE B3aUMOICUCTBUsS). B sToM
Cllyuae pa3sHOCTH JaBJIE€HMH, CO3JAIOIIUE CUJIbI HAa MOBEPXHOCTH IPOTOHOB,
OynyT onpenensthes Boipaxenuem (5.110)

AP, = - %33Vplvp2 . (639)

B coorBerctBuM ¢ 3akoHOM buo-CaBapa TopouzalbHOE OBUXKEHHE,
co3laBaeMoOe OJHMM U3 TIPOTOHOB B CBOOOOHOM 3¢upe, yObIBaeT
TIPOTIOPLMOHANBEHO KyOy paccTtostHusi. Ecnmu BTOpoi mpoTOH momai B 3TO
T0JIe CKOPOCTEH, TO HAa HEro HauMHaeT NEHCTBOBaTH CO CTOPOHBI MOTOKA
3¢pupa MOMEHT CWJ, pPa3BOpauMBaOIIMi ero B  HalpaBJIeHWH,
aHTHUMapaJIeIbHOM TOTOKY cuil (puc. 6.7). DTO MPOUCXOAMT BCIEICTBHE
TOTO, YTO TOJBKO TaKO€ TOJIOKEHHE OKa3bIBAETCSI YCTOWYMBBIM, MOCKOJIBKY
mo Bcell mepudepudt BTOPOro TMPOTOHA YCTAHABIMBAETCS MaKCHMyM
rpagreHTa CKopocTeil u, Kak clieICTBHe, MUHUMYM JaBJjieHus 3dupa.

OnHako eciM  MOTOK, OMBIBAIOLIMI BTOPOW MPOTOH, HE YKUCTO
JJaMUHApHBIH, @ BUHTOBOIA, T.€. B HEM MMOMUMO TOPOMAAIBHOTO MPUCYTCTBYET
elle M KoJbLieBOe ABMKEHHUE 3(hupa, CO3AaHHOE TEM k€ MPOTOHOM, TO IMOCIIe
pa3BopoTa Ha MOBEPXHOCTH BTOPOrO MPOTOHA YCTAHABIMBACTCS TIPaJUEHT
KOJIIIEBO CKOpPOCTH, TOHIXEHHBIII €O CTOPOHBI TIEPBOTO TPOTOHA W
TOBBIIIEHHBIT €  TPOTHBOTIONIOXKHOW  cTOpoHbl.  [IpoTOHBI  OymyT
OTTAJKMBAThCA, B HYEM W TPOSBISAETCS CYHNIHOCTh 3JIEKTPOMArHUTHOTO
B3anmogpeiicTBusl. Ecim Obl OgMH W3 HHUX WMeEN OpPHEHTALWI0O BUHTOBOTO
IOBWKEHUS, T.6. OPHWEHTALMIO KOJBLEBOTO [BIKEHUS OTHOCHUTENHHO
TOPOMIATEHOTO TPOTHBOTIONIOXKHYIO, TO MEXKIY TOPOMIAMH CO3JaJcs Obl
TIOBBILIEHHBI I'PaJMeHT CKOPOCTH TMOTOKa, JaBleHUe 3(pupa MEXIy HUMHU
ObLIO ObI MOHKEHHBIM M OHU CTaJu Obl MpUTATHBaThCs (puc. 6.7).
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Puc. 6.7. JIucraHuumoHHoe  (3JIEKTPOMArHHUTHOE)  B3aHMOJECTBHE
TOPOMAAJBLHLIX BHHTOBLIX BUXPeii: g — [IPY HAXOKJICHUN WX B OOIIIEH TJI0CKOCTH;
6 — TIPH COOCHOM TIOJIOXKEHHH; ¢ — B 0OIIEM ClTydac

ITockonbKy CKOPOCTb KOJIbLIEBOTO ABMKEHHS yObIBa€T MPOMOPLIMOHATBEHO
KBaJIpaTy PacCTOSHUS:

[
v = , (6.40)
4ir2

rae b - TomumHa Topompa; [y — LMPKYJIALMA KOJBLEBOTO IBWXKEHHUS MO
9KBaTOpPy TOpOMIA, TO W CWIA, JeWcTByoas Ha MPUTSKEHHE WU
OTTaJKMBaHUE TOPOHMIOB, OyIET MPONOPLUHOHATbHA TPON3BEICHHUIO TONIINH
W LUPKYJIALUil 000MX TOPOMAOB M OOpPAaTHO MPONOPLMOHAJIbHA KBaApaTy
paccTOSHNI MeXIy WX LIEHTpaMu:

l-i?lﬁxl bZFKZ
Fk=e —, (6.41)

ar2

YTO COOTBETCTBYET 3aKoHY KyioHa.



205

ComnocTaBnsisi B3aUMOJIEWCTBUE TOPOMIAIBHBIX BHUXPEBBIX BHHTOBBIX
KOJlel] C TIOBEIEHUEM 3apsDKEHHBIX YacTUL, MOXKHO CleNlaTh CleAyroline
3aKITFOYEHUS.

1.ITockonbKy OpHEHTaUWsi 4YacTULl ONpeneNiieTcs TOPOUAAIbHBIM
JNBUKEHUEM, TO MAarHUTHBII MOMEHT YacTULl OTOXKIECTBISETCA C
TOPOHMIATTFHBIM IBIKECHUEM 3(prpa Ha ee TIOBEPXHOCTH U OTIPEIeIIeTCS KaK
MPOW3BEICHNE BEJIMYHH TUIOTHOCTH A(Hpa B OKPYKAFOIIEM TPOCTPAHCTBE 03,
CKOpPOCTH CB€Ta ¢, CKOPOCTH TOpPOMIAJIbHOIO JABW)KEHUS Ha JKBATOpPE
TIOBEPXHOCTH NPOTOHA Vr U 00beMa NPOTOHa V!

Uy = kzpacviSyr, = K pacvrVp,

2. 9neKTpmec1<m71 3apiaa €CTb TMPOABJICHUE KOJbUEBOIO0 AOBUKCHUA
S(prHI)IX MOTOKOB Ha MOBEPXHOCTHU MPOTOHA. Benuunna DJICKTPHUYECKOT'O
3apsaaa 4aCTulbl NMPEACTABIIACT co0oit HUPKYJIALUUIO TJIOTHOCTU 3(1)Hpa Ha
MOBEPXHOCTU MOTPAHUIHOTO CJIOA U COCTABJIACT

0, Kn=pv,, S krlc, (6.42)

3. TlockosbKy (hakT TPUTSKEHUs WIN OTTAJKUBAHUSA OMpelessieTcs
OpHMEeHTalel KOJIbLIEBOTO BPAILEHNUS OTHOCUTENBHO TOPOUAAIBHOTO, TO
MOJIIPHOCTD 3apsiia clelyeT OTOXKIECTBIATb C OpHEHTaUMel KOJbLEBOrO
IBWKEHHS OTHOCHUTENBHO TOPOMIANBHOrO (T.6. CO 3HAaKOM BHHTOBOTO

JBYDKEHUS]).
4. TlockonbKy CHIIbHOE SIIEpHOE B3aMMOJIEiCTBHE B sape aroMa
MPOUCXOIUT MEXITY HYKJIOHaMH, COMPUKACAIOIUMUCS CBOUMH

TIOTPAaHWYHBIMHU CIIOSIMH, TO (M3MUYECKOI CYIIHOCTBIO CHIIBHOTO SIAEPHOTO
B3aUMOJEHCTBUSA CIIEAyeT CUYUTaThb MpWXKaTHe HYKJIOHOB Jpyr ApYry
BHEIIHUM JaBieHWeM 3¢upa BCIENCTBUE TMaJeHWs MAaBieHUs 3¢upa B
MEXHYKJIOHHOM MOTPaHWYHOM CJIO€ B PE3yJIbTaTe 3HAYMTENILHOTO TPpagueHTa
CKOpOCTeii B IpeiesiaX 3TOro MOrpaHNyHOTO CIIOsl.

5. CyIHOCTBIO 3JIEKTPOMArHUTHOTO B3aUMOAEHCTBHUS MPOTOHOB SIBIISIETCS
B3aUMHOE MW3MEHEHWE JaBlieHWil 3¢upa Ha MOBEPXHOCTAX HYKJIOHOB,
MPOU3BOIMMOE UMM AUCTAHLIMOHHO.

6. CuiibHOe siiepHOe W 3JIEeKTPOMAarHUTHOE B3aMMOJEHCTBUS B CBOeit
OCHOBE WMEIOT O0O0MmMii 3(UPOIVMHAMUYECKI MeXaHW3M M Pa3IUdaroTCs
JIMIIb BEJIVYMHON BO3HMKAIOIIMX HA MOBEPXHOCTSAX HYKJIOHOB CHIDKEHMI
naBJieHus 3(upa BCIEACTBUE pa3inuuii B TpaglieHTax CKopocTeil 3(hupHBIX
TTOTOKOB B IPOCTPAHCTBE MEXKIY HYKJIOHaMU.
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6.4.006pa3oBaHue H CTPYKTYpAa HeliTPOHA

C ydYeTOM VBIIOKEHHOTO MOXET ObITh PAacCMOTPEH MEXaHWM3M
oOpasoBaHnus HeliTpoHa B siape (puc. 6.8).

nocpanudm sl cioi

Puc. 6.8.B3aumozeiicTBHe MPOTOHOB U MeXaHHU3M 00pa30BaHUsI HeliTPOHA

Ecnn ckopoctn cOMMKeHHs NMPOTOHOB B ras3e TAKOBbI, UYTO CIIOCOOHBI
NPEeoaoNIeTh CUJIbl  3JIEKTPUYECKOro OTTAJKMBAaHUWS, TO JBa MPOTOHA
pa3BepHyTCS aHTUMApaJIeNbHO, MOCKOJIbKY MPH 3TOM Ha WX mnepupepun
oOpazyercs Ype3BbIYalfHO BBICOKWI TPaJMEHT KOJBIEBBIX CKOPOCTEH.
VYcToiYMBOCTS TOPOUAANBEHOTO TEUYEHHWs Ha TOBEPXHOCTH TPOTOHAa OyaeT
WCKJIIOYHATENIbHO BBICOKOH, TIOCKOJBKY TOpPOWAANBHOE TeueHne >S¢hup
co3JaeTcs He CTOJbKO TOBEPXHOCTHIO, CKOJBKO BHYTPEHHUM OTBEPCTHEM
TIPOTOHA, Tle CHEIUIeHHe TOTOKa 3(Hpa ¢ TEJIOM MPOTOHA BBICOKAs M3-3a
BBICOKOIM TIIOTHOCTM W BBICOKOH TemrepaTypbl  TpoayBaeMoro 3¢wupa.
VYCcTOHYMBOCTE KOJBLIEBOrO TMOTOKAa HE BBICOKA, MOCKOJBKY KOJbLIEBOE
TeYeHHe Ha MOBEPXHOCTH MPOTOHA CO3JAETCsl TOJBKO €ro MOBEPXHOCTHIO 32
CUeT BA3KOCTH B ciosx 3¢upa. [Tpr 3ToM TemnepaTypa 3¢dupa 31ech HU3Kas,
rpagfeHT CKOPOCTH OTHOCHTENIBHO BBICOK, CIIEOBAaTEIbHO, M BA3KOCTh
HEBEJIHKa.

Ecnn nBa TpoTOHAa COMpHKacaloTcss OpYyr ¢ IpYroM B Tpeaenax
TOTPAHWYHOTO CJI0S, TO TOPOMIATLHBIE MOTOKK Oy Iy T c1a00 BO3AEeHCTBOBATH
Ipyr Ha npyra. KonbleBoii ke MOTOK OJHOTO NMPOTOHA B TpenesiaX 3TOTo
TIOTPAHUYHOTO CJIOSI OKaXXETCS] B KOHKYPEHTHOW CHUTyalny MO OTHOLIEHHIO K
KOJIbIIEBOMY TOTOKY BTOPOTO MpoToHa. CUTyanust OKaXXeTcsi HeYCTOIMBOiA,
OIVH M3 TIOTOKOB OyZIEeT TOPMO3HUThCA. DTO MPHUBENET K TOMY, YTO IpaJUeHT
CKOPOCTH KOJIbLIEBOTO JABMKEHHS y TOPMO3ALIErocs TIOTOKAa HayHET
BO3pacTaTh, a BS3KOCTb MajfaTh. B pe3ynbTaTe Bce KOJBLEBOE ABMKEHHE
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OKaXeTCsl 3aMKHYTbIM BHYTPHM 3TOrO TOrpaHM4HoOro cios. IlpoToH
MPEBPATUTCA B HEUTPOH.

To, 4TO HEHWTPOHBI MOTYT 00pa30BBIBATHCA TOJBKO BHYTPH sIpa,
TOATBEPKAAETCA TEM, UYTO B CBOOOZHOM COCTOSIHUM HEHTPOHBI HE MOTYT
CYIIECTBOBAaTh  CKOJBKO-HMOYAb  JOJNTO:  OHM  CaMOIPOM3BOJBHO
TpeBpamaroTcs: B NpoToH. CYUTAETCs, YTO MPH 3TOM 00pa3yeTcs W 3JIEKTPOH,
HO Ha CaMOM JieJie 3TO BOBce He 00s3aTeNbHO, Tak Kak BeposSTHee BCETO
MPOCTO TIOTPaHWYHBIN CJI0i1 HeHTpOHa MpeoOpaszyeTcsl B MOTPaHWIHBIN CIION
MPOTOHA (€30 BCSKOTO POXKACHUS IEKTPOHA. ITO MPOUCXOIUT MOTOMY, UTO
B OCBOOOIMBIIEMCS W3 aTOMHOTrO fA1pa HEHTpoHe HUYTO Ooyee He
NPENATCTBYET BOCCTAHOBJIEHHIO €ro 00OBIYHOIO KOJIbLIEBOTO ABMKEHMS, HO Ha
3TO yXOIUT HeKoTopoe Bpems (10 16 MuH.).

B o6pasoBaBmieMcss y HeWTpoHa MOTPaHUYHOM CJIO€  KOJIbLEBOE
JBWKEHUE 3aMbIKaeTCs MOJHOCTBIO, MOITOMY HEHTPOH M BOCIPHHUMAETCS
KaK 3JIEKTpUYeCKHM HelTpanbHas yacTuua. Ho 3a cueT 3Toro morpaHMYHOro
CJI0s1, B KOTOPOM BSI3KOCTh NMOHIXKEHA, epepacnpenenseTcs U TOpouJaTbHOe
JBIDKEHUE, KOTOpoe ocltabisieTcs BO BHEIIHEM MpocTpaHcTse. [IpakTuka 310
TOATBEPXKIAET, TaK KaKk y MPOTOHA MAarHUTHBII MOMEHT cocTasiseT 2,79
SIepHOTO MarHeToHa, a y HelTpoHa Tonbko 1,91a1epHoro MarHeToHa.

Macca HeliTpoHa, paBHas 1,67482-1§7 KT, OoJibllle, YeM Macca
NpOTOHA, paBHas 1,67252-1157 KT Ha BEITUYUHY 0,0023-1027 Kr. 910
JIETKO OOBACHSTCS TeM, 4TO 3(Hp, BXOAAINN B COCTaB MOTPAHUYHOrO CIIOA
HEWTpPOHA, YUUTHIBAETCS B €ro Macce, B TO BpeMs Kak 3(Up, ABMKYLIHUICS
BOKpYr  MpPOTOHA,  [JBWKEHHE  KOTOpOro  BOCHPHUHUMAaeTCd  Kak
9JIEKTPOMArHUTHOE M0Jie MPOTOHA, B Macce MPOTOHA HE YUHUTHIBAETCS.

6.5.Moae/u aTOMHBIX si/iep

6.5.1. OcHoBHBIE apupoaANHAMHAYECKHE 110)70:010701181
CTPYKTYPHOH OpraHu3alnuu AaTOMHBIX sijiep

CyuiecTBylOT  pa3HOOOpa3Hble MOJENM aroMHbIX sijgep  [9-23],
ONHKCHIBAIOLIME 0ONee WIM MEHee TOYHO MapaMeTphl siaep, B TOM HYHCIe
JHEPTHU B3aUMOIEHCTBUS HyKJIOHOB, 3HAUYSHUS MArHUTHOTO MOMEHTA M T.II.
HemoctaTkamu 9THX Mopneseidl SBISIOTCA UX  (DCHOMEHOJIOTMYHOCTB,
(akTHYeCckOoe OTCYTCTBHE CTPYKTYPHBIX TPEACTABJICHHN, a Takke
MpeICTaBIICHUI 0 TPUPOJIe BHYTPHAACPHBIX B3aUMOICHCTBHIA.

DduponHaMUUecKue TPEICTABICHUS TO3BONAIOT HaWTH CTPYKTYPY
aTOMHBIX siiep W TIOHATb TPHPOAY SAEPHBIX cui. [IpW 3TOM H3BeCTHBIE
3HAYEHUS] YHEPTUM B3aUMOMAEICTBUS HyKJIOHOB E, 3HadeHus crmHa | " |
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MarHUTHOrO MOMEHTa, YeTHOCTH M koddduuuenta nedopmaunu [25-27]
MO3BOJIAFOT HAWTH TPOCTBIE MPUHLIUITBI TOCTPOEHUS CTPYKTYP aTOMHBIX siiep
OCHOBHBIX 3JIEMEHTOB M WX M30TOMOB. JleTanmbHyl0 pa3pabOTKy CTPYKTYp
s7ep MOXKHO TaK)Ke BBITIONHUTE HA 3TOH OCHOBE.

I'pynna adep 600opoda—zenus.

IIpocTedmM COCTaBHBIM SIAPOM SBISETCA IEHTPOH - SAAPO aroMa
TSKEJIOT0 BOJOPOJA C aTOMHBIM BECOM 2, KOTOpPbII COCTOUT U3 MPOTOHA U
HelTpoHa. [IpucoenrHeHne K AEHTPOHY €elle OAHOr0 HEMTPOHA JaeT TPUTOH
— SApO aTroMa TPUTHA, TSHKEJIOro BOAOpPOJAa C AaTOMHBIM BECOM 3;
NPUCOEIVHEHUE K€ K JEATPOHY BTOPOTo MPOTOHA JAET AP0 U30TOMA relus-
3; coenvHeHWe ABYX NEWTPOHOB JAaeT siApo Tenus-4, WHade Ha3bIBAEMOTO
anmpga-yactuueii. B Tabnm. 6.1 mpuBeeHBI HEKOTOpbIE TapaMeTphl
TepeuncIIeHHBIX SIep, Ha puc. 6.9mpencTaBiIeHbl UX CTPYKTYPHI.

Tabnuya 6.1
Yacruia, CocraB Wy E, MbB
PO
p p 1/2 2,792743+0 | —
n n 1/2 —1,913139+45 -
2
1D p+n 1 0,8574073 +2 | 2,27463
3
) T p+2n | 1/2 2,97884 + 1 8,48212
3
ZHe 2p+n | 1/2 2,127544 +7 | 7,71828
4
ZHe p+2n |0 0,000 28,29624

VcToiturBoe COCTOSIHUE BUXPEBOM CHCTEMBI MMEET MECTO TMpPU YCIOBHH
MHUHUMYyMa BHYTPEHHeH OSHEpruM CHCTEMbl WIM MaKCHUMyMa »JHEepTuH
B3aUMOJICHCTBUA, IJIsI Yero HeoOXOOMMO 3aMblKaHWE TOPOUIATbHBIX
(ueHTpaNbHBIX) MOTOKOB 3(Hpa TAKUM 00pPa3oM, YTOObI ITOMY TOTOKY ObLIO
OKa3aHO HaNMEeHbIlee CONMpPOTHBIeHNE B cpene. [locnenHee BO3MOXKHO JIMIIb
B TOM CJIy4ae, €CIM HyKJIOHbI 00pa3ytoT OOLIUi MOTOK, IIPU TOM, KaK yxe
OBbIIO TIOKAa3aHO BbINIE, B NeHTpOHE HYKIJIOHBI OYLYyT COEOWHATHCS OPYT C
IpYyroM OOKOBBIMH TOBEPXHOCTAMH. [lOCKONBKY UEHTpPaNbHBII MOTOK
npoTtoHa Oousbllle, 4YeM HeHTpoHa, TO pe3yJbTUPYHOLIas 4acTh
TOPOMIATBHOTO TIOTOKA BBIXOIUT BO BHEIIHIOIO CPEIy, YTO BOCTIPHHHUMAETCS
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KaK MarHuTHO€ I10JI€ D,CflTpOHa, a KOJIbLIEBOE€ IBWIKEHHE MPOTOHA BBIXOOUT

LIEJTUKOM,

BO BHEIIHee MPOCTPAHCTBO

qTOo BOCIIpPMHUMAETC Kak

3NIEKTPUYECKOE TI0JIe KaK CaMOro MPOTOHA, TaK U AEHTPOHA B LIEJIOM.
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Puc. 6.9. Crpykrypa nportoHa (a), HeiiTpoHa(6), aeiitpoHa (), TputoHa (2),
sinpa requs-3 (0) u siapa reausi-4 —aabda yacruua (e)
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CoenMHEHNE HYKJIOHOB APYT C ApyroM OOKOBBIMM NMOBEPXHOCTAMH TP
HaJMMM Yy HUX OOLIero LEHTPalbHOrO TMOTOKAa 3acTaBisfeT MX
COPHEHTUPOBATLCS AHTUNApAIUIENbHO Ipyr Apyry. IIpu >ToM HanpasieHus
TOPOMIABHOTO JBMKEHHWS IO 00pasyroIuM 000WX HYKJIIOHOB B3aMMHO
NPOTUBOIOJIOKHBI, T.€. TPAIAUEHT CKOPOCTEH TOPOMAAIBHOIO JBUXKCHUS
MaKkCHMalleH, a HaJnu4dhe KONBLEBOTO IBIDKEHWS y MNPOTOHA emie Oolee
YBEJIMUMBAET 3TOT TPajUEHT. Bce 3TO MPUBOIUT K CHIDKEHUIO AABJICHUS B
TPOMEXXYTOUHON MeXIy HYKJIOHaMu 30He. Buemnee naBnenue 3¢dwupa
NPWKUMAET HYKIIOHBI PYT K IpYrYy.

Jlerko BUAETH, UTO NPU aHTUIAPAIUIEILHON OPUEHTALIUHU IBYX HYKIIOHOB
CyMMa HUX COOCTBEHHBIX CHHMHOB (MOMEHTOB KOJIMYECTBA KOJBLEBOIO
IBWKEHMS) paBHa Hymro. Ho KonblieBoe ABM)KEHHE MPOTOHA MPHBOIMT K
BpallleHHI0 Bcelf cHucTeMbl BOKpPYr oOIeif ocu, MNpoxoaduleil dvepes
MPOMEXYTOUHYIO 30HY NapajulelIbHO TJIaBHBIM OCSIM 00OMX TOPOMIOB.
[TockonbKy HYKJIOH MMeeT TpyOuaToe CTpOeHHe, HEeHTPhl MacC HyKJIOHOB
pacrnojararoTcs Ha TOM € PAcCTOSSHUM OT OCU BpPAILLEHUS, HA KaKOM B
OJMHOYHOM HYKJIOHE COCPENOTOUYEHA €T0 OCHOBHAS Macca, a Tak Kak o0mmas
Macca B JeTpOHEe YIBOEHa, TO OOllee KOJIMYECTBO [BIDKEHUS TaKxkKe
YABOUTCH, T.€. CIIUH AEUTPOHA PABEH

l=21,=1, (6.43)
MarHuTHbI MOMEHT AEHTPOHA, KaK U3BECTHO, PABEH
tp = 0,861, = pp + pn = 2,792743, — 1,913139, = 0,879604y,, (6.44)

rIe [, — SAAepHbI MarHeToH. Pa3sHnia B 2% MokeT ObITh OTHecCeHa 3a cHeT
TOMIOIIEH NS YaCTH TOPOUIAIBHOTO JBW)KEHUSI B MEXKHYKIIOHHOM 30HE.

ITpu mpucoennHeHNN K ASHTPOHY BTOPOro HEWTpOHa 00pa3yeTcs TPUTOH
— sagpo Tputha. Ero MarHWTHbIf MOMEHT TPHONMU3UTENBHO paBeH
MarHUTHOMY MOMEHTY MPOTOHA, IOCKOJIbKY JIBa HEHTPOHAa OPHEHTHPOBAHBI B
AIpe  aHTUMApaJUIEJIbHO W WX  MarHUTHble  MOMEHTBl  B3alMHO
KOMITCHCUPYIOTCSL:

= 2,9797u, = pp = 2,792743, (6.45)

3nech HEKOTOPBIN M30BITOK MarHUTHOrO MomeHTa (okoso 8%) MoxkeT
OBbITh OTHECEH 3a CUET HEMOJHOIO BbIYMTAHMS MAarHUTHBIX MOMEHTOB JABYX
HEWTPOHOB, BXOAAIINMX B SIIPO TPUTOHA. BHyTpeHHMI CIIMH TPpUTOHA paBeH
%, 4TO ecTecTBEHHO, TaK KaK TMpH aHTUNapalie]bHON opueHTaluun
HEWTPOHOB WX BHYTPEHHHE CIMHBI KOMIEHCHPYIOTCS, W OCTAeTCs TOJBKO
CIIMH MPOTOHA.
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OHeprus B3aMMOJAEHCTBUA TPUTOHA cocTaBiseT npumepHo 8,48 M»B,
YHCIIO MOBEPXHOCTEH B3aMMOAEWCTBUS HYKIOHOB MEXIy co0oi paBHO 3.
N36bITOK SHEpruM B3aUMOJEWMCTBUS, €CIM CpPaBHUTb C DJHepruei
B3aMMOJICHCTBHSA TpeX NeUTpoHOB 1o 2,27463M>3B, cocrarseT

AE =8,48212 — 3-2,27463 = 1,658¥6B. (6.46)

JlOTIOTHUTENTBHYIO 9HEPTUIO CBSA3eil MOXKHO OOBSICHUTB JOMOJHUTEIbHOM
nedopmanmeil BUXpeil u yBenndeHueM IUIomaaeil B3auMoaeiicTBUs, TaKk Kak
3[€Ch KaXIblil HYKJIOH B3aWUMOIEWCTBYET C COCEOIMM HE TIO OOHOM
TIOBEPXHOCTH, KaK B JEHTPOHE, a MO IBYM, U TIOHWKEHHOE B MEKHYKJIOHHOM
MPOCTPAHCTBE JaBJIEHUE MPUBOJNT K Je(opMalui HyKJIOHOB.

MarautHeiii MOMeHT Tenus-3 paBeH 2,1275 p;, 4YTO TpPHUMEpPHO
COOTBETCTBYET MarHHTHOMY MOMeEHTY mpotoHa (2,79us). PasHuiua B 23%
MOXET OBITh OTHECeHa 3a CYeT TalleHUss TOPOMIATBHOTO IBIKEHHS IPO-
TOHOB B MEKHYKJIOHHOM cJIo€. DHEpTHsl CBs3ei HyKIIOHOB B fApe reins-3
cocraBisietr 7,72 M»dB, a wW30BITOK OJHEprWM B3aUMOICUCTBHUS B
COTIOCTaBJIEHUH C TPEMsI SiApaMu Ieitepust

AE=7,72 —3-2,27463 = 0,MB. (6.47)

DTOT N30BITOK MEHBIIIE, YeM B CITydae TPUTOHA, HO 3TO JIETKO OOBSICHAMO
T€M, 4YTO TMpU AHTUMAPALIEIBHOM COEIMHEHWUU [ABYX MPOTOHOB B
NPOMEXKYTKE MEXIy HHMHU TIOTOKM KOJIbLEBOIO [ABIDKeHHA 3¢upa
OKa3bIBAIOTCS  MapajuleJIbHBIMHU, [O3TOMY JSHEprus CBA3M B  3TOM
MEKIPOTOHHOM MPOMEKYTKE MEHbLIE.

[IpucoenuHeHrne 4eTBEPTOr0 HYKJIOHA MOTJIO Obl BBI3BAaTh YBEJIMYEHHUE
olmielf 3Hepruu B3aUMOIEWCTBUS HYKJIOHOB B sAnpe Ha 3 M»3B. OpHako
BMECTO TOTO MPOUCXOIUT CKa4OK 3Hepruu no 28,29614M»B, T.e. moutu Ha
18 M5B 6oublie, ueM 0XKHAIAIOCh. Takoi CKauOK MOKHO OOBSCHUTH TOJIBKO
TIepecTPOiKoil CTPYKTYypBl BCeil CHCTEMBI HYKJIOHOB, 00pa3yromux anbga-
YacTULy.

Jlerko BHIETh, UYTO Takas TMeEpecTpoiika Ha camMOM Jelie peajbHO
HeoOXonuMMa, TaK KakK Hajluuhe 4YeThbIpeX HYKJIOHOB CO3JIaeT BCe
BO3MOXKHOCTH  [UIS ~ HAaWMEHBIIEro  CONPOTHUBJIEHUS  MPOXOXKICHUSA
LHEHTPaJbHBIX MMOTOKOB, MOCKOJIbKY Terepb MOXeT ObITh 00pa3oBaH eIWHbIN
MOTOK IJIi BCEX YETHIPEX HYKJIOHOB, MPOXOAAUIMHA MO 00meMy KOJIbIL,
00pa3oBaHHOMY BUXpPSIMH HYKIOHOB. Kpome Toro, mo Bceil MOBEpXHOCTH
YeThIpeX HYKJIOHOB 00pa3yeTcs BCTPEUHbI MOTOK 3¢upa, AOMOIHUTETBHO
CBA3BIBAIOIIUI HYKJIOHBI. BHYTpH anb¢a-yacTULbl JOJKEH 00pa3oBaTbCs
elle OAWH MOTOK, HO B CHJIy €ro Majoro AuaMeTpa ero BKJaJ B SHEPTHUIO
cBsi3u HeBesuk (puc. 6.10,¢)
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HamnpasneHust CTUHOB B CHCTEME BCE MOMAPHO YPABHOBEIIEHbI, 1 OO
MOMEHT KOJIMYECTBA IBWKEHUS alb(ha-qyacTHIIB paBeH HYJIO.

TakuM 006pa3oM, MOBBIMIEHHAsS YCTONYMBOCTH YETHO-YETHOM CHCTEMBI,
KaKoOBOM sBNISETCS aib(a-yacTuila, JIErko OObACHUMA. YUHThIBas 0COOYIO
YCTOMYMBOCThL alib(pa-uacTull, JajibHeilllee pacCMOTPEHHE CTPYKTYp BcCeX
snep, U 0co00 YCTOWYMBBIX sAep, OOJaqalomMx TaK Ha3bIBaeMbIM
«Marm4ecKMM» YHCIOM HEHTPOHOB, WeNecoo0pa3HO paccMaTpuBaTh Ha
OCHOBe alib(ha-vacTuil. [1oydeHHYI0 MOJIESIb aTOMHBIX SIIEP MOYKHO Ha3BaTh
anb(ha-gacTHIHOM.

6.5.2.HexkoTopble 00mue cBOficTBA COCTABHBIX f/IEP

AHanu3 SHepruil B3aMMOIEHCTBHMSA HYKIOHOB mis simep [25-27]
MOKa3bIBAET, YTO MOXHO JUI1 BCEX BHUIOB W30TONOB BBIJENUTh HECKOJIBKO
00IIMX CBOWMCTB, KOTOPbIE MOXKHO HCIIOJIb30BaTh MPH MOCTPOEHUH ajba-
YaCTHYHBIX MOJENel 3THX saep. PaccMOTpUM HEKOTOpbIE U3 ATHUX CBOWMCTB
(tabn. 6.2, 6.3).

Tabnuya 6.2

Yucio Hszoron 1" E, M>B AE, MbB
HEHWTPOHOB
3 8

5B 2 37,74 -
4 9

5B - 56,315 | 18,6
5 10

5B 3+ 64,75 8,44
6 11

5B 3/2- 76,21 11,45
7 12

5B 1+ 79,58 3,37
8 13

5B 3/2— | 84,46 4,9
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Tabnuya 6.3.

Yucio Hszoron 1" E, M>B AE, MbB
HEHUTPOHOB
3 9

C - 39,04 |-

6
4 10

GC 0+ 60,32 21,3
5 11

GC 3/2- 73,44 13,12
6 12

6C o+ 92,16 18,72
7 13

GC 1 97,11 4,96
8 14

C 0+ 105,29 | 8,18

6

Bo-mepBeIX, 1A BCel  COBOKYNHOCTH  M30TOIOB  XapaKTEpPHO
NpHUpaIleHNe SHEPruU CBS3M NPH NPUCOSAMHEHMM YETHOTO HEeHWTpoHa Ha
BEJIMYMHY OOJBIIYIO, YeM TPH MPUCOETMHEHUH HEYETHOTO. DTO XapaKTePHO
IJIsL SJIEMEHTOB KaK C YETHBIM, TaK U C HEYETHBIM YUCIIOM MPOTOHOB. B Tab.
6.2 1 6.3 a1 npuMepa MpuUBeNEHbl JaHHBIE MO YHEPTUAM H3OTONOB Oopa U
yriiepona. M30Tomnbl pacroioxkeHsl B MOPAIKe HapacTaHUs YKclia HEMTPOHOB,
cofilepKalllUXcs B HUX. YKa3aHHOE CBOICTBO XapakTepHO Ui Bcex 0e3

HUCKJIOUCHHA N30TOIOB BCECX 3JICMECHTOB.
60

Bo-BTOpbIX, BO BCEX UYETHO-YETHBIX fAApax A0 ZN MOXHO MPOBECTH
30

YETKYI0 TpaHMIly B 3HAUEHWSIX DSHEPrUM CBSI3M MEXAYy OTHOCHUTENIBHO
OOJIBIINM TIpHpAILEHNEM SHEPTHHN TPH TMPUCOEANHEHNH HOBBIX HEWTPOHOB C
sHeprueii okosno 13 MaB u oTHOCHTENEHO MaJIbIMK MTPUPAIIEHUSIMHI SHEPTUN
CBSI3M TMopsiaka 6—7 MaB mwin MeHee. DTOT CKayOK 3HEPTUH BCeraa OTAENsIeT
OT OCTaJIbHBIX fAlep YETHO-YeTHbIE fA1pa, T.e. siApa, KOTOPbIE MOKHO
MPEACTaBUTb COCTOSIIIUMH M3 OJHUX TOJIbKO alib(a-uyacTHLL:

4 8 12 16 20 24 28 32 36 40 44 8 4 52 56 60
He, Be, C, O, Ne, Mg, Si, S, A€a, Ti, Cr, Fe, Ni, Zn
2 4 6 8 10 12 14 16 18 20 2224 26 28 30

B HeueTHO-YeTHBIX AApax TaKyl0 FPaHUIL TOXE MOXKHO ITPOBECTH, HO B
HUX CKAuOK YHEPrUH MEHbIIIE.
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Takoe pacnpeneneHue SHEPTUM CBA3M 03HAYALT, YTO BCE CTPYKTYPHI Aaep
MOKHO paccMaTpHBaTh Ha OCHOBE aib(ha-yacTHLl, HPH 3TOM YETHO-YETHbIE
AApa — Kak COCTOSILIME TONBKO M3 OIHUX alb(a-yacTHLl, a OCTalbHbIe — KaK
cocTosire W3 ajb(a-dacTUIl M OPYTrHX HYKJIOHOB, OOpasylonX MeEXIy
€000 COeAMHEHUS.

3HaveHNe CTMHA, U3BECTHOE TIPAKTHYECKH IS siAep BCeX M30TOMOB, IS
YETHO-YETHBIX CTPYKTYp BCerJa paBHO HYNIO, YTO MOATBEPXKIAeT
BBICKA3aHHOE MpEATOoJIoKeHNe. 3HaUeHNe CIMMHA JUTA OCTABHBIX CTPYKTYP
TO3BOJISIET TIPEICTaBUTh B KAaXAOM CiIydae CTPYKTYypy sIpa, B KOTOPOM
OCHOBOI1 TO-NIpeXKHEMY SABNIAETCS anb(ha-CTPyKTypa.

B cpaBHuTenbHON Tabnuue sHepruit (tabn. 6.4) nmpuBeneHbl 3HAYCHUS
9HEPIUil YeTHO-YETHBIX SIEP U Pe3yJIbTaThl COMOCTABICHHU UX C BHYTPEHHE
9HEprueii CBsI3M COOTBETCTBYIOILEro KOJHMYecTBa aib(a-yacTull. B aToit ke
TaONuLe NMpUBEAEHbI MEepBble M BTOPbIE Pa3HOCTH MPHUpPAILEHUI SHEPruil u
nopsiAkoBbie HoMepa (K) 4eTHO-YeTHBIX siep B PSILY CBOMX U30TOTOB, CYMTAS
OT W30TONa C HaWMeHbIIMM 3HaueHneM A. B mocnenneit rpade ykasaHo
YHUCcI0 HENTpPOHOB AN, oTiMUaroliee NMpHUBEIEHHBI B TabJiWIe W30TOM OT
HanOoyiee pacTpoCTPaHEHHOTO B TPUPOXE, T.e. Hanboyee YCTONYMBOTO.
W3MeHeHns1 BO BTOPOM TPHPALIEHNH 3HEPTHH CBS3ei CBUIETENBCTBYIOT O
TiepecTpoiike CTPYKTYpHI SAep MpH Mepexone K HOBOMY 3HaueHHIO yucia Z.

Kak BugHO, sinpa ¢ marmueckumu yuciaamu 2, 8, 20u 283aBepruarot coboit
8

pAnBl  ONMHAKOBBIX CTPYKTYp. 3aBepllaeT CTPYKTYpy Takxke sapo Be,
4

KOTOpOe  HeCcTabWJbHO, TaKk Kak €ro OJHeprus CBA3M  MEHbIle
COOTBETCTBYIOILEH OHEPruu JABYX 4YacTul. JlaHHBIA ciaydall MOXKHO
OOBACHUTH TEM, 4YTO TIPM BCEX TMOJOXKEHUSIX JABYX alib(ha-4acTHLl
OTHOCHUTEJNILHO JPYT ApYyra COMpOTHUBJIEHHE MOTOKY 3(Hpa, BBIXOAALIET0 U3
LEHTPOB ajb(a-yacTul, JOCTATOYHO BEJIMKO, MOBEPXHOCTH K€ HYKJIOHOB,
BXOJAIINX B COCTaB aib(a-uacThll, BBIMYKIBI ¥ HE CO3MAOT HOCTATOUYHON
OCHOBBI IJIs1 OOEcCTeYeHUsI BBICOKOIHEpreTHueckoro coenuHeHus. OmHaKo
MPUCOEANHEHNE €llle OJHOI0 HyKJIOHa — IPOTOHA WM HEWTpOHa — cpasy xke
JenaeT M30Tomn cTabuwibHbIM (pric. 6.10), Tak Kak 3TOT HYKJIOH OKa3blBaeTCs
MOCTHKOM, COETMHSIONINM JIBE alb(a-qacTHIIBI.
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Vv Tabnuya 6.4
NeEa Ax Eqa, MoB AE,MdB | A2E MpB | AN
z
28,29624 4 28,29624 0 - -
He
2
56,59248 BB . 56,5006 -0,0914 -0,0914 0
e
4
84,88872 12C* 92,1635 +7,2748 8,3662 0
6
113,18496 160 127,6212 14,4362 7,1614 0
8
141,4812 2’% . 160,6473 18,1661 4,7299 0
e
10
169,77744 2"1\/| 198,2573 28,4802 10,3141 0
g
12
198,07368 285. 236,5386 38,4549 9,9747 0
i
14
226,36992 325 271,7820 45,4121 6,9572 0
16
254,66616 3‘,30\ 306,7198 52,0536 6,6415 0
r
18
282,96240 4OC 342,0555 59,0926 7,0380 0
a
20
311,25864 4_;4_.* 375,477 64,2184 5,1258 4
i
22
339,55488 48C 411,468 71,9131 5,6947 4
r
24
367,85112 52F 447,707 79,8559 7,9428 4
e
26
396,12736 5‘?\|_ 484,004 87,8566 8,0007 2
| 4
28
424,44360 60 515,009 90,5654 2,7088 4
Zn* 6
30

[TpumMedanue: 3HaK* 03HAYaeT NEPECTPONKY CTPYKTYPHI.
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66

a) 0)
9 9
Puc. 6.10.00ecneveHne cTaOMILHOCTH H30TOMA aToMa Gepuiinst Ben B.
4 5

Takum 00pa3oM, OCHOBOW TIOCTPOSHHS SACPHBIX CTPYKTYP MOJDKHBI
SABNIATBCSA Marmdeckwe sAapa, T.e. fAApa, B KOTOPHIX YHCIO HEUTPOHOB
COCTaBJIIET TaK Ha3bIBaEMOE Marmdeckoe uucio — 2, 8, 20, 28, 50, 82, 126.
CTpyKTypy KaKJOTO TaKOro sapa MOXHO TMpPEACTaBUTh COCTOSIEH u3
OTPEIEIEHHOTO0 KOJMMYecTBa alib(ha-uyacThll, CBOOOIHBIX Map HEHUTPOHOB U
npotoHa (MocneAHut — AJsi HEYETHBIX TI0 YUCITY HEMTPOHOB sizep). B oOuem
cllydae Marm4eckoe siipo MOXKHO TPEICTaBUTh B BUIIE

A=4m, +N+ip, (6.48)

rae Mo —4ucio aibha-yacTuil B sape; N — 4ruciio HelTpOHOB, He BXOISAIIHX B
coctaB anbda-vactun ( N = 0;2;4...);i, —4ncio cBo6OIHBIX POTOHOB (ip =
0;1).

VuuTthiBasg, 4TO B MarMueckumx sapax 4YHCIO CBOOOIHBIX HEUTPOHOB
BCEr/a YEeTHO, a CITHH PAaBeH HYJI0, MOXKHO HPEAIIONIOKHUTE, YTO B ITHX sIpax
HEMTPOHBI, He BXOMAIIME B COCTaB alb(a-4acTHL, 00beIMHEHbI MOMAPHO M
HaIpaBJICHbl aHTUTAPAJIIENBHO 10 OTHOLICHHUIO APYT K APYTY, OJHAKO TaKoe
UX COeIUHEHHE, MO-BUIMMOMY, BOBMOJKHO TOJIBKO B MPUCYTCTBHHU MPOTOHOB
WK anb(a-4acTL, CO3JAIOIINX AOMONHUTENbHBIN IpalUeHT CKOpOCTeil 3a
CUET KOJILIEBOTO BpAIlleHUs BUXPEii.

B Tabn. 6.5 — 6.11InpuBeeHbI SHEPTUN MarudecKuX siaep U NpupanieHus
SHepruu. M3 Tabnuu BHAHO, 4YTO He BCe AIpa C MarMdecKhM YHCIOM
HEUTPOHOB 00JIAIAl0T peabHO MOBBIIICHHBIM YPOBHEM YHEPTUH.
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Sapa ¢ HeliTPOHHBIM MarnyecKuMm unciaom 2 Tabruya 6.5

30

0 Ax ma+ N+lp E, MsB [ AE, MaB
1 3 3n+p 8,4812 1/2— -
T
2 4H A 28,26924 0+ 19,78712
e
3 5L_ at+p 26,330 3/2— -1,9324
i
Sapa ¢ HeliTpoHHBIM Marnyeckum unciaom 8  Tabnuya 6.6
Z Ax ma +N + Ip E, MbB [ AE, 2Ea, Aeaq,
M»>B M»>B M»>B
5 1% 2o0+4n+p | 84,456 3/2— - 56,593 27,864
6 14C 3a+4n 105,2867 0+ 10,8307 84,8887 24,39
7 15;\| 3a+4n+p | 115,4939 1/2+| 10,207Z 84,8887 30,60
8 160 4q 127,6212 0+ 12,1273 113,18494,4363
9 17F do+p 128,221 5/2—| 0,7998 - -
10 18 20+ 2p 132,1433 | + 3,9223 - -
Ne
SAnpa c HeliTpoHHBIM Marudeckum yuciaom 20 Tabnuya 6.7
Ax mo +N + 1p | E, MaB 1" AE, >Eaq, AEu,
7 M»B M»B M»sB
16 363 8a+4n 308,7198 | O+ - 226,379 84,350
17 37C| 8a+4n+p | 317,105 3/2+| 88,3853 226,370 90,736
18 3; 90+ 2n 327,3475 0+ 10,2425 254,66p 72,68]
r
19 35:( 9a+2n+p | 333,726 3/2+ 6,3785 254,666 79,06
20 40C 100 342,0555 | O+ 8,3295 282,96 59,09
a
21 415 10a+p 343,140 7/2— 1,0845 - -
c
22 42T' 100+ 2p 346,909 0+ 3769 - -
i
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Snpa ¢ HeliTpoHHBIM Marnyeckum unciaom 28  Tabnuya 6.8

z Ax ma +N +1p | £, MaB 1" AE, 2Ea, AFEuq,
M»sB M»sB M»>B
19 47K 90 +10n+p | 400,197 32+ - 254,666 145,531
20 48C 100+ 8n 416,004 0+ 15,807 282,962 133,042
21 49Sa 100 + 8n+p | 425,623 7/2- 9,619 | 282,962 142,661
22 5(_)I__C 1la+6n 437,797 0+ 12,174 311,259 126,538
23 5{; 1la +6n+p | 445,8463 | 7/2- 8,0493 311,259 134,587
24 52Cr 120+ 4n 456,3537 | 0+ 10,5074 339,555 116,799
25 53;\/|n 120+ 4n+p | 462,912 7/2- 6,554 339,555 123,3%7
26 S?Ze 13a+2n 471,770 0+ 8,858 | 367,851 103,912
27 55Co 130 + 2n+p | 476,820 7/2- 5,050 | 367,851 108,969
28 5|f\3“ 140 484,004 0+ 7,184 | 396,14y 86,857
Snapa ¢ HeliITPOHHBIM Maruyecknum 4uncaom 50 Tabnuya 6.9

Z | Ax me+N+1p | E,MB | |7 AE,M3B | Xeo, MaB | AEa, MaB
34 Sgc 170+ 16n | 727,330 | O+ - 481,036 346,294
35 858r 17a+16n+p | 737,380 | 3/2 | 10,050 | 481,036 256,344
36 8?<r 180 +14n | 749,239 | O+ 11,059 509,332 239,907,
37 87Rb 18u+14n+p | 757,858 | 3/2- 8,619 | 509,332 248526
38 SEiSr 19 + 1 768,462 | 0+ 10,604 | 573,629 230,833
39 85:{ 19 +12n+p | 775,534 | Y- 7,072 537,629 237,905
40 QOZr 200 +1n | 783,904 | O+ 8,370 | 565,924 227,980
41 gle 200 +10n+p | 789,050 | 9/2+| 5,146 | 565,924 223,126
42 92MO 21a+8n 796,519 | O+ 7,469 594,221 202,298
43 9?_>|_C 210 +8n+p | 800,623 | 9/2+ 4,104 594,221 186,402
44 9‘:?” 220+ 6n 807,040 | O+ 6,417 622,517 184,523
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Sapa ¢ HeliTPOHHBIM Marn4yecKuMm umnciaom 82

Tabruya 6.10

z Ax Ma +N + lp | E, MaB " AE,M3B | Xea, MaB | AEa, MaB
54 13§‘>(e 270 +28n 1141,891 | 0+ - 763,270 378,621
55 137C 270+28n+p | 1149,320 | 7/2+ | 7,429 763,270 386,050
56 13885 280 + 26n 1158,322 | 0+ 9,002 791,539 366,783
57 13ia 280 +26n+p | 1164,520 | 7/2+ | 6,198 791,539 372,981
58 142:3 2% + 24n 1172,891 | O+ 8,144 819,808 352,355
59 14;? 29 +24n+p | 1177,891 | 5/2+ | 5,227 819,808 358,083
60 14N2d 300 +22n 1185,116 | 0+ 7,225 848,077 337,039
61 lgm 300 +22n+p | 1195,910 10,794 | 848,077 347,833
62 1454’1 31a + 20n 1195,682 | 0+ 0,228 876,346 319,336
63 145Emu 3lo +20n+p | 1198,944 | - - 876,346 322,599
64 | 146 | 320+ 1&n - - - -
Gd
Snapa ¢ HeliITPOHHBIM Marudeckum yuciaom 126 Tabruya 6.11
4 Ax Ma+ N+1p | E, MaB " AE, XEa, AFEa,
M»sB M»sB M»>B
80 Zfﬁg 400+46n 1621,068 | O+ - 1130,77 490,298
81 20_7|_. 400+46n+p | 1628,434 | 1/2-| 7,366 1130,77 497,664
82 Zoglb 41a+44n 1636,452 0+ 8,018 1159,04 477,413
83 209Bi 410+44n+p | 1640,255 | 9/2-| 3,803 1159,04 481,216
84 212) 420+42n 1645,232 0+ 4,977 1187,31 457,924
85 212: 420+42n+p | 1648,213 | 9/2-| 2,981 1187,31 460,905
86 ZlFin 430+40n 1652,511 | O+ 4,298 121558 436,934
87 21|3:r 430+40n+ p | 1654,708 | - 2,197 1215,58 439,131
88 21;; 440+38n 1658,470 0+ 3,762 1243,85 414,623
89 21A5Ca 440+38n+p | 1659,770 | — 1,300 124385 415,923
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Kax cnenyer u3 3HaueHMil 3HEPTUiA U UX Pa3HOCTEN 3aKOHOMEPHOCTH IS
Maruyeckux 4ucesl B HEKOTOPBIX MecTax MpeTeprneBaroT CKauKu: il ynucia 8
He YKJIaJbIBalOTCA B OOIIYI0 3aKOHOMEPHOCTh Top U HeoH; ans yucna 20 —
CKaHIWH W TWTaH,; Ui uyncna 82 —mnpomMeTnii, camapuii n eBpornmii. Takum
00pa3oM, 3aBEpIICHHBIMH CTPYKTYpaMu siiep SBISIOTCS TOJBKO sapa ¢
gucioM anbda-vactu 1, 4, 10, 14, 22, 34 44.

Kak BumHO w3 Tabmuusl 6.2 WMeeT MeCTO MEPHOTUYHOCTH CHAIOB M
MOBEMOB IHEPIHii CBA3EH MpHM pocTe YKCIa HEWTPOHOB, YTO CHPaBEATIHBO
UL BCeX simep. OJTO MOXKHO OOBSICHUTH KaK W3MEHEHWeM 4Hcia
B3aUMOJEHCTBYIOLIMX TOBEPXHOCTEH, Tak M W3MEHEHHWeM jaedopManun
HYKIIOHOB. Tak, Ipy yCTaHOBKE OJHOrO HYKJIOHa Ha IOBEPXHOCTU spa
MEXJIy HUM M OCTaJIbHOW Maccoil Aapa UMEETCsl BCEro OJHAa MOBEPXHOCTH
B3aMMOJENCTBYSA, BTOPOr0 — [BE, HO NPHU OTOM OJHA CTOPOHA paHee
YCTaHOBJICHHOTO HyKJIOHA BBITyKJIas, MPH 10OABIEHNUH TPETHETO — TOXKE JIBE,
HO TIpM 3TOM OJHa CTOpOHA ele OoJiee BBIMYyKJas, YTO CHW)KAET 3HEPTHIO
B3aMMOJENCTBYS 10 CPABHEHUIO C SHEPTUEN CBS3€H MpeapIayliero HyKJIOHa,
pyu 100aBIEHNU YETBEPTOro HyKJIOHa — TPU MOBEPXHOCTH, HO JBE M3 HUX
BhIMyKJIbIe (pHC. 6.11).

Puc. 6.11. K 00bsicHeHHI0 MepPHOAUYHOCTH MPHUPAILLEHUs] JHEPrHUH  CBsi3eil
HYKJOHOB  MpPU HApAaUIMBAHUM 4YHMCIa HYKJIOHOB B siipe. YCTaHOBKAa Ha
MOBEPXHOCTH sijipa 0AHOTO (), IBYX (6), Tpex (8) M 4eThIpeX (¢) HyKIOHOB.

W3 1310KEHHOT0 BhILIE MOXKHO CIEJaTh CIIEAyIOIINE BbIBOJIBI.

ITpucoennHenne ABYX HEHTPOHOB B H30TOMax siiep B OONBIIMHCTBE
CllyyaeB He MEHJeT 3HaueHHus chnuHa. ClefoBaTelbHO, 3TH HEUTPOHBI
COEIVHAIOTCS aHTUMAPAJUIENBHO, HO BO3MOXHO 3TO JIMIIb B MPHUCYTCTBUU
anbga-yactul. To ke MoATBEpKIaeT HEM3MEHHOCTh MarHUTHOTO MOMEHTA.
[Touemy Tak TPOMCXOAWT, JIETKO BHUAETh W3 CTPYKTYpbl BUXpPEW: B 3TOM
Cllydyae OCHOBHOW TOPOWAAJIBHBII NMOTOK 3TUX HEHTPOHOB MNPOXOIWUT MO
3aMKHYTOMY ITyTH, YTO ¥ OOYCIIOBIMBAET WX aHTUTAPaJUIENIbHOCTh, HO OAWNH
uiu 06a HeHTpOHa CBOMMHU GOKOBBIMM CTEHKAaMHU MPUCIOHSAIOTCS K OIHOM U3
aJib(ha-4acTHL TAKXKE aHTUNAPATIIETBHO.
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3HaueHHe CMHHa sep, Y KOTOPbIX OH HE PaBEH HYJIIO, MO3BOJISIET CYIUTh
O UHuCle HyKJIOHOB, HE BXOIANMX B cOcTaB alb(a-dyacTUl U
OPHMEHTHPOBAHHBIX MapaijeabHo APYr Apyry. B mpocteiimem ciydae 3To
YHUCIIO OMPEAEISIEeTCS BBIPAKEHUEM

I
k=—. (6.49)
1/2

3nech 1/2 —CrMHOBOE YMCIIO B €MUHUIAX /i, IPUYEM B sIpax ¢ HEUeTHbIM Z B
3TO YHUCIIO BXOAUT OIMH U3 TIPOTOHOB, OCTANbHbIE MPOTOHBI BXOAAT B COCTAB
anb(a-yacTuil, 00pa3yroIUX OCHOBHYIO Maccy Aapa.

PaccmoTpeHnue o61eii 3aKOHOMEPHOCTH U3MEHEHHs SHEPTUH OKa3bIBaeT,
56

gto m0 Ni 00wt ypoBeHb SHEprHU CBsA3el, MPUXOAAIINICST HA KX AbIN
28

no0aBlieHHbINT HEHTPOH, pacTeT C YBEJIMYEHHWEM OTHOCHUTENBHOW aTOMHOMN
MaccChl.

61 62 62
Hanpumep, nepexon ot Ni k  Ni gaer 10,59M53B, a nepexox or  Cu
28 28 29

63

k Cu -yxe 10,85M»5B, T.e. B NpUCYTCTBUU [IOMOJHUTENHHOIO MPOTOHA
29

JOTIOJTHEHWE HEMTPOHOM TIPH TOM e KOJIWYecTBe HEeHTPOHOB jaeT OoJbliee
TIpUpaIleHre SHEPT UM CBA3EH.

OObsicHeHHe MOXKET 3aKJII0YaThCs B TOM, 4YTO TpH 00meM Oombiiem
YHUCIie HYKJIOHOB YIIAKOBKA MX MOJTy4aeTcss HECKOJIbKO OoJiee IIOTHAsA, BUXPHU
TJIOTHEE MpPWXKHUMAKOTCS  Opyr K Jpyry, 3a cdeT 4Yero IUIOMaab
COTMPUKOCHOBEHMSI HYKJIOHOB B TIOTPAHMYHBIX CJIOSX BO3PACTAET, U IHEPIUs
CBA3€H B3aUMOIECHCTBHS HYKJIIOHOB YBEITUYUBAETCS.

HTak, sinpa MO>XHO paccMaTpHBaTh Kak:

1) Bxmovarome B CBOW cocTaB aib(a-yacTUIpBI, YUCIO KOTOPBIX
orpenenseTcs OMKalIAM K aTOMHOMY HOMeEpY YHCIIOM, JelsiumMcs Ha 4,
HO He OOJBIINM, YeM Onmkaliiee K Z YeTHOE YHCIIO;

2) BKIIOYAKOIIME B CBOM COCTaB MapajlielbHO OPHEHTHPOBAHHbIC
HYKJIOHBI, YHCIIO0 KOTOPBIX paBHO K;

3) BKMOYarOIKe B CBOW COCTaB Mapbl HEMTPOHOB, OPHEHTUPOBAHHBIC
B3aMMHO aHTUTIAPAJUIENILHO, YICIIO KOTOPBIX PABHO PAa3HOCTH

n=A-N-k (6.50)
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29
Tak, nanipumep, P c¢ E = 239,286M3B u |™ = 1/2 coctout n3 cemu
15

anbga-yactull (Ma = 7), U1 4ero HeoOX0AUMbI 28 HYKJIOHOB U ele 1 npoToH

29 28
co cniuHom 1/2. Tlpupaienune sHeprun  Prio cpaBHennio ¢ P cocrasnset
15 14
28
17,87M>3B, uto o03HauaeT, 4TO B cocTaBe P MPUCYTCTBOBAIO TOJBKO 6
15

anba-vactuu. Cenpmas ajbda-yacTulla 00pa3oBaiack MpU MPUCOETUHEHUN
1410 HeiiTpoHa (2940 HYKJOHA), YTO W JAJIO CTOJNb OOJNBIIONW TPUPOCT
SHEPTUY B3anMoaencTus (Tadmn. 6.12).

B cocrape %P (E = 250,6119M5B, | ™ = 1) no-npeskHeMy cemb anbha-
YacTHL, TPOTOH W HEWTpOoH 00pa3yloT COeIWHEHWe THMa AelTpoHa,
WMEIOILETo CITUH, PaBHbIN 1. 31ech BOSMOXKHO M APYroe TOJKOBaHWE: POTOH
W HEWTPOH MMEIOT MapajulelibHble CIMHBI, M X OCEBbIe MOTOKH B TaHHOM
AApe He 3aMbIKalOTCA.

B cocrase P (E =262,918M3B, | " = 1/2)takxke ceMb anb(a-yacTHil,
no0aBlieHHbII HEUTPOH MPUCOESINHEH aHTUIAPAIJIENIFHO K HEUTPOHY.

B coctaBe 2P (E = 270,865M>3B, | ™ = 1) mo-npexkHeMy ceMb anbda-
YacTHll, 100aBJIEHHBIH HEUTPOH MPUCOEOMHEH aHTUMApaIeNbHO K TPOTOHY,
o0pasyst AeHTPOH CO CMUHOM, paBHbIM 1, MPU 3TOM MAarHUTHbIE MOMEHTbI
BerunTaroTes (L = — 0,2528,).

Tabnuya 6.12

Ax E, MbB AE,MbB | |7 w
28 224,419 - - -
P
15
29P 239,286 17,87 1/2+ -
30P 250,6119 11,33 1+ -
31P 262,918 12,30 1/2+ +1,131Y
32P 270,855 7,94 1+ —0,252%
33P 280,9594 10,1 1/2+
34P 287,520 6,57 1+

Ha ocHoBe M3JI0’)KEHHOTO MOJKHO PaccMOTPETb BEPOSATHYIO CTPYKTYpY
CIIOXKHBIX A1ep.
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6.5.3.CTpyKTypa CJIOKHBIX siiep
I'pynna adep numuil—Kuciopoo.

Jumuii. B Ta6n. 6.13 npuBeneHbl 3HAYCHUS SHEPTUH W HEKOTOpPbIE
JIpyTrHe XapaKkTepHCTHUKHN U30TOTIOB JINTHS.

Tabnuya 6.13

Ax E, MbB AE,MaB | |* /g, Q
5 26,330 - - - -
Li
3
6 31,9948 5,6648 1 +0,822|  -0,0008
LI
7 ¥ 39,2455 7,2507 32 +3,2564  -0,040
|
8 i 41,2782 2,0327 2 +1,6532 —
|
9 ¥ 45,330 4,1518 3/2 - -
|

5

Dueprust cBsa3eit uzorona qutusi  Li cocrasnser 26,33M»3B, T.e. MeHbIle
3

SHepruil B3aMMOAEHCTBUII HYKIIOHOB B aib(a-yacTuile, clieloBaTelbHO, B
COCTaBe 3TOro M30TONa ajlb(a-yacThla He 00pa3oBaHa, XOTS MPOTOHOB U
HEUTPOHOB JJIs1 3TOro AocTaTo4yHo. CienoBaTelbHO, W30TOI HECTAOWIeH U
JIOJDKEH pacmagaThes, YTO U MPOUCXOAUT peallbHO C MEPUOIOM IoNIypacnana
T=10%c Bbizenennem 3HEpPruy, Mpu 3T0M

5
Li— o +p. (6.51)
3

Jns sToro wu3oroma HaumbOojee peaJbHBIMU BapHaHTaMU CTPYKTYP
SBIIAIOTCS IBE — 00bEMHas, MPU KOTOPOH iBa HEMTPOHA pa3MelLeHbl COOCHO,
a MPOTOHBI CUMMETPUYHO MO OOKaM, W IIIOCKas, B KOTOPOW OIWH MPOTOH
CIBMHYT B CTOpPOHY; IUIOCKas CTPYKTypa obpa3yeTcsi M3 OObeMHOM MyTeM
nepeopueHTtauuu cnuHoB (puc. 6.12 a, 6), oxunaemMoe 3Ha4eHHE CITUHOB B
oboux ciy4asx paBHo 1/2.
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5
Puc. 6.12.Ctpykrypa siapa Li: g —Hwknuit cioif; 6 — BepxHui cioi
3

6

V uzotona Li sHeprusi ceszeit HywkionoB E = 31,9948V3B u, Takum
3

obpazom, E > E,, criuH paBeH 1. [103ToMy MOXHO NPeAnoNoKUTb, 4TO

6
Li —>a+D, (6.52)
3

T.e. K ajb(a-4acTuLe MOACOCINHEH AeHTPOH. BO3MOXHBI BapHaHTHI Kak
00beMHoi1 (a), Tak u miockoit (6) ctpyktyp (puc. 6.13).

820
) B ¢
256

6
Puc. 6.13.Ctpykrypa siapa Li
3

7

JlobaBneHue ceIbMOrO HyKJIOHA B u3otornie  Li (rmtockas ctpykrypa)
3
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XOpOIIO OOBSICHSET OTHOCUTENBHO 00JbLION TpUpocT 3Heprun (7,25 M»aB)
3anojiHeHreM myctoro Mecta B snape. CrnuH 3/2 cBujeTenbcTBYeT 00
OPHMEHTALMK CEeABMOTO HyKJIOHA MapaiensHo crnuHy D.

[pricoenuHeHHEe BOCBMOTO M JEBATOTO HYKJIOHOB (MATOTO M INECTOTO
HEUTPOHOB) Hauboyiee BEPOSATHO C ONHOM W3 BHELIHUX CTOPOH CHUCTEMbI
MEXIy MPOTOHAMHM, MPU 3TOM HEWTPOH C Mayloi Heprueil cBs3el MOoIKeH
pacronaratbcsi MEXIy MPOTOHAMU ajib(a-uyacTUIbl, a TIOCTeTHUNH HEUTPOH —
MEXIy TATHIM HEUTPOHOM U TPETHUM MPOTOHOM.

Bbepunnuii. B Ttabn. 6.14 npuBeneHbl XapaKTEPUCTHKU H30TOMOB
OepILIHS.

Tabnuya 6.14

Ax E, MhB AE, M>B | " w/py, Q B

7 37,6012 - 3/2- - - -
Be

4

8 56,5006 18,9 0+ - - -
Be

9 B 58,1657 1,66 3/2- -1,177¢ 0,03 —

[

10 64,9777 6,83 0+ - - 1,22
Be

11 65,478 0,5 1/2+ - - -
Be

12 — _ _ _
Be

7

[Mockonbky 3Heprus cBs3eit HykJIoHOB U3oTona Be cocraBnsger 37,6012
4

M5B, MOXKHO NpPeANoNokKUTb, YTO B CUCTEME siipa oOpa3oBaHa OJHa alb(a-
gactuna. OcraBmuecs 2P + N He 00pasyroT, cyas 1o CNuHY, siapa Thna He,
a He3aBHCHMO TPUCOEIMHEHbl K anb(a-yacTule, Hanbojee BEPOSTHO,
BTOPBIM CJIOEM, TMpPU 3TOM OAWH TNPOTOH M OOMH HEWTPOH 0O0pas3yroT
CTPYKTYpY IeWTpOHA cO CIMHOM, paBHbIM 1 (puc. 6.14).

Wsoton °Be oOpasyeTcst U3 U30TOMA Be IyTEM NPUCOEAMHEHUS BYX
HEHTPOHOB. MOXXHO CYMTaTh, YTO 3TWU 1Ba HEMTPOHAa OPHEHTHPOBAHBI
aHTHUIMApaJJIeJbHO TI0 OTHOIUEHHIO JApYr K JIpYry, B pe3yjbTare 4Yero
3HAUYeHUs CMUHA coxpaHsroTes (puc. 6.15).

Msoton '°Be, cys Mo crimHy, paBHOMY HYJIO, MPEACTABISET COOOM 1BE
anb(a-yacTHLbl, CKPETUIEHHbIE MEXIy co00i IBYMS HEHTpOHaMH, CIUHBI
KOTOPBIX aHTHMapaijelbHel. Bo3MOXXeH BapHaHT TPEXCIOWHOM CTPYKTYpHI,
npu Kotopoit koaddunment nedopmaumm sgpa ¢ yderoM aedopManyv
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BUXpel coctaBuT BenmuuHy 1,22 € —a = 2,5 g, rme r, — paauyc BUXps
npotoHa) (puc. 6.16).

3 &

7 9
Puc. 6.14.Ctpykrypa sinpa Be Puc. 6.15.CrpykTypa sinpa Be
4 4

DS DD,
NS5

10 11
Puc. 6.16.Crpykrypa sinep Be (¢) u Be (0)
4 4

Msoton °Be oGpasyeTcs myTeM NMOIKIIOUEHHs YETBEPTOTO HEHTPOHA HA
cBobosHoe MecTo. [IpoMcxoanT mepecTpoiika BTOPOro cjosi, 3aMblIKaeTCs
LEHTPaIbHBI TMOTOK BHUXpEW MPOTOHOB W  HEUTPOHOB, O YEM
CBUJETENLCTBYET 3Heprust npucoeanHeHus 18,9 M»aB. O6pasyroTca nBa
anbga-yacTULbl. OIHAKO MOCKOJBbKY JHEprusi CBs3el M30TONa COCTABISIET
Bcero 56,5006M»3B < 2E, = 56,59248M53B, To W30TOIT He MOXET COXpaHs-
ThCS JIOJITO, YTO W TPOWCXOIUT Ha CaMOM JeJe: Mepuo Moiypacnajia s
®Be cocrasnsier 7' = 3-10™°c. Kax YK€ TOBOPWJIOCH BBILIE, 3HAsl BUXPEBYIO
CTPYKTYPY YacTHL, 3TOT Pe3yJbTaT HECJOXHO ObUIO TMpejacka3arb. Takum
obpazom, mpupocT 3Hepruu 18,9 MsB cBumeTenbcTBYeT 0 TepecTpoiike
CTPYKTYPBI CJIOs B alib(a-qyacTHuLLy.

Wsoton 'Be oOpazyeTcs TMyTeM MOACOEAMHEHUs HeWUTpoHa, CIUH
KOTOPOTO U OMpeaesiseT o0Imuii CluH sapa.

VY OGepususi, Kak My BCeX siep € YETHbIM Z TIPU YETHOM YHCIe
HEWTPOHOB, CMUH CTAHOBUTCS paBHbIM HyJto. Ha 3TOM OCHOBaHMM MOKHO
MPEATNOJI0XKUTb, YTO 3TH siApa s A = 2Z cocToAT U3 anb(a-uyacThl, 0 4eM
CBHIETENILCTBYET  CKAaYOK  JHEPrUM  B3aWMOAEUCTBHS  HYKJIOHOB,
BBI3BIBAIOLINI TTEPECTPONKY CTPYKTYpPBI CHCTEMBI BUXpell B anb(a-4acTHIIBI.
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bop. B tabn. 6.15 mpuBeneHbl OCHOBHBIC XapaKTEPUCTHKU siIep
HM30TOMNOB Gopa.

Tabnuya 6.15

Ax E, M>B AE,MbB | |™ u luy, Q
8 37,7382 - 2+ - -
B
5
9 56,315 18,6 - - -
B
10B 64,7509 8,44 3+ 1,8007| +0,074
11B 76,5760 11,45 3/2- 2,6825| +0,0355
12 79,5760 3,37 1+ 1,002 -
B
13B 84,456 4,9 3/2

8

H3zBecTHO, uTo M3oton 6opa B obGnamaer sneprueii cesazu 37,7382M3B u
5

CIMHOM 2+, 0TCIO/Ia CJIEYET, UTO

8
B=a+3p+n, (6.53)
5

npu4eM TPOTOH W HEHUTPOH OpPHEHTUPOBAHBI MapajuiesbHO. BapuaHT
JBYXCIJIOMHOM CTPYKTYpbI TAKOTO A1pa MoKa3aH Ha puc. 6.17.

GONGITINGO
= 5 %
@@ \"I; &@

8 10
Puc. 6.17.Ctpykrypa sigpa B Puc. 6.18.CtpykTypa siapa B
5 5

HMsoron °B obnamaer sHeprueii cesaseit 56,315M3B < 2E, = 56,59248
M>5B, cnenoBaTenbHO, 3TOT U30TOI HEYCTONUHMB:

9
B — 20 +p. (6)5
5
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HMsoron *°B o6nanaer sHeprueii csazeit 64,7509M5B u cniom 3+. XoTs
B JaHHOM ciyuae £ >2F, , 3HaYeHUe CMWHA YKa3blBaeT Ha TO, YTO B COCTaBe
3TOr0 M30TONA CONCPIKUTCA He Oojiee OnHOM anmbda-dacTuipl. OcTaldbHbIE
HYKJIOHBI BCE UMEIOT MapajuiesibHble cruubl (puc. 6.18).

Usoton B Hambosee pacmpoctpaHeH. CnuH cocTaBiser  3/2.
CremoBarelbHO, BOCEMb HYKJIOHOB BMECTE NAIOT CIUH, PaBHBIN HYJIO, T.C.
OHH COCTABJIAIOT JIBE ab(da-gactuinsl. KpoMe Toro, mprucoenHEHNE MIECTOTO
HEWTpOHA MaeT OTHOCUTENHHO OOJbIIOe TpUOaBlcHWE >HEPruu. Takum
obpazom

11
B —20+p+2n. ()5
5

B03MOKHBII BapHaHT CTPYKTYpHI M300paxeH Ha puc. 6.19.

R0 Q @R
D D D&

Puc. 6.19.Ctpykrypa sinpa B
5

Yenepoo. B ta6n. 6.16 mpuBeneHbl OCHOBHBIE XapaKTEPHCTUKU SIEP
M30TOTIOB YTIIEPOA.

Tabnuya 6.16.

Ax E, MbB AE,MaB | |* /g, Q

9 59,037 - - - -
C

6

1OC 60,318 21,28 0+ - -

11C 73,4418 13,12 3/2+ 10,3 +0,031

12C 92,1635 18,72 0+ - -

13C 97,1099 4,95 1/2- 0,7024| -

14C 105,2867 8,14 0+ - -

15C 106,5048 1,22 1/2- - -

16C 110,757 4,25 0+ - -
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B morone °C, Cylsl MO 3HEPrUM CBA3EH, COOEPKMUTCS TOJBKO OIHA
anbga-yactuua. Ho yxe noGaBiieHHe 4eTBEPTOro HEWTPOHA COMPOBOKAAETCS
npupaLieHneM 3Heprun, paBHeiM 21,3M3B. CrienoBatenbHoO,

10
C=20+pt+pl. (6.56)
6

Bo3MOXHBIN BapuaHT CTPYKTypbl — TpexcioiiHbiii (puc. 6.20). JIBe
alb(a-yacTULbl ~ OPUEHTHPOBAHbl  AHTUMApAJIeNbHO, JBa  MPOTOHA
MpUCOEAVHEHbl K HeWTpoHaM. J[lanbHeliliee HapaliMBaHUE HEUTPOHAMM
3aIoJIHAET TPEThIO allb(ha-vyacTHLLy, TaK YTO

C= 3o
6

OTO CcoeNWHEHWE YCTOWYMBO, TaK KaK JHEPTUS CBSA3HM CYIIECTBEHHO
MPEBBIIIAET BHYTPEHHIOIO 3HEPTHIO CBs3eil Tpex anbda-uactull (Ha 7 M»aB)
(puc. 6.21). HoBble HEUTPOHBI MPUCOEAMHSAIOTCS K BHEUIHUM MPOTOHAM
YUCIIO KOTOPBIX PABHO YETHIPEM, TIO3TOMY TTOCIICTHAM H30TOIIOM yTIIepoaa
apnsetcs  ~°C.

00 O 99

10 12
Puc. 6.20.Ctpykrypa sinpa C Puc. 6.21. Ctpykrypa sinpa C
6 6

Azom. B Ttabn. 6.17 mpuBemeHsI OCHOBHBIE XapaKTEPHCTUKH sIEP
W30TOTIOB a30Ta.

B usotore 12N, umeroleM s>Hepruto ceszeit 74,038 M»aB, conepxkurcs
He Oonee nAByX aibda-yactull. [lockonbky chuH paBeH +1, MOXHO
NpPEeAnoyNoKUTh, YTO U3 OCTABIIMXCA HYKIOHOB TPOTOH M HEHTpOH
obOpazoBaimm nediTpoH co cmuHOM 1, a 1Ba HEWTpoHa COCIWHEHBI
aHTUTIapAJIIENBHO.
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Tabnuya 6.17.

Ax E, MbB AE,MaB | |* w/py, Q
12 74,038 - 1+ 0,46 -
N
7
13N 94,1069 20,7 1/2- 0,3221| -
14N 104,6603 10,55 1+ +0,4036 +0,01
15N 115,4939 10,83 1/2— -0,283L -
16N 117,9838 2,5 2— - -
17N 123,868 5,88 1/2- - -
18N 126,536 2,67 - - -

[MoacoennHeHne IIECTOrO HEHTPOHA COMPOBOXKIAETCA YBETMYECHHEM
sHepruu cBs3u Ha 20,7 MaB, crnenoBatensHo, 00pa3oBanack TpeThs albda-
yactuua. CriviH paBeH 1/2, cnenoBaTesbHo,

13
N=3+p. (6.57)
;

JManbHeiilee npubaBlieHne HEWTPOHA yBENWUYMBAaET CIUH Ha 1/2, ciuH
craHoBuTcs paBHbIM 1. IlpucoenuHeHWe ciemyloliero HeHTpoHa CHOBA
yMEHbIIAeT  CMWH,  CJeloBaTeJbHO, JBa  HeliTpoHa  oOpasoBaiu
aHTHUIMapaJJIeSbHYIO apy.

A30T ABNIAETCS MEPEXOIHBIM 110 OTHOLIEHHIO K KMCJIOPOLY 3JIEMEHTOM.

Kucnopoo. Hanbonee  3aBepmieHHO#l  CTpyKTypol — siapa B

PAcCMOTPEHHOM psily aTOMHBIX sIep SBJIAETCSA CTPYKTypa sApa KUCIopoaa
16

0. 3TO, B 4aCTHOCTH, BHUJIHO H3 Ta6J'II/IIII)I 3Heprm71 CBsA3€H 111 U30TOMOB
8

kucnopoaa (cm. Tabin. 6.18).

CTpykTypy O MOXHO TPEICTaBUTh, €CIH Y4eCTh HEOOXOIUMOCTh
3aMbIKaHHUs LEHTPAIbHBIX TMOTOKOB 3(GHpa B aibha-dyacTUiaX M0 MyTH
HaWMEHBIIETO COMPOTHURIICHHUS, TOTA

O = 4a. (6.58)
8
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Tabnuya 6.18

Ax E, M5B AE,M5B [ (™ i, Q B
13 75,560 - - - - -

0
8
- 94,1069 23,17 0+ 0,7189| - -
1| 1119522 13,22 Yoo - - 0,084
1| 1276212 15,67 0+ -1,893] -0,025 -
7| 1817635 4,14 52+ - - 0,30
18| 139810 8,05 0+ - - -
1| 1437671 3,95 52+ - - -
© | 18137 7,61 0+ - - -

B aToii cTpykType anb(a-4acTuiibl COEOIUHEHB! MO KOJIbILy C TIOBOPOTOM
kak10il Ha 90° B JBYX IJIOCKOCTAX, KaXIas MOCIEMyIOMas OTHOCHTENBHO
npensiaymeit (puc. 6.22).Ha 3T0li OCHOBE MOTYT CTPOUTHLCS BCE MPEIbITY-
e CTPYKTYPBI KUCTIOPO/Ia M a30Ta € yUeTOM M3JI0’KEHHBIX BBIIIE MPUEMOB.

K 4eThIpeM BHELIHHM POTOHAM KHCIOpOAa -°0 MOTYT GbITh IPUCOE/IH-

HEHBI COOTBETCTBEHHO €1II€ YCThIPC HeﬁTpOHa, YTO JAaCT U30TOII

200.

[TockonbKy MpHUCOEIUHEHNE NEPBOTO U TPETHETO U3 HUX MEHSET CIIUH Ha
5/2+, mpoucXoauT mepecTpoiika OMMKaWIIMX K ATUM HEWTpoHaMm anbga-
vactull. [IpucoenniHeHne YETHBIX HEWTPOHOB BENET K BOCCTAHOBJIEHMIO
CTPYKTYpbl anb(a-yacTHl, a ABa HEHTpPOHa COEOUHAIOTCA MEXIy coOoi

AHTHUIIApaJIJIEJIBHO.

Puc. 6.22.Ctpykrypa sinpa O
8

16
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3aBepIIEHHOCTHIO CTPYKTYpbl M30TOMA -0 M 0OBACHACTCS €ro BHICOKas
YCTOWYUBOCTD (BBl MATMYECKOE YUCTIO).

I'pynna adep ¢pmop—xanvyuil.
HanbHeifiee 3a KHUCIOPOAOM HApallMBaHHWE COCTaBa sAEP MPOMCXOIUT
MyTeM TOACOEeAWHEHHA IO MOBEPXHOCTH sApa KUCIopona anbda-uyacTHil,

OTACJIbHBIX MPOTOHOB U OTACJIBbHBIX HeﬁTpOHOB.
04

3aBeplLIeHHOI CTPYKTYpoii BeicTymaeT sapo Ca, koTopoe o0pazoBanoch
02

16

IMMyTEM MOACOCANHEHUA K O emre mectTu aan)a—qacmu: ABYX I10 IMOJIt0OCaM U
8

yeThIpex 1o dkBaropy (puc. 6.23).

16 50

[Mepexonusie ¢popmel simep o Frmo Ca oOpasyroTcs myTeM Moacoean-
9 20

HEHUs! HyKJIOHOB Ha MecTe OyAyIuX ajb(a-yacTuil Mo MOBEPXHOCTH CTPYK-
16

Typsl O, TIpW 3TOM Ka)XKIbIil HOBBIH HYKJIOH MPUCOETUHSAETCS TaK, YTOOBI
8

€ro dHeprus B3auMoIeiicTBHA Obllla MAKCUMaJIbHOIA.

) g
M\ (R a a
> NS

Puc. 6.23.Ctpyktypa siapa Ca
20

I'pynna sanep ckannuii-pyteHuil. Cieayrolei 3aBepIIeHHON CTPYKTYpOi
ABIISieTCS  CTPYKTypa, coaepkamas 22 anb(ha-4yacTHULBl; MaKCUMalbHO
BO3MOXKHOE YHUCIIO ab(a-yacTul] B SApaxX ¢ MarumdeckuM HEHTPOHHBIM YuC-

JoM paBHO 50.3Ta cTpyKTypa MOXKeT ObITh 00pa3oBaHa MyTeM N00aBIEHUS K
40

KaxaoMy nonymaputo  Ca o 6 anbda- yactui (puc. 6.24).
20
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o5

)
=

D
N

s
f

f

9
Puc. 6.24.Ctpykrypa siapa  Ru
44

MakcuManbHOe 4YUCIioO HyKJIOHOB y pyTenus 108, T.e. B coctaB siapa
kpoMme 22 anbda-uyactui Bxoaut eme 20 Helitponor. Kak BunHO u3 puc. 6.26,
12 HeHTpOHOB MOTrYT pa3MecTUThCs Mo 12 BHEWHMM anbda-yacTHLAM
BEpXHEro cjiod, a 9 — Mexay anbga-uacTULAMU MpeabIAyLero cios, no 4
HEeWTpoHa B KakaoM Tosymapiu. HeoOXoanMo OTMETHTB, YTO BO3MOXKHBI,
BEPOSITHO, W JIpyrvue BapWaHThl pa3MelleHHs HEeHTPOHOB, MO3TOMY NaHHBIN
BOTIPOC TOJUIEKUT YTOUYHEHHIO.

[TpomexxyTouHble simpa o0pa3yloTcsi Kak YacTHYHBIE CTPYKTYPHI sapa
pyTenns. Ilpu npucoemmuennn k “°Ca TONBKO OKOJNOMOMIOCHBIX anb(a-

qacTHull 00pasyeTcs 3aBepllieHHas CTPYKTypa ¢ Marnueckum yuciom 28,
56

3aBeplIeHreM KoTopoii siensietcs  Ni.
28

I'pynna adep poouii—zadoaunuil.

[IpucoenuHeHNE K TONIOCaM KpecTooOpasHo eule no 5 anbda-yactuu Ha
Ka)KﬂBIﬁ MOJOC acT CJICAYIOMINE MAarn4eCKUe Aapa, NOoCJIC€AHUM U3 KOTOPBIX
sisietcst 4Gd. Marumaeckomy 4rcily HeMTpOHOB 82 COOTBETCTBYET M30TOI

146

Gd = 321+ 18, (6.59)
64

CTPYKTYypa KOTOporo n3odpaxeHa Ha puc. 6.25.
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Puc. 6.25.Ctpykrypa sapa Gd.

I'pynna adep mepouii—akmunuil.

[IpucoenuHeHre K 3aBeplIEHHOI CTpYKType ragonuHus eme 12 anbda-
YacTHI JAeT CJEOYIOLIYIO 3aBepPIICHHYIO CTPYKTYPY ¢ Maruueckum 4YuciioM
HeiiTpoHoB 126. OpHako KOHKPETHOE pacloyioKeHHe HYKIOHOB 37ech

NpochenTh yke TpyaHo. OOpamaeT Ha cebs BHUMaHUe (pakT OTCYTCTBUS
216

M30TOoIa TOpUs Th.DTo MOKHO 0OBACHUTE yBenmnBanmeﬁc;l BBIITYKJIOC-
90

ThIO BHEIIHWUX HYKJIOHOB W CHWXEHHUEM H3-3a DTOr0 SHEPruv CBA3EIA.
CnenyeT OTMCTHUTDb TaKXE HeyCTOﬁqI/IBOCTL CJICAYIOUX 3a TOpUEM ANEP
OJIEMCHTOB.

6.6. Bo30y:k1eHHbIEe COCTOSIHHS BHXPEBBIX TOPOHI0OB —
cJia0ble siiepHbIe B3auMO/1eiicTBHSI

B cBA3M C TeM YTO MOBEPXHOCTh BHHTOBOIO BHXPEBOrO TOPOHIA
OTHEJNEHa OT OKpYKalolel cpeibl MOTPAaHUYHBIM CIOEM, @ CaM TOPOH
YIUIOTHEH, TpU YAApHOM HMITYJIbCHOM BO30YKICHHH MO HEMY IOJIKHBI
pacnpoCTpaHATbCS BOJHBI — MOBEpXHOCTHbIE (momepeunbie) (puc. 6.26) u
ryOuHHbBIe (POIONBHEIE).



235

\

S

Puc. 6.26.Hp0x0mneﬂue NMOBEPXHOCTHBLIX BOJIH MO TeJy HYKJIOHOB

VuurbiBasg paziduuMe B TUIOTHOCTH Tela TOpPOMIA Ha PasiM4HBIX
PAcCTOSHMAX OT MOBEPXHOCTU M TOT (aKT, YTO CKOPOCTh PaclpOCTpaHEHHs
TIPOIOJIBHBIX BOJIH BCET/A CYIIECTBEHHO BBIIIE CKOPOCTH PACTPOCTpPaHEHHs
TIOTIEPeYHBIX BOJIH, CJIEQyeT MojaraTh, 4YTO BOSHUKIINE BOJIHBI MOTYT UMETh
MHOECTBO COCTABJIAIOIIUX, IEPEMEILAIOIINXCS B TeJle TOPOUAA HE3aBUCHMO
7 aCHHXPOHHO OTHOCHUTENILHO OpYT OpyTa.

B simpe, B KOTOpOM OTHENbHBIE HYKJIOHBI CBSI3aHBI APYT C APYTOM Yepes
o0IIye MorpaHNYHbIe CIIOW, 3HEpPTHs MOTMEepPeYHBIX BOJIH, MPOXOASAIMINX TIO0
MOBEPXHOCTH OJHOTO W3 HYKJIOHOB, OyIeT mepelaBaThCsl APYTUM HYKIOHAM
¥ BO30Y)KAATh B HUX MOTMEPEYHBIE U MPOJOJILHBIE BOJTHBI.

[onepeuHble BOJNHBI, TPOXOAA IO TOBEPXHOCTH HYKJIOHOB, OymyT
co3laBaTb B OKpyKarolieM 3¢upe KkoynebaHus, KOTopbsle OyayT B HeM
PacmpoCTpaHATbCS u BOCTIPMHUMATHCS KaK BBICOKOYAaCTOTHOE
3JIEKTPOMArHUTHOE W3y4eHWe. BcnencTBue WCKIMIOYWTENBHO —BBICOKON
YIPYTOCTH Tejla HYKJIOHOB 3TH KOJIeOaHUs MMEIOT BeCbMa BBICOKYIO YacTOTY
—nopsazka ot 10 10 107° T'u (raMma-msnyuenue). Y4uThIBas e pasHOCTh
IUIOTHOCTEH TeNla HyKJIOHOB U CBOOOJHOrO 3(upa, ciiefyeT KOHCTaTUPOBaTh,
YTO OTHaya SHEepPruM KojeGaHWii BO30YKIEHHBIMM SpaMU BO BHEITHEe
MPOCTPaHCTBO OyJeT MPOMCXOANUTH TOCTATOYHO MEIUIEHHO W JJIMTHCS IOJITO,
MHOTIa MHOTHIMH TOJIaMU, YTO M IMEET MECTO B PEasIbHOCTH.

[Tpn NpoXxoXkAeHWN aCHHXPOHHBIX BOJH B TeJle sapa rpeGHM U BMAAWHBI
OTZENbHBIX COCTABJAIOIIMX BpEeMs OT BPEMEHHM MOTYT CyMMHpoOBaThcs. B
TeX Cllydasx, Korja rpeOHM CyMMUPYIOTCS B TIpefenax MOrpaHuyHoro cjos,
pa3IeNsIoILero HyKJIoHbl, OHA OYIyT U3MEHATh PACCTOSIHUE MEXIY HUMH.

Ecan mo moBepXHOCTH [BYX HYKJIOHOB, OOpAlleHHBIX ApYr K IpYry,
MPOXOMST TPeOHU BOJH, TO TOJIIMHA MOTPAHWYHOTO CJIOS HA 3TOT MOMEHT
OymeT yMeHbIIeHa, a TMOCKOIbKY paBHOBECHE CWJI TPUTSKEHUS U
OTTAJIKMBAHUSI HYyKJIIOHOB CYIIECTBYET TOJILKO TPH ONpPENeSIeHHOW TOJIINHE
TOTPAaHWYHOTO CJIOS, TO B 3TOM CIy4ae BO3HUKHYT CHJIBI OTTaJIKMBAHMUA.
Ecnmm wMmmynbc 3TOM CWIIBI OKaXeTCSd MOCTATOYHBIM Ui TOTO, YTOOBI
Pa3IBMHYTH HYKJIOHBI Ha BETMYKMHY, CYILIECTBEHHO MPEBBIIIAIOLILYIO TOJIIINHY
MOTPAHUYHOTO CJIOsl, TO TMOCHE MPOXOXKAEHUS TpeOHA BOJH HYKJIOHBI
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OKaXyTCsl Pa3beINHEHHBIMHU, @ CUJIbI JIEKTPUUECKOTO OTTAJIKMBAHUS (CHIIBI
B3aUMOJIEUCTBUSL 32 CYET KOJbBLEBOTO BPAILICHMUS) 3aCTaBAT HYKJIOHBI elle
OoJiee OTAATUTHCS APYT OT Apyra.

Ecnm ke 1o OBepXHOCTH HYKJIIOHOB, HA000POT, OMHOBPEMEHHO TIPOIIYT
BIAJAWHBI BOJH, TO HYKJIOHBI TPHUTSHYTCS, HO 3aTeM IOCIE TMPOXOKICHUS
BMAJAWH OKaXeTCS, YTO TOJIIMHA TOTPAHWYHOTO CJIOS yMEHBIEHa TIO
CPaBHEHHIO C TOJIIWHOW TOTPAaHWIHOTO CJIOS B YCTOWYHBOM COCTOSTHHH, U
HYKJIOHBI TOKE TIOJTyJaT AMITYJTEC OTTATKUBAHMS.

Takum 00pa3oM, OTHOBpEeMEHHOE TOSBJICHHE TpeOHElH MOBEPXHOCTHBIX
BOJIH JIByX HYKJIOHOB B MEXHYKIOHHOM IMPOCTPAHCTBE MOXET MPUBECTH K
pacmagy CUCTeMbl BUXPEBBIX TOPOHIOB — HYKIOHOB, T.e. K SAEPHOMY
pacmany.

HNmes B BuUIy, 4YTO DHEprus CBS3M [BYX I[OBEPXHOCTEl MPOTOH-
HEMTPOHHOTO B3aUMOIEWCTBUS COCTaBIsieT MpuMmepHo 6 M»aB, a sHeprus
cBs13U anb(da-gacTuikl paBHa 28,3M>3B, cienyer oumath, 9TO B pe3ysbTare
TAKOTO pacmaga OTHCNAThCS OyIyT He OTAETbHBIC HYKJIOHBI, BXOISIINE B
COCTaB aib(ha-4acTUIl, a IETUKOM aib(a-gacTUIbl. DTO W eCTh anb(da-
pacman.

Bo3MokHO Takke neneHue spep Ha OoJiee KpyMHBIE YacTH, HO 3TO
JeNieHIe TPEUMYTIIECTBEHHO OYIeT MPOXOANTh HE 10 TelTy aib(a-dyacTHIlbl, a
MO UX TpaHHLaM, T.e. B 00eHX YacTaX ajb(a-4acTULBI COXPAHATCS LETUKOM.
KoneuHo, ecnu kpoMme amnba-4acTUI[ B COCTaB sAOpa BXONAT elle HU
OTJeNbHbIE HYKJIOHBI, TO OT/EJIEHNE TAKUX HYKJIIOHOB TOKE BEPOSTHO.

[IpoxoxkaeHue BOJIH MO SAPY MOXKET NMPUBECTH U K TIOSBJICHUIO BNAINH B
OTHENBHBIX HEMTpOHaX, YTO HApYIIUT LEJIOCTHOCTb €ro Tejla W, TJIaBHOE,
LEJIOCTHOCTh €ro TOTPaHMYHOro clios. Byaydu pa3opBaHHBIM, 3TOT
TOTPAHCIION He OyOeT COXpaHAThCA W HE 00s3aTelbHO BOCCTaHOBUTCSA. OH
MOJKET OTOPBAThCS, 3aMKHYTHCS M CKOJUIATICHPOBATHCS B CAMOCTOSATEIHHYIO
gactuiy. [lockobKy B HEM HampaBJiecHHE BHUHTOBOTO  IBIDKEHUS
TPOTHBOTIONIOKHO TOMY, UYTO €CTh B TPOTOHE, TO 00pPA30BABINASACS YaCTHUIIA
OymeT BOCTpWHSTA KaK YacTUIA C OTPHUIATSIHHBIM 3apsIoM — 3JICKTPOH.
TakoB BO3MOKHBII BApHAHT MEXaHU3Ma [-pacmaja.

[pu pacnazge saep win mpeoOpa3oBaHUM MOTPAHUYHBIX CIIOEB HEHTpOoHa
WK MEXKHYKIOHHBIX TOTPAaHMYHBIX CJIOEB YacTh 3¢upa mepeiier B
CBOOOJHOE COCTOSIHUE, 3TO BOCHPUHUMAETCS Kak Je(eKT Macc U OTHOCUTCS
ceromHs 3a cueT oOpa3oBaHus HeiiTpuHOo. He oTpuuas BO3MOXHOCTH
oOpa3oBaHUs Takoi dYacTulpl, oOnajaromeii maccoif, Onm3koil kK Macce
SJIEKTPOHA, HO HE WMEIOMIeH KOJBIEBOTO BpAIIEHNUS WIA HMEOIIEeTOo
KOJIBIIEBOE BpallleHUe, SKPAaHUPOBAHHOE yXKE CBOWM TMOTPAaHUYHBIM CJIOEM,
ClIeyeT TeM He MeHee, 0OpaTUTh BHUMaHWE M Ha BO3MOXKHOCTH TPOCTOTO
pacTBOpeHHMs W30BITKA TIOTPAHMYHOTO CJIoS B CBOOOmHOM »(dupe 0e3
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o0pa3oBaHUsg Kakoil Obl TO HM OBLIO YacTHUIBI. DTO HampaBieHUE 0
HACTOSILEro BpeMEHH MPaKTUYEeCKH HE paccMaTpHUBaJIOCh BOOOILE.

B cooTBeTcTBHM C M3naraeMoii KOHLENIUeH B mpouecce TpaHchopMaun
snep JOOBIX 3JIEMEHTOB MOTYT O0Opa3OBHIBATHCS HEYCTONUYMBBIE BHXPEBbIE
BHUHTOBBIE CTPYKTYPBI CaMbIX pa3Ho00pa3HbIX GopMm 1 Macc. bonbimast yacts
n3 HUX OyHeT He YCTOoiuMBa W TPOMOIDKHT TpaHCHOpMAlWIO — JeleHHe
(pacman), yIioTHEHHe, CHOBa JIeJieHUe W MPOCTO PAcTBOpPEHHUE B d(hHpe 10
TeX TIOp, TOKa OCTaBINAsCs 3aBUXPEHHAs Macca He MPHUAET K HEeCKOJIbKHM
ycroifunBeiM  ¢opmam. [lomoOHBIE  Tpolecchl MpPHW  YCTaHOBJIEHUH
OJMHAKOBBIX Ha4aJbHBIX YCIOBHH OyIyT NPOUCXOAUTH OTHOCHTEIIBHO
OJMHAKOBO, YTO CO3JAacT BIEYATIEHHE CTAOWIBHOCTH MPOMENKYTOUHBIX
¢opm. Tem He MeHee, BCe 3TH NPOMEXKYTOUHble (OPMBI — OCKOJKHU
YCTOHUMBBIX ()OPM 4ACTULL — HYKJIOHOB U MX MTOTPAaHWYHBIX CJIOEB, @ BOBCE HE
<QJIEMEHTAapHble YacTHLBI» MHKPOMHUpA, W3 KOTOPBIX SKOOBI COCTOMT
BEIIECTBO. BeliecTBo M3 HUX HE COCTOWT, a 00pa3yloTCs OHM B pe3yJibTaTe
y/IapOB YacTHII APYT O ApYTa, B pe3yjbTaTe 00MOapANpPOBKH SAEp SIEMEHTOB
HEWTpOHaMM WJIM APYTMMH YacTHLAMHU WIH B Pe3ylbTaTe APYTUX MOTO0OHBIX
onepanmii. [TockonbKy mepexoaHsix GpopM MOKeT ObITh JTI000€ MHOXECTBO,
TO MOXKET OBITB JIFOOBIM M YUCIIO TaK HA3bIBAEMBIX <QJIEMEHTapHBIX YaCTULI».

W3noxeHHble  TPEACTaBIEHWS O pachage  CIOXHBIX  BHUXPEBBIX
TOPOUJABHBIX CHCTEM, KAKOBBIMHU SBJISIOTCS fJpa aTOMOB, COOTBETCTBYIOT
MOJIEJH cJIadoro AAEPHOTO B3aUMOECHCTBHS.

CoBpeMeHHble  TpEACTaBIEHUS O  cwiax  cnaboro  siIepHOro
B3aUMOJEHCTBUSl TMPUBEIN K TMPEICTABIEHHIO O CTAaOWIBHOCTH pacraja
pagvoaKkTUBHBIX sfep. /[l  OGoNbIIMHCTBA HEYCTOWYMBBIX  HM30TOMOB
ONpeZIeJIeH0 BpeMsl MoJjlypacnajga JJIEMEHTOB, T.€. BpeMs, B TeUCHHE
KOTOpPOTO OT WCXOJHOW Macchl M30TOTA OJKHA OCTATHCS MOJIOBMHA MAcCCHhI,
BTOpas k€ TOJIOBUHA MAacchl TMPEBpalaeTcss B COOTBETCTBYIOIINE W3OTOIIBI
IPYTHX JIEMEHTOB.

OnHako, MO MHEHHIO HEKOTOPBIX HCCIieloBaTelNeid, BpeMs Toirypaciaia
PanroaKTUBHBIX JIEMEHTOB HA CAMOM JleJie MEHSEeTCSl B LIMPOKUX Tpejenax,
4TO CTAaBUT TOJ COMHEHHWE CIpPaBEeUIMBOCTb HEKOTOPBIX YTBEPXKICHHUI
COBpPEMEHHOI Teopuu ciadbIX AaepHbIX B3anMopelicTeuii. Tak, I'.JleGoH B
pabote [28] oTmeuaer, uTo eciu bekkepesb onpenesu NpoaoKUTEILHOCTh
cyuiectBoBaHus 11 paaus B 1 mapn net, To Kropu —B 1 MitH J1eT. Pesepdopn
OTpaHWYMJI CYIIECTBOBAHUE JTOr0 rpamMMa BELIECTBA OJHUM ThICSUEIETHEM,
a Kpykc — HeckonbKMMH CTOJNIeTHAMH. XalifBailiep HernocpeaCTBEHHbIM
B3BELIMBAHWEM OTIPENeNi, YTO 5 T paaust TepsioT B TeueHWe 24 4 OKOJIo
0,02wmr. [Ipu paBHOMepHOI TToTepe 3TH 5T moTepsuth Ob1 1 T cBOeit Macchl B
teuenne 137 ner. OneiTel ke camoro JleboHa Tmokaszaiau, 4YTO
PanroakTUBHOCTb OJHOTO W TOTO XK€ Tella 3HAUYMTEJBHO PacTeT, KOTIa TeJo



238

MPOCTHPAETCS MO OOJNBIION MOBEPXHOCTH. DTO JAOCTUTACTCS BHICYLIMBAHHEM
Oymaru, 4epe3 KOTOPYIO MPOLEKHUBAETCS PACTBOP UCIBITYEMOro Tela. DTh
ombIThl TpuBenu JIeOoHa K 3aKIIOYeHHIO, YTO 5 T panus TepsioT 1 r cBoeit
Macchl B Teuenne 20 J1er.

Jlake ¢ y4eTOM JaHHBIX, PUBEICHHBIX B [24], U CBUIETENBCTBYIOIINX O
TOM, 9TO CAMBIM JOJTOXKHBYIINM SIBISICTCS aib(a-paanoakTHBHbI — 22°Ra
¢ mepuonoM moisypacmaga 1600 mer, a Takke, MpUHUMAas BO BHUMaHWE
CYIIECTBOBaHWE TaK Ha3bIBAGMBIX PAJAMOAKTHBHBIX PSIOB, HECIOXKHO
TMoKa3aTh, YTO €CU OBl Tella, oONamarolue OBICTPON OeCTIPUIMHHON
PaaroaKTUBHOCTBIO, CYLIECTBOBAIM B OTAAJCHHbIE TEOJOTMYECKUE SIMOXH,
OHU JJaBHO OBl yKe MPEeKPaTUIIi CBOE CYILIECTBOBAHUE . ..

JlaHHOE OOCTOATENIHCTBO MOXKHO HMCTOJKOBAaTh M Kak MOATBEPXKICHHE
BbicKa3biBaHUs JIeOOHAa O TOM, YTO PaJAMOAKTUBHOCTbH MOSBISAETCS TOJBKO
Moclie TOTOo, KaK Tella 00pa3yIoT onpe/iesieHHbIe XMMUUECKHe COeANHEHUS, H,
CIIeIOBATENIbHO, COCTOSIHAE JJIEKTPOHHON 0O0OJOUYKM MOXET OKa3bIBaTh
BO3JICICTBUE HA YCTOWIMBOCTh HEKOTOPBIX SIIIEP.

B CBA3W C WBIOXKEHHBIM MOXET OBITh BBICKA3aHO CJIEAYIOIICE
TIPEIIoI0KEeHNEe 0 HadaJle paAlOaKTHBHOCTHA HEYCTOWUIMBHIX saep. Martepus
saep, o0Jiaxas BEICOKO YIPYTOCTBIO U OTHOCHUTENILHO MaJTBIMH TTOTEPSIMH Ha
TpeHHe, TeM CaMbIM WMEEeT BBICOKYIO HOOpPOTHOCTh. Tak Kak BUXpH
00JIaIaf0T CMOCOOHOCTHIO BOCIIPUHMMATh SHEPTUIO U3 BHEIIHEN cpelbl H,
TakuM 00pa3oM, WCTOYHMK TIOBBIIICHMS OSHEPrUu BUXped Bcerza
MPUCYTCTBYET, CJOXKHAs siepHas CHCTEMa OKa3bIBA€TCS 4YyBCTBUTEBLHOMN
JaXe K OTHOCUTEIIbHO HE3HAYUTENbHBIM BHEIIHUM BO30YyxaeHUsM. B
pe3yJibTaTe MOSBISIETCS MEXaHM3M PAaCKauyKWh CHCTEMbI, YTO M MPUBOIMUT K
TIOSIBJICHUIO BOJIH. DIIEKTPOHHAas 00oouka (MpucoeInHeHHbIe BUXPU d(pupa)
CIyXXWT JeMIdepoM, OIHAKO Ui IUCCOUMMPOBAHHOTO BEIIECTBA STOT
nemndep ocnabeBaeT, TMpoliecc yckopsercs. TakuMm 00pa3oM, MOXXHO
OXKHUJIaTh, YTO HAa YPOBHE SAEp W OKPYKAIOMINX WX 000JOYEK UMEET MECTO
TIpo1ecc aBTOMATHUUECKOTO peTyIupOBaHM, CKJIOHHBI K
CaMOBO30Y’KIEHHUIO, UTO BCErJa MMEET MECTO B HEYCTOWYMBBIX CHCTEMaXx.
ITosTOMy B HaibHEWIIEM WMEET CMBICT HCCIIeNOoBaTh MPOLECChl ClIadbixX
ANEPHBIX  B3aUMOIAEUCTBUI C TMO3UUUI TEOpUM aBTOMAaTHYECKOTO
peryJIupoBaHusl.

6.7.5lnepuast n3omepust

B sgpax, oOpa3oBaHHBIX OONBIINM KOJMYECTBOM anb(a-4acTHll, Ha
TIOBEPXHOCTU SIIEP OKa3bIBa€TCS MHOXECTBO BMAAWH, B KOTOPBIE MOTYT
BCTaTh HEWTPOHBI. IMEHHO MO3TOMY Yy aTOMOB C OOJbIIMM aTOMHBIM BECOM
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KOJIMYECTBO W30TOIMOB OOJIbllIe, YEM y aTOMOB C MaJlbiM aTOMHBIM BECOM.
ITpn 3TOM cTaHOBUTCSI OOJBIIMM KaK YMCIO W30TOIMOB C MEHBLIMM YHCIOM
HEWTPOHOB OTHOCHTENLHO LIEJIOYMCIEHHOI0 Ynciia anb(pa-4acThll, TaK U C
OOJIBIINM YHCIIOM HEWTPOHOB.

C yBennmyeHWeM aTOMHOTO Beca M 4ucia aib(a-dacTHi, oOpasyrommx
s7jpa aTOMOB, BBIMTYKJIOCTh BHEIIHHUX allb(ha-uacThIl CTAHOBUTCS BCe OOJIbIIE,
MO3TOMY IJISl HOBBIX TPHCOEIWHSIOIIMXCS HEHTPOHOB TOBEPXHOCTH
COeIMHEHUsI WX C COCeJHMMHU HYKJIOHaMH CTaHOBHUTCS BCE MEHBIIE,
COOTBETCTBEHHO MEHbIIIE CTAHOBHUTCS M SHEPTHUS WX cBs3eil. [Ipn aTom cBszn
HEWTPOHOB, MOMABIINX HAa Pa3Hble YYAaCTKH MOBEPXHOCTH SAEP, MOTYT OBbITh
pa3HbIMU, XOTs OOLINI aTOMHBIN BeC U YUCIO MPOTOHOB U HEUTPOHOB OYIyT
OJHUMHU M TeMHU ke. B 3TOM mNposiBUTCS sBJIEHUE SAEPHOM W3OMEpUN —
paznume GopM saep Mpu OJHOM U TOM e COCTaBe HyKJOHOB. KonndecTBo
BO3MOXKHBIX SIZIEPHBIX M30MEPOB OyIET pacTH ¢ yBEINYEHHEM aTOMHOTO Beca
A1pa, OIHAKO HaYMHAS C HEKOTOPOTO KOJHMYECTBa M W30TOIOB, U M30MEPOB
COKpamaThcs, TaK KaK YBEIWYMBAIOIIMECS BBIMYKIOCTH SIep TPHUBEAYT K
HEOMyCTIMOMY  COKpAIleHWIO  TUIOIAIM  TOBEPXHOCTH  COEIMHEHHS
HYKJIOHOB. DTO ClleJlaeT OuepeIHON M30TOMN HEYyCTOWYMBBIM, OH HE CMOXKET
COXPaHATHCS.

VaenpHas 3Heprus CBS3W HYKJIOHOB B HelTpoHe coctaBimsser 1,1123
M>3B/HYKII0H, 3TO MUHUMaJIbHOE YUCIIO, IPH 3TOM Y KaXIO0T0 HYKJIOHa BCEro
JUIb 1O OJHON TOBEPXHOCTH COeAMHEHWs. B anbga-dacTue Kakabli
HYKJIOH HMMEeT MO JB€ MOBEPXHOCTH COEIMHEHHUs, a, KpPoMe TOro, Bce
HYKJIOHbl TepeBA3aHbl Tpems OOWMMU MNOoToKamMu 3¢dupa, mepsblil —
NPOXOAALINN CKBO3b LEHTPAlbHbIE KaHaJbl BCEX HYKJIOHOB, BTOpOWH —
BHYTpU ajib(ha yacTull, a TpeTUH CHapPYKH.

VnenvHas dHeprust cBszeid B anbda-uactuue cocrasuser /7,074
MboB/HyKIOH. B cOoCTaBHBIX sIpax MaKCUMyMOM YIOENbHOW SHEPrUu
o0naiaeT siapo M30TOMa JKeye3a ¢ aTOMHBIM BecoM 56, B cocTaB KOTOPOTO
BXOANT TONbKO 13 amb(a-4acTWil W YeThlpe HEWTpOHa, 3[eCh yIelbHas
9HEPTUs CBA3U cocTaBisieT 8,79M»aB/HykI0H. B 3TOM sinpe K 3HEPTUH CBSI3H
HYKJIOHOB B afib(ha-4acTulax, cocraBistouieii 28,2962413 = 368,85M»3B,
JnobaBnseTcs JHeprus cBs3eil anbda-uacTul APYr C JAPYroM M cBszei
HEWTPOHOB, HE BOIIEAIMX B COCTaB alb(a-4acTHll, ¢ ambda-yacTuiamu. B
xKenese 3Ta obaBoYHasA SHeprus coctapnser 492,27 — 368,96 = 123M»B,
wim 2,2 MbdB/aykion. Takas pmobaBouHas JHeprus  OObBSCHSIETCS
YBEJMUYEHNEM YHUCa TIOBEPXHOCTEH HYKJIOHOB, OOpAIlEHHBIX APYTr K IPYTY
Ha MOBEPXHOCTSAX COCENHNX alb(a-qacTHIl, 1 100aBKOI YeThIpeX HEHTPOHOB,
He BoleNmMX B cocTaB aiba-gyactu., Ho sta nobaBouHas 3Heprus
pacripesienieHa HEpaBHOMEPHO, OHa TPHUXOAMTCA TOJIBKO Ha TOBEPXHOCTH
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HYKJIOHOB, HaXOJSIIMXCS BHYTPHU sipa, BHEIIHHE MOBEPXHOCTH HYKJIOHOB
NpUpAILEHNS SHEPTUH CBA3eil He JaroT.

OZHOBPEMEHHO C yBEJIMYEHHWEM 4YHCJIa HyKJIOHOB B SApAaX NMPOMCXOAUT
YBEJTMUYEeHNE BBIMYKIOCTH BHELIHNX MOBEPXHOCTEH, YTO COKpAIIAeT MIO0Mmaab
COTIPUKOCHOBEHMSI HOBBIX [OOABIAIOUIMXCS HYKJIOHOB. PacTter Takke u
YUCIO BMAagWH HAa TOBEPXHOCTH HYKJIOHOB, B  KOTOpBIE MOTYT
yCTaHaBJIMBATbCS HOBBIE HYKJIOHBI. MIMEHHO MO3TOMY PacTeT YHCIIO HOBBIX
W30TOTIOB C YBEJIMUYEHNEM aTOMHOTO Beca aTOMHBIX siep. YuciIo M30TonoB y
TeJIWs W JIUTHS IOCTUraeT 5,y TsoKensIxX aaep — 16—18Ho y anep ¢ aTOMHBIM
BecoM 180 u Gojee ymcino M30TOMOB HAuWHAET cokpamatbes. IlocneaHee
00BsCHAETCS TEM, 4YTO YBEJIWYEHHE BBIMYKIOCTH TOBEpPXHOCTEll snep
COKpallaeT oAb MOBEPXHOCTH COEIMHEHHs HYKJIOHOB M HE MO3BOJIAET
CO3JaTh YCTOMYMBYIO KOHCTPYKLIMIO sSIIpa.

VBenuueHne KOJMYEeCTBAa BIAJAWH Ha TOBEPXHOCTH spa JOJKHO
TIPUBOINTE K TaK Ha3bIBAEMOM SAEPHON M30MEPHH, TIPH KOTOPOI OIWH U TOT
K€ COCTaB HYKJIOHOB MOXXET 00pa3oBbIBATH pa3Hble (OPMBI SAEp 3a CUET
TOTO, YTO HOBBIE HYKJIOHBl YCTaHaBJIMBAIOTCA Ha TOBEPXHOCTH s/pa B
Pa3HBIX MECTax. DHEPTHUM CBSI3M TaKMX HYKIOHOB OyIyT OTIMYATHCS APYT OT
Ipyra, XOTs W He3HaunmTedbHOo. CaMm siapa Toxe OyIyT pasmuyaThbed,
BEPOSITHO, HE CINIIKOM CYHIECTBEHHO (POPMOif BEIXOAALINX U3 AIep MOTOKOB
a¢upa M Bce XKe, KaK pe3ysbTaT, HECKOJIbKO pa3HbIMH (PU3NUECKUMHU WU
XMUMHUUYECKIMU CBOWCTBaMHU.

B kauecTBe mpuMepa MOXHO MPUBECTH SAPO KPEMHHS, HMEIOLIEro
aTOMHbII Bec 28 U cocTosiero u3 7 anbga-4acTull. 31ech BOSMOXKHBI TPU
CTpYKTypbl: 1) Korma K sapy KMCIOpOZa, COCTOSILEro M3 4eTbipex aibda
YacTHLl, MPUCOEOMHSIOTCA MO JKBATOpPY TPW anb(a-yacTHLbl, 2) Korga K
9KBaTOpy sIIpa KHUCIOpOJa TMPHCOEAWHEHBI TOJBKO B anb(a-4acTHibl, a
TpeThsl PACIONIOKEeHAa Ha OJHOM H3 TIONIOCOB; 3) KOrna Ha JKBaTtope
pacronaraeTcsi Bcero onHa anb(a-uacTuiia, MpUYeM OHa MOXET OBITh Ha
Pa3HBIX y4JacTKaxX TOBEPXHOCTH S/pa KUCIOPOJA TOBEPHYTa IO-Pa3HOMY,
OCTaJIbHBIE JIBE PACTONIOKEHBI Ha 00OMX ToJtfocax. Bronne BeposTHO, 4TO
(¢usnyeckre cBOiicTBA Yy BCEX O3TUX CTPYKTYPHBIX BapHaHTOB OyIyT
HECKOJIbKO paznnyarbesi. C ydeToM e MPUCOeINHEHHs HEHTPOHOB B pa3HbIX
MecTaxX MOBEPXHOCTH sApa YKCIO BapHUaHTOB SIAEPHBIX HM30MEPOB OIHOTO
TOJIBKO KPEMHUSI Oy IET UCUHUCIIATBCS AECSITKaMHU.

MOXHO MpeamnoylokKUTh, UYTO SIEpHbIE H30Mepbl OyayT obnagaTte W
pa3U4HON yCTOMYMBOCTHIO, OCOOEHHO K BHEIIHMM BO3JAEHCTBUSAM, U YTO
OHM MOTYT TpaHC(OPMHUPOBATHCS APYT B Apyra, He MeHss oOIIero cocrara
snpa. O01ee cTpeMIIeHHE MEPECTPONKH SNEPHBIX M30MEPOB NODKHO WATH B
HalpaBJIeHNH MOBBILIEHHOH y/IeIbHOM SHEPTUH CBA3eil HYKIJIOHOB.
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BriBoabl.

1.ComocTaBieHne CBOHCTB Ta30BOr0 BUHTOBOTO TOPOMIAILHOTO BUXPSI CO
CBOMCTBAMM TIPOTOHA TOKAa3bIBAeT BO3MOXXHOCTh WHTEPIPETAM MPOTOHA
KaK BMHTOBOIO TOPOMIAIBHOTO BUXpPs 3¢Hpa, a HEHTpOHa — KaK TOTrO e
BUXpsl, HO OKPY’KEHHOTO JOMOJHUTEIbHBIM MOTPAHUYHBIM CJIOEM TOJLIMHON
nopsiaka 0,1 @epMu, B KOTOPOM TOPOMIANLHOE ABIKEHHE Ociadigercs, a
KOJIbLIEBOE TacUTCsl MPAKTUYECKH MOJHOCThIO. CKOPOCTh MOCTYMAaTebHOTO
IBWXKEHUs 3(upa Ha TOBEPXHOCTH MPOTOHA 3HAYMUTEIbHO TpPEBbIIIAET
CKOPOCTb CBETa M COCTaBiseT BenudamHy mopsaka 1,15-16" m/c; ckopocts
TepeMenIeHNs MOTOKOB (1pa Ha BHYTPEHHE MOBEPXHOCTH €r0 CTEHOK elle
B 400pa3 Gosbre.

2. MarHuTHoe ToNe TPOTOHA MOXET OBITh HMHTEPIPETHPOBAHO Kak
TOCTyMNaTeNbHasi CKOPOCTh TOPOMIAJbHBIX TMOTOKOB 3(mpa, co3maBaeMbIX
TIPOTOHOM B OKPY’KaroIleM MPOCTPAaHCTBE. DIEKTPUIECKOE TI0JIe MOKET OBITh
MHTEPNPETUPOBAHO KaK KOJIbLIEBOE IBIKEHUE 3(Upa B OKPECTHOCTSAX TOTO
ke TporoHa. [loNApHOCTH 3NEKTPUYECKOTO TIOJsl €CTb OpHEeHTaLus
KOJIbLIEBOTO JABMKEHUs 3()Mpa OTHOCUTEIBHO TOPOUMAIBHOIO, T.€. KaK 3HaK
BUHTOBOTO JBIKEHUS d(Hpa.

MarHuTHelif MOMEHT TOPOWJAAIBLHOTO BHUXps OMpenessieTcss  Kak
NpOM3BEIEHNE KBaJapaTa CKOPOCTH TOPOMAAIBHOrO BMXPS Ha IUIOLIAlb
TIOBEPXHOCTH, Ha pajnyC MPOTOHA W HAa ITUIOTHOCTH OKPY)KAIOIIETO MPOTOH
s¢upa. DneKTpUUeCcKHil 3apsi ONpeaenseTcs Kak Mpou3BeIeHne IMPKYISIUN
KOJTBLIEBOTO ABWKEHUSI TUIOTHOCTH CpeJibl Ha TUIOMIAAb MOBEPXHOCTH TOPA.

3. CunbHOE siiepHOE B3aMMOJEHCTBME MOXKHO HHTEPNPETHPOBATH Kak
pe3yJIbTaT CHIDKEHHS TaBJIEHHWS B TOTPAHUYHOM CJIOE MEXKAY COCeIHNMU
HYKJIOHAMW ¥ TIpWOKaTHA HYKJIOHOB Ipyr K JApYyTy HaBlieHWeM 3dupa Mo
BHEIUHUM CTOPOHaM aTOMHOTro sifpa. Pa3HOCTb 3THX NaBlieHWI COCTaBISIET
2.10% [1a, yTo 3HaYMTENBHO MPEBBILIAET JFOOBIE U3BECTHBIE AAaBJICHUSA, B TOM
qyclie JaBJ€HWS BHYTPHM 3BE3J, HO COCTABIAET Malyl0 BEIMYUHY
OTHOCHUTENIbHO JaBieHHs 3¢upa B CBOOOJHOM IpPOCTPAHCTBE, BETMYMHA
kotoporo pasna 1,3-16° TTa.

4. CyulecTByloIlM€ B HACTOSIIEEe BPEeMS MOJIENH SAEp OINMUCHIBAIOT
HEKOTOpbIe CBOWCTBA silep M ABJIAIOTCS (haKTHUECKH abCTparnpoBaHHBIMU
MaTeMaTHIeCKUMU MOJEINSIMH, He TAlOUIMMHU HIUKAKOTO TIPE/ICTAaBIEHUSI HU O
CTPYKTYpe sIep, HM O (HU3NYECKOW CYIIHOCTH  BHYTPHSIEPHBIX
B3anmozeiicTBuil. Pa3spaboranHsle 3(uponnHaMuUuecKre MOJENW TPOTOHA,
HEWTpOHa ¥ aTOMHBIX SAEP TO3BOJISIIOT BBIICHUTH CTPYKTYpY CaMuX
HYKJIOHOB, CTPYKTYpPY aTOMHBIX siiep M  (U3MYECKYI0 CYLIHOCTh
BHYTPUALEPHBIX B3aUMOACHCTBUMN.
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5. ATOMHBIC sIpa MOXHO pPaccMaTpUBaTh KakK COBOKYITHOCTb TOJIBKO
HyKJIOHOB — IIPOTOHOB M HEMTPOHOB, COEAMHSIOIIUXCS Yepe3 MOrpaHrvHbIe
cion. OCHOBOW CTPOEHHMsI CIOXKHBIX SIEp SBISIOTCS 0O-4aCTHLbBI, YHEPrus
CBs3ell B KOTOpBIX yBelIMUeHA 3a CYeT OOIIero IJisi 4YeThipeX HYKIIOHOB
LEeHTPATLHOTO TOTOKa 3¢upa. PaspaboTaHHas o-4acTUYHAS MOJENb sIep
YUUTBIBAET CTPYKTYPHBIE OCOOCHHOCTH COCIMHEHUS HYKJIOHOB M MO3BOJISAET
OOBSICHUTb OCHOBHBIE OCOOCHHOCTH CTPOCHUS sioep — CTPYKTYpY,
Marm4yeckue 4ucia HeMTPOHOB, CIIMH U T.1I.

6. Tlepmomnueckue (depe3 OAWH HYKJIOH) HM3MEHEHWs MpUpALICHHs
JHEPTHU CBsi3ell HYKJIOHOB B AaTOMHBIX sIApax SIBJSIIOTCS pPe3ylbTaToM
M3MEHEHHsl YKCia TIOBEPXHOCTEM COeAMHEHUS HYKJIOHOB IPYr C APYrOM M
u3MeHeHneM (opMbl (KPUBU3HBI) UX TIOBEPXHOCTEH.

7. Cnaboe simepHOE B3aUMOMACHCTBHE MOXYT HMHTEPHPETHPOBATHCS Kak
pe3ynpTaT MPOXOXKICHHS ACHHXPOHHBIX IMOBEPXHOCTHBIX BOJH B TeNax
HYKJIOHOB, CO3MAIOIIMX BOJTHOBBIC BO3MYIICHWS B OKpyXaromeMm 3¢wupe,
KOTOpble BOCIPUHHUMAIOTCA KaK JJIeKTpOMarHWTHOe W3yueHue. Pacman
CIIOXHBIX SIIEP MOXET HMHTEPHPETUPOBAThCS KaK pe3yNbTaT pa3ABUTAHHSA
qacTel sApa NPy COBMAJCHNUH BOJH B MEXKHYKJIOHHOM CJIOE.

8. CroxHbIe sApa OXHOTO W TOTO e W30TOTa MOTYT 00J1aaTh CBOMCTBOM
SAEPHOM N30MEpHH, MOCKOJILKY TIPH OJJTHOM M TOM K€ COCTaBe HYKJIOHOB OHH
MOTYT UMETh Pa3HYIO CTPYKTYPY.
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I'naBa 7. AToMBI, MOJIEKYJIbI, BEIIECTBO

3amedarenbHbIM OTKPBITHEM [ elEMIOIbIIa 0 3aKOHE BHUXPEBOTO
JIBHDKCHHUSI B COBEPIICHHOM JKHMIKOCTH, T.€. KHIKOCTH, COBEPIICHHO
JIMIICHHOM BSI3KOCTU (MIIM )KHUIKOTO TPEHKs), HEM30EKHO BHYyLIACT
MBICJIb, YTO KOJIbIIA [ €IbMIoIblia— €IMHCTBEHHO UCTHHHBIC aTOMBI.
B.Tomcon Kenveun [1]

7.1. KpaTkasi HCTOPHS CTAHOBJIEHHUSI ATOMHOH (QU3NKHN H
KBAHTOBOH MeXaHHKH

[MonbITKY penreHust MPodJIEeMbl CTPYKTYPBI MHUpa U CTPYKTYPhI BELIECTBA
OBbLTH TIPEINPHUHATH B TITyOOKO#M NPEBHOCTH, HO IO Hac CBEAEHHWS O HUX
Mo4YTH He jgouutd. M XOTS TpaAWIIMOHHO TIEpBbI€ TIOMBITKM CO3JaHUS
aTOMHU3Ma MBI OTHOCHM K JApeBHel ['peunu [2—5], Ha camoMm nere oHM ObLTH
OCYILECTBIIEHBI 32 MHOT'HE THICSUYEIIETHS 10 3TOTO.

AToMHUCTHYECKHE TIPEACTABIECHNUS B IPEBHEM MHUPE KOPPEIMPOBAIUCH C
npeacTaBieHUsIMHI 00 3dupe, HO eciau 3PUPYy MPUMUCHIBAIUCH JUIIL 00LIUe
abCTpakTHbIE CBOWCTBA, TO aroMaM IPUIHUCHIBAIIUCE YK€ HEKOTOpbIe
KOHKpETHbIE XapaKTePUCTUKH, CBOMCTBEHHBIE TeJIaM.

Owmnenokn w3 Arpurenra Ha Cutmnun (490—430rr. 10 H. 3.) mombITacs
OOBSCHUTh OKPYXAIOUMHi MHpP Ha OCHOBE OOOOIIEHHON TEopeTHYecKOi
cucteMbl. O4eHb BaKHBIM OBIJIO MpEACTaBIeHHEe DMMEIOKJIa O TOM, YTO M3
YeThipeX TOTAA HW3BECTHBIX JJIEMEHTOB - <@eMiu» (TBepAb),  <BOIbBI»
(KUAKOCTD), «®03ayxa» (ra3) W «OTHI» (FHEprHsi) oOpa3yrOTCs Melbyaiiine
«OCKOJIKA». DTH «OCKOJIKM» MOKHO COCIAMHATH ¥ TaKUM 00pa3oM MoiydaTh
pa3nyHble BEHIECTBAa. OMIMENOKJIOM BBIABMHYTHI HWJIEH O  «IIopax»,
«CUMMETPUM», «I30UpaTeIbHOM CpOICTBE» - TEOPETHYECKHe MOJENH
NPEanoyaraéMoro CTPOSHUSI PA3NUYHBIX «OCKOJKOB», OTpaKalollhe HX
COCOOHOCTb K coemuHeHMto.  DakTHM4ecKd DOMIMENOK] BIEPBbIE BBEJN
npencraBieHns 00  SHEpPruM,  PacTBOPEHHOM  MOBCEMECTHO.  JTo
npencraBieHre  ObLIO BIOCIEACTBUM MCIOJBb30BAHO  aBTOPaMHU  UAEH
«Temopona» — 0co00i KHUIKOCTH, TPHCYTCTBHE KOTOPOi oOecrednBaeT
HaJlMuue TeMrepaTypsl y Tej. JlpeBHerpeueckuii ¢punocod Anakcarop (500—
428 no H. 3.) pa3BWI MOJOXEHWS OMMEIOKNa W BBIABUHYN YYeHHE O
TOMEOMEPHAX — <CEMEHaX Belleil», KOTOpble OH MBICIHI OECKOHEYHBIMH T10
KayecTBy M KojmdecTBY. Kaxaplii W3 3IIEMEHTOB TakXe COCTOWT W3
0eCKOHEYHOT0 KonuecTBa 0oJiee METKUX YacTHIL.

Jns pa3BUTHS €CTeCTBEHHOHAYUYHBIX 3HAaHMH OblTa OCOOEHHO BaXKHA
KOHKpeTH3auus. MpeICTaBIeHU O CyLIeCTBOBAaHWM HEOOBIYAHO MaJbIxX
yacTull BewecTB. JTo caenand JleBkunn u JleMokput, chopMynupoBaB
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noHsATHe 00 aromax. KX y4yeHuWe NOAHSIO MpeNcTaBleHWE O CTPOEHUU
MaTepHuu Ha HOBYIO CTYIEHb Pa3BUTHS.

Jlepkunn (ox. 500-440n0 H. 3.) u Jemokput (ok. 460-370m0 H. 3.)
co3Maqv  aTOMHUCTHYECKOE  YUYeHHWe,  ONupasChb Ha B3MJISAABI CBOWX
MpeAIecCTBEHHNKOB. [0 WX MHEHHWIO, aTOMbl MOTYT HMMETb  Pa3IMIHYIO
¢opMy ¥ BenmmuMHY. DTO OTNpenensieT BO3MOKHOCTb WX Pa3HOOOPa3HBIX
coenuHenmnii. [lopsmok W pacrojokeHWe aTOMOB B BeNIECTBaX, T. €.
CTPYKTYPbl ~BEIIECTB, MOTYT CYIIECTBEHHO pa3nuuaTbesi. braromaps
pa3TMYHBIM KOMOMHALMAM pa3HOOOpa3HbIX aTOMOB 00pasyeTcs OeCKOHeUHOe
MHOECTBO BeulecTB. B omimume ot AHakcaropa, JleBkunmn u J[eMOKpUT
CUUTAJIM, YTO JBM)KEHHE aTOMOB MpPHCYIIE UM W3HAYaJIbHO KaK CHOCo0 HX
CYIIECTBOBAHMUS.

Atombl [lemokputa — He paspe3zaemple (a He Henenumble! — B.A.),
CYIIECTBYIOIIE BEYHO MaTepHalibHble 00pa3oBaHMA. ATOMBI Pa3IMYalOTCA
($opMoii, MOPSAIKOM ClleIOBaHUS M TOJOKEHWEM B MyCTOM MPOCTPAHCTBE, a
TaKKe BEIWYMHOM, 3aBHCSIEH OT mX TskecTH. OHM WMEIOT BMAAWHBI W
BBITTYKJIOCTH. M3 NX «BUXpeii» myTeM eCTeCTBEHHOTO CONMKeHHs o0pazyercs
Becb MUp. Ho camm aroMel cocTosT W3 a'MepoB, MCTHHHO HeIEeTMMBIX
yactull. B.M.JleHMH BBICOKO LEHWIT MarepuanusM Jlemokpurta, 00O03HA4MB
ero MMEHEM MaTepHAIIMCTUYECKYI0 TPaguLUI0 B MCTOpUH (uiocopun
(«rtunus JIeMokpuTa»).

BaxHeimMu coObITUAMU B HayKe, OT KOTOPBIX OepeT Havajo aTOMHas
¢u3nka, ObLTM OTKPBITHE JJIEKTpOHa M paiavoaktuBHoctu [6]. B 1987 r.
aarmmiicknit 3wk JIk.Jx.ToMCOH wW3Mepwn OTHOUICHWE 3apsna
OTPHLATENFHBIX YacTHIl, COJEepKaIIMXCS B KATOAHBIX JIydaX, W Ha 3TOM
OCHOBE, a TaKXKe Ha TOM (pakTe, YTO METAIBI MPU CHIILHOM HarpeBaHWM I
OCBEILIEHNN WCITYCKAlOT 3JIEKTPOHBI, CHEeJal 3aK/IF0UYeHHe, YTO 3JIEKTPOHBI
BXOAAT B COCTaB JIIOOBIX aTOMOB. Pe3ynbTaTbl WCCIIEOBaHUS CBOWCTB
3JIEKTPOHA M PaTvOaKTHBHOCTH MO3BOJIMIIM CTPOMTh KOHKPETHBIE MOJIENH
atoma. B mozenu, npennoxennoit Jx.J[x.Tomconom B 1903r. [7-9], aTom
NPEACTaBIANCS B BHAE MOJOXKUTEIBHO 3apsKEHHONW cdepbl, B KOTOPYIO
BKparuieHbl OTPULATENIbHO 3apshKeHHble JJIeKTpoHbl. Monens TomcoHa
00BsICHANA pPAl ABJICHUIl — UCIycKaHWe, TMOMIOLIEHNE U paccesHHe CBeTa
aTOMOM, HO OKa3aJacb HE CIOCOOHOW OOBACHUTH pe3yJbTaThl OIMBITOB
3.Pe3epdopaa no paccesHuto anbda-uactuil atomamu [10].

OmnbiTel Pesepopsa nmokaszany, 9To NMpy NPOITYyCKAHUN Yepe3 TOHKUE CIIOH
BellecTBa Iy4yka anbda-yacTui HeOoiblIas IOJs OTKJIOHsJach Ha YToll,
mpepprmarormmit 90°. B 1911 r. Pesepdopmom Obima TmpemioxeHa
TIaHeTapHas MOJEJb aToMa, KOTopasi CyIIeCTBYeT B (M3HMKE 10 HACTOAIIETO
BpeMenu [11]. B 1eHTpe aToMa, COTIacCHO 3TOM MOJENH, HAXOAWUTCSA OUYCHb
HEGOITBIIOE TIONOKHUTENBHO 3apsukeHHOe Aapo auamerpom 107 — 1072 cm,
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BOKpYT' KOTOPOTo, Kak IulaHeThl BOKpYr CoJHIIA, BpaIaloTCs 3JEKTPOHbI 110
opbutaMm, Tak 4TO OOWMII pasMep aToma cocTaBmser mopsuka 10°  cowm.
Monens, pazpabotanHas Pesephopaom, mo3Bonuia pa3pemiuTh psa npoodiem,
HO BCKOpE HATOJIKHYJIACh Ha MPUHIMIHAIbHBIE TPYIHOCTH, CBI3aHHBIE C TEM,
YTO IO TaK Ha3bIBaEMOM KIIACCHUYECKOIl TEOpWH aToMa 3JIEKTPOHBI, Bpamasch
1Mo opOuTe, NCTILITHIBAIOT YCKOPEHHE M NOJDKHBI OBbUIN M3y4aTh SHEPTHIO H,
TIOTEpSIB ee, yNacTb Ha AaApo. OTHAKO 3TOTO HE IPOUCXOIHIIO.

CTOUT OTMETUTDH, YTO B MEXAHWYECKON TIIaHETApHOW MOJENN aTtoMa Ha
caMOM Jiefie He ObUI0 TeX MpPOTMBOPEYMH, K KOTOPBHIM TPHBOAMIIA TaK
HasbIBaeMasl «KJlacCUUYecKas» TeOpus JEKTPOJUHAMUKH. Eciii 3JIeKTpoH U B
caMOM Jejie Bpalaercs MO KpyroBoil opOuTe, TO OH MWCIMBITBIBAET He
MPOJOJIBbHOE, a MONepeyHoe YCKOPEHNE, MPU KOTOPOM IHEPTHsl HE OTHAETCs U
He mnpuoOpeTaeTcss, W TOITOMY BOBCE He 00s3aH YTO-IMOO WU3TYy4arTh.
BosHukmiee — mpoTHBOpeude  CBHMIETENBCTBOBAJIO  BCEro  JIMIIb O
HEIOCTaTOYHOCTH «KJIACCHIECKOI» TeOpHH 3JIeKTpoAnHaMUKH. TeM He MeHee
Ha 3To He OBLTO 00palIeHo BHUMaHNS.

Bbixon u3 mMoJoXeHWs Tpemoxun natckuit ¢usuk H.Bop [12-14],
KOTOPBI HOCMYIUPOsa CyleCTBOBaHHE CTALMOHAPHBIX («IO3BOJICHHBIX)
opouT, a TakXke TO, YTO aTOM W3JyYaeT MPH Mepexoie 3JEKTpoHa C OJHOM
CTalMOHapHOW OpOMTHI Ha NPYTYIO W YacTOTa M3TyYeHHs MPOTOPLHOHATBHA
pa3HOCTH 3HEpruil eKTpoHa Ha 3TUX opbutax. Teopus bopa moszponuna
pa3pelnTh OCHOBHbBIE MPOTUBOPEUHS ITaHeTapHOW Mozenu Pesepdopaa.

VYcenex Teopun bopa, kak v npeablayIine ycrnexyu KBaHTOBOW TeOpuH, ObI
JOCTUTHYT 3a CUET HapyLIeHUs JIOrMYecKOW LEeNbHOCTH TEOPUM: C OIHOM
CTOPOHBI, HCTOJIb30BAJaCh HBIOTOHOBA MEXaHUKA, C JPYroil — MPUBJIEKAINCH
qyKable €l HCKyCCTBEHHble TNpaBHUja KBaHTOBAHUS, K TOMYy e
MPOTHUBOpEYalINe KiacCHieckol 3nekTpoamHamuke. OIHaKo He Bce B
TOBENICHUH aToMa 00BACHsITOCH Teopueit bopa.

Jloka3aTesIbCcTBO KOPILyCKYJIAPHOIO XapakTepa cBeTa ObLIO MOJMYYeHO B
1922r. A.KomntoHoM [15], moka3zaBIuM 3KCTIEPUMEHTAIIBHO, UTO paccesiHue
CBETa TMPOUCXOAWUT 1O 3aKOHYy YMPYroro CTOJKHOBEHHS  ()OTOHOB  C
aseKTpoHaMH. KuHeMaTHka Takoro CTOJKHOBEHHS OIpeAesseTcs 3aKOHaMu
COXpaHeHMs, a Takke W HMMIyJbca, NMpuueM (OTOHYy Hapsady C IHepruei
clieyeT MPUIKUCATh UMITYJIbC (KOJTMYECTBO ABWIKECHUS):

p =hvlc,
rae v -4acTtoTa CBETOBOM BOJIHBI, @ ¢ - CKOPOCTb CBCTA.

OHeprust 1 UMMYNbC (OTOHA CBS3aHBI COOTHOLIEHWEM E = cp, KOTOpoe
CIpaBeJINBO B OOBIYHOI MEXaHUKE.
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Takum o0pa3zoMm, OBIJIO OOKa3aHO JKCMEPUMEHTANbHO, YTO HapsAdy ¢
W3BECTHBIMHM BOJIHOBBIMU CBOWMCTBaAMHM — UHTepdepeHuUMeil U nudpaxuueit
CBeT oOnagaeT M KOPIyCKYJSPHBIMU CBOHCTBAMM: OH COCTOMT Kak Obl M3
gacTul, — (pOTOHOB. B 3TOM mposBisieTcss Ayain3M CBeTa, €ro CIOXKHas
KOPIYCKYJIIPHO-BOJTHOBasl mpupoja. Jlyannsm comepKHTCs yxke B camoi
¢dopmyre E = hv, MOCKONBKY CJIeBa CTOWT HEPTWs YacTHIBl, a ClpaBa —
yacToTa BOJNHBL. BoO3HWKIO (opManbHOE TMpOTHBOpeure: A OOBSICHEHMS
OHMX SBJIEHWII HE0O0XOOMMO OBIIO CUMTATh, YTO CBET HMEET BOJHOBYIO
TIPUpPONY, a ISl OOBSCHEHHA IpYyruxX — KopmyckynspHyto. [lo cymecTsy,
paspeleHre 3Toro MpOTUBOPEUNs W MPUBEJIO K CO3JaHUIO OCHOB KBaHTOBOM
MEXaHHKH.

B 1924 r. Jlyu pme bpoiins, MbITasiCh  HAUTH 00bsICHEHUE
noctyiaupoBaHHbiM B 1913 r. H.BopoMm ycnoBusiM KBaHTOBaHHMSA aTOMHBIX
OpOUT  BBIABMHYJI THUIOTE3Y O BCEOOIIHOCTH KOPIYCKYJSPHO-BOJIHOBOTO
nyammsMma [16]. CormacHo e Bpoiimo, kak[oit 9acTHIe, He3aBHCHMO OT ee
TIPUPOJIBI, CIEAyeT TOCTaBUTh B COOTBETCTBHE BOJHY, UIMHA KOTOPOil A
CBsI3aHA C UMITYJIbCOM YacCTHLbI P COOTHOIIEHNEM

A =h/p.

ITo 370l rumoTtese He TOJAbKO ()OTOHBI, HO M BCe «OOBIKHOBEHHBIE
YacTULBD (3MEKTPOHBI, IPOTOHBI U MP.) 00J1aJa0T BOJHOBBIMH CBOWCTBaMH,
KOTOpbIE, B YaCTHOCTH, HOJDKHBI MPOSBIATHCSA B SABICHUM Ouppakuuu. B
1927 r. K.I3Buccon u JI.JDkepmep BhepBble Habmomamu AUGpaKIHIo
anekTpoHoB [17, 18].T1o3nHee BONHOBBIE CBOWCTBA ObUIM OOHAPYXKEHBI U Y

JpYrMX 4YacTHL, n chpaBeyIMBOCTb (opmyssl  ae bpoiins  Obuia
MOATBEPAKAEHA 3KCIIEpUMEHTANbHO. OJHAKO HAIO 3aMETHTh, YTO OPYroe
CBOMCTBO BOJMH — WHTep(epeHuusi He ObUIO TOJYYeHO Y 3JeMEeHTapHBIX

YACTHI[ BEIIECTBA, TaK YTO COMOCTABJIEHHE YACTUL C BOJHAMH OKa3aJloCh
JIOCTaTOYHO YCJIOBHBIM.

B 1925r. NeiizeHOepry ynmaoch MOCTPOWUTH TaKylo (POPMATBHYIO CXEMY,
B KOTOpOHl BMECTO KOOPIMHAT M CKOPOCTEH 3JeKTpoHa (UrypupoBaiu
abcTpakTHble anreOpanyeckue BEIMYUHBI — MATpPHUIbI, CBA3b KOTOPBIX C
HaOJI01aeMbIMU BeIMYMHAMU — DHEPTeTUUECKUMU YPOBHSAMHU U WHTEHCUB-
HOCTSIMU KBaHTOBBIX MEPEX0JI0B — IaBajiach MPOCThIMHU TipaBmiamu [19].

KBaHTOBasg MexaHMKa IMONMy4yuia AOMOJHEHWE B Bujae npuHuuna [laymu
(1925), cormacHo KOTOpPOMY B KaX/IOM 3JI€KTPOHHOM COCTOSIHHM B aTOMe
MOeT HaXOAUThCA TOJBKO OJKH 3j1eKTpoH [20—23].

B 1926 r. M.BopH nmanm BepOSITHOCTHYIO HMHTEPIPETALMIO BOJH 1€
Bpoitnst [24]. OH mpemiokun cyutaTh BOJHBI 1€ bpoiins «BoaHaMU
BEPOSITHOCTH», T.€. JaTh UM YNUCTO MaTeMaTHUecKoe MCTOJNKOBaHME. B Tom
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xe 1926 . DO.1llpenunrep [25, 26] npemyioxkua ypaBHEHHUE, OMUCHIBAIOIIEE
MOBE/ICHUE TAKHX <«BOJIH» BO BHEIIHUX CUJIOBBIX MOJISIX:

&2m
Ay + —— E- Uy =0.
h2

OTO ypaBHEHME OTpakaeT MOBEACHNUE TOYEUHON Macchl B CHJIOBOM MOJeE,
HO BBIp2XXEHO ABIWKEHHE ATO Macchl He B KOOpAWHATaX, Kak 3TO OBLIO
OOBIYHO TIPUHATO paHee, a B W3MEHEHMSAX TOJHOM M TOTEeHIMAbHOM
sHepruil. AHcaMOIIb e TaKUX Macc, BbIpaXEHHbIN (yHKUUEH , M0 MbICIU
aBTOPOB KBaHTOBOIl MEXaHUKH, YK€ HE OTPaXKaeT MACCOBBIE XapPAKTEPUCTUKU
MHOXECTBA TAKUX DJIEMEHTAPHBIX MAacC B MNPOCTPAHCTBE, T.€. IUIOTHOCThb
cpenbl, a TMpeACTaBisieT COOOH <«IIJIOTHOCTh BEPOATHOCTH  HAXOXKAEHUA
YacTULBl B  JAHHOM TOYKE MPOCTPAaHCTBa». Tak BO3HUKIA <«BOJHOBAs
MeXaHMKa», KOTopasi BCKOpe Oblila OTOXKIECTBIEHA C KBAHTOBOW MEXaHUKOH.
BonHoBoe ypaBHeHme IllpenuHrepa  sBIS€TCS OCHOBHBIM YpaBHEHUEM
HEPEJSITUBUCTCKON KBAHTOBOI1 MEXaHUKHU.

ATomHas ¢Qusvka Obuta pa3BUTa  METOJAMHM KBAaHTOBOI MEXaHWKH,
aBTOpaMH KOTOpO#H ObLIH B.T'eiizen0epr u M.bopu (Cepmanus),
O.1pemunrep (ABctpus) u [1.JJupak (Aurnus). [IpeacTaBieHus] KBaHTOBOI
MEXaHUKH O JABWKEHMHM MHUKPOUYACTHL[ KOPEHHBIM 00pa3oM OTIMYAIOTCS OT
KJIacCUYECKUX. SIBIeHUs MHUKpOMMpa, KaK IIONaraloT I0Clea0BaTeln
KBAHTOBOI MEXaHUKH, NPUHUUIAAIBHO OTIMYAOTCA OT SIBJIEHUI Makpomupa
TEM, YTO OHM KBAHTOBAaHbI, JUCKPETHBI, T.€. IIPEPBIBUCTHI, B TO BpeMs Kak
ABJICHUS MAKPOMHUpa HE KBAHTOBAHbI, 4 HEMPEPLIBHBI.

CornacHoO KBaHTOBOW MEXaHMKE, JJIEKTPOH HE ABIKETCA 10 TPAeKTOPUHU
MoA00HO TBEPIOMY IIAPUKY, OH PACHpPOCTPAHEH BO BCEM MPOCTPAHCTBE, XOTS
JeWCTByeT Kak eInHoe Liesoe. B mpocTpaHCTBe OH pacmpocTpaHeH Mogo0HO
TUIOCKO# BOJIHE, OONajaroleil omnpenesieHHOW YacTOTOW W OmNpeneseHHOM
JuInHOW BosiHBL. Ero sHeprus Kak 4YacTHUIBI CBSi3aHA C €r0 4YacTOTOH M
omnpenensieTcs BoipaxeHueM E = hy.

VYcTolunBbEIE OBWKEHMS JJEKTPOHA B atoMe, Kak mokasan llpexuHrep
(1926), cOOTBETCTBYIOT CTOSIMMM BOJIHAM, aMIUIUTYAbl KOTOPBIX B pa3HbIX
TOYKax pazauyHel. [Ipy 3ToM B aTome, Kak B KosebaTelbHOH cucTteme,
BO3MOKHBI JIMIIb HEKOTOpBIE <«30paHHbIE» ABWKEHUS C OMNpeiesIeHHbIMU
3HaYEHUSAMU DHEPIUM, MOMEHTAa KOJIMYECTBA [JBWKEHUS U TMPOEKLUU
MarHMUTHOrO MOMEHTa DJJeKTpoHa B aroMe. Kaxjgoe — crauuoHapHoe
COCTOSIHME aTOMa OIKCHIBAeTCS BOJIHOBOHM W-(yHKLUEH, XapakTepu3yroueit
pacrnpeneseHle MIOTHOCTH 3JEKTPOHHOTO 3apsiia B aToMe. OTOil BOJHOBOM
(¢yHKIMM OBUTO TIPUMUCAHO 3HAYEHWE TIOTHOCTH BEPOATHOCTH MOSBICHUS
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3JIEKTpOHA B JAHHOM TOUKE MPOCTpaHCTBA Oe3 0003HAUEHH KaKOro Obl TO HU
ObLJI0 MEXaHU3Ma, 00€CeYHBaIOIIEro 3TOT MpoLecc.

B nanbHelileM 3TH MIEH pa3BUBAINCH, JOTOJHSIINCH, HO HE MEHSINCH
T10 CYINECTBY, COXPAaHUBILNCH MO Ceii IEHb.

OxoHuaTenbHOE  (hopMHUpOBaHKE KBaHTOBOW  MEXaHUKH Kak
MOCJIeIOBATENbHOI TEOPUM €O CTPOMHBIM MaTeMaTHYECKUM anmapaToM
MPOU30LII0 Toche onybiukoBaHus B 1927 r. pabotel [eitzen6epra [19], B
KOTOpoii  ObITO  chopMyNMpPOBaHO COOTHOLIEHWE HEONpeneeHHOCTEH.
CornacHo 3TOMY COOTHOLIEHHIO, KOOPAMHATBI M MMITYJIbC 3JIEKTPOHA
NPUHLUIHAIBLHO HE MOTYT ObITh ONHOBPEMEHHO ONpenesieHbl ¢ aOCOMOTHOM
TOYHOCTBIO.

B 1928 r. II.Jupak cdopMynupoBal pelsiTUBUCTCKOE YypaBHEHHE,
OMUCHIBAIOLIEE [BWKCHHWE DJJIEKTPOHA BO BHEIIHEM CHJIOBOM TI0JIE, 3TO
ypaBHEHHE CTajJO OJHMM U3 OCHOBHBIX YpPaBHEHWH pEIATUBHCTCKOM
KBaHTOBOW MeXaHHWKU [27]. OCHOBHBIM OTJIMYMEM YypaBHeHus Jlupaka oT
ypaBHenust lllpenwHrepa sBiseTcs TO, YTO B HEM YYTE€Ha BHYTPEHHSS
SHEpTHs Matepur (B COOTBETCTBUM C TIPEACTABICHUAMH TEOPHHU
OTHOCUTENIHOCTH) W cama -(YHKIHMS TpelcTaBleHa B CIOXKHOM BHJE
COTIpsDKeHHBIX (yHKIMiA. YpaBHeHWe JlWpaka TO3BOJIMIO TEOPETHUSCKU
000CcHOBaTh (OPMYJIbI, MOJTyUYEHHBIE SMIUPHYECKH CIIEKTPOCKOTIMCTaMH, a
TaKxKe pasperiuThb HEKOTOpbIe BOMPOCHI KBAHTOBOIl MEXaHUKH
NPUMEHUTENIBHO K CHCTEeMaM,  COAEPXalluM TOJbKO OAWH JJIEKTPOH.
VpaBHenue Jlupaka TMO3BOJWIO TMpeacka3aTh CYLIECTBOBAHHWE MO3UTPOHA,
npaBja, ¢ NPUBJIEYEHUEM HOBBIX THIIOTE3, MPUBOIAIIMX K AOTOJHUTEIbHBIM
TpynHocTsaM. Ilocie oTKpbITHA Mo3uTpoHa JlMpak pa3BWil TEOPHIO, XOTS U
cojieprKallyto B cebe psii Majo MpHeMIIEMbIX AOMYILIEeHHUIH, HO, TEM He MEHee,
MpeKpacHo OOBACHSIONIYI0 (Ha caMOM Jejie — OIMCBHIBAIOUIYI0) MHOTHE
SKCTIepUMEHTAIIbHBIE (DaKThI.

HHTepecHO OTMETHTb, UTO OCHOBHBIE MONOXKeHWS Teopun Jlupaka
HaXoIATCS B PE3KOM TPOTHBOPEYNHM C TeMH TNPHHLIUNAMH  TIOCTPOEHUS
TeopeTHyeckoi (M3MKH, KOTOpble OH caM 3allWIlan BMecTe C IpYyruMHU
NpencTaBUTeNsAMM  KomeHrareHckoi mkonsl ¢usuko (Bop, [eiizeHOepr,
IMaynu w np.), mockoibKy Jlupak  TeCHO CBSI3BIBAET CBOK TEOPHUIO C
omnpeeneHHON (pU3NUecKoil KapTHHOHM, caM (akT BOZMOXKHOCTH TONTyUEHUs
3TOM mIKoJbI oTpuliancs. Ho 6e3 stoit pusudeckoit kapTunel Jlupak He cMOT
ObI IOCTPOUTH CBOIO TEOPUIO.

Jupak Mpeanoxmi MoJeib <3JeKTPOHHO-TIO3UTPOHHOTO BaKyyma», B
KOTOpOH B KaXJ0il TOYKE MPOCTPAHCTBA CYIIECTBYIOT B <BUPTYaJIBHOM>»
COCTOSIHWH 3JIEKTPOHBI M TIO3UTPOHBI, KOTOPBIE MOTYT TIOSIBIISITHCS M ICUE3aTh
Jmb mapamu.  PokaeHwe mapsl MOXET MPOWCXOOWTh TOA IeiicTBHeEM
SHepruM (OTOHA, a MOXET MPOMCXOOUTH ¥ GUPMYAIbHO, KOTIA TOCIe
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pOXKIEHUS Mapa TYT e YHUUYTOKaeTcs, MPOCYIIECTBOBAB HENOJIro. A cam
BaKyyM OINpeJesieH Kak ()OTOHHbIH BakyyM, Kak HHU3IIEe 3HepreTHyeckoe
COCTOSIHUE JJIEKTPOMArHUTHOTO MOJISI.

OpnHa u3 IIaBHBIX TPYJHOCTEN TAaKOro MPeaCTaBAeHNs BaKyyMa COCTOMT B
TOM, 4YTO <QJIIEKTPOHHOE XkeJie», Kak, Mo MHeHuto Jlupaka, yCTpOEH BaKyyM,
JIOJKHO TIJIOTHO 3aIOJIHATh FEOMETPUYECKOe MPOCTPAHCTBO, a 3TO B KaKOW-TO
Mepe BOCKpemiaeT rumoredy 3¢Qupa, 4UTO BXOAWT B TPOTHUBOpEYHE  C
nojioxkeHnAMHU CrieluanbHO TEOpUHM OTHOCHUTENIBHOCTH DMHIITEHHA.

B TedeHme KOpOTKOTO BpeMeHHM KBAaHTOBas MeXaHWKa Oblla C ycCreXoM
NpUMEHEeHa K IIUPOKOMY KpYTy sBJeHWil. Bbuin co3naHel TeOpuM aTOMHBIX
CTEKTPOB, CTPOEHUs MOJIEKYJ, XUMHUUYeCKOil cBA3H, [lepronnueckoii cucTeMsl
MeHzeneeBa, METAIMYECKOH MPOBOAMMOCTH M (eppoMarHeTusMa. OTH U
MHOTHE Jpyrue sBICHUS CTadl KauyeCTBEHHO MOHITHBIMH, XOTS HUKAKOTO
(u3rYEeCcKOro MOJEIBHOTO MPENCTaBIECHHs HE IOy HITH.

OnHako manbHelIee pa3BUTHE HEPETSATUBUCTCKONW KBAaHTOBON MEXaHHMKH
OBIJIO CBA3aHO C 3aMEHON YETKOTO NETEPMUHHUCTCKOTO TPEICTABIEHUS O
npupone (U3NIECKUX SBICHUH BEPOSITHOCTHBIMH TIpeICTaBIEeHMAMH. B
OTJINYME OT KJIACCUYECKOH MEXaHUKM LEeJbI0 PEelIeHMs 3alad MeTOHAaMU
KBAHTOBOH MEXAHHWKM CTajO0 YCTAaHOBJEHHE BEPOATHOCTU TOrO WJIM HHOTO
coOBITHSI, uYeM Obla yk€ TMOJHOCTBIO MCKIIOYEHAa caMa BO3MOYKHOCTh
BBIABJICHUS MX (PU3MUYECKOH CYIIHOCTH.

7.2.0 HeKOTOPBIX 0co0eHHOCTAX PrIocodUN KBAHTOBOI
MeXaHUKHU

IMpm Bcex ycmexax W BceoOlleM MNPU3HAHWM METOIOB KBAaHTOBOM
MEXaHHUKH CJIelyeT KOHCTAaTUPOBaTh, YTO BCS KBAHTOBAs MEXaHHKa OCHOBaHA
Ha HeJmopasyMeHHWsAX. Hekoropele aBTOpbl, Hampumep Tpodeccop
T.A.Jle6enes [28], oOpaTunu Ha 3TO BHUMaHHe.

[Npexxne Bcero, HEBEPHO YTBEPKIEHNE, YTO KBAHTOBAHHOCTH (PM3MIECKUX
BEJIMYMH — CBOWCTBO TOJNILKO MUKpoMmupa. Ha camom pmeme KBaHTOBBIX
SBJIEHUI B MaKpOMHpe MHOXECTBO, TaK )K€ KaK W SBJIECHWH, OJHOBPEMEHHO
NPOSBISIOLIMX KOPIYCKYJISPHO-BOTHOBbBIE CBOMCTBA.

OObIKHOBEHHasi MOpcKasi BojiHa OyneT BO3JeiicTBOBaTh Ha Kopalib Mo-
pa3HOMY: Kak BOJIHA, ecIM KopaOllb MMeeT AJMHY MEHbLIYI0, YeM BOJIHA, U
KaK yacTHLa, eciii 6onbllyto. B mepBoM ciydae kopalib OyneT Ka4aThecs Ha
BOJIHE, BO BTOPOM CITy4ae — UCIIbITHIBATh YAApH.

Crnen 3a ABWKYIIMMCS KopaOlieM MpencTaBisieT co0oil Tak Ha3bIBaeMYHO
«nopokky KapmaHa» —  BuXpeBble 00pa3oBaHWS, pPACTMONOKEHHBIE B
IaxMaTHOM TIopsike. PaccTosHWe MeXIy LEHTpaMu BUXpel OJHOTO psna
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MOXKET OBITb WHTEPNPETHPOBAHO, KAaK [UIMHA BOJHBI, HO KaXIblii BUXPb
MMeEeT Maccy, MO3TOMY OH MOKET ObITh HHTEPIPETHPOBAH KaK YacTHLA.

OObIuHbIE BOJIHBI MOKHO, pa3zyMmMeeTcs, Kak 3TO JeJlaeT KBaHTOBas
MeXaHHKa, PaCCMaTpPUBATh C MO3WIHI BEPOSITHOCTHBIX COOTHOIIEHHH, HO 3TO
He JenaeTcsi B WHXEHEpHOW TNpakTWKe,  TOTOMY 4YTO B 3TOM HeT
HEOOXOAMMOCTH. A  KOrja TIPUMEHSIOTCS  CTaTHCTHYECKWe  OLEHKH,
OCHOBAaHHBbIE HA BEPOSTHOCTHOM IMOAXOAE, TO 3TO AejaeTca U3 yaoOcTBa
00paboTKu MaTepuasoB, a He U3 yCIOBUSA BEPOSTHOCTHOIO YCTPOMCTBa caMoi
TIPUAPOIBI.

CootHomienne Ilnmanka E = hv  oTHocuTcs He TONBKO K (OTOHY,
nolo0HOE e COOTHOIIEHUE XapaKTepPHO Ul ra3oBbIX BUXpEH, a Takke A
CUCTEMbl  Ta30BbIX BHXpell, oOmas 3SHeprus KOTOpbIX  0OpaTHO
NPOMNOPLMOHANIbHA UX IUAMETPY U PACCTOSHHUIO MEXKAY HUMHM.

[Moctynar Bopa yTBep)kaaeT, 4TO CyLIECTBYIOT CTallMOHAPHbIE OPOUTHI Y
3JIEKTPOHOB, COOTBETCTBYIOIINE <JI03BOJIEHHBIM» YpPOBHSAM 3HeprusaM. [Ipm
9TOM 4acTOTa M3JyYeHHUs OKa3ajach IPOMOPLUOHATIBHON pa3sHOCTH YHEPruit
JJIEKTPOHA HAa COOTBETCTBYIOLIMX  <I03BOJIEHHBbIX» opburtax. CorjaacHo
KBaHTOBOW MeXaHWKe, TAKIMU OpOWUTaMU SIBJISIOTCS TOJNIBKO Te, I KOTOPBIX
MOMEHT KOJIMYECTBAa [BIDKEHHS OJJIEKTPOHA  paBeH LEJIOMY KpaTHOMY
3HaueHnto  h/2m. DTm mocTynatel OBUTM BMOCIENCTBUH TMOITBEPIKICHBI
9KCTIepUMEHTaIbHO. OIHAKO CIpallMBaeTcs, MoueMy BOOOLIe Takhe OpOUTHI
CYILLECTBYIOT M K€M JI03BOJICHBI T€ WIIM WHbIE YPOBHU SHEPTHiA?

[ToaTOMY MOXXHO yTBEp»KIaTh, YTO aOCTPAaKTHO-MaTeMaTHYECKHU MOAXO.
B KBAHTOBOW MeXaHMKe SBIAETCS He ee NOCTOMHCTBOM, a €€ HEeNOCTATKOM.
CuuTaercst, 4TO TIUIaHeTapHas Mopens Pesepdopma HaToNKHyNack Ha
TPYOHOCTH,  TIOCKOJbKY, IBHUIasCb BOKPYr sapa, T.e. C YCKOPEHHEM,
JNIEKTPOH, COIJIACHO KJIACCUYECKOH TeopuH, MAOKEH Obl HENpepbIBHO
U3Jly4aTbh IEKTPOMArHUTHYIO SHEPrul0 U yNacThb Ha fApO, a 3TOro He
MpoucXonuT. BTopas TpymHOCTH 3akifoyaeTcsi B TOM, YTO W3JIydaeMblid
JNIEKTPOHOM CBET JOJKEH YBEIUYMBaTh CBOK UacTOTY o Mepe
MpUONVDKEHUsT  BJIEKTPOHA K S/APY, @ Ha caMOM Jiene 3JIeKTPOH BbIOaeT
JNIEKTPOMArHUTHbIE  KOJIe0aHUsA COBEPIUEHHO OMpeNeNIeHHOW YacTOTHI.
CreKkTpbl M3Ny4eHHsl OKa3alliCh JIMHEHYaThIMK, T.€. CTPOTO OMNpeneeHHBIX
YacTOT, W B HHUX ObUT YCTAHOBJEH pSA 3aKOHOMEPHOCTEH, KOTOpbie
NPOTHBOPEYMIIN TIaHeTapHOM Monenu. OpHAaKo MpencTaBiseTcs, 4TO U 3TO
OCHOBAHO Ha HEOPa3yMEHUAX, XOTS U ABJAETCS OOLIENPU3HAHHBIM.

[Mpexxne Bcero, MepBbI BBIBOA TOBOPUT JHIIL O TOM, 4YTO TakK
Ha3blBaeMasl «KJIacCUUECKas TeOpHsS» HEBEpHAa, €CIM OHa U B CaMOM Jelle
TPeACKA3bIBAET, UTO JIEKTPOH, BPAIIAIOIINIICA BOKPYT SAApa, TOJDKEH YTO-TO
n3mydaTb. KOHEUHO, 3JI€KTpOH, ABHUTAsCh 1O OpOWTE, NMEET YCKOpPEeHHe, HO
9TO YCKOpEHHEe He NPOAOJbHOE, a MOoNepeuHoe, LieHTpocTpemurenbHoe. [Ipu
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NPOAOJILHOM YCKOPEHHUHN MEHAETCSI CKOPOCTh, SHEPTHIO TS 3TOTO HAAO0 JHO0
BJIOXKHUTh B YCKOpsieMblil 00beKT, MO0 0TOOpaTh, €Clii 00BEKT 3aMeATIsIeTCS.
OTo MOXKeT chenaTh OKpyXawolas cpema, B  KOTOpoil  OynyT
pacnpocTpaHATLCS BOJHBI, BHOCS WM YHOCS 3Hepruto. Ecim cpenpl HeT, TO
HeT W MPUYMHBI IS YCKOPEHWS WM 3aMeUIeHUs 3JIeKTpOHa. JTO cpasy Ke
OyneT o3HayaTh HEMOJHOTY Mojenu. Ho mpm HeHTpocTpeMHUTETHHOM
YCKOPEHHMH CKOPOCTb W SHEPTHS 3JeKTPOHA COXPAHSAIOTCS HEM3MEHHBIMHU, W
HUKAaKWX TPWYMH IS TIOTJIOMEHNUS WM M3JIyYeHHs 3JIeKTPOMarHUTHBIX
BoNH HeT. [IpoTBOpeure oka3bIBaeTCsi HAAyMaHHBIM, OHO HE TOJDKHO OBLIO
BBIZIBUTATHCS Kak MPU3HAK HETOJHOLEHHOCTH TUIaHeTapHOM MOJEIH.

Yro kacaeTcs BTOPOro HeIOCTAaTKa, TO OH AEHCTBUTEBHO CYILECTBYET, HO
IJIsL er0 paspelieHnss HeIOCTaTOUYHO abCTPaKTHO-MaTeMaTH4ecKoro Moaxona,
KakK 3TO cIenaia KBaHTOBasg MeXaHWKa, BBE/Il COOTBETCTBYIOILHUE MOCTYJATH,
MOCKOJIbKY OHM  HE BBIABMHYJIM HHMKAaKOro MexaHu3Ma TOro, 4YTO HMH
0003HaYeHO.

[Npexne Bcero, HY)kKHO OTMETHTh, YTO OTCYTCTBHE KakuX Obl TO HM OBLIO
(M3MYeCKNX TIpeACTaBIeHNH O BHYTPEHHMX SBJECHHUSIX MUKpOMHUpA AEiaeT
WX TpakTHYeCKW Maio TpenckasyeMbiMu. KBaHTOBass MexaHWka o0s3aHa
CBOMMH YCTIEXaMU «T€HHAJBbHBIM JIOTaKaM>», TPUAYMaHHBIM <«TIPHHLIATIAM» 1
MHOTOUYMCIIEHHBIM TIOCTyJlaTaM, O00OCHOBaHHE KOTOPBIX OCTABIISIET JKeNaTh
JyYILEeTo.

[TockonbKy KBaHTOBas MEXaHHMKa CylIecTByeT yxke Oonee 70 net, To
MOXHO ObUIO OBl OXKHAATH, YTO TAKOW €€ CTaHAAPTHBIH MEXaHW3M, Kak
BBIYMCIICHHE -(QYHKUMI Ha ocHoBe ypaBHeHMi Lllpemmnrepa, naBHO
OCBOEH, U Y)X€ HapaboTaHbl ¥ -QYHKLUMHU I BCEX aTOMOB U OOJIbIIMHCTBA
Mosekyn. Oka3biBaeTcs, HUUero MoJoOHOTro 10 CUX MOp HeT: y -(QyHKIMU
paccunTaHbl IMIOL [UIT OTHOCHTENbHO TPOCTBIX CilydaeB, a naajee HIOyT
MHOTOUYHMCIIEHHBIE YKaJloObl Ha CIIOKHOCTh X BBIUYMCIICHNH!

Jlaneko He Bce Mpeacka3aHusl KBAHTOBOH MEXaHUKKM COBLTHCH, HAIIpUMep,
HEe BCE MUKPOOOBEKTHI CIIEAYIOT «BCEOOLIEMY» MPUHLHUIY KOPIYCKYJISPHO-
BOJTHOBOTO Ayain3Ma. [T0THOCTBIO OTCYTCTBYIOT MpEACTABIEHUS O XapaKTepe
SAEPHBIX CHUJI, O IPUPOJE CadbIX B3aMMOAEHCTBUI M MHOTO elle o 4eM. Bee
3TO CBUJAETENBCTBYET O TOM, YTO METOAbl KBAHTOBOI MeXaHUKH B
3HAYMTENLHONW CTeMeHW ce0s Hcuepnaid MU Ha 3TOM MyTH BpAd JU
BO3MOXHO JalbHeiflnee mpoaBkeHrne B TiIyOb Matepuu. M Bce 3To cBA3aHO
C TeM, 4YTO KBaHTOBas MeXaHHKa OTBepIia caMy BO3MOXKHOCTb
CYLLECTBOBaHUSA KAaKUX-THOO (PU3MUECKMX MEXaHMU3MOB BHYTPH SBJICHUIA
MUKpPOMUPA, 3aMEHNUB (PM3UIECKYIO CYIIHOCTh a0CTPAaKTHOI MaTeMaTnKoM.

Han kBaHTOBOII MeXaHWKOW, Tak k€ Kak M HaJ BCEM COBPEMEHHBIM
€CTECTBO3HAaHWEM, HaBHCJIa 3JI0Bellass TEHb CHEUWAbHOW  Teopuu
OTHOCHTENILHOCTH DWHINTe}Ha, JWIIMBIIAS €€ BO3MOKHOCTH OTNEpHpOBaThH
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3(hH1POM - CTPOUTENLHBIM MaTepUaIOM MUKPOYACTHILL U BCEX BHUIOB CHUIIOBBIX
nojei u B3auMopelcTBHil. MO0 OTCYTCTBHE CTPOMTENILHOTO MaTepHaia
JUIIUIO  HCCeoBaTesled  MHUKPOMHpPA  BO3MOXHOCTEH — UCCIENOBATh
BHYTPEHHHE CTPYKTYPBI U MEXaHW3MbI B3aIMOACHCTBHIA.

HecMoTpss Ha TO 4TO MOJNOXKEHWS KBAaHTOBOW MEXaHWKHM CUUTAIOTCA
JKCMEPUMEHTANBHO MOATBEPKACHHBIMY, OHA HE B COCTOSHUM OTBETUTH Ha
BOIIPOC, HOYeMy BCE 3TO TaK MPOMCXOIOWUT, B YEM 3aKIFOYaeTCs MEXaHU3M
KBaHTOBaHMA HHeprud. OHa He MOXET OTBETUTh M Ha 0ojee MpOoCTbIe
BONPOCHI, HaMpyMep TMOYeMy B KaXJOM aTOM€ CyMMa OTpHLATENbHBIX
3apAN0B JJIEKTPOHOB B TOUYHOCTU PABHA BEJIMUMHE IOJIOKUTEIBHOTO 3apsjaa
A0pa WIM MOYeMY IOJHOCTBIO HMOHM3MPOBAHHBINA ra3 BCKOPE CTAHOBUTCS
BHOBb JJIEKTPUYECKH HEUTPAIbHBIM, OTKyJa Yy KaXJOro aroMa BHOBb
MOSBJISIFOTCS 3JIEKTPOHBI?

ABTOpBI KBaHTOBOW MEXaHUKM U HX TOCJIEIOBATENId UCKIIOYWIA U3
paccMOTpeHHsI BHYTPEHHIOKO MEXaHHKY aToMa, 3aMEHHMB BHYTPHATOMHBIN
MEXaHNU3M BEPOSATHOCTHBIMHM TMPEACTABICHUSMU M HHU pa3sy He IOCTaBUB
BOIIPOC O HEAOCTaTOUHOCTH caMoii miaHeTapHoi Moaenu Pesepdopaa-bopa.

Henoctarku IUIaHETapHOW MOJENM aToMa, WCIOJIB3YIOIIEH Tak WIH
VHaue NpeACTaBIEeHUs KJIACCUYECKON MEXaHWKHM TOro BPEMEHH, NMPHUBEIU K
TOMY, YTO B TEOPHH aTOMa CTaJ0 pa3BMBATHCA aOCTPaKTHO-MaTeMaTHYeCKoe
HarnpasJIEHUe, KOTOPOE aBTOpaMU MPENOIHOCUIOCH KaK «PEBONIOLIMOHHOE» U
KOTOPOE MPHUBEJIO K CO3JAHUI0 KBAHTOBOI MEXaHUKHU.

IIpencraBnenne o (u3sMyeckoM Bakyyme, T.e. HE MycToil mycrorte, nbo
CJIOBO «BaKyyM>» O3HayaeT IyCTOTY, BbI3bIBAET BOMPOCH], HA KOTOPBIE BOOOIIE
KBAaHTOBas MEXaHMKa U €€ NPOJOJDKEHUE — KBAHTOBas TEOPHUS IOJII — HE B
COCTOSIHUM JaTb O0TBeT. UTO Takoe BOOOIIE «BUPTYaJIbHOE>» COCTOSTHHE YaCTHUI]
B BaKyyMe, IpHA KOTOPOM OHH, BO3HMKHYB, Cpa3y e yHWUTOXalTca? Yto
TAKOE «Cpasy JKe», 4Yepe3 CKOJIBKO MUKPOCEKYHI M CKOJIBKO pa3 B CEKYHIY
BCE 3TO MpOUCXoanT? B uemM MexaHM3M MON00HOI «BUpTyansHOCTH»? B uem
MeXaHW3M YJacTHs BaKyyMa B (PU3NUECKHX MPOIIECccax?

Ho rnaBHBIM BOIPOCOM OCTAaeTCs BOMPOC O CTPYKTypaxX MaTe€pHaNbHBIX
00pa3oBaHMit — OT NIEKTPOHA [0 aTOMa, BOMPOC O CTPYKType Bakyyma u 000
BCEX TE€X aTOMHBIX SBJICHUSX, C KOTOPIMU (DPU3MKH KOE-KaK CIpaBIAIOTCA Ha
OCHOBE MaTeMaTHYeCKUX abCTpaKLHii, COBEPLIEHHO UTHOPUPYS (pU3HYECKYIO
CYLIHOCTb CTPYKTYP U IPOLIECCOB.

C mnOMOIIBI0 METONOB KBAaHTOBOW MEXaHUKM HE YIaeTcs pPeLuTh
MHOKECTBa BO3HHUKIINX 33a4 aTOMHOH n MonekyispHoil ¢pusnku. UM xots
KBAHTOBAas MEXaHMKA KaK MHCTPYMEHT IMO3HAaHWA SBJIEHHWI MUKpOMHpa Ha
TIEPBBIX MOpax MMeJa OMpe/eIeHHbIe YCIEXH, clelyeT KOHCTaTUPOBaTh, YTO
METOJbl KBAHTOBONH MEXaHWUKM IMPAKTHYECKH ce0s ncuepnaiv, M CUUTaTh
TIOJIOKEHHE B HAYKE O MUKPOMUPE YIOBIETBOPUTEIBHBIM HET OCHOBAHMIA.
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KBaHTOBass MeXaHHMKa MpOMOBENYeT OECCTPYKTYpHOCTh 4YacTHIl U
OTCYTCTBUE KakKWX Obl TO HU OBLIO TIPUYMH, MO KOTOPHIM YaCTUIbI 00JIaIAt0T
CBOMMHM CBOMCTBAMM — HAJIMYMEM MAarHUTHOTO MOMEHTa, 3aps/a, ClIMHA U T.II.
YacTuiel TOYEUHBIE, T.e. OHM Oe3pa3MepHbl. M XOTS 3TO 00CTOSITEINBCTBO
MPUBOANT K DJHEPTETHUECKOMY TapaJoKCy, IOYEMY-TO HHUKOTO 3TO He
cMmymnaetT. HUKTo He cTaBUT 1MOJI COMHEHHE UCXOTHYIO TUITAHETAPHYIO MOIEIh
aToma, paspabortanHyto Pesepdopmom eme B 1911 r. m B cminy cBoeit
OTPaHUYEHHOCTH TPHUBEALIYI0 K TPOMATHOMY KOJIMUECTBY MPOTHUBOPEUMUH,
XOTSl YCIeXH ee Ha MEPBbIX MOopax Oblav OeccrnopHbl. BmecTo uzyueHwus
KOHKPETHBIX CTPYKTYp M MEXaHU3MOB B3aUMOJCHCTBUII B KOHIIE KOHIIOB
BCE CBEJIOCh K YKCTO BHEIIHEMY, BECbMa MOBEPXHOCTHOMY OIMKMCAHWIO, YTO
MPUBEJIO K PACCMOTPEHHIO JIMLIb BEPOSITHOCTHBIX OLIEHOK MporeccoB. Jleno
JOLLIO IO TOTO, 4TO caM (haKT BO3SMOKHOCTH HAJIMUUA KaKOro Obl TO HU ObLIO
MeXaHu3Ma B SIBJICHMSX MHKPOMHpA CTall OTPULATHCS, OTPHULAIOTCS U
MPUYUHHO-CJIEJICTBEHHbBIE OTHOIIEHHS B SBJEHUSAX MHUKPOMHUpA, YeEM
HAKJIAAbIBAIOTCS MNPUHLIWMHANbHBIE OrPpaHWYEHWs] Ha [O3HABATENIbHbIE
BO3MOYKHOCTH YeJIOBEKa.

Keanmosaa mexanuxa mosicem 0vimov cOXpanena 6 (puszuke Kax
nONe3HaAs  MemoOooa0cUs  NPUMEHUMENbHO K  GbIYUC/IEHUAM
KOHKPEemHbIX GHYMPUAMOMHBIX HPOUECco8, HO 6cAa uaocodusn
K6AHMOBOI MEXAHUKU 00JIICHA ObIMb HOOBEPZHYMA PeGU3UU.

7.3. T'mapomexaHuveckasi TPAKTOBKa  YpaBHeHHI
KBAHTOBOH MeXaHUKH

Ecin orpaHM4nBaThCs BBIACHEHUEM IIOBEJCHUS aTOMOB U MOJIEKYJ Kak
€MHOT0 1EJOro B pa3lIMYHbIX YCIOBHAX M cpelnax, OOBIYHO ObIBaeT
JOCTaTOYHO 3HAaTh 3aKOHBI U (POpMyJibl OOBIYHON KBAHTOBOM MEXaHWKH, MpPU
5TOM BBOJATCS TIOHATHSA SHEPTETUYECKUX COCTOSHUN TUHAMUYECKHX CUCTEM,
KOTOpbIE OTMCHIBAIOTCS BOJIHOBBIM ypaBHeHueM Lllpeaunrepa [25, 26].

Kak wusBecTHo, nuHamudeckue cuctemsl IlpenuHrepa mo uensiM u
Croco0y OMHWCAaHWS OTIAMYAIOTCS OT IMHAMHWYECKHMX cucteM HpbloToHa,
Jlarpanxka u ['amuwibToHa. YpaBHeHus HbIOTOHa NO3BOJIIOT paccuMTaTh
TOYHOE 3HAUYE€HUE KOOPAMHATBHI M CKOPOCTU YaCTHI] B CHUCTEMAaxX C 3aJaHHBIM
HayaJbHBIM COCTOSHWEM. Jlarpawx I pacdeTa CIOXKHBIX CHCTEM CO
MHOTUMH TIE€PEMEHHBIMU MPEUIOKMIT COCTABIATh YPaBHEHHS [BIKEHUS
CHCTEM, WCTIONB3YS MeTOJ 00O0OIEHHBIX KOOpANHAT. ['aMIIbTOH paspadoTan
BapMALIMOHHBIA METOJA, B COOTBETCTBUM C KOTOPBIM W3 BCEX BapHUaHTOB
TpaeKTopuil ABIDKEHWI MOKeT ObITh HaiiieHa omrTumainbHas. Illpeaunrep
MPEUIOKWIT MHOW Croco0: paccuuTarh Ul CHCTEMBI HEKOTOPYIO (DYHKLHIO
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KOOpPAMHAT W BpeMeHU (He KOJMYECTBO IBIKEHHS MM CKOPOCTb), KOTOpas
NpUMEHNMa JUId  OTNpEeAENeHUs KOOpOWHAT CHCTEeMbl W HAXOXKAEHHA
BO3MOXKHBIX JMHAMUYECKHX BEJIMYMH KBAaHTOBBIX OOBEKTOB MHUKpPOMUpA.
Cunraercs, uto pa3Buthiii LllpenuHrepom maremaruuecknii GopmanmsMm u
BBElIEHHAas WM BOJIHOBas (YHKIWS SIBISIIOTCS Hambojee aneKBaTHBIM
MaTeMaTUYECKUM ammapaToM KBaHTOBOW MEXaHUKM M ee MpUMeHeHWi. B
vHTepripeTaun  bopHa »3Ta (QyHKUMS TpuUMeHWMa Ui OTIpeneNIeHUS
KOOpAMHAT CHCTEMBlI M HAXOXIEHMSI BO3MOXHBIX JUHAMUYECKHX BEJIHYVH.
OnHako To3ke ObLIO MPUHATO, YTO TMPHW KCMOJNB30BAHUM THHAMHYECKOTO
ypaBHEHHs Takoro TUMa HeJb3sd HAAEATbCA Ha TOYHOE ONHCAHUE
KJ1aCCMYEeCKOro MOBEeAEHUs cucTeM. J[pyruMu cioBamHM, CTENeHb TOYHOCTH,
KOTOpas MOXET ObITb JOCTUIHyTa B OINHCAHWM TIOBEJCHUS CHCTEMBI
MeTolaMH KBaHTOBO MEXaHUKH, orpaHH4eHa MPUHLXTIOM
HeomnpeneneHHoctu [eiizendepra [19, 29-31].

[lpumenuB  BonHOBoe  ypaBHeHue lllpemmHrepa ®  HEKOTOpbIE
JOTIOJTHUTENbHBIE THUIMOTE3bl, MOKHO OTpPENeNNTh (YHKIHMIO KOOpPAWHAT W
BpEMEHHM, Ha3bIBaeMyIO BOJIHOBOI (yHkumeid, ¢pynkumeit Lllpenunrepa wmm
¢yHKIMel aMIuMTyIBl BeposTHOCTel. KBagpar Momynsi BOJTHOBOW (hyHKIMM
WHTEPNPETUPYETCS KaK IUNIOTHOCTb BEPOSATHOCTH pacHpenesieHus KOOpAUHAT
3alaHHOIl CHUCTEMBl. YpaBHEHWE Ha3bIBAE€TCS BOJIHOBBIM, TaKk KaK OHO
npencTaBisgeT coboil nuddepeHIMaNbHOe YpaBHEHHE BTOPOro MOPSIKa,
UMEIOIIee CXOJACTBO C BOJIHOBBIM YPaBHEHHMEM KJACCHUYECKON MEXaHMKH.
CunTaercs, 4TO 3TO CXOACTBO UMEET JIMIIb (JOPMaTbHOE 3HAYEHNE U TIO3TOMY
BO BHUMaHKE He IPUHUMAETCS.

OnHako HEKOTOpble HCCIENOBaTeNH OOHApYX UM, YTO BO3MOXKHBI U
HEKOTOpble JpYyrue TOJKOBAaHHs TMOJOXEHUH KBaHTOBOM MexaHMKH. Tak,
OAAMHITOH pa3paboTall ONpeAesICeHUEe MacChl YacTULbl, MPEACTaBICHHOM
BOJIHOW MJIM BOJIHOBBIM MAKETOM, KaK pe3yJIbTaT MHTErPUPOBAHUS MO BCEMY
TPEXMEPHOMY MPOCTPAHCTBY IUIOTHOCTH, MPHUIHACBIBAEMON HEMOCPEACTBEHHO
BOJTHOBOH (YHKIMHM C pacIlieTyieHneM T10 HOMHWHAIBHO OECKOHEYHOMY
BOJTHOBOMY (poHTy. Takum 00pa3om, B 3TOM ciiydae BOJHOBas (DyHKUWS
TPaKTyeTcsl Kak 0ObIYHas u3nveckast INIOTHOCTh HEKOTOPOii cpenbl [32—34].

Cnenyer oTMeTHTh, 4TO ypaBHeHue lllpennHrepa omucbiBaeT OObIYHbIE
KonebaHus yacTulbl Maccoit M. B camom gene, ypaBHenue lllpeauHrepa
UMeeT BUJ!

&2m 122 Wt h
Ay—- —— (W-Qy=0y=y,e : (7.1)
h2
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rne W — sHeprus cuctembl, U — moTeHUuMallbHas HEPTusi CUCTEMBI Kak
(GYHKUMSI MECTOHAXOKICHHU YaCTHLIBI; M —Macca YacTHLBI.
Jl1st 0IHOH OCH BOJIHOBOE YpaBHEHHE MPUOOPETaeT B

d2y 8rm
— — —— W-UQly=0, (7.2)
dx h?

oTpaxaromuit co0oit aMIInTy Iy KojiebaHuit GpyHKInm.
Jns ocumuIATOpa NOTEHUMAJIbHASA SHEPTUs ONpeliessieTCs BbIpaKeHHEM

1
UM = —k @ = 2n12mu2 2. (7.3)
2

3mech v — uyacToTa KoneGamwmit; K = 4n2mv — ko>pduuUMEHT ynpyrocT
cuctembl. O003HaYNB

A = 8?mWh; a = 4n?mu/h, (7.4)
TIOJTyY1M
d2y
— — (- y=0. (7.5)
dx

Pemras (6.5), monyuaem:

1 1
l=(n+ —)2a U=(n+ —)h; n=0,1,2..., (7.6)
2 2

4TO (U3UYECKH O3HAYaeT CIEKTP HEKOTOPBIX YCTOMYMBBIX KoJNeOaHHN B
MPOCTPAHCTBE M BO BPEMEHH.

Hy)KHO OTMETUTB, YTO CHEKTP YCTONYMBBIX KOJCOaHHMN XapaKTepeH He
TOJILKO JJIsl BOJIHOBOTO ypaBHeHus B opme (7.2). Hanpumep, 1 CTpyHBI,
3aKperyIeHHOM Ha KoHLax, uMeeM [35]:

22U ou?
- =2 —— u=0npu Xx=0; x=1. (7.7)
o2 ox2
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PereHne 3Toro ypaBHeHUsI UMEET CIIEAYIOIUIA BULL:

n krct kmx
u=2 A«os — sin —, (7.8)
k=1 I I
rae
21 knz
= [t (z)sin —dz. (7.9)
I o I
3nech | — mmuna ctpynbl; f (x) — pacnpeneneHre HavaabHBIX BO3MYILIEHUMN

BIOJIb CTPYHBI.

Takum oOpa3oM, ¢Gu3HUECKH ONM3KHE CHUCTEMbI OMMCHIBAIOTCSA Pa3HBIMU
no (opme BIpaKEHUAMH, JAIOIIUMH MPAKTUYECKH OHU U Te )K€ PEIIeHHMS.

Hekotopble  aBTOppl ~ OOpaTMIM  BHMMaHME Ha  BO3MOXHOCTb
FMIPOMEXaHUUYECKOM TPAKTOBKM ypaBHEHMI KBAHTOBOW MeXaHUKH. [Tomumo
PAacCMOTPEHHO! BbIIIE TPAKTOBKM W-(PyHKIMM KaKk MaccoBOM IUIOTHOCTH
cpeibl, NpeIoKeHHOM DaauHrToHoM [33, 34],uccaenoBaHus 3TOro Bompoca
ObLJTH BBIMOJHEHBI Takke Manenynrom [36] u Bomom [37].

MapenyHr moclie TOACTAaHOBKM BpeMEHHOTo (hakTopa B ypaBHEHHE
[IpeauHrepa nory4yum:

&°m rm Oy
w— UV/_ i =0. 710)
h? h ot

Ilonaras nanee

ip
y = ae , (7.11)
OH Haliejn

BmuU 4rm oB
Aa — a(gragf)? — + a =0; (7.12)

h? h ot

ndh  Oa

a AB + 2(gradagragp) ———— = 0. (7.13)

h ot
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ITpu

ph
g = — (7.14)
am

MazenyHr nosydnst ypaBHEHUE

Oa?
div (@®gradp) + —— =0, (7.15)
ot

HMCEIOLICE XapaKTep rUApOAMHAMUYECCKOr0 YPaBHECHUA HEPA3PBIBHOCTH!

ap
divpv) + — =0, (7.16)
ot

B KOTOpPOM a2 BBICTYIIA€T KaK MaccoBas MJIOTHOCTb p, a V — KakK gradz) co

CKOPOCTHBIM MOTEHLIAATIOM .
Kpome Toro, ManenyHr nojiyuus ypaBHeHUe

Op 1 U Aa P

— + —(grad) > —- ——— =0, (77
ot 2 m a8n?n?

KOTOpPOE TOYHO COOTBETCTBYET YPaBHEHHUIO TMIPOAMHAMUKHN TMPUMEHUTEITHLHO
K CBOOOTHBIM BUXPEBBIM TEUCHUEM TT0]T BO3ACHCTBIEM KOHCEPBATUBHBIX CHII.
O0pa3ys rpaaueHT 1 nionaras rot U = 0, mmeem:

ou 1 du gradJ Aa H
— + —gradJ?=— = +grad ———.  (7.18)
ot 2 dt m a8m?me
gradJ
3nech COOTBETCTBYeT oOTHomeHuto flp (mmoTHocTH cunbl K
m
da M AP
IJIOTHOCTH MacChbl); ————— COOTBETCTBYET ,[ —— Kak (QyHKUUU
a8m2m? p

«BHYTPEHHUX>» CHJI KOHTHHYYMa.
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ManenyHr obpamiaeT BHHUMaHUE Ha TO, YTO, HECMOTPS Ha BpPEMEHHOM
(axTop, cobcTBeHHOe pemieHre ypaBHeHus lllpenwHrepa mnpeacraBiseT
co0oil KapTHHY CTalMOHApHOTO TedeHus. KBaHTOBbIE COCTOSIHMS NPHU 3TOM
WCTOJNKOBBIBAIOTCS KaK CTallMOHApHBIE TeueHUs B ciydae gradl = O unm kak
HEKOTOpbIe CTaTHYecKre 00pa3oBaHusl.

B ciydae cTanmoHapHOTO TEUSHMS IMEEM

m Aa PP
W= —(gradp)? +U— : (7.19)
2 a8m2m?
[Tycts
a? =g om =p, 40)
TOT/Ia, MPOHOPMHPOBAB
[odv=1, (7.21)
MOJTY4UM
P Zh
w=Jo{ o U2+ oU-Joa —}. (7.22)
2 8r2m?

Boipakenue s sHepruu (7.22) siBisieTcsi 00bEMHBIM HMHTErPajioM OT
KUHETUYECKON M IOTEHMAIBHON IMITIOTHOCTEN DHEPIUi.

Takum 00pa3oM, MOXHO KOHCTAaTHpOBaTh, YTO OCHOBHOE YypaBHEHHE
KBaHTOBOW MEXaHWKH OTpakaeT coOOl cTalMOHapHbIe TeUeHHs B cpele |,
ClIeIOBAaTeNIbHO, WMEETCS MPUHOWNMANBHAS BO3MOXKHOCTb  TTOCTPOEHUS
BUXPEBOW MOJENM 3NEKTPOHHBIX O0ONOYEeK aTOMOB KaK HEKOTOPBIX
CTallMOHAPHBIX BUXPEBBIX TeueHwWil. [locTpoeHne TakWx BHXPEBHIX MOJENEH,
B CBOIO OYepe/lb, MOXKET MOCTABUTH BOMPOC 00 YTOYHEHHHN TPENCTaBICHUN O
CTPYKTYpPE aTOMOB U MOJIEKYJ M HEOOXOIMMOCTH YTOUHEHHs YypaBHEHU
KBAHTOBOI MEXaHUKHU.

PaccMoTpum u3nydeHue cBeta aToMoM Bogopoja [38—41].

B 1885r. banbMep mpumien K BBIBOLY, YTO IJIMHBI BOJIH BCEX JIMHUI
BHUIMMOI YacTH CIIEKTpa BOAOPOAa MOXKHO OIMUCATh eNUHON opmynoit
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1 1 1
0 =R(O0 -0), (7.23)
y) n2 n2

rae Ny 1 Np—1enble yucha; R — mocrossHHas Punbepra:

22mee?
R=000 =109737,3m % (7.24)
chd

rae Me U e — Macca | 3apsiji AJ1eKTPOHA; ¢ — CKOPOCTh cBeTa; h — moctosiHHas
Inanka. C yyetoM aBmkenns sapa R = 109677,6&m . bop [12—14]nokazan,
YTO €CJIM 33 CTAIlMOHAPHYIO OPOUTY 3JIEKTpOHA TPHUHSTH Ty, IUIS KOTOPOM
3HaYCHHE OPOUTATTLHOTO KOJMUECTBA ABVKCHUS

nh
L =00 =#4n, (7.25)
2t

rie N —1eJ0e YUCIO0, TO FHEPTHS TAKOTO 3JIEKTPOHA OKaKeTCs paBHOI
E =R/n2 (7.26)

CremoBaTelbHO, €CIT JJIEKTPOH TIEPEXOTUT C OJHOW OpOWTHI Ha JAPYTYIO,
MPOUCXOAUT UBMEHEHUE €I'0 DHEPTUN HAa BEJIMUUHY
1 1
AE =R (O -0), (7.27)
n’ n’

2 2
rae Ny° | Ny - meJible YnCa.
Ecnu

R = Rch (7.28)

TO (hOpMYIBI I pa3HOCTH YHEPTU pa3IUUHbIX OPOUT B OOPOBCKOM Monenu
aToMa BOJOpOJa M U BOJH 3KCMEPUMEHTAIBHO HaOJI0aeMOro CHeKTpa
BOJOpOaa OydyT UIEHTHYHBI.

Mo’KHO TMOKa3aTh, YTO Te e BBIPAKEHWs CIIPaBEIUIMBBI M IJISl BUXPEBBIX
MoJeneil 37IeKTPOHHBIX 000I04eK aTOMOB.
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[To moBepxHOCTH BUXpeBOW 0005I0YKU chepuueckoil GopMbl BOZMOXKHO
HE3aBMCHUMOE paclpoCTpaHEHHe BOJIH BO B3aUMHO MEPINEHOUKYJISPHBIX
mockocTsAX. [lockofbKy mNepeMelieHHe BOJH B TPOCTPAHCTBE CBA3AHO C
rnoTepeil IHEpPruM, TO YCTOWYMBBIMH OYyOyT IMIOL CTOSYME BOJHBI, YTO
O3HayaeT LEeJI0e YUCIIO BOJIH 10 OKPYKHOCTU Cepbl.

CTosiuasi BONHA, pacmpoCTpaHsfollascs Ha JiauHe |, omnmchiBaeTcs
BeIpakeHueM [35, 42—44]:

nx I
y=2A,cos (00O Jsinw, (t— 0 ), 7.29)
I c

npu 3ToM B Kaxaoit touke, rae NX = kl (k = 0, 1, 2...),amnnuryna crosiueit
BOJTHBI JIOCTUTaeT MakcuMyma, paBHoro 2A,, a B Toukax, rae nX = (k + 1/2)1,
aMIUIMTYZa majaet a0 Hynis. s atoMa Bogopoja AnvHoW | sBisieTcst IinHa
OKpY>KHOCTH aToMa, T.e. nD,,, rae D,, — tuamMeTp 351eKTpOHHOH 000I0UKH.

Eciu MOIy/ib OTKJIOHEHHS TMOBEPXHOCTH BUXPSA OT €ro HEBO3MYILEHHOM
MOBEPXHOCTU paBeH 2A, TO MOAYJb CKOPOCTH 3TOTO OTKJIOHEHHS PaBeH
2A,mn, YCKopeHus - 2Aqw 2, MOMIYNb MHEPLHOHHON CHiIbl paBeH 2MAywm,2.
Jlnst BceX TapMOHUYECKUX COCTABJISIONIMX KOJIeOaHWM WHEPLUMOHHbBIE CHIIbI
paBHbI MeX 1y co0oif, T.e.

F = 2mAw,? = C; = const (7.30)
nin
C
A, =000 . (7.31)
w2

Toraa npu ummybce

P = mv= 2mAw, = nC,, (7.32)
OTKyJa
nG
w, =000, (7.33)
A

SHEprus KoJieOaHUIi OMUCHIBAETCSA COOTHOLICHUEM
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mv2 am AZw,2 m G2 w2 C,?
E=00 = 00000 =00000 = 00 =
2 2 2mew,? 20,2
C2m4A2 R
=00000 =00 . (7.34)
22 G, 2

B aToM ciydae pa3sHOCTb 3Hepruil konebGaHWii MOBEPXHOCTH BUXpPS NpPHU
W3MEHEHHH YHCIIa CTOSTYMX BOJIH COCTaBHT:

1 1
AE =R (O -0O), (7.35)
n?2 n?

4TO B TOYHOCTH COOTBETCTBYeT (hopmyiie banbmepa npu R = hcR

Takum  oOpa3om,  BuUXpeBas  MoOJeidb  aToMa  COOTBETCTBYET
(DYHKIMOHAIBbHBIM 3aBUCUMOCTSIM KBAaHTOBOI MEXaHUKH.

[Mocrosnnas [nanka h ects K03 PUIMEHT NMPOMOPLUOHATBEHOCTH MEXIY
4acTOTOI BpalleHUs BUXpEBOro o0pa3oBaHHs 3Upa W ero ’Heprueil U He
ABJIIETCS BEJIMYMHOM, CBOHCTBEHHOW TOJBKO MUKpoMupy. Dusnueckuit
CMBICII NOCTOSIHHOW IlnaHka 3akiroyaeTcs B TOM, YTO 3TO €CThb IOPLUs
SHEPTUH, KOTOPYIO HYXXHO COOOLIWTH 3JIEKTPOHY WIIM Jpyroi BUXpPEBON

4acTHLE JJ1s1 yBeJIMUEHUS YacTOThI BpallleHNs Ha 1 ch
h = AE/Av, (7.36)

a BenmuuHe / = h/2n cooTBeTCTBYET MpHpalleHue SHEPTHU TP yBEIUUCHUH
ckopocTu Bpaienus Ha 1 pan/c.

Paccmorpum nmpunumn 3amnpeta [Maynu. Kak usBectHo, B 1925r1. [Maynu
BBEJl CBOM NPHMHLMI 3ampera, COCTOALIMI B TOM, YTO ABYM 3JIEKTPOHaM
3amnpeaeTcsl HAXOIUTHCS B OTHOM M TOM e cocTosiHun [20—22],unu, uHaue,
B OOHOM aToMe HEe MOXKET HaXOOUTbCA MABYX 3JEKTPOHOB, MMEIOLINX
OJIMHAKOBBIi HAa0oOp KBAHTOBBIX YMCeN. B 3HauMTENbHONM CTeNeHH 3TO
TIPaBUJIO KJIACCHYECKOW MEXaHWKH, yTBEpKIOAloIIel, 4To B OIHO M TO K€
BpeMs Ba Teja He MOTYT 3aHWMaTh OJHO M TO XK€ MECTO B NMPOCTPAHCTBE.
[Tpn omMcaHnM aTOMHBIX CUCTEM, OHAKO, BO BHUMAaHHE CJIEAYeT MPUHIMATh
HE TONIBKO COOCTBEHHBIE KOOPIWHATHI Tejia, HO elle M TPH KOOPIMHATHI
WMITyJTbCA.
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Oco0eHHOCTH ydeTa KOOpAWHAT HMITyJbca B 3HAYMTEIBHOW CTENEeHU
MPOSICHSIOTCS, €CITM YYUTBIBATh B3aUMOICHCTBUE 3JEKTPOHHBIX 000JI0YEK M
OTZIeNTbHBIX 3JIEKTPOHOB, COCTABIISIOLIMX 3TH 000JIOUYKH, MEKIY COOOH.

Ecnu 3 BEepOSTHOCTHOI MOZIENIH BBITEKAET, YTO TOUEUHBIE 3JIEKTPOHBI
MOTYT HaxOIWThCA B ONHOI W TOW e TOYKE MPOCTPAHCTBA, HO IBUTAIOTCS
TIPY 3TOM B pa3HbIe CTOPOHBI, TO W3 3(PUPOIMHAMIYECKOH MO/IENN BBITEKAET,
YTO B TaKWX OOLIMX TOYKaX COMPHKACAIOTCS COCETHWME BUXPH, M HUKAKWX
MPOTUBOPEY M HE BOZHMKAET BOOOIIE.

AHaJIOrMIHO OOCTOWT IO U C TaK Ha3bIBAEMBIMH 3aKOHAMH COXPaHEHMS.

[Mpexxne Bcero, cieayeT OTMETUTb, YTO HEKOTOpPBIE 3aKOHBI COXPaHEHMUH,
UCTIONIb3yeMble B KBAaHTOBOM MeXaHMKe, NPSIMO COBMAJAIOT C OOLIMMH
3aKOHAMH MEXaHWKH MaKpOMHpa, YTO, BOOOILE rOBOpPSA, MPSIMO BBITEKAeT U3
npeacTaBieHuit 00 oOmMX (U3MYECKUX HHBApUAHTaX. TaKUMHU 3aKOHAMU
SBIIAIOTCS:

3AKOH COXpAHEeHUA IHEeP2UU.

n rn(sz
W=X ———+U(ry, r,.... T ), (7.37)
k=1 2

rae U —nmoTeHuuanbHas SHEPrud,

3AKOH coXpaneHus Koauvecmea ogudicenusn (umnynsca):

n oL n
P=2 —— =Y my = const, (7.38)
k=1 O k=1

rae (byHKHI/Iﬂ J]arpaHn(a JJIA 3aMKHyTOﬁ CUCTEMBI  ONPEACIACTCA
BbIPpa’)KEHUEM

n Mmyé dry
L= — —U(fy Fayers ) Ve = ——— (7.39)
k1 2 dt

3AKOH COXPAHEHUA MOMEeHma Koiuuecmea OGUIICCHUA.

n n

M=% [rep] =2 [remv] = const. (7.40)
k=1 k=1
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[Mocnennee BbBIpaXeHHWE [UII BHUXPEBOTO [BIDKEHHSA Ta3a MOXHO
TpaHC(HOPMHUPOBATH CIEAYIOIIUM 00pa3oM:

1 n
M=—3 Iam, (7.41)
& k=1

I'’I€ UHTEHCUBHOCTH BUXPA

re=] vd. (7.42)

Taxum 06pa3om, Bce 3aKOHBI KBAHTOBOW MEXaHWKH BBITIOJHSIOTCS Ha BCEX
YPOBHAX OpraHM3alMd MaTEpUH, a BOBCE HE CBONCTBEHHBI TOJbKO
MUKDPOMUDY .

3aKOH COXpaHeHWs 3apAla €CTb TaKkKe 3aKOH COXPaHEHHs MOMEHTa
KOJIMYECTBA ABWKEHHUS, HO YK€ B BUHTOBOM BUXDE.

Psan ocobGeHHOCTeH, KOTOpble BCErga CYMTAINCh MPUCYIIUMH TOJIBKO
ABICHUAM MMKPOMHUPA, TakMe KaK KOPITyCKYJIAPHO-BOJIHOBOW Iyallu3m
MUKpPOYacTHLl, TPUHLUI HeonpeaeseHHOCTH [elizeHOepra n BepOSTHOCTHBII
XapakTep 3aKOHOB MUKPOMHUPA OTHOCHUTENIbHO, HE CIIO)KHO PacCMOTPETH C
MO3ULIMI ra30BOi TMHAMUKH d(Hpa.

Kopnyckynapno-e01no6oii 0yanuszm, nexamvii B OCHOBE KBaHTOBOI
MEXaHWKH, — 3TO TOJOKEHWE O TOM, YTO B IOBEAEHHH MHKPOOOBEKTOB
NPOSIBIISIIOTCS. M KOPITYCKYJISIPHBIE, U BOJTHOBBIE YepThl. Kak Oyner mokaszaHo
Janee Tpu  pa3dope KOHKPEeTHBIX 3(@eKkToB, BHUXpeBble 00pa3oBaHUA
001aal0T B CBOEM OOJIBIIMHCTBE XapaKTepHBIMU OCOOCHHOCTAMHU U YACTHI,
1 BosiH. CBoiicTBa 4acTull 00YyCIIOBJIEHBI, MPEXKAE BCEro, TEM, YTO BUXPEBbIE
o0pa3oBaHKs YCTOWYMBBI M JIOKAJIM30BaHBl B MPOCTPAHCTBE, TaK KaK OHH
OTZIeNIeHbl OT OCTabHON Cpelbl MOrpaHNYHBIM ciioeM. CBOICTBa BOJIH c1ado
CKaTBIX BUXpell 00yCIIOBIIEHbI BO3MOKHOCTBIO CIIOKEHHUS TOTOKOB B BUXPSIX,
a TaKke BOJHOBBIMM CBOICTBAMM BHUXpEHl MNpH WX B3aNMOIEWCTBHU C
IpYrMMHU TellaMd, B TOM YHCJIE€ W C BUXpSAMH. ISl CHJIBHO CKaThIX BUXpei
HEKOTOpble BOJIHOBBIE CBOWMCTBA HCUE€3alOT, YTO HAXOIWT OTpakKeHHE B
¢m3mdyecknx ABIEeHWSX. Tak, Ui HEKOTOPHIX YacTHI BO3MOXKHO SBJIEHHE
Iuppakuny, HO HEBOSMOXHO SBIIEHWE HWHTEep(epeHLNH, XapaKkTepHoe it
4acTHll, 00pa3yeMbIX BUXPSIMHU €1ab0 c:kaToro agupa.

Ilpunyun HeonpedenennHocmu, BoiiBUHYTHIN [elizen6eprom B 1927r.
[19], yTBepkaaeT HEBO3MOXKHOCTH OJHOBPEMEHHOIO TOYHOIO OIpee/ieHHs
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KOOpJWHAT LIEHTpa MHEpUUM YacTUIbl M €e HMIyJabca. B ocHoBe 3TOro
MOJIOKEHHS JIEKUT TPEACTaBIEHHE O BOJHOBOM (YHKUUM (W-(QyHKLUM)
ypaBHEHUs KBAaHTOBOI MEXaHUKHM Kak O MJIOTHOCTH BEPOSTHOCTH HAX0XKICHUS
yacTUIBI B [JaHHOW oOmactm  mpocTpaHcTBa. OIHAKo  HEKOTOpHIE
WccIIeI0BaTeNH, Kak 00 3TOM yKe YITOMHHAIOCH, TOKa3ald, YTO  -(QyHKINIO
MOYXHO MHTEPIPETHPOBATH KaK MAaCCOBYIO TUIOTHOCTb Cpelbl B IAHHOW TOUYKE
MPOCTPaHCTBa, MPU 3TOM MHTETPUPOBAHKE TI0 BCEMY 00beMY JaeT 3HaYeHHE
Macchl YacTHIbl. Takoe ToNKOBaHWE -(OYyHKUMH BIIOJHE COOTBETCTBYET
3¢MpoaMHAMUKE, TIOCKOJIBKY KaX[Iasi 4acTHIa MpeACTaBIseT co00i BUXpeBOe
oOpazoBaHune. B 3ToM ciydae aisd COOTHOLIEHWs! HEOMNpeNeseHHOCTel He
0CTaeTCcs MecTa U MOXKHO HCIIOJIb30BaTh OObIYHbIE COOTHOLIEHUSI MEXAHUKH C
y4eTOM, KOHEYHO, TOr0 OOCTOSTENbCTBA, YTO BUXPEBOE OOpa3oOBaHME He
UMeeT YeTKHUX rpaHull. Bo MHOrux ciyuasx, npaBja, BUXpeBble 00pa3oBaHus
OTHENEHbl OT Cpelbl MOTPaHUYHBIM CJIOEM, TO3BOJIAOLIMM Oojiee YETKO
OTIPENEJINTh TPAaHUILy PacTIpOCTPaHEHHs BUXpEHt.

[MpuHumn HeompeneneHHocTH ['elizeHOepra B 3TOM ciydae mpuoOpeTaeT
He TMPUHOWMUAIBHOE, @ YHUCTO METONOJOTHUECKOe 3HAaueHHe, CBA3aHHOE C
HaJIMYMEM Y 3KCIIepUMEHTAaTOpa KOHKPETHBIX M3MEPHUTENbHBIX cpeiacTB. B
OyIyuieM B CBSI3W C TOSIBJICHHEM HOBBIX CPEJICTB M3MEPEHUs, OMMPAIOIIIXCS
HE Ha TIpeacTaBieHMs 00 3JeKTPOMAarHWTHBIX KBAaHTOB, a Ha WHbBIE
MPEe/ICTaBJIEHUs], 3TOT MPUHLMI MOET MOTEPATh U CBOE METOAOJIOTHYECKOe
3HauEHMe.

Ilo moBomy BEpOSITHOCTHOTO XapakTepa 3aKOHOB MHUKPOMHpPAa MOXHO
OTMETUTSH cliefyrolee. B cBoeil ocHOBe Takue NMpeACTaBIIEeHUs MpernoaararoT
OTCYTCTBUE BHYTPEHHHX MEXaHHW3MOB SIBIEHHH W BHYTPEHHEH CTPYKTypBbI
YacTHL, a TaKXe MPEACTaBIEHUS] O HEM3MEHHOCTH YacTUL] BO BCE BPeMs MX
cymecTBoBaHus. UrHOprpoBaHe 0cOOEHHOCTEH CTPOECHUS YacTUI] TIPUBOANT
K TIPeICTaBIEHNIO 00 MHTEHCUBHOCTH KaK O BEPOATHOCTH TIOSBJIEHUS YACTHIL
B JIaHHOM TOYKE TMpOCTpaHCTBa. MeXIy TeMm, s cnabo CXKaTbIX BUXpEi
XapaKkTepHa BO3MOXXKHOCTb CyMMHpPOBAHWSI WHTEHCHBHOCTEW 3JeMEHTapHbBIX
cTpydt raza (3¢umpa), oOpa3oBaBIIEr0 3TH BHUXPHU, T.e. MPOCIECIKUBAETCS
COBEpIIEHHO  KOHKPETHbIH  MEXaHW3M, B  KOTOpPOM  YyBeJIHMYEHHE
WHTEHCUBHOCTEH CBS3aHa C POCTOM WMHTEHCHBHOCTHM CyMMapHOro BHUXps. B
pesysibTaTe 3TOro IJsi TPEACTAaBIEHUH O BEPOSTHOCTHOM XapaKTepe
MOBENCHUSI BUXpPEH HE OCTAeTCsl OCHOBAaHWNA. A aHaau3 B3aUMOACHCTBUIA
BUXpE APYr ¢ APYroM Mo3BOJIAET CO3AaTh COBEPIICHHO NETEPMUHUPOBAHHOE
Npe/CTaBIeHNE MPAaKTUIECKH 000 BCeX SIBICHUAX MUKPOMUpA.

Takum  oOpa3oM, Bce OCHOBHbIE OCOOEHHOCTH MHKpPOMHpa W
OTIMCHIBAIOLINE SIBIICHUS MHUKPOMHpPA YpaBHEHHS KBAaHTOBOM MEXaHUKH
MOXXHO paccMaTpyBaTh € MO3WIHMH MaKpPOCKOITMUYECKOIH Ta30BOi MeXaHWKH,
JieXkariei B OCHOBe ANHAMUKH 3(upa.
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7.4. CTpyKTypa »3JIeKTPOHHBIX 000/109€K AaTOMOB H
MOJIEKY.JT

Kax 06b110 oKa3aHo BbiLIe (CM. IJ1. 6), MPOTOH — TOPOUAANILHBIN BUHTOBOM
BUXpb 3¢upa — 00pa3yeT BOKpPYI ceOs TOpouIaibHble BHHTOBBIE MOTOKU
cmabo cxkaToro 3¢upa, KOTOpble BOCTPHHUMAIOTCS KaK MarHuTHOE W
JJIEKTPAYECKOE TIONsl TPOTOHA. Takas cuctemMa yCToMuMBa W MOXKET
CYLIECTBOBATh JOCTaTOYHO AOJITO.

Ecnn Bokpyr mnpoToHa oOpa3oBajcs AOMOJHUTENbHBIA MOrpPaHUYHBIN
CJIOH, JIOKaJIN3YIOIMI KONBLIEBOE IBWKEHHE, TO TaKas CUCTEMa — HEUTPOH —
B cocTaBe sAipa Toxe ycroidunmBa. OJHAKO BBIPBAHHBIM M3 fAapa U
NpeIoCTaBleHHbI camM cebe HEeHTpPOH OKasbIBaeTCs MEHee YCTOHUMB U
pacnagaeTcsi Ha MPOTOH U AJEKTPOH ¢ mepuoaoM noiypacnaaa 11,7+0,3mun
[45]. MaTepuanoM mis co3AaHus dJIEKTPOHA SIBISETCS 3(GUP MOTPAaHUYHOTO
CJI0s, KOTOPBIH KOJUTANiCUpyeT B YacTHIly, OyIydd OTOPBaHHBIM OT MPOTOHA.
OnHako BeCcbMa BEpPOSTEH W BapWaHT, MPH KOTOPOM MOTPAaHWYHBIN CIOM
paccacbiBaeTcs B 3¢upe, He 00pa3ys IEKTPOH.

CywecTByeT eme M TpeTbe YCTOHUMBOE COCTOSHUE MPOTOHA, MpU
KOTOPOM BOKpPYr TpPOTOHAa OPraHW3yeTcss BTOPHYHBI BHUXph — Tak
Ha3blBaeMblli  «IPUCOCAWHEHHBIM  BUXpb»  (TEPMUH, BBEICHHBIH B
aspomuHamMuky H.E.)KykoBckum). Takoil BUXpb MOTy4aeTcs, €C BHEIIHHE
MOTOKKM 3¢Wpa, paHee 3aMbIKaBIIWeCs depe3 LEHTpalbHOE OTBEpPCTHE
NpOTOHa, OyAyT 3aMbIKaThbCsl BOBHE. B TakoM BHXpE KOJbLIEBOE ABMKEHHE
OyZIeT UMEeTh TO K€ HalpaBJeHHEe, YTO U KOJIbLEBOE ABHMXKEHHE MPOTOHA, a
TOPOUJATBHOE — MPOTUBOMOJIOKHOE, MO3TOMY 3HaK BUHTOBOTO IBMKEHUS U
MPUCOEIMHEHHOr0 BHUXpsl OyneT MpPOTHBOIOJOXKEH 3HAKy BHHTOBOTO
JBWXEHUs] TPOTOHA, 4TO M OyAeT BOCIPHUHUMATBCA KaK OTpHLATEIbHas
MOJIIPHOCTh  3JIEKTPUYECKOTO 3apsiia BCEro IMPHCOEAMHEHHOTO BUXPS —
JNEeKTPOHHON 000104kK aToMa. [TOCKOIBKY KOJIbLIEBOE ABMKEHHE LIETMKOM
3aMbIKaeTCsl BHYTPU ITOM BHEIIHEH 000JOYKN U HE MPOHUKAET BO BHELIHIOKO
o0macTe, BCSI CHCTEMa B JJIEKTPUUECKOM OTHOIIEHWM OKa3bIBaeTCA
HeliTpanbHOM. Tak oOpa3oBacst aToM Bogopoaa (puc. 7.1).
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Puc. 7.1.Tpn ycToOMYMBBIX COCTOSIHUSI MPOTOHA. @ — COOCTBEHHO TIPOTOH;
0 —HEWTPOH; 6 —aTOM BOJIOPOJIA

B co3zgaHHOoM B aTomMe BOJOpOJAA MPUCOEIMHEHHOM BUXpPE IBIKEHHE
a¢upa NOAAEPKUBAETCS 332 CUET SHEPTUH MOTOKOB A(PHpa, MCTEKAIOIINX M3
MPOTOHA, T.€. 32 CUET IHEPTUH IEKTPOMArHUTHOTO MOJIsl MPOTOHA. DHEPTHs
’Ke JTOro Mojisl vepraeTcs W3 TNPOTOHA. TakuM 00pa3oM, 3Heprus
MPUCOETUHEHHOTO BUXPS — JIEKTPOHHOI 060JI0UKN — YyepraeTcsl U3 IHepruu
A7pa, a BCsl CUCTEMa — AP0 aToMa U ero JIEKTPOHHast 000JI04Ka — SIBISETCS
ONHUM WEJbIM, W TOJNBKO C TakWX IMO3WLUA aToM Iiejecoo0pa3Ho
paccMmarpuBaTth B JalbHEHIIEM.

B npunHnmmne BTOpu4HBIE ClOM 3(Upa MOTYT BOBIEKAThCS B JABWKEHHE
IBYMsI cTIOCO0aMH — IyTeM YBIJICUEHHs MPUIIETAIOIINX CIIOEB CPEIbl B TOM K€
HalnpaBJIeHNH, YTO W TIEPBUYHBIE TIOTOKH, YTO JIETKO OOBSICHSIETCS BA3KOCTBHIO
rasa, U MyTeM BpAILEHHs YacTHULl CPElbl, PACTIONOKEHHBIX Ha MOBEPXHOCTH
Buxps. B mepBom ciyyae B3aMMHO Mpuieraromye ciou 3¢upa OBUKYTCS B
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OJHy U Ty K€ CTOPOHBI, BO BTOPOM — B MpPOTHBOMOJOXHbIE. [Tpn neneHnn
OJHOTO BHXps Ha [Ba [BW)XCHHE BTOPWUYHOTO BHXpSA TMOAJEPKUBAETCA
BTOPBIM CIIOCOOOM.

AHaJIOTHYHO  MOTYT BOBJEKAaTbCA B JBIDKEHHE M TOTOKM CpeAbl, B
KOTOPO# pacrojiokeH TOPOMIATbHBIN BUXPh, HarpuMep cepuuecKkrii BUXphb
Xwumna (puc. 7.2) [46]. Ha pucyHke mnoka3zaHo 00pa30oBaHHe BHEUIHUX T10
OTHOIIEHWIO K BHUXpr0 Xwia chepruuecKkuX MNPUCOETNHEHHBIX BUXpEH,
TIepBBI — IS cTydas MEHbIIeH, BTOpoil — Ui ciiydas Oonblieil OKpy>KHON
CKOpOCTM  OBWJKEHHMs  Ta3a; COOTBETCTBEHHO B  MEPBOM  Cllydyae
NpUCOETMHEHHbIE MTOTOKU HaIpaBJIeHbl B Ty e CTOPOHY, 4TO U MOTOK rasa,
obOpasyromuii cepuueckuit BUXpb XWIJIa, BO BTOPOM cliydae — B
MPOTUBOTMOJIOKHYIO CTOPOHY 110 OTHOLIEHHIO K 3TOMY MOTOKY.

a) 0)

Puc. 7.2. O6pa3oBanue nmpuUcOeIUHEHHOr0 BUXPS: @ — IPU YBJICUEHUU IPHU-
JIETAIOIIMX K OCHOBHOMY BUXDIO CJIOEB I'a3a; 6 — IPH JCJIICHUH OCHOBHOTO BUXPS

Ciyyail MHOrOCJIOMHOTO TOPOMIATBHOTO ABWKEHUs Cpelbl Ul MEepBOTO
BapyaHTa BOBJICYCHUs INPWIETAOMMNX CIOEB Cpeldsl pacCMOTpeH Taimopom
[47-49]. Dopma TopouIaIbHBIX TPUCOSTUHEHHBIX BUXPEH TOKE OKa3bIBaeTCS
Om3KoIi K cepuueckoit (puc. 7.3).

Teopun Bpamaromeics )KUAKOCTH U BOSHUKHOBEHUIO 3aMKHYTBIX BUXpei
pasnMuHBIX  (GOpPM  MOCBSIEHO MHOTO pabot, Hanpumep [47-52].
OmnpeneneHHbli WHTEpEC MPEACTaBIAET MOAXOJ K 0Opa3oBaHHMIO BHXpel ¢
TOYKH 3pEHUs MeXaHM3Ma OTpHLATeNIbHONM Bs3KOCTH [52], mpu KoTopom
YUUTBIBAETCS, YTO BUXPH MOTYYAFOT SHEPTHIO OT BHEIIHErO MO0 OTHOLIEHHIO K
BUXPIO UCTOYHMKA. J[JIs1 BTOPUUHBIX BUXpEH, KOTOpble 00pa3yroTcs B aToMax
U KOTOpble BOCHPHUHUMAIOTCSI KaK 3JIEKTPOHHAs 000JI0YKa aToOMOB, TaKUM
VCTOYHHMKOM JHEPTuM sIBISIETCS COOCTBEHHO SIPO aToMma, TOYHEE, MPOTOHBI,
BXOJSIIME B cocTaB sapa. KuHeTnueckas >HEprusl MpOTOHOB IepenaBaeTcs
CHayaJla MEPBUYHBIM IOTOKaM, a 3aTeM 4Yepe3 HUX BTOPUYHBIM BUXPSAM —
JNIEKTPOHHOI1 060JI04Ke aTOMOB.
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Puc. 7.3.Buxps Taitnopa

PaccmarpuBas aToM Kak LeJIbHYIO CUCTEMY, IPUXOAUTCS] KOHCTATHPOBATb,
YTO HE3aBMCHUMOE MOCTPOEHHE TaONWI[ 3aloNHEHUs YPOBHEH SHEpPrud B
sapax v B JIEKTPOHHBIX 000JI0YKaX, UcToyib3yeMoe HbiHe [53—60], He BroiHe
npaBoMepHo. M XOTA cpeay MHOTOYMCIEHHBIX PaboOT MO TMOCTPOSHUIO
MEPUOANYECKNX CHUCTEM JJIEMEHTOB WMEIOTCSI JOCTATOYHO WHTEPECHbIE M
opHruHaNbHble TocTpoeHus [61-63], ocHOBaHHbIE Ha KBAaHTOBOM TOIXOIE,
BCE K€ 3TH paboThl HOCAT (hopMalbHBINA, a He (U3MUYECKUH XapakTep |,
TJIaBHOE, HE YUHMTHIBAIOT €MHCTBA CUCTEMBI AP0 — AIIEKTPOHHAA 000JI0UKa.
B 3TOM CMBICIIe UHTEPECHBI TIOTIBITKH Y4eCTh 3TO eNUHCTBO [64, 65].

B cBeTe WU3JI0XKEHHOro LEeNecoo0pa3HO MPOCIENUTh CBSA3b CTPOECHUS
NPUCOSAMHEHHBIX  BHUXpell — OJJNIEKTPOHHBIX 00O0JOYEeK aTOMOB C
MaTeMaTHYeCKUM ammapaToM KBaHTOBOM MeXaHHKH. 3agaya CyIIeCTBEHHO
yMpoLIaeTcs, €cld MPUHATb BO BHUMAaHME 3aMeyaHHe OIOMHTTOHAa O
BO3MOXHOCTH TIPUIMCBIBAHUA -(QYHKUMK HEMOCPENCTBEHHO 3HAueHHMS
¢wmsmueckoit miotHoctH [33, 34]. B aTOM ciydae skcTpeMymaM -hyHKIMU
OyoyT COOTBETCTBOBATh LEHTPHl BpAIleHWs MPUCOCAMHEHHBIX BUXpeil, a
HyJIeBBIM 3HAa4e€HUsIM — JMOO TOYKM COMPUKOCHOBEHHWS, JMOO TpPaHULIBI
Buxpeil. [Ipn 3TOM cnemyeT yunThIBaTh, YTO BHYTPEHHSS TUIOTHOCTH BUXpei
COBCEM He 0053aTeNbHO JOJKHA B TOUHOCTH COOTBETCTBOBAThL XapaKTepy
w-OYHKIMM, KOTopas sBisieTcss He Ooiee 4eM rpyObIM IMpUOIMKEHUEM
3aBUCHMOCTH TUTOTHOCTH OT KOOPJAWHAT.

C y4eToM H3JI0KEHHOIO MOXKHO TMPETOKUTh MPOCTYI0 MHTEPIPETaLHIO
KBaHTOBBIX YMCEN B aTOMe: N — IrJaBHOEe KBAaHTOBOE YHUCIO; |- opOuranbHoe
KBaHTOBOE YMCJIO; M — MAarHUTHOE KBAaHTOBOE YKCIJIO B BOJHOBOM (YHKLMH B
MOJISIPHBIX KOOPAWHATAX
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Waim = Rai(1)Om(8) @n(9) = Ra(r)Yim(0, ); (7.43)

9TH YHUCTIa OMPEALIAIOT MONOKEHNEe NPUCOSANHEHHBIX BUXpell (3MEKTPOHHBIX
opbutaneit) B arome. UeTBepToe KBAaHTOBOE UMCIO S — CHHH OMNpENeIseT,
BEPOSATHO, OPWEHTALMIO MPUCOSOUMHEHHOTO BUXps (HampaBJieHHE BEKTOpa
MOMEHTa KOJIMYeCTBA IBW)KEHUS) OTHOCUTENBHO NPYTHMX MPUCOSTMHEHHBIX
BUXPEH.

Ecnn HeB030yXIEHHOE COCTOSHME aTOMOB IOJNEPKHBAETCA JHEPIHEi,
HCXOJAIEd W3 sA1pa, TO BO30YXKIEHHOE COCTOSHHE BO3HUKAET 3a CUET
9HEpruM, MOCTYMAWEeH B 3JEKTPOHHYIO 000JIOUKY W3BHE, HANpuMep, B
pe3yJsibTaTe COyAapeHUs aToOMOB, TMOIJIOIIEHHS 3Heprur (POTOHOB W T...
[Nornomenne BHEWIHEH 3HEPTUU NMPHUBOIUT K PEKOH(UTypaunuy BTOPHUYHBIX
BHUXpeEH U Jake K MOSABJICHUIO HOBBIX BTOPUUYHBIX BUXPEH UM YHUYTOKEHUIO
YaCTH CYILECTBYIOUIUX, B PE3YJbTATE YEr0 BHYTPEHHUE MOTOKU, UCXOISALLUE
HETOCPEJCTBEHHO U3 fApa, MPOPLIBAIOTCS HapyxKy, 4To co3faeT 3¢pdext
HMOHU3aLUU aTOMa.

0 r 0 r

a) 6) 8) 2)
Puc. 7.4.Atom Bogopoaa B pa3jIuYHbIX COCTOSTHUSIX

Ha puc. 7.4 mokasaHbl pa3NU4Hble COCTOSHUS aToMa BOAOPOAA, TPpHUYEM
TOCTPOCHHS BBITIONHEHBI HAa OCHOBE PACCMOTPEHHSI COOTBETCTBYIOIIMX /-
(hyHKIIHIA.

3amblKaHHEe TOPOMAAIBLHOTO BUHTOBOIO IOTOKA BHE MPOTOHA MPUBOAUT K
MOSIBJICHUIO BHEITHET0 OTHOCUTENIbHO siApa C(EepHuecKoro BHXpPs, 4YTO
COOTBETCTBYET aTOMY Bojopona B coctostHuu 1S (puc 7.4, a). Cocrosinne 2S



270

(puc. 7.4,6) obpasyeTcs MmyTeM yBEIMYEHUs BHEIIHErO CIIOS W JIeJICHUs! ero
Ha JBa. 31ech BO3MOJKHBI [IBa BapUaHTa — IPOCTOE pa3/iefieHue BUXPA Ha [Ba
¢ o0pa3oBaHMEM TMOBBIIIEHHOTO TPAAMEHTa CKOPOCTEl MeXIy BUXPAMH M
oOpa3oBaHNe BTOpPOrO BHUXpsA TakMM o0Opa3oM, 4YTO B  TOYKax
COTIPUKOCHOBEHMSI 3THX BHEIIHMX BUXpEH TMOTOKW HAmpaBJeHbl B OMIHY
CTOPOHY. LlenecoobpazHo  00paTuThb ~ BHUMAHME  HAa  IOJHYIO
AHTUTAPAIIENTBHOCTD COTPUKACAFOIINXCST BUXPEH.

Coctrosaus 2p u 3d (puc. 7.4, ¢ W ) monydaroTcs B pe3yjbTare
00pa3oBaHNs TETeNb B KOJBLEBOM IBIDKEHWH: TIPU ABYX TETIISX TMONydaeTcs
cocTosiHMEe 2P, a MpH YeTblpex — coctosHue 3d. Ha pucyHKax mokaszaHbl
HamnpasJieHUs IOTOKOB 3(Hpa BO BCEX COCTOSAHHUAX aTOMa BOAOPO.A.

B sppe atoma renust UMEIOTCS 1Ba aHTUMAPAJUIENIBHO OPHEHTUPOBAHHBIX
NpPOTOHA, YTO COOTBETCTBYET [BYM THIPOMEXaHMYECKMM BHHTOBBIM
ny6neraM. Ha puc. 7.5moka3aHbl moToku 3¢upa, OXBaThIBAIOIIKE SIAPO Teus,
¥ TIpUCOENVHEHHbIE K HUM BHXPH 3JIEKTPOHHOW oOoiouku. Kak BugHO W3
pUCYHKa, Kak TepBUYHbIE, TaK ¥ BTOPWYHbIE BHUXPU HAXOAATCS B
aHTUIApaJIIeIbHON OPUEHTALUM OTHOCUTENILHO Ipyr Apyra. CienoBaTesbHO,
MarHUTHBII MOMEHT W CITUH aTOMa TeJius TOJDKHBI ObITh paBHBI HYIIO, YTO U
HMeET MECTO Ha CaMoM JIeJie.

)
@

Puc. 7.5. CtpykTypa aToma resnusi

HyXHO OTMeTUTb, 4YTO YyBeJIMUEHHE uucia AyOneToB (MCTOYHUKOB
BUXPEBBIX TeUEHMIi) He 00s3aTeNbHO yBeJIMYMBaeT o0beM aToma. B ciydae
aTomMa renusi 3TOT 0o0beM OyJOeT yMEHbLIEH MO CpPaBHEHHIO ¢ 00bEMOM
OTZeNbHOr0 atomMa Bomopona. OObACHAETCS 3TO TeM, YTO MPOTOH B aTtoMe
BOJIOPOZA BHIIYBAET MOTOK B TMpe/eNax TeNeCHOTo yria B 41, B TO BpeMs Kak
B aTOMe TeJis KaXIbli TIPOTOH BBIAYBAET MOTOK B TEJECHBII yToil B IBa pasa
MEHBLINH, T.€. B YToJI 21. DTO 03Ha4yaeT, 4YT0 CKOPOCTH 3(UPHBIX TTOTOKOB B
snpe reius OoJNbIle W B COOTBETCTBUM C ypaBHeHWeM bepHyiun naBneHue
3¢upa B 3THX TMOTOKax OyJeT MeHbIle, BHEIIHee NaBJieHWE COXMET BeCh
BUXpPb, M1 00bEM aToMa yMEHBIIUTCS B 2 pa3a.
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[MpucoeanHeHne NMpOTOHA K sAOpY reius (IUTHiA) HapyllaeT CUMMETPHIO
000JIOYKH, YTO MPHUBOIUT K YyBeIWYeHHI0O ee obbema. C TOUKHM 3peHus
CTPOEHHsI 0OOJIOUKM BO3MOXKHBI pa3jinuHble BapuaHTbl. OAWH W3 HUX, TpH
KOTOPOM B 3JIEKTPOHHOI 000JI04YKe 00pa3oBaH TPETHH — HECHMMETPUYHBII
JIeTIeCTOK, n300pakeH Ha puc. 7.6.

Buo A4

Puc. 7.6.CtpykTypa aTomMa auTHsl

[IpucoenrHeHre MPOTOHA K SAApPY JIATUSA 3aCTaBISIET IEPEOPUEHTUPO-
BaTbCsl MPOTOHBI B KBAJPYMOJBHYIO CUCTEMY. 3alOJHEHWE WAET IMyTeM
MpUCOeIMHEHUsT K ajib(a-dacThile BHEIIHETO cJIOosi, TP 3TOM BO3HHMKAET
crcTeMa M3 YeThipex AyOneToB. YUWThIBas OIM30CTh BBIXOIA MOTOKA 3(upa
U3 LUEHTpPAa BHELIHWX MPOTOHOB K BXOAY IOTOKa BO BHYTPEHHHE MPOTOHBI,
MOXHO [OjlaraTb, 4YTO 3TU IIOTOKM BKIIIOYAIOTCA MOCIEJOBATENBHO, B
pesyibTaTe 4Yero BO3HUKAET BCETO JBa BBIXOAHBIX [OTOKAa, MOLIHOCTb
KaXJI0ro U3 KOTOPBIX yBO€HA. Takoe yIBOCHUE MOIIHOCTU TIOTOKA NPUBOIUT
K YBEJINUEHHUIO MOLIHOCTH MPUCOEIMHEHHBIX BUXpeil. B pesynbrare Hanbosee
BEPOATHON CTPYKTYpO#l 3JEKTPOHHOW 000J0UKH SABISETCA NBYXCIOiHAs
CTPYKTypa ¢ aHTUIAPAJLIEIILHBIMU BUXPSAMU BHELIHETO CJIOS [0 OTHOLLEHUIO
K BHyTpeHHeMy (puc. 7.7).

Eciay paccMOTpeTh CTpOEHHME sAlpa aroMa KHUCIOpoJa, TO JIETKO BUIETH,
YTO B COOTBETCTBUU C YPOBHSAMM 3aIIOJHEHUS AApa [1Ba BHYTPEHHUX IIPOTOHA
B JIByX NPOTHBOJIEKAIINX ab(a-yacTUIaX OKa3bIBAIOTCS SKPaHHUPOBAHHBIMU
BHEIIHUMU CJIOSIMHU, IIOCKOJIbKY LIEHTPAJIbHbIE BHUHTOBbIE IIOTOKM 3TUX
MPOTOHOB BBIMYBAIOTCS BHYTPh Aapa. OJHAKo 1Ba BHYTPEHHHUX MPOTOHA ABYX
JpYrux anb(a-4acTULl BbIAYBAalOT CBOM MOTOKM HapyXy, H, HOCKOJBKY
BUHTOBOI (hakTop y BCEX I3THX TMOTOKOB OJUH M TOT JK€, BO3MOXKHO
nepepacnpenenceHie MOTOKOB BHYTPH sA1pa U CyMMHPOBaHME MOILIHOCTEN
JBYX MOTOKOB. TakuM 00pa3oM, BCcero W3 fapa KHCIOpoJa BBIXOIUT IIECTh
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BUHTOBBIX TOTOKOB, [Ba W3 KOTOPbIX HMMEIOT YIBOCHHYIO MOIIHOCTb. B
pe3yJibTate 00pa3yroTcs 4YeTblpe NMPHUCOEAMHEHHBIX BUXPSI OJMHApHON U [1Ba

yIBOeHHO# MouHocTH (puc. 7.8).

Puc. 7.7.CtpykTrypa aToma 6epuiiius

Puc. 7.8.CtpykTypa aTomMa Kucjaopoaa

W3noxeHHbIE MPEACTAaBICHNs MPUBOAST K TOMY, YTO YHCJIO BBIXOJHBIX
MOTOKOB 3(upa M3 simpa MOXKET ObITh MEHbIE, YeM YHWCIIO MPOTOHOB, HO
CyMMapHasi MOIIHOCTb BCEX MOTOKOB MPOMOPLUOHANBHA YUCIY MPOTOHOB.
JanbHelilnee HapalBaHUE YKCJA MPOTOHOB B pe AOHKHO NMPHUBOIUTH HE
TOJIBKO K YBEJIMYEHHWIO YMCJIa BUHTOBBIX CTPYH, UCXOAALIMX W3 A1pa, HO B
CBSI3M C JKPAaHMPOBAaHWEM OIHUX MPOTOHOB IPYTMMU M K YBEJINYEHHIO
MOIIHOCTH OTIEJIbHBIX CTPYH. DTO COMpPOBOXKIAETCS BO BHELIHEil obosouke
100 POCTOM MOIIHOCTH COOTBETCTBYIOILLETO MPHUCOEANHEHHOTO BUXPS, MO0
yBEJIMYEHHUEM YHWCa MPUCOEINHEHHBIX BUXpEil K COOTBETCTBYMOILLEH cCTpye,
YTO COOTBETCTBYET YBEIUUEHUIO YUCTIA JEKTPOHOB B 3JIEKTPOHHOM 000/104Ke
aToMma.
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Takum o0Opa3oMm, yBeIMYEHHE AaTOMHOrO HOMepa sapa MPHUBOIUT K
nepecTpoiike 3MEeKTPOHHBIX 000J04YeK BCEX YpOBHEH, a HE TOJIbKO BHEIIHEi
o6onoukn. IlocTpoeHue Bcelf cucTeMbl 000JIOUEK W OMpeAENeHHE CBS3H
CTPYKTYPBI SAEPHBIX U NEKTPOHHBIX 000J0YEK aTOMa SIBJISIOTCS MPEAMETOM
CIELIMAILHOTO UCCIIEI0BAHMS.

BuxpeBble MOJENIN MO3BOJIAIOT BBICKA3aTh MPEAIOI0KEHUE O NPUYUHAX
TepruoAN3aA 00BEMOB aTOMOB C YBEJIMIEHNEM UX TTOPSIKOBOTO HOMEPA.

Kax m3BecTHO, 00beM aToma renus B ABa pa3a MeHblle o0beMa aToma
Bomopoxa. OOBIMHO 3TO OOBSACHAETCS TeM, YTO IBOMHON 3apsx sAapa
TOATATUBAET KaXKIbI 3JIEKTPOH OJIMKe K sApy, YeM OJWHApHBIN 3apsaa Aapa
atoma Bogopoja. C TOYKM 3peHUs Ta30BOW AWHAMHUKU TIPUYMHA MOXKET
3aKJI0YATHCSA B TOM, UTO TEJIECHBIN YIrOJ, 3aHUMAEMBbIii BBIXOIHBIM MOTOKOM
3¢upa KaxI0ro MPOTOHA, B IeJIMU COCTABIAET 7/2, B TO BpeMs Kak B aTOMe
BOIOpOAa — 7. DTO 3HAYUT, YTO CKOPOCTU MOTOKOB 3(pupa B 3JIEKTPOHHON
oboyiouke aroma renust OyayT Oojblie, Clef0OBaTeNbHO, JABIEHHE B HUX
OyneT MeHblle, U BHEIIHEe IaBJEHWE COXMET aToM POBHO B [IBa pasa To
00beMy. ¥V cledyoLlero aToMa — JIMTUsL TPETUH IPOTOH PAcMoJIOKeH TaK, YTo
HapylaeTcd CUMMETpUs aToMa U 00beM Bo3pactaeT. Ho yxe y deTBepTOro
JNeMeHTa — Oepwiiisg CHMMETPUs BOCCTAHAaBIMBAeTCA, W 00beM BHOBBb
cokpaiaetrcs. [IpeAnosokKUTENbHO, y MNOCHEAYIOIUX 3J1E€MEHTOB 00beM
aTOMOB JIOJDKEH 3aBHCETb OT CTENEHU HapylleHHs CHUMMETPUM: C
yBEJIMYEHUEM aCIMMETPHUU 00bEM aToMa yBEJTMUUBAETCS, C MPUOIIKEHNEM K
00bEMHOM CUMMeTpHUX 00beM aToMa COKpalIaeTcs.

7.5.00pa3oBaHne MOJIEKY.JT

PaccMoTpuM mpupoly XUMHYECKUX CBs3ell aTOMOB B MosiekyJie [66—68 ].
[IpucoeniHeHHbIE BUXPHM Pa3MYHBIX aTOMOB MOTYT COEIMHSTHCS MEXIY
co0oii Ik IByMs cioco6amu (puc. 7.9).

B nepBom cnydae (puc. 7.9,a) BUXpH yISPKUBAIOTCSH OTHOCUTEILHO OPYT
Jpyra B oOleM IOrpaHUYHOM cJlloe, o00pa3oBaHHOM Ojarojaps
TIPOTHBOTIONOKHO HANpaBleHHBIM TOoTokaM 3¢upa. Kak Obuto mokazaHo
Bbllle, Onaromapss TpajMeHTy CKOpPOCTeH MeXAy BHUXPAMM JaBJieHUE
TIOHMKAaeTCcsl M BHEIHee HaBJieHue 3(upa MPWKUMaeT BUXPH IpYyr K APYTy.
Kakoro-nu6o npeobpa3zoBaHus BuUxpeil, kpoMe U3MeHeHus: ux (opmbl, 31ech
HE BO3HUKAET. JlaHHbII cily4ail COOTBETCTBYET MOHHOM XMMUUYECKOM CBSZH.

Bo BTOpOM cilydyae coeaMHeHHe ABYX BHUXpel JaeT eIUHbI BUXPb (pHC.
7.9,6). B BUHTOBBIX MOTOKaX 3TO BO3MOJKHO JIMIIb TOTJA, KOTIa MX BUHTOBbIE
(axkTopsl COBMAAAIOT. DTO O3HAYaeT, YTO B TMPHUCOEAWHEHHBIX BHUXPAX U
TOpPOMIANbHbIE, W KOJIBLEBbIE JABW)KEHWS NOJDKHBI WMETh OTHO U TO JKe
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HampaBJleHHe B IUIOCKOCTH coeanHeHus. Torma ob6pasyercs eAWHbIH
NPUCOEIMHEHHBI BUXpb, OXBaTbIBAOIINI 00a coeAMHMBLIMXCA aToma. B
9TOM OOIleM TMPHUCOEAMHEHHOM BHXpe JaBl€HHE MeEHbIIe, YeM B
OKpy’Karolleli cpesie, a IJIMHA MOTOKA MEHbIIIE CYMMBI JUIMH OTOKOB B 000MX
MPUCOEINHEHHBIX  BHUXPSAX  OTHENbHBIX  aToMoOB. JlaHHBIA  ciydail
COOTBETCTBYET KOBAJICHTHOM CBSI3U.

O O O
o0  CD

a) 6)
Puc. 7.9. CoenuHeHne BUXpeii: g — TyTeM MpPWINMAHMAS JAPYT K JAPYTY
(cooTBeTCcTBYeT WOHHOW CBf3M); 6 — MyTeM o00pa3oBaHUs OOIIMX MOTOKOB

(COOTBETCTBYET KOBAJICHTHOMW CBSI3M)

H3noxxeHHOE TO3BOJIAET MPEAINOJIOKUTh BO3MOXKHOCTh 00pa3oBaHUs
WOHHBIX CBA3el TNpH JIOOBIX BUHTOBBIX (haKTOpaX B MPHCOEAMHEHHBIX
BUXPSIX, €CIIM Y peardpyrolnx MOJIEKyJl MOTOKH 3(upa Ha UX TOBEPXHOCTAX
MOTYT OPHMEHTUPOBATHCS aHTUMAPAJIIENbHO HA JOCTATOYHOM momanu. s
KOBAJICHTHO e peakiuu o0s13aTeNieH 0AMHAKOBbIIf BUHTOBOH (haKTop.

[IpyHLMII OCTPOEHUS MOJIEKYJIBI JIydlle BCErOo NPOUJUIIOCTPUPOBATH Ha
npuMepe Mojiekyiel H, (puc. 7.10). Bo3MOXHBI pa3Hble BapUaHTHI
MOCTPOEHUsT MOJIEKYIbl H, — mpu mnapajuleNbHbIX M aHTUIApaAJLIEIbHBIX
CIIMHAX MPOTOHOB, MEPINEHAMKYJISAPHBIX U COOCHBIX OCH, NMPOXOAAIIEH uepes
LIEHTPBI IPOTOHOB.

Kak BumHo w3 puc. 7.10, BHEIIHME MOTOKM HWMEIOT OJHO W TO XKe
HanpasJIeHUEe U B TOPOMIAILHOM, U B KOJIBbLEBOM ABWXKEHUHA. IMEHHO 3TOT
clyyaif M clieflyeT paccMaTpuBaTh KaK OCHOBHOW ciiyuyaii oOpa3oBaHUs
MoJekyssl Hp. OOpazoBaHue o0OIIero BHEIIHEro MOTOKAa YKas3blBaeT Ha
KOBAJIEHTHOCTh XUMHUYECKOM CBA3M, UTO U UIMEET MECTO B JIECHCTBUTEIBHOCTH.
AHaJIOrn4HBIM 00pa3oM MOKHO TOJYYHUTh CTPYKTYpbl W APYTUX MOJIEKYJ
(puc. 7.11).
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Puc. 7.10.06pa3zoBanue moJiekyabsl Hy

104,5°
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Puc. 7.11. Ctpykrypa mosexkyn Bogopona H, (@) m Boast H,O (0).
3JIEKTPOHHBIE 000JI0YKH — MPUCOEAMHEHHBIE BUXpU 1P M 4p JexaT BHE IIOCKOCTH
PHUCYHKA ¥ TO3TOMY HE MOKa3aHbI.

HetanbHoe m3yueHune (GopMm CBS3M B MOJIEKYJax B 3(UPOIMHAMUIECKOM
MOJIENIA SIBJIIETCA MPEAMETOM CMELUAIBbHOTO HCCIEA0BaHMs, OJHAKO YiKe
ceifuac MOKHO BBICKa3aTh HEKOTOPBIE JOMOIHUTENbHBIE COOOPaKEHNUS.

[Tockonbky npu 00pa3oBaHNM KOBAJIEHTHOMW CBSA3U CyMMapHas IMHUSA TOKa
00IIero MpPUCOeNHEHHOTO BUXPS OKa3bIBaeTCs KOpOYEe CyMMBI [UTUH JIMHUMA
TOKOB pa3liefIbHIX aTOMOB, B MOMEHT 00pa30BaHMS KOBAJICHTHOM
XMUMHUUYECKON  CBA3M 4YacTb  YIJIOTHEHHOTO  3aBMHTOBAaHHOro 3dwupa
OKazbIBaeTCs BbIOPOLIEHHO! 13 MoJsieKyJsbl. Takoi Kycouek BUXpS HE MOXET
CYIIECTBOBATh B TOM k€ BHJE, U OH JINOO OyIeT MOTrJOIEeH B APYrOM MecTe,
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roe  MAeT peakius paslioKeHHs MoJieKys, Jubo npeoOpazyerca B
TOPOUIATBHBI BUXph clabo cxkaroro 3¢upa, KOTOPbII MOXHO YCIOBHO
Ha3BaTh JIENTOHOM, MOCKOJIbKY €ro Macca MeHbIe Macchl JIEKTpoHa. PacueT
TMOKa3bIBAET, YTO Macca Takoro Topowaa coctasiset mopsaka 0,0001macce
3NIEKTpOHa, HO auameTp ero cocrtaBnser mopsinka 0,01 mm. Jlnst mpoBepku
3TOrO OOCTOATENbCTBA ObIJT OPraHU30BaH JAOOPATOPHBIN IKCIIEPUMEHT (pHC.
7.12).

BeI MOCTpOeHbI crieluanbHble KPYTHIIBHbIE BECHI, HA OJHOM W3 TUIed
KOpOMBICTTa KOTOPBIX 3aKperyieHa allfoMUHMeBas IulacThHa  (mapyc),
COEIMHEHHBbIII ¢ MeTaJUIMYecKUM KoprycoM BecoB uepe3 10-meromnoe
COTNPOTHUBIICHHE BO M30€KaHWE BO3MOXKHOTO BIIMSIHUS 3JIEKTPOCTATHKU.
Koprmyc BecoB 3a3emisiicst Ha 6aTtapero MapoBOTro OTOIMJIEHMUS.

[MnacTMaccoBblif LMIMHAP YyCTaHAaBIMBAJCA HAMpPOTHB Mapyca Ha
paccrosauu 10 cm. PearupoBanu cyxas menoub KOH u koHLEHTpupoBaHHAs
cepHasi MJTH COJISTHas KHCIOTa.

[Ipn mpoBeneHWn peakuWy Tapyc cHavaja TMPUTIATUBAJICA K peaklud, a
3areM, T0cjie €e OKOHYAHMS, OTXOIWJI OT Hee Ha MaKCHMallbHOE PacCTOSTHUE
(mo ynopa) u uepe3 1,5—24. Bo3Bparaics oopaTHO.

ToT xe pe3yibrar momydasncs, ecid peakuus IMPOBOIMIACH B TOM JKe
CTaKkaHYMKe, YCTAHOBJIEHHOM Ha IEPEeBSHHOM WM TIEHOTUIACTOBOM KyOWKe
BIAJK OT BecoB. [lofHeceHNe 3aTeM 3TOro KyOmka K Becam AaBajlo TOT Ke
pe3ynbTat. Bee GpukcrpoBanoch aBTOMaTHIECKAM CaMOTHCLIEM.

OObsicHEHNE pe3yJbTaTOB 3KCMEPUMEHTA 3aKIF0YaeTcss B TOM, YTO TNpH
MPOBEAEHNM XUMUYECKOH peakuuu W 00pa3oBaHWM JIENTOHHON MEHBI
JIENTOHBI KacatoTcsa mapyca. ITockonbKy IBMXeHHE 3(upa Ha MOBEPXHOCTH
JIENTOHOB TpPH 000N WX OpPHEHTALMM BCeria Mapajuie]bHO IJIOCKOCTH
mapyca, TO oOpa3yeTrcsi TpamveHT cKopocTeil 3¢upa ¢ TOHWKEHHBIM
naeneHueM. [lapyc HauYMHAET MPUTATHBATHCS K pearipyroinM BEIIeCTBaM.

[Tocne okOHYaHWs peaklMy JIENTOHHAs TIeHa HaunHaeT AN YHANPOBATS,
MpUYeM B TIEPBYIO O4Yepedb YHMUTOXKAIOTCS JIEMTOHBI, OKa3aBIIMECS B
BEPXHEM CJIO€ TIeHBI, TOCKOJIBKY T'PaJleHT CKOPOCTe Ha WX TOBEPXHOCTH
MeHbLIE, YeM y BHYTPEHHHX JICTITOHOB, CJI€0BATENbHO, BA3KOCTh BBILIE U
BpEMsI CyILIECTBOBAHUsI IOBEPXHOCTHBIX JIENTOHOB MeHbIIe. Ho JIenToHsI, Kak
W BCAKHE BUXPH, UMENH MIIOTHOCTh 3¢upa Oojiee BBICOKYIO, YEM IUIOTHOCTb
3¢upa B cBOOOIHOM MpocTpaHcTBe. [1oaToMy naBieHue a¢upa Bo3pacTaet, u
napyc oronsuraercs. Ilocie Toro kak Bce JienmToHbl Au(QyHIMpoBay,
JaBieHue B 3(upe BbIpaBHUBAETCA, M TNpYKWHKA BO3BpAIA€T KOPOMBICIO
BECOB B HCXOJHOE COCTOSHWE. Pa3nmiyHble BemlecTBa MAAlOT pa3iIMyHOE
OTKJIOHEHHE, HO XapaKTep MOBEICHNSI BECOB COXPaHSIETCS.

OKCHepuMeHTBl € «IENTOHHOM  TeHOW»  ObUIM  TIPOJOJIKEHBI
10.1.JlobapeBbiM, cTtynentom xumbpaka MI'Y. WM ObIJIO OTKpBITO, UTO
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WIENTOHHAsA ME€Ha» NPUBOAUT K CHMKEHHIO YYyBCTBUTEJIBHOCTH q)OTO6yMaFId,
a TaKX€ TO, YTO KOHACHCATOPHI, PACIIOJIOKEHHBIE PAAOM CO CTaKaHYMKOM, B
KOTOPOM MpOBOAWIACh XUMHUYECKasA pe€aKlusd, B MEPBLIE KE€ CEKYHIBI MOCJIE
HavaJia p€akuu yBECINYUBAOT CBOKO €MKOCTL IMOYTHU HaA 1%, a 3aTeM, II0CJIC
OKOHYaHUA pE€aKUuH, MpOoUCXoauT MeﬂJ’leHHBIﬁ, B TE€YCHUEC NCCATKOB MHHYT
BO3BpAT 3HAYCHUA €EMKOCTHU K IEPBOHAYAJIbHOMY 3HAYCHUIO.
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Puc. 7.12.Cxema 1a60paTOPHOTo KCMEePUMEHTA MO BBISIBJEHUIO JIENTOHHOI
neHbl TNPH 00pa3oBaHHM KOBAJEHTHON XHMHYecKoW cBsi3u (@) W rpadux
OTKJIOHEHHSsI Mapyca BecoB MPH NMPOBeAeHHH XUMHYECKOi peakuuu (0):

1 —crakaHYUK € XUMHUYECKUMH PEaKTUBaMK; 2 —KPYTHJIbHBIE BEChl;, 3 —Iasep;
4 —camormcelr.

7.6.006pa3zoBaHHe MeKMOJIEKYJISIPHBIX cBsI3ei

HecmoTpss Ha TO 4TO Bce MOJEKYNbl JNIEKTPUUECKH HEWTpalbHBI, B
BEHIECTBE OHM B3aUMOJEHCTBYIOT Mexay co0oil. CreneHp 3TOro
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B3aUMOJEHCTBUS pa3fiMuHa: B TBEPJIOM TeJle OHAa MAKCHMallbHa, B KUAKOCTH
CpenHsisl, a B ra3e MUHMMaJIbHa.

MekMOouleKyIsIpHOe  B3aMMOJEHCTBME — 3TO B3aUMOJCHCTBHE MEXKIY
ANEKTPUUECKN HEHTPaTbHBIMUA MOJIEKYJIaMH WM aTOMaMH, OMpeelsioiee
CYIIECTBOBAHME IKMIOKOCTEW W MOJIEKYJIAPHBIX KpPUCTAJIOB, OTJINYHE
peanbHBIX Ta30B OT WIOEAJbHBIX W TPOSBISIETCS B  Pa3sHOOOPa3HBIX
¢m3rYeckuX SABJIEHUSX. MeXMONEKyIsIpHOe B3aMMOIEWCTBHE 3aBUCHT OT
pacCTOSIHUS MEXIY MOJIEKyJaMH M OIMChIBAaeTCs MOTEHIMABHOI 3Heprueit
B3aumogecTeug U(r) (MoTeHIMaIoM MeXMONEKYIAPHOTO B3aUMOACHCTBHS).
VIMeHHO cpelHss MOTeHUMallbHas SHEpPrusl B3aUMOJAEHCTBUS OMNpenenseT
COCTOSIHME W MHOTHE CBOICTBA BELIECTBA.

BriepBele MeXMOJIEKyJIIpHOE B3aMMOJEHCTBHE IMPUHSI BO BHUMaHHE B
1873r. romnanackuii pusuk .J{. Ban-nep-Baanbsc s o0bsicHEHUS] CBOHCTB
peanbHbIX ra30B W kuakocteil [69—71]. OH MpeanonoKui, 4TO Ha MaybIX
PacCTOSHUSAX MEXKIY MOJIEKYJaMU NeWCTBYIOT CHJIBI OTTAKWBAHMSA, KOTOPBIE
C YBEIMUEHHWEM pacCTOSHHUS CMEHSIOTCA CHUiIaMu TpuTsHkeHMs. Ha aToi
OCHOBE OH MOJIy4YMJ1 ypaBHEHHE COCTOSIHUS PeabHOIO rasa.

B HacTosimmee BpeMsi TPUHATO CUWTATh, YTO MEXMOJEKYJISIpHOE
B3aNMOJEHCTBHE MMEET 3JEKTPUYECKYIO TPHUPOAY W CKIIaIbIBAETCS W3 CHI
MPUTSDKeHUsT (OPUEHTAMOHHBIX, WHAYKIMOHHBIX W TUCTIEPCUOHHBIX) U CHI
oTTajkuBaHus. OpUEHTALMOHHbIE CUIIBI JEHCTBYIOT MEXKAY MOJAPHBIMU
MOJIeKyJlaMM,  T.e.  OOJajalolUMU  JUIMOJbHBIMU  3JEKTPUYECKHUMHU
MOMEHTaMH. DTH CUJIbl BO3HUKAIOT BCIEACTBHE TOTO, YTO PACCTOSHUS MEKIY
Pa3HOMMEHHBIMH 3apsilaMM MHOTO MeHbIIe, YeM MEeXKIY OIHOMMEHHBIMU.
NHOyKUMOHHBIE CHABl  OEHCTBYIOT MEXAY TNOJAPHOW MW HENOJSIPHOI
MOJIEKyJJaMM 3a CYeT TOro, 4YTO TOJISIpHAs MoOJIeKyJa MOJspU3yeT
HeToJNsipHyt0. JlucriepcuoHHbIe CHIBI  NEMCTBYIOT MEXIy HEeNOJISIPHBIMU
MOJIEKYJIaMH M BO3HHMKAIOT 3a CYET TOTO, YTO, XOTS B CPEIHEM MOJIEKYJIbI He
TIOJISIPHBI, B KaX/I0€ MTHOBEHHE OHM BCe K€ TONspHBL. UTO B cpemHeM W
co3maeT CcooTBeTcTBylomMid 3¢ ¢ext npursxenus. Bce Tpm Tuma cun
TIPUTSDKEHNST YOBIBAIOT € pAacCTOSHWEM TNPOTMOPUMOHANBHO 6 cTeneHn
pacCTOSTHUS MEX Iy MOJIEKYJIaMHU.

Cuibl OTTAJKMBAHUS BO3HUKAIOT Ha OYEHb MalblX PAcCTOSHUAX, KOria
NPUXOJIT B COMPUKOCHOBEHHE 3aIOJIHEHHBIE 3JIEKTPOHHBIE O0OJOYKH
aTOMOB, BXOJAIINX B COCTAaB MOJIEKYJ. OTH CHJIbl YOBIBAIOT C PacCTOSTHUEM
nponopuroHanbHo 1341 creneHu paccTosHUS.

OpmHako BCe 3TO SIBISIETCS HEKOTOPOH MOJENbI0, B OCHOBHOM
MaTeMaTUYecKOl 3aBUCHMOCTBIO CHIJI MEXMOJIEKYJSIPHOTO B3aWMOAEHCTBUS
OT pacCTOSHMS, MPAaKTHIECKN He MPOJMBAIOIIEH CBET HAa NCTHHHYIO MPHUPOLY
TuX cwil. OTclofa U TPYAHOCTH C PAacueTOM 3THX CHUJI U C IKCIEpHMEH-
TaTbHBIMH M3MEPEHUSAMHU MEXMOJIEKYJISPHBIX CHII.
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Ha ocHoBe W3J10)K€HHBIX BbIlE 3(QUPOIMHAMUYECKUX TpPEACTaBICHUI
MOTYT OBITh BbICKA3aHbl MPEATNOJI0KEHH 0 Npupoae cun Ban-nep-Baasbca,
T. €. CWJI, OTBETCTBEHHBIX 32 MEXMOJIEKYJISIPHbIE B3aUMOEICTBYS.

C Toukm 3peHMS OSQUPOIVHAMHUKHA  CHIIBI  MEXMOIIEKYJIAPHOTO
B3aNMOJAEHCTBUSL OOYCIIOBJIEHBI TEM, HYTO K JJIEKTPOHHBIM 00ONOYKaM —
TepBBIM TPUCOETMHEHHBIM K sIpaM 3(QUPHBIM BUXPSIM — TPHCOEIMHEHBI
BTOpbIE TIPUCOEAMHEHHbIE BUXPH, KOTOpHIE CHpaBelIMBO OyneT Has3BaTh
obonoukamu BaH-nep-Baanbca, MOCKONBKY WMEHHO OHM OTBETCTBEHHBI 3a
CO3/IaHKe CUJI MEXKMOJIEKYIISIPHOTO B3aumoekicTeus (puc. 7.13).

Tak ke Kak BUHTOBOE T0Jie CKOpocTeill 3¢upa, co3iaBaeMoe MPOTOHOM,
MPUBOANT K TMOSIBJIEHUIO MPHCOEIUHEHHOTO BUXPS — AIEKTPOHHOI 000JI0UKH,
TOYHO TaK kK€ W BHUHTOBbIE MOTOKM 3(pUpa Ha MOBEPXHOCTU IIEKTPOHHOM
000JIOUKN BBI3BIBAIOT BHHTOBbIE [JBIDKEHHS d3(dupa B  OKpYyKarOLEM
npocTpaHcTBe. B pesynbraTe o0paszyercs BTOPOI MPHCOEAMHEHHBIN BHUXpb,
pazMmep KOToporo Ha 4—5SmnopsAKOB 00JblIe pa3Mepa MIEKTPOHHOI 000I0UKH.
Ecnu HyKJIOHBI, UIMest KpUTHUECKYIO TUIOTHOCTb, HE MOTYT MPOHUKATh IPYT B
Ipyra, a TOJBbKO COEAMHSIOTCS B SApe, MPUMbBIKAS APYT K APYry OOKOBBIMHU
TIOBEPXHOCTSIMH, TO YK€ 3(HPHbIE BUXPH AIIEKTPOHHBIX 000JI09€K CITOCOOHEI
B3aNMOJEHCTBOBATh IMyTeM OOBEOWHEHMS, ONHAKO, He TpPOHWKas JApYyr B
apyra. BTopeie ke mpucoenWHEHHbIE BHXPH WMEIOT Malyl0 TUIOTHOCTh U
CMOCOOHBI TMpOHMKAaTh OpPYyr B Jpyra. B pe3yinbTate B OKPECTHOCTAX
AJIEKTPOHHBIX 000J04eKk 00pa3yroTcs pa3HOOoOpa3Hble BHUHTOBBIE IMOTOKH,
MOMaB B KOTOpPbIE aTOMbl W MOJIEKYJIbI YAEPKUBAIOTCS B HUX Onarogaps
rpagueHTam ckopocteil. Takum oOpa3oM, MpUpoAa MEKMONIEKYJIISIPHBIX CHIT —
cun Ban-mep-Baanbca — 3akimodaeTcss B CHW)KEHUHW JAaBlieHHS B 3dupe
Onaromapsi rpaJMeHTaM CKOpOCTEH TMOTOKOB BO BTOPBIX MPHCOEIMHEHHBIX
BUXPSIX — BaH-Jep- BaaJlbcOBOI 000JI0UKe.

Eciu 1uaMeTp aTOMHOTO sapa  paBeH mpuMepHo 5-10°° M, a
MaMeTp dIEKTPOHHOM 06oMouKM cocTapiseT okono 1070 M, To mmamerp
oGosouky Ban-nep-Baanbca omkeH cocTaBnsTh nopsika 107° M Wi 0KoJIO
10 MKM.

BHyTpu Takoli 000J0YKHM KaXX[JOro aToMa MOXKET MOMECTUTHCS MOpsIIKa
10" apyrux atomoB. CiieloBaTeNbHO, Bce 060M0uKH BaH-1ep-Baanbca GymyT
MHOTOKpPaTHO MepeMelIaHbl IpyT C APYTrOM U COCTaBST €INHYIO CUCTEMY .

PaccMoTpuM pacripeneneHne ckopocTeil MOTOKOB 3¢upa U pacrnpeneyeHne
TUIOTHOCTH 3¢Hpa B 3TUX MOTOKAaX AJsI OAHON obOonoukyu Ban-mep-Baanbca.
Cnenyer ydecTb, 4TO MPHUBOAHBIM PEMHEM JUI 3TOIl OOONOUKM SBIISIOTCA
MOTOKM 3(upa TOBEPXHOCTH TEPBOTO MPUCOETUHEHHOTO BHXPS —
3JIEKTPOHHOI1 000JI0UKU aToMa.
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10" M - siapo aroma

10" M- JJIEKTPOHHAS 000I04KA

107 M - 06010uKa Ban-aep Baansca
1 M - 00004Ka aypsl

Puc. 7.13.06pa3zoBanue 2-r0 npucoeAMHEHHOr0 BUXpsl — 00010ukn Ban-nep-
Baasnbca u moce ylOIuUX NpHcoeIHHEHHBIX BUXpeii —aypbl 1-To poaa

IMocne TOro Kak MepBbIi MPUCOEIUHEHHBIM BUXPb CBOUMH IMOTOKAMHU
6naromaps BS3KOCTH OKpyXarolero 3¢upa Bo30yIoun ABWXKeHHE >dupa B
cocefHell obnacTd, 3TO JABIKEHHE 3aMKHETCS caMo Ha cebs, oOpa3oBaB
BTOPOW TIPUCOCTWHEHHBIM BHWXpPb. [IOCKOJNBKY OWaMeTp BHYTPEHHETO
OTBEPCTUS BTOPOTO TPHUCOCTMHEHHOTO BUXPS HA TATH MOPSAAKOB MEHBIIE
BHEIITHETO, TO U CKOPOCTh, U TUIOTHOCTH 3(hUpa BO BHYTPEHHUX CJIOS JOJDKHBI
OBITh MHOTOKPAaTHO BHIIE B 3TOM 00JacTH, YeM BO BHEINHEW YacTH.
COOTBETCTBEHHO BBIIIE OYIET U TPATUCHT CKOPOCTH IMTOTOKOB 3(upa.

Drtoro Obl He OBLTO, eclii OBl BUXPh CYIIECTBOBAI caM IO cebe, Torma
MaKcUMallbHasi CKOpPOCTh MOTOKOB Obla ObI B 3TOH ke 00JacTd, HO BO
BHYTpeHHell 4acTu Buxps. OJHaKo [BIKEHWE 31eCh MepelacTcsl H3BHE,
MOATOMY TI0 Mepe YJAaleHHs OT CTEeHKH CKOpOCTh TMOTOKa OyneT mnajaaTh
MPOMOPIMOHANILHO ~ BTOPOM  CTENEHM PACCTOSHUSI, TOCKOJbKY BUXPb
TOPOUIANBHBIM, ¥ MIIOMIAab CEUEHHs] BO3pAcTaeT MPONOPLUOHATIBHO KBaIpaTy
pamuyca, a TpaJIieHT CKOPOCTH OYAeT YMEHBIIATHCS TPOMOPIMOHAIEHO KyOy
pamuyca. [IpomopiioHasEHO KBajgpaTy pamuyca OymeT YMEHbIIaThCs U
IIOTHOCTH 3(upa B 3ToM moToke. Emie ofHy cTeneHb YObIBaHWUS NOOABWUT U
TMajJicHue NaBjieHus 3upa K IEHTPY 3TOro e BUXpA. Ecim Bo BTOpOU
MPUCOCTMHEHHBI BUXPh TIOMAJET BTOpas MOJIEKyJla WM aTroM, TO
pacripenielieHie IaBICHWN BHYTPH JTOTO BUXpsS OyAeT cMmemaTh WX K
BHYTpeHHel rpanulle BUXpsi BaH-nep-Baanbca, TOCKOJIbKY € 3TOM CTOPOHBI
o0llee naBieHHE MOTOKOB 3(¢upa MeHblie. Cuia NPUTSKEHUs, T.e. CUIA,
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HarpaBJIeHHass OT LIEHTpa MOJIEKYJbl K MOTPAaHUYHOMY CJIOIO, OTPEAEINUTCA
BbIpaKeHUEM

Fy =ypSovioy, (7.44)

rae y —Ko3(pUIMeHT TMHAMUYECKO# BA3KOCTH 3(upa; p — IIIOTHOCTH 3dupa
B CTEHKE BTOPOTO MPHUCOEIVMHEHHOTO BHXpS; S — TJIOMAAb B3anUMOAEHCTBUS
MOJIEKYJ; OVI)y — TpaiMeHT CKOpOCTH B OJWKHel 30He BTOPOTO
TIPUCOeTNHEHHOTO BUXPA.

[omywaercsi, 4YTO YyOBIBAaHME CHIIBI TNPUTSHKEHUS MPOTOPLMOHATIBHO
NpUMepHO 6-if CTeNeHN PAacCTOSHUS MEXIY MOJIEKYJIaMH, YTO U IMEET MECTO
B peanbHOCTH. [IpM 3TOM cuiibl B3aMMOIEHCTBHMA C MOTOKaMM 3dupa Ha
NPOTHBOTIONOKHBIX CTOPOHAX B3aMMOAEHCTBYIOLIMX MOJIEKYJl OYAyT MaJbl B
CHUJIy BBICOKOI cTerneHW yObIBaHMA W CYIIECTBEHHO He CKaKyTcs Ha oOrieii
CHJIe TIPUTSHKEHUS B3aMMOAEHCTBYIOIIMX MOJIEKYI.

B3anMoneifcTBytomune MOJNEKyNbl YCTaHAaBIMBAIOTCS Ha HEKOTOPOM
PaBHOBECHOM pAcCTOSIHUM ApPYr OT napyra. [lombITkn cOMM3UTE WX U
MepeMecTUTh B TOTPAaHWYHBIH MEXKIY BHUXPSMH CJIOM BBI3BIBAIOT CHIIBI
OTTAJIKMBAHUS. DTH CUITbl BBI3BAHBI, BO-TIEPBBIX, TEMH )K€ MPUINHAMH, UTO U
BBIIIE, C TOW, O/IHAKO, Pa3HULEH, YTO B MOTPAHMIHOM CIJIO€ pacrpelesieHne
CKOPOCTH TIOTOKOB, TpaiMeHTa W IUIOTHOCTH TOTOKOB 3(dupa HMEOT
oOpaTHbIi 3HaK M HampaBlieHbl K LEHTPaM MOJIEKYJ, a BO-BTOpBIX,
BO3pacTaHWeM JaBJECHU B TOTPAaHUYHOM CJIoe, B KOTOPBIA TeEpPBBIA
NPUCOSAMHEHHBII BHUXpPb — OJIEKTPOHHas 000JoYka aroMa — 3aroHseT
BHELIHUH MO OTHOLIEHMIO K Hel 3(up. YMeHbIIEHHE CeyeHHs MOTOoKa
BBI3BIBAET C OJHOI CTOPOHBI MOBBLIIIEHHE AABIEHUS 3(Hpa 3a CUET ero
CXKaTHs, C IPYTO¥ CTOPOHBI, €T0 K€ HArpeB MO TOil e MpUYWHE, YTO TaKxkKe
BEJIET K MOBBIIICHHUIO JaBJIEHUS B 3TO# obmactu. [Ipn 3TOM crmbl mpuTSKEHUS
OyIyT majaTh, Tak Kak B3aWMOAEHCTBYIOLINE MOJIEKYJbI OyIyT BEIXOOUTH W3
30HBI BHUXPS ¥ TOMAAyT B TOTPAHWYHBIN CJIOi, B KOTOPOM pacrpelesieHne
cKopocTeil Takke OyaeT crnocoOCTBOBaTh MX OTTalkuBaHMIO. [loaTomy
CTeTeHb 3aBUCUMOCTH CHJIBI OTTAIKMBAaHHMSA OT PACCTOSHMA 3lech OyaeT
BBIIIE, YeM CTEMeHb 3aBUCUMOCTH CHJIBI TMPUTSKEHHS B Telle BTOPOTO
NPUCOSANHEHHOTO BUXS.

[pencraBnsier HECOMHEHHBbIN HHTepec oOpa3oBaHWE CBs3el, KOTOpbIE
YCIIOBHO MOXKHO Ha3BaTh arperaTHbIMHM, — THUIl CBA3eH, 00eCIeuMBaIOLINX
COEeIHEHNE MOJIEKYJ] B HEKOTOPYIO arperaTHyl COBOKYMHOCTb. CTPYKTYpy
TaKOTO THIA CBS3eH MOXXHO MPOCJIEINTh Ha TPHMEpe COEANHEHUS MOJIEKYI
BOJbI B arperatsl (puc. 7.14).

[Totokn »3¢wupa, BO3OYKHaEMble TOBEPXHOCTSAMH [BYX TPOTOHOB,
COEIMHEHHBIX C MOJIEKYJIOM KHCJOopona, HampaBlieHbl BO BHEIIHee
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OTHOCHTEJIEHO MOJIEKYJIbI BOJbI IPOCTPAHCTBO MO HEKOTOPBIM YIIIOM IPYT K
Ipyry. B pesynbrate CO3HalOTCS YCIOBHUS UIsi 00pa30OBaHUs IBYKTYTHKA —
IBYX BHHTOBBIX BHUXpEH, O0OBHMBalOIIMX Ipyr npyra. Ha HekoTopom
pPAacCTOSHUM BUXpH, o00pasylolue IBYXKTYTHK, pacXomsaTcss W Jajee
BO3BpALIAIOTCS K TPOTOHaM. B MecTax mMoOBOpoTa BHXped o00pasyroTcs
«KapMaHbI» — O0NAaCTH TMOHIKEHHOTO NaBJieHHs 3(Hpa, YTO, BEPOSITHO, W
00yCJIOBNMBaeT CBOMCTBAa BOIBI KaK MOYTH YHHBEPCAILHOTO PacTBOPHTEIS
(puc. 7.14,a).
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Puc. 7.14.CoequHeHue MoJieKyJ BOAbI B arperatbl. a — 00pa3oBaHUE TIOTOKOB
a¢upa MPOTOHAMH MOJICKYJIBI BOJBI; 6 — <KBa3MHMOHHOE» COCTMHEHUE MOJICKYJI BOJIBI ;
6 — «IBYXTYTUKOBOE» COCIAMHEHHWE MOJEKYT BOABL. 1 — 30Ha IBYXTYyTHKOBOTO
COCIMHEHUS] BHEIIHMX TIOTOKOB 3(HUpa, CO3JaBa€MbIX I[TOBEPXHOCTSIMA aTOMOB
BOJIOPOJIA; 2 — «KapMaHbI» MOHWKEHHOTO JaBJieHUs; 3 — MPUIIUNAHUE TOBEPXHOCTEH
MPUCOEANHEHHBIX MOTOKOB 3()Upa B «KBA3UMOHHOM» COEAMHEHUU MOJIEKYJ BOIBI; 4 —
JIBYK'YTUKOBOE COCJIMHEHUE TIPHUCOEANHEHHBIX MOTOKOB 3()HUpa MOJIEKYJT BOIbI.

OO6pazoBaHne B MEXMOJIEKYJIIPHOM MPOCTPAHCTBE IBYKTYTHKA TIPUBOIUT
K TOMY, YTO BHELIHWE CTOPOHBI MOTOKOB 3(mpa MproOpeTaroT BBIMYKIYIO
¢opmy. K 5TUM BHEIIHMM TOTOKaM MOTYT TPHUCOEOWHUTHCS TaKue xKe
BHEITHWE TIOTOKW APYTMX MOJEKYJ, TIPUYeM TaKhe COeIMHEHHs] MOTYT OBITh
paznmuHbiMA. OOWH THT 1O CBOEMY XapakTepy TMOI00eH THITy HWOHHBIX
cBsA3ei, KOTOpble 00pa3yloTca 3a CUeT MPHUJIMIIAHUS MOBEPXHOCTEH MOTOKOB
IpYr K ApYry, B 3TOM cjly4yae HampaBlieHHE TMOTOKOB M, COOTBETCTBEHHO,
OpHMEeHTaLMsd MOJeKyl OyIyT aHTHMapayieJbHbIMH — «KBa3HMOHHOE»
coenuHenne (puc. 7.14, 6). Bropoii TUM 3TO THI CBS3H, MPHU KOTOPOM
O0KOBBIE TIOTOKHU 00Pa3yrOT OO MOTOK, TAKOW THM MO CBOEMY XapakKTepy
OyneT momoOeH KoBalleHTHOM cBsi3u (puc. 7.14,6) — «Ba3WKOBAJIEHTHOE
coenuHenne. TpeTwit TWI, TpH KOTOPOM OOKOBBIE TOTOKM TMapajuielbHO
OPMEHTHPOBAHHBIX B MPOCTPAHCTBE MOJIEKYJT 00pa3yloT Takke ABYKTYyTHKH,
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YTO JenaeT CBSA3M MEXIy MOJieKyJlaMu Haubosiee YCTOMYMBBIMH,
«IBYXTYTHKOBOe» coequneHue (puc. 7.14,6). Bce 3Th THMbl cBsized MOTyT
00pa3oBbIBaTbCS HE TOMbKO MO OGOKOBBIM, HO W TIO TOPLEBHIM Y4acTKam
MOTOKOB, TPUYeM B caMoOil pa3nniHoi KoMOMHarmu. OrpaHUYeHne B YWCIe
MOJIEKyJ, 00pa3yloLIMX arperar, CBA3aHO C TEM, UTO MO Mepe yBeJIUYeHUs
KOJIMuecTBa OObEINHSFOIINXCS B arperat Mojiekyn (opma 3()UpHBIX MOTOKOB
BHEITHUX MOJIEKYJI arperata CTaHOBUTCS Bce 0OoJiee BBIMYKJIOW, W IHEPTHUs
CBSI3M 3THX MOTOKOB C JAPYTMMH MOJIEKYJIaMH CTAHOBHUTCSl BCE MEHBINE, W
HOBBIE TIPHUCOEINHEHNS] MOJIEKYJ CTAHOBATCS Bce Oosiee HeycTolunBeIMU. [10
Mepe TOBBIIIEHHsS TEMIepaTypbl TaKhe CBS3M CTAaHOBATCS BCE MeHee
YCTOIYMBBIMY, MOKa, HAKOHEL, HE OCTAHYTCS JUIIb OAWHOYHBIE MOJIEKYJIHI.
Torpa obpazyetcs nap.

7.7.Tensora n arperaTHbi€ COCTOSSHUSA BEIIECTBA

IMpupoaa TEMIOTHI B ra3e, )KUIKOCTH M TBEPIOM Teje MOXKET ObITh JIETKO
YCTAQHOBJICHA, €CIIM y4eCTb, YTO TOMELICHHbIC B Ta30BYI0 CPEAy JKHIKHE M
TBEpAbIE TeJa MPHOOPETAIOT Ty JKe TEMIIEPATypy, UTO U ras.

Kak W3BeCTHO, TeMIepaTypoii raza sBISIeTCS KHHETHYeCKas SHEPTrus
OJIHOM MOJIEKYJBI Ta3a, BEIpAKEHHAs depe3 CPEIHIOI CKOPOCTH TEIIOBOTO
IBwxeHns [72,c. 32]:

T (7.45)

rae M — macca OJHOM MOJIEKYJIbl; V — CpelHAs CKOPOCTb €€ TEIUIOBOro
JBWKEHUS, T.€. CPENHSS CKOPOCTh MOCTYNATENBHOTO MEPEMELLIEHUS B MIPOCT-
panctBe; k = 1,38-1(323 JI)K.K_l - mocTtosiHHas bojblMaHa, BeIWYMHA,
¢dakTniyeckn oOpaTHas KO3(D(UIMEHTY TMPOMOPLHUOHATBLHOCTH  MEXIY
NPUHATONA TEMIIEPATypHON WIKAJIONH M KUHETUYECKON 3HEPrueil MOJIEKYJIbI
rasa.

B3anMoneiicTBie Ta30BBIX MOJEKYN MeXIy co0oi OyneT pasnimdHbIM B
3aBUCUMOCTU OT CTEIEHM MOHM3aUUM rasa. Eciu ra3 HeWTpaibHBIN, TO Yy
KaKIOM MOJIEKYJIBI UMEETCSA MEPBbIA MPUCOEIUHEHHBIN BUXPb — JJIEKTPOHHAs
obonouka. [TockosbKy BHXpb 3TOT 3aMKHYT, TO LEHTPOOEKHbIE CHIIbI
BBITOHAT amepbl Ha Mepudepuro BUXpS W MO BCEH €ro MOBEPXHOCTH
oOpa3yeTcs YIUIOTHEHHas CTEHKa, BHEIIHSS CTOpPOHAa CTEHOK M obOpasyeT
MIOBEPXHOCTh MoJieKybl. Ilpn coymapeHun MoJekysibl OyZyT coyaapsThCs
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UMEHHO 3TUMM CTEHKaMH, KOTOpble YMpPYro caehopMUpyroTcs, a 3aTeM
pacnpsmsTCcsi, OTOPOCHB MOJIEKYJIbI Ipyr OT ApYyra c TOH e CKOPOCTbIO, C
KOTOpOI OHM MPHILTN B CONPUKOCHOBEHHE.

Ecnmm ke CTOJKHYTCS WOHW3MPOBAaHHBIE MOJEKYJNbl, TO Yy HHX
TIPUCOeIMHEHHOTO BUXPs yke He OymeT. MoOHBI MOMKHBI OyAyT MpeonosneTh
B3aMMHOE 3JleKTpuueckoe oTtankusanue. ITpu Temnepatype + 20 C Takoe
OTTaNKMBaHIe TpomsoiineT Ha paccrosunn 3,6-10° M, nmpu Temmeparype
1000°C —na paccrosiamn B 8,5:10° M.

Monekyna rasa, yaapsisick 0 TBEpIOe TeJlo, Ha caMOM Jielie yaapsieTcst o
TTOBEPXHOCTH 3JIEKTPOHHOM 000JI0UKHM — O CTEHKY MEPBOTO MPUCOeTNHEHHOTO
Buxpst. CTEHKa MepBOro MPUCOEIMHEHHOTO BUXPs MIMEET CYLECTBEHHO Oosee
BbICOKYIO TUIOTHOCTb, HEKEJIM BCE OCTaJbHOE TENO BHXps, M SIBISETCS
(hakTUUECKHU LIENBbHBIM M YIIPYTHM TeJIOM, HEYTO Mojo0HOe 000JI0UKe YIpyro
HagyTOro BO3AYyIIHOro Iapa. HaHeceHHbIH MO TMOBEPXHOCTH YyAap
nedopmupyeT Bcto 000JIOUKY M MepefaeT BO3MYLIEHHE sIpy, a Takke Ha
NPOTUBOTIONIOXKHBINM Kpalt 000JO4YKM M [anee uvepe3 000Jo4kd Ban-mep-
Baanbeca npyrum MoJekymnam.

[TockonbKy yNpyrocTb MeKMOJNEKYISIPHBIX CBS3€H 3HAUNTEIHHO MEHBIIE,
YeM YIPYTOCTb AJIEKTPOHHOI 000J0YKH, TO B MEPBOM MPHOIMKEHIH MOKHO
CUNTaTh, YTO OCHOBHOW YIIPYroCTBbIO KOJIEOATEeTbHOW CHCTEMBI SIBISETCS
YIPYroCTh MEKMOJIEKYJIAPHBIX CBA3EH, a OCHOBHON KoJieOutolelicss Maccoit —
BCSl Macca MOJIEKYJIbI.

Kak cnenyer u3 cOBpeMEHHON TEOPHMHU TEIUIOTHI, TeMIepaTypa TBEPAOTro
Tena omnpefessercs KoJeOaHWAMM MOJIEKYJIbl 3TOT0 Tejla OTHOCHTEIbHO
Jpyrux Mmojekys. [Ipy 3ToM ynpyrumu cBS3SMH, Y4acTBYIOIIMMH B 3THX
KOJIeOaHMAX, CUMTAIOTCS CBA3M MEXIY MoJsleKyJdaMu. D¢HpoarHaMUYecKre
MPE/ICTAaBIEHUs] CYIIHOCTH TEIUIOTBI B CBOEHl OCHOBE HE pacxomsaTcs ¢
OOIIENPUHATEIMH, HO HECKOJIBKO YTOUHSIIOT CaM 3TOT MPOLIECC.

JlnameTp mepBOro MpHCOETMHEHHOTO BUXps Oojiee yeM Ha 4 mopsanka
Oonblie qUaMeTpa siapa, clieoBaTesIbHO, 00beM ero He MeHee YyeM Ha 12—13
TMOpsAAKOB OoJibIle, WeM o0BeM sapa aToma. Macca ke ero B 3700 pa3
MeHbre. CieqoBaTeNbHO, MIIOTHOCTH 000JIOUKH B CpeTHEM HE MeHee YeM Ha
16 mopsimkOoB MeHbIIE, YeM IUIOTHOCTb aToMHOro sapa. K stomy Hamo
no0aBUTh, YTO OCHOBHas Macca U CaMOil 3JEeKTPOHHOW 000J0YKU
cOCpefloTOYeHa BOJNM3M s1Ipa, a HE Ha ee MOBEpXHOCTH. [103TOMy IMIOTHOCTD
TIOBEPXHOCTHBIX CJI0€B He MeHee ueM Ha 20 MopsiikoB MEHbIIE IIOTHOCTH
aTOMHOrO sAnpa. YJap Tra3oBOi MOJIEKyJbl pacrlpelesieH Ha IUIoIann ee
TOTNePeYHOro ceueHus, npu auametpe mopsaaka 107°° M sTa miomams
cocrapnser okono 107°° M® , B TO BpeMs KaK IUIOMIaIb aTOMHOTO sapa
cocrapmser nopsaaka 10°° m? i Bemmanny B 10 pas menbmryro. Hecmotps
Ha TO YTO TUIOTHOCTH CTOJIb MaJjla, OHa OKa3bIBAETCA NOCTATOYHOM, UTOOBI
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obecrneynTh HEoOXOAMMYIO YIpPYroctb cTeHok. [Ipu 3ToM B camoit
JJIEKTPOHHOI 000JI0YKE TOXE MOJDKHBI BO3HUKHYTb KOJIeOaHWs, 3HEprus
KOTOpbIX, B TMPHUHLMIE, COCTABIAET Malylo OO 3HEPrHU KojeOaHWil Bceil
MOJICKYJTbI Ha MEXXMOJIEKYJIAPHBIX CcBA3sX (puc. 7.15).

Hcxons W3 M3M0XKEHHOTO, MOXKHO OMPEIENUTh M MEXaHHW3M Iepexoaa
BELIECTB U3 OJJHOTO arperaTHOro COCTOSHUS B IPYToe.

Snpo

\

\ DICKTPOHHASA
0007104Ka

Puc. 7.15.K mexann3my pacnpocTpaHeHHUsl TeMJOThI.

VBenuueHne aMIUIATYAbl KojeOaHuil MoJIeKya MPUBOAUT K YBEITMYEHHIO
paccTosiHUIT MeXIy HUMU W CIBUTY MX B oOojiouke BaHn-nep-Baanbca B
00J1acTh MEHBIINX TPAJANEHTOB TOTOKOB 3(Hpa M MEHbIIEH ero MIoTHOCTH.
Cuitbl MEXMOJEKYJISIPHOTO B3aUMOJIEHCTBHSA OCcIabeBaroOT U YK€ CTaHOBATCA
HEJOCTaTOYHBIMU  JUIS  XKECTKOTO YAEPKAHUS MOJIEKYJl B MPEKHEM
MOJIOXKEHUH. MoJIeKyJIbl MOTYT TeNepb OTHOCHTENBHO CBOOOJHO CKOJIB3UTh
OTHOCHTEINIFHO NIPYyT OpyTa, OAHAKO BBIPBATHCS M3 O0IIEH crcTeMbl 3(UPHBIX
TTOTOKOB MOJIEKYJIBI €Ill€é HE MOTYT, UX DHEPrum eue HegoctarouHo. Ho nmpu
JaTbHEMIIeM yBEJMUEHUN TeMIMepaTypbl aMIUIUTyAa KOJIEOaHWH MOJIEKYJ
YBEJIMYMBACTCS, U OHU Bce 00Jiee MHTEHCUBHO OTTAJIKMBAIOTCS APYT OT ApYra,
npeojioyieBas CHIy OCTaTOYHOro B3auMoIelcTBHA. Te M3 HHX, Y KOTOPBIX
aMIUINTYAa TOBEPXHOCTHBIX BOJH JIOCTATOYHO BEJINKA, OKa3blBAKOTCA
CMOCOOHBIMM ~ BBIPBATbCSI M3  BTOPUYHBIX  MPUCOEIMHEHHBIX  BHUXpeEid
oCTaJIbHBIX MoJieKyJ. OOpa3yeTcs nap Win ras.

HetpynaHo BuaeTh, 4TO W Ui MepecTpoiikM 3(UPHBIX TOTOKOB B
o06oJ104Kax Ban-gep-Baanbca mpm mepexoie BeIECTBA W3 TBEPAOTO
COCTOSIHUS B XKMJKOE, M AJIS IEPECTPONKHN MX K€ MpU Tepexone BelecTBa B
MapooOpa3HOe WM Ta3000pa3sHOE COCTOSHME HyKHA JOMOJIHATEIbHAS
JHeprus, KoTopas MoJydywia HaUMEHOBAaHWE TEIUIOTHI IUIABJIEHUS B MEPBOM
Cllyuae U TeIUIOThI apoo0pa3oBaHuUsi BO BTOPOM.

HHTepecHO MNpOCIeANTh MEXaHW3M O00pa3oBaHMA TEMJIOThl NpPU Tak
Ha3bIBaEMbIX 9HI0TEPMUUYECKUX peakuusix, T.C. XUMHUUYECKOM
B3aUMOJAEHCTBUY [BYX BELIECTB, MPOUCXOIAIIEM C BbIEIEHHEM TEIUIOTHI.
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[MpuHIMNMANEHO, CUJIbI B3aMMOJEHCTBHSA ABYX TeJ, B TOM YHCIE U CHIIbI
NPUTSDKEHUsT IBYX MOJIEKYJ C TPWIMNAaHUeM WX IOpyr K Apyry (MOHHOe
COeIMHEHWE) WM ¢ O00pa3oBaHMEM €JWHON DJIEKTPOHHOM 000JI0YKH
(koBaJleHTHOE COEIMHEHUE), ABISIOTCS BHYTPEHHUMHU CUJIAMU CUCTEMBI STHX
IBYX MOJIEKYJl W He JOJDKHBI Obl OBUTM OKa3bIBaTh BIIMSTHWE HA OCTAIbHBIE
Tela, paclojiokeHHble BOKpyr. OQHako Ha caMoM Jielie B pe3yJbTare
COEMHEHUs.  JBE MOJEKYNbl, COyAapAach, BO30YXKIOAOT APYr y JApyra
TTOBEPXHOCTHBIE BOJHBI HA 3JIEKTPOHHBIX 000JI0YKAX, YTO W BOCTIPUHUMAETCS
Kak yBelMdeHne Temrneparypbl. To ecTb 3HEprus B3auMOAEHCTBUS MOJIEKYJ
TpaHCOPMHUpPYETCS B DHEPrUIO TOBEPXHOCTHBIX BOJH 3JIEKTPOHHBIX
000JI04€eK 3TUX MOJIEKYJ CO BCEMHU BHITEKAIOIIMMHU OTCIOAA TOCIEACTBUAMU.
Ho, kpome Toro, B KOBaJEHTHBIX peakLMAX IJIMHA MOTOKOB 3(upa B oOIeit
IJIsL IBYX aTOMOB HOBOM MOJIEKyJie OKa3bIBAaeTCSl MEHbILE, YeM CyMMa IJIHH
MOTOKOB 3(hupa B 3JEKTPOHHBIX 000J0YKaX aTOMOB JI0 UX COEOMHEHHUs. DTOT
JVITHAN YTUIOTHEHHBI M 3aBMHTOBAHHBIA (WP BBIPBIBAETCS W3 MOJEKYIIHI,
BBI3bIBAs JOTIONIHUTENEHO  KOJe0aHust B 3JIEKTPOHHBIX  00OJIOUYKaX
OKpY’KalOMIMX aTOMOB M MOJieKyJ . CrieliuaibHO MOCTAaBIEHHBI 3KCIIEpUMEHT
MoATBepara (akT BblAENEHHS 3(upa NPH KOBAIEHTHBIX pPEakUMAX B BHUIE
CO3JaHWsl TaK Ha3bIBAEMOW «IEMTOHHOW TEHBI» cJabo YIUIOTHEHHBIX
BUXPEBBIX  TOPOMIOOB  (WICMTOHOB»), HaJW4We KOTOPOM  BBI3bIBACT
nepeMelleHne MEeTaJUIMYecKoro mnapyca KpYTHJIbHBIX BECOB M TOTEPIO
qyBCTBUTEIBHOCTH K CBETY (JOTOOYMArH.

Kak moxasbiBaeT SKCIEpUMEHT, JIENITOHBI B 3TOM <«TieHe» He 00namaroT
BBICOKOW ycToHuMBOCThIO. Te M3 HHMX, KOTOpbIE OKa3aluch HaBepxy,
HauuHaOT TU(GYHIUPOBATh YKe B MEpBble CEKyHIbI Mmocie oopa3oanus. Ho
Te, KOTOpbIE OKa3bIBAIOTCA BHYTPU <IIE€HBI», CYIIECTBYIOT 3HAUYUTENbHO
JOJTbIIIE, 3/1€Ch CUET MIET yKe Ha AECSITKH MUHYT M JaXke Ha 9achl. DTO JIETKO
OOBSICHAETCS TeM, YTO JIETITOHBI, HAXOSIIINeCs BHYTPH <II€HBI», TI0 CBOEH
TIOBEPXHOCTH UMEIOT IpaJlMeHTHbIE TeUeHUs 3QHpa, CBA3aHHBIE C TEUECHUAMHU
3¢upa Mo MOBEPXHOCTAM COCEIHNX JIENITOHOB.

7.8. Puznueckas CYIIHOCTD 3JIEKTPO- U TCILIOIIPOBOIHO-
CTH METAJLJIOB

dusnyeckass CyIIHOCTb JJIEKTPO- M TEMUIONPOBOAHOCTH  XOPOLIO
0OBsICHAETCS DJIEKTPOHHOI Teopuelt, pa3paboTaHHONW HeMeUKUM (HU3UKOM
I1.dpyne [73, 74]u nunepnannckum ¢puzrkom I'.A.Jlopenuem [75—76].

B wMerannmax aTOMBl COEOWHEHBI JApYr € JAPYroM 3JIeKTPOHHBIMH
obonovkamu, o0pasys B Tpelieax 0OJHOTO JOMEHa CIUIOLIHYIO CHCTEMY THIa
OO0JIbLION MOJIEKYJIbI, TAKHE CBSA3M HA3bIBAIOTCS METALIMYECKUMHU M MO THUITY
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Hanbosiee OJIM3KHM K KOBAJIEHTHOMY THITy CBsi3eit [77]. DTo MpUBOIUT K TOMY,
YTO TP COCOMHEHWM AaTOMOB [JIMHAa 3()UPHOTO TOTOKA Yy MOJIEKYJIH,
COCTOSIILeH BCEro M3 IByX aTOMOB, OKa3blBaeTcs MEHbLIe, YeM CyMMa AJHMH
myTeil >(QUPHBIX TOTOKOB y aTroOMOB 10 coeawHeHus. [lostomy mpm
COeIMHEHNH aTOMOB B MOJIEKYJly YacThb YIUIOTHEHHOTO 3aBHHTOBAHHOTO
s¢upa BeIOpachiBaeTcs W3 oOpa3oBaBIleiics MoJeKynsl. B oTmimume ot
OOBIYHOW KOBAJIEHTHOI CBSI3M, NMpH 00pa3oBaHWM KOTOPOH BHIOpOIIEHHAS
4acTb (PUPHOro MOTOKA 3aMbIKaeTCs cama Ha cedd, B MeTajulaX 3TOT MOTOK
CTUMYJIMPYET OpraHU3aLUIO JIEKTPOHA 32 CYET IOTOKOB 3(hUpa, OKa3aBLINXCS
Mexay atromamu (puc. 7.16).

. © ©

Puc. 7.16. Meraannyeckasi cBsi3b B aToMaXx M oOpa3oBaHHe CBOOOJHBIX
3JIEKTPOHOB B MeTaJljle

OO6pa3oBaHHBIM  CBOOOIHBINM  DJEKTPOH  HauWHAaeT  XaOTHUYECKH
MepeMeInaThesl B MEXMOJICKYJISIPHOM TIPOCTPAHCTBE B TpeneiaX OOO0JIOYKH
Ban-nep-Baansca, coymapssch ¢ 3MEKTPOHHBIMH OOOJOYKaMM MOJEKYN U
00MEHMBAsACh C HUMU 3Heprue. [Ipu 3TOM YacTh 3JIEKTPOHOB BBIXOIUT Ha
MOBEPXHOCTh MeTajllla M, YyCTaHaBIMBAasACh B LIAXMAaTHOM TOpPSAKE
aHTHMApaJIIENbHO OTHOCHUTENBHO OPYr Apyra, o0pa3yeT Tak Ha3bIBaeMYIO
«noBepxHocTh Depmu» (puc. 7.17).
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Puc. 7.17.CtpykTrypa «noBepxHocTn ®epmu»

CorylacHO ~ 3/IEKTPOHHOH  TEOpUM, CBOOOIHBIE  3JEKTPOHBI B
MeTaIMYeCKUX TPOBOJHMKAX 00pa3yloT 3JeKTPOHHBIH ra3. JlBurasich
XA0TMYHO B MEKAaTOMHOM IIPOCTPAHCTBE Tejla MNPOBOJHMKA, BJIEKTPOHBI
COYIapsifOTCsl C TOBEPXHOCTSIMH aTOMOB M MOJIEKYJl, OOMEHHMBAsCh C HUMHU
AMITyTbCAaMU W TeM caMblM TIOAJEp)KMBas OOLIyl0 Ui BCEro Tena
Temreparypy. KMMeHHO Hanuuue ¥ NOJABWKHOCTb 3JIEKTPOHHOIO rasa
o0ecreynBaeT BBHICOKYIO TEIUIONPOBOAHOCTh METAJUIMYECKUX MPOBOIHHMKOB.
OpHako MpH 3TOM BO3HUKAIOT BOMPOCHI, YTO MPEACTABIAET co00i TemaoTa
TBEPAOrO TeJa, B UEM 3AKJIIOUAETCS MEXaHU3M TEMIIEpPATypbl TBEPAOro Teia,
4TO SIBJISIETCSl B TBEPAOM TeJl€ HOCUTENEM TEMJIOThl M 4eM  (u3nuecku
TEIUIOTa TBEPAOTO TeNa OTIUYAETCS OT TEIIOTHI ra3a.

B cooTBeTcTBMM € D3JEKTPOHHOW Teopueil CBOOOIHBIE 3IEKTPOHHI,
JBUTasCh XaOTHUECKN MEXIy MOJIEKyJIaMH TeJla, HeMpPepbIBHO 0OMEHNBAIOTCS
C HUMH HMMITYJIbCAMH, Y€M CIOCOOCTBYIOT BBIPaBHMBAHWIO TeMIEpaTyphl B
MeETaJUIe C BBICOKOW CKOPOCTBIO, UTO U OTIMYAET METALIbl OT HEMETAILIIOB —
BBICOKOE 3HaUeHNe KO3 PHUINEHTA TETIONPOBOTHOCTH.

TennoBasg CKOPOCTh MEPEMELIEHUA DJIEKTPOHOB B METAJUIE ONMPENETUTCA
BBIPAKEHUEM

BT
v2 = 000, (7.46)
m

rae me = 0,9108-1030 KT — Macca 3JIeKTpoHa, OTKyJIa HaXOIuM, 9TO TPH
temniepatype 20°C (293,3K) cpenHsisi CKOpOCTb TEIIOBOTO JBYIKECHUS
anekTpoHa coctaBut 115,45km/c.

HiMes B BHIy, YTO KOJMYECTBO JJIEKTPOHOB B MeTajlule IOJDKHO ObITh
PaBHO KOJMYECTBY aTOMOB, TO MX YHCIIO B €IMHULIE 00beMa, KaKk 1 aTOMOB,
cocraBmsier nopsaka N =10°-107° M3 Eciu 6bl 57eKTpOHHBIN ras
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cymiecTBoBal caM To cebe, TO CpeAHsAs MAJMUMHA CBOOOAHOrO mpobera
3JIeKTpoHa Oblia Obl paBHA

1
L= 0oOQ0, (7.47)

J2ne,

rae o, — MJOUIagb TMOMNEPEeYHOT0 CEYEeHUS JJIEKTPOHA, BEIMYMHA KOTOpPOit
cocrasnger okonmo 1070 m2, CrnenoBaresbHO, IJIMHA CBOOOIHOrO mpodera
JOJbKHA ObLia Obl IMETh BEJIMUYUHY MOpSAKa eIMHUL METPOB, B TO BpeMsl Kak
paccTosHIe MEXKIY HEHTPaM: MOJIEKYJ COCTaBIsIeT BeanunHy mopsaka 107°
M. DTO O3HAYaeT, YTO AJIEKTPOHBI B MeTaJJic HUKAK HE B3aMMOMCHUCTBYIOT
MEXIy Co00M, a KaXIplii HEMPEepBIBHO COYHApSACTCS C TIOBEPXHOCTIMU
MOJIEKYJI, OKOJIO KOTOPBIX OH HaXOIUTCS, W TEPEeMEIaeTcs MEXIY
MOJIEKYJTaMH.

B cOOTBETCTBMHU C TOW k€ JIEKTPOHHON TeOpHeE yKe B COBPEMEHHOM €€
M3JI0KECHUN KOA((GUIMEHT TETUTOTIPOBOTHOCTA METAJUIOB ¥ CILIABOB MOXHO
OLIEHUTb, UCTIONB3YS 3aKkoH Bunemana—®panua [78]

k. = LooT, (7.48)

rae L, = 2,445-108 B1.OM/K? — unciio JlopeHua; o —3eKTPONPOBOIHOCTb,
OM- M % T — aBCoIIOTHAs TeMIeparypa.

3TO COOTHOIIEHNE, YTBEPKIAMOIIEe MPOTOPIMOHANBHOCTD TETUIOTPOBO/I-
HOCTH M TIPOBOJMMOCTH METAIJIOB M WX CIUIABOB, MOATBEPXKIEHO MIMPOKON
TIPaKTHKOM W BOLIJIO B CMIPaBOYHHWKM KaK OCHOBA, XOTS M He BCeraa TOWHAs.
[TockonbKy CyIIecTBYIOT elle W Apyrue (akTopbl, BIHUAIOMINE HA YKa3aHHOE
cooTHomIeHne. TeM He MeHee, MOKHO YTBEPKAATh, UTO 3JIEKTPOHHAS TEOPHS
METa/JIOB  NOATBEpKAeHa. B cooTBeTcTBMM ¢ 3TOH  Teopueit
3JIEKTPOIPOBOAHOCTb PaBHA

nex
s= 000, (7.49)
m
WIn OJi Y ACJIbHOTO CONMPOTUBJICHUS
m,
p= 000, (7.50)

neé
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rie N — KOHLEHTPALMS 3JEKTPOHOB B eMHKLE 00beMa; € — 3apsa dIeKTPOHa;
T — BpeMs cBobomHoro mpobera, M, — Macca 3JekTpoHa. C pocToMm
TeMIepaTypbl 4acToTa COyAApeHWi 3JIEKTPOHA C TOBEPXHOCTSIMH MOJEKYJ
YBEJTMUMBAETCSA W BpeMs CBOOOIHOTO MpoOera COOTBETCTBEHHO YMEHBIIAETCH.
Otciona u CHWKEHNE MPOBOANMOCTH, ¥ COOTBETCTBYIOLIMN POCT yIETHHOTO
COTIPOTHBIICHHSI METAJLIOB.

Takum 00pa3oM, COBMECTHbIE MPEACTABICHUS 3JEKTPOHHOW TEOpUH |
3(¢UPOIMHAMUKY TIO3BOJISIOT YSCHUTH MEXaHW3M 3JEKTPONPOBOTHOCTH
METa/UIOB U €ro CBA3b ¢ TEIUIONPOBOJAHOCTHIO. Ha 3TOT ocHOBHOI mpolecc,
KaK M Be3le, HAKJIAAbIBAlOTCS IOTOJHUTENbHbIE MPOLECcChl, MPUBOAALINE K
OTKJIOHEHUAM OT OCHOBHOTO 3aKOHa, KOTOpbI€ MOJDKHBI paccMaTpHBaTHCA
OTZENBHO.

7.9.Aypa

[lepBbIit MpHUCOEAWHEHHBIN K aTOMHOMY SAPY BHUXPb — 3JEKTPOHHAs
obonouka — Onaromaps BS3KOCTH 3¢HWpa CBOMMH TOBEPXHOCTHBIMHU
BUHTOBBIMM TOTOKaMH CTUMYJIMpYeT TIOSIBIEHWE TIOTOKOB 3¢upa B
OKpY’KaloIIeM TPOCTPAHCTBE, TEM CaMbIM CO3/1aBast BTOPOil MpHucoe TMHEHHBIH
BUXph — oOosouky Ban-nep-Baansca. Ho TouHO Tak ke u BTOpoi
TIPUCOeIMHEHHBI BUXPh CTUMYJIMPYET TOSBJICHHE BHEIIHMX OTHOCHTEIHHO
HEero BHMHTOBBIX MOTOKOB, KOTOpPbI€ TaKkKe€ 3aMbIKAlOTCS BOBHE W CO3JAIOT
TpeTuil mpucoeANHEHHbIN BUXPb, TPETUH CO3aeT YeTBEpPTHIA U T.A. obliee
YHCIO0 MPUCOEOUHEHHBIX BUXpell MokeT ObITh OeckoHeuHO OombiiuM. Bce
9TH BUXPU, HAUWHAs C TPETHETO, SIBJISTIOTCSL aypoid, MOJIeM BUHTOBBIX TOTOKOB
a¢upa, TUIOTHOCTb KOTOPOrO B HHX MPAaKTUUECKH Majlo OTJIMYAeTcs OT
MIOTHOCTH 3¢hupa B cBOOOAHOM TpocTpaHcTBe (cM. puc. 7.13).

JnameTp Ka)XI0To MOCIeAYIOMEero MPUCOEANHEHHOTO BUXPS OTAEIHHOTO
aToma OoJTbIIe MpeAbIIyIIero Ha 4—5STopsIKOB, TaK UTO €CIM AUAMEeTp SApa
umeer mopagok 107°° M, a auameTp MepBOrO TPHCOEIMHEHHOTO BHXPS —
NEKTPOHHON oGomoukn — coctapnser 107° M, To auameTp BTOPOro
NPUCOEIMHEHHOTO BUXPSA COCTABHT YiKe BeTMunHy nopsiaka 107 M, a Kax o
nocienyrouiei eme Ha 4—5nopsaakoB 6osbie. CKOPOCTH ke MMOTOKOB ddupa
Ha WX TMOBEPXHOCTAX OYyIyT cokpawmatbcs yke He Ha 4-5 mopsagkos, a B
KBajpaTe, T.e. Ha 8-10TMOpPSAIKOB: €ciK Ha MOBEPXHOCTH MPOTOHA CKOPOCTh
noToka >upa coctapnseT nopsaka 10°° m/c, Ha NOBEPXHOCTH EKTPOHHOI
oGomnoukn yxe 10710 m/c, To Ha TOBEPXHOCTH BTOPOrO NPHCOEINHEHHOTO
Buxps nopsaka 10° - 10 m/c, a nanee COOTBETCTBEHHO elile MEHBIIIE.

[NonokeHne cymecTBEHHO MEHAETCS, €CIM PacCMaTpUBaTh HE OJMHOYHBIH
aToM, a peajibHOe (pu3nUeckoe Teslo. [ KakA0ro MPUCOEUHEHHOTO BUXPS
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TeJeCHbIi Yrojl COOTBETCTBEHHO COKpallaeTcs, M CKOPOCTH 3(PUPHBIX
MOTOKOB BO3pacTatoT. [103TOMy Ha TOBEPXHOCTH JIOOOro Telda CKOPOCTb
3UPHBIX MOTOKOB OCTAaeTCsA TOM K€, YTO M Y DJIEKTPOHHBIX OOOJIOYEK, a
Jajee CKOPOCTH TIOTOKOB yOBIBAIOT OOpaTHO MPOTIOPLUHOHAIBHO KBaJpaTy
paccTosiHuS.

Tak, Ha paccrosanu B 100y mapa paamycom 1M M cKOpocTb 3(UpPHBIX
TOTOKOB B aype COCTaBUT BCEro Ha 4 mopsaka MeHbIe, YeM CKOpOCTh Ha
TMOBEPXHOCTU JJIEKTPOHHON 000JI0UKH, T. €. OpsAKa 10 - 16 M/c, Ha
paccrosrnn B 10 kM - 10— 10" m/c, Ha paccrosum 1000 kM  mopsiika
eIMHULL ¥ IECATKOB METPOB B CEKYHLY.

Takum o6pa3om, X0oTs U ocnabeBas C pacCTOSHUEM, CTaTHYecKas aypa OT
M000ro MpeaMeTa MPOCTHPASTCSl Ha THICSAYM KUIOMETPOB, a ee CTPYKTypa
OTpa)kaeT CTPYKTypy Tena, ee mopoausuiero. M, cnenoBarenbHo, B Kaxaoi
TOYKE IPOCTPAHCTBA MMeEeTCS aypa OT JIIOOBIX TeJ, HaXOIALIMXCH BO
BceneHHo#, HO pa3IMYHON WHTEHCHBHOCTH, W BCE OHM TIepeMeIlaHbl OpyT C
IPYTOM, TaK 9TO BBIAEIHUTH JIFOOYIO BECbMa 3aTPYAHUTENBHO.

Ha cratnueckyro aypy (aypy 1o pona) )KMBBIMU TeJlaMU HaKJIaJbIBACTCS
IvHamudeckas aypa (aypa 2-ro popna), SBISIOMIAsAcS OTPaKeHHEM
MPOTEKAIOIINX B JKWBBIX OpraHW3Max XHUMHYECKHX peakunii, KOTOpble
COTIPOBOXKAAIOTCS BBIZEIEHHEM W TIOTJIOIeHneM 3¢gupa. OTa aypa B CBOe
BpeMsl OKCIEpUMEHTaNbHO Obula oOHapykeHa cympyramu Kupnuax
(cBeueHue Kupnuan). Hanuuue 3TOM aypsl MOATBEPKICHO
9KCTIEPMEHTAJIBHO OMBITAMHU C OTKJIOHEHHEM OT PaBHOBECHOTO TOJOXEHMS
METAIMYECKON  TUIACTHHBI, TOJBELICHHONW Ha YINPYrod HWUTH, TIPU
NPOBEICHNH KOBAJEHTHBIX XMMHYECKHX peakumii (AutokoBckuii, [TaBneHko),
a TaKKe SKCIepUMEHTaMH C TMOTepedl 4yBCTBUTENbHOCTH (oToOymaroit m
yBEJTMUEHNEM €MKOCTH KOHJAEHCAaTopa BOJIM3W TIPOBENEHHS TaKWX PeaKIHi
(JTobapes).

B03MOKHO TakXe CylIecCTBOBaHWE OTOPBAHHOM OT BELIECTBA ayphl Kak
CaMOCTOATENIEHON BUXpeBOM HS(HUpHON CTPYKTYphl (aypa 3-ro poja),
YCTOWYHMBOCTH TaKoil aypsl OyHeT MeHbIIE, YeM YCTOWNYMBOCTH BEIECTBA B
CWIy €€ HEeBBICOKOM TIJIOTHOCTH, OJHAKO €€ CYyLIeCTBOBaHHE MOXKET
NPOMTHUTBCSA M HE OAMH rofA. DTa aypa MOXKET ObITh MOTJIOIIEHA JIOOBIMH
npeaMeTamMu, KpoMe MEeTaJlJIoB, NPOHMKHOBEHHE B KOTOpbIe ISl 3(UPHBIX
MOTOKOB 3aTPYAHEHO BCJIENACTBME HAIM4YMA B HHUX TMOBEpXHOCTH Depmu.
Aypoii 4-ro poma MOXeT cyuTaTbcd aypa 3-T0 pola, MNPHUHYIUTEIbHO
nepeAaHHas OT OIHOTO )KUBOTO CYIIECTBa APYroMY JIMOO ¢ LENbI0 U3JIeYeHHUS,
mbo ¢ menblo HaHeceHWst Bpena. Ha 3Toit ke ocHOBe oOecrieumBaeTcs W
OECKOHTaKTHAs CBSA3b MEX/IY KUBBIMU CYLIECTBAMH (TeenaTHs).
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7.10.MexaHu3M KaTajmsa

Kak n3BecTHO, KaTajau3 ecTb U3MEHEHUE CKOPOCTH XMMHMYECKHUX peaKLHii
B MPUCYTCTBUM BELIECTB (KaTaM3aTOPOB), BCTYMAIOMIMX B TMPOMEXYTOUYHOE
XMMHUUYECKOE  B3aUMOJEiiCTBME C  pearvpyrollMMH  BELIeCTBaMHU, HO
BOCCTaHaBJINBAIOLINX noce Ka)XJ0To LUK MPOMEXYTOYHBIX
B3aMMOJEHCTBUNA CBOM XUMHMYECKUH cocTaB. Pa3inuuyaroT rOMOreHHbI u
reTeporeHHbll Katanu3. B mepBoM rpaHMIbl MeEXAy KaTalu3aTopoM |
pearupyomIMy BEeIECTBAMH OTCYTCTBYIOT, BO BTOPOM MMEETCsl TpaHHLa
paznena MexIy HMMHU. BbpiOop cocraBa karanusaropa Ui OMNpenereHHOM
peakLy SBIAETCS OYEeHb CJI0XKHON POOIeMOoid, permaeMoii riIaBHBIM 00pa3omM
smnupuueckuMm ImyteM. CyliecTByeT HECKOJbKO TEOpHi KaTanusa —
MYJIbTUIIETHAS. TEOPHS, AJIEKTPOHHAs TE€OpUsl, TEOPHUsl aKTHUBHBIX LIEHTPOB M
T.., HO OHM HOCAT TNONY3MIUPHYECKHI XapakTep W paccMaTpHUBaKOT, B
OCHOBHOM, YacTHbIe ciydan [79].

Hu B koeM ciyyae He cTaBsl MIOJ COMHEHHE TMOJIE3HOCTh ITHX TEOPHIA,
clielyeT oOpaTuTh BHUMAaHUE Ha HEKOTOpPbIE JOMIOJIHUTEIbHbIE BOSMOKHOCTH,
npenocTasisieMble 3(pUPOoIMHAMUKON IS peIieHNs TPoOIeMbl KaTalu3a.

Kak 0b1710 MOKa3aHo BbIIE, 3JEKTPOHHAS 000JI0YKa MpeACTaBlseT coboit
NPUCOEIHEHHBI K aTOMHOMY sIpy TOPOMIANbHBIM BUXpb 3¢pupa, Kk
MOBEPXHOCTH KOTOPOTO TPHCOEIWHEH BTOPOH TOPOMIAIBHBI BHUXph —
obonouka Ban-nep-Baanbca.

Ha Monexynbl pearnpyronyx BeIlecTB, MOMAaBIINX B 00JacTh 000JOYKA
Ban-nep-Baansca karanusatopa, NEWCTBYFOT MOMEHTBI CWJI, CO3JAaBAE€MbIX
Pa3NTMYHBIMA JaBJIeHUAMH 3(Upa B pa3IMuHBIX TOUYKAX WX MOBEPXHOCTH, YTO
CB3aHO C PA3JIMUMEM TpPAJUEHTOB CKOPOCTEH, pa3NnunMeM IUIOTHOCTH U
TeMriepaTypsl 3¢upa B pa3HBIX o0jacTsaXx oOomoukn Ban-mep-Baanbca. B
pe3yJsibTaTe pa3BOpPOTa MOJIEKYJBl PEAarupyrolux BELIeCTB MPUHUMAIOT
ONpeZIeJIeHHOE  TIOJIOKEHWE  OTHOCHTENbHO JApyr npyra. Ecim  Ha
MOBEPXHOCTSX 3THX MOJIEKYJ, OOpalleHHBIX APYT K ApYyry, MOTOKW 3dupa
HamnpaBJIeHbl aHTUMapaJielbHO, TO JaBieHue 3dupa B ITUX 00IACTAX
CHIKaeTcs M MOJIEKYJIbl MOJTATMBAIOTCA APYr K Ipyry, BCTymas 3aTeM B
XUMUYECKYIO peakiuio Jnb0o HWOHHYIO, OO KOBaJeHTHyro. Ecnmu motokm
3¢upa Ha WX TIOBEPXHOCTSX HalpaBJIeHbl MapaiienbHo, TO NaBleHne 3¢pupa
MEXIy MOJEKyJIaMU OKa3blBaeTCsl BBIIIE, Ye€M B MNPOTHBOMOJIOKHBIX
o0nacTsX, MONEKyJbl OyayT OTTalKMBaThCS JAPYr OT JApyra M CKOpPOCTb
peakumy Aaxe 3aMeIJIUTCA, YTO M MMeeT MeCTO B psAne ciydaeB. Takum
00pa3oM, CYHIHOCTb KaTajih3a COCTOMT B TOM, YTO MOJIEKyJla KaTain3aropa
CBOMMM MPUCOEIMHEHHBIMU BUXPSAMH OPUEHTHPYET MOJIEKYJIbl Pearupyrommx
BEIECTB B MPOCTPAHCTBE TaKMM 00pa3oM, 4TOObI cO3[aTh I UX peakLHu
HaunboJiee OaronpusTHBIE YCIOBHS.
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Bce mOTOKM MPHUCOEOUHEHHBIX BUXPEH, Kak IMEPBOrO — JJIEKTPOHHOM
o0onoyku, Tak U BToporo — obOonouku Ban-nep-Baansca, xecTko
OMpENENSAOTCS  CTPYKTYpoit sgpa. IlosTomy mosBisieTcss 3amaH4YuBast
BO3MO)KHOCTb HE TOJIbKO YCTAHOBHUTH CTPYKTypY JFOOOTO aroma W Jo0oit
MOJIEKYJIBI C Y9eTOM MX (POPMBI M TIOTOKOB 3(Hpa Ha JIFOOOM PacCTOSHUM OT
A1pa, HO U OIPEIENIUTh IOJOKEHUE aTOMOB U MOJIEKYJI, MONABIIUX B II0JIE
ckopocteii 3QupHBIX TOTOKOB. TeM caMbIM OMNpenenuTcs W B3aUMHOE
MOJIOKEHHE aTOMOB U MOJIEKYJI Pa3JINYHbIX BEIIECTB, MOMABIIUX B 3TO MOJE.
CoBpeMeHHasl BBIUMCINTENbHAS TEXHUKA B MPUHLUIE MO3BOJSET MOAOOHYIO
paboTy BBIMOJHUTL M TEM CaMbIM CO3[aTh MOYBY MJIsl HAMpaBJIEHHOTO
noadopa KaTaau3aTopoB VI Pa3INUHbIX PEAKLIHA.

PaccmoTpeHne  CTpyKTyp MOJEKYD MO3BOJSET TaKKe  BbICKA3aTh
HEKOTOpbIe COOOpaKeHNsT O MEXaHM3Me KaTaln3a.

Kak u3BecTHO, KaTaln3aTopsl CyIIECTBEHHO YCKOPSAIOT XOM peakuuii, mpu
5TOM Ul KaXIOr0 BUJA pearupyroliuX BEUIECTB IMPUTOACH JIUUIb
COBEPIIEHHO KOHKPETHBI BWJA KaTanu3aTtopa. AKTHBHOCTb KaTalu3aTropa
NpsAMO TIPONOPLMOHANIBHA IUIOLAAN MOBEPXHOCTU KaTalu3aTopa, B CBS3U C
YeM OOBIYHO CTPEMATCS K MaKCUMaIbHO BO3MOXXHOMY IPOOJICHUIO BEIIECTBa
KaTajau3aropa.

Hu B Koell Mepe He moaBepras COMHEHUIO BCE Te COOOpakeHUs O
MEXaHU3Me [JEeWCTBUSA  KaTalu3aTOpOB, KOTOpbIE CErOAHS  W3BECTHBI,
1enecooOpasHO  OTMETUTb  HEKOTOpbIE  JNOTOJHUTENbHbIE  MOMEHTSI,
BbITEKaOLKEe U3 3(QUPOIMHAMUYECKUX TPEeICTaBICHUH.

IToMuMo mMepBbIX MPUCOEIMHEHHBIX BUXPEH — JIEKTPOHHBIX 000JI0YEK Y
Ka)XIO0ro aToMa M KaxJ0W MOJIEKYJIbl CYIECTBYET Mociea0BaTelIbHbIil Habop
MPUCOEAVUHEHHBIX BUXPENH — BTOPBIX, TPETbUX U T.A. Kaxablii nmocienyrommii
MPUCOEIVNHEHHBIi BUXpPb MPUUMHONH CBOEro BO3HWKHOBEHHS HUMEET
TIpeAbI Ty Ui, Heprueil KOTOporo oH M muTaercs. TakuM oOpa3oM, BOKpYT
KOXJIOM MOJIEKyJIbl CYIIECTBYET BHUXpeBas aypa, CTPyKTypa KOTOpOH
00YCIIOBJIEHA CTPYKTYpOM 3TOW MOJIEKYJIHI.

[ToTtokn >¢upa ayp pa3IWYHBIX MOJIEKYJ B3aWMOMAEHCTBYIOT MEXIy
co00i1, Mpu 3TOM €cClIn OHU PACIMOJIOKEHbI MapajIeIbHO, TO MEXIYy HUMHU
BO3HMKaeT M30BITOYHOE [aBJIeHWE, €CIM aHTUMapalieIbHO — TMOHMKEHHOE
Jasnienue. ITo Bceil MOBEPXHOCTU BCEX NMPUCOEAVHEHHBIX BUXPEH BOZHUKAIOT
YYacTKH M30bITOUYHOTO WJIM HEJOCTAaTOYHOro AaBJeHUi 3¢dupa, coznaromue B
COBOKYITHOCTU BpalllAlOIME€ MOMEHTbl UM Y€pe3 MPUCOEIUHEHHBIE BUXPU
COOOIIAMINe MX MOJEKyJiaM BeIeCTB. DTO MPHUBOAUT K OMNpeesIeHHOM
OpHUEHTaUMM MOJIEKYJ] B IPOCTPAHCTBE OTHOCHUTEIBHO JpYyr Apyra
(MpocTpaHCTBEHHBINM pe3oHaHC). 3anadell KataiuuzaTopa, TakuM o0pasoMm,
ABJIIETCS HE TOJbKO U HE CTOJIbKO BCTYIUIEHUE B IIPOMEXYTOUHYIO PEAKLMIO,
KaK 3TO IPUHATO HCTOJIKOBBIBATb, CKOJIBKO OPHMEHTALUsA pPEarupyrolux
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MOJIEKYyJl Jpyr OTHOCUTENIHO JApyra U oOeclieueHWe UX B3aUMHOMU
OpUEHTalUMK TakuM o0pa3oM, 4YTOObl OHM ObUIM Hauboyiee OIArOMPHUATHO
PacroJIokKeEHbI B IPOCTPAHCTBE I 3aMbIKaHHsl COOTBETCTBYIOLIMX CBA3CH.

OueBHAHO, UTO KaK Ka)KA0€ W3 BEIIECTB, yUYACTBYIOLINX B peaKUUH, TaK U
KaTajan3aTtop WMEIOT Ha CBOeH MOBEpXHOCTH TOTOKM 3()Mpa COBEpHIEHHO
omnpexneneHHoit Gopmbl. Ecni B pocTpaHcTBEe BCTpeUaroTCsl 1BE KaKue-Tuoo
MOJIEKYJIBI, TO OHU OyAyT CTPEMHTBCS pPa3BEPHYThCA TaK UYTOOBI MEXIY
MOBEPXHOCTHBIMM ~ MOTOKaMH  00pa3oBajici MaKCHMallbHBIf  IpaJueHT
CKOPOCTEH, TaK KaK TakKoe IIOJOKEHUE COOTBETCTBYET HAMMEHBIIEMY
3HaYEHUIO dHepruu cucrtembl. OIHAKO HOBOE TIOJIOKEHHE MOJIEKyNl Oyaer
YCTOMYMBBIM TOJBKO B TOM cCiydae, ecild (opMa COBOKYIHOCTHU
MOBEPXHOCTHBIX MOTOKOB OJIHOW MOJEKYJbl OyIeT COOTBETCTBOBATh (hopme
COBOKYITHOCTH TOBEPXHOCTHBIX IOTOKOB BTOpOH MoJieKysbl. Eciau Takoe
COOTBETCTBHE MMEET MeCTO, TO 3((EKTUBHOCTb B3aUMOICHCTBUS MOJEKYJ
OKa)KeTCAd MaKCUMAJIbHOM.

Ecnin ¢opMa MOBEpXHOCTHBIX MOTOKOB MOJIEKYJ TakoBa, 4TO Ha ee
TOBEPXHOCTU MOTYT PacMoOJIOKUTBCS JBE MOJIEKYJIbl PEarupyrolnX BELIeCTB
B OJTaronpusTHON OpHEHTALMM OTHOCUTEIBHO JPYT APYTa, TO 3TH MOJIEKYJIbI
yK€ caMU NOATSAHYTCA Ipyr K Apyry. OQHAaKo COEOUHEHWE 3THUX MOJIEKYJ
HEN30€XKHO CMECTUT UX KaK OTHOCUTENbHO IPYr Apyra, Tak U OTHOCUTEIbHO
MOJIeKyJibl KaTaiu3aropa. HoBasg oOpa3oBaHHash MolleKysla yke He Oyzner
COOTBETCTBOBATh MOTOKAM MOJIEKYJIbl KaTallM3aTopa U OTHAAET, OCBOOOIUB
MECTO [UIsl HOBOH Mapbl pearupyromux MoJIeKyI.

[Ipennaraemas MOCTaHOBKA peIIEHUS 3aJauyd KaTaln3a MOXeT ObITh
BBINIOJIHEHA C TMOMOLIBK) COBPEMEHHOW BBIYHUCIUTENBHON TEXHUKH IyTEM
CHayasia ornpeneneHus GpopM U HarpaBieHUH TOTOKOB 3(1pa Ha MOBEPXHOCTH
MOJIEKYJI, & 3aTeM IIyTeM pacueTa NPOCTPAaHCTBEHHON OPUEHTALUU IOTOKOB
s¢upa pa3TUUHBIX COYETaHWN MOJEeKyld. Bo3MOXHO, dYTO Takoil myTh
okaxercs 3(QQEKTUBHBIM TPH TOAOOPE KaTaJIM3aTOPOB I KOHKPETHBIX
peakuuii.

BriBoabl.

1. Bce kBaHTOBOMexaHWueckue 3(pQexkTel 1 SBIEHUS MOTYT OBITh
MHTEPNPETUPOBaHbl C MO3ULMI MEXaHWKH PeajbHOTO BS3KOTO CXKMMAaeMOro
rasa.

2. DrexTpoHHbIE 000JIOYKM aTOMOB MOTYT OBITh MHTEPIPETHPOBAHBI KakK
MpUcoeIMHEeHHbIe BHUXpU 3(upa, B KOTOPHIX HANpaBieHHEe BHHTOBOTO
IBWXKeHHUS  (OpHeHTamWs  KOJBLEBOTO  JABWKCHUS ~ OTHOCHUTENBHO
TOPOMIANTEHOTO) TPOTHBOIIONIOKHA TOMY, KOTOPOE CO3/aeTcsi MPOTOHAMHU B
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OKOJIOSIIEPHOM  MPOCTPAHCTBE. AHAJIOTOM MHOTOCIOMHBIX  3JEKTPOHHBIX
000J104YeK B ra30BOI MEXaHUKE SBJIACTCS MHOTOCTIOWHBIN BUXpb Teitnopa.

3. BonHoBass ¢yHkumsi ypaBHenusi Ulpeamnrepa (y-(pyHKUMIO) MOXKET
ObITh ~ WHTEPNpPETHpOBaHAa Kak  MaccoBasg  IUIOTHOCTb  3¢upa B
MPUCOEINHEHHBIX BHXPSX, a HE KaK TUIOTHOCTh BEPOSITHOCTH TOSIBIICHUS
3JIEKTPOHA B JTAaHHOW TOYKE NMPOCTPAHCTBA, KaK 3TO TPAKTYeTCS KBAHTOBOM
MEXaHWKOM; TIPW 3TOM CJeqyeT OTMETHTb NMPHUOIKEHHOCTh OTPAKESHUS -
(yHKIMEH peanbHOTO pacrpeaeneHus TIOTHOCTH (pupa B MPUCOEANHEHHBIX
BUXPSIX.

4. Tlpu mNOCTpOeHUH MOAeJell aTOMOB Ha OCHOBE JMIOp W-(QyHKUUit
CcllelyeT pyKOBOACTBOBATHCS MPaBUIaMHU:

- JKCTpeMyMaM -(QYyHKLIHMH COOTBETCTBYIOT LIEHTPbI MPHCOEAMHEHHBIX
BUXpEW;

- HyJEeBbIM 3HAYCHUSIM Y-QYHKLIUHA COOTBETCTBYIOT TpaHULBl MEXIY
COCEeTHUMU TIPHUCOEINHEHHBIMH BUXPSMH;

- KBAHTOBBIM YHCJIaM COOTBETCTBYIOT PacriOJIOKEHHS TNPHCOEIMHEHHBIX
BUXpe 1 X OpHEeHTALHS.

5. Xumudeckne cBS3M B MOJIEKyJaX MOTYT 0Opa3oBBIBaThCA JNOO B
pesynbTate 00BEOMHEHHS TPHCOCIWHEHHBIX BUXpEH aToMOB B 0OMmMit
MOJIEKYJISIDHBIE BUXpPb, YTO COOTBETCTBYET KOBAJIEHTHOW CBs3M, MO0 B
pe3yJsibTaTe MPWINMAaHUsS MPUCOSIMHEHHBIX BHUXpEH IBYX MOJEKYJ Ipyr K
Jpyry TpH aHTUNapalieIbHON OpHeHTalK MOBEPXHOCTHBIX NMOTOKOB d(upa
3a CUeT CHIKEHUs JaBJjieHus 3(hupa MexX Iy HUMH, 4TO COOTBETCTBYET HOHHOM
cBsa3u. Cwuibl BaH-mep-Baasnibca — npuTsHKeHUs] MOJIEKYJT OpYr K APYry —
MOXHO OOBACHUTh KaK pe3yJbTaT 00pa3oBaHWs TPaJUEHTHOTO TEUEHUs
MEXIy MOJIEKYJIaMH, B KOTOPOM AaBJieHHe 3(prpa MOHUKEHO.

6. Ilpm oOpa3oBaHMM KOBAIEHTHOW CBA3M 4YacThb YIJIOTHEHHOTO
BUHTOBOTO TOTOKAa 3(upa BbIOpachiBaeTcs W3 MOJEKYJIbl W 00pasyer
CaMOCTOATENbHYIO JIETKYI0 YacTHIly, YCJIOBHO HAa3BaHHYIO «IECITOHOM».
JlenToHbl 00pa3yloT  <«qIeHY», YCTOWYHMBOCTb WX B «II€HE» COCTABISET OT
€IMHNLL CEKYH]I Ha TIOBEPXHOCTH IO €INHMUI] YaCOB B TITyOWHE «IEHBI».

7. IIpu oOpazoBaHUM METANTUYECKON CBA3M BBIOpOIIEHHAs YacTh MOTOKA
a¢upa CTUMYJIUpPYET CO3JaHNe CBOOOIHBIX 3JIEKTPOHOB M3 yacTeil MepBbIX
NPUCOEIMHEHHBIX  BUXpeit - D3JIEKTPOHHBIX 000JIOYEK aTOMOB. OTH
CBOOO/IHBIE 3JIEKTPOHBI BEIOPACHIBAIOTCS B 00JIACTh BTOPBIX MPUCOEANHEHHBIX
Buxpeil — B obonouky Ban-nep-Baanbca, roe oHu BenyT cebst mogoOHO
MOJIeKyJIaM rasa.

8. UYacTe 00pa30BaHHBIX 3JEKTPOHOB BBIXOIUT Ha TOBEPXHOCTH KyCKa
MeTaiia, TIe OHM 00pa3yloT TaK Ha3bIBAEMYIO <«IOBEpXHOCTh Depmmn»,
COCTOSIIIYIO U3 3JIEKTPOHOB, PACTIONIOKEHHBIX B IIAXMAaTHOM MOPSIKE, CITUHBI
KOTOPBIX OPHEHTHPOBAHBI Yy COCEOHHMX 3JIEKTPOHOB B MPOTHBOIMOJOKHBIE
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CTOPOHBI. JTa CUCTEMa yCTOHYMBA M MOXKET CYILECTBOBATh HEOMPENEICHHO
JI0JITO.

9. TlpenmnonoKuTeNbHO MEXaHW3M TeTepPOreHHOro KaTaji3a CBS3aH ¢
0o0pa3oBaHNEM TpPAJAMEHTHOTO TEUEHHWS MEXKIY OTHEeNbHBIMA YacTAMHU
MOJIEKYJT M UX ayp, YTO MPUBOIUT K MOBOPOTY MOJIEKYJ OTHOCUTENBHO APYT
JpyTa ¥ CO3aeT B3aUMHYIO ITPOCTPAHCTBEHHYIO OPHUEHTALINIO, O0JIErYaroLIy o
BCTYIJICHHE MOJIEKYJI B XUMUYECKYIO CBSI3b.
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I'naBa 8. 3J'leKTpOMaFHI/ITHbIe SABJICHUSA

D¢upHas Teopus... 1aeT HAJISKAY BBISICHUTD, YO SBISIETCS COOCTBEHHO
cyOCTpaTOM 3JIEKTPUUIECKOTO JBIKEHHUS, 4o cOOCTBEHHO 3a BElllb
BBI3BIBAET CBOMMHU JIBMXKCHHUSIMU JJICKTPUUYECKUE SBICHUS

@.Dnzenve [1]

8.1.Kparkasi HCTOpHS CTAHOBJICHUS TEOPHH
3J1eKTPOMArHEeTH3MA

Kak u3BecTHO, pa3BUTHE TEOPUH DIIEKTPOMATHETU3MA MPOILLIIO 3TallbL:

- CTUXMHHOTO HaKOTUIeH!s (aKToB,;

- OTIBITHOTO HAKOTUIEHHS (haKToB,;

- TIOTIBITOK CO3AaHMs (PU3UUECKUX TeOpHH, OOBACHAIOLINX dJIEKTpOMarHe-
TU3M,

- TIOTIBITOK CO3AaHMs (PU3MUECKUX U MAaTEeMaTHIEeCKNX TEOPHiA, OTIMCHIBA-
FOIIUX JIEKTPOMAarHUTHBIE SIBJICHUS U MO3BOJISAIOIIMX CO31aTh METOIUKN HX
pacuera,

- 00001IeHNS PU3UUECKUX U MAaTEMAaTUYECKUX TEOPHid JIEKTpOMarHeTh-
3Ma M CO3JaHuA €IUHON MaTEMaTUYECKON TEOPUH;

- DKCMIEPUMEHTANBHBIX HCCIIEJOBAaHUM, MMEIOMUX LENBI0 NMPOBEPKY U
MOATBEPKAeHNE MOJI0KEeHUH 001Leit Teopui;

- BHEJPEHUS NIOJyYEHHBIX PE3yJIbTaTOB B IIUPOKYIO IIPAKTUKY.

Ha 6a3e MHOTOYHCIIEHHBIX OTBITHBIX AAHHBIX OB HAPaOOTaHBI METO/IBI
pacyeToB, TO3BOJIMBIIME TOYHO paccyMTaTbh CHJIOBbIE W CIa0OTOYHBIE
YCTpOWCTBA M arperartsl, JUHUM MepeJadn W dekTpudeckue nemu. A B XX
CTONIETHM Ha 0a3e TONyYeHHBIX K 3TOMY BPEMEHHW 3HaHWH OBbLTN CO3IaHbI
BaXKHEWIINE OTpPaciy COBPEMEHHON MPOMBIIIJIEHHOCTH — 3JIEKTPOMAaLIMHO-
CTPOCHHE, DPAOUOTEXHUKA M IJIEKTPOHMKA, O€3 KOTOPBIX HEMBICIUMO
CYLIECTBOBAHHME COBPEMEHHOTIO 4esioBeuecTBa. IlojoxkeHHe 0 TOM, YTO «HET
HU4ero Oosee MNPUKIAAHOTO, YeM XOpollas TeopHs», TMOJHOCTbIO cels
OIpaBJaJio Ha MPAKTUKE.

CoBpemeHHOI TEOpUHn 3JIEKTPOMArHeTU3Ma MIPEIIECTBOBA
JUTUTENIbHBI MEepHOJ HaKOIUICHNS 3HAaHUI 00 JIeKTpUYecTBE M MarHeTU3Me.
B XVII u XVIII BB. ucclenoBaHHIO TPUPOABI SJIEKTpUYECTBA ObUIM
nocesmensl  Tpyasl  M.B.JlomoHocoBa, ['.B.Puxmana, b.®PpanknuHa,
[1.0.Kynona, I1./]luBuina u apyrux ydeHslX. Pematoliee 3HaueHHE HMeEJO
co3nanne A.BonbToM TmepBOro MCTOYHMKA HENMPEpPBIBHOTO TOKa. B mepoii
Tpetn XIX cronetns ObIIM MPOBEAEHBI MHOTOUYUCIEHHBIE UCCIEIOBAHUS
XUMHWYECKUX, TETJIOBBIX, CBETOBBIX M MAarHUTHBIX SIBJICHH, BbI3BIBAEMBIX
anekTpuueckuM TokoM  (Tpyasl B.B.Iletpoa, X.K.Opcrena, [.®.Aparo,
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M.®apanes, Tx. T'enpu, A.M.Amnepa, I.C.Oma u npyrux). Bo Bropoii
nojioBuHe XIX B. 3TH pabOThI MONYyYWUIIM MHOTOYMCIEHHBIE MPaKTUUECKUE
BHEJIPEHHUsI BO MHOTMX pa3paboTkax, HaleJIINX LIMPOKOe MPUMEHEHHEe B
MpOMbILILIEHHOCTH [2—4]. U mpu BceM 3TOM TMPaKTHYECKH HUKTO HE 3HAET,
KakoBa CYTb 3JIEKTPUYECTBAa U MarHETH3Ma, 4HI0 OHH COOOI MpPEeACTABIISIOT,
B U€M 3aKJIroyaeTcs X (pusnudeckas mprpoa.

HyxHo cka3ate, 4yTo B XIX B. ObIIM MpeINpUHATEI HEKOTOPBIE MOMBITKH
pazo0parhCst B BOTIPOCE O TOM, UTO YK€ MPENCTABISIOT CO00il 3JIEKTPUIECTBO
¥ MarHeTu3M (M3WYECKH, W3 Yero OHW COCTOST W KaKk OHHM YCTpOeHH. Tak
WM WHaue, BCE OHM ObUIM BBIHYXKICHbl INpPHUBIEYb K PAaCCMOTPEHUIO
npexacTaBieHust 00 adupe, ABMKEHUS KOTOPOTro, MO X MHEHUIO, U JIeKalu B
OCHOBE 3JIEKTPOMarHeTu3ma.

M.®apaseil BBIIBUHY NPENNOTI0KEHHE O CYLIECTBOBAHUU CHIIOBBIX TPY-
6ok anektpuuectBa («@apaseeBbl cuiioBble auHUU») [5, 6]. [IpeacraBinenus
00 3JIEKTPOMAarHWTHBIX SIBIICHUSX KaK O BHXPEBBIX JABWKEHHAX 3(UPHOI
KUAKOCTH ObuTH copmynupoBansl [.['ensmronsuem [7, 8], B.TomcoHoM
[9-13], Yemmucom [14], Makceemiom [15-17]a Takke HEKOTOPBIMH
JIpyriuMu aBropamu — Xesucaitnom [18, 19], Kemn6enom [20], Jlapmopom
[21], JlamxeBenom [22], A6GparamoM [23] u np. 3HauWTENbHBIN BKJIAA B
TTOHNMaHKe TPOLIECCOB, CBSI3AHHBIX C TMPOXOKAECHUEM 3JIEKTPUIECKOTO TOKa
no mnpoBojaM BHecnu Hemeukuit ¢usuk [1.J[pyne [24-26], co3naBiimm
JJIEKTPOHHYIO TEOPHIO MPOBOAMMOCTH METAJUIOB, W HHUAEpIaHACKUN (u3nk
I"Jlopenn [27, 28] cyliecTBEHHO pa3BUBILUI W TOTOJHUBIINMN 3Ty TEOPHIO.
B XX cronetun nonoOHble HMaeH BhickasbiBanch J[x.Tomconom [29, 30],
H.K.Kactepunbim [31], B.®.Murkesuuem [32—37].

Maremartndeckasi TeopHs 3JEKTpUYECTBA U MarHeTH3Ma Obula cOo3/laHa 1
TIpaKkTHYEeCKH 3aBepiueHa Bo BTopoii mosoBruHe XIX B. Ee anmodeo3om siBuics
3HaMeHUTHI  «Tpaktar 00 3NeKTpuuecTBe W  MarHeTmsme»  [38],
HanvcanHbIii MakcBeniom B 1873r. B Hem MakcBemty ynanoch 0600t
pe3ybTaThl paboOT psAda ydeHBIX TakuxX kak B.Tomcon, M.Dapaneii,
I'.I'ememroms, Kupxrod, Pankun, Kymon, Amnep, Puman, Hetiman, Dpcrer,
Jlenn m muorux apyrux (Crokc, Bebep, Uennue, ®uzo, Bepne, Pus, Bup,
Xomn, Ksunke, I'pun, Ixenkun, Jlarpamwk, Penmun, ®dyko, KHobmayx,
[Tynee) W DOMOJNHUTL OOCTWKEHWsSI MCCIemoBaTelell 3J1eKTPOMarHUTHBIX
SBJIEHUI TOr0 BPEMEHU Teopueil anekTpomarHuTHoro mnosis. B «Tpakrare»
MakcBensoM ObITM OKOHYATeNbHO O(OpMIICHBl 3HAMEHWTBIE YpaBHEHMS
JIEKTPOJMHAMMKH,  MOJy4YWBIIME ero ums. B Takom Buae Tteopus
JJIEKTpOMAarHeTM3Ma COXpaHWiIach 10 HAIIMX JHeW NpakTHyecku 0e3
n3MeHeHni. Tpakrar MakcBela SBUJICS OCHOBOW BCEX IOCIELYIOIIUX
YUEOHHUKOB TIO 3JIEKTPOTEXHUKE U JTEKTPOIUHAMHKE.
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[Noxanyii, He MeHbIlee 3HaueHue umena u pabdora I'.Jlopenua «Teopus
JJIEKTPOHOB U €€ MPUMEHEHHE K ABICHHUAM CBETa U TEIUIOBOTO M3Iy4YEHHs»,
HanucanHas uMm B 1909r. [28].

Pabotsl MakcBemna W, B YacTHOCTH, €r0 YpaBHEHHUS 3JEKTpo-
MarHUTHOTO TIONISi OKa3alW pelarollee BIMSHHE Ha pa3BUTHE yxke B XX
CTOJIETHM TAaKWX 00JlacTei HAyKW, KakK AJIEKTPOTEXHHKA, 3JIEKTPOIMHAMHUKA,
pamvioTeXHWKa, OJJIEKTPOHWKA W Jake ONTHKa. M3 3TUX 3HaMEeHUTHIX
YpaBHEHUI1 BBITEKAJIO, YTO MOTYT CYHIECTBOBATh 3JIEKTPOMArHUTHBIE BOJTHBI,
pacnpocTpaHSOmMecss B MPOCTPAHCTBE CO CKOPOCTBIO CBeTa. JTO
npenckasaHue Obulo caenaHo MakcBeioM B pabore «O  (uzHyecKkux
CUJIOBBIX JHUHUSAX» (1861-1862) [16]B 3Toii paboTe MakcBell, MOJIb3YsCh
MOZENBI0 HEKOeTr0 BUXPEBOr0 MeXaHH3Ma B 3(Hpe, BIEpBbIE MPUXOIUT K
CBOMM 3HaMEHHUTHIM YpPaBHEHMSM M BBOAMT TMOHATHE TOKA CMELICHUS.
MakcBeJil COBEpIIEHHO OMNpelesieHHO CTaHOBUTCA Ha mnosuumu Dapanes,
CBSI3aHHBIE C TIPU3HAHWEM peaJbHOCTH (PU3NUECKOTO COCTOSIHUSI Cpelpl,
MPEACTAaBISIEMOTO  CWJIOBHIMH  JMHMAMU. KoHuenums  Omm3koneicTBus
CIIOXWJIaCh y HEro OKOH4YaTeJIbHO, W JallbHelmeil ero 3amaueil cranio
OTPa3uTh CTPYKTYpy TMOJs B MOJENSAX M YpPaBHEHHAX, YTO M OBLJIO WM
BhIToSTHEHO B 1873r. B «TpakTare 00 31€KTpUuecTBE 1 MarHeTU3Me».

Hcxons w3 ypaBHeHMI MakcBesula, OCHOBAaHHBIX Ha TPEICTABIEHUSIX O
BHUXPEBBIX IBIKEHUAX d¢upa, Hemenkuit pusuk ['enpux ['epu B 1886—-1889
IT. C TIOMOLIBIO M300PETEHHOTO UM BHOPATOpa 3KCMEPUMEHTANBHO JOKa3al
CYLLECTBOBaHHE DJIEKTPOMArHUTHBIX BOJH M HCCIENOBAll MX CBOMCTBA
(oTpaxeHue OT 3epkal, NMpeJoMIIeHHe B MpU3Max M T.I1.). ['epll moaTBepaut
BCE OCHOBHBIE BBIBOObI  MAaKCBEJUIOBCKOW TEOpPUM O  CBOMCTBaX
3JIEKTPOMATHUTHBIX BOJIH.

[Tocne omy6nmkoBanust B 1888 r. pabor I'epua mo snekTpoanHamuke
pycckuit pmsuk u nzobperatens A.C.ITomos B 1895r. co3zman HeoOXomuMYyTO
IUL Tlepelauyd W TpUeMa 3JeKTPOMAarHWTHBIX BOJIH ammaparypy, 4eMm
TIOJIOKMJT HAYaJIo palioTEXHUKE.

Takum  oOpa3oMm,  ypaBHEHHS  3JEKTPOMAarHWUTHBIX  TIPOLIECCOB,
BbiBeZeHHbIE J[)x.K.MakcBensoM Ha OCHOBE MNPENCTABICHUH O BUXPEBBIX
IBIWKEHMAX 3(upa, HEe TOJbKO MMEIOT TeopeTHueckoe OOOCHOBaHME, HO M
NPOILIY BCECTOPOHHIOIO NPOBEPKY MPaKTUKOM.

[Tone3sHo HamOMHMTb, YTO YpPABHEHUS JIIEKTPOIUHAMUKH BbIBEICHBI
MakcBessioM Ha OCHOBaHUM Mozeneil IBikeHHus pupa, B CyLIECTBOBAHUH
KOToporo MakcBeJ OblT yOeKAeH.

«JleficTBuTeNIbHO, —  muueT MakcBes, — eciau BOOOUIe 3HEprus
TiepeIaeTcsi OT OIHOTO TeJla K PYyroMy He MTHOBEHHO, a 32 KOHEYHOE BpeM,
TO JOJPKHA CYIIECTBOBATH Cpela, B KOTOPOW OHa BpeMEHHO NpeObIBaeT,
OCTaBHMB TIEpBOE TeNO W He NOCTUTHYB BTOporo. [loatomy 3Tm Teopum
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JIOJKHBI TIPUBECTH K CYLIECTBOBAHUIO CPENbI, B KOTOPOH U IMPOUCXOIUT 3TO
pacrpocTpaHEeHUE».

VYpoBeHb 3HaHMI CBOWMCTB 3¢upa TOrAa oOKa3ajicsi HEIOCTaTOYHBIM,
BO3MOXKHO, TIO 3TOW TPUYUHE CKOJBKO-HUOYIb YHOBIIETBOPUTEIHHON
KaueCTBEHHOU TEOpUU 3JIEKTPOMATHUTHBIX ABJIEHUI CO31aTh HE YAAJIOCh, U
BHMMaHUe HccienoBaTesell OblIo 00palleHo K KOJMYECTBEHHOMY U3y4eHHIO
3JIEKTPUYECKUX U MArHUTHBIX SIBJICHUH, BbISBIEHUIO 3aKOHOMEPHOCTEH U
CO3IaHMI0 Ha WUX OCHOBE pacyeTHbBIX MeTojoB. Ha 3ToM mytm Obutn

TOJTyYeHbl  BBHINAIOIINECS  Pe3yNbTaThl, M03BOJIMBILIUE €03/1aTh
COBPEMEHHYI0 MaTeMaTHYeCKyl0 TEOpHIo JieKkTpoMarHetusma. Ho He
(usnIeckyro.

B cBBM ¢ TpymHOCTAMHM  co3maHuMs  (u3MUecKoil  Teopuu
3NIEKTPOMAarHeTH3Ma, a TakXke B CBSI3H C yCMeXaMH KOJMYECTBEHHBIX METOJIOB
Yy MHOTHX TEOPETHKOB M MPAaKTHUKOB CIOKUIOCH BMEYATIEHHE O TOM, 4YTO
HUKaKoi HEOOXOIMMOCTH B TIOHUMAaHWHU CYTH 3JIEKTPUYECKUX M MarHUTHBIX
sBieHni HeT. OHAKO Takoe MHeHWe riy0oko ommbouyno. HenonnmaHwe
(¢m3MYecKoil CYIIHOCTH SBJIEHWH TPUBOAWT K TOMY, YTO CO3JaHHbBIE
KOJIMUECTBEHHBIE METOIbl HAUWHAIOT TPUMEHSTHCS 0e3 KakuX Obl TO HU OBLIO
OTpaHWYEHUH, YTO HMHOT/A TMPHBOAMT K OONBIIMM omMOKaM B pacyeTax.
Bonee Toro, Hey4YTeHHBIMH OKAa3bIBAlOTCS MHOTHE  CYyLIECTBEHHbIE
obcrositenscTBa. U eme Oonee — MOSBIAIOTCS HOBBIE 3alavyd, KOTOpBIE
CO3JaHHBIMM METOJAMHU PELIMTh He NpelCTaBIseTcs BO3MOXKHBIM, W OHHU
OCTalOTCsl HepeleHHbIMU. [IpuMepoB TOMY MHOTO U B DJIEKTPOTEXHHKE, U B
pPaIMOTEXHUKe, M B JAPYrUX o0O0NacTAX, TaKk MIM HHa4ye CBS3aHHBIX C
3NIEKTPOMArHUTHBIMU SBJICHUSIMH, 1aKe B OTITHKE.

Ecin Obl Oblma co3gaHa KayecTBEHHas TEOPHs BJIEKTPOMArHUTHBIX
SBJIEHW, TO, BEPOSITHO, OONBIIMHCTBO (YHKIMOHANBHBIX ONMWCAHWA W
BBITEKAIOIINX W3 HUX KOJNMYECTBEHHBIX METO/IOB PACUETOB COXPAHMINCEH OBl
HEM3MEHHBIMH, HO B HEKOTOPBIX CIy4asX OHHM TIpeTeprein Obl
CYIIECTBEHHbIE YTOUHEHUS. A 3TO MO3BOJIMIO OBl CO3/1aTh HE TOJHKO HOBBIE
METO/IBl PAcueToB, OoJiee TOYHBIE, HO Aa)Ke HOBBIE HATIPABIICHNS.

Tak unu wHave, HO, IIMPOKO MCTIONB3YS MaTeMaTHYeCKHe 3aBUCUMOCTH
TEOPUM  DJIEKTpOMAarHeTM3Ma W jenas M3 HUX  MHOTAA  Jaxke
obmmedunocohckre 3aKimoyeHNs, TEOPETUKUM U TMPAKTUKU 10 CUX TOp He
UMEIOT HU MaJleilliero MpelcTaBleHUs O CYIIHOCTH JJIEKTPUYECTBa.
[MopaBnsrowniee GONBIIMHCTBO K TOMY NPUTEPNENIOCh U HE CUUTAET HYKHBIM
3TOT BOINpoc MogHUMaTh. Ho He ciiemyer 3a0bIBaTh, 4TO PaHO WM MO3IHO
HECOBEPILIEHCTBO TEOPMU HEU30EKHO IPUBENET K CTOJKHOBEHHIO C
WHTEpecaMy TPaKTHKOB, KOTJa OKaKETCS, YTO CO3JAaHHOTO TEOPETHYECKOTO
3ajlesla HeJOCTaTOYHO NI pelleHHs MPUKIAAHBIX 3afad. JTo MnoTpedyer
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JadbHENIIEro pa3BUTUA TEOPUM, HO pPa3BUTHE TEOPUH, HE UMEIOLIEH
NpeACTaBIeHUI O CYIIHOCTU PacCMAaTPUBAEMBIX €10 SIBIICHUI, HEBO3MOXKHO.

Ha Heo0XoIMMOCTb CYIIHOCTHOTO MOAXOAA K W3YYEHUIO 3JIEeKTpoMar-
HUTHBIX fABJIEHHI oOpamiany BHUMaHue MHorue ydeHsle. Eme @.OHrensc B
1882ronmy mucan [1]:

«MckrounTeNbHas YMOUPHS], TO3BOJISIONIAs ce0e MBILUIEHUE B JIyYlleM
cllydae pasBe JHIIb B (opMe MaTeMaTHIeCKUX BBIUMCIICHW, BOOOpakaer,
OynTo OHa omnepupyeT TOJbKO OeccropHeIMU (pakTamu. B nelicTBUTENLHOCTH
K€ OHA ONEPUPYET NPEUMYILIECTBEHHO TPAAULMOHHBIMU NPEACTABICHUAMH,
no OousiblIell YacTW YCTapeBIIMMU MNPONYKTAaMHM MBILIJIEHUS] CBOMX
npeniecTBeHHUKOB. IlocnenHue ciayxar el OCHOBOM 1Jisi OECKOHEYHBIX
MaTeMaTUYECKUX BBIKJIAJ0K, B KOTOPBIX M3-32 CTPOTOCTU MaTeMaTHUYECKUX
(¢opmyn Jsierko 3a0bIBaeTCsl TMIIOTETHYECKasl MPUPOJA MPEANOChUIOK. DTa
SMIOMPHUS YK€ HE B COCTOSHUHU TNPaBUIBHO H300pakaTh (akTbl, U060 B
n300pakeHNe WX y Hee MPOKIAABIBAETCS TPAJAMLMOHHOE TOJKOBAaHUE 3THX
(axToB».

B 1906 r. B m3BectHOU pabore «Teopust 3nexTpoHoB» [ .JlopeHm
OTMEYAET!

«XoTa ypaBHeHHs (JNEKTpOMarHuTHOro monss — B.4.) sBAsOTCA
MOJIE3HBIMU TPHU PAaCCMOTPEHMM MHOTHX 3aJad, OHM HE MOryT ObITb
NPUMEHEHBI BO BceX 0€3 MCKIMoUeHus citydasx. Ecim Obl gaxke 3T0 U UMeNo
MECTO, Hallla TeopHs TmepecTajga Obl HAac YIOBJETBOPATh MPH MOMbITKE
3aryisHyTh Iy0)ke B MIPUPOLY SABJICHUN: NEUCTBUTENBHO, BEIb B 3TOM 00mIei
TEOPUH Mbl BbIpa)kaéM OCOOEHHbIE CBOMCTBA Pa3JIMUHBIX BECOMBIX Tel,
NpOCTO  TPUIIUCBIBAs  KaXIOMY W3 HHUX CHEeUUajbHble 3HA4YECHUS
JIDJIEKTPUYECKOM MMOCTOSTHHOW, MPOBOAUMOCTH u MarHUTHOM
MpOHUIAeMOCTH. EcIM MBI XOTHM TIOHSITh, KAKUM 00pazom (KypcuB Moii —
B.A.) 3neKTpuYecKWe W MAarHWUTHBIE CBOWCTBA 3aBUCAT OT TEMIEPaTyphl,
IUVIOTHOCTH, XMMHMYECKOTO CTPOECHMA WIM KPUCTAJUIMYECKOIO COCTOSTHUS
BEILECTBA, TO MBI HE MOKEM YJOBJIETBOPUTHCA IMPOCTbIM BBEIECHUEM I
Ka)XIO0T0 BelecTBa 3TUX KO3((WIMEeHTOB, 3HAaYeHWS KOTOPBHIX MOJDKHBI
ONPEeNENATbCS M3 OMbITa: Mbl OyJeM NPUHYKAEHbI 0OpPaTUTHCS K KaKOM-
HUOY/b TUTOTE3€ OTHOCUTENBHO MEXaHH3Ma, JIEXKAIEro B OCHOBE BCEX ITUX
SIBJIEHUIA.

Cnenyer ¢ mpuckopOMeM KOHCTAaTMpOBaTh, YTO YCHEXWM MPUKIAIHBIX
HayK CO3JaJIi HbIHE CYLIECTBYIOLICH TEOPUU SNEKTPOMArHUTHBIX SBICHUN U
B OCOOEHHOCTH, Teopun MakcBeula opeoi abCOMOTHONH HMCTHMHHOCTH, a
COBpEeMeHHasi TeopeTHdeckas (U3MKa  WCKIIOYMIA TpEACTaBICHUS O
CYIIECTBOBaHMS J(upa B TPUPOJE, BUXPEBbIE IBIKEHUS KOTOPOTO
paccMaTpuBanuChb MaKCBEJZIOM KAaK OCHOBA JJIEKTPOMArHUTHBIX SIBJIEHUM.
Tem cambiM ObITa WCKIIOYEHa Kakas Obl TO HU OBUIO BO3MOXHOCTH
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JanbHellero yriayoneHus B MOHUMAaHUE CYIIHOCTH 3JIEKTPOMAarHUTHBIX
sBieHni. [IpAMBIM ClIeICTBHEM 3TOTO SBWJIOCH TO, YTO MaTeMaTHYeCKHe
3aBUCUMOCTH JJIEKTPOAMHAMUKH, CO3JaHHON MakcBemioMm Oonee cra Jiet
Hazall, MPakTHYeCKW HUKaK He Pa3BHBAIINCh.

[TonbITKM HEKOTOPBHIX MCcClenoBareneil  4To-mnbo W3MEHWTh B 3THX
YpaBHEHUSIX BCerJa OKaHYMBAJINCh Heymadeil. DTO Jano OCHOBaHHE
Jl.BonbMaHy B CBOMX NpHMedYaHMsX K mepeBomy paboTel MakcBemna <«O
(b3UUecKUX CUITOBBIX JIMHUIX» B 1898r. Hamcats [ 16, ¢.194]:

«$] Mor OBbI cKa3aTk, 4TO MocieaoBaTen MakcBelula B 3THX YpaBHEHUSX,
noxanyi, HuuYero kpome OykB He mepeMeHWwnId. OAHAKoO 3TO ObLIO ObI
cnukoM. KoHeYHO, He TOMY clielyeT YAMBIATHCS, YTO K 3TUM ypaBHEHUAM
BOOOIIlE 4TO-TO MOTJIO Obl ObITH M0OaBleHO, a ropasgo Oojiee TOMY, Kak
MaJIO K HUM OBbLJI0 100aBIEHO.

CeroaHs, 6oJjee cTa JIeT CIyCTs, 3TO yauBJIeHHe bosblMaHa coxpaHser
CBOIO CHITy: K ypaBHeHMSAIM MakcBesia NpakTH4ecKu He N0OaBJIeHO HUYEro,
XOTS 32 3TO BPeMs HalMcaHbl COTHH y4eOHMKOB M0 TEOPETUIECKUM OCHOBAM
ANEKTPOTEXHUKH, 3JIEKTPOIMHAMHUKM W PaTdOTeXHUKE, PELIeHbl ThICSYN
TIPUKITaIHBIX 3a1ad, CO3MaHbl pazHooOpasHelmme ycrtpoiictBa. Kazamoch
Obl, UTO HET HUKAKWX OCHOBAHWI BO3BpALIAThCA K 3TOMY Bompocy. OmqHako
3TO HE TaK.

Bo-niepBBIX, MeaTM3MpOBaHHbIE MPEACTABICHHUS O OBIKEHHUAX d(PUpHOii
KUAKOCTH TpUBENM K TMapagokcaM B MOZENAX DJIeKTpOMarHeTusMa,
NofOOHBIM TEM, KOTOpble HMEIOT MECTO B TUAPOAMHAMUKE HAeabHON
KUAKOCTH, HampuMmep SHEprus eIMHWLBI JUIMHBl BUXPSA  paBHa
0ECKOHEYHOCTH HEe3aBHCHMO OT €r0 WHTEHCHBHOCTH. B anexTpoamHammuke
BO3HMK TMAapajoKC, aHaJOTWYHBI pPacCMOTPEHHOMY: O3HEpPrus eIUHULIBI
IUTMHBl TIPOBOJHMKA C TOKOM paBHa OECKOHEYHOCTH HE3aBHUCHMO OT
BEJIMYMHBI TOKa. [IpaBna, MOCKOIbKY OJMHOYHOTO MPOBOAHMKA B MIPUPOJIE HE
CYIIECTBYET, TOSIBIISIETCS BO3MOXXHOCTh pa3pelleHHs 3TOTO Mapajokca 3a
CUeT pPAaCCMOTPEHWs] BCel KOHCTPYKLUMHM B IIEJIOM, BKJIIOYas OOpaTHBIN
MPOBOAHWK, TOTAAa OTOT TMapajokc paspemaercsi. Tem He MeHee,
NapagoKcalbHOTO TOJNOXKEHU HEe MOJDKHO CYIIECTBOBATH HHM Ul Kakoi
CHCTEMbI, B TOM YHCIIE U 1JIs yCIOBHOTO OOMHOYHOTO MPOBOJHHUKA.

HiMetoTcsi ¥ HEKOTOpBIE Ipyrue HeJOCTATKH CYLIECTBYIOLIMX MOJEINEi:
OONBLUIMHCTBO M3 HHUX HE paccMaTpuBaeT B3aMMOJCHCTBMS BellecTBa MU
9NIEKTPOMArHUTHBIX TOJIel, OTpbIBas WX TeM caMblM JApyr OT Ipyra, B
HEKOTOPBIX BBIPKEHMSAX HUKAK HE OTPAKEHO B3aMMOJACHCTBHE MCTOYHMKOB
ToJiell ¥ TeJl, Ha KOTOpbIe OHM BO3JEWUCTBYIOT, H T.II.

Bo-BTOpBIX, BBISICHWIIOCH, YTO MHOTHE pacyeThl, TOCTPOSHHBIE Ha
OCHOBE ypaBHeHHMII MakcBena, JaloT BeCbMa NMPUOIDKEHHBIE Pe3yJbTaThl,
OoTMYaromuMecs OT HAaWIEHHBIX SMIUPUYECKUM TyTeM, Ha JeCATKH



303

MPOLEHTOB, WHOTAa W B HECKOJbKO pa3. DTO KacaeTcs, Hampumep,
B3aUMOMHIYKLUMHM OONbIMX KOHTYpoB. IIpaBia, MpUKIAIHUKK K 3TOMY
TIPUBBIKJIM, OTHOCSAT HEYBA3KM K HEY4eTy COMyTCTBYIOIIMX (DaKTOpoB U B
rpouecce OTIaAKH YCTPOWCTB BHOCAT HeOoOXOAMMbIE KOppekTuBbl. Ho
aHaM3 TOKA3bIBAET, YTO OJHMMHU HEYyYTEHHBIMH (paKTOpaMu OTKIOHEHUS B
pacderax OOBSICHUTD HEJIb3sl.

B-TpeTbux,  OOHapyXuioch, YTO  CYHIECTByeT  cepus  3aaad
JNEKTPOJMHAMHUKH, KOTOpble He MOTyT OBITh pelieHsl Ha OCHOBE
CYLIECTBYIOIIUX MPEACTABICHUI. OTO CBA3aHO, B MEPBYIO OYEPENb, C TEM,
4TO aBTOpPaMHU MoOjeNeil paccMaTPUBAINCH JIMIIb MEpPBble MPUONMKEHUS K
JIEKTPOMATrHUTHBIM SIBIICHHUSM, @ TAKUX MPUONHKEHUI 10 Mepe HaKOIUICHHs
HOBBIX JIAHHBIX MOXET ObIThb CKOJIbKO YTrOAHO, MPUBEINW K TOMY, 4YTO
HEKOTOpble  MPUKIAAHble  3afa4d  JJIEKTPOJMHAMHMKMA  OKa3bIBAIOTCS
HepeLeHHbIMU, TPUYEM UMEIOTCS 3a7a4k, KOTOpble MPUHLUMIUAILHO HEb3s
pewmuTh Ha 6a3e ypaBHeHuit MakcBena.

K takmm 3agayam, HanmpuMmep, OTHOCHTCSI COBMECTHOE IBMKEHHE JABYX
OJIMHAKOBBIX 3apsAA0B, HEMOABMKHBIX OTHOCUTENBHO IPYT Apyra: MOKa OHU
00a HeMOoIBWXHBI, OHA OTTAJIKUBAIOTCS APYT OT Apyra mo 3akoHy Kymona,
HO €CIM  OHM BMECTe, HE CMEIasch OAWH OTHOCHUTEIBHO JAPYTOro,
MEPEMEINAIOTCS B MPOCTPAHCTBE, TO OHM TEMepb CTAHOBATCA TOKaMH,
NPUTATUBAIOIUMHUCS IpyT K Apyry. [Touemy?

Takoil 3apgauei, Hanpumep, sBIsSeTCSs W 3aJada O PaclpOCTPAHEHHUH
JJIEKTPOMArHUTHBIX ~ BOJIH ~ JumoieM  ['epua,  TMOMEIIEHHBIM B
nosynpoosulyro cpeny. Hunons ['epua, T. €. AUNONb C COCPEAOTOYEH-
HBIMM MTapaMeTpamMU, KOTOpbIE U3BECTHBI, TOMELIEHHBII B MOIYTTPOBOASALILYIO
cpely, mapameTpbl KOTOPOIl TO€ W3BECTHbI, M3JIy4aeT TOK W3BECTHON
BEJIMYMHBI, YacTOTa KOTOPOro ToOXe W3BecTHa. HykHO omnpenenurts
IUIOTHOCTh TOKa B CPeA€ B 3aJaHHON TOYKE MPOCTpaHCTBA. JTa 3a1ada
TOJTHOCTBIO  (pu3nMYecku  ompeneneHa. HecMoTps Ha  TpUBHAIBHOCTH
MOCTAHOBKH M 3aMaHUYMBYIO BO3MOXKHOCTb U3 OOIIEro peuieHns 3Toi 3a1aun
MOJYYUTh KakK MpelesbHbI Clydyall MHOTME 4YacTHble pe3yJbTaThl —
W3JIydeHHe B MIealbHON cpele MpH OTCYTCTBHMM aKTUBHOM MPOBOAMMOCTH,
3aTyxaHHe IUIOCKOW BOJIHBI B MOJYNPOBOJHMKE TMpPHU OECKOHEUHbIX
paccTOsIHUAX OT AMMOJNA M HEKOTopble Apyrue, — 3agada o0 M3ITydeHHH
qurnonst 'epiia B MOMynpoBOISIIEH cpeie HUKOTAa M HHUKEM He Obuia
peleHa, ¥ MOMbITKY €€ PElINTh HEM3MEHHO KOHYaNInCh Heynadeid. Merotes,
npaBja, MOMBITKM C(OPMUPOBATH TOTOBOE PELIEHHE ITyTeM MEPEMHOXKEHUS
JBYX YaCTHBIX pELIEHMH — pelleHHs 3a4adyd O PACHpPOCTPAHEHUH MOJIS
qunosieM ['epua B uneanbHON cpefe M pelleHns 3a1a4k TUIOCKOH BOJIHBI, HO
TaKOM TOAXOJ COBEPIIEHHO HeKoppekTeH. Ha camom nene srta 3amaua He
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MOJKET ObITh pellieHa Ha OCHOBE ypaBHeHHWIT MakcBelia, TakK Kak MPUBOAMT
K CHCTEeMe YpaBHEHHIA, He HMEIOIIUX O0IIEro peueHus.

He pemensl mnpeaenbHble 3afaud 00 3JEKTPUYECKOM TOJie B
MyJIbCUPYIOIIEM OJHOPOJHOM 3JIEKTPUUECKOM TI0JIE M MHOTHE JApyTHe.
CylecTBYIOT JAaxke LeJible  KJIACChl 3JIEKTPOAVUHAMHUYECKUX — 3ajad,
(hM3MIeCKN TIOTHOCTHIO OTIPENIEJICHHBIX, KOTOpBIe, TeM He MeHee, Helb3s
pEuUTh C TOMOIIBIO YpaBHEHUT MakcBena.

B-4eTBepThIX, CleAyeT OTMETUTh, UTO HE BCE MOHATHSA, UCIIOJIb3yEMBbIE B
TEOPETUIECKOMN 3JICKTPOTEXHHUKE, UMEIOT YeTKWil (pu3mieckuii cMbIci. Yto
TaKkoe «BEKTOPHBIN MOTEHLHMANl A»? DTO Takas BEIUYMHA, BHUXPb KOTOPOW
€CTb BEKTOP MAarHUTHOI MHAYKUMU B:

B =rotA.

DuU3NYECKUN K€ CMBICI 3TOH BEJIMYUHBI OTCYTCTBYET.
B-nsThIX, B JIOTUKE 3JIEKTPOMAarHeTU3Ma UMEIOTCS HEKOTOPBIE HEYBS3KU.
Hanpumep, cratuueckuii nocryiaar Makcseiia

Jpas=gq,
S

roMeIaeMblii B y4eOHMKAaX TEOPETUUECKMX OCHOB JIIEKTPOAMHAMUKU B
paszenax cTaTWKH, MOCHe MpeacTaBieHns ero B nuddepennuansHoi Gpopme

divD =p

noMenaeTcs yxke B paszled JUHAMHUKM, XOTS MociedHsas ¢opma
NpeACTaBIeHUs] MO (U3NYECKON CYIIHOCTM HUYeM He OTJIMYaercss OT
npensigymeil. B pesynbTaTe HrHOpHpyeTcs 3amaz[blBaHME B 3HAUYEHUX
anekTpuueckoid wHAykuun D mpu nepememeHun 3apsmoB ( BHYTpHU
OXBAa4YEeHHOTO MMOBEPXHOCTHIO STIPOCTPAHCTBA.

A B-1IECTBIX, HEOOXOAMMO HAIIOMHUTB, YTO HU OJHO SIBIEHHE HE MOXKET
OBITH OMKCAHO TTOJTHOCTHIO, YTO BCAKOE ONMMCAaHWE MPUONIKEHHO, W ecln
HallUCaHO YpaBHEHME,  OTpaxarolllee HEeKui mpouecc, TO caM (aKT
HaNMCaHUs 3TOr0 YPABHEHUS ¢ KOHEYHBIM YMCJIOM UYIEHOB O3HAuYaeT, 4YTO
9TO ypaBHEHME OINMUCHIBAET IMPOLIECC YACTUYHO, MPUOIMAKEHHO. A 3HAUUT,
paHO WIM TMO3IHO BO3HMKHET HEOOXOIUMOCTb €ro YTOYHEHHA.  ITO
OTHOCHTCSI KO BCEM KOHKPETHBIM MpoleccaM M (pU3NYECKUM SIBICHHUAM, W
9JIEKTPOMArHUTHBIE ABJIEHUSI HE SBJIAIOTCS UCKIIIOUEHUEM.

N3noxxeHHbIe MOMEHTBI, @ TakKe HEKOTOpble Ipyrue cooOpaKeHUs He
MO3BOJISIIOT CUMTATh pPa3BUTHE TEOPUM 3JIEKTPOMArHeTHU3Ma IOJHOCTBIO
3aBeplleHHbIM. OJHAaKoO [anbHEHINas 3BONIOLMSA €€ BO3MOYKHA JHIIb Ha
OCHOBE  JETalbHOTO  KaueCTBEHHOTO  PacCMOTPEHMs  TPOLECCOB,



305

MNPOUCXOISAIIUX B INEKTPOMArHUTHBIX SBJICHMSAX, YTO W 3acCTaBJsieT BHOBb
BEpPHYThCA K pa3paboTke Mofese 3TUX SBJICHUI C yYETOM TeX HeIOCTaTKOB,
KOTOpbIe ObUTH MPUCYLIX PAHHUM THAPOMEXaHUYECKAM MOIETISIM.

[TosTOMYy TOTIBITKM yTOYHEHUS YpaBHEHWIA JJIEKTPOAWMHAMHUKH HE JIOJI-
KHBI BBI3BIBATh TIpoTecTa. HeoOXoamMo UMb yOeauThCSI B KOPPEKTHOCTH
TTOCTAHOBKHW 3aauHu.

OmHako BCSAKOE YTOWYHEHWE YpaBHEHWI MOMMKHO 0a3WpoBaThCs Ha
MpeACTaBIEHUN O CYLUIHOCTU SBJIGHUS, Ha €ro KaueCTBEHHOW MOJEeNu.
Ix.K.MakcBenn cinegoBan  AVMHAMUYECKOMY  METOAY  MCCIIEJOBAaHMIA
anekTpomarHeTsMa. OH  TpeAcTaBiAN 3JeKTpUYECKWe U MarHUTHBIE
ABJICHUS KaK HEKHe BHUXpEBbIEe MPOLECCHI, MpoTeKarolue B d¢upe — cpene,
3anoJHsAOIIE Bce MUPOBOE MPOCTPaHCTBO. W MOCKONBKY OH Tojaraji, 4To
3(¢up - 3TO HEUTO BpoJe HICATbHOM KUAKOCTH, TO OH HIMPOKO UCTIONB30BAl
npeacTaBiIeHUs] THAPOMEXaHUKOB CBOEro BpeMEeHHM O CBOIcTBaxX M (popmax
NBYDKEHUS] TaKOU JKUAKOCTH, B YaCTHOCTH mpenctapieHus [ .I'eqpMrombiia,
V.PanknHa W npyrux wucciienoBareneil. YUWTHIBas, 4YTO NPENCTaBICHHS
MakcBemia 00 3JIEKTPOMAarHWTHBIX — SIBJIICHUSX, BEIpaXKCHHBIE  €TO
YpaBHEHUSIMH, TIOJTYUYWIIM XOpolliee MOATBEPKACHNUE, XOTA U He aOCOIOTHOE,
OBLTO OBI JIOTHYHO BEPHYTHCS K €r0 MOJEIH C IOTIPaBKOW Ha COBPEMEHHBIE
npencTasieHus 00 3dupe.

B Hacrosiee BpeMsi ecTh BC€ OCHOBaHMS BEPHYTHCS K MOIEISM
JJIeKTpUYecTBa U MarHetusma, paspabortanHsiM J[x.K.MakcBemsioMm u ero
NpeIecCTBeHHUKAaMK,  TOTBITaThCS TMOHATh WX HEJAOCTaTKA C MO3ULUN
CeTONHAIIHMX TpeAcTaBieHuit 00 »>dupe u ¢uzMUeckyr0 CyIIHOCTh
JJNIEeKTPUYECTBA, MarHeTH3Ma M JJIEKTPOMArHUTHBIX SIBICHUH, I 4Yero
HEOOXOIUMO YTOYHHUTH (PU3MUYECKYIO MOJENb JIeKTPOMarHeTu3Ma 1 Ha 3Toi
OCHOBE  TIPOM3BECTH  COOTBETCTBYIOIIME  YTOYHEHHS  ypaBHEHUI
JIEKTPOMArHUTHBIX siBJIeHU#. [lpW 3TOM CTOMT He 3a0bIBaTh, 4YTO W
YTOYHEHHas MOJeNb, W YpaBHEHUs, BEITEKAIOIINEe W3 Hee, HE MOTYT OBITH
TOJTHBIMU ¥ JTajibHEeWIWe YTOYHEHUSI MOJCIN W ypaBHEHWIA 3JICKTPOIUHA-
MHKH B OyayIIeM HEN30eKHBbI.

WznoxeHHOE NaeT OCHOBaHWE MJsl TMOMNBITKM HWCTIOJNHUTH HacTaBJIEHUE
@.OHrenbca, BbickazaHHoe UM B 1882r. B «JInanexkTtuke mpupons» [1, c.
452]: «OnexTpUYEeCcTBO - ATO NBIKEHUE 4YacTHLl 3(Upa M MOJEKYJbl Tell
NPUHUMAIOT y4acTHe B 3TOM JIBWKEHUU. ..Pa3NuuHble TEOPUH MO-Pa3HOMY
u300paXkaloT XapakTep JTOro IBIDKEHHA, ..ONMUpasch Ha HOBeHIIne
UCCIIeIOBaHMS O BUXPEBBIX JABIKEHUAX, BUIAT B HEM — Kak[asi 0-CBOEMY —
TOXE BHUXPEBOE JBIDKCHWE. .. (UpHAS TEOPUS... MaeT HalEKIy BBIACHUTH,
ymo SBIIAETCS COOCTBEHHO BEHICCTBEHHBIM CYOCTPaTOM 3JICKTPUIECKOTO
NBWDKEHUS, 4MmoO COOCTBEHHO 3a BEIIb BBI3EIBACT CBOWM IBIDKCHHEM
AIEKTPUUYECKUE SBIICHUS.



306

He nomkHO ObITh COMHEHHUS B TOM, YTO MPEINPHHATAs HIKE MOMBITKA
NPeNCTaBUTh CYLIHOCTb JJIEKTPOMAarHUTHBIX SBJIEHWM, Kak M BcAKas
nofoOHas TIOMBITKA, HOCHT YAacTHYHBIA XapakTep. DTo 6ojee MOCTaHOBKa
MpoOJieMbl, HEXeNln ee pelieHne. TeM He MeHee aBTOp YBEpeH, UTO
MOJOOHBIE TOMBITKM TIOJIE3HBI, TIOCKOJIbKY TIOMOTAIOT JIy4llle TIOHSTh
CYIIHOCTb 3JIEKTPOMAarHWTHBIX SIBJIEHWH, OMpPENeSNTh HOBBIE HAlpaBlIeHUS
WCCTIeNOBAaHWH, a B HEKOTOPHIX CIydasXx YTOYHHUTH YK€ W3BECTHBIE
MaTeMaTHiecKhe 3aBUCHMOCTH.

[IpencTaBieHHblE HWKE MOJENW 3JEKTPOMArHeTH3Ma, T0-BUANMOMY,
UMEIOT CBOM HENOCTAaTKH, MOITOMY B HalbHEWIIEM M MX Takke clemayer
YTOYHSATB U JAOTIONHATE, KaK U BCIKUE APYTHE MOJIEIH.

CeroaHs CTpeMIIeHue TIOHATb ¢buznUecKyo CYIIHOCTb
3NIEKTPOMATrHUTHBIX ABJEHUH OoJjiee YeM CBOEBPEMEHHO. MOXHO CUMTAaTh,
4TO Ha 3Ty MpoOiieMy cliefioBajio Obl OOpaTUTh BHUMaHWE 3HAYUTEIHHO
paHbIe, 1OO Bce MaTepHajbl At 3TOro OblTH. Psmom aBTOpoOB MomoOHbIE
TIOTIBITKA  ObITM  TIpeanpuHATHl. Cpenu HHUX CclelyeT OTMETHTh TPYIbl
B.®.MutkeBuua (Jlenunrpan, 20—30e romwi) [32 — 37], coBpemeHHas
pabota I'H.Hukonaepa (Tomck) [39], B KOTOpoidl TpHBeneH OOIMPHBII
repeueHb MapagoKCabHBIX C TOYKH 3PEHUS] COBPEMEHHOM AIIeKTPOANMHAMHUKI
SBJIEHWH, a TakKe W HEeKOTOPBHIX ApyruxX. X HemocTaTkoM Bce ke clielyeT
CUUTaTh  HEMOJHOTY  (U3MYECKMX  MpEeNCTaBleHW O  CYLIHOCTH
3NIeKTpOMAarHeTH3Ma, 4YTO He TMO3BOJIMJIO aBTOPaM CO3[aTh EAMHYI0 H
HENMpPOTHBOPEUYMBYIO (HM3NUECKYIO KapTHHY 3JIEKTPOMAarHUTHBIX SBJICHUIA.
Hiwnke cnenaHa nomeiTKa B KaKOM-TO CTENEHH BOCTIOIHUTE 3TOT MPOOel.

CrnemyeT OTMETHTh, YTO MpPU peajM3alMd 3TO TOMBITKM BO3HHUKIH
omnpeeNeHHble TPYIHOCTH, CBSI3aHHBIE C HEMPOPaOOTAaHHOCTHIO OTAENBHBIX
TIOJIO)KEHWH Ta30BOM MEXaHWKH W OTHENbHBIX TOJIOKEHWH Jdake TaKoTo
pazzmena MaTeMaTWKW, KaK BEKTOpPHbIM aHaim3. K mepBeIM OTHOCATCS SIBHO
HeIOCTaTOYHBIH ypOBEHb TEOPUH MIOTPAHUYHOTO CJIOS B CKMMAEMBIX Cpefiax,
TEOpPUH B3aUMOJEICTBUSI BUHTOBBIX CTPYH, TEOpHHM B3aWMOIEHCTBHSA
BHUHTOBBIX BUXPEBBIX TOPOUIOB M HEKOTOpBIE Apyrue. Ko BTopbM oTHOCATCS
HEKOTOpble TpPeICTaBIeHHsA, YKOPEHMBIUMECS B BEKTOPHOM aHaJM3e, HO
HEIOCTaTOYHO OOOCHOBaHHblE (M3MYECKH, HAmpuMep 3ampeT AeNeHUS
KOJUTMHEApHBbIX (COBMaalOLIMX MO HAMpPaBIEHUIO) BEKTOPOB APYT Ha Apyra.
Xora (u3Mveckuif CMBICT TakoW Olepalud OuYeBUICH, 3ampeT Ha
npencTaBieHle TaKoW BeMMUYMHBI, KaK IpagleHT BEKTOpa, XOTS M 3Iech
¢y3nUecKuil cMbIc siceH (HampuMep, rpagleHT CKOPOCTH MOTOKa BOIBI B
peke). HekoTopble W3 3THUX TpymHOCTEW yaanoch OOOWTH, HO JIeTanbHas
npopaboTKa BceX MOTOOHBIX BOTIPOCOB BIIEPE/IH.
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8.2. du3uveckas CymHOCTDb YJIEKTPOMArHeTU3Ma

8.2.1. EnuHunbl 3JIEKTPHYECKHX W MATHHTHBIX BeJIHYHH B
cucteme MKC

Jlo HeaBHEro BPEMEHU B 3JIEKTPOTEXHHKE MCIOJIb30BAUCH a0COMIOTHAS
anekTpuyeckass cuctema enuHun CI'CD, abcosoTHas 3JIeKTpoMarHUTHas
cucrema eaunul] CI'CM, a taxxe abcomroTHas ['ayccoBa cuctema eqUHUL, B
KOTOPBIX OCHOBHBIMU €IVHULAMM SBJIAIUCH CAHTUMETpP, TPAMM M CEKyHHa,
Ho B cucrteme CI'CD alconoTHasg IudIEKTpUYecKas MPOHULAEMOCTh
cuuTaeTcs 6e3pa3MepHOii U paBHOI eqIuHMILIE AT BaKyyMa:

&=1;

B cucreMe CI'CM aOcomoTHass MarHWTHas TPOHUIAEMOCTb CUUTAETCS
6e3pa3MepHOii U paBHOI eIMHULIE AJIS BaKyyma:

o=1;

aB Faycc0130171 CUCTEME €OVHUILL abconroTHas AUDJICKTpUIECKAasA 1 MarHuTHas
MNPOHNIAEMOCTH CUUTAIOTCA 6e3pa3MepHHMI/I n MNPUHUMAKOTCA
OJHOBPEMEHHO PAaBHbLIMM €JIMHUIIE JJI1 BaKyyMa:

6= o= 1;

B pesynbraTe ofHa M Ta ke dNEKTpUUEcKas WIM MarHUTHas BeTMYMHA
OKa3blBaeTCsd HUMeEIoLell pa3Hylo pasMepHocTb. Hampumep, KomuuecTBo
aNeKTpuuecTBa (3NMEKTpUdeckuit 3apsa) umeer pasmepHocth: B CI'CD m
I"ayccoBoii cuctemax eInHUL —CM $2.p 1/2-C_1; a B cucteme eauaun CI'CM —

eMM2rY% MarsuTHBI OTOK B crcteme exuani CI'CD nMeet pa3MepHOCTb —

CMS/Z'F_l, B CI'CM wu T'ayccoBoii cucteMax €IuWHUL — CM 2 plz. -1

Hanuume Tpex NpakTUYECKH OJHOBPEMEHHO NEWUCTBYIOIIMX CHCTEM
JNIEKTPUUYECKUX W MArHUTHBIX CJWHHUI] BCErJia BBI3BIBANIO OOJBIINE
TPYOHOCTH B pacuerax, HO TJIAaBHON TPYIHOCTBIO SIBJSUIOCH OTCYTCTBUE
Kakoro Obl TO HHU ObUIO (U3MYECKOTO CMBICAAa B ATHX EAWHHUIAX: Kak
MOHUMAaTh, HAMpUMep, KOPeHb KBaApaTHBbI W3 TpaMMa, WA CaHTUMETp,
BO3BEJIEHHLIN B creneHs 3/2 1?

MexnyHapoaHas cucteMa J1eKTpUYeCKUX U MarHuTHbIX eauHul MKCA,
OCHOBaHHas Ha TeX K€ IMpeacTaBieHusX, 4to u cucrema MKC, o ennHuuax
Macchbl — KWJorpamMe, UIMHBI — METpe U BpeMeHH — CceKyHIe, Ao0aBuia K
HUM HOBYIO OCHOBHYIO €IMHULY — €OUHHIy CHJIbl Toka Awmmep. B Heit
MpUBEACHHbIE BbIlIe BEJIMYMHBl HMMEIOT  LEJIOUYUCIIEHHbIE  CTENEHU:
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KOJIMYECTBO IEKTPHUECTBA - A'C; MATHUTHbII TIOTOK - M>-Kr-A™"-¢™> , TaK e
Kak W BCE OCTaJbHbIE JIIEKTPUUECKWe W MarHuUTHbIE BeMWYWHBI. OIHAKO
HenoctatkoM cucteMbl MKCA mo-mpexxHeMy SIBIISIETCSI OTCYTCTBUE (HU3HMUe-
CKOTO coIepKaHHs B MOHATHH «CHJIa TOKa», a B CBA3 C 3THM U B €€ eIMHHLE
«AMrnep», U Jajee BO BCEX NMEKTPUUYECKMX U MAarHUTHBIX BEJIMYMHAX.

Boime  Ob10  ycTaHOBJEHO — (pu3Mdeckoe  COAep)KaHWe  MOHATHS
«ONEeKTPUYECKUI  3apsAn» Kak LUPKYJIALMA IUIOTHOCTH ddupa 1o
MOBEPXHOCTH YaCTHLIBI

g, Kn=pv S xric, (6.20)

a uepe3 3TO U MOHATHUE «CHJIa TOKa»

| = dg/dt, kr/c2. (8.1)

OTHUM CO3/1aHa BO3MOYKHOCTb pacrnpocTpaHeHust cuctembl eauHul MKC
Ha BCE€ JJIEKTPUYECKHE ¥ MarHUTHbIE BEJIMYMHBI, OACTABUB B HUX 3HAUCHHE
eIMHULBI U3MepeHus Toka. B Tabnuue 8.1 npuBeneHsl e IMHULBI U3MEPEHUI
OCHOBHBIX 3JIEKTPUYECKUX U MAarHUTHBIX BEJIMUMH B cucTeMe equnun MKC.

Tabnuya 8.1
Bemmuuna Hassanue O003Ha- Enunnna Enunnna
CIVHUIBI | YeHHe M3MEpEHHs W3MEpEHHs
B MKCA* B MKC
Pabora n sneprus JIxoynb JIx M2 kP2 ki M2-c2
MouHocTs Barr Br M2 krc3 k- M2c3
Konunuecrso Kynon Kn Ac kel
JNEKTPUIECTBA
(amexTpuyecKuit 3apsn)
Cuna Toka Amnep A A ke 2
ITortok anexrpuueckoro | Kynon Kn Ac kr ¢ 1
cMenieHus! (MHIYKINK)
DIIEKTpUUECKOE Kynon Ha | g2 Acm2 ke M2 c2
CMEIIEHUE KBaJpaT-
(vHayKumst) HBIN METp
Hanpsoxenue, pas- Boast B M2k A L3 | M2l
HOCTb MOTEHINAJIOB,
JNEKTPOABIKYILAsT
cuna
DIIEKTPOEMKOCTh ®dapana ) Actm2 kL | kem2
DIeKTpUUEeCKUii - Kn ‘M Ac'™M krmee L
MOMEHT
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Bekrop nosspuzanuu - Ko M2 A cm2 kv 2¢ 1
(oI pU30BaHHOCTB)
DekTpuueckast Dapana d-mL At 3L | M3
[IponunaemocTh Ha METp
Hanpsixennoctb BousT Bl Mk AL 3 mcl
JNEKTPUYECKOrO MOJIst Ha MeTp
DJIEKTPUUECKOE Om Om M2k A~2¢3 | kr Lm2c
COIIPOTUBIICHUE
VYiensHoe 3leKTpUye- - Om'M MIKEA2 3 | ke M3 e 2
CKOE COMPOTHUBJIEHHE
VY nensHas - oM Iml | A23 M3 krl | krl m3c2
JNeKTpUYecKast
[IpoBoauMoCTh
[ToaBMXHOCTH MOHOB - M2B Ll | AcZprl -
MarauTHslit NOTOK Bebep B6 M3k A L2 | 2
MaraurHasi UHyKIHs Tecna Tn kr- A L2 Mxy'Mz_l
MarHuTHbI MOMEHT - A-m2 A M2 ke M2 ¢ 2
BekTop MHTEHCUBHO- - AmL Al Y
CTU HaMarHUYeHHs
(HaMarHMYEeHHOCTD)
WHIyKTHBHOCTE M I'enpn I'm M2KkrAL 2 | krlwm2c2
B3aUMHast
WHIYKTHBHOCTh
MaruutHas lenpu Ha | a1 MErA 2 ¢c2 | krlwmec?
POHHLIAEMOCTh METp
Hanpsxennoctsb Awmrniep Ha | A1 Awml koML ¢2
MarHuTHOTO T0JIs METp
Maruuronsrxkyas Amnep Aum AB | A Krc 2
cuiia nn AM-

MIEPBUTOK
MaruurHoe - A-Bo1 A2.c2 0 2kr Kk M 22
CONPOTHBIIEHNUE —

As-B6 1

*[lo manHbiM CrpaBouHWKa MO (U3MKe IJIT WHKEHEPOB U CTYAECHTOB
By30B. M., Hayka, 1971.
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8.2.2.CTpykTypa cBOGOIHOIO0 JIEKTPOHA

Kak Obuto moka3aHo BbIE, TP COEOVWHEHWHM TOTOKOB 3d¢wmpa,
COCTaBJIAIONIMX 3JIEKTPOHHBIE OOOJIOYKM aTOMOB MeTajula, B  OOIIyIO
CTPYKTYpPY YacTh 3aBUHTOBAHHOTO M YIUIOTHEHHOTO 3(Hpa B CTPYKTYpe 3THX
000JToueK  OKa3blBaeTCs JIMIIHEH W  BeIOpachiBaeTcs BO  BHELIHEe
MPOCTPaHCTBO. BUHTOBas cTpyiika HE MOXXET COXPaHSTbCS B TaKOM BHJE,
100 OMH KOHeL, IBWKYLIMICS Brepen, NMpeacTaBiseT coboil ncTok rasa, a
MPOTUBOTIONOKHBIA ee KoHey — cTok. [lepemHmii KoHew CTpyiku
00s13aTeJIbHO JOJKEH 3aMKHYTbCSl Ha 3aJHWI KOHeL, B pe3yjbTaTe 4Yero
oOpa3yeTcd HOBbIA BUHTOBOW Topoun »ddupa HebonpmOH Macchl —
CBOOOAHBIN 3JEKTPOH. B mpuHIMIE, YUCIO TaKUX JIEKTPOHOB B MeTaslie
JOIKHO OBITH PABHO UMCIy aTOMOB, T.e. mopsuka 10°PM >, mockombky
Ka)XIbIii aTOM BBIOpackIBaeT NPH COENMHEHUH B OOIILYIO CTPYKTYpY CTPYHKY
3(¢upa, 00pa3yroIryro CBOOOIHBIN JIEKTPOH.

Ha »rmeMeHT TOBEpXHOCTH BHOBb 00pa3oOBaHHOTO TOPOMIAIBHOTO
BUHTOBOTO BUXPS — 3JIEKTpOHAa — JEHCTBYET pa3HOCTh CWII. C BHEIIHEH
CTOpPOHBI NIEMCTBYET JaBieHHe cBOOOAHOTO 3(umpa, ¢ BHYTpeHHEl — cymMMa
CUJ BHYTPEHHEro JaBJIEHUs, KOTOPOE CYLIECTBEHHO MEHbLIE BHEIIHEro
JaBJIEHUs], TIOCKOJIbKY BpalleHWeM a3 OTOpOIIEH M3 LEHTpaJbHON obsacTh
Ha nepudepHro BUXps, 1 LeHTpoOexxHoH cuibl. Takas cuctema HeycToHuMBa
Y HauuHaeT CaMOINpPOMW3BOJBHO C)KHUMAThCS, MOCKOJIBKY B MEKaTOMHON
00JIaCTH CKOPOCTH TeueHUsl F(upa MEHbILE, YeM B AJIEKTPOHHBIX 000JI0UKax
aToma, TpaaueHThl CKOpPOCTel MEeHbINe, CIIeJ0BAaTeNbHO, NaBiieHHne 3¢hupa
31eCh BBILIE.

Jns cBOOOAHOTO BUXpS MOJDKEH COXPAHUTHCS MOMEHT KOJMYeCTBa
IBVDKEHUS] M Y TOPOMJANBHOTO, M Y KOJIBIIEBOTO BPAILEHWS, YTO MPU CKATHA
TIPUBENET K CaMOMPOW3BOJLHOMY BO3pAacTaHWIO M JIMHEHHOW, W YIJIOBON
CKOPOCTH 000MX IBWKEHHH, TPUYEM JIMHEHHO CKOPOCTH MPOOPIMOHATLHO
MEepBOM CTENEHW CXKaThsd, a YIJIOBOW — B KBajpare. ITpouecc
CaMOIPOM3BOJIBHOTO  CKaTHMsl  Ta3oBOro  BHXpPS W 3HEpreTHyeckue
COOTHOIIIEHHS 3TOTO Tpolecca ObUIM PacCMOTPEHBI BhILIE.

Cxatue BUXps M BO3pacTaHWe CKOPOCTHU BpaIEHUs OyIyT MPOJOJIKATLCS
JO TexX TOop, MOKa IUIOTHOCTh BHXpsl HE BO3pacTeT A0 HEKOTOpoi
KPUTHYECKOH BEJMUMHBI, MPEIIOIIOKUTENLHO TOH e, 4TO M y MPOTOHA, T.e.
no Bemmumubl mopsmka 10V—10° xr/m®. B pesymbrate momyunmsimeecs
BHXPEBOE BUHTOBOE KOJIBLIO MPHOOPETET pa3Mepbl, CYIIECTBEHHO MEHbIINE,
4yeM ObIIIM y HCXOAHOTO BUXPS. OTO M OyeT CBOOOIHBIN JIEKTPOH.

OmnucanHblii MeXxaHW3M (OPMUPOBAHHMA CBOOOAHBIX 3JIEKTPOHOB B
KpUCTaJJle MeTajlsla BBI3BAaH MEPecTpoiikoli BHEIIHEH OO0O0JOYKM aTOMOB
METAJIOB B CBS3M C 00pa3oBaHWEM OOIIeil KPHUCTAITMYECKO peIeTKH.
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OObenvHeHNe BHEIIHUX TMPUCOEAUHEHHBIX BHUXpEW aToOMOB B eIUHYIO
CTPYKTYpPY HOJDKHO MPUBOIUTH K BBICBOOOXKICHHIO CBOOOJHBIX BUXpEH -
3JIEKTPOHOB, KOTOpbIE HAYMHAIOT ONY>KIaTh IO KPUCTAJUy B BHUAE Tak
HA3bIBAEMOTO <OJICKTPOHHOTO Ta3za». HedTo aHamormaHoe OOHApPYKEHO
aBTOPOM M TMOATBEPKAEHO JKCIEPHUMEHTAJIBHO B KOBAJIEHTHBIX pPEaKLMIX,
MpU KOTOPBIX KaxKAas mapa B3auMOJAEHCTBYIOUIMX MOJIEKYJl BHICBOOOKIAET
YacTh 3aBUHTOBAHHOTO YIUTOTHEHHOTO 3(mpa, KOTOpBIA TYT ke 00pazyeT
TOPOUIANTBHEIN BUXPE d(Hpa.

Takum 00pa3oM, CBOOOMHBIN JJIEKTPOH TPEACTABIIACT COOON BUHTOBOE
BHUXPEBOE KOJIBLO CXKAaTOro 3¢upa, B KOTOPOM 3HAK BUHTOBOTO IBIKEHMUS,
T.€. OPUEHTALMs KOJIBLIEBOIO JBWKEHHUS OTHOCUTENIBHO TOPOUIAIBHOTO,
MPOTHUBOTMIONOKEH 3HAKy BHHTOBOTO JBW)KEHHUS 3(upa B Tele MPOTOHA, HO
KOJIMYECTBO KOJBLIEBOTO JIBIKEHMS TO e camoe. CliefoBaTeIbHO, OH HECET
B cebe 3apsa TOW e BENUYMHBI, YTO M MPOTOH, HO 3HAK 3apsAna He
TOJIOKUTEINTbHBIM, KaK Y MPOTOHA, & OTPULIATEIIbHBII.

Hannune KoJIbLIeBOrO IBWKEHUS y 3JIEKTPOHA MOATBEPKIAETCA TEM, UTO
Yy DJIeKTpoHa OOHAapyX eH CIMUH — MOMEHT KOJMUYECTBa BpalllaTeJbHOTO
TBYDKEHUSI, PaBHBIHN %2 B eiMHUIAX /. [ TaBHOM OCKIO 3JIEKTPOHA SBJISETCS OCh
KoJbLieBOTO BpameHus (puc. 8.1).

a) 6)

Puc. 8.1.CTpykTypa cBoGOAHOI0 3JIEKTPOHA: @ — B META/LIE; 6 — B CBOOOTHOM
MIPOCTPAHCTBE

Ecnu y snekTpoHa B cBoOOAHOM 3¢dupe Ta ke MIOTHOCTh, YTO U y
NPOTOHA, TO Paguychl 3JEKTPOHA W MPOTOHA OTHOCATCS OPYr HpPYry, Kak
KOpeHb KyOM4ecKHuil U3 OTHOLIEHHS UX Macc, T.e.

rdrp = (mgmy)** = (9.1.10°Y1,67.10%)"* = 0,082 (8.2)

H, CJICIOBATEIILHO, paqnlyC 3JICKTPOHA COCTABUT.

re=0,082,=0,082.1,12.16° = 9.10"" m. (8.3)
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[Tnowanb NOBEPXHOCTH ANEKTPOHA COCTABUT
Soros. = 4rd = 41 (9.10) % =1,1.10% M 2, (8.4)

a BEJIMYMHA KOJIbLIEBOM CKOPOCTHU OTIPEACIUTCA U3 BEJIMYUHBI 3apsiaa

e=pv,S = 1,6.10"°Kn (8.5)
OTKyJa
v, =epS =1,6.1098,85.10"% 1,1.10% =1,64.16"m.c™". (8.6)

3HaueHne HUPKYJIAIN KOJ‘[LHeBOﬁ CKOPOCTH ONPEACTINTCA KaK
(Circ)e = 21 rev = 21.9.10%°.1,64.16* = 9, 27.18 m%c! (8.7)
HJ‘IOIIIEII[L KE NOMEPEYHOr0 CEUYCHUA IJIEKTPOHA COCTABUT

Secer =arE =1 (9.10%) 2 = 2,75.10%m 2 (8.8)

HyXHO OTMETHTb, YTO BHYTPH METAJJIOB DJIEKTPOHBI HEe HaXOIATCS B
atMocepe cBoOomHOTO 3dupa. Tam  cymecTByrOT U JIpyrue
TIPUCOeINHEHHbIE BUXPHU, KOTOPbIE MOXKHO YCJIOBHO Ha3BaTh 000IOYKaMuU
BaH-nep-Baanbca u  koTopble oOecrieuuMBalOT MeEXKaTOMHbIE CBS3U HE
XUMHUYECKOU (He NeKTPOHHOMN) MPUPOABL. DIIEKTPOH, HAXOIAIIUNCS BHYTPH
TaKWX BHXpei, OyoeT WCIBITHIBATh JaBJIeHHE MEHbIee, YeM B CBOOOIHOM
a¢upe U ero pasMepbl OyIyT CyLIECTBEHHO OonbUIMMH. Maio Toro,
nepeMeInasich B MPOCTPAHCTBE MEXAy aToMaMd MeTajuia, JJIEKTPOH BCe
BpeMsi TIEPEXOAMUT M3 OJHOM 00JacTH BaH-Iep-BaalbCOBOM 000JOUKHU B
JIPYTyI0, CKOPOCTM TIOTOKOB 3(GUpa M TpagueHTbl CKOpPOCTe B HUX
Pa3MYHBI, CIIE0BATENILHO, M NABJICHUS B HUX Pa3JIMUHbI, IO3TOMY DJIEKTPOH
HE MOXXET COXpaHSATh CBOM pa3Mepbl HEW3MEHHBIMHM, OHM BCE BpeMs
MEHSIOTCSI, paaiyc KOJbLa 3JIEKTPOHA HE SBISETCS MOCTOSHHBIM U MEHSETCS
B 3aBUCHMOCTH OT BHEIIHUX (paKkTOPOB.

[IpencraBienue 00 3MEKTPOHE KaK O BUXPEBOM KOJIbIIE C TEPEMEHHBIM
paguycom Obiio BBeneHo B.®.MwutkeBuuem [36, 37]. OCHOBHBIM
BO3paX€HWEM MPOTUB MOJeTN MuTKeBUYa ObUTO YyTBEP)KIAEHHWE, YTO 3apsil 1
MarHUTHBIA MOMEHT JJIEKTpOHA cdepryeckd cuMMeTpu4Hbl. OIHAaKO
nocnenyonye padoTel By M HEKOTOPBIX APYrHX (UM3MKOB TOKa3al, 4YTO
AJIEKTPOH BeneT ceOs MmoJo0HO BpalalolieMycsi BUXPEBOMY KOJIbILY, CIHH



313

KOTOPOrO HalpaBlieH BIOJb OCH €ro IBWXEHUs. OTOT (akT CHUMaeT
yKa3aHHbIE BO3paXKEHHUS.
Kak u3BecTHO, 31eKTpOH 001agaeT COOCTBEHHOM YHEprueil, paBHO

E=hv=md (8.9)
U CIIMHOM — ME€XaHUYE€CKUM MOMEHTOM BpaLlIeHl/lﬂ
s = Yh = mdy, = mrla = J @ (8.10)

CnuH oTpakaeT TOJbKO MEXaHWYECKMI MOMEHT BpallleHHs KOJbLEBOTO
JBWXEHUs, B TO BpeMsl Kak JHEprus — MOJHYIO BHYTPEHHIOIO 3HEPrHIO
JNIEKTPOHA, YYUTHIBAIOLLYIO KaK KOJIbLEBOE, TAK U TOPOUAAILHOE JBUKEHUE.
Jn1s KOJBLIEBOTO JIBMKEHUS

E. = Jw. /2. (8.11)

Ecnan B cOOTBETCTBUM ¢ MPUHLMIOM MaKcBeJjla SHEPTHH MO CTENeHIM
CBOOO/IbI PACTIPEALNAIOTCS PABHOMEPHO, TO

E. =E, (8.12)

U, TI0 KpallHe#l mepe, MUl MEPBOro ciaydas — CYLIECTBOBAHMS 3JJIEKTPOHA B
cBOOOAHOM »3¢Upe — MOXKHO YTBEpP)KAATh, YTO JIMHEHHbIE CKOPOCTH
KOJIbLIEBOTO W TOPOMIAIBLHOIO IBWKEHMI 3(p1pa Ha MOBEPXHOCTH IEKTPOHA
paBHBI U, ClIeOBAaTENbHO, YacTULbl 3(upa B Tesie AJIEKTPOHA ABMXKYTCS MO

BUHTOBO JIMHUM C HAKIIOHOM BMHTA OKOJIO 45°,

Ecnn anektpoH mnomamaer B 00nacTh, II€ CYIIECTBYIOT Kakue-muoo
MOTOKM 3(upa, TO, IOCKOJbKY TpaJWeHT CKOpPOCTEeH yBEIMYHMBaAETCH,
JaBJIeHWE Ha TIOBEPXHOCTH 3JIEKTPOHa TMafaeT, M BUXPEBOE KOJBLO
YBEJIMYHMBACTCS B pa3Mepax.

8.2.3.®u3nyeckasi CyIHOCTH JIeKTPHYECKOT0 MOJIsI

M3 conocTaBieHNs BRIPpaXXE€HUIT U1l JIOTHOCTH SHEPTUM IEKTPUUECKOTO
TOJIsL B BaKyyMe

goE2
w,= 00, Ix/m3, (8.13)
2

raie & — JUBJEeKTpUuYeckas TMpOHMLIAEMOCTb Bakyyma, O/M; E -
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HanpsDKEHHOCTh  3JIEKTPUYecKoro mons, B/M, M cOOTBeTCTBYOLIEro emy
BbIpayKeHUs SHEPTUH KOJILLIEBOTO IBHKEHUsS dHpa

PV,Z
w,= 00, Tx/ms (8.14)
2

rae O, — IUIOTHOCTb CPEBL, KOM o, Ve — CKOPOCTb CpEbl Ha 3KBATOPE
MPOTOHA, M/C, HEMOCPEACTBEHHO  CIEAyeT, UYTO  HaNpsKEHHOCTb
JJIEKTPUYECKOrO TOJIA HMMEET pa3MepHOCTb ckopocT. Ilo ompenenenuto
HaNpsKEHHOCTb  3JIEKTPUUYECKOro TMOJsl €CTh CHia, JACWCTByroHmas Ha
€IUHUYHBIA DJIEKTPUYECKUIA 3apsL, TaK 4TO

F
E= 00O. B)1
q

OpHako BesiKasg CUJa MOXET BO3HMKaTh B pe3yjibTaTe TOSBICHHS
rpajiieHTa NaBlieHWs, KOTOPOE, B CBOIO OuYepelb, MOXKET BO3HUKATh Kak
pe3yJbTaT TpafiueHTa CKOpocTeil MOTOKOB d(Upa B IEKTPUUECKOM IOJIE U
Ha TIOBEPXHOCTH B3aMMOJCWCTBYIOIEH C HHM YacTHLBI. YYHUTHIBas
TIOTIEpeYHBIil  XapakTep  paclpOCTpaHEHWs  BEKTOpa  3JIEKTPUYECKON
HaNpsDKeHHOCTH,  ClielyeT TojiaraTb, YTO  BO B3aNMOAEHCTBUN
3NIEKTPUYECKOro TOJIS M YacTHLBI yYacTBYeT NOTOK 3(upa, HampaBiIeHHbIH
HE B HalpaBJIeHUM YacTHLbl, a B MEPIECHAUKYISPHOM HalpaBieHud. B aTom
cllydae MPOUCXOAWT B3aUMOICHCTBHE 3a CYET TPAJAMEHTOB CKOPOCTEH,
BEKTOpP KOTOPOTO HampaBJieH B CTOPOHY 4acTuipl. Takoe B3auMomeicTBHE
BO3MOXKHO B TOM Clly4yae, €ClIM B CaMOW CTPYKTYype 3JEeKTPHUYEeCKOro MoJs
CYILECTBYET He TOJILKO MPOIOJIbHOE, HO 1 MOTNIepeYHoe TeueHue sdupa.

[Tpu mosiBNIeHNH Ha MTOBEPXHOCTH 3JIEKTPOA SJEKTPHIECKOTO 3apsiaa, T.€.
TIPY BBIXOJIE HA €r0 MOBEPXHOCTb 3JIEKTPOHOB B OKPECTHOCTSX 3JEKTPOAA
YCTaHaBIIMBAETCS AIEKTPUUECKOE T0JIE.

W3 puc. 8.2 BumHO, YTO TpW BHIXOJAE Ha TOBEPXHOCTH 3JIEKTPOIA
BUHTOBBIX BUXPEBHIX TOPOUIOB — 3JIEKTPOHOB MJIM MPOTOHOB OHHU CO3MAIOT B
TIPOCTPAHCTBE BHE 3JIEKTPOIOB BUHTOBBIE BUXPEBbIE TPYOKM ABHXKYILETOCS
a¢upa. B BuxpeBoit TpyOke, o00pa3oBaHHO B cpele BUHTOBBIM
TOPOMAAIBHBIM KOJIBLIOM, MOTOKH 3(Hpa OBIXKYTCS HE TOJNBKO IO KOJBLY B
TJIOCKOCTH, MEPHEeHINKYIAPHOH ocH TPpyOKH, HO M MapajuleIbHO 3TOM OCH.
Ilpn 3TOoM B LEHTpajNbHOW 4YacTH BHUXpEBOW TPYOKM 3(HUp ABHKETCA OT
BUHTOBOTO TOpOWAA, a Mo nepudepun - K BUHTOBOMY TOPOUIY, TaK 4TO
ofI1ee KOJNMYECTBO MOCTYMAaTeNbHOTO IBWXEHHUS d¢upa BOOIb TPYOKU B
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CpelHEM paBHO HyJto. Takoe MocTynaTelbHOE IBHKEHHWE MMeeT OojblIoe
3HaueHKe, MOCKOJbKY, OyIydd pa3HbIM MO BEIWYKWHE W HaIpaBIEHHIO Ha
pa3HbBIX PAcCTOSHUSX OT OCH TPYOKM, 3TO IBIKEHHE CO3IaeT pa3IM4HbIe
3HAUEHWs BUHTOBOTO (haKTOpa, MPUYEM IO OCH TPYOKH BUHTOBOE JIBIKEHHE
WMeeT OJIMH 3HaK, a 1o nepueprn — MPOTHUBOMOJIOXKHBIH (prc. 8.2).

Puc. 8.2. BuxpeBoe noJie, co3aaBaeMoe BUHTOBLIMH BUXPEBbIMH TOPOUIAAMHU
(31exTpHUyecKoe moJie)

Kak mnokazaHo B paborax [40, 41], cymMMHUpoOBaTbCs MOTYT JIWIIb
BUHTOBBIE TIOTOKH, Y KOTOPBIX BUHTOBOI ()aKTOp MOCTOSHEH U OJIWHAKOB IO
Bcell anmHe BuXps. Takoe BUHTOBOE NBIKEHHE JOJDKHO YAOBJIETBOPATH
YpaBHEHUIO

rotv = v, (8)1
o) Wy w, w, A
v_ ) Vi ) v, ) A _r_ ’
MpU 3TOM
vgradA/ r = const. (8.17)

Huuero nmomoOHOro i BUXPEBBIX TPYOOK 3JIEKTPUUECKOH WHIYKLMHU
HET, CJIeZIoBaTeIbHO, CyMMHUPOBATbCS TMOTOKM 3THX BUXPEBBIX TPyOOK He
MOTYT, a MOTYT JIMIIb Pa3BUBAThLCS B MPOAOJbHOM HANpPaBJIEHUHU, CKOJIb3S MO
TOBEPXHOCTU JAPYT Ipyra, U CMEIIAThCs B MOMEPEUYHOM HaMNpaBJICHUU TMOX
JIABJIEHUEM COCEIHUX BUXPEBBIX TPYOOK.
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Takum 06pa3oM, CHIIOBbIE JJMHUM JIEKTPUUECKOTO MOJIsl — JEKTpUIecKast
WHIYKUMS — CYLIECTBYIOT KaK OTHAENbHbIE BHMXpEBble TPYOKH («TpyOKn
dapanes»), OAHAKO DJIEKTPUUECKOW WHIYKIMH COOTBETCTBYET HE BCE 3TO
JBIKEHUE, @ TOJIbKO €r0 KOJIbLEBAs COCTABIAIOILA.

Inekmpuyeckoe noje — MO COBOKYHHOCHIb GUHHIOGLIX GUXPEBBIX
mpybok Iupa («<mpyoox dapadesa») ¢ nepeMeHHbIM RO CEUEHUIO
SUHMOBLIM (PAKMOPOM.

HHTeHCUBHOCTD 3JIEKTPUUYECKOTO oJIst omnpenensercs €ro
HanpsHKeHHOCTBIO, T.e. YUCIOM TpyOOK, MNPUXOIAIIMXCS Ha EIUHULLY
TUIOIIAAN MONEPEYHOr0 CEYEeHUsI MPOBOJHNKA, U COOTBETCTBEHHO CEUEHHEM
KaXaoi TpyOKW: dYeM BbINIE HANpsHKEHHOCTh 3JIEKTPUUECKOTO TOJIs, TeM
Oornbiiee 9yMCIO TPYyOOK MPHUXOAWTCSA HA €IWHMIYY TUIOIAIM M TeM MEHbIIe
OyneT cedyeHWe KaxIoW TpyOKH, YTO HAXOAWTCSA B TOJTHOM COOTBETCTBHH C
Teopuel ra3oBeIX Buxpeil.  Jlig ra3oBoro BHUXpsS MNpH TNOCTOSHCTBE
UUPKYJISILUU Ta3a BHAOJb BHUXpS HANpPsOHKEHHOCTb M JIMHEWHas CKOpPOCThb
BpalLIEeHNs TeM OO0JIbILE, YEM MEHbIIE €ro CeueHue.

J1s OOMHOYHOrO 3apsja IOJHBIA Yroi, 3aHMMaeMblil KOJIbLEBBIM
IBWXKEHUEM, COCTaBiieT 4m, crnemoBaresibHO, i1 N TpyOok yrou,
3aHMMaeMblIii Ka)KI0# U3 HUX, COCTaBIIIET

0 = dnn, 8)1

opu 3TOM IJiA Kaxaoit prGKI/I B COOTBETCTBHUU C TECOPEMAMU I'ensMronsua
Ha BCEM €€ MPOTAKEHUN COXPAHAKOTCA IJIA KaX 101 BHGMGHTapHOﬁ CprﬁKH
OUPKYJIAOUA U MOMEHT KOJIMYECTBA ABUKCHUA:

I'=2xnrv; L =mvr=const. (8.19)

Kak 0bI10 TIOKa3aHo BbIIIE, BEJIMYNMHA OAUHOYHOTO 3apdaa onpeacsieTca
Kak

e=pV S,
[TockonbKy TOpoWAanbHOE IBMKEHHWE Pa3MbIBAET KOJbLEBOE IBIKEHHE

mo Bceit cepe TPOCTPaHCTBA, MACCOBBIM TIOTOK KOJBIICBOTO JBIKECHUS
yepe3 cepy onpenaenauTcs U3 BeIpaKeHUs

| pyieds = pys, (8.20)
nJin

J DdS=q, (8.21)
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roe  — Bech 3apsj, Haxomnsmuiics BHYTpu cdepsl; D = p,v, — moTok
KOJIbLIEBOM CKOPOCTH TUIOTHOCTH 3(pupa, WK, MHAYe, MOTOK NEKTPHUIECKON
MHOyKUuK. [TodyueHHOe BeIpaXkeHHe COOTBETCTBYET Teopeme [aycca.
[Tpouecc BO3ZHWKHOBEHUS 3JIEKTPUYECKOTO TOJSI TPH TIOSBICHWM Ha
TIOBEPXHOCTH 3JIEKTPO/Ia YMOPAIOUYEHHBIX 3aps/I0B 3aKIFOYAeTCs B TOM, UTO
BUXpEBOE ABIWKEHWE KaKION TPpyOKM HAuWHAET PACTPOCTPAHATHCS BIOJb
ocu Tpyokw. Ilpm sTOoM Ha Topue TpPyOKM IBWKeHHWE >(upa JIEeXKHT B
TUIOCKOCTH, TEPHEeHANKYJISIPHOH OCH TpPyOKH, M TIO3TOMY CKOPOCTb
pacrnpocTpaHeHUs NEKTPUIECKOro Mol B BaKyyMe paBHa CKOPOCTU BTOPOTo
3Byka B 3(upe — CKOPOCTM pAacClpOCTpaHEHMs] MONEPEYHOro ABWKEHUS,
obecrneunBaeMoil BA3KOCTBIO 3(Upa, 3TO U €CTb CKOPOCTh cBeTa. CKOPOCTh
pacnpocTpaHeH!s NEKTPUUECKOTO TMOoJI B KAKOM-JTHO0 MaTepurasie MeHbIIe B

k, pas,
ko =pulps (8)22

Py — THIOTHOCTB 3(hMpa, BOBIEKAEMOTO B IBMKEHHE 3JIEKTPUUECKOTO TIOJIS B
MaTepuaie; p, — INOTHOCTH 3(Hpa B CBOOOTHOM MPOCTPAHCTBE.

B onTtuueckux cpemax K, = N, T.e. paBHO MOKAa3aTeNIO MPEIOMIICHHS.
OObIUHO MOKa3aTeNb MpeJOMIIEHUs HaxonuTcd B npeaenax 1,4—1,6,no3tomy
MJIOTHOCTb 3(upa, BOBIEKAEMOTro B JABWKEHHE B D3JIEKTPUUYECKOM TMIOJIe,
6oJblIe TIOTHOCTU cBOOOAHOTO 3dupa Bcero B 2—2,5pasa, T. €. COCTaBIsAeT
BeTManHy okosio 2:107 ! kr M3

CormocTaBmsisi €e ¢ MacCoBOH IUIOTHOCTBIO TEX K€ ONTHYECKUX CTEKOI,
cocrapnsmomeii BenuunHy mopaaka (2,65-3)10° krm~® | BuamM, uTto B
IBIDKEHNE B 3JIEKTPUYECKOM TI0JIe BOBJIEKAeTCSl BechbMa HeOOJNbIIas 4acTb
a¢upa, mopsmka 1074 ot Beeit Macchl admpa, oGpasyromeii MaTepuan. B
MeTaJlaX, BOSMOXKHO, 3Ta 0I5 GoJblIe.

8.2.4. Konaencarop (3,1eKTPOeMKOCTb)

PaccMoTpuM 3apskeHHbIH KOHIEHCATOp, Ha ONHON N3 IUIACTHH KOTOPOTO
TIOMELEH 3apsia , a Ha Apyroil —(. Hannuue paBHBIX M MPOTHBOMOIOMKHBIX
MO 3HAaKy 3apsJOoB O3Ha4aeT, YTO Ha BHYTPEHHEH MOBEPXHOCTH OJHON W3
TUTACTUH COCPENOTOUECHO JIEMEHTAPHBIX 3apsiioB

n= q/e, (8.23)

CO3/IaBLIMX MOJIe M3 N BUXPEBBIX TPYOOK, KOHLBI KOTOPBIX BCE BXOIAT BO
BTOPYIO MJIACTHHY, T.€. YUCJIO BBIMIEAIINX M3 OAHON MIaCTHHBI TPYOOK paBHO
YHCITy BOLIEIIINX BO BTOPYIO IUIACTUHY 3THX ke TpyOok. Ecim Obl 3apsbl
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He ObUIM PaBHBI WJIM UMEJH OJIUH U TOT )K€ 3HAaK, TAKOTO PaBEHCTBA HE ObLIO
Obl.
[Tnomans nonepevyHoro ceueHust OMHOM TPyOKH cOCTaBUT (B CpeIHEM)

S =Sin, (8.24)

roe S — IIol@aib IUIACTUHBI KOHJAEHCATOpa, a CKOPOCTb KOJbLEBOIO
JBIDKEHUS 10 nepudepun TpyOKU paBHa

Vo = 11271, (8.25)

rnae /' — MTHTEHCUBHOCTD LMPKYJIALUN 3(pupa B TpyOKe.

[lpn w3MeHeHMM TUTOMAAN TPYOKHM 3a CUET YBENMUEHHs 4YKcia 3THX
TpyOOK — yBeNTMUeHHs 3apsAaa Ha IUTaCTHHAX — INIOTHOCTH 3(Hpa B TpyOKax p
OyIeT M3MEHATHCS 10 CPAaBHEHHIO C TUIOTHOCTHIO 3¢upa B cBOOOIHOI cpene

P!
plp,=SJS =122, (8.26)

Kak nokazano B [42—44],ypaBHeHne bepHyM MPUMEHUMO K BUHTOBOMY
NOTOKY B LeioM. Pa3HOCTh fdaBiieHUIl B 3JIEMEHTapHOM CTpyilke Ha
nepugepun BUXpsA U B CBOOOTHOM d(upe COCTaBIsAET

AP =pv 22, (8.27)

a Ui BUXPEBOU TPYOKM KPYTOBOTO CEUCHHS B CPEOHEM MajeHWE NaBJICHUSA
BIOJIb TPYOKH cocTaBseT [16, c. 115]

AP =pv 24, (8.28)

JJIA pr60]( HEKPYTOBOI'0 CEYCHUA

ko, "2
AP=kpv2=— (8.29)
#Pr2

3neck K — ko3 puIMEHT NPOMOPUMOHATEHOCTH, YYHUTHIBAIOMINN (HOpMy
ceueHus TpyOKH.
[MockosbKy pacxon raza B Kaxaoii TpyOke

Vo = Vjp = CONSt, (8.30)

noJtyyaeM
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o%poz I 2p02
AP =kpV? = k =k , (8.31)
p 4% r'%
rae ¢ — OTHOCHTeNbHas TUIOTHOCTH 3¢Hupa B BUXpEBOW TpyOke B

JOUDBJICKTPUKE.
O6IIIaFI cuia, HeﬁCTByIOIHaH Ha MJIaCTUHY KOHACHCATOpa, paBHaA

r2s r2s [2pon? q

F =APS=k =k =k = : (8.32)
A r’ et B 4S 26,£S

Takum o0pa3zoM, GU3MUYECKHII CMBICT OTHOCUTENBHON OUAIEKTPUUECKOi
NPOHHULIAEMOCTH € — OTHOIIEHUE IJIOTHOCTU 3(upa B BUXPEBBIX TpyOKax B
cpene (IMANEKTpUKeE) K TUIOTHOCTH 3(hUpa B BUXPEeBOil TpyOke B Bakyyme (B
CBOOOJIHOM OT BeLIECTBA Ipupe).

CrnenyeT OTMETUTb CIEIyIOLee CYILIECTBEHHOE OOCTOSTENbCTBO IS
MPOXO0KICHUS] BUXPEBBIX TPYOOK 3NEKTPUUECKOTO TMOJIS CKBO3b JUIJIEKTPHK.
[Totokn »3¢dupa B 3TUX BUXPEBBIX TpyOKax MpPEACTABIAIOT CcOOO¥
CTAllMOHAPHOE JBIKEHHE H(Upa, KOTOpPOE MOXKET TPHUBECTH JIUMIb K
MOCTOSHHOMY CMEILEHUIO 3(UPHBIX BUXpel, M3 KOTOPBIX COCTOMUT Camo
BEILECTBO JMAIEKTPHKA, Ha HEKOTOPYIO BEJIMUMHY, IPH 3TOM Ha MEePEeXOAHbIH
nporecc, T.e. Ha YNpyroe cMelleHre MOJIeKyll, OyieT 3aTpayeHa HeKoTopas
9Heprus. B ocTanbHOM jke HaJMyMe CTALMOHAPHOTO BUXPEBOTrO TMOTOKa
3¢upa B IUIEKTPUKE HU K KaKUM KoleOaHMSAM YacTHL BEIECTBA MPUBECTH
HEe MOXeT. DTO O3HayaeT, YTO JHEPrusl BUXPSA HE PAcXOmyeTcs M HMMeeT
PEaKTUBHBINA XapakTep (PHeprusi He TMEPEeXOAUT B TEIUIO — OSHEPTHIO
KoJieOaHMii aTOMOB).

8.2.5.CB0o0OIHBIIi YIEKTPOH B YJIEKTPHYECKOM MOJIe

PaccMoTpuM IBMKEHHE DIIEKTPOHA — BUHTOBOIO BHMXPEBOTO KOJbLA
YIJIOTHEHHOTO 3(Mpa B BUHTOBOM TMojie 3¢upa — BIEKTPUUECKOM TIOJe.
[lonaB B BHUXpEBOE IOJIE, CO3JaHHOE TAaKX€ BUHTOBBIMH TOPOUAAIbHBIMU
oOpa3oBaHMAMHU 3(Upa, SNEKTPOH BBIHYXKIEH Pa3BEPHYTHCS TaK, UYTOOBI
MJIOCKOCTb €0 KOJIBIIEBOIO JBWXXKEHHS COBMNaia ¢ MIOCKOCTBIO KOJIBLLEBOIO
nBrkeHust 3¢upa B TpyOkax. [lockonbKy B BakyyMe HUKAaKOTO COyAapeHHs C
MOJIEKYJJaMHM BELLECTBA HET, TO OpPUEHTALMs Pa3BEPHYBIUEroCsA IO IOJIO
JJIeKTpOoHa OyJeT COXpaHAThCsS HeompeaeneHHo poaro. Ilocie 3Toro mon
JEWCTBUEM DPA3HOCTU [NABJIEHUN, NEWCTBYIOIIMX Ha DJIEKTPOH, IMOCIEIHUI
JIOJKEH HavyaTh CBOE JABM)KEHHE BOJb OCH BUXPEBON TPYOKH.
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Ipu coBMageHNH HAMpaBJECHUHA KOJBIEBOTO ABUKEHHUS BUXPEBOTO MOJIS
Vi W 3NIEKTpOHA Vk Ha TOM CTOpPOHE YacTHIbI, KOoTopas obpaimieHa K
MoJIcOOPa3yIoUM BHXPSM, TPagUeHT CKOPOCTH KOJBIEBOTO JBHKEHUSI
OyneT MeHblle, YeM C MPOTHUBOIONOXHONW CTOPOHBI, M MO3TOMY NaBJICHHE
3¢upa Ha CTOPOHE, OOpALIEHHOM K UCTOYHUKY MO, OyneT Oolbiie, 4YeM ¢
MPOTUBOMOJIOKHOH (puc. 8.3).

Puc. 8.3.21eKTpoH B TpyGKe 31eKTPUUECKOT0 TOJISI.

B cooTBercTBUM C ypaBHeHHEeM BepHYJIM 3TH NaBlCHHUS ONpeNessTCs
BbIpaKeHUSIMH:

B 00J1acTH a.

Pa =P — py(Ve —Va)?/2; (8.33)
B o0xactu b:

Py =Py —p, (Ve+V,)%2; (8.34)
B o0JyacTy c:

Pe =Py —p[Ve — (Vx — bovifor )]2/2; (8.35)
B obOxactu d:

Py =Po—p,[Ve + (v, — bov,/or )]%2. (8)36
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3xeck b — TonmuumHa Tena 31eKkTpona; Ve — CKOPOCTh KOJIBLIEBOTO OBMKEHHS Tena
JMEKTPOHA; Vi - CKOPOCTb KOJIBLEBOIO IBIKEHUSI 3JEKTPUUECKOrO OIS,
OVn/Or —TpaIMeHT KOJIbLIEBOM CKOPOCTH TOJIS.

[TpousBens COOTBETCTBYIOIIME BBIUMCIECHUS W MpeHeOperas MalbIMU
YJIeHaM¥, MOJy4YVM 3HAU€HUS Pa3HOCTU JABJIECHUI,CO3JAl0IINX MOBOPOTHBII
MOMEHT 3JIEKTPOHY, MpHYeM BCerga B CTOPOHY COBMELIEHHS OCH
MPOBOJIHMKA ¥ BEKTOPA TOPOUIATIBHOIO ABMKEHHS 3JIEKTPOHA:

AP =vg,bovfor = vg,E. (8.37)

rae E =bov,/or
Cwuna, eficTByrOImas Ha >JIEMEHT TUTOIIAIN IIEKTPOHA, COCTABUT

dF = APEsina = p,VeV,, SinedS, (8.38)

rae S, — mionab KoJbLEBOTO CeUeHHs JJIEKTPOHA, o — YroJl MEKAY INIaBHOM
OCBIO 3JIEKTPOHA U OCbIO TPYOKH 3JIEKTpUUYECKOro nois; E — anexrpudeckas
HarnpsXeHHOCTb.

Ha Bceil miomany 35eKkTpoHa MOCTOSIHHAs COCTABIIAOIIAS KOJNbLEBOM
CKOPOCTH TOJI HE CO3AAET HUKAKON CHUJIBI, TOCKOJIbKY YBEJIMUEHUE JaBICHUS
Ha TeX Y4JacTKaX, TIJe HanpaBlieHHs TOTOKOB KOJIBIIEBBIX CKOpPOCTEN
JJIEKTPOHA W TOJIA COBIAJIAfOT, YPAaBHOBEIINBAIOTCS YMEHBIICHHEM
IOaBJeHWs Ha TeX YydJacTkaX, TIJe OHH WMEIOT MPOTHUBOIOIOKHOE
HanpasieHue. [103ToMy NOMONHUTENBHOE NABJIEHUE HA 3NIEKTPOH CO3MAETCS
He COOCTBEHHO CKOpPOCTBIO MOTOKa 3(upa Vm, a LMUPKYJIALUEeHd CKOpPOCTH
BOKpYT KOHTYypa M, ClieloBaTeJbHO, CUJIa, BO3AEHCTBYIONIAs Ha 3JEKTPOH CO
CTOPOHBI 3JIEKTPUYECKOTrO TOJIsA, ONPENETUTCS Kak

F= p3ve”(()vn/ar) simdrdS = qEsina, (8.39)
rae

b
E =[(ovor)dr. (8.40)
0

Taxnm 06pa30M, HAIMPpS’)KEHHOCTD  BJICKTPUYECKOro IoJisa, T.€. CHla,
BO3H€I>'ICTBYTOH13,H CO CTOPOHBI JIEKTPUYECKOT'O MOJIA HA € TMHUYHBI 3apan

E =Flq, (8.41)
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UMEeeT CBOMM TNPOUCXOXKICHHEM TpaJUeHT KOJbLEBOW CcKopocTH 3¢wupa,
YMHOXEHHBII Ha pazMmep 37ekTpoHa. OTcloa MOXeT ObITh OmNpejeNneH U
¢usnyeckuit  cMbIC  3JeKTpuyeckodl wmHIykumn D kak  KonmuecTBO
KOJIBLIEBOTO ABWKEHUS 3(Hpa B eOMHUIE 00bema:

b
D=e,E = puJ(ovor)dr. (8.42)
0

J1st  anmexTpoHa, ABMXKYINErocs B CBOOOJHOM MpPOCTPAHCTBE B
HampaBlieHUH cwibl £, Sl = 1 (aBHasg oCbh 3JIEKTpOHA COBMAgaeT Mo
HampaBJieHWIO C HaNpaBleHHEM OCH TPYOKHM 3JNEKTPUYECKOro ToJs).
ITockonbKy naBiieHHWE €CTb MOTEHLMalbHAs SHEPrusi, MPONOpLUOHAbHAS
KBaJIpaTy CKOPOCTM MOJIEKYJ, TO M cuia, JeiicTByromias Ha 3JIEMEHT
JJIeKTpOHa, OyJeT YMEHbIIAaThCd Ha BEJIMYMHY,  MPOMOPLMOHAIBHYIO
KBaJIpaTy OTHOCHTENLHON CKOPOCTHM IBWXKEHHS SJIEKTPOHA Vy K CKOPOCTH
pacnpocTpaHeHHs KOJIBLEBOTO IBIDKEHNS B CBOOOIHON cpelle — CKOPOCTH

CBeTa ¢, T.c. Ha BEINUUHY (vq/c)z, CJIEIOBATENLHO,
E=E,[1- (\/q/c)2 ] (8)43

U IpU CKOPOCTH IBUKEHUS YACTHULbI, PABHOU CKOPOCTH CBETA, T.€. IIPU V( =
¢, E =0,kak Obl HU MeHsJIach BeIUUMHA E,,.

IlocnenHee o3Ha4aeT, 4TO C MNPUOIMMKEHWEM CKOPOCTH YacTHULbBI K
CKOpPOCTH CBeTa CUJIa, AECTBYOIIAsA HA YaCTULY, YMEHBIIAETCS. aHAJOTMYHO
TOMY, KaK IPU YMEHBIIEHUH CKOJIBKEHHs BPAIIAOUIErocs MarHUTHOTO MOJIs
OTHOCUTENILHO pPOTOpPa B ACUHXPOHHOI MalllMHE YMEHBINAETCA MOMEHT,
pa3BUBaEMbIil pOTOPOM. DTUM NPUHLUIMHAIBEHO MOKET ObITh 00bsICHEH (haKT
HEBO3MOXXHOCTU DPAa3srOHa 3apsHKEHHOW 4YacTULBl JSJIEKTPUUYECKHM II0JIEM
nr000if, camoii OOJNBINON HAMpPsHKEHHOCTH IO CKOPOCTH CBETa, a BOBCE HE
TEM, UTO CKOPOCTb CBETa NPUHLUIMUAIBHO HEIIPEOAOINMA.

Takum  oOpa3oMm, TOJy4eHO BBIp@XKEHHE IS HANPSHKEHHOCTH
3JIEKTPUYECKOrO IOJIS KAaK CWIbl, BO3ACHCTBYIOLICH HA €IMHUYHBINA 3apsill.
[losmarass, 4TO CKOPOCTb BpPALLEHUS BUXPEBbIX TOPOUIAAJIBHBIX KOJEL —
3JIEKTPOHOB — IMOCTOSIHHA, MOJY4aeM, YTO HAMpsAKEHHOCTb JJIEKTPUYECKOrO
Nojisi TPONOPLUOHANBHA HAMNPSHKEHHOCTH BUXPEBOrO  IOJA, KOTOpas
MPOTIOPLIMOHANIbHA YMCITy TpyOOK BHXPEBOTO TMOJsl, MPUXOISIIIMXCS Ha
€IVHULLY TUIOLIAAU TIOJA.

Ecnu B cBOOOIHOM MpPOCTpaHCTBE 3JIEKTPOH MPENOCTaBIECH caM cede, To
JJIEKTPOH, KaK U BCAKUI ra30Bblil TOPOUIANIBHBIN BUXPh, HAUHET Pa3rOHATHCS
B HallpaBJICHUM II0TOKA, MUCXOMALIETO W3 €ro LEHTPAILHOTO OTBEPCTHS.
OnmHako B OTIMYME OT OOBIYHBIX Ta30BBIX BHUXpEH B CHIy 0co0OM
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pa3pexeHHoCTH 3¢hupa U Manoro kKodpQuireHTa ero BA3KOCTH, a Takke B
CWJIy TOTO, YTO B TeJie 3JIEKTPOHA MIOTHOCTb 3(Upa Ha AECATKH MOPSAKOB
NpeBbIIAET TIOTHOCTh 3(Upa B CBOOOAHOM NPOCTPAHCTBE, MOCTOSHHASL
BPEMEHH pa3roOHa IEKTPOHA OKa3bIBAeTCS BeCbMa OOJIBLION U COCTaBIAET
JOECATKH ¥ COTHH JIET. DTO OOBSACHSET MPUPONY KOCMHYECKMX JIydeid, HO B
YCIIOBUSIX OOBIYHOTO OJKCIIEPUMEHTa JJIEKTPOH TPAKTHYECKH  OCTaeTcs
HETOIBM)KHBIM, TaK KakK IUIOIIAaab MOBEPXHOCTH €ro Maja, Takke majia W
BS3KOCTh 3(mpa, TMMO3TOMY ¥ CHIa OTTAIKWBaHMS 3JEKTPOHAa OT
OKpy>Karolleil ero cpefibl Maja, 1 BpeMs pasroHa COOTBETCTBEHHO BEJIMKO.

8.2.6.®u3znueckasn CYHIHOCTD JIEKTPHYIECKOI'O TOKAa B Me€TaJlj1€

[lpn OTCYTCTBUM 3NEKTPUYECKOTO TIONSA JJIEKTPOHBI B  MeTaje
COBEpIIAIOT XaOTHYECKOE TEIUIOBOE JABIKEHHE W WMEIOT B TMPOCTPaHCTBE
Xa0TUYECKYIO, T. €. PABHOMEPHO pacIpe/eNeHHY0 OPUEHTALHIO.

[Tox peiicTBHeM 5>JEKTPUYECKOTO TMOJA  XaoTHYECKOe JABWIKEHUE
JNIEKTPOHOB B MPOBOJHUKE  HECKOJBKO  YMOpAAOYMBAETCA.  OTO
YIOpAIOYeHNE TMpPOSBIAETCA ABOAKO. BO-TIEPBBIX, IJNEKTPOHBI BO BpeMs
CBOOOOHOTO TMpobera HAYMHAIOT OPHUEHTHUPOBATHCS IO TOMO, T. €.
HampaBJieHHe UX oOcell MpuodpeTaeT OOIIyI0 COCTABJSAIOLUIYIO BIOJb
HamnpapJieHUs 3JEKTPUYECKOTO MOJIs; BO-BTOPBIX, 3JEKTPOHBI MPUOOPETAIOT
HEKOTOpPOE YCKOpeHUe B OOIeM HalpaBlICeHUM BIOJIb IOJIS, yBEIMUUBAs
CKOPOCTb M TEM CaMbIM CBOIO KHHETHYECKYIo 3Hepruro. [loaTtomy, HecMoTpst
Ha TO 4TO COYJApPEHUs 3JIEKTPOHOB C IEKTPOHHBIMU O0OIOUKAMHU aTOMOB
MPOBOJHMKA WX BHOBb JIE30PHEHTHPYET, B IEeJOM 00paszyercss MOTOK
3JIEKTPOHOB, UMEIOIIMX YXKe HEKOTOpYI OOIIyl0 OpUEHTALUI0 110
HampaBJIeHUIO dJIeKTpuueckoro ot (puc. 8.4 ).

Puc. 8.4.0pueHTHpoBaHHE CIIMHOB 3JIeKTPOHOB B/0JIb
371eKTPUYECKOro MOJIs.

OTa OpUCHTalUA 3JICKTPOHAMU TEPACTCA MOCJIE KaKAOro COyaapeHusa C
MOBEPXHOCTAMU MOJICKYJ METAJIAd, HO 3aTEM YaCTHUYHO BOCCTAHABJIMBACTCA
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3a BpeMsi mpobera MexIy coyiapeHusMu. B pesynbTate B cpenHeM Bcs
COBOKYIHOCTb 3JIEKTPOHOB B MeTaJule CMeILIaeTcs BJIOJb OCH MPOBOJHUKA H,
KpOMe TOro, OKa3blBAaeTCs pa3BEPHYTOH MOJ HEKOTOPbIM OOLIMM YIiioM
OTHOCHTEJNILHO TIIOCKOCTH, TIEPIIEHINKYIIIPHOI ocr MpoBOIHMKA. Benmmdnna
9TOr0 yrila MOXeT ObITh ONpeleseHa UCXOA U3 OCOOEHHOCTEH CTPYKTYpb
MarHUTHOTO TOJIsI, BO3HUKAIOUIET0 BOKPYT MPOBOIAHWKA IPH TPOXOXKASHUN
10 HEMY JIEKTPUUECKOTO TOKA.
Benmumnna ToKa, MPOTEKAIOLIETo IO MPOBOAHUKY, COCTABUT

| = eNSy, = edrVdt = dg/dt, (8.44)

rae e - 3apsaa dMekTpoHa, pasHbli 1,6107° Kin; N — uncio 31eKTpoHoOB B
equHMLIe o0beMa MPOBOJHKMKA, S —cedyeHHe NMPOBOJHUKA, Vg — CKOPOCTb
CMeLIEHNs 3JIeKTPOHOB BIOJIb OCH MPOBOJHWKA;, N — YUCJIO 3JEKTPOHOB B
3apsze g, NPOTEeKAOLIMX Yepe3 ceueHre MPOBOAHHKA.

CxopocTb TepeMelleHNs EKTPOHOB Vip BAOJb MPOBOAA CEUSHUEM Sip
OTpeNIeNTTCS BhIpasKeHUEM

I
Vip = ———. (8.45)
eN$,

Ecnn monarats, 4To 4ucno 35ekTpoHoB N B NMPOBOAHWKE PaBHO YHCIY
aTOMOB MeTalljla, TO TOrJa B €AMHULE 00beMa COAECPKUTCS MOpsiIKa 10 M2
JJIEKTPOHOB, CJIEI0BATENIbHO, CPEIHEE pacCTOSHUE MEXKAY JJIEKTPOHAMU
cocrasisier d = 107" M 1 npu ceueHuy MPoOBOHMKA B Sp =1 MM? [OTYdHM,
YTO B €ro TONEpPeuHOM ceueHnn comepxutca Ng = 10 anexTpoHOB, uTO
COOTBETCTBYET 3aps Ly

0, = nge=10"*1,6 -10" =1,6-10° Kx.

IIpu Toke 1A depe3 momepedyHoe ceueHHe MPOBOAHMKA B lc momkeH
npoiiti 3apsia B 1 K1, cienoBatensHo, 1omkHO npoiiti 6,25-10 3apsimos gn.
VYuuTeiBasg, UYTO CpelHEe pPacCTOSHUE MEXAY 3JIEKTPOHAMH COCTaBJISIET
107'° M, nonyuaem CcpeiHIO CKOPOCTh TepeMelleHus JIeKTPOHOB BJIOJb
NPOBOJHUKA

Venp =d G, =10"%6,25-10 =6,25-10° wm/c = 6,25mkm/c.

HanpspkeHHOCTh 3JIEKTPUYECKOro 1ojs £ ecTh cuia, IEHCTBYHOLIAas Ha
€IMHUYHBIA 3yiekTpudecknii 3apsa. Cuma, AefcTByromas Ha D3JIEKTPOH,
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OompedesuTcsl Kak mnpousBeneHue FEe, roe e - 3apsan anekrpoHa. Ilox
JeificTBMeM JTOH CHJIBI 3JIEKTPOH, HUMelInuii Maccy M, mpuodpeTer
YCKOPEHHUE, paBHOE

a=Eelm (8.46)

7 3a Bpemst At MeXIy cOyIapeHUsIMH C TIOBEPXHOCTSIMHU aTOMOB TPHOOpETET
JOTONTHUTENbHYIO cKopocTh AV. Eciam A ecTb pacctosiHue, mpoberaemoe
3JIEKTPOHOM MEXIy IBYMs CTOJNKHOBEHUSMH M Vi, €CTh CKOPOCTb
3JIEKTPOHA, TO BEJIMYMHA ITOTO MPOMEXYTKa BpeMeHH OyIeT paBHa

At =2 Vyp, (8.47)

[TpoBOIMMOCTE TIPOBOAHWKA G TeM OOJIbIIE, YeM BBIIIEC KOHICHTPAIIHAS
3apA10B B eAMHMLIE 00beMa MeTaia, ueM OoJiblie BeJIMYMHA 3apsiia U 4Yem
BBILIE MOABWKHOCTB 3apsAna M, T. €. MpUpalleHue CKOPOCTH, OTHECEHHOE K
cuse, NEWCTBYIOWIEH Ha 3apsf, T. €.

Eel
0 =Newm; m=AVE; Avy=aAt=—— (8.48)
mu
U, CIIEI0BATENBHO,
N€E A
o=—-, (8.49)
mu

[MpuBeneHHas ¢opmMyia ajid pacyeta MPOBOAMMOCTH METAJIOB BIIEpBbIE
oObuta BeiBesieHa Jpyne B 1900r. [26]. OqHako cienyeT 3aMeTUTh, 4TO cama
MOABMYKHOCTD 3JIEKTPOHOB 3aBMCHUT OT IUIOTHOCTH U BSI3KOCTH 3¢dupa B Ban-
nep-BaanbcoBbiXx 00onoukax, B MpeaeNaXx KOTOPBIX M MepeMelnaeTcs
CBOOO/IHBIH 3JIEKTPOH.

Pacder mnmiHBI CBOOOAHOTO Tpobera 3MeKTpOoHa B Pa3IMYHBIX MeTalliax
Ha OCHOBE CIMPaBOYHBIX NAHHBIX JaeT XOpOIlee COBMaJeHWe B IMOpPsIKax
BEJINYMH C O’KMIAEMBIMU 110 TeOpuH. Tak mpu TeMriepaType HOJIb TPaycoB
mo Llenbcmio st mean A = 2,6510’10 M, IS QTFOMUHHS 1,64th‘lO M,; IS
Bombpama  0,84.10"° w; s Bucmyra 3,710° M. Tlocnenmee
00CTOSTENILCTBO TOBOPUT O BeCbMa HEOONBIIOW BEIMYHMHE MEXKATOMHOTO
NpPOCTPaHCTBA B BHUCMYTE, B KOTOPOM MOTYT MepeMeIlaTbcsi CBOOOIHBIE
JJIEKTPOHBI.
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[TprobpeTs NOMONHUTENbHYI0 KHHETHYECKYIO SHEpPIuio, 3NEKTPOHBI ¢
Oonblieil cuimol  yAapsroTcs 00  ANEKTPOHHYIO OO0OJIOYKY aTOMOB
NPOBOIHMKA, YeM W OOBACHAETCS TOBBILIEHHE TEMIEPaTypbl MPOBOIHHMKA
TIPY TIPOXO’KAEHNH TIO HEMY 3JIEKTPUYECKOTO TOKa. A TIOCKOJIbKY aMIUTUTY 1
KonieOaHWii TTOBEPXHOCTH 3JIEKTPOHHON 00O0JIOUKHM aTOMOB BO3pPacTaeT, TO W
YHUCJIO CTOJKHOBEHWl 3JIEKTPOHOB C aTOMaMM BO3PAcTaeT, UTO W SBISETCS
TIPUYMHON YBENWYEHUS 3JIEKTPUYECKOTO COTPOTHBIIEHUS TPOBOTHHKA TPH
Harpese.

[Ipu pa3zorpeBe NPOBOAHNKA €r0 CONPOTHUBJIEHHUE BO3pacTaeT 3a CueT
BO3pacTaHUs aMIUTUTYAbl KOJEOAaHWH SJEKTPOHHBIX O0O0JOYEK aTOMOB H
COKpAILEHHS B CBA3M C 3TUM IJIMHBI CBOOOAHOTO Mpobera 3meKTpoHoB. s
MeJIN OTHOCHTEJIbHO® COKpAIleHne [THHBI podera coctasnser 4,33107° K
, s amomuanst — 4,610° K™ | u npu m3smenenun Temnepatypsl Ha 10
rpai. AMHHBI CBOGOJHOTO Mpobera 31eKTpoHOB coctaBat 2,54107° M u
1,5610’10M COOTBETCTBEHHO.

[TmoTHOCTD TOKa, MPOTEKAIOIIET0 MO TPOBOJHUKY, OMpEAeNUTCS U3
BBIpaKEHUS

j = NeAv, (8.50)

MOCKOJIBKY OHa MpPONOpLUMOHaibHAa OOBEMHONH IUIOTHOCTH 3JEKTPOHOB B
MeTaie, BeJIMUMHE JIEMEHTapHOTO 3apsiia U CpeiHel CKOPOCTH AJIEKTPOHOB
BOJIb OCH MPOBOAHUKA. [T0ACTaBsIA COOTBETCTBYIOIME 3HAYECHUSI BEJTUUUH,
TIOJTyYUM:

Ne? A
j=——E=0E, (8.51)
mu

YTO W BBIpaxaeT 3akoH OMa B muddepeHImanbHoit Gopme.
YMHOXas JIeBYIO W TPABYIO YacTH BhIpaKEHUSA Ha 00heM TPOBOTHHKA V =
SL, roe S—muomanes ceyeHus MpoBOIHNKA, a L —ero anuHa, noixydaem
JSL=06ESL. (8.52)
[TockonbKy 3HaUCHNME TOKA B TIPOBOTHIKE PAaBHO

| =S, (8.53)

a MaICHUE HANPSYKEHUA Ha IPOBOIHUKE PAaBHO
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U=EL (8.54)
MOJTYYUM
us U
l=g —=—— (8.55)
L R
rae
1L pL
R=——=— (856)
o S S

€CTh aKTHBHOE COMPOTHUBIICHNE BCETO MPOBOHKKA, a p = 1/lr — ero ynenbpHOe
COTPOTHUBJIEHHE.
MOoIIHOCTh, 3aTpauMBaeMasi Ha CO3/IaHKE TOKA B TIPOBOJHHUKE, COCTABMT:

P =FAW, (8.57)

rne F = EeN— cuna, Bo3#elicTByIOLIast Ha 3JE€KTPOHBI; AV — NpupaLieHne
CKOpOCTH 3J1eKTpoHOB; V = SL — 00beM mpoBomHuKa. [logcTaBiss cooTBeT-
CTBYIOIIMIE 3HAYECHNS, TIOTydaeM

Eel
P=EeN——SL=E2SL=EL'-EsS=Ul =12R=U ?R, (8.58)
mu

rae U —naseHne HanpsiKeHUsl Ha MPOBOAHUKE, | — TOK B MPOBOJHHUKE.

BblpakeHne oTpaxaeT 3Hau€HHE AaKTHBHONH MOIIHOCTH,  KOTOPYIO
HEoOXOANMO 3aTpaTuTh B MPOBOIHUKE, MMEIOLIEro conportusieHrne R s
NPOMyCKaHUs B HeM Toka |. DTa MOIIHOCTb 3aTpaduBaeTCs Ha pa3orpeB
MPOBOJIHMKA W HE BO3BPAILAETCS 0OPATHO B LIETIb.

C W3NOXKEHHBIX TMO3ULMIA MOXKET OBITh PacCMOTPEH W MeXaHW3M
CBEPXIPOBOAUMOCTH.

[Ipy NOHMKEHWM TeMMepaTypbl YMEHBINAETCA HE TOJNBKO TEIUIOBas
CKOpPOCTb CaMHX DJJIEKTPOHOB, HO M aMIUIMTYAa BOJH Ha MOBEPXHOCTSIX
JNIEKTPOHHBIX 000J04eKk MoJieKysl. HaduHas ¢ HEKOTOporo 3HaueHHs
JIEKTPOHBI METalja, MOMaBIINe B TPYOKH 3JIEKTPUUECKONW HANpsKEHHOCTH,
HE MOTYT MPEeoJI0JIeTh yASPKUBAIOLLYIO CUITy TPaAMeHTHBIX TeUeHUH TpyOoK
U TepecTaoT B3aUMOJEICTBOBATh C 3JIEKTPOHHBIMM 000JOYKaMH aTOMOB.
ConpoTuBIEHUE UCUE3AET.

Bce BbIIIEN3NOKEHHOE TOKA HUKaK HE OOBACHAET, IMOuYeMy MpH
JBWKEHUH 3JIEKTPOHOB BIOJb MPOBOAHUKA BOKPYI HEro MOsBIsETCS
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MmarautHoe nojie. Ho nmma sToro HYXHO CHaydaJla MNMpe€ACTaBUTb CYUIHOCTb
caMoOro MarHuTHOrO I10Ji.

8.2.7 ®du3nyeckasi CyIHOCTb MATHHTHOIO MOJIst
Yz[em)Haﬂ OHEPIrus MAarHUTHOTO TOJIA paBHA

uH? B2 g,?B? 05 (BO)?

Wy = = = = Jox/m3, (8.59)
2 Ao 2 2

roe 4, - MarHUTHas TNPOHUIAEMOCTb BakyymMa, H — HanpspkeHHOCTh

MarHuTHOTO moJisi; B — MarHuTHas WHOYKUWS; &, — AMDICKTpUYEcKas

MIPOHNIIAEMOCTh BaKyyma, 0> - TUNIOTHOCTB 3(upa B Bakyyme, C — CKOPOCThb
cgera. OTcloga cpa3sy BHUAHO, YTO MarHWTHas WHAYKUMA B #0MkHA
¢opmanbHO OBITH Oe3pasmepHOil. Ha camom nenme MarHWTHass WHIYKOWS
BOBce He Oe3pa3MepHa, a ABIAETCS OTHOIIEHWEM CKOPOCTH TIOTOoKa 3dupa Vi,
B CTPYKTYp€ MarHUTHOTO MOJIf, JIE)KALIETO B INIOCKOCTH Xy, K CKOPOCTH CBETa
T.e. K CKOPOCTH BTOPOTO 3ByKa B 3()Mpe B HANPaBJIEHUN Z. DTH IBE CKOPOCTH
TIEPTIEHANKYJIAPHBI IPYT APYTY, U UX COKPalIaTh B pa3MEPHOCTH HEJb3S:

Vi
B=00,my/M,. (8.60)
c

Takum o06pazoM, Qusuueckasa cyuyHoCms MACHUMHOU UHOYKUUU — IMO
CKOpOCHb NOMOKA 3hupa ¢ CMpyKmype MAZHUMO20 NOAA, GbIPANCCHHAA 8
0041AX cKOpocmu ceema.

[TockonbKy HaNpsKEHHOCTh MAarHUTHOTO TOJIA

H = Blu,, (8.61)
TO
H =Vylu,c = pvyC. (8.62)

Orcroia BHWAHO, YTO ¢u3uuecmm CYUWHOCmb  HARpANCEHHOcmu
MACHUMHO020 NOJIA — IMO ROCMynRamejibHaA CKoOpocmbs njilomHocmu atpupa
6 cmpyKmype MAZHUMHO20 noJisa, m.e. yOeﬂbnoe Ko1uuecmeo 08udlceHUs

sdupa.



329

W3 nosry4eHHOro BbIpa)keHHsl HEITOCPEACTBEHHO MOXKET OBITh ONpeeieHa
CKOpOCTb TOTOKa 3(upa B CTPyKType MAarHUTHOIO MOJIs, COOTBETCTBYIOILAS
3HAYEHUIO HAMPSKEHHOCTH MarHUTHOTO 1o B 1 A/M:

Vv, = H Ip,c = 1/ 8,85107%-3-10° = 376,65u.c . (8.63)

3HaueHNWI0 MAarHUTHOW MHAYKUMHW BeqnunHOM B 1 Tecna cooTBeTCTBYET
OTHOIIIEHNE CKOPOCTH 3(UPHOTO MOTOKA K CKOPOCTH CBETA B

B =y, H=4n10"=1,25610° m,,/m, (8.64)

2
ITpoBomHUK ceueHreM B 1 MM~ MMeeT paauyc B Iy, = 0,564MM, miomans

3 2
ero noBepxHocTH coctapisier 3,54107° M~. Ha onmH »1eKTpOH MPOBOJHMKA
MPUXOINTCA TUIOMAs moBepxHocTH B 3,541072" m% uro mnpeBbimaer

mjiomanab MpOBOAHUKA B

3,5410°%

=14 .16pa3.
2,7510°%

Eciu Ob1 3nexkTpoH ObU1 OBl OpPUEHTHPOBAH CBOEH IIOCKOCTBHIO
napaieNbHO MIOCKOCTH OJHOMY M3 YYacTKOB MOBEPXHOCTH MPOBOIHHUKA, TO
3TO COOTBETCTBOBAJIO ObI CKOPOCTH B

Vios = Ve/1,4°10° = 1,6410°%1,410°= 1,1710%m.c .

Ecnu o MNPOBOAHUKY TEYET TOK B 1 A, TO Ha €ro NOBEPXHOCTHU NOABUTCHA
MAarHuTHOC IOJI€, HAMIPSA)KEHHOCTb KOTOPOIro COCTABUT

i 10°
H= = 282 Afwm, (8.65)
2 21 0,564

op

4TO COOTBETCTBYET ckopocTH B 1,0621510° m/c.
U 3T0 3HAYMT, UTO 3NEKTPOHBI TIOBEPHYTHI BCETO JINIIb HA YTOJN B

21,0621510°
o= =—1-810 " pan.
1,1710*°

Kak mokazano B npeapiayuem Haparpa(be, Mo BO3ACUCTBUEM
QJICKTPHUUYCCKOI'0 MOJIA BCC JJICKTPOHBI, B KaKOM OBl TIOJIOKEHWH OHH HU
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HaXOAMIKCh, PA3BOPAYMBAIOT CBOM OCH Tak, 4TO 0Opasyercs HekoTopas
o0masi COCTaBisIONIas MPOSKUM WX CIHHOB Ha OCh MpOBOIHMKA. Il
OTHOIICHUIO K JIOOOMY Y4YacTKy MOBEPXHOCTH MPOBOAHMKA MOJIOBHHA
3JIEKTPOHOB OKa3bIBaeTCs MOBEPHYTOW K 3TOW MOBEPXHOCTH, MOJOBMHA K
MPOTHBOTOJIOKHOM, TaK YTO LUUPKYIALKS OT KQKIOH Mapbl SIEKTPOHOB acT
CYMMapHyl0 LHUPKYJISLHIO, OCb KOTOpOW OyneT OpHeHTHpOBaHA BIOJNb
npoBonHuka (puc. 8.5).

()

—

evo

a 6)

Puc. 8.5. OGpazoBaHHe MArHMTHOro TMoOJisi BOKPYr NpPOBOAHUKA. a —
OpUEHTallUMsl BEKTOpa CIMHA JJEKTPOHA Mapa/yiebHO  OCH MPOBOJHMKA;, 6 —
CYMMHUPOBAHNE BUHTOBBIX TIOTOKOB BHE MPOBOTHHKA.

Hcxoast m3 Toro ¢pakra, 4To NpW TMEPEMEIIEHUH B MPOCTPAHCTBE HE
OOHapy)XMBAaeTCsl HUKAaKUX MJOTOJIHUTENIbHBIX MAarHUTHBIX TMojel, 4To
MOATBEPKIAEHO CHELMANbHO TOCTABIEHHBIMM OJKCIIEPUMEHTAMHU, a TaKkKe
YUHUTBIBasg OMBIT OpcTeda, MOKas3aBIIEro, 4YTO MAarHWTHas CTpesKa
YCTaHaBJIMBAETCA NMEPIEHAUKYJIISIPHO IPOBOAHUKY C TOKOM, BBIPUCOBBIBAETCS
MPAaKTUYECKU EIUHCTBEHHO BO3MOXHAs CTPYKTypa MAarHUTHOW CHJIOBOM
JMHUY KaK HEKOTOpOW TpyOKW, B KOTOPOiIl MO TMOBEPXHOCTH TeueT 3(up B
OJITHOM HamNpaBJIEHWH, a BHYTPU TPyOKH BO3BpAILAeTCA B MPOTUBOIMOJIOKHOM,
a cama ke TpyOka BpallaeTcs, Tak 4TO IO €€ MOBEPXHOCTH 3(Up TeueT Mo
BHHTOBOM JiuHMU ¢ yriioMm B 45 k ocu TpyOku. IIpu 3TOM MOCKONBKY
(opMHpOBaHME MarHUTHON CHJIOBOI JIMHWUHM TPOM3BOAMTCS JJIEKTPOHAMHU,
KOTOpbIE CaMH MPEACTABISIIOT Cco00il BHMHTOBbIE TOPOWABI Hauboisee
BEpOSATHON CTPYTYypOil MarHUTHONW CHIIOBOW JIMHUM SBJIseTcs Habop
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BUHTOBBIX TOPOMIOB. B3anmopeiicTBue BUHTOBBIX MOTOKOB 3(Hpa MOKa3aHO
Ha puc. 8.6.

Puc. 8.6.CTpyKTypa MArHUTHBIX CHJIOBBIX JIMHUIA

Takum o00pa3oMm, CTPYKTYpbl CWIJIOBBIX JIMHWH MarHWTHOTO TIONS W
ANIEKTPUYECKOTO TOJI BO MHOTOM HIOSHTHYHBI, HO WMEIOT W PasIdus.
DNeKTpruYecKoe Tojie MMEET WCTOYHMK BHWHTOBOTO IBIDKEHWS B TOpLE, a
MarHuTHOE TIOJie C TOBEPXHOCTH BCeil TPyOKH, TO3TOMY MarHWTHas TpyOka
MOXET CTPYKTYPHPOBATHCSI B HAOOp BUHTOBBIX TOPOMIOB, a dJIEKTpHUecKast
TpyOka He MoxkeT. OTHaKO BCe 3TO TpeOyeT yTOUHEHMs.

U3 BbIpaxxeHus

H =Vptoc (8.66)

M 3aKOHa ITOJIHOT'O TOKa

i = | Hdl; H= i122R (8.67)
BBITCKACT
ko
Vo= —, (8)68
XR

a €CJIu B MaTepI/lane CKOpOCTb BUHTOBOTI'O ITOTOKA BhILIE, TO
Lot
= —, (8)69
ZR
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rJie {4 — OTHOCHUTEJbHAS CKOPOCTh MOTOKA 3(Mpa B MaTepHalie Mo CpaBHEHHUIO
C TUTOTHOCTBIO 3TOTO K€ MOTOKA B BAKYYMe.

H3meHeHre CKOPOCTH 3(UPHOro MOTOKa B Marephaie obecredrBaeTcs
U3MEHEHNEM OPHMEHTALMH JOMEHOB, KOTOPbIE MOTOKAMHU, PACMOI0KEHHBIMU
Ha WX Tepudepuy, MO0 YBEIMUMBAIOT OOIIYyI0 CKOPOCTh MOTOKA
(mapamarseTvku U eppOMarHETUKM), TUOO0 YMEHBINAOT (IHaMarHeTUKH).

ComnocTaBuM C MOJTYYSHHOM 3aBUCHMOCTBIO 3aKOH AMIiepa IUisi CHIIOBOTO
B3aUMOJIEHCTBUS MPOBOIHUKOB:

Mt a2
dF = —— (8.70)
ZR

U MpeJCTaBuM ero B (opme

dF 144t ( )
- 8.71

dli, ZR

OTKYJa BHJHA TMOJHAas WICHTHYHOCTh BBIPAXKEHUIA Ui CKOPOCTH BUHTOBOTO
notoka 3¢upa W 3aKOHa AMIepa MO CHJIOBOMY B3aMMOMACHCTBHIO
NPOBOIHHUKOB.

Kak crnemyeT W3 3aKkoHa MOJHOrO TOKa, YMEHBIUEHHE HANPSKEHHOCTH
MarHWTHOTO TOJI BOKPYT MPSMOJMHEWHOTO MPOBOJHUKA C TOKOM JOJDKHO
NPOUCXOOUTh IO THMNEepPOONIMYECKOl 3aBUCHUMOCTHM M, CJIeIOBAaTelbHO,
OTHOLIEHNE HaNpPsSKEHHOCTE! NTOJKHO COOTBETCTBOBATH BHIPAXKEHHUIO

Hl/Hz = Rz/Rl, (8)72

rae R; 1 Ry — COOTBETCTBEHHO pacCcTOSHUE OT LIEHTPa MPOBOJHUKA 10 TOUYEK
W3MepeHnsT HamlpspKeHHOCTeW MarHuTHOro moins. OpHako 3¢dup cxvMaeM,
CJIeIOBAaTeNbHO, Ul MAarHUTHOTO TOJs 3TO OOCTOSTENBCTBO  JOJIKHO
CKa3bIBaTbCsl  CYLIECTBEHHbIM 00pa3oM. [IpuBefeHHOE COOTHOIIEHHE
CTpaBesIMBO TOJIBKO Ul MallbIX 3HAYE€HHWH HampsKeHHOCTEH MarHUTHOTO
MoJIsA, JUId KOTOPBIX €ro C:kaTHeM MOXKHO npeHeOpeub. C yBeNMYEHHEM ke
HamnpsKEHHOCTH JOJKHBI HAOJI0ONAaThCAd OTKJIOHEHUS OT 3TOro 3aKoHa. OTo
00CTOATETHCTBO TOCITY KHUJIO peAMETOM 9KCIIEPUMEHTANIbHBIX
WCCIIeJOBAHUI, KOTOpPbIe MOATBEPAMUIIN ITO MPEATNOIOKEHHE.

Ecnmu MmarHutHoe mnosie oOjagaeT CBOMCTBOM — CXKMMAaeMOCTH, TO
MIPUBEEHHAS 3aBUCHMOCTb JOJKHA HapyIIaThCs, IpUYeM TeM Ooublie, 4eM
Oonplle HAMPSHKEHHOCTb WM TOK, NPOTEKaomMii B mpoBogHuke. [lo
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QHAJIOTHH CO CXKHMMAeMOM JKMIKOCTBIO 3TO MOXKHO MOSICHUTBH CIEIYHOLIUM
00pa3oM: BBIXOJsIIas U3 BEPTYIIKH KUAKOCTh (puc. 2.5 B BepXHeil dyacTn)
HAaXOOUTCS TOJ OOJIBIIMM HaNpshHKeHHEM, YeM KHMAKOCTb, HAaXOAAWAscsAd Ha
HEKOTOPOM PAacCTOSHUH OT BEPTYIIKH. DTO 3HAYWT, YTO C yHAJCHWEM OT
BEPTYIIKA JKWUAKOCTh OyIeT paclmpATbCcs M A00aBISATH CBOIO SHEPTUIO B
IBIDKEHUE, T. €. CKOPOCTh CKMMAEeMOW >KMAKOCTH BIAIM OT LEHTpa OyaeT
0oJTbIIIe CKOPOCTH HECKMMAEMOM KUIKOCTH.

Ha puc. 8.7 npuBeneHsl 3KcIepUMeHTaIbHbIE 3aBUCUMOCTH OTHOLIEHUIA
HIHo OT OTHOCHTENLHOTO PACCTOSHHSA A0 LIEHTPa MPOBOAHHMKA MPH Pa3HBIX

3HAYCHUAX TOKa.

H/H,

0,5

0 2 4 6 8 wr,

Puc. 8.7. DkcriepuMeHTANBHBIE HCCIeJ0BAHUS 3aKOHA MOJHOT0 TOKA:

a — MeXaHWYecKasl aHaJOTUsl — I3MEHEHNE CKOPOCTH MOTOKA COKMMAEMO# KHUAKOCTH,
MIPUBOANMO# B IBIDKEHUE BEPTYIIKOM € JIOMACTAMM; 6 —3MEHEHHE HAMPSHKEHHOCTH
MarHUTHOTO TM0Js B 3aBUCHMOCTH OT pAacCTOSHMS OT OCH NpoBoxHMKa;, 1 —
TeopeTHyeckass KpuBas, BBIYMCICHHAs W3 YCIOBUS TOCTOSHCTBA LMPKYJSLUM
MarHuTHOTO TOJIsI; 2 — JKCIEPUMEHTAIbHbIE pe3ylbrarhl npu Toke | = 1 A; 3 —
JKCIIepUMEHTANIbHBIE pe3ynbTaThl pu Toke | = 10 A. Mi3amepeHus npoBOAMIUCEH MpU
yactorax 50, 400u1 1000I'1t

Kak BHIHO M3 pe3yabTaTOB M3MEPEHWH, C YBEJIMUEHHEM TOKa B
TIEpBUYHOM TIPOBOJHUKE OTKJIOHEHWE HaMpsHKeHHOCTH MAarHUTHOTO TIONS OT
BEJINYVHBI, OTIpe/IeIeHHOI 3aKOHOM TIOJTHOTO TOKa, cTaHOBHUTCS Ooinbime. C
YBETMUEHWEM pAcCTOSHWS OT TPOBOJAHMKA, T. €. C yMEHbUIEHHUEM
a0COJIOTHOM BEJTMYMHBI HANPSHKEHHOCTH MarHUTHOTO TIOJS,, 3aBHCHMOCTh
yOBIBaHUSI MarHUTHOM HamNpsHKEHHOCTH MPUOIIKAETCST K THIepO0IMuecKoi,
OTIpeIeIeHHOI 3aKOHOM TIOJIHOTO TOKa, W TeM B OOIbINEll CTEnmeHW, uem
MEHbLIE 3Ta HampsKeHHoCcTb. [lpm 3ToM, Kas3ajnoch Obl, pOJib KpPaeBbIX
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3¢ ¢dexToB NomkHA Obuia ObI BO3pacTaTh, OJHAKO Ha JeJie 0Ka3zajocCh, YTO
KpaeBble 3()(heKThl HUBETUPYIOTCS.

WHrepripeTaliis HaNpsHXKEHHOCTM MAarHUTHOTO TONs KaK CKOPOCTH
JTAMAHAPHOTO TOTOKA 3(hMpa MOXKET BBI3BATH OTpeIeIeHHbIE BO3PaKEHMS.

Bo-mepBbIX, Kak W3BECTHO, MakcBeUl OTHA]  MpPEANOYTEeHHe
TPaKTOBAaHWIO MAarHWTHOTO TIOJS HE Kak TOCTyNMaTeNbHOTo, a Kak
BpaIIaTebHOTO JABWKEHNS B CBA3M ¢ 00HapykeHHbIM Dapaneem CBOHCTBOM
MarHUTHOTO TIOJISI TIOBOpAuYMBaTh IUIOCKOCTH TIONSPW3AlMM  CBETa B
HEKOTOpHIX KpucTamtax. OpHako MakcBequr He yd4en, 4YTO TpaaueHT
NoCTYyNaTeabHON CKOPOCTH 3(pHpa MOXKET 00anaTh TAKUM XkKe ASHCTBHUEM.

Bo-BTOpbIX, MarHuTHOe TIOfle He 00s3aTe]bHO SBISETCA YHUCTO
NOCTYNaTeNbHBIM IBIKeHHeM 3¢upa. B HeM MoXkeT NpHCYTCTBOBAaTh
COCTaBJISIIOLIAS BpALIEHMS, MPUYEM B PasHbIX (QU3MYECKUX SABICHUAX
COOTHOLICHHE MEXAY CKPOCTAMH TMOCTYMaTellbHOr0 M BpallaTelbHOro
IOBWKEHUIT MOXeT ObITh pa3mnuHbIM. Takas BO3MOXKHOCTH TpeOyeT
OTAENBHOTO PacCMOTPEHMS, HO 3TOT BapHaHT He OyIeT NMpOTHBOPEYUTh HU
W3JI0XKEHHBIM BBbIIIE TMPEACTAaBIEHUAM 00 IEKTpUUECOM IoJie Kak 0 Habope
BUHTOBBIX TPYOOK C TEPEMEHHBIM M0 CEYEHWIO BWHTOBBIM (paKTOpPOM, HHU
W3JI0)KEHHBIM TIPEICTABJICHUSAM O HANpsHKEHHOCTH MarHWUTHOTO TIONS Kak O
CKOpPOCTH TIOCTyMaTeNnbHOTO JABWXKeHWs 3¢upa. Tem He MeHee, Takoe
MOZENUPOBAaHUE TO3BOJUT YTOYHHUTh MPENCTaBICHUS O (U3NUECKOi
CYIIHOCTH MarHUTHOTO TOJIS ¥ €r0 MPOSBICHUAX B PAa3HbIX ABICHUAX.

8.2.8.CBoGoanbIii 3JIeKTPOH B MATHUTHOM Mo0JIe

PaccMoTpuM NoBeJIeHNe IEKTPOHA B MATHUTHOM MoJie. MarHuTHOe moJie
caMo mo cebe HUKaK He MOXET MOBIMATH HAa OPWEHTANMIO 3JIEKTPOHA
BCJICICTBUE B3aMMHOTO ypPaBHOBEIIMBAHMSA BCEX CHJI, BO3ICHCTBYIOIIMX Ha
3NIEKTPOH €O CTOPOHBI MOJIS, MPUYEM HE3aBUCHMO OT CTPYKTYPhI CaMoro
MarHUTHOTO TMOJISl U MpeobnanaHus B HEM KOJBLEBOM MM MOCTyNaTelbHOM
COCTaBISIFOLIEH ABIKEHUS dDupa.

B camom nene (puc. 8.8),B obnactu 1 umeeT MecTo MPUTSHKEHUE BUXPEi
3a cYeT MOTOKOB 3(upa B IIIOCKOCTH PHUCYHKA, HO OTTAJKHMBAHHS 33 CUET
BpallleHHWs Tra3a, TaK KaK HalpaBieHUE COMNpAracMbIX MOTOKOB Trasa
OJIMHAKOBO — B CTPOHY, MEPNEHIUKYJIISIPHYIO TNIOCKOCTH pUCYHKa. B o6iactn
2 — Bce HAOOOPOT — OTTANIKMBaHKWE BHXPEH TMPOMCXOIMT 3a CUET BpaLICHUST
MOTOKOB 3(upa B TUIOCKOCTM pUCYHKAa, a MPUTHKEHHE — 3a Cuer
MPOTHBOMOJIOKHOTO ~ HampaBJieHWs  JBWKCHWM Taza B TUIOCKOCTH,
MePIeHOUKYISIPHOM TUIOCKOCTH PHUCYHKA. [IpH 3TOM COCTaBISIOIINE CHII,
BBI3BAHHBIX TIOCTYMATEIbHBIM [BIKEHHEM 3(upa, ypaBHOBELICHbI MEXIY
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co00if, Tak k€ KaK M COCTaBISIOLIME CHWJI, BbI3BaHHbIC BpallaTebHBIM
JBIDKEHUEM 3(Hpa TakKe YpaBHOBEIIEHBI MEXAY co00ii.

®
SN
&)t
0]
a) 6)

Puc. 8.8. YpaBHoBemnBaHHe JaBJieHUil, JefiCTBYIOIIHX HAa JJIEKTPOH B
MATHHTHOM T10JIe

OO
PO

[TonoxeHue CyLECTBEHHO MEHSETCS, €CJIM BHELIHEH CWIJION, Hampumep,
3JlCKTpl/l'ieCKldM noJieMm, BHCKTpOHy le/lﬂ,aHO HOCTyHaTeﬂbﬂoe JIBUKCHHUE CO
CKOPOCTEIO V. B 3TOM ciTydae kK CKOPOCTH TOTOKa 3(hupa B 3JIEKTPHIECKOM
ToJIe Vit TT0 TTOBEPXHOCTH KOJIbIlA J00aBIAETCS CKOPOCTH MOCTYNATENHLHOTO
JABUIKEHUA 3JICKTPOHA. Pa3noctn CKOpOCTeﬁ, JIC)KAIUX B IUIOCKOCTH YCPTEIKA
B oOmacTtu 1 coctaBUT

Avy =V, + Vg +V, (8.73)
a B 00J1aCTH 2 COOTBETCTBEHHO

AV, =V, —V, + V. (8.74)

KBaI[paTH X COOTBETCTBEHHO PaBHbI
(AV))2 = V.2 + V.2 + 20V, + V2 + Vv + 2V, (8.75)
(AV2)2 =V, 2+ v, 2- 2v,v, + V2 + 2V,V - 2V,V. (8.76)

Pa3zHoCTb KBajpaToB CKOpOCTEH B HampaBjieHUM, MEpPHEeHANKYJSPHOM
TUTIOCKOCTH PUCYHKA, COOTBETCTBEHHO PaBHa:

AV 1=V, — Vg AV =V, + V. (8.77)
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31ech KBaIparThl pa3HOCTEN CKOPOCTEH COCTaBST
(AV')2 = Vv,2= 2V, + V.2
(AV'2)? = V2 + 2V, + V2
CymMa KBapaToB CKOPOCTeHl B Kaxk10#l obsacTu OyeT paBHa
(AV)2 + (AV'1)? = /2 + 2v,2 + V2 + W,V + 2V,
(AV2)2 + (AV' )2 = V2 + 2,2 + V2 + 2V,V- 2V,
a MX pa3HOCTh COCTaBUT
[(AV1)? + (AV'1)Z] — [(AV,)? + (AV'5)Y] = 4 V.
B cooTBeTcTBUM C ypaBHeHHEM bepHyiu nmeeM
P =p,C —pV32
H, CJIeI0BATENBHO,

AP = 2p,v,V.

(8.78)

(8.79)

(8.80)

(8.81)

(8.82)

8)8

(8.84)

Cuna, neiicTByromas Ha 3KBMBAJEHTHYIO TOBEPXHOCTH AIIEKTPOHA Sy,

OIMNPEACTIUTCA KaK

F=APSw = 2 Sy VaV = [BV],

(8.85)

YTO M COOTBETCTBYET 3aKoHY JlopeHLa o ABIKYIIEerocs B MarHUTHOM MoJie
anektpoHa. Ilpu 3ToM, kak BuAHO u3 puc. 8.9, HampaBleHHE CHIIbI

NEPNCHAUKYJIAPHO HAIPABJICHUIO IBWKCHUA 3JICKTPOHA.
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Puc. 8.9. INosiBjienune OTKJIOHSIIOUIEH CHJIBI npu ABUKEHUHU 3JJIEKTPOHA B
MAarHuTHOM IoJie

8.2.9. MuaykTuBHOCTH. MeXaHU3M fIBJICHHS] CAMOHHAYKIIHH

[MpucoenaeHHble 3(UpPHBIE TIOTOKK YMOIOOMNSIOTCS CXKAaTOW MpYXKHHE,
3amaciiell  MOTEHLWAlbHYI0 JHEPrHI0 M CTpeMsllelics OTOIBHHYTh
SNIEKTPOHBI JAPYr OT npyra. [Ipm 3ToM mpupamieHwe AaBieHUs OyaeT
MPOTOPLIMOHANILHO BEJTMYMHE TOKA, MPOXOIAILEro MO MPOBOAHUKY.

st coneHoupa Takoe JaBlieHWe OyHET MNpPOMOPLUMOHATIBHBIM YHCITY
aMIIEPBUTKOB W, MPUXOIALIMXCS Ha €IUHULLY €ro JIHHBI |:

iw
p= —. (8.86)
|

B cucreme MKC emmmmuma toka i — [kr-¢?, wmmer | — [M]  n,
ClIeOBaTeNIbHO, €IWHWIA W3MEPEHWs] JaBIICHUsS TPHUCOeTUHEHHBIX CTPYH
cocraut [kr'm ¢ | umn [H] (HbIOTOH), T. €. Ty e, 9TO U IS OOBIYHOTO
JaBICHS.

Pa6oTa, coBepuiaeMas OpH CKAaTHH MPUCOSIMHEHHBIX MOTOKOB 3(upa,
ompezensieTcsl Tak XkKe, Kak W pabora, coBepiiaeMasi IpH CKaTHU OOBIYHOM
npykuHbl. Eciu uisi 0OBIMHON MPY)KUHBI CUJIa CXKATHsI MPOMOPLIOHATbHA
nedopmanui, T. €.

F = kx, (8.87)

rae K — koadduumeHT ymnpyroctd, a coBepliueHHas paboTa ONpeaeuTcs
BEIpa)KEHUEM



338

Xo kx2  F,2
w=JFdx=— = — (8.88)
0 2 R

rae FO - CuJia C)KaTud MPYKUHBI, TO IJId CXKATBIX 3(1)I/IpHHX IIOTOKOB 6yﬂeM
HMMETb Ha €IMHNIY OJIMHBI COJIEHOU A

Pk (iw)?
W= = (8.89)

R 2 1?2

ComnocTaBiss TOJTYYEHHOE BBIPAXKEHUE C M3BECTHBIM BBIPAXKEHUEM [JIA
OHEPIruu CoJICHONaa

p (iw)?
W= , (8.90)
22

oOHapykuBaeM, dUYTO (U3WYECKAN CMBICT MAarHUTHOW TPOHUIIAEMOCTH
BaKyyMa COOTBETCTBYET KOA(PUIMEHTY YIIPYTroCTH dupa.

IMpy Hanuuuu Kene3a B CepIeYHHMKE JApOCCeNs MarHUTHOe ToJe,
co3aBaeMoe OOMOTKaMU COJICHOMIA, — YMOpsI0YeHHble MOTOKU 3¢dupa —
TPaTUT CBOIO SHEPTUI0 Ha Pa3BOPOT NOMEHOB — KOHIJIOMEPATOB MOJIEKYI
xkene3a. Takue KOHIJIOMEpaThl HAXONATCA B  CepACYHMKE B  HE
YTOPSIIOYSHHOM TIOJIOKEHUW, OPUEHTHPOBAHbI B TPOCTPAHCTBE BO BCEX
BO3MOXKHBIX  HAmlpaBJEHUsX OTHOCHUTEIbHO paBHOMepHOo. Ho mon
BO3JICICTBUEM MAarHUTHOTO TOJSI — YMOPSAOYEHHBIX KOJBIEBBIX TMOTOKOB
3¢upa, ABIAIOMUXCS PE3YITBTATOM YIIOPSIIOYCHHOW OpUEHTAIINH dJICKTPOHOB
B TOKOHECYIIIEM TIPOBOIE, — JOMEHBI TaKXKe Pa3BOPavdMBAIOTCS W 00pa3yroT
MarHATHOE TIOJie CEpIeYHMKa. 31eCh YK€ MAarHUTHOE TOJie TpPEACTaBIIACT
co0oli HaOOp BWHTOBBIX BHUXPEBBIX TPYOOK, W €r0 CTPYKTypa, TaKWM
00pa3oM, OTAMYAETCS OT MArHUTHOTO TIOJIS, CO3/IaBAEMOT0 TOKOM.

Takum o0pa3oM, HMeeT MeCTO [OocjeqoBaTeNbHas 1eMb COOBITHIA:
JNIEKTPUUECKOEe TI0Jie B TIPOBOJHHMKE OOMOTKHM COJICHOMJA 3aCTaBseT
AJIEKTPOHBI TIPOBOJHUKA Pa3BOPAYMBATHCS TNIABHBIMU OCSIMU B HaIpaBJICHUN
OCH TIPOBOJHMKA, 3TUM CaMbIM CO3JAIOTCSI TMOTOKH KOJIBLEBOTO IBYIKCHUS
s¢upa BOKpYr mnpoBoaHUKa. [loTokM 3¢upa NPOHUKAIOT B IKEJIE3HBIN
CepICYHNK W BHIHYKIAIOT TOMEHBI Pa3BepHYTHCS COOTBETCTBEHHO B 00IIEM
HamnpaBJICHUW TaK, YTO OCH BHUHTOBBIX TPYOOK MAarHUTHOTO TIOJS,
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co3JaBaeMble JOMEHaMH, OPUEHTUPYIOTCS YaCTUYHO B OOIIEM HaIlpaBIIEHUH,
MePIEHANKYJISIPHO HAIpPaBIE€HUIO BO3/AEHCTBYIOLIEr0 Ha HUX BHELIHETO
MOTOKA.

[Tockonbky  Kakmast ~ Takas  BHHTOBas ~ TpyOka  CBsi3aHa  C
COOTBETCTBYIOIIMM JIOMEHOM, HaxOAAMNMCS B CBSI3M C OCTaIbHBIM
MaTepHalioM Cep/IeuHNKa, TO 3TH CBSA3W HaMpsTaloTCs MOZOOHO MPYXWHE, U
€CNI BHEIIHWH TIOTOK WCYE3HEeT, TO OHM BEPHYT IOMEH B HCXOIHOE
noJjio)keHne. MarHuTHoe TmoJjie, CO3/JaHHOE CeplIeYyHHKOM, HcuesHeT. Tak
00CTOWT €TI0 C MAarHUTOMSTKAM MaTepHaioM.

Jlns MarHuToTBEpHOro Martepuana JAeno obctouT uHave. Eciu
CONPOTHUBJIICHWE CBA3elf JOMEHOB B Marepuaje YyJaeTcss TMpeoJoseTh
BHEIIHUM [OTOKOM, TO OHM MOTYT M HE BO3BPAaTUTb JOMEH B HCXOJAHOE
cocTostHue. Torna MarHUTHOE MOJIe COXPAHUTCS U Mocje OTKIFOUSHHS TOoKa
13 0OMOTKH COJIEHOMIA.

Ho Haubonee mnpocTbiM crmoco0oM ociabieHuss cBA3eil IOMEHOB ¢
MaTepHalioM SIBJIAETCS, KaK W3BECTHO, HArPEB MAarHUTOTBEPAOTO MaTepuana
BIUIOTH JIO €r0 pacruiaBlieHns. Torma BHEIIHee MarHUTHOE TIONie JIETKO
OpPHMEHTHpPYET IOMEHBI B HY)KHOM HallpaBJIeHUH, a 3aTeM, IMOCJe OCTHIBAHUS
MaTepuana, MEeXMOJIEKYJIIpHbIE CBSI3W  3aKPEIUITIOT JOMEH B 3TOM
ToJI0KeHNH. Martepuall CTaHOBHUTCS TTOCTOSTHHBIM MarHUTOM.

IMlpn Hanuuum >keneza B JApocceie oOIIass 3arnaceHHas JHeprus
MarHuTHOTro 1oJig OyAeT MpornopLUUOHaNbHA 00beMy Kelesa:

22
o (W)
W=— V., (8.91)
2 |)I( 2
IMockonbky 06beM kene3a apoccenst coctaBisieT V, = S, , roe S -
CeueHue cepAeyHMKa, a |, — JIMHa MarHUTHOM CUJIOBOM JIMHUU B

CepACYHUKE, TO MOTYYUM

H o (W)?
W=——Sl, (8.92)
21,2
roe u - OTHOCUTECJIbHAsA MArHuTHasA TMPOHULIACMOCTL 3JKEJIE3a. ITocie

COKpallleHHi OyZIeM UMETh:

pie  (w)? Sw# i2 i2
W= — S—=pp— =L— (8.93)
2 I 2 2
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rae

Sw? w2 L
L= pto = ; Ry=——. (8.94)
| Ru H o Sk

3pecs R, - MarHuTHOE COMPOTHUBIIEHUE CEPAECUHUKA.

Takum o6pa3zoM, momydeHa oObdHas (opmysia IS WHIYKTHBHOCTH
KaTYIIKK C ’KeJIe3HBIM CEPIEUYHUKOM.

W3 W3M0KEHHOTO BHOHO, 4YTO pOJb HKEJIE3HOTO CEpACYHMKA B
VHIYKTUBHOCTH CBOAMTCS K TOMY, YTO B HEM 3aracaercs peaKTUBHas
9HEprust MarHUTHOTO MoJisi. Ho 11t Toro 4Tto0bl 3Ty 3HEPTHIO B HEM CO31aTh,
HeoOXOIUMO COBEpIIUTh paboTy, T. €. MPOU3BECTH IOBOPOT IOMEHOB
AKEJIE3HOro CepievHHKa U VISl 3TOTO MPEOA0JETh YIPYroe CONPOTHBIEHHE UX
cBs3eil.  Orta paboTa NPOM3BOAMTCS IyTeM TMOBBIMICHUS MAABJIEHUA B
MPOCTPAHCTBE MEXIY TMPOBOAHMKOM U Xkeje3oM. CaMmo 3TO JaBlieHHE
cozJaercs 3JIEKTPUYECKUM TOKOM, TEKYLUIMM IO MpoBOAHUKY. IloaTomy
o01mast 3armaceHHasi SHeprus MPOTIOPLUMOHANbHA KBaJpaTy BEJIMYMHBI TOKA.

Konbuesoe  (kpyroBoe) nBmkeHHe dS(Gupa BOKPYT TPOBOAHMKA
BOCTIPMHMMAETCS] KaK MarHWTHOE ToJie. DHEPTUs MOCTYNaTeNIbHOI CKOPOCTH
s¢upa BOKpYT NMPOBOAHWKA, HE MMEIOLIET0 JKEJIEe3HOTO CepIeYHNKa, U eCTh
9Heprus 3Toro nojs. Ecnu ecTs jxene3Hslil cepAeuHUK, TO CroJa 100aBseTcs
MOTEeHUMAIbHAs 3HEPTHs YIPYroro NoBOpoTa IOMEHOB cepAeuHuka. Bes ata
cUCTeMa HampshkeHa M YIEep)KMBAeTCs B  HANpPsHKEHHOM  COCTOSTHUM
MOBEPHYTHIMM B OOIEM HaNpaBieHWM — BAOJb OCH TPOBOJAHMKA —
asekTpoHaMH. CaMu ke 3JIeKTPOHbI YAEPKHBAKOTCA B ITOM COCTOSHHUU
HAampsXEHHOCTBIO 3JIEKTPUIECKOTO MOJIS.

Ecnu anexTpoasuxkyiuas cuia B MPOBOJAHUKE MCYE3AET, TO MCUE3aeT U
MPUYMHA, YAEPXKHMBAIOIAs 3JEKTPOHBI B  O0IIEM OpPHEHTHPOBAHHOM
HalpaBJICHUH, ucue3aeT W JaBIICHUE, YAep)KHBaroLlee MOTOKH B
HanpsOKEHHOM COCTOSHMM. PaBHOBecHe HapylleHO, M Bechb MpoLecc
o0opadnBaeTcsi B 00paTHOM HampasiieHWH. Tereps BHEIIHWE MOTOKM 3dupa
IaBAT Ha BHYTPEHHWE, W JIMHUM KPYTOBOTO TOKa 3(uMpa, COKPALIAsCh,
BXOAAT B TPOBOAHWK. MX SHeprus TpaTUTCS Ha YyBEIWMYEHHE TETJIOBOU
CKOpPOCTH 3JIEKTPOHOB MPOBOAHWKA. B 3TOM M 3akimtodaeTcs MeXaHH3M
CaMOMHAYKLMWH.

OO6patHBIif X0 TMpouecca NPUBOAUT K Tomy, 4To DJIC Ha MpoBOIHUKE,
cozJaBaeMas TMepeMelIalIIUMKCT BHYTPh MPOBOJHMKA MOTOKaMHU 3¢wupa,
npuodpeTaeT MPOTUBOMONIOXKHBIN 3HaK, 3Ta DJIC OyaeT mponopuuoHanbHas
3aMaceHHo} IHepruy MHIYKTUBHOCTBIO, T.€. BEJINUNHE WHIYKTUBHOCTH, €CIIN
’&Ke TOK OOpBIBaeTCsA HE Cpasy, TO BJIEKTPOHBI €HIE COXPAHAIOMIEroCs TOKa
MPOAOIIKAET yIepKuBaThb YacTh MAaBieHWs. Takum oOpazoM, Ha
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Ka4eCTBEHHOM ypOBHE MO)KeT ObITh 000CHOBaHa m3BecTHas (opmyna DJC
CaMOMHIYKLUHU:

e =— L di/dt. (8.95)

8.3. DiekTpoMarHuTHBIE B3aNMO/IeHCTBHSI

8.3.1.CuaoBoe B3auMo/eiicTBHE MPOBOJHHKOB C TOKOM.

Kak n3BecTHO, MpU MPOTEKaHUH MO ABYM MapajjesbHbIM MPOBOJHUKAM
TOKOB MPOBOJHUKHU UCTIBITHIBAIOT B3AaUMHOE NMPUTSHKEHUE, €CITH TOKH TEKYT B
OIHOM M TOM >K€ HAMpaBJICHWU, WIHA OTTAJIKUBAHME, €CJIM HaNpaBICHUS
TOKOB TPOTHBOIOJOXHBI. B COOTBETCTBMM C 3akOHOM AMrmepa cuia
B3aUMOJEHCTBUSl MapajulesIbHBIX TMPOBOJHMKOB C TOKOM B BaKyyMe
ornpezenseTcs BIpakeHueM

1
F=—u, , (8.96)
Ad

rae o = 41-107 TH-M™' — MarHuTHas MpOHMIAEMOCTh Bakyyma; |y u |, —
BEJIMYMHBI TOKOB B TIEPBOM M BTOPOM MPOBOJHUKAX; |— IUTMHA MPOBOIHHUKOB;
d — paccTostHIE MEXIY UX OCSIMH.

ITpuBeneHHOE M3BECTHOE BBIPAXKEHNE COOTBETCTBYET OMBITHBIM JAHHBIM,
OJTHAaKO, He BbIpaxaeT (pu3nyueckolf CyIHOCTH B3aMMOJEHCTBHS MPOBOJOB C
TokoM. /JInsg  moHMMaHust  QU3MUYECKOH  CYHIHOCTH  PacCMOTPHUM
B3aUMOJAEHCTBUE JABYX JJIEKTPOHOB — YIJIOTHEHHBIX TOPOMIABHBIX
BHUXPEBBIX BUHTOBBIX KOJELl IIapoBOW (OPMBI, PACHONOKEHHBIX KaXIbIi B
OJHOM M3 JBYX MPOBOJOB, PAaCMOJ0KEHHBIX MapaeIbHO OTHOCUTEIBHO
IpyT Opyra.

ONeKTpOH, HaXOIAIIWICS B TIEPBOM TPOBOAE TIOA BO3IAEHCTBHEM
TOPOMIANBHON  COCTaBISIIOIIEH ~ ABW)KEHHMA  SJIEKTPUMYECKOTO  TIOJA
pa3BOpavyMBaeTCs TaK, YTO TIIaBHAs OCh JJIEKTPOHA OKa3bIBAETCS IO/ YTIIOM K
MPOJIOJILHONW OCH MPOBOJAa MEHbIIMM, 4eM /2. JIjisi mMpocTOTHI BBIBOIA
MOJIOAKMM, YTO IJIABHBIE OCU 3JIEKTPOHOB M OCU IPOBOJAOB COBIANAIOT IO
HarpaBJIeHHIO, pealibHbIN YroJl HOBOPOTa OyIEeT yUTEH B AajbHeieM.

B cootBeTcTBUM ¢ 3akoHOM buo-CaBapa TopouaanbHas COCTaBJISAIOLLAS
BHUHTOBOI CKOPOCTH 3(UpPHOr0 MOTOKa YOBIBaeT MPOMOPLUHUOHAIBHO KyOy
paccTosiHMs, a KoJibLieBass B COOTBETCTBMM ¢ Teopemoil [aycca —



342

MPOTIOPLIMOHANILHO ~ KBaJpaTy paccrosHus. [lostomMy B jmanbHelimem
TOpOUJAbHAsk COCTABJIAOLIAs CKOPOCTH HE YUUTBIBAETCS, 1 MOKHO CUMTATb,
4TO B3aUMOJEICTBHE 3JEKTPOHOB OCYLIECTBISETCS TOJBKO MOJ BIUSHHEM
KOJTBIIEBO COCTaBJIAIONIEH TTOTOKOB 3(hrpa BOKPYT 3JEKTPOHOB.

CKOpOCTh MepeMEILEeHNs eKTPOHOB BIOJb MPOBOAA MPU MOCTOSTHHOM
TOKE BeIuMuMHOW |, A, cedeHMM mNpoBoAa S, COAEPKAHMH CBOOOMHBIX
31eKTpoHOB B MeTamie N, M~, 3apsijie OIHOTO 3JIeKTPOHA e COCTABJISET:

I
Verp = ——. (8.97)
eNg,

Du3HYecKy B3aMMOICHCTBHE MEXIY MPOBOTHUKAMH OCYLIECTBISIETCS 3a
CYET TOrO, YTO COPUCHTHUPOBAHHBIC B MPOCTPAHCTBE IJIEKTPOHBI CO3IAIOT
BOKpPYT' TPOBOJHUKOB BUHTOBBIE IOTOKHU 3(Hpa, KOTOPbIE BOCIPHHUMAIOTCSI
Kak MarHuTHoe mnosie TokoB (puc. 8.10).

a) 0)

Puc. 8.10.B3aumoneiicTBre 31eKTPOHOB B MapaJlieJibHBIX MPOBOAHUKAX: d —
NPy TMPOTEKAaHUM TOKOB B OJHOM HalpaBie€HUM, 6 TMpPHU IMPOTEKAHUH TOKOB B

IMPOTHUBOIIOJIOKHBIX HAIIPABJICHUAX

[lpy mapamnenbHON OpHEHTALMU 3JNEKTPOHOB B O0OOMX MPOBOJAX
HaNpaBJIeHUs KOJIBbLEBOTO IBWKEHUS BUXPEBOrO MOJIS Vi M 3JIEKTPOHA Vk Ha
TOW CTOpOHE YacTHIBl, KOTOpas oOpalleHa K I0Jie00pa3yroIuM BHXPSIM,
TIPOTHBOTIONOXKHBI, TI'PAJAMEHT CKOPOCTH KOJBLEBOTO [BIDKEHUS OymeT
OotbIIe, YeM ¢ MPOTHUBOTIONOKHON CTOPOHBI, M TIOATOMY JaBleHHE >pupa Ha
CTOpOHAaX MPOBOJOB, OOpAIIEHHBIX IPYr K APYry, OyHeT MeHbIle, 4eM C
NPOTHUBOTIONIOKHBIX.
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B cootBercTBUM C ypaBHeHHEeM BepHYJM 3TH NaBleHHUS ONpenessTCs
BbIpaKEHUSIMH:

B 00JyacTH a:

P =P, —ps(Ve —Vu)?/2; (8.98)
B obxacTtu b:

P=P,—p, [Ve — (v, — bov,/or)]¥/2; (8.99)

IIpeneOperas MaJbIMH WIE€HaMH, TOJYYUM Pa3HOCTb JaBJIEHU,
JENUCTBYIOIINX HA 3JIEKTPOH:

AP = 2o VeV, (8.100)

rlie Ve — CKOPOCTb MOTOKA 3()Mpa Ha MOBEPXHOCTH 3JIEKTPOHA; V; — CKOPOCTb
noToka 3¢upa, CO3TaHHOTO JIEKTPOHOM, HaXOIALIMMCS B MIEPBOM MPOBOIE,
Ha TIOBEPXHOCTH JIEKTPOHA, HAXOAAIIErocsi BO BTOPOM MPOBOJE.

Ecnu OBl 37€KTPOH BO BTOPOM MpPOBOAE ObLI MOBEPHYT TakK, YTOOBI
HamnpapJieHHe ero INIaBHOW OCH COBIaajo ¢ HalpaBiIeHHeM OCH MPOBOIHHKA,
TO CWJa, JeWMCTBYIOIIAS Ha OIMH 3JEKTPOH BO BTOPOM IMPOBOJE, COCTaBMIIA
ObI BETUUUHY, PaBHYIO:

F = 20,VeVuSocen. =20 VeV, Tl 2. (8.101)
[Tpu ydeTe peallbHOTO yria o2 OBOPOTA 3JIEKTPOHOB, HAXOSIIUXCS BO

BTOPOM TIPOBOJE, CHJia BO3IEHCTBHMSA Ha BCE BJIEKTPOHBI BTOPOrO MPOBOIA
COCTaBHT:

Fa = p,Ve 4l V,000/2 = enpV,0/2, (8.102)

r1ie € — 3apsi 3JeKTPOHa; Ny —KOJIMYECTBO MIEKTPOHOB BO BTOPOM TPOBOJE.
[Ipeobpa3yem BrIpakeHHe I 3aKOHA AMIiepa

F (PP}

— ==l
| 4nd

(8.103)

Z[J'l}l TOKa CIpaBEAJIMBO COOTHOILLIEHUE
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| = Vip€Sip.cenN, (8.104)

TA€ Vip — CKOPOCTh NEPEMEIICHUS 3JICKTPOHOB BAO0JIb IIPOBOJHUKA, € — 3aps
3JICKTPOHA, S1p.cel{. — [Jiom@anab CEYCHUSA IIPOBOIHMKA, N — xomuuecTBO
DJICKTPOHOB B €IMHULIC obbema METaJl1a, MpuiyemM

€ = pVeSe = 4Anp,Vel 2, (8.105)

3[1eCh p, — IJIOTHOCTb 3(HpPa; Ve — CKOPOCTh KOJBLIEBOrO MOTOKA 3dupa Ha
TOBEPXHOCTH DJJIEKTPOHA, S — TUIOMIAAb TOBEPXHOCTH 3JEKTPOHA; e —
pamnyc dNEKTPoHa.

[MoacTaBnss BeIpakeHHe U1 TOKA B 3aKOH AMIiepa M yYHUTbIBasi, 4TO

Uo=11p,C3, (8.106)
MOJTyYaem

F lel e S‘IplNl Vnp2 e S‘lpZNZ 01€ S‘IplNl 02 eS‘lpZNZ

I 4mp,c2d nAd

041 p Vel 2SipiN1 AT poVer 2Sip2N;

4ip,d

VerezNz 01

= AP Vel 2SpoNoay = poVy (circ). (8.107)
d

31ech Vi — CKOPOCTh MOTOKOB 3()Hpa, BHI3BAHHBIX MOBOPOTOM 3JIEKTPOHOB B
nMepBOoM MpoBoAHUKe; (CirC) — cyMMmapHas UMPKYJSALUS 3J€KTPOHOB BO
BTOPOM TMPOBOJIHUKE
We?N, 0y
V, = —————; (8.108)
d

(CirC) = 4QTVere2$1p2N2(12; (8109)
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€ — 3apAl DJIEKTPOHA; Vpp1 M Vipo — CKOPOCTH TEPEMEILEHHsS DJIEKTPOHOB
BJIOJIb TIEPBOTO M BTOPOrO NMPOBOJHUKOB; Spy M Sy — IUIOWIAAM CEYEHHUS
nepBoro W BTOporo npoBoAHWKOB; N; M N, — KOJIMYECTBO 3JIEKTPOHOB B
eIMHNLIE 00beMa MPOBOIHHKOB; 01 M G — YroJl MOBOPOTa NMOTOKOB 3(upa B
MPOBOAHMUKAX, TaK YTO

o1 = Vnpllc; o= Vnpglc. (8110)

Terneps Ta ke popmyna 3akoHa Amrepa nprodpena 4eTkuil pr3mdecKnit
CMBICJT B3aMMOJEICTBHS 3JEKTPOHOB B MPOBOJAX: TPaaHeHThl CKOpocTei
MOTOKOB 3(Hpa Ha TOBEPXHOCTH 3JEKTPOHOB CO3IAIOT NOMOJHHUTEIbHYIO
Pa3HOCTh JaBJICHHIA, 3IEKTPOHBI PUOOPETAIOT AOTIONHUTEBHYIO CKOPOCTh B
HampaeJieHMHM BTOPOrO TPOBOAHMKA M OTHAIOT TOJNYYEHHOE MNpHpalleHHe
UMITyJIbCa MOJIEKYJIaM CBOETO MPOBOJHMKA. JTO M MPUBOAMT K MOSBICHHIO
CHJ B3aMMOJIEHCTBHSA TIPOBOAHMKOB. 31eCh HEOOXOAMMO OTMETHTh, YTO
TIOJTyYeHHbIEe BBIP2)KEHUS ISl YTIIOB TTOBOPOTA MOTOKOB 3Hpa ay; W 0 HE
€CTb YIJIbl IIOBOPOTA 3JIEKTPOHOB, KOTOpbIE CyLeCTBEHHO OoJblie. CpenHue
yIJIbl IOBOPOTA OCeil 1EeKTPOHA 3 MPEeANONIOAKUTEIBHO MOXKHO ONPeNeIuThb
Yyepe3 OTHOILIEHNE CKOPOCTH JABM)KEHHS 3JIEKTPOHA BIOJb MPOBOIHHKA Vip K
CpezHel CKOPOCTH TEIIOBOTO IBWKEHUS Vr:

P=10L = VilV,. (8.111)

[lpencraBisier uWHTEpeC JAaTh UYUCIEHHYIO OLEHKY  HEKOTOPBIM
rapamMmeTpam, y4yacTBYIOLIVM B CHJIOBOM B3alMOJAEHCTBUH NPOBOIHUKOB.

Ecnau B IByX NpPOBOJHMKAX TEYET B OAHOM HAINpPABIEHUM MOCTOSHHBIN
TOK cuioil 1A, To cuna NpuTsXkeHus Apyr K ApYTy MPOBOIHHUKOB, UMEFOLINX
IUIMHY 1 M M pacrosiokeHHBbIX B OCSIX Ha paccTossHMM 1 cM Ipyr oT apyra,
COCTaBUT

F=4r107 /4 -10° = 10° H.

B 3ToM cityuae KaxIblii IPOBOAHMK coaepxut 107  21ekTpoHoB, pacmo-
JIOEHHBIX JIPYT OTHOCHTENBHO Apyra Ha pacctostauu 1070 M, T. e. Kabiii
3NIEKTPOH HAXOIWTCA B Mpejenax OTHOW MOJIeKyJbl MeTallla, CKOpOCTb
TepeMelIeH s JIeKTPOHOB BJAONb OCH cocTaBiser 6,25-10° m/c, a yrisi
TOBOPOTa MIOTOKOB 3(Mpa, BEI3BaHHBIE TTOBOPOTOM 3JIEKTPOHOB, COCTABIISIOT
Bcero b 6,25-10% 3.1 = 2,08:10" paz. Taxoii Maisiii yron moBopora
MOTOKOB 3()Mpa HE O3HA4YaeT TAKOro kK€ 3HaYeHWs yrjia MOBOPOTAa CaMUX
9NIEKTPOHOB, KOTOPBIH  CYIIECTBEHHO OOJblIe W B JAHHOM Cllyyae s

o
temneparypsl +20 C cocTtaBiser
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p= 6,25-10°/1,15-16 = 4.10% pa.

Taxkum obpazoM, CHII0BOE B3alMOJIEHCTBYE MTPOBOTHUKOB
OCYLIECTBJISIETCS HE 3@ CYeT IepeMEIleHHs 3JIEKTPOHOB OTHOCHUTENBHO
MPOBOJIHMKA, @ 3a CYET COBMECTHOIl OpHMEHTAlMM MX CIIMHOB OTHOCHTEIHHO
OCH TMPOBOJHWKA, YTO MPUBOJMUT K YMOPSAOUEHHIO 3(PUPHBIX MOTOKOB BHE
MPOBOJIHMKA, KOTOPble W BOCMPHUHUMAIOTCA Kak o0Opa3oBaHHOE TOKOM
MarHuTHoOe mnosie. DTU MOTOKH BO3AEHCTBYIOT Ha JIEKTPOHBI, MpUAABas MM
JOTIOJTHUTENbHBII UMITYJIbC B MONEPEYHOM HAMpaBJCHUH, YTO U MPUBOIUT K
CUJIOBOMY B3aMMOJIEHICTBHUIO NPOBOJHUKOB.

8.3.2.B3auMOoUHAYKINSA NPOBOJHHUKOB

Kak m3BecTHO, B 3JIEKTPOTEXHUKE OTCYTCTBYET MOHATHE «B3aUMOMHIYK-
LS TIPOBOJHUKOB», XOTS UMEETCS TOHATHE «B3aMMOWHIYKINS KOHTYPOB».
W3 mpencraBneHnss O B3aMMOWHAYKIMM KOHTYPOB HENb3S BBIBECTH
B3aUMOMHIYKLHMIO OTIETbHBIX TPOBOJHUKOB, TOCKOJNBKY B (POpMYIBHBIX
BBIpKEHUSX B3aUMOMHIYKIMY KOHTYPOB MPHUCYTCTBYET TUIOMIAAb KOHTYpA.
HaoGoport, 13 npeacTaBieHnit 0 B3aMMOWHIAYKLMU OTACIbHBIX MPOBOIHUKOB
MOJHO ObUTO Obl BBIBECTH 3aKOHBl B3aUMOMHIYKIMHM KOHTYPOB JFOOOMH
¢dopmbl. [TosToMy LiEneco00pa3HO HAMTH 3aKOHOMEPHOCTH B3aUMOMHIYKLMN
NPOBOIHHUKOB.

B cooTBeTCTBUM C OOBIYHBIMU MPEACTABICHUAMU JEKTPOIUHAMUKH TIPH
W3MEHEHNH TOKa B TIEPBOM KOHType BO BTOPOM KOHTYpe HaBOIUTCS
NEKTPOIBIAKYILASA CUIA

€y = — MZl dllldt, (8112)

rae Mr; — k03¢ UIMEHT B3aUMOMHIYKIMHA KOHTYPOB.
[ToHsiTHe B3aMMOWHAYKIMM KOHTYPOB MOXET OBbITh BBIBENEHO Ha
ocHoBaHUU 3akoHa Dapajes

SdB
Cm =— ——— (8.113)
2 dt

rIe S— miomanb KOHTypa; B —MarHuTHast HHIYKIUS.

HecmoTpss Ha TO uto cam 3akoH Papanmes w ypaBHeHuss Makcgeia,
MPUBOIAIIME K TOMY JK€ 3aKOHY, BBIBEJIEHBI HAa OCHOBAaHWM KOHLEMLIMHA
3¢upa, TpeanoNararoeM HeloCcpeICTBEHHOE B3aUMO/IEiCTBIE BIIeKTpoMa-
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THUTHOTO TOJS W TPOBOJHHMKOB, HAa CaMOM JeJie 3JleCb SBHO BbIpaXKeHa
KOHLEMUUs JaJbHOAEHCTBUS, MOCKOJIbKY MpPOLECC W3MEHEHHs MarHUTHOTO
NoJISl POUCXOAUT B OJHOM MecTe (BHYTPH KOHTYpa), 3JEKTPOIBIKYLIAS
CHJa TIOSIBNISIETCS B JPYrOM MecTe — Ha ero mnepudepuy, a MexaHW3Ma
B3aMMOJIEHCTBHSA MOJISI ¢ POBOJHUKOM HE MPEAYCMOTPEHO.

OpHaKo B IpyroM 3aKOHe —3aKOHE 3JIEKTPOMAarHUTHOW MHIYKLUH

e=— B, (8.114)

roe B — MarHWTHas WHOYKUWs; | — IJMHAa TPOBOAHUKA, MEpeceKarolero
1oJie; V — CKOPOCTh MEPEMEIEHHs] MPOBOJHNKA OTHOCHTEIBHO MarHWUTHBIX
e (puc. 8.11), oTpaxkeH 3aKOH ONU3KOAEHCTBHSA, MOCKOJNBKY 31€Ch
nMeeTcs mpsAMas CBA3b MEXKIY MAarHUTHbIM TIOJE€M U MPOBOJHUKOM —
CKOpPOCTb TEpEeCeUeHHs MPOBOJHMUKOM MAarHUTHOTO MOJIA, XOTS MEXaHU3M
BO3HUKHOBeHHUA DJIC 31€ech TOXKE HE PaCKpBbIT.

Puc. 8.11. HaBenenne D/IC npu nepecedyeHNH NMPOBOAHUKOM MOCTOSIHHOIO
MArHUTHOIO MOJISl —3JIEKTPOMATHUTHAS! HUHAYKLHSA

Hnsa  onpenenenus OJC B3aUMOMHAYKLUMM JBYX MPSAMOYTOJbHBIX
KOHTYPOB HEO0OXOAMMO MPHBJIEUEHNE 3aKOHA MOJIHOTO TOKa

i = [Hdl, (8.115)
OTKyza
H=i/21R (8.116)

rae R — paccTosHMe OT TOKOHECylero MpoBOAa A0 TOUYKH W3MEpEHUs
MarHATHOM HaIpsKEHHOCTH H.
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a) 6)

Puc. 8.12 K BriBoAy K03 (punneHTa B3aHMOMHIYKIIMH KOHTYPOB

B cootsetcTBUM ¢ 3akoHOM Dapanest ko3 dureHT B3anMHON HHIYKLNN

MeXIy ABYyMS NMPOBOIHBIMM JMHHMAMHM OTpejensieTcs BelpakeHHeM [45, C.
406]:

Hott | 2 Mo
M, = In . (8.117)
Z hal1 2

3mech r1a, M1z, M2, 17 — PACCTOSTHUSA MEX Y NPoBoaHMKaMu (puc. 8.12,a).
Eciiu KOHTYpbI HAaXOASTCS B OAHOMN MIIOCKOCTH, TO

rvo=d;rip =d+hi;ripo=d+h2; ryp =d+hi + ha. (8118)

3mece d — paccrosHHe MeXIy OJM3NEKAIIMMHU MPOBOIHMKAMHU JABYX
KOHTYpOB; hy 1 h, — paccTosiHus MexKIy MPOBOAHMKAMH B K&)KIOM KOHTYpE.

B3auMHBIM BIWsIHHEM OOKOBBIX TMPOBOAHMKOB B KOHTYpax MOXHO
npeHeOpeub (MPOBEPEHO IKCIIEpPUMEHTANbHO). B 3TOM cilydae MarHMTHOE
ToJie, BBIXOAfAIIee M3 MPOBOJIOB MEPBOTO KOHTYpa, 3aXOMUT B IUIOLIANIbL
BTOPOTO KOHTYpa, OCTA0Nssch IO Mepe YHAICHHS OT TOKOHECYIIHX
TIPOBOJIOB TIEPBOTO KOHTYPA T10 3aKOHY MOJTHOTO Toka (puc. 8.10,6).

B cootBercTBNE ¢ 3akoHOM Dapases MEKTPOABIKYIIAst CHIIA BO BTOPOM
KoHType npu hy = h, = h 6ynet onpenensaTbes BoIpakeHHEM

Ut 1 dip d+h dR  d+2nh dR

= - [ — | —-

Z dt R d4h R
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gl dip,  (L+Wd?2  1di
= - In =
2 dt 1+2n/d dt

M, (8.119)

rae
pot (L+NWA? g
M]_ = In =

= fi, (8.120)
2 1+2/d  2n

rae
(1 +Vd)?
fi=ln — .
1+ wd

Kak BUIHO W3 MOJYyYEHHOTO BBIPaKEHUS, C YBEJIMYCHHEM TIUIOLIAIN
koHTypa OJIC BO BTOPOM KOHType HapacTaeT OeclpenelbHO TIo
norapudmmdeckomy 3akony. [Tpu h >>d nmeem:

oy h
M; = In——o , (8.121)
2 2d

M TpU YCTPEeMJIGHMM BelMYUHbI h K OECKOHEUHOCTH KOI(PHUIUESHT
B3aMMOMHIYKLMHU, TPUXOAALIMICA HAa EIUHULY MAJIMHBI KOHTYypa, TaKxke
ycTpeMsieTcss K 66CKOHEYHOCTH, XOTS U MO JIorapru(pMuieckoMy 3aKoHY.

ITonxon K 3TOM JKe 3aJadye HAa OCHOBE KOHLEMIMMA OJIM3KOIENCTBUS
NPUHIUINHAAIBHO MEHSEeT ee MOCTaHOBKY. MarHuTHoOe TioJjie, BBIXOAALIee U3
MPOBOJHUKOB MEPBOro KOHTYpa, MepecekaeT cHauaia OJMKHHUNA MPOBOIHUK
BTOPOTO KOHTYpA, a 3aTeM, OCTa0IISIACh TI0 Mepe YIaJeHHUs OT UCTOUHUKA, €T0
MansHU TpoBOAHUK. [Ipw >TOM B mambHeM TpoBomHWKe HaBomutcs DJIC
TIPOTHBOTIOJIOKHOTO 3HAaKa 10 CPAaBHEHHIO C OJMKHWAM TIPOBOJIHUKOM, W 3Ta
97IC YMEHBIIAETCS B COOTBETCTBMHM C 3aKOHOM TIOJTHOTO TOKa MO Mepe
ymaJeHus MajdbHEeTo TMPOBOTHMKA OT TEpPBOrO KOHTypa. Ecmm, Hampumep,
OMKHUI TPOBOJHMK HAXOIUTCSA HA PACCTOSHUHU B OCAX OT ONMKaiiero k
HeMy TMpOBOJHMKA MEPBOro0 KOHTypa Ha pAacCTOSHUM 3 MM, a AajbHUN
NPOBOJHUK — Ha paccTogHuu 3 cM, To DJIC, BO3HMKaroLasg Ha JAajbHEM
npoBogHKKe cocTaBUT Beero 10% ot 3/IC, Bo3HMKarOMLIEH Ha ero OImKHEM
NPOBOJHKKE, a ecniu Ha paccToaHuu B 30 cM, To Bcero 1%. Takum obpazom,
3JeCh MMEET MECTO HachIlaeMasi 3aBUCUMOCTb, U HUKAKOI'o OECKOHEUHOTro
YBEJIMICHUS 3]IC HA BTOPOM KOHTYpE OBITH HE MOXKET.
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OO1mas 3/IeKTPOABIAKYIIAs CUJIa, BOSHUKAMOLIAas BO BTOPOM KOHTYpe NpH
TeX e YCJIOBHAX M C YYEeTOM 3aKOHa T[IOJHOTO TOKa, OMNpelIesnuTcs
BbIpaKeHUEM

pott IRy dig 2 1 | dig
e =— (1- + )= My,  (8.122)
2d dt 1+/d  1+2hd dt

rae ko3 dumment B3anmonHayKIuu M2 paBeH

Ukt Rep 2 1 LopRap
M, = (1- + )= fa, (8.123)
zd 1+h/d 1+ 2hd z2d
rae
2 1
f2 = 1- +

1+h/d 1+ 2h/d

3mech MpU yCTpeMyIeHHWM BeNUYMHBI h K OeCKOHEYHOCTH KO3(PHUIUEHT
B3aMMOMHIYKLMU CTPEMUTCS K MOCTOSTHHOM BeJTMYMHE

HoltRup
My= — (8.124)
Zd

Mexny BblpaxkeHUAMHU Wi My, u M, nMeeTcs CyIEeCTBEHHOE pa3inudue:
eciM ¢ yBennmdeHWeM oTHoweHuss h/d meppas QyHKUIUS CTpeMHTCS K
0EeCKOHEUHOCTH, TO BTOpast pyHKIMS orpanndeHa. [Ipn ynaneHnn oOpaTHBIX
TMPOBOJTHUKOB KOHTYPOB B OECKOHEUHOCTh B BBIPAKEHUHM OCTACTCS JIUIIb
KOX(QUIMEHT B3aMMOWHIYKIWN  ONWM3NICKAIINX  TPOBOJHUKOB.  Jlyist
NPaKTHKA 3TO MMeeT 0co0oe 3HaueHWe, TMOCKOJIbKY 4YacTO pacrojioKeHHe
00paTHBIX TPOBOJHMKOB BOOOIIE HEW3BECTHO (HAmpuMep, MpU 3a3eMIICHUN
WCTOYHMKA ¥ IPUEMHHKA CUTHAJIOB).

B Tex ciyuasx, korga h << d, umeem

Hou Idi h ot 1h di
epp=—— In(1+ —)= ———; (8.125)
2 dt d Z ddt
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Ut |h2Rﬂpdi
ep=— ———; (8.126)
2d3dt

roe d — paccTosHME MEXIy OCAMH OJIMKallero Ko BTOPOMY KOHTYpY
NPOBOIHMKA MEPBOro KOHTYpa; h - paccrosHme Mexmy NpOBOTHMKAMU
BTOPOT0 KOHTYpA; | — IUIMHA KOHTYPOB.

31ech yxe TOSBIsE€TCS BO3MOXKHOCTb OMNPeNenuTb Kod3()(PHULUEHT
B3aMMOWHIYKLHHU OTPE3KOB MPOBOAHHUKOB.

Takum 06pazoMm, KO3(PPHULKUEHT B3aUMOUHAYKLIUHU [IPOBOJIHUKOB 3aBUCUT
OT TOTO, KaKoil MPOBOAHUK SBISIETCS MEPBUYHBIM, a KaKOW BTOPWUYHBIM, W
K03 puMeHTH B3aMMOWHAYKIMI TIEPBOTO MPOBOJA CO BTOPHIM M BTOPOTO
MPOBOAA C TEPBBIM pAa3JIMYHBI, 3aBUCAT OT pAANYCOB TPOBOTHUKOB W
HaXOJSTCS B COOTHOIICHHUN

M, Rip1

, (8.127)
My, Rip2

YTO aHAJIOTUYHO KO3 (PUILMEHTY TpaHCPOpPMAaLIMH B TpaHC(opMaTope.
Takum ob6paszom, DJIC, HaBogMMas BO BTOPOM IPOBOJE CO CTOPOHBI
MIEpBOTo MPOBOJA, COCTABUT BEJTMUNHY

bi Ut Roloi
e =—M; =- ; (8.128)
ot Zddt

OTKYJda HaBCACHHAA HAMMPAKEHHOCTb

By =— =—M; == ) (8.129)
I ot Zddt
NI
E =— ==M; =- ; (8.130)
I ot Z ddt

W I CHHYCOMIANBHOTO MIepeMEHHOTO Toka HaBeneHHas DJIC Oyner paBHa
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= _ (8.131)

DKcreprUMeHTalbHble HCCIEeIO0BaHMA B3aMMOMHAYKUWHM MPOBOJHUKOB
NPOBOAMIIOCH € TIOMOLIBIO IBYX OAHOMPOBOIHBIX MPSIMOYTONBHBIX KOHTYPOB,
y KOTOPBIX [UIMHA MPHUJIETAIOIIMX CTOPOH cocTapisiaa 1 M. Mcnonb3oBaics
npoBop tumna bI1BJI-0,35,BHemiHuit tnaMeTp 301U KOTOPOTO COCTABIISIT
1,5 mMm. B mepBelii mpoBOA MpOMycKaics MEPeMEHHbI TOK pa3lUYHbIX
4acToT, BO BTOPOM M3Mepsutach HaBeneHHas DJ[C. M3MeHsnnch oAnHAKOBO
pacctosHuss h; w h, Mexay TpOBOJHMKaMHU KOHTYpoB. WM3mepenus
MPOBOAMIINCH TIPW 3HAUYEHWHM TOKa B TEPBOM KOHType, paBHoM 1 A, B
nramna3oHe yacToT ot 500 no 10 k[ .

OG6e 3aBMCUMOCTH B OTHOCHUTENLHOM (opMe oTpakeHbl Ha puc. 8.13.Tam
e TMpuBeleHbl 3aBUcuMocTH fi U f,, paccuMTaHHBIE COOTBETCTBEHHO Ha
OCHOBE MAaKCBEJUIOBCKMX M 3(QUPOAMHAMUYECKMX TMpPEACTABICHUN O
MeXaHU3Me HaBeOeHHs 3JIC B KOHTypaX. KpecTrkamMu 0003HaueHbl 3HAYEH U,
TMIOJTy4YeHHBIE B Pe3yJbTaTe MPOBEIEHHbIX H3MEPEHHH.

Kak BugHO u3 rpadukoB, TOMyYeHHbIE pe3YyNbTaThl TMOJHOCTHIO
YIOBJIETBOPAIOT (QyHKUMH Ty, MonydeHHO# Ha OCHOBE (PHUPOIMHAMUYECKUX
npeactaBnennit o HaBeneHnH OJ[C B TMPOBOAHWKAX, W OTJIMYAOTCA OT
MaKCBeJUTOBCKOM 3aBucuMocTH f1 yke mpu 3Hauenunsx h/d = 1006omee yem B 4
pa3a B MeHbIIyl0 CTOpoHy. OT 3Ha4eHWi 4YacTOTBl M BEJIMYWHBI TOKa B
TEpPBUYHOM KOHTYpe pe3yJbTaThl, TpPEICTaBleHHbIE OTHOCHTEIbHBIMU
3HAUEHWAMH He 3aBUCAT. Takum oOpazom, TIPOBEJIEHHbIE MCCIIEA0BAHNS
3aBHCHMOCTEil HaBeeHNs 3/C B GOMBIIMX KOHTYpax (IIomansio Gonee 1 m?)
noKa3ald WX CYLIECTBEHHO Jydlllee COBMAaJCHHE C TMPHUBEKEHHBIMU
BBIP@KEHUSAMHU, HEXENN C MAKCBEJJIOBCKUMH.

[Tomy4eHHble pe3ynbTaThl MOATBEPANIN HE3aBUCHMOCTh HABOAMMOM 31cC
OT TUIOIagM KOHTypa INpHM HOCTaTOYHO OOJBbILOM YHAAJEeHWH OOpaTHBIX
NpoBOAHMKOB.  CienoBaTesbHO, B JanbHeleM  LegecooOpa3Ho
WCTIONB30BAaTh MPEACTABIEHNE O B3aNMOWHIYKLIUH MPOBOIHUKOB.
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ok 7
4 -
3 -
2 =
A
] 2
0 2 4 6 s 10 hid

Puc. 8.13. PesyabTaThl M3MepeHHs HABEAEHHOH 31C B IJIOCKOM KOHTYype:
sasucumocts fy (h/d) ~ My u 3aBucumocrts f, (h/d) ~ M.

ITokaxxeM CBS3b MEXKAY 3aBUCUMOCTAMU CHUIIOBOTO B3aUMOJEUCTBUSA

TIPOBOTHUKOB ¥ B3aMMOWHIYKIMEH TIPOBOTHUKOB. [IpeoOpazyem BeIpakeHIE
3aKoHa AMriepa

1l

F=- Ho (8132)
Ad
B HECKOJIBKO MHYIO hopMy:
F 1
K(F) = —— =— yg——. (8.133)
|2| 4nd

Mpul;=1Aud=1m k(F) =107 H/m-A = 107 (6e3pasm.).
Bremmmmem BbIpaK€HUE It HaBeHeHHOﬁ HaMpPsA)KEHHOCTU 1A
NEPEMEHHOTIO CMHYCONUIAJIbHOTO TOKa

e oi Holt Riptl @
E,=— =— My =— =k (F) 2Rw; (8.134)
I ot z2d

31ech Ryy1 — pannyc TOKOHecyIero npoBoja; @ — Kpyrosas 4acToTa TOKa,
Tekyiiero B HeM. OTCrof1a cpa3y BUIHA CBSI3b MEXIY 3aKOHOM Amriepa st
CUJIOBOT'O B3aWMOJEHCTBUS JBYX MPOBOJOB C TOKOM W B3aUMOMHIYKIMEH
MEXIy HUMH.
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HecMoTps Ha TO 4TO TMOJyYeHHble 3aBUCHMOCTH Ko3((uuneHTa
B3aUMOMHIYKLUHY TPOBOJHUKOB JIy4llle OTPAXaroT PealbHble COOTHOLIEHMUS,
(u3ryeckast CyIHOCTb MpoLIEcca B HUX TaKXKe HE OTpakeHa.

W3 BbIpakeHUs U1 JIEKTPUUYECKON HAMPSKEHHOCTH U MEPEMEHHOTO
TOKa CIEIYeT, 4TO

€2 oi Holt RﬂpaI Holt Rﬂpl(r0 VipQeN2 CURnp
E;=— =— M, =— = — = =
I ot Zddt 2nd 2np,c2d
Vel 2N Ry, o Ry
= =2vr2n,— (8.135)
c? c d

ComnocTtaBUM TMOJYYEHHOE BBIPAKEHUE C BBIPAKEHHEM Uil BOJIHBI,
pacnpoCTpaHsIOLIEHCs] BOKPYT MPOBOJHUKA, B KOTOPOM TEUET MEPEeMEHHbIH
TOK:

oVy
E2 =

2, (8.136)
or

3nech OV, /Or — rpaguieHT CKOPOCTH KOJBLEBBIX MOTOKOB 3dupa BO
BTOPUYHOM MPOBOJHWKE, BHI3BAHHBIX TTOBOPOTOM 3JIEKTPOHOB B MEPBUYHOM
TIPOBOMIHUKE; [, — pagryc JIEKTPOHOB BO BTOPUYHOM TPOBOHHKE.

MaruuTHoe ToJie, BO30YXIEHHOE B OKpPYKAIOIIEM TOKOHECYLINH
TIPOBOIHUK MPOCTPAHCTBE, PACTIPOCTPAHIETCS KaK BOJHA!

H = H(r)sinw(t —r/c), (8.137)

W, CJeJOoBaTelibHO, KOJbIeBas CKOPOCTh MOTOKOB 3¢upa Oynper
PacmpoCTpaHATbCS TakK XKe:

Vi = Vo (F)Sinw(t —r/c), (8.138)
OTKyAa
oVy V(N
E, = c &= - X (8.139)

or c
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CormocTaBnsisi JaHHOE BbIpakeHHe ¢ BbipakeHueM (3.63) MokeM BUIETH,
4TO

£R
Vn(r) = V,r, Nyoy. , (8.140)
d

W, TakuM oOpaszom, mpouecc HaBeneHnss JJ[C BO BTOPMYHOM TPOBOIHHKE
TEPBUYHBIM ~ TOKOHECYIIMM  TIPOBOJHUKOM  TIPHOOpETaeT  MPOCTOMU
(u3ndeckuil CMBIC: JEKTPOABIKYIIAs CHjia BO BTOPUYHOM IPOBOJHUKE
co3maeTcd B pe3yJbTaTe MPOXOXKACHUS TpaaueHTa BOJIHBI MONEPeYHOMH
CKOpocTH 3¢upa, BO30yKIaeMoii B MPOCTPAHCTBE 3JEKTPOHAMHU MEPBUYHOTO
MPOBOJHMKA, [NIABHBIE OCH KOTOPBIX YACTMYHO COPHUEHTUPOBAHBI BIOJb €ro
OCH.

OmnpenenyM TOPSOOK BENWYWH SJIEKTPOMArHUTHOW HaBOIKM B KaOene
TIPY cJIeIYIOMUX apaMeTpax:

cedenne mposoxa 0,35 mm? (Ryp = 0,334 Mm), TOK B TOKOHECYLIEM
nposoze | = 1 A; nivna nposojos | = 1wm;

paccTosiHie B OCSIX MEXIy NMpoBogaMu R = 2 MM; dacToTa rmepeMeHHOTo
toka f = 10kT'1.. DJIC B 06paTHOM MPOBOJIE MOKHO MPeHEOPEUD B CHUITY €r0
yaaneHHoctd. B atom cimyuyae HaBepeHHas OJ[C BO BTOPOM MpOBOIE
COCTaBMT:

wlloR, 4107 -1-1-2n-10°-0,3344
€n=— =-— = 2,MB. (8.141)
2d 2n2

Takum oOpa3oM, 3aBUCHMOCTb, MOJyYEHHas Ha OCHOBAHWHM KOHLTLIUU
ONM3KOAEHCTBHUS, HE TONBKO JIydIlle OTpa)kaeT CYILIHOCTb SIBJICHUS, HO U JaeT
CYILECTBEHHO 0OoJiee TOUHBIH pe3ynbTar.

K u3noxeHHOMy ciietyeT 100aBUTh HEKOTOPbIE COOOpaKEHUS.

B pa6ote [46, c. 166] ObutM M3MepeHbl HABOAKM Ha MapalielbHbIX
npoBoxax tumna BITBJI mpu MeXoceBbIX paccTOSHUAX Topsiaka 2 MM. bouta
MoJTydeHa JIMHeiHas 3aBUCHMOCTb OT 4YacTOThl, NpHUYeM NpU TOKEe B
ToKoHecymieM mpoBozae 1A npu wactote 10 k['11 Ob1TO TTOTydEHO HAa BTOPOM
nposoge 20 MB/M. OHako 3/1eCh ClieyeT Y4ecTh, YTO CYIUIECTBEHHYIO POJb
MpU 5TOM HMEET 3JIEKTPOAMHAMHUUYECKas COCTABJAIOLIAsA, MPEBbIIIAIOIIAsT
3HaueHHEe 3JIEKTPOMAarHUTHON cocTaBlsroIEeil. DTo CBs3aHO € TeM, YTO
MEXIy NpOBOJAMM CYLIECTBYET €MKOCTHas CBs3b, @ CaMH MpPOBOJA
00llalafoT WHIYKTUBHOCTHIO mopsaka 1,6 — 2 mx['a/m. U36aBuThCs OT
JIEKTPOJMHAMUYECKOH COCTaBJISIOIIEH MOXHO JIMIIb YacTHYHO IMyTeM
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9KpPaHUPOBaHMS  TPOBOJOB, TIOCKOJIBKY  JKpaHbl  TOXe  00namaroT
pacnpeieleHHbIM UHIYKTHBHBIM COIPOTHBIIEHUEM.

@akT 3aBUCUMOCTH KO3((HLUMEHTa B3aUMOMHIYKLMU OT COOTHOLIEHUS
IaMeTPOB TPOBOJIOB OBUT TaKKe MPOBEPEH 3KcIepuMeHTa bHo. Kak Obio
TOKa3aHo BbIMIE, KO3(Q(UIMEHT B3aNMOMHAYKIMY TIPOBOTHUKOB 3aBHCHUT OT
COOTHOILEHHMS] WX OUAMETPOB. OJC, HAaBOAWMAs BO BTOPOM MPOBOAE CO
CTOPOHBI IEPBOTO MPOBOJA, COCTABUT BENUUNHY

bi Wit Rloi
e =— M, =— ) (8142)
ot Zddt

I[J'lﬂ NEPEMEHHOIO TOKa yacToToii f 3Ta BemunHa coctaBuT

Mot Ryl 1
ey = (8.143)

d

W ecld BTOPUYHBII MPOBOJ JIEKHUT HEMOCPENCTBEHHO Ha TOBEPXHOCTH
MEePBUYHOTO MPOBOAHNKA, TAK YTO PACCTOSHUE MEXKAY OCSIMU MPOBOJHUKOB
HECYINECTBEHHO OTIIMYAETCA OT paglyca TOKOHECYIETr0 NPOBOAA, TO

e = op I fl (8.144)

Hns toka 1 A w wactotel 1 'y mpu mnHe mpoBoaHWKa 1 M BenMumHa
SJIC cocTtaBuT

e, =4m 10 B = 1,25mkB.

Kak mnokazaHo Bbellle, KO3((HULMEHT B3aUMOMHAYKLHMH MPOBOIHUKOB
3aBUCUT OT TOrO, Kakol TMpPOBOJAHUK SBJIAETCS TEPBUYHBIM, a Kakol
BTOPUYHBIM, M KO3(@ULUUEHTH B3aMMOWHIYKLMII MEepBOro mNpoBoja co
BTOPbIM M BTOPOTO MPOBOJA C MEPBBIM Pa3IM4Hbl, 3aBUCAT OT paJlycoB
TTPOBOIHUKOB 1 HAXOJATCA B COOTHOIEHUH

)- (8.145)

H3mepenne HaBogMMON MarHUTHbIM nojieM DJIC  3aTpydHEHO TeM, 4TO
OIHOBPEMEHHO 4Yepe3  paclpelesieHHyr0 eMkocTb HaBogutcs JJIC
JIEKTPOJMHAMHUYECKOTO TPOUCXO0XKICHUS, KOTOpas HMeeT MPUMEPHO Ha
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nopsaok  3HaueHue ~ Oombmee, yeM  OJIC  3J€KTPOMarHMTHOTO
MPOUCXOXAEHHs, TIPUYEM U Ta, U Apyras BeJINYWHbI OAWHAKOBO 3aBUCST OT
OJHMX W TeX e MapaMeTpoB — TOKa, YacTOThl, pacnonoxeHus. W naxe
9KpaHUpOBKa HEe/I0CTaTOYHO CHIDKAET 3NIEKTPOIMHAMHUYECKYIO
COCTaBJIAIOUIYIO OJlarojaps HAJMUWIO pacrpeleseHHONH WHIYKTUBHOCTH Yy
9KpaHa. JTO MAacCKUpPYyeT BECh MPOLECC, OJHAKO KaueCTBEHHYIO CTOPOHY BCe
K€ MOXXHO BBISIBUTB, MCTIOJB3YS TPOBOJA CYIIECTBEHHO Pa3sHOTO TUaMeETpa,
WCTIONB3Ysl MPW OJHOM M TOM )K€ 3HaYeHWH TOKa M YacTOThl TO OIWH, TO
Jpyroii MpoBoA 1 n3Mepsis HaBeneHHyo JJIC Ha BTOpOM.

J1s mpoBepKM 3aBUCHMOCTH KOX((PHULUMEHTa B3aUMOMHIYKLHH OT
JUaMeTpoB  B3aUMOJEHCTBYIOIIMX  MPOBOJHMKOB  ObLI  MOCTaBJIEH
3KCIIEPUMEHT MO onpeneneHuro BenuuuHbl OJIC, HaBoaMMOil ¢ OXHOro
NpOBOJHMKA Ha aApyroil. Ilpu 3ToM namaMeTpsl MPOBOJHHMKOB ObUIH
cyuiectBeHHO pazHbiMu (0,5MM u 5 MM), npuueM OJMH U3 HUX OBLIT MOKPBIT
XJIOPBUHUIIOBOM W MaTepyaToi m3omsanueil (BHEIIHUI AMaMeTp MPOBOIHUKA
¢ u3ogsitmeit cocraBun 6,5 mMM), BTopoit — akoBoit uzossuueit. MexoceBoe
pacctosiane coctaBisuio 3,5 MM. [IpOBOIHWKH TUIOTHO TIpWieraiu IOpyr K
Ipyry. Harpyska Ha BTOpoM (M3MepUTENIbHOM) MPOBOIHMKE M3MEHSIACh OT
10 no 1/3 Om. CTonb Mayoe CONMPOTHBIICHHE Harpy3Kd ObLIO HEOOXOAMMO
IUTSL yOaJieHus] eMKOCTHOM COCTaBIISIIOIIEH HABOJKH, YTO CHENIaTh MOJTHOCTHIO
HE yJanoch. 3aTeM MPOBOJHUKH 110 CXEME MEHSINCh MECTaMH.

[Mponyckanca Tok BenuuuHON 3 A, ucnojib3oBainuck 4actothl oT 500 1o
4000 TIh, BCE U3MEpeHust MPOU3BOIUIIUCH c MOMOILBIO
MarHUTOJIEKTPUYECKIX MPUOOPOB ¢ TepMonapaMu. Pe3ynbTaTel H3MEpeHHs
cBeJleHbl B TabJ. 8.2u 8.3.

Kak BuaHo M3 Tabnui, Ko3((UIMEHT B3aUMOMHIYKLUHU TPOBOIHUKOB
peanbHO 3aBUCHT OT TOTO, KAKOW W3 HUX SBJIAETCA TEPBHYHBIM, a Kakon
BropudaeiM. Jlns 1000 I'm pacuetrnas BemmumHa OJJIC, HaBommmoil ¢
TIEpPBUYHOTO TPOBOJHHWKA MEHBIIEr0 TUaMeTpa Ha BTOPWYHBIN OOJbIIETO
IramMeTpa TpU TPOCTOI MPOTOPLUMOHATIBHOCTH, MOJDKHA COCTABUTH BCETO
0,09 MB, a mpm ux mepecrtaHoBke TpoBogHWKOB — 1,16 MB. U xots
COOTHOIIEHHS TMOJyYeHbl MHBIMH, YTO MOXET ObIThb OOBSACHEHO, Harpumep
TEM, YTO MpHU Takol OJIN3OCTH MPOBOIHHUKOB YK€ HEJIb3s CUUTATh BECh TOK
COCPEIOTOYCHHBIM B HX OCEBOIl JIMHMM, a TakXe HalW4MeM EeMKOCTHOMN
(anmekTpooMHAMUYECKOM) CBA3M MEXIy NPOBOAHMKAMH, 3aBUCUMOCTb
k03¢ dHLneHTa B3aUMOMHAYKLMN OT COOTHOLIEHUS ANaMETPOB MPOBOJOB Ha
KaueCTBEHHOM YPOBHE MOXKHO CUMTATh MOATBEPKICHHOM.
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3C Ha BTOPHYHOM NPOBOJie PH TOKe B MePBHYHOM MpoBoae 3 A,

AJIMHE MPOBOAHUKOB 1,7Mm

Tabnuya 8.2
Juamerp Juamerp Yacrora, I'i
TIEPBUYHOTO BTOPUYHOTO 500 1000 2000 3000 4000
MPOBOJIa, MM | TIPOBOJIA, MM
0,5 6,5 1vB | 19 44 83 122
6,5 0,5 15 32 64 99 125
K2mp/K1mp 15 1,68 1,45 1,08 1,025

Mepecuer DAC Ha BTOPUYHOM MNPOBOAE NPH TOKe B MEPBUYHOM
npoBoie 1 A, AiuHe NPOBOAHUKOB 1 M.

Tabnuya 8.3
Juamerp Juamerp Yacrora, I'il
HEPBUYHOTO BTOPUYHOTO 500 1000 2000 3000 4000
IPOBOJIA, MM | MPOBOJA, MM
0,5 6,5 2B 3,8 8,8 16,6 24,4
6,5 0,5 3 6,4 12,8 19,8 25
k2rp/K1rp 1,5 1,68 1,45 1,08 1,025

TakuM 006pa3oM, 3KCIEPUMEHTAILHO TOITBEPXKIACTCS BO3MOXKHOCTh H
[enecoo0pasHOCTh  BBEJAEHHS B  IJIEKTPOTEXHUKY MPEACTABICHHN O
B3aMOWHIYKIMU TPOBOJHMKOB, Ha OCHOBE KOTOPBIX YyKe MOXKHO
OTpeNeNsiTh ¥ B3aWMOMHAYKLMIO KOHTYPOB, TPOBEIs COOTBETCTBYHOLIEE
MHTETPUPOBaHUE.

8.3.3.9nekrpuueckuii Tpancdopmarop

Kak w3BecTHO, 3NEKTpUYECKH TpaHCPOPMATOP — OSTO CTATUIECKOE
YCTPOHCTBO,  MpeJHa3HaYeHHOe  JUid  MpeoO0pa3oBaHUsl  BEIUYMHbI
mepeMeHHBIX JJIC m TOokOB. TpaHc(hopMaTop COCTOUT W3 HECKOIBKUX
ANEKTPUYECKH HE COETUHEHHBIX U HEMOABMXKHBIX IPYT OTHOCUTENBHO Ipyra
00OMOTOK, CBSI3aHHBIX MEXIY c000#l MyTeM 3JeKTPOMarHUTHON WHIYKIIHH.
OpHa U3 OOMOTOK SIBJAETCS TIEPBUYHOM, OHA MPUCOEIUHACTCS K BHEIIHEMY
uctounuky DJIC, octanbHble OOMOTKHU SBJIAOTCA BTOpUYHBbIMHU, DJIC B HUX
BO3HHUKAET B pe3yJibTaTe MepecevyeHus] X CUIIOBBIMHU JIMHUSMU MarHUTHOTO
MoJid, CO3JaBaeMOro TOKOM MepBUYHON 0OMOTKH. C BTOPUYHBIX OOMOTOK
npeoOpa3oBaHHOE MO BEJMYMHE HampsHkKeHue TmepenaeTcsl MOTpeOUuTeNsM
SHEPrUU.

TpaHcopMaTop ¢ KeIe3HBIM CEPACTHUKOM BCIICACTBHAE 3HAUUTEILHOTO
YBENIMUCHUS KOI(PPUIMEHTa CBSI3M MEXKAy OOMOTKaMHU TMO3BOJISIET TP
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CYLIECTBEHHO MeHbIIMX rabapurax, 4eM TpaHcopmarop Oe3 cepAecdyHHKa,
npeoOpa3oBbIBATh 3HAUYUTENBHO OOJBLINE MOLTHOCTH.

Pacuer TpaHcopmaropa ocHOBbIBaeTcs Ha 3akoHe Dapazest

e= — uu,0Blot, (8.146)

roe e — 37c, BO3HHUKalOLas Ha OOMOTKe, HaMOTaHHOW Ha JKEJIe3HOM
cep/ieuHHKe, MIOMa1b MOMePeyHOro CeYeHns! KOTOPOro paBHa Su mMarepuan
KOTOPOTO HMMeEeT OTHOCHUTENIbHYIO MpOHUIaeMocTh u; O0B/ot — ckopocTh
W3MEHEHHs1 MarHUTHON MHAYKUMN B cepleuHrke. OObIYHO pacyeT 0OMOTOK
TpaHcopMaTopoB TMPOM3BOAWTCSA MO JApyroi Qopmyne, BeITekaromeid u3
3akoHa Papanes:

e =— 2muuwf1 S/ 1, (8.147)

rae e — OJIC Ha 0OMOTKe, 4 — OTHOCHTENIbHAass MarHUTHAas NMPOHWIIAEMOCTh
KEJIe3HOTO CepJeYHNKa, (o — MarrHUTHas TMPOHHWIIAEMOCTh Bakyyma, W —
KOJIMYECTBO BUTKOB OOMOTKHM, f — 4acToTa muTaromiero HampsoKeHHs WIH
TOKa, | —aMIINTyaa IEPEMEHHOTO TOKa, S— IUIOMAAb CEYeHUs CepIeuHIKa,
| — cpenHsAs UIMHA CUITOBOM JIMHMM MarHUTHOTO MOTOKA B CEpACYHHKE.

Koadduument tpanchopmanyu K npu HeHaCBIIIEHHOM CepieYeHUKE NMPU
9TOM OIpeeNsieTcss Kak OTHOIIEHNE YHCa BUTKOB BTOPUYHOI 0OMOTKH Wy K
YUCITy BHUTKOB TMEPBUYHONW OOMOTKM W, (B HEKOTOpPBIX CIPABOYHHKAX OH
omnpeJenieH Kak 00paTHas BeIMYUHA):

k:W1/W2 = Ul/UZ- (8148)

3pmece Uy m U, — HanpskeHMs Ha TNEpBUYHONH M BTOPUYHON OOMOTKax
COOTBETCTBEHHO TP OTCYTCTBUM Harpy3kd Ha BTOPHUYHON 0OMOTKe
TpaHchopmaTopa (PexXIM XOJIOCTOTO X0/a).

IMpn ananmze npuHUMNA padoTel TpaHc(opmaropa BO3ZHMKAET CepUsl
BOIPOCOB:

1. Kakum o0Opazom »>Heprus TmepenaeTcd MarHuTHBIM TIOJIeM U3
MepBUYHOI 0OMOTKM BO BTOPUYHYIO?

2. Kakyro ponb Wrpaer >Kelle3Hblil CepAeYHHMK A yBEITUYEeHUs
K03 puLIMeHTa CBSI3U MEXAY MEPBUYHON U BTOPUYHON 00MOTKaMu?

3. [Tloyemy mpuW CHWKEHHHM COMPOTHBIIEHUS HArpy3KW BO BTOPHUUYHOI
OoOMOTKE ¥ YyBEJIMUYEHMU BCIEACTBME JTOTO B Hel Toka pacTer
COOTBETCTBEHHO TOK B NMEPBHYHON OOMOTKE, T.€. KAKOB MEXaHU3M BIMSHUS
TOKa BO BTOPMYHOI 0OMOTKE Ha BEJIMIMHY TOKa B MEPBUYHON 0OMOTKe?

OTBeT Ha TepBBI BOMPOC MPHUHOWITMAIBHO PACCMOTPEH BBIMIE TPH
aHanM3e 3JeKTPOMAarHUTHOW B3aMMOCBA3HM TMPOBOJHHUKOB.  DIJIEKTPOHBI B
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MEPBUYHOM NPOBOAHMKE MOJ Bo3aeiictBueM BHelHed DJIC OpUEHTHPYIOT
CBOM OCH KOJIbLIEBOTO BpalleHus (CIWH) BHOJb NPOBOAHMKA, B pe3yibTaTe
4ero BOKPYT MPOBOJHNKA BO3HUKAIOT KOJIbLIEBbIE MTOTOKM d(Hpa MarHUTHOE
rnojie. OTH MOTOKHM PaclpoCTPaHSIOTCA BO BHEIHee MpocTpaHcTBO. Ecnm
MOTOK 3¢Wpa, HANpaBIECHHBIH MNEPNEHANKYIIPHO OCH MPOBOAHUKA,
CTaTUYEH, TO BCE [ABJIECHUS Ha MOBEPXHOCTH 3JIEKTPOHA YpPaBHOBEIIEHBI
(puc. 8.14,a) n HUKaKOW NPUHYANUTENEHON OPUEHTAIMK OH HE TIOIBEPIKEH.
Ecnmm ke moTtok 3¢upa He cTauMoHapeH, TO B TPOBOAHWKE BO3HHMKAET
TpafiueHT CKOpOCTel MOTOKOB 3(HMpa, 3TO MPUBOIUT K HEYPaBHOBEIIEHHBIM
JaBJICHUSIM Ha T[OBEPXHOCTH 3JIEKTPOHa W CO3JAeTC MOMEHT Cull,
OPHMEHTHUPYIOLIMH 3MIEKTPOH TaKMM 00pa3oM, 4ToObI ero riiaBHasi och (CTuH)
OpHEHTHpOBaJiach MO OCU BTOPUYHOTO mpoBoaHuka (puc. 8.14,6). Takum
obpazom, uuer mpouecc nepenayun IJ(C U3 MEpPBUYHOrO MPOBOJHHMKA BO
BTOPUYHBI.

+++A + —
I AR WY

+
+ F + F + +++++ +FF++

Y

a 6)

Puc. 8.14. Bo3aeiicTBHe NoTOKa 3()Upa HA 3J1eKTPOH B MPOBOJHHUKE!
a — DIEKTPOH B CTAlMOHAPHOM IOTOKE 3(upa; 6 — 3JIEKTPOH B I'PAIMEHTHOM
noToke 3¢upa.

Eciu BTOpUYHBIM TNPOBOAHMK pPa3oOMKHYT, To Bo3HuKmas JJC
KOHLIEHTPUPYET JJIKTPOHBI Ha OOHOM W3 KOHIOB  TPOBOJHHUKA.
TopounanbHble TOTOKM 3JIEKTPOHOB, YK€ HAXOISIIMXCS Ha KOHLE
MPOBOAHMKA, CO3AAOT HA OCTAIbHBIX AIEKTPOHAX MPOBOJHUKA MOMEHT CHUJI,
YPaBHOBELIMBAIOLINI MOMEHT CUJI, CO3AaBaeMbIil HABOJUMOM 37C, CMELIEHUE
3JIEKTPOHOB  BIOJb MPOBOJHMKA M WX NPUHYAMUTEIIbHbIA MOBOPOT
MPEKPALLAOTCSL.

Ecnu e BTOpUYHBIN MPOBOAHUK MOJKIIOYEH K HAIPY3KE, TO JIEKTPOHbI
CMEUIAITCS, MPOTUBOACHCTBYIOIMI OpUEHTALlMKM MOMEHT ocllabeBaeT, Bce
JJIEKTPOHBI TPOBOJHHKA OPUEHTUPYIOTCA 3a CUET PA3HOCTH MOMEHTOB
BO3AEHCTBYIOIIMX CWJI. BO BTOpUYHOM NPOBOJHMKE MOSABIISIETCS TOK.

N3maraemas ka4eCTBEHHAs] KapTUHA B3aUMOAEHCTBAS MAarHUTHOTO TOJIS A
3JIEKTPOHOB JOCTATOYHO YCJIOBHA M B JaJbHEHINIEM MOJKHA OBITH YTOUHEHA.

Ecmu tpaHcdopMaTop He MMeEeT KeJIe3HOTO CEepACTHHKA, TO MarHUTHOE
MoJie B MPOCTPAHCTBE PACHPEENICHO HE HANPSKEHHO, ITOT MPOLECC ONUCAH
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BbIlIE TMPUMEHUTENBHO K B3aUMOJCICTBHIO MPOBOAHUKOB W KOHTYPOB.
OnHako eciau B TpaHc(opMaTope ecTh JKeNe3Hbl CepAeUHHK, TO KapTHHA
CyllecTBeHHO MeHsercs. Eciau BTopuuHas oOMOTKa TpaHcgopmaropa
pa3oMKHyTa W TOK B HEHl OTCYTCTBYeT, TO TpaHC(hOpMaTOp SBISETCS
OOBIYHBIM ~ JpOCCEeM, HWHIYKTUBHOCTBIO C JKEJIE3HBIM CEpACYHUKOM,
pPacCMOTPEHHBIM BBIIIIE. MarHuTHOE TI0Jie OKa3bIBaeTCsl 3amepTbiM B
MPOCTPAaHCTBE BHYTPU IKEJE3HOTO CEpAeYHWKAa W TO3TOMY II0 Mepe
HapacTaHWs TOKa B TEPBUYHOM TNPOBOJHHMKE HamNpsTaeTcs MOA00HO
CKMMaeMoi TpyXuHe. DTO CXaTWe MAarHUTHOTO TIOJSI TIPETISITCTBYET
pa3BoOpOTY 3JEKTPOHOB B MEPBUYHOM MPOBOJHHMKE, TaM TOK CTaHOBUTCS
MEHbLIE TOro, KOTOpbIii ObuUl Obl B HEM MpH OTCYTCTBUM IKEJIE3HOrO
cepaeuHmka. Toraa oOpasyercs ciefyromnias Lenovka p3anMonaeiicteuii: 31C
CeTU CO3JaeT B MEPBUYHONH OOMOTKE AJIEKTPHUECKYIO HANpsKEHHOCTb, MOJ
BO3JCHCTBUEM KOTOPOW DIJIEKTPOHBI TEPBUYHOM CETH OPUEHTUPYIOTCS B
TIPOCTPAHCTBE, CO3/1aBasi BOKPYT HUX KOJIBLEBbIE MMOTOKH 3(Hpa. ITH MOTOKA
TPOHMKAIOT B JKENIE3HbINl CEpHeYHWK W pPa3BOpAuYMBAlOT [OMEHBI, YeM
HAIpsIrafoTCsl CBSI3M TOMEHOB C OCTAJbHBIM BEIIECTBOM CepleyHMKa. Yem
Oonblie ceueHWe >Kene3a, TeM OOJbIle TOMEHOB HY)XHO MOBEPHYTb. JTO
ycuinue depe3 TOJe TepeiaeTcsi SJEKTpOHAaM TMepBUYHO OOMOTKM, B
pe3yJibTaTe yroj MOBOPOTA 3JIEKTPOHOB OKa3bIBAETCS MEHbIIE, YEM €CIH Obl
KeJIe3HOro cep/ieuHNKa He ObLIIO.

Hannume :kene3Horo cepleyHUKa NPENMATCTBYET PpaclpoCTPaHEHUIO
MarHuTHOTO TMOJIsl 3a €ro mnpejensl. B pesynbrare 3Heprus InaBlieHHs
MarHuTHOTo ToJist 0oJiee MOJTHO MCIONb3yeTCs] BTOPUUHON OOMOTKOM M Tam
co3JaeTcs BO3MOYKHOCTb Ul MOJAEPkKaHWS OJHOTO W TOTO e 3HAYeHUs
OJ1C npu MEHbBIUEM COMPOTUBIIEHUH HArPy3KHU.

3mecy Hambojiee OJNM3KONW MEXaHWYECKOU aHajorwmell sBiseTcs Tpyoa,
3aloJJHEHHAs Ta30M, Ha KOTOPBIM HaBWT mopiueHb. B Tpybe wumeercs
TypOMHKa, criocoOHast coBepiuath padoTy. [Toka oHa HeNmoABWKHA, TaBICHUE
rasa BBICOKOE, OHO BBIPOBHEHO, TMOpLIEHb HEMOABIWKEH M HE coBepIIaeT
paboTel. OHAKO eciu TypOMHKAa HAaUMHAET BpallaThCs, CoBepIuas paboTy, TO
ra3 TpomycKaeTcsl 4yepe3 JIOMaTKU TypOWHKM Ha BBIXOHA TPyObl, HauWHAeT
BbITEKaTh, B COCYJ€ YCTaHABJIMBAETCS I'PAJMEHT IaBJICHUN OT MOPLIHA K
OTBEpPCTHIO, @ TaKXe yCTaHaBJIMBACTCS ONpENeSICHHas CKOPOCTb MCTEUEHUs
raza. [lopuieHs xe, nepemelnasch, copepiuaet pabory (puc. 8.15).

Ecnu creHku TpyObl He 00najaroT NOCTATOYHON YNpPYrocTbio, TO MpHU
TOBBILIEHNHM JaBJIEHUs Tra3 paclMpseT CTeHKH TpyObl, oOpasyercs
TapajuleNlbHbBIl  TypOMHKE BBIXOI Ta3a BOBHE, 3()(eKTHMBHOCTH TypOWHBI
majaet. B 3Toil aHanmormm poib CTEHOK TpPYOBI BBHITIONHSIET JKeJIe3HbIN
cepiedHuK. [Ipy HachllIeHWM CepAeYHHWKAa OH TepecTaeT 3KPaHWpOBATh
MarHuTHOE TIOJIe, YMPYTrOoCTh TONS CHIDKAETCs, W YMEHBINAETCS OIS
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9HEPruy, TMOCTyMallas BO BTOPUYHY0 OOMOTKY. Bce 3To Xoporo
COOTBETCTBYET M3BECTHOI SKBUBAJIEHTHOI cxeMe TpaHchopmaTopa.

~grad H
Ve

RS

&S
O~

Puc. 8.15. U3mMeHeHHe rpagueHTa HATNPSIKEHHOCTH MATHUTHOIO TOJSI B
TpaHcopMaTope ¢ H3MeHeHHeM HArpy3KH HAa BTOPHYHOH o0MOTKe: a — cXema
pazMeleHus 0OMOTOK B SKCIIEPUMEHTE; 6 — JJIEKTPUYECKast CXeMa SKCIEPUMEHTA; 6
— M3MEHEHHE 3JC Ha WU3MEpUTENbHONH OOMOTKE MNpU W3MEHEHUM Harpy3kd Ha
BTOPUYHOI 0OMOTKE; 2 — SKBUBAJICHTHAs] MEXaHUUECKasi CXeMa Iepeaadyn SHepriuu B
ra3onpoBoje; | —monoxeHne ynpyroit CTeHKM Mpy MajioM aaBieHu; || — nonoxenne
YOpYyroi CTeHKH Ipu OOJBLIOM JABJICHUHU; O — 3IIIOPA JABJICHUN B ra3olnpoBOJIE; e —
SMIOPa CKOPOCTEH B Ta30MPOBOJIE

Hannmume pa3oMKkHyTOif BTOpHYHON OOMOTKM HUKaK HE W3MEHseT
cutyauuto. OTHaKo ecliM BTOPHYHAs 0OMOTKa MOAKIIOYEHa K Harpyske, TO
4acTb OJHEPrUM TIOTOKOB 3(upa, CO3JaHHBIX MEPBUYHOH OOMOTKOMH,
nepenaercst 3JeKTpoHaM BTOPHYHOII OOMOTKH, CKOPOCTb MOTOKOB 3¢upa
CHWKaeTcs, a TpPaJAWeHT CKOPOCTH YBEIMUMBAETCS, COOTBETCTBEHHO
MIPOTIOPLMOHANEHO  YBEJIMUEHWIO TOKa BO BTOPMYHONH OOMOTKE pacTeT
TpaiueHT HAaNpsHPKEHHOCTH MarHUTHOTO TTOJIS.
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ITpoBepka 3TOro 0OCTOATENHCTBA MOXKET OBITh BBITMOJHEHA JOCTaTOYHO
npocto. HeobGxoaumo pa3MecTUTh NEPBUYHYIO U BTOPUUHYIO OOMOTKH
TpaHcopmaTopa Ha MPOTUBOMOJIOKHBIX KOHIIAX JKEJIE3HOTO CepleyHHKa, a
TOCpeINHE Pa3MECTUTh TPETHI0 OOMOTKY, COCTOSLIYIO U3 IBYX OIMHAKOBBIX
BCTPEYHO BKITIOYEHHBIX 00MoTOK. Ha neit mosButcst DJIC, koTopas Oymer
YBEJMUMBATLCS TPH YMEHBIIEHUN COMPOTHUBIICHNS HArpy3KH W YBEIMYEHUS
TOKa BO BTOpuUHON oOMoTke. Dta DJ[C cBUOETENHLCTBYET 00 W3MEHEHUU
rpajiieHTa MarHUTHOTO TOJIs TIPW M3MEHEHNH TOKa BO BTOPUYHOW OOMOTKE.
[TocTaBieHHBI 3KCTIEPUMEHT 3TO TOJHOCTHIO ToaTBepAmI. OIHAKO 3TO
HHUKaK He BbITEKaeT U3 CyLIeCTBYOILEll Teopuu TpaHchopmaropa.

B o6b1uHBIX (opMynax pacueta TpaHchopmaTopa 3aBucumocts JJIC oT
TOTO, KaK pacroyioxeHsl 0OMOTKHM Ha TpaHC(HOPMaTOPHOM CEpIEYHHKE, HE
NpeycMOTpeHa, MOTOMY YTO B OOBIYHBIX TpaHc(popMaTopax MepBUYHAs U
BTOpPUYHAs OOMOTKHM pa3MeILIaroTCsi HEMOCPEACTBEHHO OJHAa Hal APYroi.
OnmHako W B 3TOM ciydae HAOJIONAIOTCSl, HEKOTOPble HECOOTBETCTBUS
pacdyetaM, HO WX OOBJACHAIOT TaK HA3bIBAEMBIMH MAarHUTHBIMH IOJSIMU
paccenBaHus. Ha camoM e [1ene, HECOOTBETCTBHE pacyeTaM HyKHO
OOBSICHATB pa3IMuMeM B PacTiONOKEHHUAX MEPBUYHON M BTOPUIHBIX OOMOTOK.

Kak yxke ykassiBamoch Bblme, Ko3(pUIMEHT B3aMMOWHIYKINT
TIPOBOAHUKOB HEMOCPEICTBEHHO 3aBUCHT OT pAacCTOSHHUA MEXIY HUMH.
[MostoMy c¢ ynmaneHueM 0OMOTOK Ha TpaHcopmarope ApPYr OT Opyra
K03((ULUMEHT WX B3aUMOMHIYKLMU Takke JMHOJDKEH CHHWXKartbes. Jns
MPOBEPKH ATOTO OOCTOSITENILCTBA ObLT BBIMOJIHEH CIEAYIOIUI IKCTIEPUMEHT
(puc. 8.14).

Ha ¢eppuroBoM Konble WMEIOIIMM BHEIIHUI nOuametrp 98 M,
BHyTpeHHU nuamerp 60 MM U ToimuHy 15 MM, ObUIM pacmoyiokeHbl /B
oomoTkn mo 10 BHTKOB, OHAa W3 KOTOPHIX MOTJa TepeMeIaTbesi BAOIb
konbla (puc. 8.16, a). [lepBuuHas 0OMOTKa 3amUTBHIBAIACh OT 3BYKOBOTO
reHepaTopa, Ha BTOPUYHOI 0OMOTKe B peXXMMe XOJIOCTOTO XoJa U3Mepsiach
sac. Wsmeperus mposomwmnck Ha wactotaXx 20 m 200 k[ PesymbraTs
W3MepeHnii CBe/ieHbI B TaONNIy ¥ B BUE rpaduka nokasansl Ha puc. 8.16,6.

Tabnuya 8.4

Yacrora Hampsoxkenne | Yron pasHeceHnst 0OMOTOK Ha CEpIIeUHHKE, TPaj

Ha BTOpP. 00M., | (paccTosiHre MeX1y HEHTpaMH 0OMOTOK, MM)

k03dd. Tpanc. | 0° 45° 90° 180°

0) (30,6) (55,9) (79)

20kl Uy, MB 149 141 136 134

Krp 1 0,949 0,913 0,899
200kl "1t U,, MB 1534 1459 1401 1364

Krp 1 0,951 0,913 0,899
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Puc. 8.16. 3aBHCHMOCTbL OTHOCHTEJIBLHOr0 3HaYeHHs KodpduuneHTa
TpaHcopMauuH OT B3aUMOPACHO0:KeHUsT 00MOTOK. a — CXEMa pacloJIOKECHUs
00OMOTOK Ha KOJIbLIEBOM CEpACYHUKE MPU MPOBEICHUM SKCIIEPUMEHTA; 6 — U3MEHEHHUE
k03¢ puieHTa TpaHchopMalMKU IPU UBMEHEHUU PACCTOSIHUS MEXy 0OMOTKaMHU.

HekoTopslii pa3dpoc moka3aHWii MOXeT OBITh OTHECEH 3a CueT
HETOYHOCTH (PMKCALMH PACTIONIOKEHNST OOMOTOK TpH dKcriepumenTe. O1HaKo
WTOTOBBI  pe3ynmbtar — Oonmee 10% yMeHbImeHUS Ko3(duireHTa
TpaHc(opMalMK 3a cYeT pa3[BUraHhsg OOMOTOK Ha oOlLIeM cepAeyHHUKe —
HHUKaK He MOXKET ObITh OTHECEH Ha ATOT CYUET, TaK e KaK OH He MOXKET ObITh
OTHECEH W Ha CUeT TPaIULHOHHOTO 0O0bsACHeHHA >(dekTa u3-3a moiei
paccerBaHMsl MArHUTHOTO MOJIS.

8.3.4.dnekTpoMarauTHasi HHIYKIHASA.
KaK HN3BECTHO, 3aKOH SHGKTpOMaFHHTHOﬁ I/IH)IyKIH/H/I
=— Blv (8149)

OTpakaeT TpolLlecC HaBeNEHHs HJIEKTPOABIKYILEH CHJIBI € B TPOBOIHWKE
INVHOM | MpW  TepeMelleHnn ero cO CKOPOCThIO V B MarHUTHOM TIoJie,
WHIYKOWS KOTOPOTO paBHa B. DTo 3aKOH OJM3KOAEHCTBYS, HEMOCPEICTBEHHO
OTpakalomuii B3aMMOJIeiCTBHE MAarHWTHOTO TOJNISI W ABWXKYILETOCS B HEM
MPOBOJIHUKA.

PaccMoTpuM pu3HnUecKyro CyIHOCTb JaHHOTO MpoLecca.
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Kak ObLIO MOKa3aHO BhIIIE, OCHOBHBIM BHAOM [BIKeHUS d¢dupa B
MarHUTHOM TIOJIe SIBJSIETCS BCE )K€ HE BpallaTelibHOE, a MOCTyMaTelbHOe
IBWKeHHe d(upa, KOTOPOE MOXKET COYETATHCS C BpaIaTeIbHbIM, HO MOXKET U
HE COYeTaThCs.

[Ipy OTCYTCTBMM MarHMTHOTO TIOJSI, T.e. MPU OTCYTCTBHM BHEITHUX
MOTOKOB 3(Mpa, OJNEKTPOHBI B TIPOBOAHMKE HAXOAATCA B TEMJIOBOM
IBWKEHHUH, CpeoHee TMOJNOXKEHHEe WX TJIABHBIX OCel pacrpeiesieHo B
MPOCTPAHCTBE paBHOMepHO. [lonokeHWe He MEHSIeTCs, eClM  depes
MPOBOJHUK MPOHHUKAIOT TMOTOKHM 3()Upa, MOCKOJIBKY B KAKOM Obl MOJOKEHUH
HA HaxXOAWICS JJICKTPOH, BCE MOMEHTHI [aBICHUS BOKPYr Hero OymyT
yPaBHOBELICHBI.

BHewrHue MOTOKM 3(upa — BHEIIHEE MAarHUTHOE MONe — Ha KaXIOM
JNIEKTPOHE CO3IAI0T JAaBJEHHE TOPMOXKEHHS HA TOM CTOPOHE JJIEKTPOHA,
KOTOpasi oOpalieHa K MOTOKYy. B COOTBETCTBMM ¢ 3aKOHAMH Ta30BOii
MEXaHHKH Ha 3TON CTOpPOHe 00pa3yeTcs YIUIOTHEHHE Ta3a, OJHAKO H30BITOK
9TOTO [aBJEHWs, CO3MAIOIIUI MOMEHT CWJIbI, TBHITAIOLIMICA TMOBEPHYTh
3NIEKTPOH, YPaBHOBELIMBAETCS TaKMM K€ MOMEHTOM CHJIbI JaBJICHUS Ha
JIPYTOM yJacTKe TOTO e 3JIEKTPOHA.

Ecny e POBOJAHUK HAYMHAET JBUTAThCS OTHOCHTENILHO MOTOKOB 3(hUpa,
TO CHMMETpPHS MOMEHTOB HapyIlaeTcs.

K konbieBoMy BpaleHuto 3¢upa 100aBIsIeTCs CKOPOCTh MEepeMeIleHHs
NPOBOIHUKA, M HA OJHOW CTOPOHE OJIEKTPOHA  CKOPOCTH KOJBLEBOTO
IBWKEHHS DJICKTPOHA CKIIAIBIBACTCS CO CKOPOCTHIO IBIKCHHS MPOBOIHUKA,
Ha MPOTUBOTIONIOKHOM KOHIIE BblunTaetcs. (puc. 8.17).

Puc. 8.17.IlepeopreHTanust 31eKTPOHOB B NPOBOJHHUKE NMPH €ro IBH:KeHUH B
MArHMTHOM MoJie

V3MeHeHWe HaBlieHWs] HA CTOPOHE >JIEKTPOHA, OOpalleHHOW K TOTOKY,

BbI3BIBACT YBCJIIMYCHUEC IIJIOTHOCTH 3(bnpa Ha 3TOU CTOPOHE JJICKTPOHA, TaK
qTo

P =Ky K, =k, > 1. (8.150)
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3nech K, — koabduimenT yBennyeHus mioTHocTH a¢upa; K, —koadduimeHt
MPOTOPLIMOHANILHOCTH MEXIY KO3((UUMEHTOM YBENWYEHHUs IUIOTHOCTH
3¢upa M CKOPOCTHIO BHEIIHEro IMOTOKa 3¢upa V,, MNPONOPLUHOHAIBEHON
3HAYEHWI0 MarHWUTHON MHAYKUWHU B.

V3MeHeHne naBlieHNs HA TOM YYacTKe 3JIeKTPOHA, KOJbLEBOE IBIDKEHHE
B KOTOPOM COBTIA/IaeT C BIDKEHUEM MPOBOIHHKA, COCTABIISET

APy =Ky, (Ve +Vo)?, (8.151)

a Ha TOM Y4YaCTKE, TA€ KOJbLHEBOC MNBWXXCHHEC HUMECT MPOTUBOIOJIOXKHOEC
JABUKEHUIO MPOBOJHWKA HAIPABJICHUC, U3MCHEHUE NABJICHUSA COCTABUT

AP, =K,p, (Ve — Vi)?, (8.152)

TZie V, — CKOPOCTh KOJIbLIEBOTO JABMKEHUS Ha MOBEPXHOCTH IEKTPOHA; V, —
CKOPOCTb TIepEeMEILEHHUs MPOBOJHUKA.
Pa3zHOCTb 3THX aBIEHUI COCTABUT

AP = AP — AP, = 4K p, V, Viyo = 4K VeV, Vy, (8.153)

a BE€JIMYMHA MOMEHTA, pa3dBOpavyuBaOLICro TIJIaBHYHO OCb DJJIEKTPOHa B
HarpaBJICHUU OCU IPOBOJHHUKaA,

M = APsr, = KNV, V.S, (8.154)

rae S — JKBMBAJIEHTHAs 4acTb MOBEPXHOCTH 3JIEKTPOHA, WCIBLITHIBAOIIAS
NpEeBbIIIEHNE JaBJICHNs OT Haberarolero MoToka; I, — paanyc JIeKTpoHa.

[ToBOpOT BCEX ONEKTPOHOB CO3AACT 3JEKTPOABMXKYIIYIO CWIy B
TIPOBOHMKE, MPOMOPLHMOHANBHYIO 3TOMY YIJIy TOBOpOTa, a CaM Yroll
MOBOpPOTa JJEKTPOHA ¢, OyIeT TPONOPLUMOHATIEH pa3BOPAYNBAIOIIEMY
MOMEHTY

E ~a, ~M ~ v,v, ~ B\, (8.155)
HanpsbKeHUe Ha Beell IuinHe npoBoaHuKa | Gynet paBHO

e =El =Blv,. (8.156)

8.3.5.B3aumojeiicTBHE NOCTOHHOIO TOKA H MATHHTA

B3anmozelicTBue MOCTOSHHOrO MarHWTa C MarHUTHBIM MoJeM 3eMiln
U3BECTHO C JIPEBHUX BpeMEH. B3anMonelcTBHe ke MarHUTHOI CTpelku ¢
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MarHWTHBIM TIOJIEM, CO3[aBaeéMbIM TIOCTOSHHBIM TOKOM, TEKYLIUM IO
MPOBOJHUKY, OBIJIO OTKPHITO HaTckuM ¢u3ukoMm X.K.OpcTemoMm ToJibKO B
1820r. [2, 3]. UMeHHO 3TO OTKpBITHE BBI3BAIO OOJIBIIOE YHCIO UCCIEO-
BaHMU, KOTOpbIe B KOHEYHOM UTOTE MPUBENN K CO3IAHHIO 3JIEKTPOIMHAMHUKH
W dNeKTpoTexHUKU. OnbIT JpcTea Mmokasall, YTO HaMarHWYeHHas CTpeKa,
MOMeLICHHasT HaJl IPOBOAHUKOM C TOKOM, OTKJIOHSETCS M yCTaHABIUBAETCS
nonepek npoeojaHuka (puc. 8.18,a).

MexaHU3M B3aUMOJEHCTBHUS JTAMHHAPHOTO MOTOKA 3(Upa, co31aBaeMoro
TOKOM, MPOXOSIIIMM IO TIPOBOAHKKY, M OCEBOM COCTABJISIOIICH MarHUTHOTO
MOTOKA, CO3[aBaeMOT0 CTpenkoil komnaca, BuaeH u3 (puc. 8.16, 6). [pu
napajieNbHbIX MOTOKAaX TPAJMEHT CKOPOCTEl CYILIECTBEHHO MEHbIUE, 4eM
NpH aHTUNAPAJJIENbHBIX MOTOKAX, OTCIOJA M XapakTep B3auMmoneicTeus. He
UCKJIIOYEHO, YTO BHXpeBasg COCTAaBJIAIOINAs TaKXKe YdyacTBYeT BO
B3aMMOJIEHCTBIUM MarHUTHON CTPEJNKM ¢ MarHUTHBIM I10JIEM MPOBOJHUKA, HO
3Ta COCTABJNAIOIIASA I0JDKHA HTPATh BCIIOMOTATEIBHYIO POJb.

C mno3unmii 3QUpOANHAMUYECKMX TpPEACTABICHUN OOBSCHEHHE STOTO
SBJICHUS 3aKIIOYaeTcs B TOM, YTO B HEM TPOSIBISIETCS B3aMMOAEHCTBHE
MeXIy TOTOKaMu 3(upa, CO3AaBaeMbIMH BOKDPYT MPOBOJIHWKA C TOKOM
OPHMEHTHPOBAHHBIMU B TPOCTPAHCTBE DIICKTPOHAMH, TNIaBHAs OCh KOTOPBIX
YacTHYHO pa3BepHyTa B HAMpPABICHWH OCH TPOBOAHWKA, M MOBEPXHOCTBIO
JOMEHOB XeJje3a, OPUEHTUPOBAHHBIX BIOJIb OCH CTPEIKH.

Maenumuas cunosas

JUHUA CIMpeEKu

(HudrcHAA vacmyb)

Maenumnas cunosas
JIHUS NPOBOOHUKA
8EPXHAL UACND)

90°

g
|
AR AR

@ 0)

Puc. 8.18.BB03aeiicTBHIO MOCTOSIHHOr0 TOKA HA MATHUTHYIO CTPEJKY (ONBIT
Jpcerena): a — CXeMa OIbITa; 6 — B3aMMOJIEHCTBHE MOJISt MAPHUTHBIX JIOMEHOB
CTPEJKA U MarHUTHOTO MOJISt IPOBOJIHUKA C TOKOM
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Kak BHUIHO M3 pUCYHKa, KaKAbIii 1OMEH OyAeT MUCHBITBIBATH CO CTOPOHBI
noToka 3¢upa, CO3/aBaEMOro 3JIEKTPOHAMHM TMPOBOJHHMKA, MOMEHT CHI,
OnpefeNseMblii  TJIOTHOCTBIO 3(Hpa BOJIM3M TOBEPXHOCTH JOMEHA,
CKOPOCTBIO TOTOKa 3(Mpa HA MOBEPXHOCTH IOMEHA, TPaIieHTOM CKOPOCTH
MOTOKa BOJHM3M TOBEPXHOCTH IOMEHAa M YIJIOM MEXIy HarpaBiIeHUIMU
BHEIITHETO 1T0TOKa 3()Mpa 1 HamNpaBJeHNEM MOTOKa Ha TIOBEPXHOCTH IOMEHa.

JlaBnenne 3¢upa B 00JacCTH TIEpeceyeHHs] TOTOKOB OTPEIeTTUTCS
BBIpaKEHUEM:

P = Po, + Vi V,COS2, (8.157)

rne P,, — mnaBieHue 3¢upa Ha TOBEPXHOCTH IOMEHa TpPH OTCYTCTBHUHU
MarHuTHOTO TOJISL; p,, - IUIOTHOCTh 3(Mpa Ha MOBEPXHOCTH HOMEHa; Vi —
CKOpOCTb MOTOKAa 3(pa MarHUTHOTO MOJIsi HAa MOBEPXHOCTH JOMEHa; V, —
CKOPOCTb MOTOKa 3(upa camoil MOBEPXHOCTU JOMEHA; o — YroJl MEXIy
MOTOKAMH.

Ortciona cpa3y BUIHO, YTO MUHUMYM JaBlieHUs! OyJIeT NMETb MECTO TIpH
TIPOTHBOTIONOKHBIX HANpPaBJIEHUSIX MOTOKOB 3()Mpa B MarHUTHOM TI0Jie U HA
MOBEPXHOCTH JAOMEHA, T.€. IPU MAKCUMAJIbHOM I'PaJUEHTE CKOPOCTU IOTOKA
s¢upa.

ITockonbKy cKOpocTb TMOTOKa 3¢Hpa B MarHUTHOM T[ojie TPsIMO
MPOTIOPLIMOHANIbHA BEJIMUMHE TOKA, TEKYLIEro B MPOBOJHHMKE, M 00paTHO
MPOTOpLIMOHANIbHA paccTossHMo D 1o Hero, a Takke MPONOpPLOHANIbHA
MarHuTHOMY MOMEHTY CTPENKHU Py, TO 00IIMii MOMEHT M,, AeUCTBYIOLINIA Ha
CTPEJIKY CO CTOPOHBI IPOBOJHUKA, ONPEIENIUTCS BBIPAXKEHUEM

Ipcosa
M, =k——, (8.158)
D

rae K — ko3 ¢uLeHT NpONopLUUOHATBHOCTH; ¢ - YTOJ MEXKAY CTPEKoil n
TTPOBOTHUKOM.

8.3.6.B3aumMoaeiicTBHE NOCTOSHHBLIX MATHUTOB

MarHuTHble CHIIOBBIE JIMHMM TIOCTOSHHBIX MAarHUTOB, B TPHHLMIIE,
NpeACTaBIAIOT €000l BHUHTOBBIE TOTOKM 3¢upa. BeposTHee Bcero,
MarHWTHOE TIOfie TpPEACTaBisAeT CcoOOM CHUCTeMy BHUXPEBBIX TPYOOK, B
KOTOpBIX TO niepudeprn 3hup mepemMeraeTcs BAOJIb OCH TPyOKH B OTHOM
HanpaBJeHWW, a 10 LEHTPY — B TNPOTHBOMNOJNIOKHOM. TpyOka Moxer
CTPYKTYPHpPOBAThCSI B HaOOp BWHTOBBIX TOpPOWAOB. B 3TOM oOTHOImEHWH
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CTPYKTYpa BHXPEBbIX TpPYyOOK MAarHUTHOrO TMOJNsS MMEET OMpeleseHHOe
CXOJICTBO CO CTPYKTYPOIi BUXPEBBIX TPYOOK 3MEKTPUUECKOI MHAYKLINHU C TOI
CYLIECTBEHHON pa3zHULEH, YTO TpyOKH ANEKTPUUYECKOW HHAYKUUH HMEIOT
CBOMM WCTOYHWMKOM KOJIBIIEBOE JBM)KEHWE MHUKpPOYACTHI], @ MarHUTHbBIE
TpyOKM — TOpoMIaibHOe. DJEeKTPOH, TMOMaBIINi B TPYyOKY 3JeKTpHYecKon
VHIYKIWU WCTIBITHIBAET TIOBOPOTHBIF MOMEHT M JOTIOJIHUTENFHOE NaBJICHHUE
3¢upa co CTOPOHBI NCTOYHMKA. DJIEKTPOH, TOMAaBIINK B TPyOKYy MarHUTHON
HalNpsDKEHHOCTH, WCTIBITBIBAET TOJBKO TIOBOPOT, @ pPa3HOCTb [aBIIeHUH
BO3HMKAET TOJIBKO IPU €r0 IBMKEHHH.

Ecnu 6bl MarHuTHOE MoOJi€ MPEACTaBIsIO COOOM TOJBKO JIAMUHApHBIE
MOTOKM 3¢upa, TO MPH UCCIeNoBaHUAX 3(UpHOro BeTpa MailikellbCOHOM U
MOCeNYIOUUMH UCCIeIoBaTeIsIMU OHO ObLJIO Obl HEM30EKHO OOHAPYKEHO
Kak TposiBIeHHE 3(PUPHOro BeTpa Ha TMOBEPXHOCTU 3eMJIM, TaK Kak MNpu
HamnpsHKEeHHOCTH MarHuTHoro moinst 3emun ot 33,4 A/m y axBaropa no 55,7
A/M y momoca ckopocTH 3(UPHBIX TOTOKOB COCTABJISIHN Obl COOTBETCTBEHHO
ot 12,580km/c no 20,98km/c. OnHako 310 cocTaBstoleit 3(hupHOro BeTpa
oOHapyxeHO He ObIJI0, CIIEJ0BATENIbHO, OHA Obljia MeHbIIEe, YeM 3 KM/, T.€.
TOTO 3HaueHWs >(PUPHOTO BeTpa, KOTopoe Obulo OOHapyxeHo Mopmu u
Munnepom Ha EBknnmoBbix BeicoTax B 1905r.

Takum  oOpa3oM, TIPUXOAWTCA  KOHCTaTUpOBaTh, 4YTO  OcCeBas
COCTAaBJIAIOLIAsA MOTOKA BAOJb OCU MAarHUTHOM CWIJIOBOW JIMHUM, IO KpalHeHn
Mepe, y MarHUTHOTO MoJisi 3eMJIM HEeBeJMKa MO CPaBHEHHI0 C BUXPEBOMN
(BpamarenbHOI) cocTapistolieil. DTO MOATBEPIKAAECTCS T€M, YTO MarHUTHOE
nosie 3eMiM yOBbIBAaeT C PacCTOSHUEM OT LIEHTpa 3eMJIM MPOINOPLUOHATBLHO
KyOy panuyca, T.e. 1o 3akoHy buo-CaBapa. OJHaKko 3TO HE 3HAYUT, YTO BO
BCEX CIydasX MPOSBIEHUS] MAarHUTHOTO TOJIs 3TO Tak.

MexaHM3M B3aMMOJEWCTBHS IBYX MOCTOSTHHBIX MarHUTOB OTJIIMYAETCS OT
MpUBEACHHOTO BhIe. [Ipu B3auMOIelCTBUH Pa3HOMMEHHBIX TIOJIFOCOB (pHC.
8.19, @) B BO3AYIIHOM MPOMEXYTKE HANpaBICHHS  BpAIUCHUA TPyOOK
OKa3bIBAIOTCS ONMHAKOBBIMM, TaK K€ KaKk W HalpaBlIeHWs OCEBOTO
nepemMenieHns 3¢upa, TPyOKHM OOBEOMHSAIOTCA, CKOPOCTH  TIOTOKOB
BO3pacTaloT, AaBJIE€HNE B HUX MafaeT, U BHEIIHUM JaBJeHueM 3¢upa noioca
MarHuta TOATalKWBAalOTCS JApyr K npyry. Ilpm B3auMoneiicTBum xe
OMHOMMEHHBIX MoNocoB (puc. 8.19, 6) BpalieHHe BHUXPEBBIX TPYOOK B
BO3/1yLIHOM MPOMEXYTKE MEXIY MOJTFOCaMHU OKa3bIBaeTcs
MPOTUBOMIONOKHBIM, TaK e KaK W HalpaBJeHUs OCEBbIX MOTOKOB. OTO
3acTaBisieT TPYOKM M3rudaThesi, 4YeM CO3/JaeTcsi B HHUX BHYTpEHHee
HarnpspkeHne. JlaBneHue 3¢gpupa Bo3pacTaeT, Moioca OTTAIKABAIOTCS.
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Puc. 8.19. B3aumopgeiicTBUe NOCTOSIHHBIX MATHHMTOB. Ui Pa3HOUMEHHBIX
TOJIOCOB (@); A7 OTHOMMEHHBIX OJTFOCOB (6)

B ciaydae MOCTOSHHBIX MarHUTOB TJIaBHYIO POJIb WUTPaeT BpallaTelbHas
COCTaBJIAOLIAs ABM)KEHUS 3(h1pa B BUXPEBBIX TPYOKax MarHUTHOTO MOJIS.

Crnenmyer OTMETHTH TakXke, YTO IPOCTOE BUHTOBOE IBIIKEHHE 3¢wpa,
coueTarolliee  MOCTyNaTelbHOE  IBIDKEHME C  BpallaTeslbHbIM  0e3
CTPYKTYpPHpOBaHMsI B HA0Op BHHTOBBIX TOPOHIOB, MOXKET TaKXKe
BOCTIPUHMMATBCS KaK MarHUTHOE Tone. Bce M3m0XkKeHHbIe BhIIIE MOJI0KEHUS
JUISL 3TOTO BapHaHTa OCTAIOTCS CIPaBeTUBBIMH.

Jlns BbIHECEHUsS] OKOHYATENBHOTO CYXKAEHUS O CTPYKTYpe MarHUTHOTO
noJisi He0OXOAMMO TPOBOJUTH CIELMANIbHbIE HcClenoBaHus. M3loXKeHHbIe
BbIlIE TMPEACTABICHUS O CTPYKType MAarHUTHOTO TOJsS HOCAT caMblii
NpeiBapUTENbHBIN XapakTep 1 JOKHBI YTOUHSTHCS.

8.4.9eKTpOMarHUTHOE MOJIe

8.4.1.YpaBHenuss MakcBe/ljia H HX OTPAHHYEHHOCTH

Pa3zpaboTka ruipoMexaHMueCKUX MOJIENeH INeKTPUYECKUX U MAarHUTHBIX
seneHnii 1 B XIX B., U celiuac elme HATAIKABaeTCsS Ha OOJBIINE TPYTHOCTH,
MOCKOJIBKY 3TH SIBIIEHUsS BeCbMa pa3HO0Opa3Hbl 1Mo (opme, a caMu MOJIENU
MOTyT 0a3upoBaTbcid TOJNBKO Ha TMPENCTaBIEHUAX O TYpOYJIeHTHBIX U
BHUXPEBBIX JABIDKEHHMAX JKMIKOCTM WJIM Tras3a, [0 HACTOALIETO BpPEMEHU
U3y4YeHHBbIX Jajeko He TOoNHO. Tem He MeHee, pa3paboTka MOTOOHBIX
MojieNieid B MPOILJIOM MpuHechHa OOJNBUIYIO MOJb3y, UMEHHO 3TH MOJIENU
JIETJIM B OCHOBY BCE€ TEOpUM 3JIEKTPOMAarHeTu3Ma U Mo3BOJIWIN CO3AaTh BCIO
ee MaTeMaTu4eckyro 0azy.
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IIpakTyeckn Bce TUAPOJUHAMUYECKHAE MOJIENIU BIIEKTPOMArHUTHBIX
ABJICHUI MOXHO pa3OMTh Ha [Be Tpymmnbl. B mepBoii rpymme Mopenei
MarHMTHOE TI0JI€ pPacCMaTpUBAEeTCAd KakK IPOSABIEHHE IOCTYNATENbHOIO
IBIDKEeHUS 3(Hpa, a SIeKTpUIecKoe 1Mojie — KakK MpOosIBIIEHNE BpaIlaTeIbHOTO
(BuxpeBoro) nBkeHHs d¢upa. Takod TOUKH 3peHHs MPUACPKUBAINCH, B
yactHocTH, [.I'enbmrossu, B.Tomcon, [Ix.Tomcon, H.I1.Kactepun. Bo
BTOPOI rpyIine Mojenel MarHuTHOE MOJIE paCCMaTPHUBAJIOCh KakK MPOSBICHHUE
BUXPEBOTO NBIDKEHUS 3(Upa, a 3NMeKTPHUUECKOoe Tojie — KakK TPOsBIEHHE
MOCTYNATENIbHOTO IBMKEHHMA. OTOW TOYKM 3pEHHs MNpUIEPKHUBAJIUCh, B
yacTHocTH, [[x.Makceemsn nu B.d.Murkesuy.

Ilycth a, f, y — KOMIIOHEHTHl CKOpOCTU 3dupa, U, V, W — yrJoBbIe
CKOpPOCTH BHXpeH, a p> — MIOTHOCTh 3¢pupa. C ydyeToM 3TUX 00O3HAYEHMI
3aMuIlIeM AJs IEPBOM TPYMIbI MOAEIEH cleyonye ypaBHEHNUS:

oa op oy
+ + =P

oy op

_— = u,
oy 0z

oa oy

_— = V,
0z oX

op oa

—_— = W,
0X oy

M OIIPEACIUM CIICAYHOIIUE COOTBETCTBUA:

P>—>U, —MarHATHAs MPOHULAEMOCTh BAKyyMa;
a, f, y— H,, H,, H, —KOMTIIOHEHTEI MAarHUTHOTO TIOJIS,
u, v, w— E,, E,, E; — KOMIIOHEHTBI SJIEKTPAIECKOTO TIOIIS.

Jlns BTOpOii rpynmel Mozeneil IMeeM CIIeTyIOIINe COOTBETCTBHS:
P> — € — IOVIIEKTpUUECKas MPOHULIAEMOCTb BaKyyMa,

a, p, y— E, E,, E;, —KOMIOHEHTHI 3JIEKTPUYECKOTO TOJIS;
u, v, w— H,, H,, H, — KOMIOHEHTbLI MArHUTHOTO TIOIS.
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B monp3y mocnemHMX MpEeNCTABICHUI CBUIECTENbCTBOBAJIO OTKPBITOE
dapazeeM sBJIEHHE NMOBOPOTA IIOCKOCTH TOJISPU3ALMN CBETa B MArHUTHOM
noie.

B Mopensx mepBoii TpyNIbl MpeACTaBleHWE O MAarHWTHOM T0Jie Kak O
MOCTYMaTeIbHOM JBHKEHHU 3(pUpa NPUBOIUT K BHIBOLY O BO3HHKHOBCHUH
MarHUTHOTO TIOJISl TIPH JIFOOOM NBIDKEHUH depe3 3(Up, 4ero Ha caMoM Jiene
HET W YTO BBI3BIBAJIO CIIPABELINBYIO KPUTHKY CO CTOPOHBI aBTOPOB BTOPOM
rpymmnel Mozeneit. OfHaKo B MOMENSX BTOPOM TPyMIbl TpeACTaBiIeHHe 00
3NIEKTPUUECKOM TI0JIe KaK O TOCTYyMaTelbHOM JIBW)XKEHUU 3(upa MpuBOIUT K
QHAJIOTMYHBIM BBIBOJAM O BO3HMKHOBEHHMH 3JIEKTPUUYECKOTO TMOJA TPU
nro60M IBIKEHUU depe3 3¢up. OTo sBleHNE Toke He oOHapykeHo. Takum
o0pa3oM, HEeNOCTaTKOM o00euX Tpymnm MojeNiell sBIAJIOCh HX SIBHOE
HECOOTBETCTBHE OMbITHBIM JAHHBIM.

BaxHbIM HEIOCTATKOM CYLIECTBYIOLIMX MOJENEei 3JeKTpoMarHeTu3sma
SBUIINCH WAeaNn3alms ¥ OeclpeAeNbHOe PpaclpoCTpaHeHNe IBWKEHHUN
3(GUPHOI KUIKOCTH W, KaK CIEACTBHE, JEKTPOMArHUTHBIX SIBICHNI Ha BCe
MNPOCTPAHCTBO, OKpY’Karollee COOCTBEHHO 00JAacTb 3J1E€KTPOMAarHUTHBIX
B3aMMOJAEHCTBUII W SBIEHWH. OTa WAeaNW3alys SBUIACh CJIEICTBHEM
npeacTaBieHnii ['enbMrosba 0 ABWKEHHMAX WAEANBHON Cpelpl, COTJacHO
KOTOPBIM BUXPH HE MOTJIM HU MOSBISITHCS, HU YHHUTOXKATHCS, & MOTJIN JIMIIb
nepeMeLaTbesl U MEHAThCSA B CEYEHUHU TPHU COXPAaHEHUU LUMPKYIALUH. Takum
o0pa3oM, BOMPOC O BO3HUKHOBEHWHM M YHWUTOKEHWM BHXPEBBIX IBIKEHHI
He BO3HHMKal. MeXIay TeM, BUXPH MOTYT M TMOSABIATHCSA, U YHUUTOKATHCA.
OTo TeM Oonee TOHATHO MPU PACCMOTPEHUH SBICHMH, CBA3AaHHBIX C
NPOXOXKICHUEM MEPEMEHHOT0 TOKa MO MPOBOJHUKAM: MPU OTCYTCTBHU TOKA
MarHuTHOTO TIOJIi B OKPY)KaloOLIeM MPOBOIHHMK MPOCTPAHCTBE HET, a MpH
TIOSIBJIEHUW B HEM 0O0pa3yeTcss MarHUTHOE TIOJie, T.e. BUXPEBBbIE IBVIKEHHS
s¢upa. Hannio npoTrBopedne MoJIeNH ¢ peaJbHOCTHIO.

Kak w3BecTHO, ypaBHEHWs OHIEKTPOAWHAMUKH 10 MakcBemty B
COBpEMEHHOM M300paxkeHnn uMmeroT Bun [47, c. 501]:

1. rotE = - dB/df, (8.159)
2. rotH =j + dD/dt; (8.160)
3. divD =p; (8.161)
4. divB = 0; (8.162)

3nece: E u H COOTBETCTBEHHO HAMpSIKEHHOCTU JJIEKTPUUECKOTO H
MarauTtHoro nosneit; D = ¢E u B = uH - COOTBETCTBEHHO AJEKTpUYecKas U
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MarHuTHas MHIOYKUUH, € U 4 - JNIEKTpUYecKas 1 MarHUTHasl MPOHULIAEMOCTH
cpenpl; J = oE - miOTHOCTE TOKa TPOBOAMMOCTH; o - YAENbHAas
JIEKTPOTNIPOBOAHOCTh CPElbl, p — TUIOTHOCTh 3JIEKTPUYECKOro 3apsAna B
cpexne.

[Ipu sTOM
[Edl
roté = lim ——; (8.163)
As-0  AS
[Hdl
rotH = lim ——. (8.164)
As-0 AS

Jl1st pewieHust cucTeMbl ypaBHeHMIt MakcBellla BBOIATCSA CKaJSPHBII
JNEKTPUUYECKUI (¢ M BEKTOPHBIII MAarHUTHBIN A MOTEHLMAJIBI, TaK YTO

B =rotA; E =-grade — dA/dt. (8.165)

ITpy 3TOM ecnu cKaJspHbIM MOTEHUMAN ¢ WMeeT (U3NYECKHH CMBbICIT
paboThl, KOTOPYIO HY’KHO BBIMIOJIHUTH MIJIsl TEPEMELIECHUS] E€IUHUYHOTO
3apsafa U3 OECKOHEUHOCTH B JAaHHYIO TOYKY JJIEKTPUYECKOro Mojs, TO
BEKTOPHBI/ MOTEHIMAl MMEET JIMIIb YUCTO MAaTeMaTHMYECKHI CMBICT Kak
HEKOTOpasi BCroMorarenbHasi (yHKLHS, WCIONb30BaHWE KOTOPOW WMeeT
JIMIIb METOJUYECKOe 3HAUCHUE.

VkazaHHble BbIIIE ypaBHeHHs MakcBema nmeroT auddepeHnnanbHyro
¢opmy. UM COOTBETCTBYIOT ypaBHEHUsI 3JI€KTPOAMHAMHUKHN B MHTETPAIBHOMN

¢hopme
1.3akoH @apaznes 3JeKTPOMArHUTHON UHIYKLUU
e =|Edl = — dow/dt. (8.166)

2.3aKOH MOJIHOI'0 TOKa

i = [Hdl = dg/dt. (8.167)
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3. Teopema Octporpanckoro - ['aycca 1iis 31eKTpUIeCKOro mois

@, =Dds=q (8.168)
4. Teopema OcTtporpajackoro - ['aycca 111 MarHUTHOTO MOJIs

@, =|Bds=0. (8.169)

3nece @, n @, - COOTBETCTBEHHO MOTOKH 3JIEKTPUUECKOTO cMmetneHust D
W MarHUTHOM WHAYKUMW B CKBO3b 3aMKHYTYKHO TOBEpXHOCTh dS,
OXBaThIBAIOLLYIO CBOOOIHBII 3apsin (.

Paz6epem nocnenoBaTenbHO (U3NUECKUI CMBICT YpaBHEHUIA.

1. Ilepgoe ougpghepenyuansvnoe ypasnenue Makceenna
rote = — dB/dt (8.170)

1 COOTBETCTBYIOLIIEC EMY MHTETPAJILHOC YPABHCHUE

e =|Edl = — dow/dt (8.171)

BBIp@KAIOT TOT (hakT, 4YTO €cl B 3aMKHYTOM KOHTYpe W3MEHseTCs
MarHuTHBIN TIOTOK, TO B caMOM KOHType Bo30Oyxmaetcsi DJIC e, BenmmunHa
KOTOpOH OmnpenenuTcss yYKa3aHHbIMHA YpaBHeHWsMH. B wacTtHocTH, ecnm
KOHTYD JIEKUT B INIOCKOCTH Xy, TO MATHUTHAs! MHAYKLMS UMEET HaIllpaBJIeHUe
OCH Z, IepTIeHANKYJIISIpHO# TutockocTy xy. Torma Oynem nMeTs:

ey, = — uSAH/dt, (8.172)

rie S—miomanb KOHTypa.

1) TlpuBeneHHOEe ypaBHEHHE MpPEATNONaraeT BO3MOXKHOCTh M3MEHEHHUS
MarHWTHOM HampsHkeHHOCTH BIOJb OCHM Z 6e3 Kakoro Obl TO HH OBLIO
THIOMEPEYHOr0 MEPEMEILCHIsS MAarHUTHOTO MOJsi B HpocTpaHctBe. OmHAKO
CledyeT 3aMeTHTh, 4YTO peajbHO TaKOro Tpouecca B TPUPOAE He
cyuiectByet. Ha camoM nene n3MeHeHUs HANPsXKEHHOCTH MAarHUTHOTO MOJIS
MOXKHO JOOUTBCS TOJBKO CTYIICHHEM CUIIOBBIX JTMHHUN M 100ABICHUEM WX B
KOHTYp ¢ 60kog koutypa (puc. 8.20).ITpu 3tom DJIC B KOHTYype BO3HUKAET
He 32 CUeT U3MCHEHUs HAMIPSHKEHHOCTH MarHUTHOTO TOJSL 6HYMPU KOHTYpa,
a 3a CUeT nepeceyeHUs RPOGOOHUKOE KOHMYPA MAZHUMHBIMU CUTI08BIMU
JUHUAMU, TOOABISIEMBIMHU K TEM, YTO yXKe MMEIOTCS BHYTPH KOHTYpa. Takum
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obOpazoMm, MexaHu3sM mosBiaeHus OJ[C B KOHType WHOH, Hexenu
NpeyCMOTpPEH TNMEepPBbIM ypaBHEHHEM MakcBellla, COOTBETCTBEHHO NOJKHO
OBbITb HECKOJIbKO WHBIM M CaMO ypaBHEHHWE, OITMChIBAIOIIEe TOT MPOLECC.
['maBHOE TO, 4TO B MEPBOM ypaBHEHHMM MakcBenja OTCYTCTBYET OMUCAHWE
Tpouecca NepeceyeHtss CUIIOBBIMU JIMHUAMU MAarHUTHOTO MOJISt MPOBOJHUKA
KOHTYpa.

H()

——

a) )
Puc. 8.20.HaBenenune I/IC B koHTYype: a — 110 MakcBe1y; 6 — B pealbHOCTH

2) [epBoe ypaBHeHHe MakcBelula OMUCHIBAET MPOLIECC B MIOCKOCTH, HO
He B o0beme. CoOCTBEHHO M3MEHEHUe HampsKeHHOCTH H, BHonb ocu Z B
HeM OTcyTcTByeT. [IOBOpOT ke MIOCKOCTH B OCAX KOOpIAMHAT, KOrma W B
npaBylo, U B JIEByl0O 4YacTW YpaBHEHHWs TMOMAJal0T BCE TPU IEKapTOBbI
KOOPIMHATHI, CYTH HE MEHSIET.

[Touemy e mepBoe ypaBHeHWe MakcBelula W BBITEKAIOMNI W3 HETO
VHTEerpajibHbIN 3akoH Papanes MarHUTHOW WHIYKLUUH TO3BOJISIOT XOPOIIO
TIPOM3BOINTH PACUeThl, HANPUMeEp, TPaHC(HOPMATOPOB M MHOTHX IPYTuX
MarHuTHeIX cucteM? OTBeT mpocT. M3MeHeHre MarHUTHOTO TIONST BHYTPH
KOHTypa SIBISETCS CIENCTBMEM J00aBJIEHNS MAarHWUTHBIX CHJIOBBIX JIMHHUI C
OOKOB KOHTYpa, YWCJIEHHO OHH TMOYTH COBMAJAlOT, W 3TO IO3BOJIAET,
WUTHOPMPYSl CYTb TMpolLlecca, BBINOMHATb B  OONBLIMHCTBE  CIIy4aeB
HEe0oO0XOAMMBIE pacyeThl ¢ YAOBJIETBOPUTENILHOM TOUHOCThIO. HO He BO Bcex,
MHOT[a OTKJIOHEHHUs B pacyeTax MpPEeBbIIIAIOT JOMYCTHUMBbIE MOTPELIHOCTH, U
BECbMa CYILLECTBEHHO.

3) B ypaBHeHuM mpaBas W JieBas 4aCTH HE 3KBUBAJEHTHBI. [IpaBas yacTb
YpaBHEHUs! BBICTYNAET NMPUYWHOW, a JieBas 4acTh — ee cieAcTBheM. Ecim
MyTeM W3MEHEHWS MarHUTHOW MHIYKLHMH C TIOCTOSTHHON CKOPOCTBIO MOKHO
co3faTh Ha KOHType nocrosHHyto DJIC, To obpaTHOe AeiicTBUE HEe MOXKET
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ObITh pealn30BaHO, T.K. CO3/aB Ha KOHType mocTosHHylo JDJIC HHMKakoro
MOCTOSIHHOTO M3MEHEHHs MarHUTHON MHAYKLMU NOXY4YUTh Henb3s. [loaTomy
npaBWIbHO ObIO OBl  MEXAy NpaBoil W JIeBOW 4YacTAMU YypaBHEHUSA
MOCTaBUTh HE 3HAK PaBEHCTBa, a 3HaK "[] ", yka3bpIBaloLuii, 4TO JeBas 4acTh
SBJISICTCS CJICACTBHEM TIPABOM:

rotE 0 — dB/dt; (8.173)

TO 7K€ OTHOCUTCS M K MHTETrpajibHON (opme:

e=[Ed O — do,/dt. (8.174)

Crnemyer 3aMeTUTh, YTO CMOCOOOB MOMEHATb MeCTaMH MPUYMHY |
CIIE[ICTBHME B MPUPOJE HE CYIIECTBYET, T. €. €CIH, U3MEHAS BO BPEMEHHU
MarHUTHBIH TTOTOK, MOXHO B KOHTYpe co3nats DJIC, To oOpatHast omeparms
HEBO3MOXHa: HENb3s, CO3JaB B KOHType NocTossHHY0 D/[C, Moay4uTs B HEM
WM3MEHSIOIIeeCs: BO BPEMEHU MarHUTHOE TOJIE.

2. Bmopoe ougppepenuuanvnoe ypasuenue Maxceenna
rotH =j + dD/dt (8.175)

1 COOTBETCTBYIOLIIEC EMY MHTETPAJILHOC YPABHCHUE (3aKOH TIOJTHOTO TOKa)
i=[Hdl = dgdt (8.176)

BBIpaKalOT TOT (hakT, YTO ecnu B TPOBOJHWKE TeYeT TOK, TO BOKpPYT
MMPOBOJHUKA BO3HHMKAE€T MArHUTHOE TOJ€, BEJIMYMHY KOTOPOrO MOYKHO
OMpPENENINTh.

[TpyHOMNIANBEHO BTOpOE ypaBHeHHE MakcBenja MOXHO pa3fefuTbh Ha
JIBE YaCTU!

rotH' =j; (8.177)
rotH" = dD/dt. (8.178)
WuterpanbHas popMa — 3aKOH MOJHOTO TOKA — OTPaXKaeT TOJIbKO MEePBYIO

4qacCTb, IJId BTOpOﬁ qaCTHU aHaJIOrH4yHas (bopMa OTCYTCTBYET, XOTA H MOKET
OBITH HECJIOKHO HalCaHa, HalmMpuMep, B BUAC
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[Hdl = sdD/dt. (8.179)

B oTnauuue oT mepBOro ypaBHEHMsl BTOpoe ypaBHeHMe MakcBeiuia |
3aKOH TMOJIHOTO TOKAa OTpaXalroT pealbHbIii Mpouecc BO3HUKHOBEHUS
MarHuTHOTO TOJIA BOKPYT MpoBoAHWKA. OIHAKO W 3[eCh MOXHO CHAeNaTh
HEKOTOpbIE 3aMeyaHys.

1) 3akoH MOJHOTO TOKa SBISETCS AHAJIOrOM  3aKOHA MOCTOSHCTBA
UUPKYJALUMU Ui BUXPEBOrO JBIKEHHUS HEBSI3KOM U HecKuMaeMmoi
KHUIKOCTH:

fvdil =,

rge V. — CKOpOCTb MMOTOKAa XHIKOCTH BOKpPYr ILieHTpa Buxps, a I —
HaNpsOKEHHOCTb BHXpSA. OTOT 3aKOH OTpa)kaeT BHUXPEBYIO CTaTHKY, T.€.
JBWKEHUE KUIKOCTU B ycTaHOBHMBIIEMcs BUXpe. COOTBETCTBEHHO U 3aKOH
MOJTHOTO TOKa, W BTOPOE YpaBHEHME MakcBellla OTpPaXkaroT CTaTHKY
MarHuTHOTO MOJIsl, @ BOBCE HE ANHAMUKY.

2) Kak B0 BTOpoM ypaBHeHMH MakcBeia, Tak M B 3aKOHE MOJHOTO TOKa
OTCYTCTBYIOT KakHe-TM00 W3MEHEHHs MPOLECCOB BO BPEMEHM, IMOITOMY,
HafpuMmep, eci W3MEHWIach BEJIMYMHA TOKa, TO B COOTBETCTBUM C
YpaBHEHHEM 3aKOHa MOJIHOTO TOKa BEJINYMHA HAMPS)KEHHOCTH

H=il2nr

JOJDKHA MTHOBEHHO M3MEHHUTHCSI HE3aBHCHUMO OT TOTO, Ha KAaKOM PacCTOSHHUH
OT CaMoro TPOBOJHHWKA C TOKOM HAaXOIWTCS MarHUTHAs CWJIOBAs JIMHUS.
Hwuikakoro 3ama3fpIBaHUS TIpoIlecca YpaBHEHHEM He TPEAyCMOTPEHO, YTO
MPOTUBOPEYMUT CMBICTY, T.K. 3ama3blBAHUE CIEACTBUSA (HAMPSXKEHHOCTH
MarHUTHOTO TIOJIS) TI0 OTHOIIEHWIO K MPHUYHMHE, €ro BbI3BaBIEro, (TOky)
JIOJI’KHO OBITb.

3) Bropoe ypaBHeHue MakcBensia, Tak e Kak W MEpBOE, OMUCHIBAET
npoliecc B IUIOCKOCTH, HO He B o0beMe. CoOOCTBEHHO W3MEHEHHE
HarnpsHKeHHOCTH E BIOJb €ro HampaBJieHHs: B HEM OTCYTCTBYeT. M Tak ke kak
W B TIEPBOM YypaBHEHHWH, MOBOPOT TUIOCKOCTH B OCSX KOOpPIOMHAT, KOT/a
ypaBHEHHE TOMAIA0T W B TIPaBYI0, W B JICBYIO YacTH YPaBHEHUS TOTATAar0T
BCE TPH IEKAPTOBBI KOOPIUHATHI, CYTH HE MCHSET.

4) Bo BTOpOM ypaBHeHHH MakcBejia, Kak ¥ B IIEPBOM, TpaBas U JieBas
YacTH Ha caMOM Jejie He OJKBUBAJICHTHBI. 31eCh TaKKe IpaBas dYacTb
ypaBHEHUs BBICTYIAeT MPUYMWHON, a JieBas 4acTh — ee CleACTBHeM. Ecim
MyTeM M3MEHEHUs 3JIeKTPUYECKOM MHAYKIMU C MOCTOSHHOM CKOPOCTBIO WU
NPOIMYCKaHUEM TIOCTOSIHHOTO TOKa 4Yepe3 IMPOBOJAHMK MOXHO CO3[aTh B
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OKPECTHOCTSIX TIPOBOJHMKA MAarHUTHOE TMoJie, TO 00paTHOe [elCTBHE He
MOXeT ObITh PEaln30BaHO, TaK KaK CO3[aB B OKPECTHOCTSX MPOBOJHUKA
MOCTOSTHHOE ~ MAarHUTHOE TI0Jie, HHKAKOTO TOCTOSHHOTO  HM3MEHEHHMS
AEKTPUUYECKON WHIYKIIN WU TIOSBJIEHUS TIOCTOSHHOIO TOKa B
MPOBOJHUKE TONYYUTHh HeNb3s. [103TOMy W 31eCh MPaBWIHHO OBLTO OBI
MeXIy MpaBoit U JIeBOil YaCTAMHU YpaBHEHHUS TIOCTABHUThH HE 3HAK PABEHCTBA, a
3HaKk "[] ", yKa3bIBaIOLIMii, UTO JieBast YacTh SIBJIAETCS CIEICTBUEM IPaBOii:

rotH O j + dD/dt (8.180)

1 COOTBETCTBYIOLIIEC EMY MHTETPAJIbHOC YPABHECHUE (3aKOH IIOJTHOTO TOKa)
i =dgdt= JHd. (8.181)

3. Tpembe oughghepenuyuansrnoe ypasnenue Makceenna
divD =p; (8.182)

U COOTBETCTBYIOLIEE EMy MHTErpajJlbHOE ypaBHEHHE — Teopema
Octporpanckoro—I'aycca mis 31eKTpHIECKOTO OIS

@ =[DdS=q (8.183)

rpemar TeM ke. B HUX OTCYTCTBYET BpeMEHHOM (hakTop, cle10BaTeIbHO, ITO
ypaBHeHusa cratuku. [lpaBna, ecim teopema Octporpanckoro—laycca B
yueOHHKax OObIYHO TOMelaeTcs B  pas3liesl  JJEKTPOCTATHUKH, TO
middepeHIMaT HOE BBIpOKEHNWE TOTO KE — TPeThe ypaBHeHHe MakcBeiuia
ToMeInaeTcss B TeX ke ydeOHWKax B paszleN AWHAMUKW, YTO HUYEM He
obocHoBano. To, uTo mHTErpanbHas ¢popma sBiseTcs (opMoil CTaTHIECKOH,
JIETKO BHAETb W3 TOTO OOCTOATENBCTBA, 4YTO OMNPENEIEHHOE W3 3TOTO
BBIPAXKEHUS JEKTPUUECKOE CMEILEHNE

D = g/4nr2 (8.184)

JOJIKHO M3MEHATBCA MTHOBCHHO MpU HU3MEHCHHUU 3apsaaa (. OOBIYHEIM
BO3pa’KE€HUEM TPOTUB ITOTO ABJIACTCA TO, YTO OJIMHOYHBIK 3apdaa UBMEHUTDb
HEBO3MOXHO, a TPUBHECECHUEC MOOMNOJHHUTEIIBHOIO 3apdaa €CTb IpoLecc
I[OHOJ'IHHTeJ'II:HI:Iﬁ, KOTOpHﬁ OIMUCBIBACTCA YKE COBCEM MHAUC. Tem He MeHee
MaTeEMaTUYECKOE OINMCAaHWE BCE PABHO NOJDKHO IMpeayCcMaTpuBaThb HaJIWAYWE
3ana3abIBaroIero NoTeHUala, a 3Toro B ypaBHEHUN HET.
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Kpome Toro, B ypaBHEHUH cle0BaI0 Obl TaKXkKe OMPEAETUTh MPUUNHHO-
CJIEICTBEHHbIE OTHOLIEHHS B BHJE COOTBETCTBYIOLIETO X HAMMCAHUS!

@ =[DdS T q, (8.185)
a TaKxKe
DO génr2. (8.186)

4. Yemeepmoe oudhpepenyuanvnoe ypaenenue Maxceenna
divB=0 (8.187)

U COOTBETCTBYIOILIEE €MY WHTETpallbHOE ypaBHEHHE — Teopema
Ocrtporpaackoro—I"aycca it MArHUTHOTO OIS

®w=[BdS=0 (8.188)

HE BBI3BIBAIOT OCOOBIX  BO3p@KEHWi, KpoMe pa3Be UYTO CBOei
HEeOCTaTOYHOCTH, TaK Kak OHHM Takke (UKCHPYIOT HEKOTOPYIO CTaTHKY,
KpoMe TOro, B HHMX TaKXe OTCYTCTBYeT BpeMeHHoi#l ¢akTop. UerBeproe
auddepeHunanbHOe ypaBHeHIe MakcBesia Toxke 0e3 BCIKOro 000CHOBaHUs
roMelnaeTcsi B ydeOHUKax B pa3aes JMHAMUKH.

HurerpanbHas e Gopma, momemniaemast B pa3iell CTaTUKH, BEIPAKAET TOT
OYEBMIHBIH (aKT, YTO MarHWTHbIE CHUJIOBbIE JIMHUM BCErIa 3aMKHYThl H,
CJIeI0BATENIbHO, CKOJBbKO MX BBIIUIO W3 3aMKHYTOH MOBEPXHOCTH, CTOJBKO
XK€ W JIOJDKHO BOHTM B Hee. HukakMX BpEMEHHBIX IMPOLECCOB OHA HE
oTpaxaer.

Takum  oOpa3zoM, JAWHAMUYECKME TMPOLIECCHl,  MPOTEKAaloIUe B
JJIEKTPOMArHUTHOM T10JI€, OTPaXatOTCd HE BCEMM YEThIPbMS ypaBHEHUAMU
MakcBemia, a TOJNBKO TEpBBIM M TIOJIOBWHOI BTOPOTO, NMPUYEM II€PBOE
ypaBHEHUE HE OTpakaeT peajlbHOro mpouecca Bo3HUKHOBeHus JJIC B
TIPOBOHWKE TPHW M3MEHEHWHM BO BpeMEHM MarHuTHOro moussi. [lepmas ke
TOJIOBMHA BTOPOTO ypaBHEHWs MakcBenia, a Takke TPeTbe M UYeTBEPTOE
YpaBHEHUs SBISIIOTCSl ypaBHEHWSAMH BUXPEBOW CTAaTWKW W, B TPUHLMIE, K
JIEKTPOJMHAMHKE OTHOILECHHS HE UMEIOT.

N nepeoe, u BTOpOE ypaBHEHMs MakcBesla WCHOPUPYIOT TOJH,
HaxoAsLIecs: BHE KOHTYpoB. OIHAKO COCEHUE OJIHOHAINpPAaBJIEHHbIE BUXPH,
uMesi Ha cBoell mepudepu B COMpPEeNeTbHBIX O0JACTAX MOTOKU Cpelbl —
a¢upa  TMPOTHUBOIOJOXKHOTO  HAIpaBJIEHMUS, CO3JAal0T  B3aNMHYIO
koMmreHcalmio noJiei (puc. 8.21).9T0 06CTOATENBCTBO HE YUTEHO MEPBBIMU
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IBYyMsl ypaBHeHUAMU. Eciit ObI 3TO yUUTBIBAJIOCH, TO KaK 3JIEKTpUYECcKasi, Tak
W MarHuTHas HampsKeHHOCTH He Bceraa ObUIM Obl ONHUMHU M TEMHM XK€ IS
MEPBOTO U BTOPOT0 YpaBHEHUIA.

HaxkoHel, Bce ypaBHeHHs] MaKcBesula BBIBEIEHBI U3 MPEANOIOKEHHS 00
UJIeaIbHOCTU 3(upa U, Cle0BaTeIbHO, MOIPa3yMeBalOT OTCYTCTBUE Y HETO
BS3KOCTH W CKHUMaeMocTd. B Takom »3dupe BUXpH HE MOTYyT HH
00pa30BHIBATLCSA, HU MCYE3aTh, YTO TIOJIHOCTBIO HE COOTBETCTBYET OTBITHBIM
JAHHBIM: HAIpPSDKEHUS W MarHUTHBIE IOJIS1 BO3ZHUKAIOT U MCUYE3al0T, HO 3TO
He 3aJI0)keHO B (M3UKY ypaBHeHHH. B ¢pu3nky ypaBHeHuit MakcBeia Takxke
HE 3all0KeHa C)KMMAEMOCTb IIOJIEH, HEMOCPEACTBEHHO BbITEKAIOWIAs U3
CKMMaeMOCTH d¢upa.

a) 0)

Puc. 8.21. KomneHcauuu moJeii: ¢— MarHUTHOTO TOJII B pacrlpeneieHHON
CHCTEME TOKOB; 6— 3JIEKTPUYECKOTO TOJISI B PACHpE/ICICHHON CUCTEME MarHUTHBIX
MOTOKOB

[MTomyuenHsle MakcBeNJOM ypaBHEHHS 3JIEKTPOMAarHUTHOTO TIONS Ha
OCHOBE TUAPOMEXaHUYECKUX MpeACTaBICHUI IEKTPOMArHUTHBIX SBJICHUN U
UX BCECTOPOHHAA ampoOalysi BO MHOTUX MPAKTHYECKHX TMPUIIOKEHUIX
MOATBEPKIAIOT MPaBOMEPHOCTh METOAA AaHAIOTHM, HCIOJB30BAaHHOTO
MakcBenioMm, M, Ka3ajgochk Obl, U3 3TOr0 HE BBITEKaeT HEOOXOAUMOCTh
Kakoro-mmbo YTOYHEHHS YypaBHEHHWH 3ieKTpoauHaMukud. OJAHaKoO 3Tu
ypaBHEHHS B COOTBETCTBHH C MpelcTaBleHUAMU [ eIbMroibla o moBeaeHUN
BUXpel B KUIKOCTH OTPAXKAIOT BCETO JIMIIb MPOLIECC TIEpeMEIeHNsT BUXpeil B
MPOCTPAaHCTBE M HE OTpaXaloT Tporecca o0pa3oBaHUst 3TUX Buxpei. Jms
TOrO YTOOBI PAacCMOTPETh TMpPOLECC B MEJIOM, HEOOXOAWMO TIPOBECTH
JOTIOJTHUTENbHBIE TIOCTPOEHUS.
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Takum oOpa3oM, ypaBHEHHs 3JIEKTPOANHAMUKN MakcBesla He SBISIIOTCS
COBEPILEHHBIMH, KaK HE SBIIETCS COBEPLIEHHBIM HHMYTO Ha cBere. U
MOATOMY HaJl HIMH HYKHO MPOJOJKaTh paboTaTh.

8.4.2 . HexkoTopble YTOUHEHHsI YPABHEHH 3JIEKTPOAHHAMHKHA

PaccmoTpuM  anemeHTapHbIf  00BbeM  cpelbl, HaxXoAsALIEWcs TOM

BozzeicTBMEM MpuiokeHHOH DJIC, a TakKe BHELIHMX MAarHUTHBIX MOJei
(puc. 8.22).

EL z E
H, v, EV/ N
0 -

w = L=

—_—
—
t

Puc. 8.22.06pa3oBaHue 3JieKTpH- Puc. 8.23.06pa3oBaHue MATHUTHOTO
YeCKOro TOKa B cpeje. MOTOKA B cpee.

C y4eToM MOJIENU 3JIEKTPUYECKOrO MOJIS BBITEKAET, YTO TOK SABIIAETCA
CIEJCTBUEM DJJIEKTPUYECKON HAIpPsSHKEHHOCTH, AECHCTBYIOINEH B LENH, a
MarHuTHOE MoJie BOKPYT MPOBOJHUKA SBJIAETCS CIEACTBUEM YNOPSANOYEHHON
OpUEHTALUK B NPOBOJHUKE JIEKTPUUECKUX 3apAaoB. [l a1ieMeHTa cpeasl B
JaHHOW  LenM  HeoOXOAMMO  YUMTHIBaTb  4YeTbIpe  DJIEKTPHYECKUX
HaNpsOKeHHOCTH, CyMMHpYIOLIMecs JApyr ¢ JApYyroM M CO3Jarollue
SIIEKTPUYECKUH TOK: E, — HaNpPsKEHHOCTh OT BHEIWHEro uctounuka DJC;
E}; 1 — HanpsKeHHOCTh, HABOJAUMYIO CO CTOPOHBI APYTUX TOKOB, MEHSIOIINX-
Csl BO BPEMEHH, BHEIIHUX MO OTHOIIEHWIO K paccMaTpuBacMoMy OObeMy;
ClielyeT MOMHUTb, UTO MarHuTHoe nose, coznatouiee 3ty JJC camo umeer
BOJIHOBOM XxapakTep; Ey y» — HanpsKEeHHOCTb, HABOIUMYIO CO CTOPOHBI
JBIKYILIErocsi OTHOCUTE-JIBHO PACCMAaTPUBAEMOr0 00beéMa HCTOYHHUKA.

[TnoTHOCTE TOKa O, BO3HMKAIOIIEr0 B LENH, ONpENeNsIeTcs 3TUMH
HaNpsKEHHOCTSAMU M MPOBOANMOCTBIO cpefibl. B cBOIO ouepens, TOK BBI3OBET
MarHuTHOE 10JIe, HAMPSYKEHHOCTh KOTOporo paBHa Ey |, Tak 4To
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0
rOtHEL ] 66: (0""8—)E‘2Y (8189)
ot
Tae

Es -E, +Eyy1+ Epy

AHAIIOTUYHO TIPU PACCMOTPEHUM DJIIEMEHTapHOTO o0bemMa Cpelpl,
HaxOoASLIerocst Mo Bo3AelcTBHEM NpuiioxkeHHoM BHelnHelr MJIC (MarHuTo-
JBIKYIIEH CUITBI), @ TAKXKe MO/ BIMSHUEM BHEIIHUX MarHUTHBIX MoJieii (puc.
8.23),nonyunm:

0
rot EHL a 6M:—,U—Hz, (8190)
ot
rae

H; = H,+Hgy1+Heyw

3necy H; — Hamnpsy)KEeHHOCTh MAarHUTHOTO TOJIA, CO3JaHHAsg BHEIIHUM
ucrounukoM MJIC; Hg 1 — Hanps>keHHOCTh MarHUTHOTO TOJIs, HABOAUMAS B
o0beMe BHEITHUME OTHOCHTETBHO 00beMa JIeKTPUUeCKAMH TokamMu; He o —
HaIpsHKEHHOCTb MArHUTHOTO TMOJisl, HAaBOAWMMAsh CO CTOPOHBbI MCTOYHHKA
3JIEKTPUUYECKOTO oI, nepeMerarouerocs OTHOCHUTEJIbHO
paccmarpuBaeMoro oObema (BBeleHa [0 aHAJOTMU C  SIBJIEHUEM
3JIEKTPOMArHUTHOM MHAYKIMH); Jy — INIOTHOCTh MarHUTHOTO TOKA.

Crnenyer cpa3sy k€ OTMETHTb, YTO HCIONb3yeMasi 3[ech aHAJOTUs He
CTpOro KOppeKTHa W HOJDKHA OBbIThb B JajibHEWIIEeM 3KCIEepPUMEHTaIbHO
MOATBEPKISHA.

[Tpr OTCYTCTBUM TTEPEMEMIAIONINXCS OTHOCUTEIHHO 00beMa UCTOUHUKOB
MarHATHOTO ¥ JJIEKTPHIECKOTO TIOJIeH, YpaBHEHUS PeoOpa3ytoTcs B BUJ

p)
rotH, 0 8.= (6 +&— )(E, + Eyva) (8199
ot
0
rotE, 0 d,=—u— (H, + Hev) (8.192)

ot
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[IpuBeneHHbIe BBIpAXEHUS TMPEICTABIAIOT COO0NH MOIU(PULMPOBAHHBIE
Btopoe u IlepBoe ypaBHeHuss MakcBesia, OTJIMYAIOIIMECS OT MOCIEAHUX
TeM, 4TO OOBIYHO HCIOJIL3YEeMbIil B YpaBHEHHMSIX MakcBeula «CTOPOHHHIA
TOK» BBIP@KEH 4Yepe3 HAMNpsHKEHHOCTH, a TaKXkKe C y4eTOM HWCTOYHUKOB
3JIEKTPUYECKOTO M MArHUTHOTO  MoJiel, BHEIIHMX  OTHOCHUTEJBHO
paccMaTpuBaeMoro oowsema. [IpencTaBieHHBIE B Takoit (opMme ypaBHEHUS
3JIEKTPOMArHUTHOTO MOJISI MO3BOJISIIOT CHENaTh HEKOTOPbie OTIWYHBIE OT
OOBIYHBIX BEIBOII.

HeiicTBuTenbHO, B 00LIEM cily4yae HampsKeHHOCTH MAarHUTHOrO |
ANEKTPUUYECKOr0 MOJIeH, UCTIoNb3yeMble B 000OUX YpaBHEHUSX, pa3Hble, a He
OIMHAaKOBbIe, KaK »3T0 WMeeT MeCTo B ypaBHeHMsIX Makcpeluia.
HanpskeHHOCT MarHuTHOro nons H,, crosiuas B JIeBOW 4acTH NEPBOTo
ypaBHeHus (MoaepHu3upoBaHHOro I[lepBoro ypaBHeHHMs MakcBesa),
ABJISIETCS. YaCTbIO BCEH JJIEKTPUYECKON HANpPsSHKEHHOCTH TNPaBOW 4YacTU
BTOPOro  ypaBHeHHsi  (MOIEPHM3UPOBaHHOrO  BrToporo  ypaBHeHHs
MakcBesia); HanpsKeHHOCTh 3JieKTpuueckoro nons E,, crosiias B JieBOA
yactTh Broporo ypaBHeHMs, SBJSE€TCS 4YacTblO BCEl  MarHUTHOM
HaIpsH>KeHHOCTH npaBoit yacTu [lepBoro ypaBHeHUSI.

YToOBI TIOKa3aTh, UYTO MOJYYCHHBIM Pe3yibTaT HEe CTOJh TPUBHAJICH, Kak
3TO MOXKET TMOKa3aThbCA C MEPBOroO B3IMNIsAAA, pACCMOTPUM YACTHBIN ciyvai,
npu kotopoM O, # 0, B To Bpems kak Hy = 0, T.e. TOK Te4eT U MEHsSIETCS BO
BpPEMEHH, 2 MaTHUTHOE T0JIE OTCYTCTBYET.

B camomMm nene, eciiu 3NeKTpUUecKoe ToJie HampaBieHO BIOJb OCH Z, a B
TIOCKOCTH Xy pacripeiesieH0 paBHOMEPHO, TO TOTAa

oF,

oX

oE,,

= 0, =0
oy ox

n CJIEA0BATEIBHO

rotE,, = —————=0,0Tkyna

H\U + HEV].: 01

T.C. IPOUCXOAUT MOJIHAsA KOMIIEHCAUA MArHUTHOIO IOJIA. DaKTAYECKU BCE
BTOPOE€ YpPaBHCHHEC 06pamaTcsI B HYJIb, a NEPBOC YPABHCHHUEC OCTACTCA B
MNPEKHEM BUIC.
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AHaJIOTMYHO, €CM MarHUTHOE IMoJie HampaBJieHO BIOOJNb OCH Z, a B
TJIOCKOCTH X) PaclpesielieH0 paBHOMEPHO, TO TOra

oH oH,,
= 0, =0
oy ox
TO
oH,, oH,,
rotH,, = —————=0,0Tkyna
oy ox
E,+Ey,1=0,

T.e. TPOUCXOAWT TMOJHAsE KOMIIEHCAlMs 3JieKTpuueckoroo moss. Torna
TepBOe ypaBHEHWE oOpamarcs B HyJb, a BTOpOE ypaBHEHHWE OCTaeTCs B
MpeKHEM BUIE.

B kaxxnoi#t Touke MpOCTpaHCTBA MPOU3OIILIA MOJTHAasA KOMIEHCAs ok,
BHYTPEHHEr0 W BHEIIHETro MO OTHOIIEHHIO K JI0OOMY paccMaTpUBaeMOMY
0o0beMy, XOTS U CKJaObplBaeTCs Ha TMepBbIil B3MIAL MapagoKcaibHas
CUTyallMs: MPH HaJUYUU MEPEMEHHOr0 BO BPEMEHM 3JIEKTPHUUECKOTO TOKa
MarHuTHOe ToJie TOJHOCTBIO OTCYTCTByeT. Ha camom pene 3To moise
MOJIHOCTbIO CKOMIIEHCUPOBAHO B KaXJOH TOUYKE MPOCTPAHCTBA, U €CIHU
Kakoii-To o0beM MPOBOJHMKA WU3BJEYb, TO MO TpaHULAM 3TOrO0 BBIHYTOTO
o0beMa W B caMOM 00BEMe HEMEIUICHHO TOSBHUTCS COOTBETCTBYIOIICE
MarHATHOE TI0JIe. DTO XOPOIIo BUAHO Ha puc. 8.19.

DKcepuMeHTallbHAs NPOBEpPKa BbICKA3aHHBIX MOJIOXKEHHUI MOATBEpAMIa
nX. B skcrmepuMmeHTe ObLIa WCTMOB30BaHA IUIOCKOCTH, Ha KOTOPOW OBLI
pa3MellleH psl MPOBOJIOYHBIX KOHTYPOB, BKIIIOYEHHBIX MOCIEIOBATENBHO,
yepe3 KOTOpble TMpoIycKaics nepeMeHHbli Tok. KoHTypa co3naBanu
nepeMeHHOe MarHuTHOe IIoJieé B OKpY’KaroIleM HX MpocTpaHcTBe. Han
KOHTypaMH pa3Melllaiach HM3MEpUTeJbHas paMKa, K KOTOpoil  OblI
MOJKIIOYEH  M3MepuTeNbHbIt  mpubop.  IlepexitoueHne  KOHTYpOB
OCYILECTBIISUIOCh TakuMm 0Opa3oM, YTO MOOYEPEeIHO MOT MOAKIIOYaThCs
COOTBETCTBYIOIIUI KOHTYpP MPOBOJIOUHBIX KOHTYPOB (puc. 8.24).

DKCHEpUMEHT TOKa3all, 4TO MO Mepe MOAKIIOYEHUSI BHYTPEHHUX IO
OTHOLIEHUIO K M3MEpUTENIbHON pamke koHTYpoB DJIC Ha Heli pacTeT, a Mo
Mepe TMOCJeNyIolIero MOAKIIOUEHNsI BHEUIHMX MO OTHOLIEHMIO K paMKe
KoHTYpoB DJIC HauMHaeT yMEeHbIIATLCA. DTO OKA3aJI0Ch CIIPABEIIUBBIM ISl
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BCEX Pa3sMEPOB paMOK. Tem caMbIM BbICKa3aHHBIE BbIIIE MOJIOKEHUS HAIILIA
CBO€ MOATBEPIKACHUE.

.
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Puc. 8.24. Wsmenenue IJC Ha H3MepPUTEIbHBIX KOHTYpax Mo Mepe
yBeJIMYeHHUs] YHCIa  MOAKIIYAEMbIX TOKOHECYLIMX KOHTYpPOB. da —
pacroyioXKeHUEe U3MEPUTEIbHBIX KOHTYPOB Ha IUIACTUHE C TOKOHECYIIMMH
KaTyIIKaMH, CO3JAI0IIMMK MarHuTHoe 1noje; 6 — DJIC Ha M3MEepUTENILHOM KOHTYpe
10 Mepe MOJKIIOYECHHUS] TOKOHECYIIUX KaTylIeK

CnegyeT OTMETUTb, 4TO pa3zoOpaHHass 3ajaya C pPaBHOMEPHBIMHU
MyJBCUPYIOMUMHA BO BPEMEHW TIONSMH HETIOCPEICTBEHHO C TOMOIIBIO
ypaBHeHWII MakcBemla He MOXeT OBITh pemeHa, TaKk Kak B HHX
JIEKTPUUYECKUE W MAaTHUTHBIC HATIPSHKEHHOCTH B 00OWMX ypaBHCHHSX PaBHBI
MeXIy cO0OM, «CTOPOHHUX TOKOB» 3lleCh Takxke HeT. [Ipocienuth ¢akr
B3aMMHOM KOMIIEHCALIMM COCTABJIAIOIIMX TMOJIel MO 3TUM YypaBHEHHUAM
TpyaHo. HyneBoil pe3ynbTaT kak pellleHHe 3aJaud Ha OCHOBE ypaBHEHWIA
Makcgeia BO3MOXEH JIMILIb B TOM Clly4yae, €Clid Bce COCTaBISAIOLINE TOjei
Y TOKOB PaBHbI HYJIO, UTO MPOTHUBOPEYUT UCXOTHBIM YCIOBUSM 3a1auH.
[IpuBeneHHbIE MOAECPHU3MPOBAHHBIE YpPAaBHEHMS ANEKTPOIMHAMHUKU TOYTH
TTOJTHOCTBIO COBIAMAIOT C MEPBBIMH IBYMsI ypaBHEHHUSMHU MakcBeJUla eciid
paccMaTpuBaTh TPAHWILY PACTIPOCTPAHSIOIMIETOCS B TMPOCTPAHCTBE TIONS MPH
YCJIOBUHM, 4YTO 3a OJTOW rpaHuuei (B CTOPOHY paclpOCTpaHEHUs) HET
WCTOYHUKOB TOJs. Torma ypaBHEHHWsS TPHOOPETArOT BUA ypaBHEHWIA
Makcgena:

0
rotH, O d.= (o +&e—)E, (8.193)
ot
0
rotk, 0 d,=—u— H, (8409

ot
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CoOTBETCTBEHHO MOXET ObITh YTOUHEH U 3akoH Papanes

e =[Edl = - SdB/dt. (8.195)
B yTouHeHHOM BHIE OH MPHOOPETET BUI
e =[Edl =— SdB—By/dt, (8.196)

u npuB; =B, e=0.

WHOeKCHl «i» W «E» 03HAa4YaloT <«BHYTPEHHUI» u «BHeImHU». [lo
AHAJIOTHH C 3aKOHOM JJIEKTPOMAarHUTHOW MHAyKunu Papanes Ha OCHOBAHWUA
YPaBHEHHUS 3JIEKTPOMArHUTHOTO TOJS MOYKHO MPEIJIOKHUTh BBIPAXKEHUE IS
MarHATOAJIEKTPUUECKON MHIYKIWN

0
(H))=S(oc+e—) (Ei- Eo); 8.197)
ot

rae S—Iiomanb KOHTYpa, OXBaThIBAIOIIET0 POTEKAOLIMI B cpelie TOK.

Otnu4me OT 3aKOHa MOJHOTO TOKa 3[eCh TaKXkKe 3aKIoYaeTcsl B ydeTe
BHEIIHUX OTHOCUTEIIBHO KOHTYpa MoJeil.

PaccMOTpUM Mpoliecc pacpoCcTpaHeHHs MO IEKTPUUECKOM MHIYKLIMN
B mpocTpaHcTBe. DaKT pacnpOCTPaHEHHUS BUXPEBOTO ABWKECHUS >KUAKOCTH
BIOJIb OCH BUXPS TO3BOJISIET CHOPMYITUPOBATH MOJOKEHUE O TOM, UTO MOTOK
BEKTOpa BHUXPS, a COOTBETCTBEHHO W TMOTOK WHAYKIWH, BXOIALINN B
HEKOTOPbI 00beM, He paBHBI IOTOKY BEKTOpA, & COOTBETCTBEHHO U MOTOKY
ANEKTPHYECKON MHIYKLHH, BBIXOIAIIEr0 U3 3TOr0 oobeMa, MpUYeM pa3HHULA
OyzneT 00yCIIOBIUBATLCS 3aIa3bIBAHUEM MOTOKA BUXPsI BAOJB OCH.

Ecii moTok BEeKTOpa 3JIeKTpUueckoil MHIyKuuK D oT 3apsiaa g mpoxomuT
yepe3 MOBEPXHOCTh Mapauienenunena co cropoHamu dx, dy, dz (puc. 8.25),
TO MOTOKHU BekTopa D, mpoureaiiue yepe3 rpanu, paBHbl COOTBETCTBEHHO!

CKBO3b OJIIKANIIyIO TpaHb
— Dxdydz (8.198)
CKBO3b JAJIbHIOIO TPaHb

oDx oDx

dx + ——dft) dydz (8.199)
ox ot

(Dx +
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CKBO3b JIEBYIO I'PaHb
— Dydxdz (8.200)
CKBO3b ITPaBYy1O I'paHb

oDy oDy
(Dy + ——dy + ——dt) dxdz (8.201)
oy ot

CKBO3b HHMKHIOKO I'paHb
— Dzdxdy (820
CKBO3b BEPXHIOKO I'PaHb

oDz oDz
(Dz+ ——dz + ——dt) dxdy, (8.203)
0z ot

CymMmHpysl TOTOKM uepe3 BCE IpaHM W [l UX CyMMy Ha 00beM
napasuiesienumnea, HaXoauM:

oD, oD, oD, oD, oD, oD,
+ + + + + = p, (8.204)
ox  Got oy  got oz ot

rae
cx = dxX/dt; c,= dy/dt; c= dzdft; (8.205)
U TakKuM 00pazom,

oD, oD, 0D,
div D + + + = p, (8830
gt got ot

= + + (8.207)



388

nin

oD
divD + — =p, (8.208)
cot

HTO OTJIHUYACTCA OT TPETHLECro YpPaBHCHUA MakcBemna HanudueM 4JjieHa
oD/cot.

A
z D +?§Zdz+aDZdt
1 / 0Dy, 0D
D, Dyt gy de g dt
/.
7
AN
oD. oD
) Dy+ @yder Eydf

"y

Puc. 8.25 K BbIBOAY YpaBHEeHHi pacnpocTpaHeHHUs JJIeKTPHYeCKoil
HHAYKUHH

Henenns BexTopa D Ha BEeKTOp ¢ He MOMKHO CMYIIATh, TaK Kak 00a 3TH
BEKTOpa — OJIEKTPUYECKOT0 CMELIEHHS M CKOPOCTH €ro MpoIoJibHOTO
pacmpocTpaHeHHs! KOJUIMHEAPHbI, T.€. HaMpaBlIeHbl CTPOTO B OJHY M Ty XKe
CTOPOHY, X OTHOILLEHHE — CKaJsAP.

[onyyennoe nuddepeHunansHoe ypaBHeHUE NIepBoii cteneHu npu p = 0
MMeEeT pelLIeHne

D =D (t—r/c), (8.209)
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T.€. 3TO BOJIHA, @ CAMO YpaBHEHUE — BOJTHOBOE YpaBHEHHUE MEPBOM CTENIEHH U
OTpakaeT NPOIOJbHOE PacpOCTPaHEHHE BOJHBI.
Teopema I'aycca mpu 3TOM HECKONBKO BUAOM3MEHsSETCA M MpHobOpeTaeT

CIIEAYIONIYIO (hOpMY:

@ = [D(t - rlc)dS = q(t). (8.210)
S

Ha puc. 8.26 noka3aHo MpoAoiibHOE PaclpoCTpaHEeHUE JIEKTPHIECKOTO
TIOJISA B CJTydae MyJIbCUPYIOLIETO 3apsija.

L
%

a) 6)

Puc. 8.26. IlocTpoeHHe BeKTOpa MNOTOKA TJIOTHOCTH MOIMHOCTH TMpH
MPOA0JILHOM PACHPOCTPAHEHUH JIEKTPHUYECKOro MOJsl: a — JUIsl IYJIbCUPYIOLIEro
3apsja; 6 — Ui AUNOJs

[TockonbKy TOK B Cpelie PaclpocTpaHseTcss BAOJb moToka D u ero
IUIOTHOCTh & TpornopuuoHanbHa D , To 1Jis MIOTHOCTH TOKa CIpaBeTUBO
COOTHOLICHHE

00

divé+ — =0, (8.211)
cot

OTKyHda CJIEAYyE€T, UYTO
o= 06(t-rlc), (8.212)

T.€. PacCIpoCTpaHeHNe TOKa B Cpelie HOCUT BOJIHOBOM XapakTep.
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JlaHHOE TOJIOXKEHNE MPOTHUBOPEUUT M3BECTHOMY CTATHUECKOMY 3aKOHY
Kupxroda o ToM, 4T0 cymMa BceX TOKOB JIs JTFOOOI TOUKH 3NE€KTpHUUecKon
LeNH B JTI000I MOMEHT BPEMEHH paBHa HYJIO, T.€. 4TO

™ =
il
o

T
Y

(8.213)

W3 ypaBHeHus xe 8.21BbiTekaer, uro 3akoH Kupxroda cnpaBeanus
JIMLIb B CpeTHEM, HO B KaXKIblii MOMEHT BpeMEHH

li#0. (8.214)

‘™ =

i=1

MOCKOJIbKY BOJIHOBOI POLIECC MOAPA3yMEBAET CIKMMAEMOCTh TOKa.
JI1st poBepKM NAHHOTO TMOJOXKEHWs ObLT MPOBEAEH SKCIIEPUMEHT T10
cxeme puc. 8.27.

10 5

a) 6 6)

Puc. 8.27. JxcnepuMeHT Mo ompenesieHHI0 (hakTa c:KMMaeMOCTH ToOKa. a—
CXeMa OTBOJIOB OT MPOBOJHMKA; 6 — IMITYJIBCHI, BO3HHUKAIOIIME HAa OTBOIAX

JlBa npoBoa ANMMHON KaXKAbIH MO0 HECKOJILKO METPOB ObUTN TOAKIIOUECHBI
K UCTOYHUKY TIOCTOSHHOTO HampsbkeHust (0ObIuHOM Oatapeiike). OT KaKaoro
U3 TMPOBOJOB ObLTM caenaHsl oTBOIBI uepe3 1 M. [IpoBona mepmoaudecku
3aMBIKJINCh KOHTaKTOM. OTBOABI MOJAKIIOYAINCh K  BBICOKOYACTOTHOMY
3JIeKTPOHHOMY ocuusuiorpady. HMaes skcnepuMeHTa 3akitodanach B TOM,
YTOOBI OTIPENENNTh, KaK pacTeKaeTCsl TOK MO MPOBOLY MPY 3aMbIKaHWM 1IETTH,
Ha Pa3MKHYTBIX KOHLIAX KOTOPOI HaXOAWTCS MOJIHAs pa3HOCTh MOTEHLUAIIOB.
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B pesynbTate mNpoBENEHWS HSKCIEPUMEHTA BBISCHWIOCH, 4YTO TMpHU
3aMbIKaHUM KOHTaKTa Ha OJKHHUX K HEMY OTBOJAX BO3HHMKAeT OCTPBIN
UMITyJIbC, aMIUTUTYJOM TOYTH B TMOJHOE HaNpsHkeHWe WCTOYHUKA, Ha
CJIEAYIOINX OTBOJAX 3TOT MMITYJILC OKa3bIBACTCS MEHBIINE TI0 aMIUTUTY e, HO
Ivpe TI0 BPEMEHH, Ha CIIAYIOIUX elle MEHBIIe TI0 aMIUTUTYIe ¥ elle Iupe
10 BPEMEHHU.

Takum 00pa3oM, akT CKIMAEMOCTH TOKa OBLT TTOATBEPKICH.

[Tpu HaTMIWY HECKOJIBKUX 3apsI0B B Cpelie OT KaXI0TO W3 HUX B KAk IO
TOYKE Cpebl OyIeT IMETh MECTO CyMMHPOBAHNE BEKTOPOB HAIIPSKEHHOCTEH
ANEKTPUUECKOTO TOJIS:

n

Ey = 2 E. (8.215)
k=1

Ecnn kaxnelii M3 3apsioB HM3MEHAET CBOE 3HAaU€HHE BO BPEMEHU IO
CHHYCOMIAJIbHOMY 3aKOHY, TO

n i[w(t — r/C)]

Ex = 2 Exe (8.216)
k=1

rae i = /=1, ry— paccTosHUE OT TOYKH CPeJibl J0 LIEHTPA 3apsia.
[TockonbKy IUIOTHOCTH TOKA, W3JIy4aeMOro B Cpeay, CBs3aHa C
HaNpsHKEHHOCTHIO BBIPAXKEHUEM

J = (0 + wee)E, (8.217)

rae ¢ — yAejbHas MPOBOAMMOCTb cpeabl, = 2af, f — wacrora, &, —
JIMDJIEKTPpUYECKasi MPOHUIIAEMOCTh BaKyyMa, & — OTHOCHUTENIbHAs MPOHUIIA-
€MOCTb CpeJibl, TO UMEEM

n i[w(t — rc/C)]

or = 2 e (8.218)
k=1

B cnydae ABYX 3apsnoB (M3IydYaromIWX 3JEKTPOAOB), MyJIbCUPYIOIIUX C
OIMHAKOBBIMU aMIUIUTYIOM M 9aCTOTOM, M3JTydarolnX B Cpely OANHAKOBBII
T0 BEJIMYWHE TOK, HO B MPOTUBO(a3e (IUMOIb), UMESM:
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io(t — ryc)] ifo(t — rc)]
Jr =1 € 9, € . (8.219)

ITo ocu CUMMETPHUHN JUIIOJIA UMEEM
o] =102]; 11 =12, (8.220)

B sToM ciydae CyMMapHBI BEKTOpP TUIOTHOCTH TOKa OKa3bIBAETCS
TePIIEHAVKYJISPEH HATPABJIIEHUIO PacTpOCTPAHEHH BIOJNb OCH CHMMETPUH
IWTIONS. BIOJME OCH IUMOJS WMEEM TPU PACCTOSHUM MEXIy 3apsaaMu
(amextpomamu) d = A/2, roe A — IiMHA BOJIHBI B Cpejie, OnpeessemMas Kak

A=clf.eo=cNe (8.221)

31ech ¢ — CKOPOCTh PaclpoCTpaHEeHHs TOKa B Cpele, € - OTHOCHUTENbHAs
IMBJIEKTpUYeCKas MPOHULAEMOCTb CpeIbl.

[I1OTHOCTh TOKa Ha W3IYYalOUIeM 3JIeKTpPoje, HMMEIIeM IUIOmalb
W3IYYCHUS S, COCTABIISACT

S0 =i /S (8.222)
U B OECKOHEYHOI Cpeac Ha pacCTOSTHUU I or QJICKTPOJa OMPCACIIUTCA KaK
S

S = So——. (8.223)
4r2

Bnonb ocu qumoss mIoTHOCTh TOKA COCTaBUT

| 1
o = [4+ ]. (8.224)
Grrp2 1+ 2ry

31ech 1 — paccTosiHUE BAOJb OCH AMUMONS OT ONMKalIero 3JeKTpoaa.

Tok, ucTexaromuii U3 Kaxa0ro 3JIeKTpoaa IUMOJsA ¢ COCPEAOTOUEHHBIMU
napameTpaMu, pPaclpoCTpaHsAeTcs paguanbHO BO Bce CTOpOHBl. M ecnm
M3BECTHA BEJIMYMHA 3TOTO TOKA, TO IUVIOTHOCTH 3TOTO TOKAa B KAKAOW TOUKe
cpenbl omnpenenseTcs MPOCTbIM COOTHOLIEHHEM
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do = —. (8.225)

Cnenyer oOpaTuTh BHMMaHHE Ha TO, YTO IUIOTHOCTb TOKa, MO KpaitHei
Mepe, B ONMKHEH 30HE OT MCTOYHMKA OKa3bIBAETCS HE3aBUCUMOI HHM OT
CBOHCTB cpelibl, HI OT BPEMEHHBIX MapaMeTpoB caMoro Toka. OObIYHBIM
BO3paX€HHEM 3JeCh SIBJISIETCS HalWdue noTepb B cpele. OnHako cliemyer
HAalOMHUTb, YTO TOK, MPOIyCKaeMblii yepe3 OObIUHBIN PEe3UCTOp, Ha €ro
BBIXOJIE IMEET POBHO Ty K€ BEJIMUMHY, YTO M Ha €ro BXOJe, HECMOTpPs Ha
MOTEPH SHEPTUM B ITOM PE3UCTOPE, KOTOPBIE BBIPAXKAIOTCA TON WIN WHOMN
BEJIMYMHON MaJeHNs HAMPSHKEHUS Ha PE3UCTOPE.

CKOpOCTh pacHmpocTpaHeHus Toka OyneT TOW ke, 4TO W CKOPOCTb
pacnpoCTpaHeHUs IEKTPUIECKOH MHAYKINY, T.€.

emp=cNe (8.226)

rle ¢ — CKOpPOCTb CBETa B BaKyyMe, a & - OTHOCUTENIbHAs OUAJIEKTpHUUecKas
NPOHHULIAEMOCTb CPEJBl.

JIns oumonst ¢ COCpelOTOUSHHBIMU MapaMeTpamMM, COCTOSILEro M3 IBYX
3NIEKTPOIOB, TUIOTHOCTb TOKA B OJM)KHEN 30HE ompeesnseTcs MyTeM reoMe-
TPUYECKOTO CYMMHPOBAHHUS COOTBETCTBEHHO [BYX TOKOB C YUYETOM, WX
3HAKOB W 3ama3/blBaHus. M3 cyMMUpOBaHHS TOKOB BHIHO, YTO PaclpocTpa-
HEHWE WAET OT AWIOJNSA BO BCE CTOPOHBI, NMPH 3TOM MO OCH CHUMMETPHHU
IWTIONST BOJIHA JJIEKTPUUYECKON HANpsHKEHHOCTH —paclpoCTpaHsieTcss B
TIOTIepEeYHOM HATpaBJIeHNH, a BIOJb OCH TUIOJS — B nponoibHoM. [Tocien-
Hee 00CTOSATENbCTBO CBS3AHO € TEM, UTO KaxJas TOYKa BJOJIb OCH JUIONSA
PAcIoJioKeHa Ha Pa3HBIX PACCTOSHUAX OT BJIEKTPOIOB M O3TOMY HaNpsKeH-
HOCTB MOJISL OT OJIMKHEro JIEKTpoJa B Hell OyneT Oosblile, 4eM OT AajbHEro
3NeKTpola. JTa PasHOCTb HANpPSHKEHHOCTEN A CUMMETPUYHOTO IUIONA €
paccTosHUEM MEXIY dJIeKTpoaaMu d COCTaBUT IJIs MOCTOSHHOTO TOKA

i i i (2rd + ?)
Oc = 01t 02 = - = ) (8.227)
M2 4n(r+d)2 4nr2(r+d)3?

rae I —pacCcTosiHue OT TOYKU 10 OJIMKHEro D3JIEKTpoda.

Ecimd <<r, 10
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b= — (8.228)

IMpencTaBisieT CHOELHUANbHBIM HHTEpeC Ciydail H3JIy4eHHs] TUIOJIeM
MepeMeHHOro Toka, mpu kotopom d = A/2, rme A — miMHAa BOJHBI
3NIEKTPUYECKOro Tojisi B cpefe. B 3ToM ciiyyae K TOMY MOMEHTY, KOrjaa
BOJTHA OT JAJIBHETO 3JIEKTPOJA TOCTUTHET ONVKHETO 3MeKTPOoIa, HapshkeHne
Ha OJNIM)KHEM ODIIEKTPOINEe WM3MEHUT MOJSAPHOCTh HAa MPOTHBOTONOXKHYHO |
mamee  OymeT — pacmpoCTpaHATBCS ~ HEe  PAasHOCTh  SJIEKTPUUECKHX
HanpsHKeHHOCTEH, a UX CyMMa:

i i i (2r2+ 2rd + d?)
Oc = 01t 02 = + = ) (8.229)
M2 4n (r+d)2 47 12 (r+ d)2

yto npu d << I MpHUBEAET K COOTHOLICHHIO

i
0, = —, (8.230)
47ir2

T.e. He K KyOM4ecKOMy, a BCEro JHIIb K KBaApaTUYHOMY 3aTyXaHHUIO
HaNpsKEHHOCTHU 10 PACCTOSTHUIO.

[TpoBeneHHBIE  3KCHEPUMEHTBHI  MOATBEPAWIM NPU  BBIMOJHEHUH
MPUBEJECHHBIX BbILIE YCJIOBHUH HaJM4ue JJIEKTPOMArHUTHON  BOJHBI,
HamnpaBJIeHUs PAcHpOCTPaHEHMs KOTOpPOW M  HampaBleHWE BEKTOpa
IUIOTHOCTM  TOKa W JJEKTPUUYECKOW  HaNpsDKEHHOCTH — COBMAJAroT.
VYpaBHeHUsIMU MakcBellia Takoi BapuaHT HE NMPELyCMOTPEH.

HeobxoaumMo oTMETHTb, 4TO MOAOOPOM PACCTOSIHUSI MEXKIY 3JIEKTPOIAMHU
MOKHO IOOUTBCS TOTO, YTOOBI OCHOBHAS MOLIHOCTb PAacCHpOCTpaHsAIach He B
TIONIEPEYHOM, a B MPOAOJbHOM HalpaBlICHUH, M YTO TUIOTHOCTh TOKA B Cpelie
HE 3aBHCUT HU OT MapamMeTpoB Cpelbl, HU OT IUIOWAAN 3JEKTPOIOB, HU OT
4acTOTbI TOKA, & TOJILKO OT BEJIMYMHBI U3JTy4aeMoro ToKa.

Jns mpumepa Ha puc. 8.28 mpuBeneH  AIEKTPUUYECKHUH IHUIMOIbL C
COCpPEIOTOYEHHBIMH MTapaMeTpaMH, I KOTOPOTO BBITIONIHEHBI HEOOXOANMbIE
MOCTPOEHHUS BEKTOPOB MOTOKOB IUIOTHOCTH MOIIHOCTU. M3 moctpoeHwmit
CllefyeT He TPUBMAIBHBINA BBIBOJ O TOM, YTO AMIOJbL C COCPEAOTOYEHHBIMU
rmapaMeTpaMH CIOCOOEH HW3IydaThb O3HEPTHI0 BIONb CBOEH OCH, 4TO,
0€3ycJIOBHO, TIPOTHMBOPEYNT BHIBOIAM, BBITEKAIOMIMM W3 YpaBHEHMI
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MakcBenna. M3 pucyHka BHUAHO, 4YTO BJOJIb OCH [WIIOJNS BEKTOPBI
MOIIHOCTH, CKOPOCTH PaclpoCTpaHeHUs M 3JEKTPUUYECKOH HampsKeHHOCTH
COBMAJAIOT MO HAMpPaBJIEHUIO C HAMpaBJIEHUEM OCH AWIOJS, a MOMepeK Och
JIATIONST BEKTOP MOLIHOCTH M BEKTOP HArNpaBJIeHWs! PaclpOCTPaHEHUs JiexaT
B TUIOCKOCTH CHMMETPWUHM [JUIOJS, TPWYEM BEKTOp 3JIEeKTPUUECKON
HaINpsHKEHHOCTH MapauiesieH OCH ANTONS U TEPIIeHINKYJISIpeH HalpaBJIeHUIO
pacnpocTpaHeH!st MOLIHOCTH.

P

O
©

O
E; By E, g 4, B B B

Puc. 8.28.I/Is.ny'{eﬂue JHEPIruyv AumnoJieM ¢ COCpeaA0TOYECHHBIMU NMapaMeTpamMu

Kak 6bu10 mokazaHo Ha puc. 8.2, mpu pa3BUTHU 3JIEMEHTapHOL TPYOKH
3NIEKTPUYECKOr0 TOJISB MPOJOILHOM HAMpaBJIeHUH Ha ee TOpLe MOTOoK 3pupa
nepeMeLiaeTcs B HanpasJeHUH, NepeHaNKYIsIpHOM ee ocH. CenoBaTesbHo,
pa3BUTHE BIIEKTPUYECKOTO TONSA B MPOCTPAHCTBE BO BCEX HAMpPaBICHHSX
OygeT MNpPOUCXOAUTb CO CKOPOCTBbIO OJMHAKOBOII M paBHOIl ckopocTu
pacrnpocTpaHeHUs! CBeTa B JaHHON Cpejie, He3aBUCHMO OT 3HAUSHUs BEKTOpa
MOTOKA TJIOTHOCTH MOIIHOCTH.

MarHuTHas WHOYKOUS B Cpele pachpocTpaHseTcs WHade, dYeM
JNIeKTpUUecKass WHAYKOWSA, a WMEHHO MepHeHAMKYJISIPHO HampaBlIeHUIO
BekTopa. CremoBaTenbHO, 1M BeKTopa B chpaBemMBbl  ClEIyHOLLME
COOTHOLIEHHMS:

divB = 0; (8.231

ogracB
divgrad + —— =0. (8.232)
cot
3aKoH MOJHOTO TOKa Ui MaJbIX HampsyKEHHOCTE MArHUTHOTO MOJIs
CIIeyeT Mpeodpa3oBaTh K BULY:
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it) = [H(t - r/c)dl = dg(t)/dt. (8.233)

[lpu QopMyaupoBKe 3aKoHAa MOJHOIO TOKa CleAyeT Y4ecTb (aKT
CKMMaeMoCTu 3(Upa, CleJ0BaTeIbHO, CXHUMAaeMOCTb CaMOro MarHUTHOTO
noJisi ¥ W3MEHEHHE 3aKOHa TMIepOoNNYecKoro yObIBaHUs Hamps KeHHOCTH
MarHMTHOTO OIS BONM3HM NPOBOJHUKA.

C yyeToM  MBJIO)KEHHOTO  YpaBHEHHS  BJIEKTPOMArHUTHOTO TMOJS
npuoOpeTaroT BUI!

0
DrotH, O d.=(c+e—)E,+Eyi+ Eyy) (8.234)
ot
0
2)rotE, 0 6,=—p— (Hy+ Hevi + Hewo) (8.235)
ot
3) divD + oD/cot = p; (8.236)
4) div de + ddelotc = 0. (8.237)
5) divB = 0; (8.238)
6) divgradB + o(gradB)/otc = 0; (8.239)

HHTerpasnbHble BbIpakeHHs MPUOOPETYT BUIL!

1)e = [E(t—ric)dl = - do,(t)/dt; (8.240)

2) ey = JH(t=r/c)dl =i(t) = dq(t/dt; 281)
3) ®. = [D(t —r/c)dS = q(t): (8.242)
4) @, =[BdS = 0. (8.243)

3/1ech e U ey — ANEeKTpUUEeCcKast 1 MarHUTHas Pa3HOCTb NOTEHLHANOB; D U
@, — SNeKTpUYECKUIl ¥ MarHUTHBIA TOTOKHW; i — JJNEKTPUYECKHN TOK B
NPOBOJHMKE; ( —3apsl, NepeMEINAOLINICS B HANPABJICHUHU JIIEKTPUYECKOTO
ToKa (HampaBlieHHOE MepeMelleHre MpuaaeT eMy (GpopMy BEeKTOpa).

IlepBoe BbIpaxeHue — 3akoH Papanes 3JIEKTPOMATHUTHON WHIYKUUH U
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BTOPOE - 3aKOH MOJIHOTO TOKAa OTJIMYAOTCS OT OOBIYHBIX HAJMYMEM B HUX
3amna3/ibIBaHusl.

[TpuBeneHHbIE BbILIE YpaBHEHHS JJIEKTPOMArHUTHOTO TOJII YacTHBIM
pelmieHneM  WMEIOT ~ ypaBHeHWs  MakcBeyula,  COpaBeUIMBbIE IS
JJIEKTPOMarHUTHOTO BOJIHOBOrO (DpOHTA,  OAHAKO B pAfe ClIydaeB
TIO3BOJISIFOT PELINTh HEKOTOPBIE 3aa4l, KOTOpPbIe HEJb3sl PEINTh Ha OCHOBE
MaKCBEJJIOBCKMX YpaBHEHMH, HampuMmep 3a7ady 00 W3Iy4YeHUs IO C
COCPEIOTOYEHHBIMHI TapaMeTpaMHu B TOJYMpOBOIAIIEi cpexe. [pn
BBITIOJTHEHUH Psiia YCJIOBHI B TAKOM JTUITONIE OCHOBHAsS JOJIsl SHEPTUH OyaeT
pPacnpoCTpaHATbCS HE B TNONEPEYHOM OTHOCHUTENBbHO BekTOpoB E u H
HarpaBJIeHUM, a B HANpaBJCHWU BekTopa E W MepHneHAMKYJISAPHO BEKTOPY
H. D70 NpojoJIbHOE pacnpoCTpaHEHNE 3JIEKTPOMArHUTHOTO MOJs MpaKkThuye-
CKH ellle He U3YUEeHO, XOTS U MOATBEPHKAEHO SKCIIEPHUMEHTAJIBHO.

HeobxoaumMo 0TMETHUTS, 4TO YKa3aHHbIM BbILIE BOBCE He
3aKaHUYMBAETCSI yTOYHEHWE YpaBHEHWH 3JEKTPOMArHUTHOTO TIONS. ITOT
npouecc JOJDKEH MPOJOJDKAThCS BCe TO BpeMs, Moka OydeT BO3HHUKAaThb
Hy’kJ1a BO Bce 0oJiee TOJHOM pelleHUd MPUKIaJHbIX 3a1ay.

Takum oOpasoM, >¢upoAVHAMUYECKHE TPEACTABICHUS TMO3BOJSIOT
YTOUHUTh (DOPMYJIMPOBKHM 3JIEKTPOMAarHETHM3Ma B HEKOTOPBIX CIydasx
CyIIeCTBEHHBIM 00pa3oM. [IpoBeneHHbIE YyTOUHEHMS HUM B KOEM CIlydae He
ABJISIOTCS MOJHBIMUA. OTMCaHue IEKTPOMArHUTHOTO MOJisA, Kak M Jiro0oro
(u3MyecKoro SBICHHS, MOXKET YTOUYHATbCA OecrpelebHO MO  Mepe
YBEJIMYEHUs] YHCJIa CTOPOH W CBOWCTB MOJIEH, OXBAaTbIBAEMbIX MOJEISIMH,
MOCKOJIbKY 00lliee 4KCI0 CTOPOH U CBOMCTB JIIOOOro siBIeHHA OECKOHEYHO
BEJIHKO.

8.4.3.Buapl 21eKTPOMArHUTHOTO H3JIyYeHHS

IMpuBenem uwMtaTy ©3  CTaTbl  «DJIEKTPOMArHUTHBIE  BOJIHBIY,
NoMelIeHHo Bojbimoii coBeTckoi 3HnukiIoneauu (u3g. 3, T. 30, c. 67).
Ccbuika Ha JaHHBIM UCTOYHUK HY)KHA [UIs TOTO, YTOOBI MPOJAEMOHCTPUPOBAThH
o(uIMaNbHBIN B3I COBPEMEHHON HAyKU Ha MPUPOIY IJIEKTPOMArHMTHOTO
U3JTyYEHVS.

«JIeKTPOMAarHUTHbIE BOJIHEI, 3JIEKTPOMAarHUTHBIE KoJieOaHus,
pacnpocTpaHsOuIMecss B  TMPOCTPAHCTBE C  KOHEYHOM  CKOPOCTHIO.
CymecTtBoBanme 3. B. Obuto Tpenckazano M.Dapameem B 1832 1.
Jix.MakcBenn B 1865 r. TeopeTHueckd MOKa3ai, YTO 3JIEKTPOMArHUTHbBIE
KoiebaHWss He OCTaloTCs  JIOKAJM30BaHHBIMH B TNPOCTPAHCTBE, a
pacnpoCTpaHsIOTCSI B BaKyyMe CO CKOPOCTBIO CBETa ¢ BO BCE CTOPOHBI OT
uctoyHrKa. M3 Toro o0CTOATENBCTBA, YTO CKOPOCTh paclpocTpaHeHus O. B.
B BaKyyMe paBHa CKOpPOCTM CBeTa, MakcBeJUl cheiiall BbIBOJ, YTO CBET
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npezncraniger coboit 3. B. B 1888r. makcrenmnoBckas Teopus 3. B. moaydyuia
noatBepxkaeHue B onbiTax [.I'epua, 4To chirpano pemarLyo poib Ui ee
YTBEPKICHHUS.

Teopust MaxkcBeina mo3BoimiIa eIMHBIM 00pa3oM TOJONTH K OTMCAHUIO
PaIroBOINH, CBETA, PEHTTEHOBCKUX JIydel M ramma-m3mydeHus. OKazanocs,
YTO 3TO HE M3IYYEHUs Pa3IMIHOW MPHUPOABI, a D. B. ¢ Pa3IMUHON IITMHON
BOJTHBI.

...OcobeHHOCTH 3. B. M 3aKOHBI WX BO30YXJEHWS W paclpoCTpaHEHUs
OTIMCHIBAIOTCS MaKcBeia ypaBHEHUSAMID.

Takum 00pa3oM, OCHOBHBIM MPU3HAKOM TOTO, YTO BCE MEPEUNCIECHHbIE
BUABl  M3IYYEHUs] HUMEIT  <«€AMHYI TPHUPOAY», TOCIYXWIO TO
00CTOATENBCTBO, YTO BCE OHU PACHPOCTPAHSAIOTCS C OJUHAKOBOI CKOPOCTBIO
— CKOpOCTBIO CBETa, M 3TO Jajl0 OCHOBAaHWE Ul MX €IMHOOOpa3HOro
onucaHus Ha 6aze ypaBHeHUIt MakcBera.

CremyeT OTMETHUTB, YTO TAKOTO 00OCHOBAHMS COBEPIIEHHO HEIOCTATOYHO
IUTSL TOTO, YTOOBI TIEpEeUYMCIIEHHBIE BWIbI W3JTyYeHWH OTHOCHTh K oOmIeil
npupone. O0mas CKOPOCTh PACTPOCTPAHEHUSI MOXKET SIBIATHCS CIIEICTBHEM
HEKOTOPOTO 00wjezo ceolicmea pPA3IUYHBIX BUAOB WM3NydeHW. Takum
CBOMCTBOM MOXeT ObITb, HampHMep, CBOWHCTBO cpelbl — BS3KOCTH 3¢wmpa,
KOoTOopoe oOecrieynBaeT TMepenady IMOMEepevyHOro IBWKEHHs MOToka 3dupa
cocelHUM cjosiM. Ecim B CTpYKType pasHbIX BHUAOB  M3JIyYEHUS
MPUCYTCTBYET 3TOT BUJ IBWKEHHUS, TO, XOTSA 3TH BUABI pa3Hble, CKOPOCTb UX
pacnpocTpaHeHust OyAeT OANHAKOBOH.

I'maBHBIM TPU3HAKOM, MO KOTOPOMY MOXKHO 0000WIaTh Te WJIN HMHbIE
BUABl W3JIy4eHHs, JOJKHA OBITb WX BHYTPEHHssI CTpykTypa. Toibko
OJMIHAKOBOCTb CTPYKTYPbl MOXET SBUTHCSI OCHOBaHWEM MJIsl OTHECEHUs
W3JTy4eHHs1 K OHOMY KJIacCy SIBIICHHH.

O ToM, B Kakyl0 OIIMOKY MOXXHO BIAcTh, TNMPSIMO CBUAETEIbCTBYET
OTHECEHHWEe 3JIEKTPOMAarHUTHOTO W ONTHYECKOTO W3JIy4eHHi K olmemy
KJIaccy sIBJICHUI.

B HacTosmmee BpeMs CyIIECTBYeT MHOXKECTBO HAyYHBIX TpPY/IOB, B
KOTOpBIX ISl OMHCAHWs ONTHYECKUX SBJIECHUI MCIOJIB3YIOTCSl YpaBHEHUs
MakcBenia 3feKTpoMarHuTHoro nojisi. OHaKo MpakTUKa He MOATBEpAMIIa
NMpaBOMEPHOCTH  Takoro moxaxoza. Okasanoch, UYTO MPOHMKAMOIIAS
CIIOCOOHOCTh CBeTa B TMOJYMPOBOIAIIEH cpele — MOPCKOW Boje,
obnagaromeii 10cTaTOYHO BBICOKOH MPOBOIMMOCTBIO, 1O KpaliHeil Mepe, Ha
natb (!) TOpAOKOB HE COOTBETCTBYET pacueTam, MPOU3BENCHHbIM Ha
OCHOBaHWM ypaBHeHHMH MakcBella: CBET B MOPCKOM M OKEaHCKOW BOIe
nponnkaeT Briyor Ha 100—150M, B TO Bpems Kak, HCXOIs W3 TapaMeTpoB
cpensl ¥ ypaBHeHHI MakcBeluta, OH JI0JKEH TPOHUKATh B MOPCKYIO BOILY HE
Jajee 4eM Ha JONH MAJTUMETpa.
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Jns  conpsbkeHHsT TEOpUM W NPaKTHYECKUX —pe3yJbTaToB  ObLIU
M300peTeHbl Pa3MYHble MCKYCCTBEHHbIE TMPUEMBbl, HANpPUMEDP BbIIBUHYTO
MPEANOJIOKEHHE O TOM, YTO Ha BBICOKMX 4YacTOTaX MPOBOAUMOCTH BOJIbI
rmajsiaeT, ¥ 3TUM OOBSACHAIOTCS TOJy4eHHble pe3ynbTatel. Ho u 3mech
pacueTsl HUKaK He TIOATBEPKIAIOTCA (PU3UUECKUM MEXaHM3MOM SIBJICHHS.

Takum oOpa3oM, B BOTpOCax O PacHpOCTPaHEHWH 3JIEKTPOMArHUTHOTO
W3JTydeHusT OO0 HACTOSIIETO BpPEeMEHH HEeT MOJDKHOHN sicHocTH. OnmHako
3(pHUpOIMHAMUYECKUI MOAXOMA MO3BOJNSAET XOTs Obl B MEPBOM MPUOIMKEHUH
MOHATh CTPYKTYPY Pa3MUHBIX BUAOB W3NYYEHHS, U YKEe W3 ITOrO JIeNnaTh
pa3nyHble BBIBOIbBI. BBISICHUIOCH, B YaCTHOCTHU, YTO HYXKHO Pa3auyaTth IO
KpaiiHe Mepe TATh BUJIOB W3JyYCHUS BEIIECTBOM JHEPrMU BO BHELIHEe
MPOCTPAHCTBO:

- KBa3UCTATMYECKOE MOJIe TOKOB PACCESHUS;

- POJIOJIbHYIO ANIEKTPOMArHUTHYIO BOJIHY;

- TIOTIEpEYHYIO 3JIEKTPOMAarHUTHYIO BOJIHY;

- (hoTOHHOE M3TTyYeHHE:!

- aypuvecKoe M3JIydeHue.

[lepBble TpW CBsI3aHBl MeEXAYy CO0OW W JEWCTBUTENHHO MOTYT
paccMaTpuBaThCs Kak pasinyHble KpaifHWe cilydad OJHOTO M TOTO K€ BUIA
W3TydeHUd — 3JeKTpoMarHuTHoro. KBasucraTwdeckoe T1ojie  TOKOB
paccesiHusl, TIPOJOJIbHAS W TOMEpPeYHasi AJIEKTPOMArHUTHbIE BOJHBI MOTYT
paccMarpuBaThCsl KaK 4YacTHbIE CIy4aW 3JEKTPOMArHUTHOTO WU3ITyuYeHHs
JIATIONSI C COCPENOTOUEHHBIMU TTapaMeTpaMu B MOTYTIPOBOISILEH cpejie.

DOTOHHOE U aypUUECKOe M3IYYESHUs] IMEIOT UHBIE CTPYKTYPBI U TOJI BUIL
AJIEKTPOMArHUTHOTO M3y4eHHs He MOANAAatoT.

Hwxe paccMOTpeHbI CTPYKTYpbl MEPBBIX TPEX HM3IYYeHHId, aypuueckoe
n3TydyeHne ObUIO  paccMOTpeHO Bbllle, B TIJaBe 6, (oToHHOE
paccMaTpuBaeTcs B 1. 9.

8.4.4. KBa3ucraTrnieckoe moJjie TOKOB pacTeKaHHs

KBazucraTniecknm MojeM TOKOB pacTeKaHWsl cuMTaeTcs ciydai, korna
JUIMHA JJIEKTPOMAarHUTHOI BOJIHBI COM3MEpUMAa C PAcCTOSIHUEM  OT
MpUeMHUKa [0 WCTOYHWKAa 1100 mpeBblmaer ero. C TOYKH 3peHms
3¢UpOAMHAMUKM 3TO 30HAa, B KOTOPOM 3JEKTPOMarHWTHas BOJIHA
MpoAOJKAEeT MOANMUTHIBATBCS OT HCTOYHMKA. [loaTomy 3aTyxaHue
aMIUTUTYABl C YBEJIIMYEHWEM pACCTOSIHUSA 31€Ch 3aBHCUT TOJBKO OT
TEOMETPUH U MaJIO 3aBUCUT OT CBOWCTB Cpe/ibl M YaCTOTHI TOKA.

OueBMOHO, YTO OCHOBHAs MOIIHOCTb W3JYYEHHsl 3aTpauynBaeTcsl Ha
OMKHIO0 30HY. B mosynpoBogsmeit cpene 3Ty 30Hy MOKHO HCKYCCTBEHHO
UCKJIFOUNTh, YCTAHOBUB MEXAY 3JIEKTPOAAMH TUIACTUHY U3 H3O0JSILIMOHHOTO
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MaTepualia U repepacrpeneiuB TeM cambiM Tok (puc. 8.29), cymiecTBeHHO
YBEJIMYUB JAIBHOCTh PACIPOCTPAHEHHUS TOKOB PacCesHUsL.

ceHepamop

cenepamop
mokxa

UBOJANOP

IOI0L0I8T0 0TI IOIOI0 O8I0 SOOI

Puc. 8.29.KBa3ucraTuyeckoe H3jiyyeHHe TOKA AUMOJIEM C COCPEAOTOYEHHbI-
MH napaMeTpamMu:. a — 03 W30JIMpYIOIICH MEpPeropoiku; 6 — C M30JUpYIoLIeit
HEPeropoKol MEXIy OJNEKTPOJaMM JHIOJS;, B OTOM CIyd4ae MOIIHOCTb
HepepacpenesseTcs B JaTbHIOK 30Hy

CremyeT TakKe yYUTBIBATh, YTO MOTEPH SHEPTUH B OIIKHEH 30HE MPAMO
3aBUCAT OT TUIOIIAIW BJIEKTPOIOB, TIOCKOJbKY CONPOTHBIECHHE CIIOS CPEebl
BOJM3M D3JIEKTpOJa M COOTBETCTBEHHO BbIleJseMas B €ro OKPECTHOCTH
TEIIoBasi MOLIHOCTb MPOMOPLMOHANBHBI TUIOIAAN, KaK 3TO U CleAyeT W3
o6bryHOrO 3akoHa Oma (puc. 8.30). [TosToMy Aisl yMEHbIIEHHS MOTEPh B
OmmKHel 30He 11e1eco00pa3Ho MO-BO3MOXKHOCTH MaKCUMAIBHO YBEITMYNBAThH
TUTOIA b JIEKTPOIOB.

B nomomHeHme 1enecooOpa3HO HANOMHUTB, YTO JUII MOPCKOI BOJBI,
SBJISAIOLIEHCS] TUITUYHO MOYTIPOBOISIIEH Cpeloif, MPOBOANMOCTD HAXOIUTCS
B Mpenenax 1-100M Mt . D10 03HAUAET, YTO Ha BCEX YACTOTAX, MEHbIINX
800 wmIlu, mnpeobnamatomeld OyneT He peakTUBHas, a aKTHBHas
COCTaBJISIFOLIAs, T.€. HA BCEX MEHBLIMX YACTOTaX Cpefia SBIAETCS OOBIYHBIM
PE3UCTOPHBIM MPOBOJHUKOM, TPAKTHYECKH 0€30 BCAKON peakTUBHOM
(eMKOCTHOI1) COCTaBIISIOLICH.
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Puc. 8.30. 3aBucuMoOCTh majJeHUs] HanpsiKeHUs1 BOJH3M JJeKTpoaa oOT
TJIOLIAAN TIOBEPXHOCTH 3JIEKTPOAA MPH M3JIYYeHHH TOKAa B TMOJYNPOBOISIIYIO
cpeny. I'paduk COOTBETCTBYET MOTEPSIM DIEKTPUUECKOTO HAMpPSHKEHUS BOIM3N
INEKTPO/Ia IIapOoBOt (OPMBI

B paccmaTpmBaeMOM  Cllydae  paclpOCTpaHEHHE  SIeKTpUYecKoif
COCTABISIIOLICH MPOMCXOAUT 0€3 ydacTHsi MarHHTHOTO TMONs Jaxe s
MEePEeMEHHOr0 TOKA, MOCKOJbKY MarHHTHOE IOJIe OKa3bIBAETCS MOJHOCTHIO
CKOMIEHCHPOBAaHHBIM B KaXKIOW TOYke cpenbl. s €ro MOIydeHUs
HeoOXOIMMO 4YacTh Cpelbl 3aMEHHTh Ha Cpedy C HHOW MPOBOAMMOCTBIO,
HarpuMep Ha u30JsTop. Torma B 3TOM TMPOCTPAaHCTBE MAarHUTHOE IOJe
Bo3HUKHeT (puc. 8.31).

Puc. 8.31. Bo3HMKHOBeHHe MAarHMTHOIO MOJISi HA FPaHULIE CPelbl U BHYTPH
cpeabl NPU MOMeILIeHUH B Hee U30JSILMOHHOr0 00beMa
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8.4.5.CTpykTypa nonepe4yHoii 3JIeKTPOMATHUTHOH BOJIHBI

[TomepeuHass  3JE€KTpOMarHWUTHasT  BOJHA  PacHpoOCTpaHAeTcs B
HamNpaBJIeHNH, MEPINEHANKYJIIPHOM OCU IUMOJNA, B TaKOH BOJHE BEKTOPBI
JJIEKTPUYECKOW M MarHUTHOM  HAIpsOHKEHHOCTEN  PAacmloiOKEHBI B
MPOCTPAHCTBE MEPNEHANKYISIPHO Ipyr OpPYTy, Jexar B INIOCKOCTH ()poHTa
BOJIHBl U MEPINEHAMKYJIAPHBI HANPABICHUIO IBWKEHUS — HaIpPaBICHUIO
pacrpoCTpaHeHUsI BOJIHBI — BEKTOPY paClpOCTPAHEHUs SHEPTUH WU, KaK €ro
Ha3bIBalOT, BEKTOPY YMoBa-IloiiHTHMHIa. DnekTpuueckas HanpsKEHHOCTb B
BOJIHE BBIPAKEHA TAKUMH K€ BUXPEBbIMM IOTOKAMM, TEMH XK€, 4TO U B
OOBIYHOM  3JIEKTPOCTATMYECKOM TIOJIe, MAarHWTHas HaNpsDKEHHOCTb —
TPaAMEeHTOM CKOPOCTH BHUXPEBOro mABIkeHHA. OTcroma MoOkKeT ObITh
TOJTy4YEHO TIPEACTABJICHHE O CTPYKTYpe HomepeuHoit BoHbI (puc. 8.32).
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|
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Puc. 8.32.CTpykTypa nomnepeyHoii 3JIieKTPOMATHUTHOM BOJIHbI

HonepeqHaﬂ QJICKTPOMArHuTHas BOJIHA COCTOUT WU3 Ha60pa anpef/i
SHGKTpH‘IeCKOﬁ WHAYKLOWHU, OCU KOTOPBIX PACIOJIOKEHBI BIOJb BOJIHOBOT'O
(prHTa. Ot BUXPU HAMPSAKECHBI U CTPEMATCA PACIIUPUTHCA, YTO NPUBOJUT K
TOMY, 4YTO BCA CUCTEMaA BHXpeﬁ CTPEMUTCA 3aHATH 60J'II>H]yTO mnomaas. Ho
cAejiaTb 3TO MOXHO, TOJIBKO MPOJABUHYBIINUCH BCEil BOJIHOM BOEPEN, NaJiblIe
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OT MWCTOYHMKA. TakuM o0pa3oM, NPUUMHONM TEepeMEIleHNs MoINepeyHon
3JIEKTPOMArHUTHON BOJIHBI B MPOCTPAHCTBE SBIIETCA BHYTPEHHAS dHEPIus
BUXPEH JEKTPUUECKON MHIYKLMHU. DTO 03HAYAET, UTO NPU UCUEPIIAHUU ITOI
SHEPruu BUXPU pacHagyTCs U DJIEKTPOMAarHUTHas BOJIHA IIPEKPATUT CBOE
CYLIECTBOBAHME.

CKOpOCTh  TepeMeleHHs TONEepPeYHOd BOJHBI B MPOCTPAHCTBE
OIPEACIIAETCS CKOPOCTBIO IEpefaud IONEPEYHOTO0 IBHKEHUS OT OJHOTO
cios 3¢pupa Kk Ipyromy. OTO €CTb CKOPOCTb BTOPOrO 3BYyKa, KOTOpas
CYLIECTBEHHO MEHBILIE CKOPOCTU TMEPBOTO 3BYyKa — CKOPOCTH Mepesayu
MaJIoro JaBJIEHUs B Npeaenax MoayJis ynpyroctd. CKopocTb BTOPOro 3ByKa
OIPEJENAETCS COOTHOLIEHUEM

Vol = cv,, = \dy22, (8.244)

rae ¢ — CKOPOCTh CBETa, Vs - CKOPOCTh TIEPBOTO 3BYKa (CKOPOCTH
pacmpocTpaHeHus TpaBUTaLMK); O, - IMaMeTp amepa — MOJIeKy bl 3¢upa; A -
CpeIHAA JJIMHa cBOOOHOTO Mpobera amepa.

CKopocTb e MepBOro 3ByKa OnpenesseTcss U3BECTHBIM COOTHOIIEHUEM

V., =\ yPIp, (8.245)

rae y — nokasarenb anuadatsl a¢upa (1 <y < 1,4),P — naBnenue 3upa, p —
€ro IJIOTHOCTb B JJAHHOH TOYKE MPOCTPAHCTBA.

CKOpOCTb  PACIpPOCTPaHEHUsI DJIEKTPOMAarHUTHOW BOJHBI B  Cpele,
oOnajaromeii MOBBIIIEHHONW IUANIEKTPUYECKON MpPOHULAEMOCThIO, OyAeT
OIPENENATLCS COOTHOLIEHUEM

Cop = A pB_= N 8,_ (8.246)

rie  p, — IUIOTHOCTH 3(Qupa, BOBIEKAEMOTO B [BIDKEHWE BUXPSA
3NIEKTPHIECKON MHIYKINK B cpefie (a He BCS INIOTHOCTE 3¢Hpa B cpene!), & —
OTHOCHUTEJIbHAS OUAJIEKTpUUECcKask MPOHULAEMOCTb CpeIbl.

W3 paHHBIX  BbIpaXK€HMH cpa3y ke BHMOHO, 4YTO CKOPOCTb
pacmpoCTpaHeHHs] TPaBUTALMU M CKOPOCTb PAcMpOCTPaHEHUs] CBeTa He
OJIMHAKOBHl B Pa3NIMYHBIX O0JACTAX IMPOCTPAHCTBA W HEMOCPENCTBEHHO
CBSI3aHbI C MapaMeTpamu 3(upa B 3TUX 001aCTX.

W3 M3M0KEHHOTO BBIIIE TAaKXKe BBITEKAET, YTO MO MCUEPHAaHUU SHEPTUH
BUXpeW 3JIeKTpUYecKOW WHAYKIWW TIOoTepevHasl BOJHA MPEKPaTHT CBOE
CYIIECTBOBaHME. DTO K€ OTHOCHUTCA K JIFOOOMY THITY 3JIEKTPOMArHMTHOTO
W3JTydeHUsT W BIIOJIHE MOXKET SBJATHCS TNPUYMHONW TOTO, YTO CBETOBBIE
(OTOHBI OT JajJeKuX 3BE3AHBIX CUCTEM HE JOJETaloT A0 3eMiM, U ITO
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CBHIETEJILCTBYET HE O KOHEUHOCTH NMPOCTpaHCTBa BceneHHoOH, kak 00 3ToM
4acTo MHLIYT, a BCEro JIMIIb 00 WCYepNaHUM HHCTPYMEHTAJIbHBIX
BO3MOKHOCTEW ONTUYECKON aCTPOHOMUU U paguoacTPOHOMUM.

8.4.6.CTpyKTypa NpoAo/IbHOI 3J1eKTPOMATHUTHOH BOJHBI

[TpomonbHast 37€KTpPOMarHUTHasl BOJIHA UMEET CTPOEGHHE WHOE, HEeXeln
roriepeyHas BOJIHa. B mponosibHOM BoJTHE BUXpEBbIE TPYOKH 3JIEKTPHIECKON
WHIYKLHHU PACTIONOXKEeHbI BAOJb HanpapJieHus ABvkenus (puc. 8.33).

ORI RN
SOOI
MWW W b —
FoW ¥ Nl

Y YYYYYTY VY YYYYYVTY N
I N

Puc. 8.33. CtpykTypa npoaobHOil 3J1eKTPOMArHUTHOH BOJHBI | — 30Ha
Maioit HarpspkeHHOCTH; || —30Ha GOBIIO HAPSKEHHOCTH

ITprunHa ABMKEHUS POIOIbHON BOJIHBI Ta XK€, YTO U Y JIFOOOTO ra3oBOro
BHUXPEBOr0 TOPOUJA. OOpaTHOE HANpaBJIEHUIO IBWKEHHS TPYOKM ABIKEHHE
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3¢upa Mo BHeIIHeH MOBepXHOCTH TpyOku. [Ipu 3TOM ciemyeT oOpaTUTh
BHUMaHHE Ha TO, YTO Ha MepeIHEM TOPLEBOM KOHILE Kakaoil TpyOku
JBWXEeHUe 3(upa JEeKUT B IUIOCKOCTH, MEPHNEHINKYJSIPHONW HaNpaBJICHUIO
IBIDKEHUS] Bcelf TPYOKHM. DTO O3HAa4aeT, 4YTO BCE OTPAaHWYEHHsS] Ha CKOPOCThb
pacrpoCTpaHeHHsl MPOJONBbHOI BOJHBI OyZyT TeMHM K€, 4TO W IJIs
TIOTIEPEYHON BOJTHBI.

OTHOCUTENBHO 3aKOHOB OTPAXEHWs M TPEJIOMJEHHS MPOAOJIbHOI
3JIEKTPOMAarHUTHOI BOJIHBI Ha CErOJAHSIIHMA MOMEHT JaHHBIX HET, XOTH,
BEPOSATHEE BCETO, OHM T€ XKe, YTO U 'y OOBIYHBIX BOJIH.

ITockonbKy HampPsHXKEHHOCTb MPOLOIBHOI BOJHBI MOKET U3MEHATHCS B
npenesax OgHOM CTPYKTYpbl (HampuMep, MpH CUHYCOMOAIbHON MOITYJIALMH),
TO 3TO O3Ha4yaeT, 4TO B TMpelenax oOmedl CTPYKTypbl NpPOIOJBHON
JJIEKTPOMArHUTHON BOJIHBI  YHUCJIO BHUXPEN JJIEKTPUYECKON WHAYKLUUU B
Pa3HBIX CEYEHUSX MOXKET OBbITh Pa3IMYHBIM. DTO, B CBOIO ouepenb TpedyeT
MPU3HAHUSA BO3MOXKHOCTEH MEPECTPOUKU BUXPEBOW CUCTEMBI, KOTda BUXPU
MOTYT JICIUTHCS WM OOBEANHATHCS APYT C IpyroM. [IpuHIMIHAAIBEHO 3TO He
JOJDKHO BBI3BIBATH OCOOBIX BO3paKEHHI, MOCKOJBbKY 3(Hp — HE WaealbHas
JKUAKOCTB, @ BECbMa pa3peKeHHas CTPYKTypa.

OHepreTnka Kakoro BHUXPS JNEKTPUYECKONW MHAYKLUH B MPOAOJIBHOMN
BOJIHE 3aK/IIOYAeTCAd TOJIBKO B HEM CaMOM. ODTO O3Ha4aeT, yTo MNOTepH
9Hepruu OYIyT, BEPOSITHEE BCETO, MOMUMHSITHCS TEM K€ 3aKOHaM 3aTyXaHMUs,
4TO W Uil OOBIYHON MOMepevHON BOJIHE, a AJIEKTpUUYecKas HANPsHKEHHOCTh
BIOJNb OCH aumnons OyaeT yObIBaTb C paccTOSHHEM B COOTBETCTBUM C
BBIBOJOM U3 YpaBHeHUIl Makcsena:

Moo 12
(—)r
2
E=E,e . (8.247)

3neck E, — HampsyKeHHOCTh Ha MOBEPXHOCTH AJIEKTPOZAA, ONMKHEro K
paccMaTpuBaeMOl TOYKE, 4 — OTHOCUTEJbHAs MarHWUTHAas MPOHUIAEMOCThb
Cpellbl; ¢ — NPOBOJAMMOCTB CpEAbl, @ — KPYroBas 4acToTa H3JIydyaeMoi
BonmHbI. OmHAKO 3TO  TPEATNoNoKeHWe  HeoOXOIWMO  TIO/BEPTHYTH
JKCMEPUMEHTAIBHON MPOBEPKeE.

JluarpamMma HampaBJIeHHOCTH MPOAOJIBHONW 3JIEKTPOMArHUTHOI BOJHEI
WHas, 4YeM [OMepevyHol, W CYIIeCTBEHHbIM 00pa3oM 3aBHCUT OT
COOTHOIIEHHUS Pa3MEepOB 3JIEKTPOJIOB U PACCTOSHUS MexIy HuMu. Uem
MEHbLIE pa3Mepbl JIEKTPOJOB M0 OTHOLIEHUIO K PACCTOSHUIO MEKIY HUMH,
TeM yxe OylIeT AuarpaMma HarpaBJE€HHOCTH, TeM OoJbIlas JOJs 3HEpruu
OyIeT W3JIy4yaTbesl B MPOJOJIBHOM HANpaBJICHWH JUIMOJS MO OTHOIICHHIO K
W3JTyYEHHUIO 3TOTO0 e AW B TONEPEYHOM HaINpaBIeHHH.
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Hns mpoBepku (akTa pacnpocTpaHeHHs JIEKTPUYECKOro Tojs WU
COOTBETCTBEHHO JIEKTPUUECKOr0 TOKA BIOJb HAlpaBJIeHUs CBOMX BEKTOPOB
ObUIM TIpOBEEHBl [JBa OJKCIEepUMEHTa. B  mepBoM  >KCIEepUMEHTE
WCTIONB30BAJICA PE3WHOBBIN IUJIAHT, HAIOJHEHHBIA TOJCOJICHONW BOJION M
TOJBEIIEHHBII HA HUTAX TOCpEeAM KOMHAThl. B maHr momMemaniuch IBa
JIATIONSI C COCPEIOTOYECHHBIMHU MapaMeTpaMy — M3JIyHaroIlni, COeINHEHHBII
yepe3 KOaKCHaNTbHBIH Kabelb ¢ TeHepaTopoM CHHYCOMTATbHBIX Koslebanuit [,
¥ TIPUEMHBIN, COeIMHEHHBIH Yepe3 KOAKCHANBHBIN Kabelh ¢ mpueMHUKOM [1
— JMOIHBIM MOCTOM ¢ MukpoammnepmerpoM (puc. 8.34). lllnanr ¢ Bomoii
UMEET Mapa3sUTHYI eMKOCTh Cpy, CO CTEHKAMU TIOMEIIEHUS.

BriroyeHne 3NeKTPOIOB 4Yepe3 KoaKcHallbHble Kalelu HCKII0YUIo
BO3MO>KHOCTb MOSIBIEHUS KAaKUX-JIMOO Tapa3sUTHBIX KOHTYPOB.

Puc. 8.34. Cxema 3KchmepuMeHTa 1O TNpPOBepPKe  MPOAOJILHOIO
pacnpocTpaHeHHUsl U3J1y4YeHHsl AUIMO0JIsl ¢ COCPel0TOYEeHHBIMH NapaMeTpaMu:
1 — pe3WHOBBIM NIJIAHT, HAMOJHECHHBIA TIOJCOJCHHOW BOJOW; 2 — BIICKTPOJIBI
W3IYYAIOIIEro TUMOJS; 3 — 3JICKTPOJIBI PUEMHOTO JTUTIOJNS

[Mpn wusMeHeHuMW pacctogHus O MexAy OUMONAMH B CBS3M C He
Pa3BETBICHHOCTbIO TOKA CUTHAJ B TPUEMHHUKE HE IOJKEH MEHSThCS, MO
KpaiiHelf Mepe, IO TeX MOp, MOKa COMPOTUBIEHHE KaHajla HE OKaXKeTcs
COM3MEPHMBIM C CONPOTHBIIEHUEM MAapa3UTHBIX EMKOCTEH. DTO MPOUCXOANUT
Ha HEKOTOPOM paccTosHWM O, Tak KaK COMpPOTHUBIICHHE BOIbI B KaHAlle W
MPOBOJUMOCTb MApa3UTHOW eMKOCTH Cnap MPOMOPLHOHAIBHBI OTHOLIEHUIO
d/s. Ha puc. 8.35 MIPUBEJCHBI TONyYEHHbIE 3aBUCUMOCTH. Pe3ynbTar
TTOJTHOCTBIO MOATBEPAWIT 0kUAaHus. [Tpr 3TOM BBISICHUIIOCH, UTO YBETUYEHHE
COJIEHOCTH BOIbI, T. €. YBEJIMYEHHE €€ TPOBOJMMOCTH YBEJIUUUBACT
TIOJIE3HBI CUTHAJ ¥ YBEJITUUUBAET 30HY MOCTOSHHON aMIUIUTYAbI BBIXOHOTO
curHana. B nanpHelimem cnexyeT mNpoBepuUTb (aKT pocTa 3aTyXaHUsS
MPOJONBHON BOJHBI MPHU PAa3IMYHBIX 3HAYEHUS AKTHBHOW MPOBOJMMOCTH
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cpenpl. Cienyer UMeTh B BUAY, YTO 3aTyXaHHE B NOJYNPOBOIALICH cpene
MPOJOJILHON BOJIHBI MOXKET OBbITh TakXe CIEeJCTBUEM TOTO, YTO IHEprus
KaXI0i TONyBOJTHBI (DaKTUUYECKH CaMOCTOsATEeNbHA, MO3TOMY MpPUYMHA
3aTyXaHHs TPOJOJIEHON BOJHBI B MOJYNPOBOIALIEH CpEe MOXKET Ta K€, UTO
W y TIOTIEPEYHBIX BOJIH.

Bo BTOpOM »3KClEpUMEHTE WCHOJB30BAJICS JAUNOIb C TUIOCKUMU
JeKTpoaaMu ¢ (UKcalel HaMpsHKCHHOCTH W AJIEKTPUUYECKOW SHEepTHH
BTOPbIM JMMOJIEM. ODKCHEPUMEHT CTaBWJICA B TOHKOM IUIOCKOM CJIO€
TOTYTPOBOASAIIEH Cpebl.

A
Ul u>u,
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v

0 D/5
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Puc. 8.35. 3aBucHMoOCTL CcHrHajla TIPHEMHHKA OT PACCTOSIHUSI MeXIy
JAUMNOJSIMHU MPHU NPOAOJIBHOM U3JTYYeHUHU JHePrun

Ha puc. 8.36 moka3zaHa auarpamma pacnpOoCTpaHEHHs 3JeKTPUUIEeCKOTO
nosnisi. Kak BUAHO U3 AMarpaMMbl, OCHOBHAs HAMpPsKEHHOCTb 3JIEKTPUUECKOTO
MOJIS TIOJTyYeHa BAOJb OCH JIUMOJA, a He MOMepeK ero, Kak 3To ClienyeT u3
ypaBHeHU Makcsenia. Hanbonee BBITAHYTON AMarpaMma OKaXeTCs B TOM
cllydae, €CI pacCTOsIHUE MEXAy O3JeKTpOAaMHM H3JIydyaTeslsi COCTaBHT
TMIOJIOBHHY BOJIHBI B TIOJIYTIPOBOISLIEH Cpefie.

Enonep

&9y

Puc. 8.36. PacnpocTpaHeHue 3JIEKTPUYECKOr0 TMOJisi  JUMOJEM ¢
COCPeIOTOYEeHHBIMU MapamMeTpaMH B TOHKOM CJioe MOJYNpoBoAsiLiell cpeabl.
ITponosbHAs COCTABISIONMAs OOMBIIE TONEPEUHOM COCTABIISIOMIECH OIS

Takum 00pazoMm, ¢akT CyllecTBOBaHHUsS MPOJOJIBHOIO PaclpoCTpPaHEHUs
JJIEKTPUUYECKOTO MOJIsl B JajbHEH 30HE, MpeBbIIAOIIEH 30HY WHIYKLHH,
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MOXHO CYMTaTh YCTAHOBJIEHHBIM (AaKTOM, OIHAKO ISl TOJYNpPOBOASALIEH
cpenbl 3Ta AaNbHOCTb OyAET OrpaHWYeHa MCUEPHaHWEM IHEPreTUKU BOJIHBI,
3aTpavyeHHON Ha HarpeB cpebl.

BriBoasbl

1. TIlapagokcbl W TPYOHOCTH  peUIEHHS  HEKOTOpbIX  3ajad
3JIEKTPOAVNHAMHUKH CBSI3aHbI c HECOBEPLIEHCTBOM YpaBHEHUI
3JIEKTPOMArHUTHOTO TOJIsI, OA3UPYIOMIMXCS Ha MOAETH HACATN3UPOBAHHOTO
(HeBsi3kOoro ¥ HecxkuMaemoro) 3¢dupa. CoBepleHCTBOBaHHE YpaBHEHWI
3JIEKTPOMArHUTHOTO TOJISI U 3aKOHOB 3JIEKTPOMAarHeTU3Ma BO3MOKHO JIUIIb
Ha OCHOBE YTOYHEHMS HCXOOHBIX MOJeJieif, B 4acTHOCTH, CBSI3aHHOTO C
YUETOM pealbHBIX XapaKTepPUCTHK 3(upa, ero BA3KOCTH U CKUMAEMOCTH.

2. B cBM3M ¢ TeM UYTO WCXOAHBIMU (U3NYECKUMH WHBAapHAaHTaAMU
ABJISIFOTCSI COCTABJIAIOLIUE IBIDKEHHS — MaTepusi, MPOCTPAHCTBO U BpeMms,
4yeMy B MEXaHUKE COOTBETCTBYeT cucteMa enunui MKC (MeTp, kuiorpamm,
cekyHna), cuctema enuHui, MKCA (MmeTp, kuiorpamm, cekyHma, AMIep),
TIPUHATAS B JJIEKTPOAMHAMUKE, OKa3bIBACTCS M30BITOYHON W 3aTpPyAHSIIOMICH
TMOHUMaHWe (G3WYECKON CYITHOCTH TIPOIIECCOB 3JIeKTpoMarsetu3smMa. Ha
OCHOBaHUU pa3pabOTaHHBIX Mojejel snekTpomarnetusma cuctema MKCA
npeobpazoBana B cuctemy MKC.

3. Bcee U3BECTHBIE 3JIeKTPOMarHuTHbIE ABJICHUA MOJKHO
UHTEPNPEeTHPOBaTh C MO3MLUMNA Tra3oBO AMHAMHUKH 3¢upa, NpU 3TOM
ANEKTPUUYECKUI 3apsii WHTEpPHpeTHpyeTcss KaK LUPKYJSHUA KOJbLEBOM
CKOpOCTM  TUJIOTHOCTH 3(upa 10 Bceli MOBEPXHOCTH BUHTOBOTO
TOPOUIANBHOTO BUXPS — MPOTOHA WJIM DJIEKTPOHA; MOISAPHOCTh — KaK 3HAK
BHHTOBOTO [BIKEHHUS 3(Hpa BOKPYT 3apAna; JIEKTPUUECKOe IoJie MOXKHO
WHTEPIPETHPOBAThL KaKk HAaOOp pPa3OMKHYTHIX BUXPEBBIX TPYyOOK 3¢dmupa, B
KOTOPBIX (WP BpammaeTcs BOKPYT OCH TPYOKH M TIOCTYMATENBHO JBHKETCS
M0 OCH TPYOKHM OT 3apsjia, a 1Mo Hepudepuu — K 3apsmy; JEKTPHISCKYIO
MPOHUIIAEMOCTh BaKyyMa MOKHO HHTEPIPETHPOBAThH KakK IIOTHOCTH d(upa B
CBOOOTHOM OT BeIMIeCTBAa MPOCTPAHCTBE, JJIEKTPUUCCKYIO TPOHUIIAEMOCTh
BELIECTB — KaK CBOMCTBO BEIIECTB YBEJIMYMBATh IJIOTHOCTH 3upa B TpyOKax
ANEKTPUYECKOTO MOJIS 32 CYET CHIXKEHUS €r0 CKOPOCTHU ABIKEHMS, BETMYMHA
INEKTPUYECKONH OTHOCUTEIbHON MPOHMIAEMOCTH paBHAa  OTHOIICHUIO
MIIOTHOCTH 3(Qupa, ABIKYIIErocs B cocTaBe TpPyOKM B BelIeCTBE, K
TJIOTHOCTU 3(upa B BaKyyme; MarHUTHOE MOJie MOXKHO HHTEPHPETHPOBATH
Kak ToCTymnareibHOe ABIKEHHE 3(upa B BUXPEBBIX TpyOKaX, MarHUTHYIO
MPOHULIAEMOCTh — KaK CBOMCTBO BEUIECTB YBEJIMUYMBATH CKOPOCTh MOTOKOB
3¢upa 3a cYeT MOBOPOTA TOMEHOB B MaTepHaIe.
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4. Ha ocHOBE YTOYHEHHBIX MOJENEH AIIEKTPOMArHUTHBIX SIBICHUMN
YTOYHEHBbl HEKOTOpbIE 3aKOHBI JJIEKTPOMArHeTH3Ma, Pa3BUTHl ypaBHEHHs
AJIEKTPOMArHUTHOTO TOJIs, TIPEeJICKa3aHbl U YKCTIEPUMEHTAILHO TPOBEPEHbI
HEKOTOPbIe 3aKOHOMEPHOCTH, HE BBITCKAIOMIVE M3 KIIACCHICCKUX YpaBHEHWIA
3JIEKTPOMArHUTHOTO TIoyisi MakcBesa, 3akoHa Dapanest 31eKTpOMarHUTHON
WHIYKIIAH, 3aKOHA TOJTHOTO TOKa W T.M. [Ipencka3zaHo W 3KCIIEpUMEHTATHHO
TIOATBEPXKACHO CYLIECTBOBAaHWE IPOJOJBHO pACIPOCTPAHSIOMETOCS BHE
30HBl HWHOYKIUW DIIEKTPWYECKOTO TIOJIs, TOKa3aHO BIMSHUE BHEIIHETO
OTHOCHTENTLHO W3MEPUTEILHOTO KOHTYpa MarHATHOTO TIOJIsI, TIpeJcKa3aHo 1
JKCTMEPUMEHTAIbHO ~ TMOATBEPXkKAEHO  YIUIOTHEHHE B TPOCTPAHCTBE
MarHuTHOTO TOJsl, ONpelesieHbl 3aBUCHUMOCTH JUIS  B3aUMOWMHAYKIHMU
MPOBOJHUKOB, KOTOpbIE TOATBEPKICHBI JIKCIEPUMEHTAIbHO M KOTOpPbIE
CYIIECTBEHHO OTJIMYAIOTCS OT MaKCBEJIOBCKUX 3aBUCUMOCTEH.

5. Pa3paboTaHHbie MOJEH AJIEKTPOMArHUTHBIX SIBJICHUI C TPUBIICUSHHU-
eM TipefcTaBIeHnit 00 3(hupe TO3BOIIAIOT €CTECTBEHHBIM 00pa3oM M30aBUTH-
Ci OT TapagoKCOB JJIEKTPOOMHAMUKH. [IpoBemeHHBIE 3KCIIEPUMEHTHI
TIOJTBEP AVITH LenecoodpasHoCcTh YTOYHEHUS (hyHTKIMOHATEHBIX
3aBHCUMOCTEH 3JICKTpOMAarHeTM3Ma U CYIIECTBOBAHWE MpeICKa3aHHBIX
SBJICHUI, B TOM YHUCIie 3aBUCUMOCTH HaBonumoi DJIC B paMke He TOJIBKO OT
BHYTPEHHETO, HO W OT BHEITHErO MO0 OTHOMICHWIO K Hell MarHUTHOTO TOJIS,
HaJlMyre B3aMMOMHAYKIIMM TPOBOJHUKOB, CYIIECTBOBAaHWE MPOIOJILHOTO
AJNIEKTPOMArHUTHOTO M3TY4Y€HHS U HEKOTOPBIX JAPYTHUX.
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I'maBa 9. Cer

... HeroTon oTiaBa npeanoyreHue KopIycKyJIspHON TEOPUH CBETa,

CuMTas €ro MOTOKOM YacTHil. ...[ForeHc mojaraj, 4ro CBETOBOE

BO30YXJICHHE €CTh UMITYJIECHI YIPYTUX KoJieOaHui a(upa.
A.M.Bony-Bpyesuu [1]

9.1. Kparkas ucTopHsi ONTHKH

Onruka —oJlHa U3 IPEBHEHIINX HAyK, TECHO CBsI3aHHasl C MOTPEOHOCTAMU
NpakTMKM Ha BCEX JTamax CBoero pasBuUTHA. [IpsMoIuHEHHOCTh
pacnpocTpaHeHHs cBeTa Oblla W3BECTHA HE MEHEe YeM 3a 5 ThIC. JIET 10 H. 3.
U ucnojb3oBajack B JpeBHem Erumnrte mpu cTpoutensHbix pabotax. Han
CYIIECTBOM OINTHYECKHX SBJEHUH pa3MbILIISIN  Apuctorens, [InarToH,
EBxinpn, Iltosnemeii. CyuiecTBeHHbId BKJaX B pa3BUTHE ONTUKH BHEC
apabckuit yuennit X| cronetus M6H amp-Xaiicam [2, 3]. TouHble 3aKOHBI
npenomyenust ycraHoieHsl B 1620 r. Cremnycom u Jlekaptom [3, 4];
Iudpakums ¥ WHTeppepeHHus cBeTa OTKPBITHI ['pumanbau (myOiukamus
1665), nBoitHoe NydenpenoMiieHue OTKpbITo bBaprimmaeiM  (1669).
JanbHeliiee pa3BUTHE ONTUKU CBA3aHO ¢ umeHamu Hetorona, I'yka u
Ttoitrenca [5-7].

Ha Bo33penusx W.HploTOHa clexyeT OCTaHOBHUTHCS NoApoOHee, HOO
UMeHHO HbIOTOH ynenun mnpobiiemMe YCTpoiicTBa 3¢upa U €ro poiud B
ONTHYECKUX ABJEHMAX BecbMa Oojbplioe BHuUManue [8]. W.HetoTon
YCTaHOBUJI CJIEyIOIME HE3aBUCUMbIE «W3HAYallbHbIE» CBOWCTBAa CBETOBBIX
Jydyel: TpSAMOJIMHEHHOCTb, TOAYMHEHHOCTb 3aKOHaM OTpPaXeHus MU
MPEJIOMJIEHUs, CKOPOCTb, LIBETOBYKD HEM3MEHHOCTh MPOCTOrO CBETa, €ro
MEPUOINIHOCTD («IOTIepPEMEHHbIE MPUCTYTIBI JIETKOTO OTPaXKEHHs W JIETKOTO
MPENIOMIICHUS), TIoNApu3anito u nudpakuo. Takoe o0INe IPUHLMIIOB»
o0pamano ONTUKY B TPOMO3JAKYIO, TPYAHO YCBOSIEMYIO W HETOHSTHYIO
HayKy. OTCyTCTBOBaJl OOIIMII MPHWHLMWII, U3 KOTOPOTO BBITEKANW OBl Bce
HalileHHble N3HaYalIbHbIE CBOWCTBA CBETA.

HeroTOH foMyckan BO3MOXHOCTb BOJTHOBOW MHTEPNpETallii CBETOBBIX
SBJIEHU, HO OTAABaJl MPEINOUYTEHUE KOPIYCKYJSIPHOW KOHLEMUUH, CUnTas
CBET MOTOKOM YacTHL, AEHCTBYIOWIMX Ha 3(Up M BbI3BIBAIOIIMX B HEM
kojiebaHus. TpyaHOCTH, BOSHMKABIIME B BOJIHOBOI TEOpWM MPH MOIBITKAX
OOBSACHUTh  NPSAMOJNMHEHHOE  pacnpocTpaHEHHWEe cBeTa M sIBICHHUE
NONIpU3aLiY, Ka3aauch HbIOTOHY HAacTOJBKO CEPbE3HBIMH, YTO MOOYAMIN
€ro pa3BUTh KOPITYCKYJIAPHYIO TEOPHIO (MM TEOPHIO MCTEUCHHUS), COTTIACHO
KOTOPOH CBET PacpoCTpaHsIeTCsl OT U3JTyYarollero Tesa B BUAE Menbyaiinmx
YaCTHIL.
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BrmepBble MOHATHE O MONAPU3ALMM CBeTa OBUIO BBENEHO B ONTHKY
Hetoronom B 1704—-1706GT., X0T4 siBIIeHUs], 00YCJIOBJIEHHbIE €10, U3Yy4aJiCh
M paHee (OTKpbITHE JABOWHOrO JydemnpeJoMieHMs B  KpUCTaJlax
3.BapronuHom B 1669r. n ero Teopetnueckoe paccMorpenue X.I roitrencom
B 1678-1690rr.). TTonsipusanums nmo HetOTOHY — <«W3HayabHOE» CBOWCTBO
CBeTa, OOBSCHAEMOE OTpelelieHHOW OpHeHTalrel CBETOBBIX YacTHI[ O
OTHOIIEHHIO K 00pa3yeMoMy UMM JIydy.

I'mmnotesa 3¢upa noseisiercss y Hototona Briepsbie B 1672r. B 0TBETe Ha
nosieMudeckue 3ameuvanus ['yka Ha «Teoputo cBeta u 1BeTOB HbroTOHa».
CpaBHUBas SMHUCCHOHHYIO M BOJIHOBYIO THTIOTE3bl CBeTa, HBIOTOH muIuer:
«Konebanus 3¢upa oqMHAKOBO MOJIE3HBI U HY>KHBI U B TOI, U B OpyToii, n6o
€cIM Mbl TIPUMEM, YTO CBETOBbIE JIy4H COCTOST M3 MaleHbKUX YacTHIL,
BBIOpPACHIBAEMBIX 10 BCEM HAIPAaBJICHUAM CBETAIIUMCS TeJIOM, TO OTH
YacTULBI, MOMazas Ha TNPENIOMIAIOIINE WIM OTpakalollve TMOBEPXHOCTH,
JOJDKHBI BO30YIHUTE B 3(Hpe KolebaHWs CTOJb e Hen30eXHO, KaKk KaMeHb,
OporIeHHBIH B Bomy». OHaKo 3T0 TpeOOBAIO MOSCHEHUS CBOWCTB 3(Hpa.

Hetoton muier (Memyapsl 1675r.):

«[Tpeamonaraercst, 4To CylIecTByeT Hekas 3(HpHas cpena, BO MHOTOM
AMerolas TO K€ CTPOeHWe, YTO M BO3OyX, HO 3HAYUTENbHO Oojee
pa3pekeHHast, TOHKast 1 ynpyras. ...Henp3s, ogHako, nmpeamnonaraTs, 4To 3Ta
cpema ecTb OAHOOOpa3Has MaTepus. OHa CKIaiblBaeTCs 4YacThlo U3
OCHOBHOT'0, KOCHOTO Tefa 3(upa, yacTblo M3 APYrHX 3(QUPHBIX CUPUTYCOB,
BO MHOTOM MOZOGHO TOMY, KaK BO3IyX cJlaraeTcs U3 KOCHOTO TeJjla BO31yXa,
NepeMeLIaHHOTO € PAa3IMYHBIMM TapaMy WIM BBLABIXaHUAMH. B monb3y
TaKoii pa3HOPOIHOCTH, MO-BUAMMOMY, TOBOPAT 3JaCTUUECKHE W MarHUTHbIE
MCTEYEHHs 1 Hauyaso TATOTEHUA».

« mpenmonarato, — numeT HBIOTOH, — 4TO, yAapssACh O JKECTKYHO
COTIPOTHBIIAIOLIYIOCA d(UPHYIO TMOBEPXHOCTh (Ha rpaHuie cpen — B.A.),
JYYH... BBI3BIBAIOT KOJNEOAHWs HA TIOBEPXHOCTH. OITH  KosebaHWA

pacnpoCTpaHAIOTCSI BO BCE CTOPOHBI KaK B Pa3peKeHHON, Tak W B TUIOTHOU
cpene. Kak xonebanus Bo3qyxa, NPOU3BOAAILUE 3BYK, OHU POXKAAIOTCS OT
ylapa ¥ CUjbHee BCEro MpOAOJUKAIOTCA TaM, TAe Hayallich, MOMEPEMEHHO
CKHUMas M paciiupsas 3Gup B yKazaHHOH (pu3nueckoll MOBEPXHOCTH, HOO U3
Teria, MPOU3BOANMOTO CBETOM B TellaX, ABCTBYET, YTO CBET MOXKET MPHUBECTH
YacTHLBl TeJla B JABWKEHHE M TeM 0Oojiee MOXKET HarpeTb M TNPHUBECTH B
JBIKEHUE Oojiee HEXHBIM 3¢up. bonee BeposATHO, YTO CBeT coodiIaer
IBIKEHHE TPyObIM dYacTHLAM Tela He HEMOCPEeICTBEHHO, a TMOCPEACTBOM
a¢upa».
«Ecnu Jyu ypapsercs O cpely BO BpeMs OOJIBIIOrO CxKaTus,

paccyxnaeT HbloTOH, — To, mpeanoaratw s, HOBEPXHOCTb TOTAA CIMIIKOM
TUIOTHA ¥ JKeCTKa, YTOOBI MPOMyCTUTH JIy4, OHA OTpaxaeT ero. Ho myd4w,
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ylapsoluecss 0 MOBEPXHOCTb B JIPyroe BpeMs, KOTAa OHa paclliipeHa B
MPOMEXYTKE MEXAy ABYMs KoOJeOaHWSMH, WIM HE CJIMIIKOM cKaTta Hu
CTyLIEHa, MPOXOAAT HACKBO3b U MPETOMIISIOTCS».

HploTOH OOBSCHSET LBeTa TOHKWX IUIACTHHOK W WHTep(epeHIHNOHHbIE
KONlbIla TeM, 4YTO 3(UpHBIE KONEOaHWs pacTpOCTPaHAIOTCS ObIcTpee, deM
CBET, WX BbI3BaBIINil. «[Ipy TakOM MpEANONOKEHUH, — MUIIET OH, — TpPH
MajJieHud CBeTa Ha TOHKYIO TUIEHKY WM TUIACTUHKY KakKoTo-HHUOYyIb
MPO3payHOro Tejla BOJIHBI, BO30YXKJEHHblE MPOXOXKIEHUEM CBeTa 4vepes
TIepBYIO TIOBEPXHOCTH, OOTOHSIOT JIydd OIUH 3a OpyruM. Korma siyu moiiner
JO0 BTOpOH MOBEPXHOCTH, TO BOJHBI 3acTaBsAT €ro TaM OTPa3UTbCA WU
MPEJIOMUTBHCS COOTBETCTBEHHO TOMY, Kakas 4acTb BOJHbI OOTOHSIET TaM JIyd,
CTyILIEHHAs WIN pa3peKeHHas».."

OnHako B JanbHeiimeM HbIOTOH (akTH4ecKH OTKazajlcs OT MOMBITOK
OOBSCHEHUs] OMMCAHWUsA ONTUYECKHX SBJEHWH ¢ momouibio 3¢upa. Ecim B
neppoM wm3manuu «Ontuku» (1704r.) adup mpocto 3amamdmBaeTtcs, TO B
n3ganun 1706rona oH pe3Ko OTpULAeTCs.

Ioiirenc, cnemys upesm Jleonapmo na BwnHum w pasBuBas paboThI
I'punanbam n ['yka, NCXOIUI W3 aHAJIOTHU MEKIYy MHOTUMH aKyCTUUECKUMHU
7 ONITHYECKUMH siBieHUsMHU. OH Toylarall, 4To CBETOBOE BO30YKIEHHE €CTh
WMITYJTBCHI YTIPYTHX KoJiebaHuit a¢upa.

TepMuH «qomspu3anus ceeta» Obl1 npepnoxked B 1808r. Omamocom. C
ero umeHeM U ¢ umeHamu JX.buo, O. ®penenda, [.Aparo, [.Bbproctepa u
JpYrMX CBS3aHO HAyalo LIMPOKOTO HcCiefoBaHUs 3(PQEKTOB, B OCHOBE
KOTOpBIX JIEXKMT Tosspuzauus cBeTta. CylIecTBEHHOE 3HAa4YeHHE Ui
MOHUMaHMs TONAPU3aLUM  CBETa WMEJO ee TMposiBieHue B 3dddexre
uHTep(epeHunn cBeTa. IMEHHO TOT (hakT, UTO Ba CBETOBBIX JIy4a, IMHEHHO
TIOJIIPU30BaHHBIX, TIO MIPSAMBIM YIJIOM APYT K APYTY HE MHTEep(epupyioT,
SBUJICSL peIlafoIlM OKa3aTeJbCTBOM TMOMEPEYHOCTH CBETOBBIX BOJIH.
Pa6otel FOHra, ®penenss u Aparo (1816-1819)p 3ToM HampaBieHHH
OTIpeAEIN N00exy BOTHOBOW TEOPHH. .

Tem BpemeneMm B pabotax I1.C.Jlannaca u XK.b.buo pasBuBamace nanee
KOpMyCKyJIsipHas Teopus. Ee CTOpOHHUKYM MPeIoKUIN CUUTaTh 00BSICHEHNE
aBleHua AUQpakId AOCTOMHBIM MpeMuu, yupexaeHHoi Ha 1818 r.
Mapmwxckoit Axagemueit Hayk. Ho »3Ta mnpemus Obuta mpucCyKIeHa
A XK.DpeHento, uccnenoBaHUs KOTOPOTO OCHOBBIBAIMCH HA BOJHOBOM
TEOpHH.

B 3ToM ke romy ®peHelb 3aHANCS BeCbMa BaXHOM MpoOiaeMoil BIUSHUSA
IBIDKEHUS] 3eMJIM Ha pachpocTpaHeHWe CBeTa. Aparo 3KCHeprMEHTAIbHO
OOHapy>XuJI, 4TO, TOMUMO abeppaly, HET Pa3IMYs MEKIY CBETOM OT 3BE3]l
W CBETOM OT 3€MHBIX WCTOYHMKOB. Ha ocHOBaHWMM 3THMX HaOmroneHUH
@peHenb co3fal TEOPMI0O O 4YaCTUYHOM YBJIEYEHMM CBETOBOTO 3dupa
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JBIKYIIUMUCA TelaMH, KoTopas Obutia moaTBepkaeHa B 1851r. mpsaMbiMu
m3Mepenusimu - A.M.J1.®Ouzo. Bmecte ¢ Aparo @peHenb wucciaenoBai
UHTEP(EPEeHLMIO MOJIAPU30BaHHBIX JIydeil cBeTa M OOHApyXWi, YTO JIy4YH,
TIOJIIPM30BaHHBIE BO B3aMMHO TIEPIIEHANKYISAPHBIX TUIOCKOCTSX, HUKOTAA He
nHTepdeprpyroT. DTOT (akT Henlb3s OBIJIO COTIAacoBaTh C OOLIETIPUHSTHIM
TOTZa TIPEIOJIOKEHNEM O TPOIOJIBHOCTH CBETOBBIX BONH. FOHT, y3HaBIIMI
00 3TOM OTKPBITHM OT Aparo, HalleNn pa3ragKy BO3HUKIIETO MPOTUBOPEUHS,
TIPEATIONIOKNB, YTO CBETOBBIE KOJICOAHHS TIOTIEPEYHEI.

[Monsipuzanns cBeta Hamuia oOBsicHeHWe B Tpydax J[x.Makcsemna.
Jlxk.MakcBemioM TIOKa3aHO, YTO CBET TNpPEICTaBIseT CcoOOW He ympyrue
KojebaHMs, a dJeKTpoMarHuTHele BosHbL. [pyne, [enbMronbuem wu
JlopeHueM TpH TOCTPOSHWH IJEKTPOHHOW TEOpHM BelecTBa ObLIH
00beAMHEeHBI Hen 00 OCHMILIATOPAX W AJIEKTPOMAarHuTHas Teopust cBeta [9—
11]. B o310 e BpeMs psOOM HccienoBaresiedl ObLIM  MPEATPHHSITHI
pa3HoOOpa3Hele W BeCbMa MHOTOUYHMCIIEHHBIE TIOTIBITKA  OOBSCHEHWS
ontriyeckux 3¢ HexToB MmyTeM KOHCTPYMpOBaHUSA Ha 6a3e MPEAroI0KeHHH O
CYIIECTBOBAHMH B TIPUPOJIE MUPOBOIA cpesibl —3(Hpa, OTHAKO 3TH TOTIBITKA B
CpelHEM YCTIeXOM HE YBEHUAIIMCh. OOBSICHSS OIHM SIBIEHHS, BCE TEOPHH,
MOJENM W THUMoTe3sl 3(rpa HATAIKUBAINCH B IPYIMX SABJIEHWSIX Ha
HETpeo10JIMMbIe TIPOTHBOPEYNS.

HccenenoBaHns ONTHYECKUX ABIEHUN MPONOJDKANUCH M B JAllbHEMLIEM.
AT.CroneroB B 1888-1890rr. obHapyxun ¢otodddekt [12], koTOpbIii
BIOCNIEACTBUM OBbLT OOBSICHEH DUHINTEiHOM Ha OCHOBE (DOTOHHBIX
npexacrasienuii. [1.H.Jlebenes B 1899 r. otkpbin naBnenue cBeta [13].
PasButue ontuku B XX CTOJNETHH TECHO CBA3aHO C KBAHTOBON MEXaHUKOW U
KBaHTOBOM asiekTponuHamukoil [14—17]. U xors ¢usmveckass CymIHOCThb
ONTHYECKUX SBJIEHWH Tak W HE TIONy4YWja YAOBIETBOPUTENHHOTO
00BsICHEHUs, OBIIO peleHo, YTo 00bSICHEHNE ONTHYECKUX SBIECHUN yXKe He
HyXIaeTcsi B THUIOTe3e CyllecTBOBaHWA 3(dupa, UYTO IOCTATOYHO
MaTeMaTHYeCKNX 3aKOHOB, OTIMCHIBAIOLINX 3TH SBICHHUS.

B  mHacTosmmee BpeMsi  ONTHKY  MPHWHATO  TOAPA3AENSATh  Ha
reoMeTPUUYECKYI0, (PU3NUECKYIO U (PU3UOJIOTHYECKYIO.

Teomempuueckaa onmuka OCTaBlseT B CTOPOHE BOIMPOC O MPHPOAE
CBETa, MCXOAMT W3 OHMIMUPHYECKUX 3aKOHOB €ro paclpocTpaHeHHs W
UCTIONIB3YeT TPEeNCTaBlIeHUSs O CBETOBBIX JydaX, MNpPETOMISIOWNXCS M
OTpaKaloIIMXCA Ha TPaHMULAX Cpell ¢ Pa3HBIMHU ONTUYECKUMH CBOWCTBAMU M
NpsAMOJIMHEHHBIX B ONTHYECKM OMHOPONHBIX cpenaX. Ee 3amaua —
MaTeMaTUYecKN HWCCIIeOoBaTh XOJ CBETOBBIX JIyuell B cpele C HM3BECTHOMU
3aBUCHMOCTBIO TIOKa3aTeNs TMpeJoMIIeHHS Cpeabl OT KOOpAMHAT JI0o,
HaNpoTHB, HAWTH ONTHYECKHe CBoiicTBAa M (GopMy TPO3payHBIX W
OTpakaloIINX Cpel, MPH KOTOPBIX JIydH MPOXOAAT 110 3aJaHHOMY TyTH.
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Qu3uyeckasa onmuka paccMaTpuBaeT MNpPoOJIEMbl, CBSI3aHHbBIE C
NPUPOJOI CBeTa W CBETOBBIX sBICHWH. OHa yTBepKIaeT, 4TO CBET €CTh
ToTNepeyHble IEKTPOMArHUTHbIE BOJIHBI, XOTS MPUpPOJA 3THX BOJIH €0 HE
paccmarpuBaercs. Ee  pasmenom  sBiseTcs  BOJNIHOBas — OMTHKA,
MaTeMaTHYeCKUM OCHOBaHWEM KOTOpOW SIBISIIOTCS o0ImuWe ypaBHEHHS
KJTaCCHUUYECKOil AJIeKTpOIMHAMIKH — ypaBHeHHs MakcBemia. CBoicTBa cpelibl
MPpA  3TOM  XapaKkTEepPHU3yIOTCS  MaKpOCKONMYECKMMH  MaTepuabHbIMA
KOHCTaHTaMM — [JWIJIEKTPUYECKOW W MarHWTHOW TPOHWIAEMOCTSIMH,

KOTOPBIE ¥ ONPEIENAIOT IOKa3aTeNb IPENOMIICHHS CPeNbl N = /gl . DakTu-

YECKH 3TO Ta )K€ reOMeTpruIecKas ONTHKA.

Dusuonozuveckas OnNMUKA, CMBIKAOIascs ¢ Onodmsukoit
TICUXOJIOTUEN, WCCIENyeT 3pUTENIbHBI aHaNIW3aToOp OT IJla3a 0 KOpbI
TOJIOBHOTO MO3Ta U MEXaHU3MBI 3PEHUS.

Bce pasgenbl ONTHKY TOMYyYWIH IIHPOKOE MPAKTHYECKOE NMPUMEHEHUE.
Co3gaHbl  MHOTOUYHMCJICHHbIE HMCTOYHMKHM OCBEIICHMS, OCHOBAHHbIE Ha
Pa3NUYHBIX TOCTWKEHUAX (PU3UKU, HAyKa CBETOTEXHUKH YUUTHIBAET 3aKOHBI
ontuku W Quznonorud. ONTUYECKUE CHEKTpalbHble HCCIeN0BaHUSA
MO3BOJIMJIM BO MHOTOM pa3o0paThCsi CO CcTpoeHueM BelecTBa. Co3laHbI
MHOTOYHCIICHHbIE ONTHYECKHEe NPUOOPBl [UIA CaMBIX Pa3JIMYHBIX LelNei,
HauMHas OT MCCIIEJOBAHUIA MUKPOCKONMMWYECKUX OPraHU3MOB MU CTPOECHMSA
BellecTBa 10 uccienoBaHust BcenenHoil. Takum o00pazoM, IOCTHXKEHUS
ONTHUKA KaK HayKW OrpoMHbl. M TIpm BceM 3TOM CYyIIHOCTH ONTHYECKUX
SBJICHUI W CAMOTO 3JIEMEHTAPHOTO HOCHUTENS CBeTa — ()OTOHA TIO-TIPEIKHEMY
OCTaEeTCs HEU3BECTHOM. ..

HecMoTpss Ha TO, 4TO ONTHMKA WMEET AABHIOKD WCTOPHUIO, & TOMBITKA
TMPUMEHEHHS] MaTEMaTUYECKOTO armapara 3JIEKTPOJAUHAMHAKN HAYaJINCh Cpa3y
e Tocie OmyOJMKOBaHMA MaKcBeJJIOM CBOMX 3HAMEHHUTBIX YpaBHEHUA,
JOCTaTOYHO OBICTPO OOHAPYXKHUIOCH W  HEKOTOPOE HECOOTBETCTBHE
pacripocTpaHeHusi poToHa 3akoHaM MakcBesia. Jlesio B TOM, 4TO 3aTyxaHue
CBeTa B MOJYMpOBOJsIIEH cpene (MOPCKOi BoJe) OKa3anoch MOJTHOCTHIO HE
COOTBETCTBYIOILMM 3aKOHY 3aTyXaHUs IJIOCKOW 3JIEKTPOMAarHUTHOM BOJIHBI B
TaKoM cpene.

Kak wu3BecTHO, mJockas JJIeKTpOMarHuTHas BOJIHA 3aTyxaeT B
TOJTYNPOBOASAIIEH Cpelle B COOTBETCTBHUH € 3aKOHOM MakcBeslia Kak

Uolto®
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3neck H, — HanpsKeHHOCTb MArHUTHOTO MOJISI Ha TMOBEPXHOCTU pasjelna
cpel, HalpuMep Ha MOBEPXHOCTH MOPCKOW BOIBI, 4 — OTHOCHUTEIbHAs
MarHuTHas NPOHMLAEMOCTb Cpellbl; ¢ — NPOBOAMMOCTb cpenbl; w = 2nuf, f —
YacTOTa 3JEKTPOMAarHWTHONH BOJIHBI, [ — pacCTOSHUE OT MOBEPXHOCTH
paszena cpeq.

[MpakTka 0OHapyKMBaeT MOJIHOE TIOATBEP)KIEHNE yKa3aHHOW (OpMYJTbI
3aTyXaHUIO TUIOCKOW paJroBOJHBI B MOPCKOW cpelie M TOTHOE PacXOKICHUE
€€ C 3aTyXaHMEM CBeTa B IPO3payHOi MOPCKOM BOJE.

[lpy NpoBOXMMOCTH MOpCcKoi Boasl 1 OM = M+ Ha wacTote 1 MI'I
MPaKTUYECKU MOJHOE 3aTyXaHUe 3JIEKTPOMAarHUTHON BOJIHBI MPOUCXOANT Ha
ryOuHe B M. YUHTbIBast, 4TO

rafra=(f/f) 9.2)

7
U 4YTO JId 3C€JCHOIO0 CBETa AJIMHA BOJIHBI COCTaBJIACT 5,610 M, 4TO
4 o
COOTBETCTBYCT YaCTOTE 51d FH, nojiyyacm IJisd paCu4€THOU 1O MaKCBeJTJ'[y
FJTy6I/IHy NMPOHUKHOBEHUA CBETA B MOPCKYHO BOAY KakK

r,=ry\ (107104 =104

¥ TakAM 00pa3oM, CBET HOJDKeH Obl MPOHWKATh Ha TIyOWHY He OoJiee deM
3-10%m = 0,3MM. BMecTo 3TOro cBeT MpoHMKaeT Ha TIyOnHy mopsaka 150
M. TakuMm 00pa3zoM, pacXoxkIEHWE TEOPHU C IMPAKTHKOI 3/eCh COCTaBIsET
500TsIc. pa3!

Teopust 00BACHSET 3TO TEM, UTO MOPCKasi BOAA Ha TAKUX 4acTOTax TepseT
CBOIO MPOBOJMMOCTh, MPUYMHBI 4ero He oObsACHAIOTCS. Ha camom nene ato
3JIEMEHTapHO OOBSICHAETCS TE€M, UTO CTPYKTypa (hOTOHA HM B KOeil Mepe He
COOTBETCTBYET CTPYKTYpe TUIOCKOI PaaMoBOJIHBI M B YKa3aHHBIX pacderax
TIOJTHOCTBIO MCKITIOYEeHBI [1Ba BaKHEHIINX MOMEHTa — MPOTMOPLMOHAIEHOCTD
SHepruM (GoToHa o0OmeMy 4YWCIy BUXpell, oOpasyromux ¢(oToH, #
BHYTPEHHSIS SHEPTHS KaKIOTO BUXPA (POTOHA.

9.2. Ctpykrypa ¢poTona

B npornecce nMpoBeNeHHBIX pa3lTUUHBIMU aBTOpPaMH HCClel0BaHUH ObUH
BBISICHEHBI OCHOBHBIE CBOMCTBA CBETA U €0 DJIEMEHTAPHOM COCTaBIIAIOLIEH —
¢otona. CBOIiCTBa 3TH TAaKOBHI.

1. HauMeHb1uit 3eMeHT cBeTa — (OTOH HeceT B cebe IHepruro, KoTopas
corjacHo 3akoHy [1naHka nponopuroHaabHa 4acToTe:

E=hy, (9.3)
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rae h= 6,62-1034 JIx-c —noctosinHas [1naHka; v —yacTorTa.

2. Csert, u3Ny4eHHBI aToMOM, Moysipu30oBaH. CBET He MOJNAPHU3OBAH B
OObIYHOM Jyde (KpyroBas MONApU3aLMs), MOCKOJIbKY Pa3IMYHbIE aTOMbI
W3JTy4aroT CBET B pa3IMyHble MOMEHTHI BpEMEHH W OTAENbHbIE TIOPLIH CBETa
W3JTy4aroTCsl HE3aBUCHMO JIPYT OT JIpyTa.

3. ®POTOH KaK YacTHIa He NMEET 3JIEKTPUIECKOro 3apsia.

4. ®oroH MOXeT 0bNanaTh OJHAM W3 JBYX 3HAUeHWH crmHa: oo + 1,
6o — 1.

5. Cger oOnagaeT naBneHneM, clea0BaTeIbHO, POTOHBI 00TaIal0T
Maccoi.

6. DOTOHBI JIOKATM30BaHbl B TPOCTPAHCTBE, PACIPOCTPAHAIOTCS B
BaKyyMe TpPSAMOJMHENHHO M 00JafaloT MOCTOSHHOM CKOPOCTBIO, YTO HejaeT
UX MOTOOHBIMU MOTOKY YacTHILI.

7. CBer obOnajaeT CBOWCTBaMH WHTep(epeHUMd U OUPaKLUU, UYTO
TIO3BOJIMIIO CUNTATH (POTOHBI BOJTHAMM.

8. MNapamnensHo opreHTHPOBaHHBIE (HOTOHBI MHTEP(HEPUPYIOT, a
B3aMMHO TePNIeHINKYIISIPHO MOIAPU30BaHHbIE (POTOHBI He HHTEP(EPUPYIOT.

Bce panee pa3zpaOoTaHHBIE pa3NUYHBIMH aBTOpaMH MOAENH (OTOHA He
Y/IOBIIETBOPSIIOT 10 COBOKYITHOCTH TI€PEUNCIICHHBIM CBOWCTBaM, CO3/IaHHBIE
K€ TEOpHM OTrPaHWYMBAIOTCS HE TPOTHBOPEUMBBIM OITHCAHMEM CBOMCTB
(GoTOHAa W cBeTa B LEJOM, HO HE BCKPBIBAIOT CTPYKTYpY (OTOHA M He
OOBSACHSIOT, IOYEMY CBET 00J1a1aeT MMEHHO TAaKMMH CBOMCTBAaMH.

Jlx. ToMcoHOM Obla caenaHa MOMbITKAa MOCTPOUTh BUXPEBYIO MOIENb
¢orona [18]. OmHako ero MojJelb He OTBedala Jaxe 3JIeMEHTapHbIM
TpeGOBaHUAM OOBACHEHMS SBICHUS TMONAPHU3ALMH, MOCKOJIBKY MPOCTOE
BUXPEBOE KOJbLO, KoTopoe TOMCOH mpeanarai B kadyecTBe Monein (oroHa,
TaKNMU CBOMCTBaMHU HE 00Janao.

Bce yka3aHHble BbIIE CBOMCTBA CBeTa JIETKO OOBSICHAIOTCA Ha
3(pMpOIMHAMAYECKON BUXPEBON OCHOBE.

OO0pa3oBanHne (HOTOHA MOKHO TIPEICTABUTH KaK pe3yNbTaT KoJjeOaHWMIl B
a¢upe Bo30YyXIEHHOW 3JIEKTPOHHOM 000I0YKHM aToMa.

OnexTpoHHas 00oJoyKa aroMa MpeAcTaBiseT co00il MpHCOeTMHEHHbIH
BUXpb 3(pupa, goctatouHo ynpyruit. Eciu no Helf HaHeceH ynap, To Ha Hei
BO3HMKAIOT ropObl M BHAAMHbI, KOTOPbIE COBEPLIAIOT KoJieOGaHUSs BOKPYT
neHTpa atoma. CoBepluas KoneOaHus, BO3OY)KAEHHass BMHTOBas BUXpeBas
o0oJI0YKa B TMpUJIETAIONIMX K €€ MOBEPXHOCTH closSX 3¢upa Bo3OYyKAaeT
BUHTOBBIE CTPYH, NPHYEM HalpaBieHHE Toka >(upa B cTpye COBMajaeT ¢
HalpaBJieHWeM TOKa 3(Hpa B TOBEPXHOCTHBIX CIOAX 00OJOYKH. DTO JIETKO
00BSCHIMO, TIOCKOJIbKY TaBJieHWe 3(upa Ha Haberaromieil cTopoHe 000JI0UKH
Oonbllle, YeM B HEBO3MYILIEHHOW cpexe. BuHTOBas cTpys adupa co3maer B
OKpyXatomeMm 3¢upe cMelleHNe B MPOJIOJIbHOM OTHOCHTENBHO CTpYH
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HamnpaBlieHUH. Takas CTpys COOTBETCTBYET 3JE€MEHTApPHOMY BHHTOBOMY
OyIUIeTy B rugpoMexanuke. Kak n B kaxkaoM rase, IyIuieT CO3JaeT BUXPEBOE
TeyeHue cpenbl. OJHaKO MOCKOJBKY CTPYs 3(pupa UMeeT BUHTOBOM XapakTep,
TO W CO3JAHHBIN SJIEMEHTApHBI BUXPb TaKKe OyJeT WMeTh BHHTOBYIO
CTpYKTYpY.

[lpn BO3BpaTHOM [IBIKEHWH TOpOa 00O0JOYKHM TPOTHBOTIONIOKHASL
CTOpOHa ee CTaHeT Halerarouieil, B pe3yjbTaTe 4ero Ha BTOPOW CTOpPOHe
Oyner co3jaHa BTopas cTpyilika rasa, koropas o0pasyeT BTOpOil BHXpb,
TaKke UMEIOIINiT BUHTOBYIO CTPYKTypY. O6a BUXps CO3at0TCsl TIO0OUEPETHO,
npu4eM OBM)KEHHE ropba o00JI0UKM OTTAlIKMBAeT MoovepenHo oba BUXPS B
HampaBlieHMM WX OyIoyIlero IBIDKEHMsA, 3adaBas HayalbHbIM HMITYJIbC
obpa3ytomiemycs orony (puc. 9.1)

Puc. 9.1. O6pa3oBanne ¢oToHa BO30YKIEHHOI IJTeKTPOHHON  000J104YKOIH
atoma: 1 —B030yXICHHbI aTOM; 2 — UHIYLMPOBaHHAs cTpyiika adupa; 3 — MoToK
a¢upa MeXIy BUXPIMHU.

JlBmxenne (oTOHa HampaBlieHO B CTOPOHY JBW)XEHHS »3¢upa Ha
TIPUJIETAIOIINX TOBEPXHOCTIIX €ro BUXpEH, T.e. TaK ke, KaK 3TO ObIBaeT W y
OOBIYHBIX KOJNBLEBBIX BUXpel. [ToCKONBKY pasmepbl aromMa COCTaBIISIOT,
npumepHo, 107° M, To 1 pasMep mymieTa JOMKEH ObITh TOFO K€ TMOPSIKA.
3aMblKaHHe k€ 00pa30BaHHOTO BUXPS MOXKET MPOUCXOANUTH B CYIIECTBEHHO
Oonblueil obiacTu, KOTopasi OrpaHMYeHa JUIIb MOSBICHUEM MOCIELYIOLIEro
Buxps. Takum oOpa3oMm, pa3Mepbl BHUXpell B (OTOHE OrpaHMYMBAIOTCA
4acTOTOM KoneOaHWil CO3JaBLIET0 HX OCUWUIATOpAa — BO30YXKIEHHOMN
AJIEKTPOHHOH 000JI0UKH.

@DOTOH B BHUIE BUXPEBOW BUHTOBOM CTPYKTYpbI, COCTaBIEHHOW U3
JHEHHBIX PacXoIIUXcs BUXpeil 3¢dupa, pacrmoioKeHHBIX OTHOCHUTENHEHO
IpyT Ipyra B IIaXMaTHOM TOpsAIKe mokazaH Ha puc. 9.2.Takoe oOpa3zoBaHue
AMeeT B THIPOMEXaHWKE aHaJloT, TaK Ha3blBaeMyI0 BUXPEBYIO JIOPOXKKY
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Kapmana (puc. 9.3) [19-21].B naHHOW CTpPyKType BUXpH OIHOTO psija
Bpal[alOTCS B OJHOM HAampaBjieHWH, BHUXPH BTOPOro psiga — B
HPOTUBOMONOKHOM. J[TMHOM BONHBI ()OTOHA SIBISIETCS PACCTOSHUE MEKIY
LEHTpaMHu BHXped ofHOTO psina. [T0CKONbKY Kaablii BUXpb (OTOHA MMeeT
Maccy, JIerKO BUIETb, 4TO (OTOH SBISETCA W YacTHUIEH, W BOIJHOM
OJIHOBPEMEHHO.

Buxpu, coctaBisomue (OTOH, WMEIOT BHHTOBYIO  CTPYKTYpY,
ClIeJOBaTeNIbHO, BIOJb OCEH 3THX BHXpeH MMeeTcs TOK d(upa, KOTOpbId B
BUXPSAX MEPBOTO PsAla HAMpaBlieH B OJHY CTOPOHY, B BUXPAX BTOPOTO psAna —
B IPOTUBOMONIOXKHYO. [T0 OTHOLICHHIO K 3TOMY TOTOKY BHXPH BBICTYMAIOT
TaKke OyIUIETaMHd, TaK YTO MOTOKHM, TEKyIIWe BIOONIb Oceil BHXpeil, OymyT
HePexXOanTh W3 BHXpell OOHOrO psifa B BHUXPH BTOPOro psiga, a ¢
HPOTUBOMOJIOKHBIX TOPLOB, HA00OPOT, M3 BUXPEN BTOPOTO B BUXPH IEPBOT0
psza.

Puc. 9.2. Ctpykrypa ¢doToHa: NponosibHOE ceueHue (a), TMOMepevHoe ceYeHne
npu crimbe —1 ), monepedHoe cedeHue npu cruHe +1 (g)



419

Puc. 9.3. BuxpeBasi nopoxkka Kapmana: a) — cTpykTypa 1MoTOKOB; 6) — BUXPHU
Kapmana B Boze. Kamepa IBHKETCS BMECTE C BUXPSMHU, 6) — nopokka Kapmana
3a KpyroBbIM LunuHapoM rnpu Re = 105;B neBoit yacTi BUIHA HavajibHas CTaus
00pa3oBaHus JOPOXKH; &) MOJACIUPOBAHME NOPOXKH B BO3IYIIHOW cperne; 0) —
CTPYKTYpa NOTOKOB BUXPEBOI IOPOKKH HA KOHEYHOH CTa/IMU CYLIECTBOBAHMS

3aMblKaHWe BUHTOBBIX BUXPEBBIX MOTOKOB B TOPILAX BUXpel MpHUBENET K
TOMY, YTO BUXPEBOE NBIKCHHE HE OYyIeT PaclpOCTPaHATHCSA 3a TpPEIeITbl
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y3KOH 30HBI MPOCTPAHCTBA, Mpuierarouiero k Gporony. Hukakoro kosbLeBoro
JBWXKEHUS] B OKpyXkarowmeM 3¢dupe (GOTOH He co3laeT M, CleloBaTelbHO,
OyZleT BOCIPUHUMATbHCS KaK IEKTPUUECKH HeTpaibHas 4acTHLA.

Tak ke Kak M O0ObIYHOE BHXPEBOE KOJBIIO, CHCTEMa JIMHEHHBIX BUXpeEit
OyneT nmepeMeIaTbes MPSIMOTMHEHO, TOCKOJIbKY B HEi.

n/2 n/2

2L =X+ X1y=0, (9.4)
i=1 i=1 i=1

T. €. CyMMa LMPKYJALUA KOJIBLIEBBIX CKOPOCTEM BCEX JIMHEMHBIX BHUXpeEl
paBHa HyJO, WIM, MHA4e, CyMMbl LUPKYJSIUMNA OOOMX PpSAAOB JIMHEHHBIX
BHUXpEN paBHBI U MPOTUBOIONIOXKHBI APYT APYTY.

ITockonbKy HampaBlieHHH 0CEBOTO MOTOKA B Ka)KAOM BUXPE B MPUHLIMIIE
MOXeT ObITh [Ba (IEBOBMHTOBOE IBIKEHHE 3(HUpa W MPaBOBUHTOBOE), TO
COOTBETCTBEHHO U CIIMH MOXKET IPUHUMAaTh 1Ba 3HaueHUA. TpeTbe 3HaUEHUE
CIIMHA, PaBHOE HYJIIO, 03HAYAET, YTO OCEBOI0 NIOTOKA HET U JIMHEWHbIE BUXPH,
obpasyrormme (OTOH, HAYEM He CKperUieHbl. J[JIs TMHEHHBIX BUXpell Takoe
COCTOSIHWE HE YCTOWYHMBO, IOATOMY BCSl CTPYKTypa pa3o0beTcs Ha OTAEIbHbIE
obicTpo mrddyHIMpyromre KOJIbIA.

[Tpn oGpazoBanum (GoToHa BO30YXKIEHHON 000JOYKOI aToma Tpouecc
JUTUTCSL OTHOCUTENIBHO OO0JIbLIOE BpeMsl, TPU 3TOM o0pa3yeTcs 3HauUTeIbHOE
quciio Buxpei GoTtoHa. M3 Kilaccuueckoil TeOpHH CBeTa M3BECTHO [22], uTo
BpeMsl U3IIy4EeHHUs CBETa OJUHOYHBIM aTOMOM COCTaBJIAET

e
te— (9.5)
20,26

r/ie Me ¥ € — COOTBETCTBEHHO Macca ! 3aps[ 3JCKTPOHa.
o 7
Eciiu BMECTO M, B3Th CPEIHIO0 YacTOTY B BUAMMOI obsactu (A = 5-10
5 -1
M, T.€. g = 4.16°¢ ), TO MOACTaBIISASA

mMe=9-10% kr u e/mec = 1,76-10 MoJTyyaeM T = 10° c.

[Tockonbky 4YacToTa KojeOaHMH OCLMIIATOpPAa COCTAaBJIAET, MPUMEPHO
10" ', To Jerko BUAETh, 4TO 3a BPEMs M3IyUeHNs, T.€. 32 BPEMs, B TEUCHHE
KOTOPOrO 3HEeprus yMeHbIIaeTcs B € pa3, OCLUWUIATOP COBEPIIMT YHCIIO
KkoneGanmit mopsiaka 1CF.

CnepnoBatenbHO, (OTOH, MOJNy4EeHHBIH B pe3ysibTaTe M3Ny4YeHHs aToma
JNOJDKEH TpeAcTaBisATh coOoif BuXpeBoe o00pa3oBaHuE MPUOIUIUTETHHO
KBaJpaTHOTO CEeYeHHs CO CTOPOHOI KBaipaTa, paBHOM HOpuMepHO 21 H
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miuHol nopsinka 1CPA, T.e. JUIMHHYIO TOHKYIO HUTb. [IpM JUIHHE BOJHBI
0,5 MKM (3eNeHblii LBET) 3JIeMEeHTapHbIN (OTOH OyAeT UMETh pazMepbl IMKM
xImkm x0,5 M. OnHako anuHa GoToHA MPU OTHON M TOW *Ke IJIMHE BOJHBI
MOXeT ObITh camoii pasnuuHoii. C momombio stueek Keppa ¢orton moxHO
MOpyOUTh HA YaCcTH JIIOOOHN AJTUHBI.

@®oTOH WMeeT KOHEUHYIO [UIMHY, TOCKOJBbKY o00Opa3oBaHWe KaXkIOTo
BUXpST BO3MOXHO JIMIIb TIPH OMNpENeNIeHHOM 3HAa4eHNH KolieOaHWs
BO30YyK/IEHHOW O000JIOYKM, W HadMHAs C HEKOTOPOro MHHWUMAJBHOTO
3HAUEHWs aMIUTUTYIbl KoJieOaHWs OCHMILISITOpa, BUXPh B cpexe Oosee He
oOpazyeTrcd. DTOT ke MpoLecc MOXKHO paccMaTpuBaTh W Kak OTPBHIB YacTH
Macchl 000JOUKM BO30Y)KIEHHOTO aroMa MpH KaXIOM MONYNepHoae ero
KoJie0aHus.

M3BECTHO, UTO PACCTOSIHHE MEXIY aTOMaMH TBEpIOro Tema paHo 1070
M, B TO BpeMs Kak MIMPHMHA U TOMIIMHA (oTOHa cocTapmsoT nopsinka 10 .
CriefoBaTeIbHO, Ha IUIOMAAM CeueHHs oaHOro (otoHa ykmameisaercs 10
aTOMOB. OTO O3HAayaeT, YTO B CO3JaHMM Kaxaoro (OoTOHa TPHUHAMAET
ydyacThe He OAWH, a MHOTO aTOMOB, OTIaBas €My CBOIO 3SHEPTHIO.
CompoTrBiieHNE W3IIydeHUs U KaKIOTO aToMa MpW 3TOM CHHU3HUTCS, OHU
BOWIYT B CHHXPOHH3M, @ BPeMs M3IIyYeHUS YBEJIUYUTCS MPOTOPLHMOHAIBEHO
YHUCITy aTOMOB, yYacTBYIOUIMX B co3/aHWM (oToHa. Takum oOpasoM, jinHa
(oToHa He ABNSAETCA BEIMIMHON MTOCTOSTHHOM.

O0pa3ys COBMECTHO OOLIYyI0 BUHTOBYIO CTPYIO 3(hupa B MpHUiieraroumx K
HUM 0O0JIaCcTSAX, aTOMBl 3aTPauMBAIOT HAMMEHBLIYIO 3HEPrHI0, €CIM OHH
KOJIEOMIOTCSI CMHXPOHHO M CHH(a3HO, MO0 BO BCEX OCTANBHBIX CIydasx
MeXIy B030YXKIEHHOH KomeOmomeiics 000l0ukoil M CTpyeil BO3HUKAeT
JOTIONTHUTENBHOE BSI3KOE TPEHHE W MPOUCXOAWT 3aMelUIeHHE TeX aTOMOB,
(aza KOTOpBIX omepexaeT (azy cTpyH, H, HAOOOPOT, CTPYSI, OTMEPEaMBIIAs IO
(aze ocUWIUIATOP, HAUYMHAET OTIAABAaTh IHEPTHI0 3TOMY OCLMILIATOPY, B
pe3yJibTaTe Yero OTCTAlOIINe aTOMBI TMOATSITHUBAIOTCS K (ase cTpyu. Takum
0o0pa3oM, TIPOMCXOAAT B3aWMHas CHHXPOHM3AUMsA W CHH(A3WpOBaHWE
KoneGaHWii BO30Y)KIEHHBIX OOOJOUEK pa3NWYHBIX aToMoB. [lpm 3ToM
OJIHOHAMpaBJIeHHble BUXPU (OTOHOB, CO3JAHHBIX B COCEAHHMX OOJIACTAX
w3nyyaTens, OyayT MOATATUBATBCA APYT K IOpPYry, co3gaBas oOLIMe MOTOKU
(puc. 9.4).

VBenuueHne 4Yucia aTOMOB, NPHHMMAIOLIMX YYacTHE B CO3JaHUH
($oTOHa, MPUBOIUT HE TOJBKO K YBEIMUEHHIO JUIMHBI (POTOHA, HO Takke U K
YBEJIMYEHUIO €0 MOMEePEYHBIX Pa3MepoB MPH COXPAHEHUH IJIMHBI BOJHBI U K
TIOBBIIEHUIO TIOTHOCTH 3¢upa B Tene (OTOHA, TaK Kak NaBlieHWE B CTPYe,
00pa30BaHHOI HECKOJIBKUMHU AyTIeTaM, OyeT MOBBILIEHO 10 CPAaBHEHUIO C
JaBJIeHWeM B CTpye, 00pa3oBaHHOIl OIHMM MYyIJIETOM, a KPOME TOTO, TIPH
(MKCHpOBaHHOW YacTOTe yBENMUEHHWE WHTEHCHBHOCTH CTPyH TpHUBEIET K
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NepecTpoiike CTPYKTYphl KaXIOro BUXPS, KaK 3TO MPOMUCXOAMT B rasoBbIX
BUXPAX, — HAYHYT YIJIOTHATBCA CTEHKH, OOLIas Macca M TUIOTHOCTb rasa
HAa4YHYT yBEJINYNBATHCS.

PeanbHble WMCTOYHWKM KOTEPEHTHOTO CBETa HHUKOTOa HE OBIBAIOT
TOYEYHBIMH, WX TUIOMA/Ab 3aHUMAET, KaK MUHUMYM, HECKOJIBKO KBaJIpaTHBIX
MUJUTAMETPOB. MeXIy TeM, CBET OT TaKOTO MCTOYHMKA, OyIydH pacilerieH
Ha [Ba Jyua, a 3aTeM coOpaH Ha oOLIeM 3KpaHe, CHOCOOEH CO31aTb
vHTEp(EPEHIIMOHHYIO KapTHHY. JTO O3HAyaeT, 4To (OTOHBI B 00OMX JIydax
HE TOJbKO MMEIOT OJHY M Ty K€ 4acTOTy, HO U eAuHylo (a3y, ubo uHaue
HUKaKol HMHTep(hepeHLUMOHHONW KapTHHBI He moiyudmnoch Obl. Ha puc. 9.4
NoKa3aHo, 4TO ()OTOHBI OJAMHAKOBOW YaCTOTHI CIIOCOOHBI CO3aBaTh €OUHYIO
CHCTEMY, B KOTOPOIi Bce OHM OyAyT cHH(}a3HbI. ITO K& 03Ha4YaeT U TO, UTO B
KaKAbI MOMEHT BpPEMEHM BCe arOMbl IUIOIAJHOTO  HCTOYHHKA
KOT€PEHTHOTO CBETa TaK)Ke CUHXPOHU3UPYIOTCS OPYT C APYTOM.

Puc. 9.4. Coeannenue ¢(oToHOB, 00pPa30BAHHBIX Pa3IMYHLIMH ATOMaMH, B
00111YI0 BUXPEBYHO CUCTEMY

OOpa3oBaHue ()OTOHOB MPHU COYAAPEHUU DJIEKTPOHA U TO3UTPOHA
JOJDKHO CYIIECTBEHHO OTJIMYaTbCs OT PAacCCMOTPEHHOrO BBIMIE, MOCKOJIBKY
MPOVCXOIUT  OJHOKPAaTHOE  B3aUMOJEICTBHE  BHHTOBBIX  TOPOWJIOB.
Coynapssich, 37M€KTpOH W TO3WTPOH JOJDKHBI paspyLINThCS W 00pa3oBaTh
Ipyrue cTpykTypbl. OOVH W3 BapHaHTOB TaKOW MEPecTpOiKH ToKa3aH Ha
puc. 9.5.
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Puc. 9.5. O6pazoBanne ¢poToOHOB NPH AHHUTUJISLIMH 3JIEKTPOHA U MO3UTPOHA

Kak a/ekTpoH, Tak M TO3WUTPOH MAENATCS KaXIblii Ha YeTblpe YacTH,
MPOUCXOJUT MOBOPOT 3TUX 4YacTel, B pe3yjbTaTe 4ero oOpasyroTcsl nBa
(oTOHa, CMHMH KaXXJOr0 M3 KOTOPBIX, BUAMMO, PaBeH HYJIO, HECMOTpPs Ha
HaJIMYMe OCEBBIX MOTOKOB. [lomydeHHbIe (OTOHBI He 0Opa3yroOT IIyra BOJIH,
Kak (OTOHBI, o0OOpa3oBaHHbIE B pe3yJbTaTe W3JIyYeHHsS AaTOMOB.
Pazneratomuecs (GoTOHBI OYIyT B3aMMHO MEPHNEHANKYJISIPHO TOJSPU30BAHBI.

Takum o6pazom, (oToHBI, 00pa3oBaHHBIE B pe3ysbTaTe AHHUTHMISALAN
3JIEKTPOHA ¥ TIO3UTPOHA, JOJDKHBI CYHIECTBEHHO OTIMYAThCA OT (POTOHOB,
00pa3oBaHHBIX B pe3yJibTaTe M3TyueHHst aTOMOB. Pazymeercs, Bce cka3aHHOE
JIOJIKHO TMOJUIEKATh IKCIIEPUMEHTAIbHON MPOBEPKE.

DHeprusi cucTeMbl BUXpeil B (JOTOHE ompexenseTcs BoipaxeHueM [23, c.
273]:

p n COSa
E=—n0o XTIl .U —dldly; (9.6)
4 =1 I
rae [, I — VHTEHCHMBHOCTH TIAphI BHXpEH, I[ - PAcCTOSHHE MEXKIY HX

ocsimu; dly;, dly — 37€MeHTBI ITMHBI BUXPER, o — YrONl MEXKIY dJIEMEHTAMH,
TpU4eM JBOWHONM wuHTerpan OepeTcsl BIOJAb OCEH BUXPEBBIX HUTEH, a
CYMMUPOBaHME BKJIIOUAET BCE HAJIMYHBIE Mapbl HUTEH MO OHOMY pasy.
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BuaHo, 4TO 3Heprus BUXpEBOW cuUCTeMbl TeM Ooublle, YeM MEHbIle
paccTosiHHe MeXIy BHXpsMH. IToCKONBKY paccTOSHME MEXKIY BUXPSIMHU
HAaXOAMTCS B CTPOroi MPOMOPLUMOHAIBHOCTH C PACCTOSHHEM MEXIY
BUXPSIMH, HAXOSIIMIMUCS B OJJHOM DALY, T.€. C AJIMHON BOJHBI ()OTOHA 4, TO

E~— ~v, (9.7)
A

rae v —yactora KosebaHuii ()oTOHa, YTO HAXOIUTCS B TIOJIHOM COOTBETCTBUU
¢ 3akoHOM IlnaHka, KOTOpBI (paKTHUECKH COOTBETCTBYET BBIPAKEHUIO LIS
SHEPrUM CUCTEMBI B3aMMOIEWCTBYIOIIUX BUXPEN.

IIpu conocraBneHnn 3akoHa IlnaHka ¢ TPUBENEHHBIM BBIPAKECHHUEM
MOJKHO CZieJlaTh BBIBOJ O TOM, YTO BCe BUXPHU (POTOHA, CO3JaHHbIE aTOMaMH,
MMEIOT OJMHAKOBYIO BHYTPEHHIOK YHEPrHI0. DTO HE OYEBHIHO, OJHAKO BO
BHEITHUX 3¢ ¢eKTax BHYTpPeHHSS dSHeprus (OTOHOB HE TMPOSBISETCS,
OTHOCHTENIFHO K€ BHEIIHWX MpOosiBJieHni 3Heprun (orona 3akoH [lmanka
JoCTaTouHo cTpor. Ilpy co3maHum e NCKYyCCTBEHHOTO 3J€KTPOMATrHUTHOTO
W3Y4YEeHHS 3TO 00CTOSTENBCTBO CTAHOBUTCSA BAa’KHBIM, MTOCKOJIBKY BO3HUKAET
npoOyieMa HaKOTUICHWs PHEPrMU YK€ B KaKIOM BHXpe TpPU YBEIWYEHUH
3aTpaynBaeMoil Ha ero co3laHue MOLHOCTH UCTOYHHKA.

B 3akone [Inanka u B ypaBHeHMAX MakcBesula MOJHOCTBIO HE y4TEHa
BHYTpPEHHsIS 3HepreTHka ()OTOHA, COCTOSILAs U3 TPEX KOMITIOHEHT:

SHEPreTUKU KaK0TO BUXPS,

SHEepPreTUKHU BCeil COBOKYMHOCTH BUXpeid, 00pa3yromux (GoToH;

JHEPreTUKHU CBA3EH BUXpEN.

BHyTpeHHsist sHeprusi BpameHus 3(QUPHBIX CTPYyil B COCTaBe KaKIOTO
3¢upHOTO BUXPS B (POTOHHOM CTPYKTYpE W OTpenelsieT ero MHTeHCUBHOCTh
n ero gopmy. Uem Gospuryro 3HEprHi0 HeceT B cebe 3(pUpHBIN BUXPb, TEM
OoJbIe TMHEWHAsT CKOPOCTh CTPY#H 3¢upa, ero 00pa3yomux, TeM OOoJbIITe UX
yIjoBas CKOPOCTb W NMPHU OJHOM U TOi k€ Macce BUXPS TEM MEHbLIE €ro
quametp. [locienHee 0OCTOSTENBCTBO HEMOCPEACTBEHHO CIIEAYeT U3
MOJIO)KEHUI ra3oBoil auHamMuKku. [lockoyibKy pa3mepbl TOPLIOB BUXpPeEi
OMPENENSAIOTCS PACCTOSTHUEM MEXIY MX OCAMHU M 3aBHUCAT, CIEIOBATENBHO,
TOJIKO OT YacTOTHI CO3[aHMs BHUXpEH, TO HAKOIUIEHWE JHEPrHU IOJKHO
NPOUCXOIUTh B LUEHTPAIbHOM YaCTH Ka)KIOro0 BHUXPS 3a CUET YMEHBLICHHUS
JUaMeTpa 3TOi LEeHTpalbHOW 4YacTH: 4eM OoJblie MpU OXHOW M TOW ke
YacTOTe 3HEPTHMH 3aKayaHO B KaKAbI BUXpb, TEM MeEHbIIE NOIDKEH ObITh
JIMaMeTp ero ILeHTpalbHOM yacth (kepHa). [103TOMy Kakablid 3QuUpHBIA
BUXPb (DOTOHA B CepeArHe MMeeT YTOHYCHHYIO M YIUIOTHEHHYIO 4acThb (puc.
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9.2), B KOTOpO#l M HaKOIUIEHa €ro OCHOBHAs JHeprus. DTa ke 4YacTb U
COZIEPKHUT B ce0e OCHOBHYIO Maccy BUXPSL.

OHepreTuka Bcell COBOKYMHOCTH BHXpell (hoToHa pacmpepessercss Mo
BCceMy Telly (hOTOHa 3a CUeT TOPLEBBIX MOTOKOB 3(Hpa, MepeTeKaromux u3
BUXpell OIHOTO psga B BUXpW Apyroro psina. ITosTomy yrpara sHeprum
TOJIOBHBIM BHXpeM ()OTOHa TIpH TPEOAOJICHHH COTpPOTHBIEHHs 3dupa
KOMIIEHCHpYeTCsl SHeprueii Bcex Buxpeit, o6pasyromux (GoToH.

3nech ciegyeT paziauyaTbh SHEPrHI0 KOPOTKOTrO (POTOHA, COCTOSLIEro U3
MaJioro Yrciia BUxpeit (MUHUMaJIbHOE MX YHCIO — TPH), U SHEPTHIO JUTHHHBIX
()OTOHOB, COCTOAIMX M3 MWIIMOHOB Buxpei. Ilpu Bceil oguHakoBOCTH MX
BHEIIHUX CBOICTB — 4YacTOThl M IUIAHKOBCKOW 3HEPruM — MPOHUKAOLIas
CIOCOOHOCTb Y HHMX OYIeT CyIIEeCTBEHHO pa3Hasi; KOPOTKue (POTOHBI OyIyT
3aTyxaTh B MOIYNPOBOSILIEH cpefie 3HAUUTEIbHO ObICTpEE, YEM AJMHHBIE.

Takum oOpa3oM, BHYTpeHH:s 2Heprus poToHa E¢ Kak LesJbHOH BUXpEBOi
CTPYKTYpBI CKJIaIbIBAETCS U3 TPEX KOMIIOHEHTOB!

- TUTAHKOBCKOMW 3HEPTUH, YIUTHIBAIOIIEH TOIBKO YaCTOTHBIE CBOMCTBA
¢dotoHna;

- BHYTpeHHE ! SHepruy Ka)X0r0 BUXPS;

- HEPTUH BCEW COBOKYITHOCTH BUXPEH, MPOMOPILMOHANBEHON YUCITY
BUXpell B CTPYKType (oTOHa.

OTa 3HEPrHs MOXKET ObITh ONMCaHa Kak

Ey =h'nE,y, (9-8)

rne  h-  koaddunuenT nponopuUUMOHATBHOCTH, HEKOTOPBIA  aHAIOT
noctostHHoi [lnaHka; N —konmyecTBO BUXpeil (kojebaHuit), oOpazyrolux
Teno ¢QoroHa; E, — SHeprus Kaxaoro BHXpA, Vv — dvacToTra (poToHa,
o0o3HavaeMas 0OBIYHO B paIHOTEXHHKE yepe3 OyKBy f.

W3 yka3aHHBIX IBYX 00OCTOATENBCTB — SHEPTWH BCEero Tela (hOTOHa, T.e.
SHEPTUM BCEW CHCTEMBI €ro BUXpel M HaKOTUICHWS 3HEPTHU B LEHTPAITbHON
YacTH KaKIOTO BUXPS — BBITEKAET BecbMa BaKHOE CIliefCTBHE. (DOTOHHAS
CTpyKTypa He TMOOUMHAETCS 3akoHy MakcBemula o0 3aTyXaHuM B
MOJTYTIPOBOIALLEN cpene.

Jns GpoToHa, Tak ke KakK U UIst JF000ro MaTepualibHOro 00pa3oBaHUsA

E=E.+E, (9.9)

rae E. - BHEIHsA dHeprus (OTHOCHUTENBHO ApYrux cucteM); Ej- BHyTpeHHsA
SHEpPTHs. Brewnsis  3Heprus  ans  (oOTOHa, NepeMellaroIerocs
MOCTyNaTeIbHO B TMPOCTPAHCTBE, KaK W JUIA BCAKOTO MepeMeIlaroIerocs
Tesna, paBHa

E.= m&2. (9.10)
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BHyTpeHHsss sHeprust ()OTOHa €CThb JHEPrusi BUHTOBOIO BpAILEHUS
noTtokos 3¢upa. Mcxoas u3 npuHLMNA pacnpeseneHus 3Heprud Makcseia,
MOXKHO TojlaraTb, 4YTO JHEPrusi BUHTOBOTO BpallE€HHs paBHA 3HEPrUU
TepeMelleHus, T.€.

E.=E, (9.11)

CrenoBarenbHO, OOILYI0 IHEPTU0 (POTOHA MOKHO OBLIO OBl TOJOXKUTH,
KaK 3TO U MPUHATO, paBHOM

Ey= me& (9.12)
JlaHHO€E BBIpa)XEHHE B BUIE
dE, = cZdm (9.13)

nonydeHo Xepucaiinom B 1912r. [24] Ha ocHOBe paccCMOTPEHUs ypaBHEHUIA
MakcBenia ¥ ¢ y4eTOM MPeNoIokKeHni 0 HATMIUK B TIPUPOJIE Iupa.
PaBeHCTBO SHEPruit MArHUTHOTO U YJIEKTPUUECKOro ToJieil B poToHe

Wy= — =We = — (9.14)

3aCTaBIAET CUMTATh, YTO IJI KAXKAOTO TAKOTO MOJISl SHEPTHsl BpAILEHUs H
SHeprus  IepeMelleHus COTIPOBOXKAAIOMIMX  TOTOKOB  3>¢upa —
TOPOMIABHOTO M KOJIBIIEBOT'O — TaKKe PaBHBI OPYr APYTY W IS 00omx
ToJieil OIMHAKOBBI MeX 1y CO00iA.

OnHako B MPUBEICHHBIX BBIPAKEHUAX HE YUTEHa JHEPTus kepHa (poToHa,
B KOTOpPOM, COOCTBEHHO, M COCpPEIOTOYEHa OCHOBHAsl HOJI1 €ro Macchl U
SHEPTUH.

OnpenennM CpeIHIO MIOTHOCTh (OTOHA HA MpuMepe GOTOHA C IITMHON
BONHBI A = 5-10" m.

Ecim maccy omHoro Buxpst ()OTOHa OMNpeNeNuTh W3 HW3BECTHOTO
BBIPAXXEHUS

Ep= myc, (9.15)
a TaKX€ y4€CTb, UTO

Ey=hv=hd 1, (9.16)
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TO MOJYYUM

h

my=——ou. (9.17)
cA

3nech Ly —sneprus dotona; h —nocrosunas [Tnanka; v - uactoTa ¢otona; 1
— IUTMHA €T0 BOJIHBI; ¢ — CKOPOCTh CBETA.
Macca 01HOTO BUXPSI COCTABUT

6,6256- 18"
my=———= 4,42.10° «r. 9.18)
3-18.5.10"
OO0beM omgHOTO BUXPS (OTOHA TPHMEPHO paBeH BeTMUNHE
¥ B JAHHOM CJTy4ae COCTaBJIsIeT BETMUNHY
V, =4 (5-10")3=5.10" w3, (9.20)
CrenoBaresbHO, CpeHA IUIOTHOCTh (hOTOHA OyIeT paBHA
Pabep. = My/Vy = 4,42:10°/5.10"° = 10 kr-m™, (9.21)
T. €. CYIIECTBEHHO MEHbIIE TUIOTHOCTH CBOOOaHOTO 3¢upa. KoneuHo, cam
mo cebe Takoil BHUXpPh MPOCTO HE CMOr OBl CYIIECTBOBATh. CBOMM
CYIIECTBOBAaHMEM OH 0053aH KepHy — LEHTPaIbHOW 4YacTH, B KOTOpPOMH

MUIOTHOCTh 3HAYMTENBHO TMOBBIIIEHA MO CPaBHEHHIO C IUIOTHOCTBIO
cBobozHoro 3¢upa. [Tonaras o6beM KepHa paBHBIM TPIMEPHO

V, =10d3, (9.22)

YYUTBIBAsA TaKXE, YTO TOYTH BCA Macca BUXPSA HaXOAUTCA B KEPHE, H,
CJIEO0BATCIIbHO, €10 IJIOTHOCTD

pe = MdV = my/10d3 < p, (9.23)

TO ecJiv ObI MIIOTHOCTH KepHa Obliia ObI TOM e, YTO U INIOTHOCTh MPOTOHA
(pp = 4.16" kr-m™?), To aMaMeTp KepHa (pOTOHA COCTABII ObI
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My
d =(—)"*=10"w. (9.24)
1Qp

Onnako ecnu Obl 3TO OBIJIO Tak, TO MPOHHUKAOIIAs CIIOCOOHOCTH CBETa
Obla ObI BO MHOTO pa3 Oosblie pealbHO cymecTByromeid. [lostomy xots
IaMeTp KepHa W 3HaYMTelIbHO MEHbIIE AuameTpa BUXps ()OTOHA, HO HE B
Tako# crerneHH. OpHEHTHPOBOYHO MOXHO TPEAToaraTh, YTo THaMeTp KepHa
BCETO JINIIb Ha IBA—TPY TOPsIKAa MEHbINE JrUaMeTpa BUXps (OTOHA.

N3 pacdera mioTHOCTH (pOTOHA BBITEKAET TAKXKE M TO OOCTOSATENHCTBO,
4TO B JIOOOH cpene B ()OTOHE yyacTBYeT HMYTOKHO Majiasi yacTb 3¢dupa.
Pa3symeercsi, mnpuBedeHHbIE pacyueThl HOCAT BecbMa MPUONMIKEHHbIH
xapakTep. OOHaKO W3 M3JI0KEHHOTO Y)K€ BUIHO, MoueMy (POTOHBI cBeTa He
B3aUMOJIEHCTBYIOT APYr C JAPYrOM: BEPOATHOCTb COYIAapeHHs KepHOB
ycye3amolle Mana, U Jaxe B Cllydyae MPAMOTo COyAapeHus KepHbl (pOTOHOB
npocTo OOOTHYT OpYr npyra, W30erHyB NpsAMOro coydapeHus, a Tena
(OoTOHOB CBOOOTHO TPOHMKAIOT CKBO3b APYT IpyTa.

Takum oOpa3oM, Hannuune YIUIOTHEHHOTO KepHa, C OIHOW CTOPOHBI, MO-
WHOMY 3aCTaBJIsIeT MPEACTaBUTh CTPYKTYPY (oTOHA, HEXenHu 3T0 ObII0 ObI B
HECX)KUMaEeMOit cpefie, a ¢ IPYroil CTOPOHBI, OOBACHIIOT (PaKT YCTOWIMBOCTH
(h)OTOHOB M OTCYTCTBUE WX B3aUMOJEIHCTBUSI IPYT C APYTOM.

Hanuune kepHa B KakaoM Buxpe (OTOHa M IIyra BUXpell OObsACHSET
TMOBBIIIEHHYIO MPOHULIAEMOCTh CBETa B MOpCKoii cpene. Ecnu nexomuts u3
npencTaBieHUli COBPEMEHHON DIEKTPOOMHAMHUKHM, TO TPH CBETOBBIX
4acTOTaxX, COCTABIISIOLINX 10"-10"® I'u, 3aTyxaHue cBeTa B MOpPCKOit Boje,
uMetolieit npopoauMocts nopsiaka 1—10 CumeHc/M, HOJKHO NPOUCXOIUTH
Ha TIyOMHE B HECKOJbKO MWUIMMETPOB. PeanbHas e NpOHMKaroLIas
criocooHocTh cBeTa cocrtaBnsier 100-150m, yto Ha 5 mMopsAAKoB BILIE.
OOBIYHBIE TIOTILITKA OOBACHUTH 3TOT (JaKT yMEHbIIEHWEM MPOBOANMOCTH
BOJIBI HA 3TUX YaCTOTax HUKAKOTO 000CHOBaHMS HE MMEIOT. TakuM obpaszom,
HaJTMIIO OYepeTHOMN MapamgokKc.

OnHaKo eciy y4ecTh BHIIIEN3JI0KEHHOE O CTPYKType ()OTOHA M KaKIOTO
€ro BHUXpS, TO MEXaHM3M NPOHUKHOBEHWS (OTOHA B BOIY CTaHeT Oojee
OYeBMICH: YHeprus (OoTOHAa BOBCE HE 3aKJIIOYAeTCs B HEM, KaK B MJIOCKOM
9NIEKTPOMArHUTHOM BOJIHE, OHa CONEP)KUTCS B KepHAaX M BO BCEM Teje
(oToHa, cocTosIIero U3 0OJIBIIOr0 YUcIa BUXpEi.

W3 pacuera mIOTHOCTH (OTOHA BBITEKAET TakkKe M TO OOCTOATEIbCTBO,
410 B JM1000i1 cpene B poTOHE yuacTByeT HUYTOXKHO Masas 4acTh 3pupa.
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9.3. llepememenue GpOTOHOB B MPOCTPAHCTBE

PaccMoTpuM 0coOeHHOCTH TIepeMelieHnsT JOTOHOB B MPOCTPAHCTBE.

[MpnunHO#t nBWKeHNS (POTOHA KaK CHCTEMBI JIMHEWHBIX BUXpei SBIseTCS,
Tak k€ Kak W A5 0OBIYHOTO BUXPEBOTrO KOJIbIIA, CO3JaHUE MOTOKOB rasa B
cpezie 3a cYET BUXPEBOro JBMKEHMS yacTeit camoro ¢otoHa. B aTom cMbIciie
3aKOHbl JABMXKEHHMA (OTOHA HE MOJKHBl MPUHLMMHAIBLHO OTIMYATBCS OT
3aKOHOB JBMKEHUS OOBIYHBIX BUXPEBBIX KOJIELL.

[pu ¢opmupoBanun (oToHA, TaK Xe€ Kak M Tpu (HOPMUPOBAHUHU
BHUXPEBOr0 KOJbLA, MPOUCXOOUT CXaTHUE BUXPSA IaBICHHEM OKpyXkarolien
Cpenbl, YTO TPHUBOIUT K YBEJIMUEHWIO SHEPIUW BUXPS W YMEHBIICHUIO €ro
mametpa. OTIMYNATENHHOW 0cOOEHHOCTHIO (DOTOHA SIBISETCS TO, YTO B
MOMEHT 00pa3oBaHMs CXKAaTWIO TOIBEpraeTcs TJIaBHBIM  00paszoM,
LeHTpalbHass 9acTb JMHEHHOTo BUXpA, B pe3yibTare 4yero W odpasyeTcs
KepH. B manbHeiimem B mpouecce MBWXKEHUs 3Heprusi (OTOHA TOIBKO
pacxomyeTcs, B OCHOBHOM Ha TIPEOJOJIEHHE BSI3KOro TpeHus 3¢upa npu
BpALLEHUN BUXPEH.

B mnoctynatenbHoM IBWkeHMH (DOTOHA, Tak K€ KaKk M B JBWKCHHH
BUXPEBOTO KOJIbLIA Ta3a, CJIeAYyeT pa3iniaTh TPU 3Tana.

IMepBslit 3Tan ABMXKEHUS — 3TO IBWKEHHE (DOTOHA cpa3y ke IMOocie ero
obpazoBanus. Kak W i1 BCAKOro BHUXPEBOTO Kojibla, B (oTOHEe Bce
OCHOBHBIE TMEPEXOJHBIE MPOLECCHl, CBA3AHHBIE C YCTAHOBJIEHHEM €ro
CTPYKTYPbl U CKOPOCTH JOJDKHBI OKOHYHTHCS Ha MpoTskeHnH (4—50 (mns
KoJlblla — Ha MPOTsXkeHnn 4—5 ero nuameTpoB), T.e. Ha MyTH Nopsaka 5:10 6
M ¥ BpeMeHn Topszka 2-10M c.

HavanbHast CkopocTh IBMXeHHS (OTOHA HE paBHA CKOPOCTH CBETa — €T0
YCTAHOBUBILEWCS CKOPOCTH, TOCKOJBbKY Macca 3¢upa, 00pa3oBaBIIETO
(oTOH, MOKOMNACh OTHOCUTENBHO aToma. JTa Macca 3¢upa obnagaer
WHEPLIMOHHOCTBIO, ClIe0BAaTeNIbHO, Pa3roH (JOTOHA JOHKEH MPOUCXOINTH IO
9KCTMIOHEHIMAILHOMY 3aKOHY:

t-to

Tq;.npozt
Vp =c—(c—co)e (9.25)

Hcxons M3 M3JI0KEHHOTO, MOYKHO TOJIOKHTh, YTO TIOCTOSTHHAsE BPEMEHU
TPOJIONEHOTO JBMKEHNs (OTOHA NekuT B npepenax 10-10". KoneuHo,
JUTSL pa3NIMYHBIX JJTMH BOJIH TIOCTOSIHHAS BpEMEHHU OyIeT pa3Hoii.

VuuteiBasg, uTo (OTOH, OOpa30BaHHBIM WM3IYYalOUMM  aTOMOM,
NpeACcTaBiseT co00i Lyr BUXpel, MPUXOJUTCS] CUNTATh, YTO B OJHOM U TOM
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ke (OTOHE BO BpeMsi ero o0pa3oBaHus MPOTEKAIOT PasiIMUHbIEe MpoLecchl. B
TOI YacTH, KOTOpas MOCje BHUXPeOOpa3oBaHMs OTOILIA OT H3JTy4arollero
aroma Ooiiee 4YeM Ha MATh [JIMH BOJIH, BCE OCHOBHBIE MPOLECCH YiKe
3aBEpUIWINCh, B TO BPeMs KakK B TOM 9acTH, KOTOpas HaXOIWUTCS BOIM3U
aTtoma, 3TH MPOLECCHI ellle MPOAOIIKAIOTCS.

[TocTOSIHHYIO BpEMEHH MPOAOJIBHOTO IBIKEHHS (OTOHA ClIEdyeT
OT/IMYaTh OT TIOCTOSIHHOW BPEMEHH MOMEPEYHOro CMeEUIeHHs] (OTOHA MPH
MOTAJAHNKA €ro B IIOMEPEYHYI0 OTHOCHTENHHO HAMpPABIEHUS JBIDKEHHUS
¢dotona ctpyro 3¢upa. DTa MOCTOSHHAS BPEMEHH OMpeIeNsieTcss CUIIoi
HOMEPEYHOT0 AaBlICHHs YQUPHOTrO MOTOKA HAa KepH (OTOHA M MAccoil KepHa,
¥ OHAa BO MHOTO pa3 Goblie TOCTOSHHON BPEMEHH MPOAOIBHOTO IBIKEHUSI
¢otoHa.

BropbIM 3TanoM IBIKeHNs (POTOHA SBISETCS €r0 YCTONYMBOE IBMKEHHE
Ha BCEM OCHOBHOM ITyTH, 3aKJIOUeHHOM B uHTepBane 10°~107° M u BpemeHu
cymectBoBanus nopsaka 10°-10¥ ¢ (zecatku munnapos ner).

Pagnyc Buxpeit (OTOHA, KaK W BCAKUX Ta30BBIX BHUXpEil, W JUTUHA €rO
BOJIHBI PacTyT CO BpeMeHeM M0 3aKkoHy [25]

AR() = a(A)L(Y), (9.26)

rae o — Maiblii mapameTp. [ BO3MYHIHBIX BUXpeil 3Ta BeNWYMHA paBHA
0,01-0,001a nns 3¢pupa cyiecTBEHHO MEHBIIIE.

VuutbiBasg, 4To (OTOH B MOMEHT 00pa3oBaHHs WMeNl HEKOTOpble
HavyallbHble JJIMHY BOJHBI M pa3Mep, TMpaBWIbHEEe NIaHHOE BbIpaKeHHE
3anucath B Buue [26]:

R(t) = Ro+ arL(t), (9.27)
1501058

or

A () = Ao + 0 L(1). 19)

ComnocTaBnsisi JOaHHOE BBIpAXEHUWE C 3aKOHOM Xab0lla «KpacHOTro
CMEILEHHU» CTIEKTPOB

Ao L(t)
Z= =H , (929)
Ao c

rae H = 3:10"¢™ - nocrosnHas Xa66ua, noJyiyyaeM
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H
A =l +Ae— L(1), 30)
C
T.C.
H 3.10"
0 = do— =4o = 10% . (9.31)
c 316

7 33 . N N
Hnst o= 5-10" M umeem a, = 510", [IpoitnenHoe BUXpeBOIi cucTeMOit
paccTosHUE OMpeieNsieTC BhIpaKeHUEM

Ro Vo
L) =—1[(1+4
o Ro

4TO MPUMEHUTENHHO K QOTOHY JacT, cuuTas avy R, = 2H,

t) ¥ 1], (9.32)

ct

L(t) = [(@+ e —-1). (9.33)

2Ht
COOTBETCTBEHHO CKOPOCTh (POTOHA COCTABUT

c
Gp=—— (9.34)
(l + B'It) 3/4

CnenoBatesibHO, CKOPOCTb (POTOHA HEJb3sl CUMTaTh MOCTOSIHHOWH. OHa
YMEHbIIAeTCsI CO BPEMEHEM, XOTd, €ClIM Y4ecTb, 4TO (OTOH SBIAETCA
CHCTEMO JINHEMHBIX, a HE KOJIBLIEBBIX BUXPEH, 3Ta 3aBUCUMOCTb HE TOJDKHA
OBbITh TaKOW CHIILHOM, Kak 3TO clienyeT u3 Boipaxenus (9.34),mpu TOuHOM
BBINIOJIHEHUH KoToporo npu Ht = 1 ckopocTth ¢otona coctasut Beero 0,37.

Otnunune cBoiicTB hOTOHA OT CBONCTB KpYroBOro BUXps CledyeT UCKaTh
B pa3HOCTH IUIOTHOCTEW Tena (POTOHA W Cpeibl, B OTINYNU (POPM TIOTOKOB
cpensl, co3naBaeMbIX (POTOHOM, OT ()OPM TOTOKOB CpE/bl, CO3aBaeMbIX
KPYTOBBIM BHIXpEM, B HEJHMHEHHBIX SBIEHUAX Ha TpaHWLIAX BHXpeid, B
YacTHOCTH B MOTPAHUYHOM CJIO€, a TJIaBHOE, B HAJIMYMH B JIMHEIHBIX BUXPAX
()OTOHOB YTUIOTHEHHBIX KEPHOB, YTO B COBOKYITHOCTH 00yCJIOBIMBaeT Oojee
BBICOKYIO CTaOMIIBHOCTD (POTOHA, YeM OOBITHBIX BUXPEH.
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[NoncranoBka BelpakeHUs! 3akoHa [lnmaHka B 3akoH Xa0bia «kpacHOTO
CMEILEHUA» CIEeKTPOB [aleKWX TalakTHK TMO3BOJAET YCTAHOBHUTb 3aKOH
notepu (OTOHOM SHEPTUM 3a BPeMsi BTOPOTO dTara ero JBHKEHHUS.

Kak w3BeCTHO, ANl CIEKTPOB 3Be3/ HalleKMX TANAaKTHK XapaKTepHO
HaJlMuhe TaK Ha3bIBAEMOTO <«KPAaCHOTO CMEIIEHMS» CIIEKTPOB B CTOPOHY
YBENTMUYEHUS! UIMHBI BOJIHBI. ACTpOHOMOM XaOOJloM BBIBEIEH 3aKOH
«KpacHOTO CMEIEHNS», Oy YUBIINI €ro UMSI:

zZ= =H , (935)

rie Ao — IJIMHA BOJIHBI HCTOYHUKA CBETA; A — JJIMHA BOJIHBI CBETA, MPUHATOTO
HabmonareneM; L —paccTosiHue OT MCTOYHKMKA CBETA 10 HaboaTeNs; ¢ —
CKOpOCTh cBeTa; H = 3-10%%¢ —nocrosuuas Xa66ma (T=1H-= 3,3-18% =
10" ner).

OHeprus hoToHa onpenensercs 3akoHoM [Tnanka
E=hv. (9.36)

VYuuteiBas, 4TO

A=ch, (9.37)
nojiygyacm
. E,~E AE AL
7= — = = — (9.38)
E E c

Wnu B npenene
dE dL

= H_—_ (9.39)
E c

Hurerpupyst n yantbiBas, uto npu L = 0 E = E,, nomyqaem:

c —ltgGL - 1010t

E=Ese =Ee =E.e , (9.40)
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rae paccrosiHue L m3mepsercs B MeTpax, a Bpems t —B ronax.

Takum 00pa3oM, Moiy4yaeTcsl eCTECTBEHHbIN SKCHOHEHLHMANbHBIN 3aKOH
yObIBaHUsS JHepruv (OTOHA, YTO MOXKHO CUHUTATh HE pPE3yJbTaTOM
«pazberanust BceneHHOI», Kkak 3TO ceiyac MPHHATO, a pPE3yIbTaTOM
BsI3KOCTH 3(upa, B KoTopoM TpoxoauT (otoH. Bpems, 3a xoTopoe minHa
BOJTHBI (DOTOHA YBETMUMBAETCS BIBOE, OTIPEAEIAETCS U3 COOTHOIIEHNUS

s E, /3,317

- —e =2, (9.41)
o E,
OTKyJa
Where from
1=3,3-101n2=2,31-18 ¢ = 7-10 ner. (9.42)

Tpernii atan ABWKEeHU (POTOHA HACTYMaeT Ha TOCJTEHHEW CTaiuM ero
cyuiecTBoBaHMs dYepe3 Bpems mnopsgka 10-20 mapa et mocie  ero
oOpa3zoBaHud. 3a 3T0 BpeMs GOTOH TepseT 3Hepruto B 2,7—7,3 paza. [loteps
9Hepruu (POTOHOM MOJKHA CKa3aThCd Ha ero ycroiumBocTH. CTpyKTypa
¢doToHa paspylIaeTcs, KepHbl yXKe MCUepHald CBOX JSHEPrUl0 U He
CYIIECTBYIOT, ()OTOHBI APOOATCS HA OCKOIIKH, COYAAPSIOTCS IPYyT C APYroM 1
00pa3yioT, eClii MOJKHO TaK BBIPa3WThCS, «(POTOHHBIN ra3», B KOTOPOM OHU
CTaJIKMBAIOTCS APYT C IPYTOM M TEPSIOT TMePBOHAYAIBHOE HaTpaBlIeHHE.

[To aHanoruM ¢ KOJBIIEBBIM BUXPEM Ha 3TOM 3Tarie JOJDKHO MPOUCXOIHUTh
TOPMOXKEHWE W B JajibHeimeM anpQyHINpOBaHUE W TEpexo] MaTepuu
a¢upa, obpasyrouiero (oToH, B CBOOOJHOE COCTOSIHME, HE CBA3aHHOE C
BUXPEBBIM IBW)XKEHHEM. BeposTHO, 4To (OTOHBI Ha TpPEThEM JdTame HX
CYLLECTBOBaHUA BOCIPHUHUMAIOTCS KaK TaK Ha3bIBa€MOE PEIMKTOBOE
M3JIydeHUe KOCMHMYECKOro MpocTpaHcTBa [27], u yx, mo kpaiiHedl Mepe,
SBJIAIOTCS €r0 YaCThIO.

[TpuBeneHHBIE COOTHOIUEHUS HAXOHATCA B KayeCTBEHHOM COTJIAaCHU C
W3BECTHBIMU NpencTaBleHsAME 0 nuddy3un Buxpeii B cpepax [28].

C y4eToM W3JI0)KEHHOTO TPUXOIMTCS TMOJIararh, 4To MPHpoJa «KPacHOTO
CMELIEHWs» [BOSKas: BO-TIEPBBIX, TMOTeps (OTOHAMU SHEPTUM 3a CYeT
BA3KOCTH 3(hupa, a BO-BTOPBIX, 3aMeUIEHUE CKOPOCTH NepeMelleHns GoToHa
B TIPOCTPAHCTBE.
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9.4. OnTuyeckue ABJICHUA

9.4.1. OTpaxenue cBeTa

[Mpu orpakeHnH (GoTOHA OT IpaHULBl IBYX Cpel 4acTh d(Hpa KaxIoi
JNIeMEHTapHOUW CTpyWKH (OTOHA OTpakaeTcs, 4YacTb NPeToMIIsSeTcs |
nomnagaeT BO BTOPYo cpeny. Ecim BTOpoii cpenoit sBnseTcss MeTall, TO ero
MOBEPXHOCTh TOKPBITA TaK Ha3blBaeMOW <IIOBEPXHOCTBIO DepmMu» —
000JI0UKOIi U3 IEKTPOHOB, OPHEHTHPOBAHHBIX MOMAPHO aHTUMAPAIUIETIBHO U
3aHMMAIOIINX BCIO MIIOLIAAb ToBepxHOCTH (puc. 6.14).

B nwuTepaType MeXaHW3M  OTPaXEHWS CBETa  CBA3BIBACTCS €
BO3HMKHOBEHHEM BTOPMYHBIX BOJIH, BBI3BAHHBIX KOJEOAHUAMH 3JIEKTPOHOB
nopepxHoctn PepMu NOIN BO3AEHCTBHMEM Majarouiero ceera. OnHako
OCHOBaHMH Ui MOJOOHOro yTBep)kaeHHMs HeT. Ha camom pene, (GoToH
OynerT OTpaXxeH OT TaKoil MOBEPXHOCTH MO BCEM IpaBWiIaM OOBIYHOTO
ynpyroro ynapa [29], a BoBce He mepen3inydyeHus, Kak 3TO Mpearnoyiaraercs
ceifuac (cm., Hanpumep, [30, c. 45]).

JleiicTBUTENBHO, Kak u3BecTHO [31-33], B 1cm® MeTamia comepxkuTcs
107107  cBOGOHBIX 3MeKTPOHOB. I'TyOHHA MPOHMKHOBEHHS CBETa B
MeTaJllIbl COCTABAET

1 Clo

d= —(—)", 49)
& uo

rie ¢ — NpoBOIMMOCTb METaJIA.
JUts BHAMMOTrO cBeTa IIyOMHAa TpOHMKHOBeHMs paBHa 107—107° M, B
3TOM CJIO€ COCPENOTOUECHO

n=(22)2 (107 -107) = 5(1F — 13° snexrponos. (9.44)

Macca KaxJI0ro 3JeKTpOHa paBHa INPUMEPHO Macce OJHOTO JIMHEHHOTro
Buxpst (oroHa. YuuteiBas, 4To (DOTOH CTaNKMBAETCA C 3JIEKTPOHAMH,
COBOKYIHAsi Macca KOTOPBIX TPEBOCXOAWT €ro Maccy B MUJUIMApABI pas,
MIPUXOIUTCS KOHCTAaTUPOBATh, YTO 3JIEKTPOHBI TOX BO3jeiicTBHEM (oToHa
CMECTATCSl Ha HMUYTOXKHO MaJyl0 BEeJMUMHY, KOTOpas HM B Koeil Mepe He
CMOXeT 00ecreunTh nepensnyueHne HoToHa.

CrnemyeT OTMETHTb, YTO pacceMBaHUE CTPYH, BBI3BAHHOE OTKIOHEHHEM
¢dopmbl  «oBepXHOCTH DepMu» WM  «CBOOOIHBIX» 3JEKTPOHOB OT
TJIOCKOCTH, TIOCJIe OTPaXKeHHs Cpasy MpeKpaniaeTcsi, MOCKOIbKY OTpaKeHHbIE
CTpyu 00pa3yroT oOwwuil AN 3TUX CTPYH BUXpb M OOIIMI B 3TOM BHXpe
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MOTOK, B KOTOPOM BCE OTpakKE€HHbIE CTPYH BHOBb yMopsiiounBaroTcs. YacTh
MOTOKOB 3(upa, KoTopas Mpolia B META/UT M HE BbILIJIA HAa MMOBEPXHOCTH,
OymeT paccesHa B MeTalle, M €€ OJHEprus YyHAeT Ha TOBbIIIEHUE
TeMIiepaTypsl MeTallia.

Takum  oOpazoM, oTpakeHHWe 3JeMEeHTapHON CTpyn »>dupa OT
TOBEPXHOCTH MeTajlla MPOUCXOAUT IO 3aKOHaM IPOCTOTO MEXaHWYECKOTO
yzapa, Tpy 3TOM aBTOMAaTHUYECKH TOJy4aeTcs, YTO Yrojl MaIeHWs W yrod
OTpakeHHs 3JIEMEHTapHBIX CTpyl OymyT paBHBI Ipyr Apyry. Takum sxe
00pa3oM MOKHO PacCMOTPETh W OTPaKEHHE OT MOBEPXHOCTH MeTaljia BCEro
¢otoHa.

IMpu ypmape o mperpany (3epkaiio) ¢ mperpanoii B KaXIbli MOMEHT
BpEMEHM pearvpyeT JHIIb OJWH BHUXPb, TaK Kak Bo30yxIeHue (oToHa
MepeMeIaeTcsi co CKOpPOCTbIO cBeTa B Tene (oToHa, HO M caM (HOTOH
MEPEMELLAETCS € TOH e CKOpOCThio. Ecnu ajeMeHTapHbli BUXPb, UMEIOLIUIA
OTHOCHTENIbHO TMOBEPXHOCTH OTPaXEHUS HOPMaJbHYI0O M TaHTE€HIHAIBHYIO
COCTaBJIAIOLINE CKOPOCTH, KOCHETCS TOBEPXHOCTH OTpaXXeHWs W OymeT
TIPOJIOJIKATh CBOE BIKEHHNE, TO KaXKIas €T0 AIeMEeHTapHas CTPYsl, UMeroIas
B BHXpe (GOpMYy OKpPYXKHOCTH, OTpakasCh MO 3aKOHy YMNPYroro ynaapa,
coxpaHuT (OopMy OKPYKHOCTH, HO TeUeHHWe B Hell Oyner mocie ymapa
HampaBJIeHO B CTOPOHY MPOTHBOMOJOXKHYIO HAMpaBJIieHUI0 N0 yaapa (puc.
9.6).B pe3ynbraTe 3TOr0 B OTPaXKEHHOM BHXPE LIMPKYJISALUSA CKOPOCTH BUXPS
(MarHWTHasg HamNpsSYKEHHOCTh) OyHeT HMMeTh MPOTHBOMOJOXKHBINM 3HAK T10
CPaBHEHHIO €O 3HAKOM LUPKYJSLMHM CKOPOCTH B TajalolleM BHUXE.
ITockonbKy e BUXpHM MEPBOrO M BTOPOrO PAIOB TMOMEHSIOTCS MecTaMu
OTHOCHTEJIbHO HalpaBJIeHUs! ABW)KEHUS, TO 3HAK LIUPKYJISILIMU OTHOCUTETLHO
9TOr0 HarNpaBJIEHUs] COXPaHUTCH.

Puc. 9.6. OTpaixkeHue 1 npesioMJIeHHe 3JeMEHTAPHOT0 BUXPSI
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HHavye oOCTOMT neno ¢ LUMPKYJsILMeil MpomobHOTO IBMXKEHHS 3dupa.
IIpn oTpaxeHNMM OT MOBEPXHOCTU HAMpaBJIEHHE MPOAOJILHOTO IBWKEHUS
a¢upa COXpaHUTCS, HO CaMO HalpaBJeHUe IBWXEHUsI OTpakeHHoro (ortoHa
W3MEHUTCS, PSObl BUXpeH TOMEHSIOTCS MeCTaMH, YTO TpHUBENeT K
W3MEHEHMIO 3HaKa CIIMHA Ha MPOTUBOIOJIOKHBIH, €CIIH NaJaloIii CBET UME
cnvH +1, To oTpaXkeHHbIH OyaeT uMeTh CITUH —1 11 Ha00opOT, YTO HE ClieTyeT
13 00BIYHBIX Teopuit (puc. 9.7).

Puc. 9.7. U3MeHeHue 3HaKa ciuHA (POTOHA MPH OTPasKeHUN

9.4.2. Tlpenomiienne cBeTa

[Tomagasgs Ha MOBEPXHOCTH pas3fiena Cpel, CBET YAaCTHMYHO OTpaxkaercs,
YacTUYHO TIpeJiomiisieTcsi. B OcHOBe 3TOTO SABJEHUWS JIEKHUT OTPaKeHHWE H
MpeNioOMIICHUe dJIeMeHTapHOW cTpyiiku raza (puc. 9.8), mpoxonsmieii u3
cpeibl OIHOW IUIOTHOCTH 3(Hpa B Cpely ApYyroil MiIoTHOCTH. Pa3HocTh
TUIOTHOCTEH MpPU COXPAaHEHUM PaBEHCTBA JABJIEHWH Ha rpaHULe OBYX Cpel
MOXkeT ObITb BbI3BaHA, HaNpuUMep, pasHULEH TemmepaTyp 3¢upa B 3THX
cpejax, 4To, B CBOIO O4Yepelb, ABISETCS CIEICTBUEM Pa3HHULI BUXPEBBIX
CTPYKTYp 3THX Cpep.

~0

>R

Puc. 9.8. I[IpesiomsieHue cTpyiiku rasa
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Ecnu npenmnonoxuTh, 4To B KaXA0H cpesie B CpeiHEM TUIOTHOCTh 3dupa
TIOCTOSIHHA M YYMTBIBasl, YTO MOJIHAsl 3HEPrUsl KaxIoW CTpyHKW rasza npu
nepexofe TpaHULbl Cpel COXpaHsdeTcs, TO Ha OCHOBAHWUM YPaBHEHUS
bepHynnu  mnst  kaxngod  cpembl  OymyT  CTIpaBeAJIMBBI  ClieIyIOLINE
COOTHOIICHHUS:

V22 + P/p1: V22 + P/pz =C, (945)
OTKyJIia

pil p2 = VA Vi, 48)

VuuThiBasg,  4TO  OTHOLIEHHE  CKOPOCTEN  pacnpocTpaHeHHs

JJIEKTPOMArHUTHONH BOJIHBI B BakyyMeé M B Ccpele €ecTb IoKa3aTelb
MPEJIOMJIEHNS. U YTO OTHOCHTENbHAs MarHWTHas MPOHHLAEMOCTb Ul BCEX
MPO3payHbIX Cpell MPaKTUUECKH paBHa 1, mosydaem.

Pep! Prax = Va2l chz = =pue=¢, (9.47)

rie N — mokasaresib NMPeJOMJIEHHS CPelbl; 4 — OTHOCHTEJbHAs MarHUTHas
NPOHHIAEMOCTh; & — OTHOCHTENIbHAs IMAJIEKTPUUYECKass MPOHUIAEMOCTb.
CrieoBateibHO, AMJIEKTPHUUECKAs MPOHUIIAEMOCTb CPElbl €CTh OTHOIIEHHE
IUIOTHOCTH TIOTOKA 3(upa B cpejie K MIOTHOCTH 3(pHpa B TOM ke TMOTOKE B
BaKyyMme.

[Ipy MOCTMXEHWW OIHMM KpaeM (OTOHA TPaHWLBI IBYX Cpel B CHIY
OonblIeldl TIOTHOCTH 3(upa B ONTHUYECKH Ooyiee TUIOTHOW cpele CKOPOCTh
YMEHBIINTCS B Ny/Ny pa3, B TO BpeMs Kak ApyToit kpaif GpoToHA MpopomKaeT
JIBUTATLCSI CO CKOPOCTHIO V; (puc. 9.9).

AN
B
0
z \Vz Vv, <V,

Puc. 9.9. K BbIBoay 3aK0HA MpeJioMJIeHHs CBETa
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CrnenoBatenbHO, KOTAa BTOpOil Kpail (oTOHa KOCHETCS MOBEPXHOCTHU
onrtuuecku OoJiee TIOTHOW cpenpl, MpoiiaeT Bpemsa {,, B TeueHHe KOTOPOro
NepBbIid Kpaii BO BTOpO# cpere mpoiinet paccrosanue Vot, = OE. [lnsg BToporo
Kpas Vit, = B’ B;. lanee

B'B; Vito OE. Mo
=sini=——; —=sir=——, (9.48)
031 031 @1 OBl
1501058
sini \ n
= = . (9.49)
sinr Vo n,
OTCIOI[a CJICOYCT, UTO
]
Ay =1 (9.50)
17

W JWaMeTpsl BUXpel B cpele ¢ 0oJblIeil MIOTHOCTBIO COOTBETCTBEHHO
MeHbIIe IaMeTPOB BUXpel B cpezie ¢ OOIbIIei MIIOTHOCTHIO (upa.

9.4.3. Unutepdepenuus

HtepdepeHuns — OAHO M3 OCHOBHBIX SBJICHWH, MOATBEPIKAAIOLINX, KaK
CuuTaeTCs, BOJHOBYIO mpupoay ceerta [15, c. 242—-340].0nHako HECIOKHO
MOKa3aTh, YTO CXOACTBO MHTep(EpeHLMH CBeTa ¢ WHTep(hepeHluel BOJH
TMOBEPXHOCTHOE, HE PACKPBIBAIOLIEE CYITHOCTH SBJIEHUS.

[Ipexne Bcero, cielyeT OTMETUTh, UTO CIOXKEHUe kosiebaHuil BoBce He
SBJIACTCS. MPEPOraTHBOM TONBKO BOJH. TOYHO Tak ke, Kak MOMepeyuHbIe
OTHOCHUTENILHO HATIpaBJIeHHs ABWKCHWS BOJIHBI, BeOyT ce0s W BUXPEBbIC
CTPYKTYPbI: UX WHTEHCHBHOCTH MOTYT CYMMHPOBATbCS MPU OIMHAKOBBIX
pa3Mepax M HampaBJeHUHU ABWKEHUS U He B3aMMOAECTBOBATh MEXKAY 000
NpHY pa3HbIX HAaNpaBJIEHUAX ABMKEHUS WM Pa3HbIX pa3zMepax.

[Mockonbky IIOTHOCTH 3¢upa B (POTOHE COCTaBISET Malyl OO0 OT
IJIOTHOCTH Cpelbl, a CpemHssd IJIuHa mpoOera Ha MHOTO TIOPSIKOB
NPEBOCXOIUT pa3Mepbl amepoB, TO (POTOHBI OKa3bIBAIOTCS CHOCOOHBIMU
NPOHMKATh CKBO3b APYT Apyra 0e3 3aMeTHOro B3auMopaeicTBus. KepHbl xe,
VMeEIONINe BBICOKYIO TUNIOTHOCTB, HO MaJible pa3Mepshl, OyayT MPOCTO Orndath
Ipyr apyra. B To ke BpeMsl Ha MpemsTCTBHH, KOTOPBIM SBNIsieTCS OO0
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9KpaH, JOJLDKHO BO3HHMKATh CMELIEHHEe CTPYH M COOTBETCTBYIOLIEE yCUICHHE
WM YMEHbIIEHNE UX UHTEHCUBHOCTH.

be3 cuH®azHOCTH (OTOHOB, MCXOAAIINX M3 PA3HBIX TOUEK M3ITydaTess
CBeTa, sBJIeHNe WHTep(epeHINH ObIJI0 ObI HEBO3MOXKHO, TIOCKOJIBKY (DOTOHBI
B MHTep(epupyOmnX Jydax ObutM Obl HMKAaK He CBA3aHBI MEXIy CO00if 1Mo
(aze, naxe ecny Obl YACTOTHl y HUX ObUIM OAWHAKOBBI. Pa3bl OTHENHHBIX
(oTOHOB WMenW Obl XaOTHYECKWil CIOBUI OTHOCHTENBHO NpYyr Ipyra, W
HUKakas MHTep(epeHuunst Obuta ObI HEBO3MOXKHA. MHTepdepeHIys cBeTta —
peajibHOe fABJIEHME, a 3TO O3HAUYAET, YTO U3JIyHarollUe aTOMbl HENPEMEHHO
JOJDKHBI CMHXPOHM3MPOBAThCA M CHH(pA3MpoBaThcsd Mexay coboit. OmHako
BOJIHOBAs TEOPHS 3TOr0 OOBACHUTH HE B COCTOSTHUH.

[MpuHIMNUANEHBI ~ MEXaHW3M  B3aUMHOM  CHHXPOHM3ALMU |
CUH(A3UPOBaHMA W3MYYAIOIIMX AaTOMOB Obl W3JOXeH Bbile. Takoii
MEXaHU3M, HEBO3MOXHBIi B BOJHOBOW MOJeNH, MO3BOJAET 00ECneuuThb
CHHXPOHHOE W CHH(a3HOe W3TydeHHe BCeX M3Iy4aeMbIX B OOMH M TOT K€
MOMEHT (OTOHOB. B pesynbrare 3TOro Ha Bcell IUIOWIAAM H3JTydaTess,
KOTOpasi MHOTOKPATHO MPEBBIIIAET IUIOIIAab CEYeHNUs OTAENBEHOr0 (POTOHA, B
Ka)XIbpIii MOMEHT BpeMEHH yCTaHaBIMBaeTcs ennHast (asa m3nmydenus. [locie
paclleruieHusl Jyud B MHTep(epoMeTpe COXpaHAOT cTabuibHYlo (a3sy
W3JTy4eHHs: OTHOCHTENILHO JAPYT APYra, YTO W TO3BOJIAET TOCTe CIOKEHUS
9TUX Jy4eil MoNy4uTh UHTEPPEPEHLMOHHYIO KapTHHY.

[MockonbKy (haza U3MyueHHsT MOKET CO BpEMEHEM MEHSTHLCS, TO B Cllydae,
ecM AJIMHBI MHTep(EepUPYIOIIMX JTyueil CyLIeCTBEHHO Pa3jIMyHbl, YETKOCTh
UHTep(pEepeHMOHHON KapTUHBl  Hapywaercd. OTcioga MpakTHYecKas
peKkoMeHAauus: Npu  pa3paboTke HUHTepHEepOMETPOB  Lenecoodpa3HO
CTPEMHTBCS K PAaBEHCTBY AIMH 000MX MHTEPHEPUPYIOLINX JTyUei.

Bo BceM ocrambHOM KapThHa WHTep(EpeHIMN BHUXPEBBIX (HOTOHOB
COBEpIIEHHO MOJI00HA BOJHOBOW, TaK Kak MHTEHCUBHOCTH BHXpeW MOTYT
CYMMHpPOBATHCSl TOYHO TaK K€, KaK M WHTEHCHBHOCTH OOBIYHBIX BOJH, W
BUXpeBble (OTOHBI CHOCOOHBI TaK JK€ CO3lIaBaTh WHTEP(EPEHIMOHHYIO
KapTUHY, KaK ¥ BOJHBI.

9.4.4. Iudpakuns

Hudpakuus Hapsany c¢ uHTepdepeHureld oObIYHO paccMaTpUBaeTcs Kak
MOJTBEPXkKAECHUE BOJHOBOM mpuposl cBeta [15, ¢. 341-419].0nHako, Kak u
vHTepdepeHInto, AMPPaKIII0 MOKHO PacCMaTpUBaTh € MO3UIHN BUXPEBOTO
CTpoeHus poToHa.

Kak w3BecTHO, nudpakums cBeTa — OTKIOHEHWE HaNpaBJeHUSA
pacnpocTpaHeHHs cBeTa OT NMPSMOJMHEIHOTO BOJMM3M KpaeB HEMpO3pauHbIX
MPEeIMETOB — MPOUCXOAUT B Pe3yibTaTe B3aUMOJEHCTBHSA CBETa C ITHUMH
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KpasiMH, Ha 4yTo Obu10 oOparneHo BHuMaHue enie FOurom B 1800r. [Tpu sToM
CBET 3a KpaeM IpeaMeTa OTKJIOHSETCS B CTOPOHY JTOro IMpeaMeTa,
3aCBE€YMBas TEHEBOH y4acTOK.

HWcronkoBanue audppakiuu ¢ ydetom npunuuna [oiirenca [15, c. 341—
345; 35],cornacHo KOTOPOMY TOYKH Kpast MpeaMeTa MPHHUMAIOTCS 33 HOBBII
WCTOYHWK BOJIH, BECbMa HWCKYCCTBEHHO, TIOCKOJIbKY 32 HWCTOYHHK BOJIH
COTJIACHO TOMY JK€ MPUHIWIY MOXHO TMPWHATH JIOOYIO TOUYKY, U B 3TOM
CMbICTIE Kpail mpenMera He sABJIsSeTcs ueM-mnbo ocoOeHHbIM. Takoe
00BbsICHEHNE HE TIPOJIMBAET cBeTa Ha (PU3NUECKYIO CYIIHOCTh TU(paKIuy 1 B
Jy4qlIeM cilydae, sSBJISeTCs PacueTHbIM MPHEMOM.

CymHocTh  AM(pPAaKUUMK  HECIOXKHO TMOHATh, €CIM  PacCMOTPETh
MPOXOXKJICHUE BHUXPEBOro (OTOHa B HEMOCPEACTBEHHOW OJM30CTH OT
Hempo3pauHoro mnpeamerta. Kak BugHo wu3 puc. 9.10, moBepxHOCTH
HEMpo3pavyHoro TMpeaMera, PsAOoM ¢ KOTOpbIM TMpoJjieTaeT (OTOH, ecThb
TIOBEPXHOCTh B CPEIHEM HEMOIBIDKHOTO 3(dupa. DTo ciemyeT W3 TOro, 4To
MEKATOMHBIE DACCTOSHMA HMeloT mopsgok 107'° m, a mopsmok inH
Bomudorona — 10 m. [losToMy 10 OTHOmEHMIO K (POTOHY BHUXPEBBIC
JBYDKEHUS TOBEPXHOCTH aTOMOB YCPEIHEHBI.

- 000%5?90\

Puc. 9.10. Mexanuszm audpakuuu ¢poToHOB

B 3a3ope Mexay (HOTOHOM U MpPeAMETOM MMeEeT MECTO OOJbLIOH
TPafMeHT CKOPOCTH, TIOCKOJBKY Kpaii (OTOHHOTO BHXpS HBWXKETCA C
OOIBIION CKOPOCTHIO B HAlpaBieHNH, OOpaTHOM HAIPaBJIEHWIO IBIKEHUST
($oToHa, a 3a30p OTHOCUTENEHO Mall. C MPOTHBOIIONOXKHOM CTOPOHBI (POTOHA
MOCTOPOHHHUN TMpPeAMET OTCYTCTBYET, CJeIOBaTeJbHO, IPalleHT CKOPOCTH
man. Ortcroja ciemyeT, 4TO JaBjieHHe 3(upa cO CTOPOHBI IpeaMeTa
CYLIECTBEHHO MEHbIIE, YeM CO CTOPOHbI CBOOOOHOrO 3¢upa, u (GoToH
NpIKUMaeTCs K MpeaMeTy.

[Tocne Toro kak (OTOH TPOXOAWT TMpPEAMET, OH TOMamaeT B 30HY, B
KOTOpO# aBlieHWe HAYWHAET BHIPABHUBATHCS, IOCKOJIBKY MPEIMET TaM yXkKe
OTCYTCTBYeT. B 3T0i1 30He IaBieHue yxe BblllIe, YEM B 3a30pe, HO €ILe HIXKE,
yeM B cBOOOIHOM 3¢upe. [TockonbKy Henmpo3pauHbIl MpeAMET He MelIaeT
Oosblle cMelleHUO (JOTOHA, a Pa3HOCTb JaBJEHUIl ellle CyLIEeCTBYeT, (POTOH
OTKJIOHSETCS B CTOPOHY T€HH MpeIMeTa.
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W3 W3NM0KEHHOTO0 BBITEKAET, 4YTO Yroja TMoBopoTa ()OTOHA MHOJIKEH
3aBUCETh OT GOPMBI Kpas npeaMeTa. [Ipn yBeaTuueHnn paanyca 3aKkpyrieHus
Kpasi HeMpo3pavyHOro MpeaMeTa yroji MoBopoTa (JOTOHA NOJKEH HECKOJIbKO
YBEJTMUUTHCS, YTO MOXET OBITh TPOBEPEHO SKCIEPUMEHTAIbHO. MOXKHO
0XHaaTth, 4To O3(dexkT HaYHeT 3aMeTHO TMPpOSBIATHCS MPU paanycax
3aKpYTJIEHUs MOPSIIKa JeCATKOB CAHTIMETPOB WIIH €MHHIL METPOB.

9.4.5. AGeppanus

AbGeppanmeii cBeTa B acCTpPOHOMHM Ha3bIBaeTCsi W3MEHEHHE BHIMMOTO
TIOJNIOXKEHNS CBeTWNIa Ha HeOecHO# cdepe, 0OYCIOBICHHOE KOHEYHOCTHIO
CKOPOCTH CBeTa W JBIKEHHEM HaOIofaTeNs BCIEICTBHE BpalleHUs 3eMin
(cyrounas abeppaums cBeta), oopainenus: 3emin Bokpyr ConHia (rogudHast
abeppauust cBeta) U nepemerieHnss COJHEUHON CHUCTEMBI B MPOCTPAHCTBE
(BexoBast abeppanus cera) [15, c. 420—450; 36].

Knaccuueckas Teopusi abeppaliii cBeTa, OCHOBaHHas Ha MpeaCTaBICHUH
0 pacnpocTpaHeHUH CBeTa B HemojBikHOM 3¢upe (puc. 9.11), mpuBoaut k
ClieqyroleMy BHUIY 3aBUCUMOCTH MeXAy aOeppallMOHHBIM CMeIleHueM
CBeTWIa a MO OoNbHIOMY Kpyry HebGecHOU cdepbl, mpoxonsmemy uepe3
CBETHWJIO W alleKC — TOYKY, K KOTOPO IBIKETCS HaONOAaTeNb, B CTOPOHY
amekca, YrJoM MeXAy HalpaBJeHUSAMH Ha CBETHIO M Ha amekc y W
CKOPOCTBIO TBIKEHHS HAOTIOIaTes:

\Y

ctg (y — @ = ctgy + — coseay. (9.51)
c

31ech ¢ — CKOPOCTh CBETA.
Ceem

Ny,
1A VY
1 YINL
1/ Vi
lllllllllll

v

Puc. 9.11. K mexaHuzmy aGeppauuu cBeTa
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Tak Ha3bIBaemas PEIATUBUCTCKAA TMOMpPaBKa, BbITEKaArollass U3 TEOPHUHU

OTHOCUTEJIBHOCTH, COCTAaBIIIET BCETO 0,0005”, MO3TOMY TIPAaKTUIECKH
HHKOT/Ia HE UCTIONb3yeTCs.
VpasHenue (9.51)MoxHO 3anucarh B BUjie
v
sina = — sinp, (9.52)
C

rae ¢ — reorpadudeckas mmpoTa Mecta HabmoneHWs. [TockombKy yron a
MaJl, TO ypaBHEeHHE 00bIYHO MPEICTABIISIOT B BHIE:

\"

a = 206265 — sinp = K sinp. (9.53)
C

Bennuuna K aist rogudHol abeppalyi B HACTOSIIEEe BPEeMsi CUUTAETCS

20,50, HO 3TO 3HaueHUe NpUOJMKEHHOe, TIOCKOJbKY Oojiee TOUHOE
3HaYeHHWEe MOXKHO OINpeleNuTh Ha OCHOBe ydera mnapajiakca ComHua,
JKCLEHTPUCUTETa 3eMiIM, CHIEPUYECKOro  (3BE3JHOTO) BpPEeMEHH H
9KBAaTOPUAJILHOTO paanyca.

B pesynbTate cyTouyHO#i abeppauuu CBeTa 3BE3/bl CMELIAIOTCA T10
OonbiioMy Kpyry HeOGecHOW cdepbl B HampaBlieHMM K TOYKE BOCTOKA Ha

BEJIMYHHY COSp’Sin(0,319"c), rae @ — TeolleHTpUYecKas MIMpOTa MecTa
HaOJIOEHNS, a G — yTJIOBOE PAcCTOSHUE CBETHIIA OT TOYKH BOCTOKA.

BekoBoe  abeppallMOHHOE  CMeENICHWE  3Be3X  TNPAKTUUECKH  HE
oOHapyXuBaeTcs, Tak Kak HampaBlieHue NBWKeHUS COTHEYHOW CHCTEMBI B
MPOCTPAHCTBE MEHSETCS KpaifHe MeIeHHO.

[pencrapiseTcs, 4TO JAHHOE BbIe OOBSICHEHME NPUYMH abeppaunu
sBNseTcsl HemoNHbIM. ClielyeT YYWThIBaThb BEKTOPHOE CYMMHpPOBaHUE
CKOpOCTEd IBIKEHUS 3eMIIM OTHOCHTENBbHO ['allaKTUKHM M OTHOCHUTENBHO
Connua (opOuTanbHoe IBIKEHHE), a TaKKe CYTOYHOE BpauleHHe 3eMin
(puc. 9.12).

[epemernieHre TOYKM Ha MOBEPXHOCTH 3eMJIM B MHUPOBOM MPOCTPAHCTBE
SBJISIETCS BEKTOPHOU CyMMOIi clieytomux nepemetienuii (puc. 9.12):

1. 3emam BOKpyr camoii cebs (CKOPOCTh CYTOYHOTO BpallleHWs Ha
IKBATOPE Vi, = 463 Mm/c). DTa CKOPOCTH yMEHbBIIaeTcss MO Mepe
MpUOIVKeHUS K TToJiFocam 1.

Vo = V5aCOSO, 8)5
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rie V, — CKOPOCTh IMepeMEIleHHs MecTa HaONIOJEHNs, HaXOAALIerocs Ha
reorpaguyeckoit MupoTe Q.

2. 3emnu Bokpyr Comnua (30,27 xm/c B mepurenuu, 29,27 km/c B
adennm).

3. Connua Bokpyr nentpa Fanaktuku (180—200km/c).

4. TanakTUKA OTHOCHUTENILHO JIPYTrUX TajlaKTUK (CKOPOCTh HEW3BECTHA,
MPEANOJI0KUTENBHO HECKOJIBKO COT KM/C).

Us, UcyT
U
Aopo o op6
2aNaKMUKY 0 Uran
cyT
a) 0)

Puc. 9.12. /IBuikeHHe TOYKH, PACMojiOKeHHOH HAa MOBEPXHOCTH 3eMuM: a —
rajakTudeckasi, OpoOMTalIbHas U CyTOYHAs CKOPOCTH; O — BEKTOPHOE CyMMHPOBAHHUE
CKOpOCTEH

Krnaccuueckass  Touka  3peHMs, mpeAnojararonias  abCONIOTHYHO
HETOJBIKHOCT, 3¢upa B npoctpaHctBe (Teopusi JlopeHua) Obuia Obl
COBEpILIEHHO CTpaBeJIuBa, eciiu Obl Ha camMoM Jele 3¢(up He cMmelnaincs B
MPOCTpaHCTBE M eciu Obl 3eMiisl TPU CBOEM JIBIXKCHWM HE 3axBaTbliBasia
3¢up, oaHaKo 3TO He Tak. DdupHbIil BeTep 00ayBaeT 3emmo [37, 38], ero
OTHOCHUTEJIbHasi CKOPOCTh YMEHBINAETCS C yMEHbIIEeHWeM BbICOTHI [39, C.
227-232; 40]u mnostoMy siBieHWE abeppalvy CBeTa IENeCOo00pa3HO B
OynylieM poaHa3uPOBaTh C Y9€TOM U 3TOTO 0OCTOSTENbCTRA.

U3 U3110KEHHOTO CIeIyeT, UTo:

1) rogmunas abeppamust ceeta B mosace 44,6-90°10. m. OygeT HMeTh
MeHblIee 3HaYeHUe, HEeXEH B CEBEPHBIX IIUPOTAX;

2) ronnuHas abeppalys Ha MallbIX BbICOTaX, a TeM Oojiee B TIyOOKHX
1axTax, NOJDKHA MMETh HECKOJbKO MEHbllee 3HaueHWe, 4eM Ha OONbIINX
BBICOTaX B TeX e IIHPOTAX;

3) npu KOCMHUYECKUX TiepeieTaX HeoOX0AUMO MPOBOANTh KOPPEKTUPOBKY
MECTOTOJIOKEHHS € YYE€TOM COOCTBEHHON CKOPOCTH IBWXEHHUS OO0BEeKTa
OTHOCHTENIbHO TIOTOKOB 3(Upa, €Clii 3Ta KOPPEKTUPOBKa BBITIONHIETCS
ACTPOHOMHMYECKUMHU CPElICTBAMH, PACTIONOKEHHBIMU Ha CAMOM OOBEKTE.



444 I'naBa 9. Cger.

Ob6nyB 3emHOro mapa »>(QUPHBIMA TOTOKAMH HE HOCUT CTpOTO
PaBHOMEPHOTO XapakTepa, MOCKOJIbKY 3TH TOTOKM CaMM TMOJABEP)KEHBI
Pa3HOOOpa3HBIM M3MEHEHWsSM, CBS3aHHBIM, B YacTHOCTH, C COJIHEYHOI
aKTMBHOCTBIO. Kpome Toro, B siBeHMM abeppaliiil y4acTBYIOT BO3IYIIHbIE
notokn atMocepsl. [TogpodHocTH 061yBa 3eMin 3PpHUPOM M3TI0KEHBI HIKE.
Knaccuueckue mnpeicraBieHuss O Inpupoje adeppalud COOTBETCTBYIOT
W3J1araeMbIM B HacToOsIIel paboTe, 0HAKO C HEKOTOPBIMH TIOTIpaBKaMu. DOTH
TIOTIPaBKM CBSI3HBI C TeM, YTO 3eMlii He TOJBbKO IepeMeniaeTcs B
MPOCTPaHCTBE, HO M 00ayBaeTcsl MOTOKaMH 3(upa, HalpaBlieHHE U CKOPOCTh
KOTOPBIX HOCHUT HEe TOJBKO CTallMOHApHBIN XapakTep, HO YacTUYHO H
nepeMeHHblll. Kak cTaunuoHapHble NMOTOKM — J(UpHBIA BeTep, Tak H
HeCTallMOHApHbIE B HACTOsIIEe BpeMsl OOHApYKeHbl SKCTIEPUMEHTAJbHO U
uccnenytotcs. OTHOCUTENBHAS CKOPOCTb 3(HMPHOTO TOTOKAa OTHOCHUTENBHO
MOBEPXHOCTH 3eMJIM YMEHbIIAETCs C YMEHbILEHHEM BBICOTHI HaJ 3€MHOMN
TIOBEPXHOCTBIO, UTO ObUTO oOHapyxkeHo eme J[.K.Mwumitepom B 1925rt., HO
yeMy Torma He OblIo maHoO oObsicHeHHs. CeromHst yke SICHO, YTO 3TO
YMEHBIIEHWE CBS3aHO C BSI3KOCTBIO 3(Wpa W COOTBETCTBYT TEOPHH
MOrPaHUYHOrO CJIOSA Ta30BOT0 MOTOKA, 004yBaIOILEro 1Iap.

CooTBeTcTBME 3HauYeHMi abeppaumny, TOJYYEeHHBIX SKCMEePUMEHTAIBHO,
pacyeTHbIM 3HAYEeHWSIM, CBUAETEIBCTBYIOT O TOM, YTO (POTOHBI HE MEHSIOT
CYLLECTBEHHO HAIpaBJIECHUA CKOPOCTH INpPHU MPOXOXKAEHUU TMOTPAHUYHOTO
ciost 3upa B aTMocepe 3emid, T.e. B3aMOAeHCTBIEe OOKOBOTO 3(UPHOTO
notoka ¢ (OTOHaMM MajJo M TIOCTOSIHHAas BPEMEHU MOTMEPEYHOro
YCTaHOBJICHUS! CKOPOCTH CBeTa OTHOCHTEJBHO TMOMEPEeYHOro MOTOoKa
JOCTaTOYHO BEJIMKa, O YeM yKe ObLIO CKa3aHO Bbllle. HekoTopyto aHanoruo
MOKHO BHAETb B PacHpOCTpaHEHMM KOJell [bIMa, BBIPHIBAIOIIMXCSA M3
IBIMOBBIX TPYO TIPH HAJTMYWK TOPU3OHTAIBHOTO BeTpa (puc. 9.13).

Puc. 9.13. YMeHbllIeHHe CHOCA OBIMOBBLIX KOJIEL BETPOM MO CPABHEHHIO C
00bLIYHBIM ALIMOM.
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Ecnun BeTep 3aMeTHO CHOCHT [bIM, TO JbIMOBBIE KOJIbLA OKa3bIBAIOTCS
CMELIEHHBIMU HE3HaYMTeNIbHO. TeM He MeHee pasiudue SKCHepUMEH-
TalbHBIX JaHHBIX abeppaluu Ui pa3iUYHbIX 00CepBaTOpPUii, pacrnosokeH-
HBIX Ha Pa3JMYHBIX LIMPOTaX W BHICOTAX, NOJDKHO OBITH NOMONHHUTENHEHO
MPOAHAIM3UPOBAHO C TOYKHM 3PEHMS HAIMYMs TOTPaHUYHOTO cios 3¢wupa,
3axBaTbIBAEMOT0 3eMileli MpH ee ABUKEHUN.

Takum o00pa3oMm, ¢ y4eTOM HEKOTOPBIX TIOTIPABOK MOXKHO CUHTATh
KJIacCUUeCKyl0  Teopuro  aleppaluy, YUUTBIBAIOLIYID  Hajludue B
nmpocTpaHcTBe 3¢dwmpa, B TEpPBOM TPHONMKEHUH YIOBJIETBOPUTEIHHOM.
IIpoctpaHcTBoO.

9.4.6. BzaumopneiicTBHe JIyueii cBeTa

CunTaercs, 4TO JIydH CBETa HUKAK He B3aNMOJIEHCTBYIOT MEX Iy co0oii. B
OOJIBIIMHCTBE CITy4aeB 3TO Tak W €CTb, U 3TO OOBSICHAETCS TEM, UTO TEJO
¢doToHa mpexacTaBNAeT cO0OI JOCTATOYHO paspekEeHHYIO CTPYKTYpy 3a
UCKIIOYeHHeM KepHa. Ho kepH MMeeT upe3BbIYaiiHO Maible pa3Mepbl, U MpH
BcTpede (OTOHOB KepHbl OyAyT orubaTh APYT ApYra, B TO BpeMs Kak Teja
(OTOHOB MPOMIYT APYT CKBO3b Apyra. HeGonblnne n3MeHeHHs, KOTOpbIe MpH
3TOM MOTYT BO3HHMKATh, BOCCTAHOBATCS Cpa3y ke Mociie BbIxoaa ()OTOHOB B
cBoOO/IHOE.

SR
a)
o
|

Puc. 9.14. B3aumopeiicTBie KOrepeHTHBIX MOJSIPU30BAHHBLIX (POTOHOB: a) — B
Cllyyae OJIMHAKOBBIX CITMHOB; 0) — B Clly4ae IPOTHUBOIOJIOKHBIX CITMHOB.
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OnHako TMOJIOKEHWEe MOXKET W3MEHHMTbCS B Cllydae B3aMMOIEHCTBHA
KOTEpEeHTHBIX MOJISIPU30BAHHBIX Nydeil cBeTa. Kak BuaHO u3 puc. 9.14,ecnu
nBa (oToHa, 00JAAAIOLINX OAMHAKOBBIM CIIMHOM, MPOXOAAT OJU3KO APYT OT
IpyTa, TO MEeXIy HAMH 32 CUET KOJBLEBOTO ABMKEHHS 00pa3zyeTcs rpaJneHT
CKOpOCTeii, B KOTOpOM 1aBlieHWe 3¢upa MOHM3NUTCA, W (OTOHBI OymyT
TIPUTSTUBATBCA ApYT K Apyry. Ecnm ke oToHBI 06MaatoT MpOTHBOMOIOXK-
HBIMHM 3HaKaMW CIIMHOB, TO OHHM, HA000pOT, OyIyT OTTAJIKUBATHCS OPYT OT
apyra. COOTBETCTBEHHO W3MEHSTCS ¥ HampaBleHUS pacpOCTPaHEHUS
CBETOBBIX MOTOKOB. BepoATHO, Haubosiee 3aMETHO Takoe SBJICHUE HOJDKHO
HabmonaThees B ¢1abo paccerBaOLIMX Cpelax, HanpuMep, B mapax MeTajuloB.

BriBoabl

1. Cget He sBAsIeTCS 2JIEKTPOMArHUTHOM BOJTHOM, OTOKAECTBICHHE €ro C
JJIEKTPOMArHUTHOM BOJIHOW B CBA3M C PaBEHCTBOM CKOpPOCTEM HX
pacmpoCTpaHEHUs] HE MOXET CIIYKHUTb JOKa3aTelbCTBOM HX TOXIECTBA.
[ToaTBEpKIEHUEM 3TOTO SIBJISETCA IOJIHOE PACX0XKACHUE 3aKOHOB 3aTyXaHUs
CBETa U 3JIEKTPOMATHUTHOX BOJIHBI B IIOJIyIPOBOAALLEN Cpelle — B MOPCKOM
BOJIe, T/Ie CBET MPOHWKaeT Ha IiIyOmHy Ha 5—6 mopsakoB OobLIyrO, YeM
3JIEKTPOMAarHUTHas BOJIHA.

2. CtpykTypy poTOHa MOXKHO MPEICTABUTH B BU/IE ABYXPSAAHON LETTOYKH
JUHEeWHBIX BHUHTOBBIX BHXpeil 3¢upa, B KOTOPOH BUXpPH OIHOTO psna
BpalllalOTCA B OJHY CTOPOHY, BUXPHU BTOPOTO psifa — B MPOTHUBOIOJIONKHYIO.
Kaxnplii BUXpb cXaT B LEHTpaJbHOM cBoel uacTu. Takas cTpykTypa
€CTECTBEHHBIM 00pa3oM OOBSICHAET KOPITYCKYJIIPHO-BOJTHOBOMN Iyasln3M, T. €.
KOPIYCKYJISIpHbIE M BOJIHOBbIE CBOWMCTBAa CBETa, OOBSICHAET MOJAPU3ALMIO,
CMHH, TIOCTOSHCTBO CKOPOCTH OTHOCUTEJbHO 3(upa B JaHHOW Touke
MPOCTPAHCTBA U APYTHe CBOMCTBA CBETA.

3. Bce onTuueckune SBIEHUS MOXKHO HWHTEPIPETHPOBATH C TIO3ULMUI
s¢uponuHaMuku. ST OCHOBHBIX ONTHYECKHX SBICHUH — OTpaKeHUS W
TIpEIOMJIEHUsI CBeTa, MHTephepeHLINH, TN(ppaky U abeppainy — 0Ka3aloch
BO3MOXKHBIM TIOCTPOHWTH COOTBETCTBYIOIIME 3(PUPOANHAMUYECKHE MOJIEIH,
NpU 3TOM CYILIECTBEHHO YTOYHEHBI INPEICTABIECHHA O CYTH ONTHYECKUX
SBJIEHUH, MpeNCcKa3aHO W3MEHEHHEe 3Haka CMuHa (OTOHA MNPU KaXKIAOM
OTPOKEHMM OT METAJUIMUYECKOro 3€epKajla, a TaKKe B3auMOJIEHCTBHE
MOJIIPU30BAHHBIX JIyyell cBeTa.

4.3aKOH «KpacHOTO CMELICHHUs» CIIEKTPOB cBeTa Xa00sia CBUIETENbCTRY-
eT He 0 «pa3beraHun BceneHHol», a 0 moTepe 3HepruM (GpoToHaMH M3-3a
Bsi3koctn  sdupa. [loTeps sSHepruu  (GOTOHAMU  TPOUCXOIAWT MO
9KCTIOHEHIMAILHOMY 3aKOHY C TTOCTOSTHHOM BpeMeHu mopsinka 10 mupn Jer.
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5. PennkToBoe M3TyueHHe He ABJISETCS CIeICTBUEM «boNbIIOTro B3pbIBaA»,
9TO MOCNEAHWI 3Tan CylmecTBOBaHHUSA (POTOHOB, UCIYILIEHHBIX NAJCKUMHU
3Be3gaMu. Ha 3ToM 3Tane (OTOHBI yTpaTHIIN MEpBOHAYaAIbHbIE CTPYKTYPY U
HamnpaBJIeHUE pPacIpOCTPaHEHHA. OTHM K€ OOCTOSITEIbCTBOM MOYKHO
00BSCHUTH TPaHUILy BUAMMOI1 BcenenHoit: peanbHoit rpanmnsl y BeenenHoi
HeT, HO, HadMHasi C HEKOTOPOTo paccTOsHWS, (OTOHBI HE MOJETaloT 10
HaOIoJaTes.
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Cnasa 10.I'paBuTanMOHHBIE B3aUMOAEHCTBHS

TAroreHue CylmecTBYET KO BCeM TellaM BOOoOIIe
1 TIPOTIOPITHOHATBHO Macce KakI0TO U3 HHUX.
H.Hoiomon [1]
TsKeCTh TIOKOSIIErOCs Tella €CTh HU YTO HHOE,
KaK 3ajIepiKaHHoe IBUKCHHUE.
M.B.Jlomonocos [2]

10.1. KpaTrkas wucTOpHsi Ppa3BHTHS NpeIACTABJEHHIl 0
rpaBUTANNH

I'pasumayusa (tsroteHue) Bcerna cuutanach U 0 CHX TIOp CUMTAETCS
caMmoif 3arafodHoil M3 BceX cui mpupoabl. OT APYrux CWI TIpaBUTALUIO
OTJIMYaeT TO, YTO €€ HeNb3sd OSKPaHUPOBaTb WM W3MEHHTb HHUKAaKUM
UCKYCCTBEHHBIM CIIOCOOOM.

O cBoiicTBaX aTOMOB MMETh TsHKeCTb yrnomuHan Jlemokput B IV B. 10 H.
3. OH yHOMMHAJ B CBSI3U C 3THUM, YTO aTOMBI COCTOSIT U3 aMEPOB — MCTUHHBIX
HENEANMBIX YaCTHULAX, KOTOPbIE XOTA W SBISAIOTCS YacTSIMH aTOMOB,
TSKECTBIO He 00/1afaroT. 3a 3T0 JleMOKpHTa KpUTHKOBAIH BCE MOCIIEMYIOLIHE
€CTEeCTBOUCTIBITATENH.

[lepBble BBICKA3bIBaHMA O TATOTEHMM Kak BCEOONIEM CBOWCTBE Tel
OTHOCATCS K aHTUYHOCTH. Tak, [InyTapx nucan: «JlyHa ynana O6bl Ha 3emiTto
KaK KaMeHb, 4yTh TOJIbKO YHUUTOXKMIACh ObI CHJIA €€ ToJIeTax.

B XVI B. k mpoGiemMe MNPOUCXOXKAECHUS TATOTEHUS BepHyscs Pene
Hexapt. XapakTepHble 4epThl ydeHUsl JlekapTa — M3THAaHUME W3 HAyKH O
NpUpPOJE MOTACHHBIX CBOWCTB M yKa3aHWE Ha BO3MOXKHOCTb OOBSACHEHUS
(usnyecKrX ABIEHUI IBMKEHUEM — 00YCIIOBUIIM €r0 KUBYYECTb, U HAyYHOE
HamnpaBJIeHWe, PYKOBOJCTBYOIIeecs MNpUHOMNAMK JlekapTa, Ha3bIBaeTcs
KapTe3WaHCKUM WIN KHHeTH4YecKMM. B nanpHeifluem B 00pb0y ¢ 3THM
HamNpaBJIeHUEM BCTYMHJIA HBIOTOHOBCKAsSH IIKOJIA.

B coorBeTcTBMM ¢ yueHueMm [JlekapTa XapaKTEpPUCTUKOW MaTepuu
SBJISETCSA NMPOTSHKEHHOCTh B [UIMHY, LINPUHY M TyOWHY, T.€. TeOMeTprUecKas
¢opma. Jlns Jlekapra HET MYCTOro NPOCTPAHCTBA, HE 3aAMOJHEHHOTO
Mmatepueil. M3 ydenust Jlekapra ciemyer, 4TO paBHbIe O0OBEMBI COAEpXKaT
OJMIHAKOBOE KOJIMYECTBO MaTepuu. MaTepuanbHas 4acTHLbl BaTbl TUTHOC
HeolllyliaemMass HaMU MaTepus, HAMOJIHAIOIIAs MPOMEXYTKH, JAI0T B CyMME,
no JlekapTy, TO k€ KOJIMYECTBO MaTepuH, KaKk U MaTepHajJbHble YacCTHLbI
Takoro ke oObemMa cBMHLA. [IpeacraBieHne o Macce He BBIPaOOTaHO
JlekapToM, TOMy €CThb BeCKHe UCTOpHYecKHe MpuunHel. Ho riaaBHoOe, 4TO ecTh
y JlekapTa, 3TO €ro yBepeHHOCTb B TOM, UTO B3aMMOJEHCTBHAE MEXIY TelaMu
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HeMBbICIUMO 0e3 HaIu4dust MocpeACTBYIOLEN cpenpl. JledicTBue He
nepenaeTcst yepes MycTOTy, a TOJILKO 4epe3 marepuro. B cBsizm ¢ aTum
HekapT pa3zpaboTain npeacTaBieHHe O BUXPSX 3(pUpa, ABWKYIIUX TUIAHETHI.
On ocyxnmaer 'amunes 3a To, 4TO, MO MHEHHWIO TOro, TeJa MNAagalOT B
myctote. «Bce, uTo OH ([aymieit) TOBOPHT O CKOPOCTH Tej, MaJarolliX B
MycTOTE, HE KMEeT OCHOBAaHWA; OH JAOJDKEH Obul Obl TMpeaBapUTENbHO
OTIPEENNTh, YTO TAKOE TAKECTh, M €CIH OBl €T0 ONpefeleHrne OBUIO BEPHO,
TO OH 3HaJI OBI, UTO €€ HEeT B MycToTe». JlekapT npas: B aOCOJIOTHOM MycTOTE
HEeT cpelbl W TOTOMY HET HHWKaKOW CBA3M MEXKAY TeJIOM, OKPY)KEHHBIM
MyCTOTOM, U 3eMIIeil.

B XVI u XVII BB. B EBpone BO3poAMINCEH OKa3aTeIbCTBA B3aUMHOTO
TaroteHuss Tesl. OcHoBatenb TeopeTuueckoi actpoHomuu W.Kenuep,
aHaIM3MpPysl MHOTOJIETHUE pPe3yJbTaThl HAOMIONEHHI NATCKOro acTpOHOMaA
Tuxo bpare, BbIBesl CBOM 3HaAMEHUTHIE TPU 3aKOHA HeOecHOi MexaHuku. OH
CUMTAJI, 4TO MABIKEHHE IJIAHET HE €CTb XOTA Obl YMOPSAAOYEHHOE, HO
CaMOTIPOM3BOJIbHOE  ONIy)XIaHWe: OHO TPOWCXOOUT TION  JeWCTBHEM
HEKOTOPOro BHELIHEro areHra, W 3ToT areHT ecThb ComHue. Ero neiictBue
ocimabeBaeT 1o Mepe ynaneHns mia”eTsl oT ConHua. Kemnep roopun, 4Tto
«TSKECTb €CTh B3aNMHOE CTPEMJICHHE BCEX TEN», HO HHUKAKUX MOMBITOK
TIOHATH MPUYMHBI TAKOTO CTPEMIICHHSI OH He caenai. Kerep meitancs Haiitn
O0IIyI0 MPUYMHY Ul OOBSICHEHHS MOBEAEHUs TJIAHET W TOHSJ, YTO Takol
npuuuHoii siBngeTcs CosHLE, B KOTOPOM HAXOJUTCS <«IBMXKYIIAs Aylla» Bcel
TIaHeTHoi cuctemsl. B obiacTu actpoHOMHUYeckoro 3HaHus Keriep cBonMu
SMIUPUYECKUMU 3aKOHaMHW Jaj BeuHblil W He3blOneMblil (hyHAaMEeHT
JVUHAMWYECKOW acTpOHOMHMH, HO (U3HYecKoe OOOCHOBaHME IUTAHETHBIX
JBWXEHUI y HErO COBEPIIEHHO OTCYTCTBYET.

Hbl0TOH 3ajancs Leabl0 HAWTH €AMHBIA 3aKOH, U3 KOTOPOTO BBITEKAIH
ObI BCE KeIIEPOBCKHE 3aKOHbI HeOecHOM MexaHukH [1]. Takoi 3akoH GbUT M
HalileH ¥ Ha3BaH 3aKOHOM BCEMHUPHOrO TAroTeHus. HBIOTOH MHOro cui
TIOJIOKMIT Ha TO, YTOOBI HAWTH (pM3MUECKME MPUUNHBI TATOTEHHUS W TIHITAJICS
npuBiedb U 3TOH Lenu 3¢up — cpely, 3alOJHAIOLLYI0 BCE MHpPOBOE
npoctpaHcTBo. OJHUM M3 BapHaHTOB ObLIO MpejcTaBieHUe d¢upa B BUIE
rasa, noJjoOHOT0 BO3AYyXY, HO OoJiee TOHKOTO U OoJiee ynpyroro.

B nuceme P.Boitmo 06 a3¢upe, HanncanHoMm 28 peBpans 1679r., HetoToH
W3JIaraeT MATh NPeUIOKEHNH, YTOUHSAIOMMX ero npejacTaBieHne ob 3¢pupe
[3, c. 41-43].

1) [pennonaraetcsi, 4YTO MO BCEMY MPOCTPAHCTBY paccesHa 3(UpHas
cyOcTaHIMs, CIOCOOHAs K CHKATHIO M pacIIMPEeHNIO U Ype3BbIYaifHO ympyras,
«OITHVM CIJIOBOM, — TuineT HBIOTOH, — BO BCEX OTHOLIEHWSX TOXOXKas Ha
BO3/yX, HO TOJIbKO 3HAUUTENILHO 00Jiee TOHKasI».
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2) Ipennonaraercs, 4To 3(GUp MPOHUKAET BO BCE TeNa, HO B IOpax Tel OH
pexe, 4eM B CBOOOIHOM MPOCTPAHCTBE, M TEM Pexke, YeM TOHbLIE MOPBI.

3) Ilpeamnonaraercs, 4TO pa3pexeHHbIM >(PUpP BHYTPU Ten HU Oolsee
TUTOTHBI BHE WX MIEPEXOST APYT B IpyTa MOCTETIEHHO U HE OTPaHWYNBAIOTCS
PE3KMMHU MaTeMaTHIeCKUMH TIOBEPXHOCTAMHU.

4) TpennonaraeTcs, YTO NpH COMMKEHUU ABYX Tel 3GHUp MEXKIYy HUMH
CTaHOBUTCS peXke, YeM Tpexkae, W 00NacTb IMOCTETEHHOTO pPa3peKeHNsT
MPOCTUPAETCS] OT TOBEPXHOCTH OAHOTO Tejla K TOBEPXHOCTH JAPYTOro.
«[TpnanHa 3TOTO B TOM, — NUIIeT HBIOTOH, — 4TO B Y3KOM IpPOCTPaHCTBE
MeXIy TeldaMHu 3GHp yKe He MOXKEeT ABUTaThCs M IMepeMellaTbes Tyna |
CIOJIa CTOJIb CBOOOTHO».

5) U3 yeTBepTOro MpemokKeHus ClelyeT, YTo NpH CONIKEHUH Tel U TIPH
paspexkeHHH 3¢upa MexIy HUMH MpU TECHOM CONMKEHUH JOJKHO
MOSIBUTBCS COMPOTHBIICHUE 3TOMY M CTpEMJIEHHE Te OTOMTH OpYr OT Apyra.
Takoe compoTHBIeHME W CTpeMIIEHHWE pPa3oiTUCh OyoyT BO3pacTaTh MpH
JajdbHEHIIeM CONMKEHWW  BCJEACTBME BCce  OOINBINETO  pa3pekeHHs
MIPOMEXXYTOYHOTO 3(upa, HO, HAKOHEL, KOTAa Tella COWIyTcs Tak OJM3KO,
91O WM30BITOK JaBJIEHWS] BHEINHETro 3(Wpa, OKPYKAIOMIEro Tena, Haj
pa3pekeHHBIM 3(UPOM MEXIy TellaMH CTaHeT HACTOJNBKO OOJIBIINM, YTO
TIPEBO3MOJKET COIPOTUBIIEHWE Tel K CONMKEHWIO, TO W30BITOK NaBICHUS
3aCTaBUT Tejla C CHJIO COJM3UTBCA M OYEHb TECHO CLEMUThCA OPYr ¢
IpYroM».

Kak BUIHO W3 MEpeYuClIEeHHOTro, HBIOTOHOBCKHME MpEICTaBICHUS 00
3¢upe HOCAT YUCTO KAYeCTBEHHBI! 1 BO MHOTOM MPOTHUBOPEUMBBIN XapaKTep.
OTo MOXHO OOBACHUTH TeM, YTO, TPABUIbHO TNPEINOJOXKHB CTPYKTYPY
s¢upa razonono6Hoi, Hpl0OTOH He MMen BO3MOXKHOCTH Pa3BHUTb 3Ty HIACHO,
TIOCKOJIbKY CBOWCTBA ra3oB B Te BpeMeHa M3Yy4eHbl He Obutn. Pesymbrarom
CTanu pa3HooOpa3Hble IPOTUBOPEUHS, ¥ B KOHIIE KOHIIOB HBIOTOH OTKazancs
OT caMoii MJIeV TIOTIBITaThCs HAUTH (PM3MUIECKHE OCHOBBI TATOTEHHS.

B konne «Principia» HptotoH roBoputr: «Tsrotenue k CoJHIYY
COCTaBIIAETCSA M3 TATOTEHUS K OTAEIbHBIM YacTHLAM €ro W MpHW yIaJleHu! OT
ConHua yObIBaeT B TOYHOCTH MPOMOPLMOHAIBLHO KBAApaTaM pacCTOSHHM
Jaxe 10 opObuthl CaTypHa, 4ToO CledyeT W3 MoKos adenueB IJIaHET, U Jaxe
10 KpaiiHUX adenueB KOMET, ecliv 3TH adenuu HaxoniaTcs B nokoe. [Ipuumnny
e 3THX CBOMCTB TATOTEHHUs s IO CHX MOp HE MOT BBIBECTH M3 SBJICHWIA,
2unomes jce A He usMbluiAAN. Bee xe, 4TO HE BBIBOOUTCA W3 SBJIEHMH,
JOJDKHO Has3blBaTbCs TUMOTE3010. [ HWmortesam ke MeTapU3MUECKUM,
¢m3MYecknM, MeXaHWYeCKUM, CKpBITBIM CBOWCTBAM HE MECTO B
SKCTIEpUMEHTANTbHO (hrtocopum».

OnHako 3To OBIIO CKa3aHO MOCIe TOTO, Kak MOMbITKA HbloTOHA BBISICHUTH
($m3MYecKyr0 MPUYNHY CYIIECTBOBAHMS TATOTEHNS OKOHYWINCH Heyaauel, a



451

B pe3yjbTaTe M ObLIO CIENaHO Takoe 3asBJIEHHE, KOTOPOE BBITJISIIENIO TakK,
Kak OyJTO MCKaTh TaKKe MPUYMHBI M HE HAJIO.

Co BpemeH HbtoToHa (pu3rKka pasaenniach Ha IBe MPOTUBOOOPCTBYIOIINE
IIKOJIBI — KapTe3WaHIEB W HBIOTOHWaHIEB. KapTe3maHipl mpenmonaraii
00s13aTeNlbHOe HaJM4YMe MHUPOBOW Cpeibl — TMEpeHOCUrKa B3aMMOJIEHCTBHIA,
HBIOTOHMAHIBl ee oTpuuaiv. KapresmaHipl BclOgy HWCKanM (U3MUECKHid
MEeXaHW3M SIBJEHWH, OHM BO MHOTOM OMUOANNCh B KOHKPETHBIX
TOCTPOEHNAX, HO TBEPIO 3HAIHM, YTO TaKOW MeXaHM3M ecThb y Jro0oro
sBeHNs. HBIOTOHMAHIBI JKe Tpearojiarajy HalMuue y MaTepHalibHBIX
00BEKTOB HEKOTOPBIX BPOXKICHHBIX CBOWCTB, KOTOPbIE JOCTATOYHO OMUCATh
Kak HEKOTOPYO (heHOMEHOOTHIO. KapresnaHisl JOMycKamn
B3aUMOJAEHCTBUE TEJ TOJIBKO MPU MPSIMOM CONPHUKOCHOBEHUH, HbIOTOHUAHLIBI
Jomyckanu «actio in distance» aelicTBue Ha paccTosTHUM 0e3 Kakoro Obl TO
HU OBLJIO IPOMEKYTOYHOIO areHTa.

Ora Oopbba mpomomkaercs W ceiiuac. CTOPOHHMKM  TeOpUU
OTHOCHTENIFHOCTH B (PMIIOCO(CKOM TiIaHe SBISIOTCS TIOCTIEeNOBATENSIMA
HBIOTOHHWAHLEB. ABTOpP 3THX CTPOK — IOCJIEI0BaTENbHBII KapTe3nanell.

Ha mpoTskeHMM MHOTHX JIeT (QU3UKM HCCIeA0Bal  TpodiIeMy
SKBUBAJICHTHOCTH WHEPTHOW WM TPaBUTALMOHHOW Macc. CMBICHT TpoOieMbl
3aKJTI0YalICsl B TOM, UTO OBLIO HESICHO, MOJTyYaroT JIM BCe TeJla B OHOPOIHOM
TPaBUTALIMOHHOM TOJI€ OIHO M TO € YCKOpPEHHe WJIM HeT, 4TO
paccMaTpuBaloCh Kak MpobdjieMa OJHOPOJHOCTU TATOTEHUS M YCKOPEHUS
Ten. PasHuLa B TATOTEHWM W WHEPLUU Morja ObITb 0OyCIIOBIEHa TaKke U
TEM, 4YTO BEC TEJ CO3JaBaJiCd BECOMOW Marepued, B TO BpeMsA Kak
WMHEpLOHHbIE CHJIbI CO3[aBajiCh BCell MaTepuei, orpaHMYeHHONH 00beMOM
tena (nmo [lexkaprty). B askcrmepumeHnte Hamo ObUIO HCMOJB30BaTh Tela ¢
Pa3NMYHBIM yIeNbHBIM BECOM M TaK, YTOOBI MPOSIBISUIMCH OXHOBPEMEHHO W
rpaBUTALMOHHBIE, N NHEPLIMOHHBIE CUITBI.

[TocTaHOBKa TpoONEMBI, TO-BHAMMOMY, TpHHAIUIEKHAT [ anuiero,
KOTOpBI TIPEIUIOKMI HWCTIONBb30BaTh [UIS 3TOW WeNnd MasTHUK. HbloToH
TIPOM3BEN TOYHBIE OTBITH C KaYaHNEM MasTHUKOB M3 pa3HbIX BEIECTB, UTO B
NPUHLUIE T03BOJSIO  OMpEAeNIUTh pPa3HHUIy MEXAy WHEPLUUOHHOH U
TAroTerole Mmaccamu. Jleno B TOM, YTO B Ka4aHUM MasTHHKA y4acTBOBAIN
CUJIbI MHEPLMH M TIATOTEHHS OJHOBpeMEHHO. beps BemiecTBa pasinuHON
mnoTHocTH (y HploTOHa — 30510TO M IepeBO) M MoMellas WX B OAMHAKOBBIE
KaJIouKl B LEHTpe Macc, HBIOTOH ycTaHOBWJ € BBICOKOW TOYHOCTBIO HMX
skBUBalieHTHOCTh. [lozgHee, B 1828 r., beccens mo TakoMmy cmnocoOy
WCCIIeI0BaAN 30J10TO, cepedpo, CBHHE, JKele30 W pAl APYTHX MaTepualios,
BKJIFOYasl BEIECTBO METEOPHUTOB, M HE MOT 3aMETUTh HUKAKUX OTKJIOHEHWH
OT TPOMOPLIMOHAIBLHOCTH WHEPTHOW M TSKENON Macchl. JTa TOYHOCTH OblTa
TIOBBILIIEHA B OMBITaX OTBeNa ¢ KPYTWIbHBIMH Becamu. C BbIcouaiimieit
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TOYHOCTBIO OBIJIO JOKa3aHO, YTO MHEPLMOHHAs Macca, MpOosBIoIIascs B
YCKOPEHHBIX IBIKEHHAX, M I'PaBUTALMOHHAs Macca JUIi BELIeCTB J000ro
XMMHYECKOTO COCTaBa COBEPIIEHHO YKBMBAJICHTHBI. M3 3TOr0 BOCIENCTBUM
OiHImTEtHOM OB choenaH BBIBOJA 00 OJMHAKOBOW MPHUPOIE CUI MHEPLWH,
BO3HMKAIOMINX TPW YCKOPEHHOM [BIWKEHWHM Tell, U CHJI TATOTEHHSA, 4TO,
0e3ycIIOBHO, HEBEPHO, XOTA 1 00menpuHATo. C TaKWM Ke yCIeXoM MOXKHO
TOBOPHUTH 00 OAWHAKOBOW (PM3MUYECKOIN MPHUPOAE CHJIBI TATOTEHWS W CHIIBI
TIPY>KUHBI, YAEPXKHMBAIOIIEH I'py3 HA TOM OCHOBAaHWH, YTO OHU TPOM3BOASAT
MoJoOHBIE TO pe3yiabTaTaM AEHCTBHSA, XOTS M B TPOTHBOIIOJIOXHOM
HamnpaBJIeHHUH.

YucneHHoe 3HauYeHHE MOCTOAHHOW TATOoTeHMs G OBIJIO OMpenesneHo
BriepBble aHruiickuM ¢usnkom [.Kasenmumem (1798), usmepuBiium B
nabopaTopuM CUIIl TPUTSDKEHUS] MEXKAY IBYMS CBHHLIOBBIMHM IHapamMH —
MaJleHbKUM M OonbIinM. Ha 3TOM OCHOBaHMM UM Oblila ompezeneHa cpenHss
MWIOTHOCTE 3emuid okoio 5 wiu 5,5. B Tlapmwke ¢umsuk Koprio mmepsit
W3MEeHEeHMs Beca Iapa, Korna 1ojJ Hero MOAHOCHIIM OPYTroi miap W MoJydut
CpeIHtor MIOTHOCTh 3emiu 5,5. Beprnon boiic okomo 1900T. TmaTensHO
W3MEpU TIPUTSDKEHWE 30JI0TOTO Iapa JAPYTWM, CBHWHIOBBIM, W HaIel
COBpEMEHHOe 3HaueHWe Kod3((uIMeHTa HBIOTOHOBCKOTO TPHUTSHKEHHS, a
TaKkKe YTOUHWJ CPeHIO MIOTHOCT 3emun 5,52 [4,c. 22].

B Teopun TAroteHust HeloToHa cucTeMa, HaXOIAWIAsACs B OJHOPOAHOM
noJjie TATOTEHMS, COBEPLIEHHO >KBHUBAJEHTHA B MEXaHMYECKOM OTHOLIEHHH
PaBHOMEPHO YCKOPEHHOMH cucTeMe oTcyeTa. ITO 00CTOATENbCTBO, U3BECTHOE
Ooniee ABYX BEKOB, W IOCIYXWJIO BIOCIEACTBUM HCXOIHOW TOUKOM Ui
DOliHITeiHa py 00001EeHNH YacCTHONH TeOPUH OTHOCHUTENBHOCTU Ha Cilydyait
YCKOPEHHBIX IBIKEHUH. [ paBUTALIMOHHOE MOJIE MOXHO «CO3[aTh», €CIH
COOOIINTH YCKOpPEHHOEe JBWKEHHE CHCTeMe OTcueTa |, Haobopor,
«yHUYTOXHTB», €CIIM OHO UMEETCs], IPYTHM TPeo0pa3oBaHNeEM.

3akoH BceMHpHOro TsroTeHusi HeloToHa BOBce He ObLT cpazy MPHUHAT
MUPOBO#1 Hay4HO 001ecTBEHHOCTHIO. [Tocie BbIX0o/1a B CBET HBIOTOHOBCKUX
«Hauam» TBOpYECTBO aHTIMIICKONW HAayKH MO JIMHUM HEOeCHO MeXaHWKH
HAZoNTo UCCAKAeT, JalbHelllnee pasBUTHE TEOPUU TATOTEHUS MEPEXONUT Ha
KOHTHHEHT M CTAHOBMTCS BAXKHEWMIIMM W3 TeX 3amay, Kakue CTAaBHUT Mepen
coboii ¢paHiy3ckas Hayka. @paniy3ckuit yuensiit Anekcu Kion Knepo
oOHapyuJ1, 4To 3akoH HbloTOHa HemocTaToueH s 00bACHEHHS IBHKEHHS
nyHHoro mepures. OH NpeIOKMI JOMOJHUTh 3aKOH HbloToHa npyrumu
MaJlbIMU 4JIeHaMM, YOBIBAaIOIUIMMU B TpPeThell M UYETBEPTOil CTEMeHAX Mo
paccTosiHMio. OTO OBUIO  pe3K0 OMpPOTECTOBAHO  (PAHIy3CKMM  Ke
akaneMukoM JKopxxem Brod¢oHoM, 3asBUBIINM, YTO «BCAKUIN (U3MUECKHUI
3aKOH JIMIOb TIOTOMY SIBJISETCS 3aKOHOM, YTO €ro BBIpaKeHWe obiamaer
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€IMHCTBEHHOCTBIO U TpocToToi». OnHako Bckope Kinepo Hamen y cebs
OLIMOKY U corylacuiics ¢ 3akoHOM HbroToHa.

OxoHuaTenbHbI TpuyM( 3aKoHa BCEMHPHOTO TATOTEHUS] MPOU3O0LIEN
torna, korna A.Kiepo B 1768T1. Ha OCHOBaHMM pacdeToB B COOTBETCTBHH C
3THM 3aKOHOM TIpeJICKa3al IeHb MOosBJIeHUs Ha HebocBoae KomeTsl ["ammest —
12 mapra 1759rona [5, c. 257]. [losBieHne KOMETbl TOYHO B yKa3aHHBIN
JeHb SIBUJIOCH OJIECTAIIMM MOATBEPXKIeHNEM MeXaHUKN HeloToHa.

OnHako COMHEHHs B aOCOJIOTHOW CTpaBeIsTMBOCTH 3aKOHA BCEMUPHOTO
TATOTEHHWsT OBITM CBS3aHBI €Ileé M CO CKOPOCTBIO PaclpoCTpaHeHHs
rpaBUTALIMOHHOTO B3auMonelcTeua. M3 crartmueckux ¢opMmyn 3akoHa
BBITEKAET, YTO 3Ta CKOPOCTb OECKOHEYHO BEJIHKA.

B 1797r. B «310:XK€HUU cUCTeMBI MUpa» (hpaHily3ckuil ydenslit [Ibep
Cumon Jlamyac mokasaj, 4TO, M3 pPacyeTOB BEKOBOro yckopeHus JIyHbl,
CJIelyeT, YTO CKOPOCTb PaclpoOCTPaHEHUs] TpaBUTALMKN HE MeHee, yeM B 50
MJIH pa3 Bbllle CKOpPOCTH cBeta [6]. DT pacueThl HHKeM He ObLIH
OTIpOBepTHYTHI. He onpoBeprHyTH OHUM 1 CETOIHS.

K cepenune XIX crToneTusi BBIACHUJIOCH, UTO PacHpOCTPaHEHUE 3aKOHA
HetoToHa Ha BCro OeckoHewUHylo BceneHHyI0 MPUBOANT K TaK Ha3bIBAEMOMY
TPaBUTAllMOHHOMY  TapafoKCy, OTKPHITOMY  HEMEIKMMH  y4YeHBIMU
K.Heiimanom u X.3enurepoM. CyTh mapajgokca 3akiIO4aeTcsd B TOM, 4TO B
KaXIO0H TOYKE MPOCTPAHCTBA TPABUTALIMOHHBIM MOTEHLMAN OKa3bIBACTCS
OeckoHeuHO OousbinM. B HacTosiiee BpeMsl cUMTAeTCsl, YTO 3TOT MapagoKc
MPEOIoJIEH B paMKax PeSsITHBUCTCKOW KOCMOJIOTHH.

B cospanHoit A.DiHmTeiiHom B 1916 1. OOmweit Teopuu
OTHOCHUTEJIbHOCTH WJIH, KaK €€ Ha3bIBAIOT, «TEOPHUU TPaBUTALUMN>» MO-HHOMY
npejcTaBieHa Bcs Mpobiema TAroTeHus. O6001muB BbIBOAB CrienuanbHOR
TEOpPUH OTHOCHTENIbHOCTH Ha TPaBUTAMIO W TPOM3BOJIBHO TOJIOXKKB
CKOPOCTB paclpoCTPaHeHNs TPAaBUTALIMK PaBHON CKOPOCTH CBeTa, DWHIITEHH
OOBSICHWI TIPUTSDKEHUE TeJ TeM, YTO MacChl, TOMEIIEHHbIE B TIPOCTPAHCTBO,
CO3JAalOT B HEM TpPaBUTALMOHHBIM TIOTEHIMAN, KOTOPBI WCKPHUBISAET
MPOCTPAaHCTBO, @ WCKPWBIEHHOE TIPOCTPAHCTBO  3aCTaBIIET  MacChl
npuTsATuBaThea. TakuM 006pa3oM, GU3MUYECKUI CMBICI OBLI elle pa3 3aMeHeH
KBazureoMeTpuiyeckum [7].

N3 OOweit TeopuH OTHOCUTENIBHOCTH BBITEKaeT BO3MOXKHOCTh
CYIIECTBOBAHUS TaK HA3bIBAEMbIX T'PABUTALIMOHHBIX BOJH — MOMEPEYHBIX
BOJIH, W3JIy4aeMbIX YCKOPEHHO [IBIDKYIUMMHUCA MaccaMd (OBOMHBIMH
3Be3]aMH) U PAaCTPOCTPAHSIOMIUMUCST CO CKOpocThio cBeta [8]. Ins ux
oonapyxenuss B CILIA J[x.Bebepom m B Poccum B.B.Bparmnckum Obutn
CO3JaHBl CTeUaJbHBIE AETEKTOPHl B BUIE LMJIMHIPUYECKUX AFOMHHHEBBIX
6omBaHOK Maccoit 1,5 T ¢ marumkamu, CIOCOOHBIMH YJIaBIMBATh KOJICOAHUS
LWJIUHIPOB MPHU TOCTYTUIEHNH TPAaBUTALMOHHBIX BOJIH, €CJIH, KOHEYHO, 3TH
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BOJIHBl B TIPOCTPAHCTBE PACHPOCTPAHSIOTCA CO CKOPOCTBIO CBETa, a He C
6oJbLIel CKOPOCTHIO. DTH BOJHBI OOHAPYKEHBI HE OBLIH. ..

10.2. Tepmoauddy3snonnrie mnponecchl B I(Ppupe Kak
OCHOBA I'PABUTALIMOHHBIX B3aMMOACHCTBUH TeJl

Kak w3BecTHO, TrpaBUTAIMOHHBIE B3aWMOAEHCTBUS TPUCYIIN JFOOBIM
TenaM, o0J1agarolM Maccoil, U, cieoBaTelbHO, 3TOT BUA B3aUMOJEHCTBUSA
HOCUT Hauboliee OO XapakTep, COMPOBOXKIAs JOObIe Ipyrue SABIeHUA U
B3aUMOJAEHCTBUS, MU TMO3TOMY TI'PAaBUTALMOHHbIE B3aWMOAEHCTBUS JOJKHBI
UMEeTb B KauecTBe (PM3NUECKON OCHOBBI HE MEHee OOLMI BUI JOBVKEHUS
a¢upa. Takum Haubonee oOWMM BHAOM [BIKEHHUS 3dupa sBIsETCA
I dy3rnoHHOE TBMKEHUE MOJIEKY 3(rpa — aMepoB.

HmenHo nndQy3noHHOe BWKEHHWE COMPOBOXKAAET JIOOBIE JApyrue
IBVDKEHUS] U COCTOSTHUS Ta30BOM cpelbl, KakoBOi siBisieTcst a¢up. [Ipn aTom
i dy3roHHOE IBWKEHHWE CYHIECTBYET M TPH OTCYTCTBHM JAPYTMX BHIOB
IOBWKEHUS] — TIOCTYNAaTeJIbHOTO, BpAIIATENIbHOTO WIM KOJIeOaTeIbHOTO.
CrnepoBaTesibHO, MOXKHO MPEIOI0XKUTh, YTO Haubosee paclpoCTpaHEHHOE
nwkenne sdupa — muddysnoHHoe — W ABISETCS OCHOBOW HamOolee
pacrpoCTpaHEHHOT O BUA B3aUMOIENCTBUI — IPaBUTALlMOHHOTO.

IMockonbky nud@y3noHHOE IBUXKEHHE €CThb B3aUMOJEHCTBHE ITyTeM
YNpYTuX cOyAapeHuil 00JbIIOro YKcia YacTHll, TO OHO MOXXET UMETh MECTO
JUIb I OOJIBIIOrO YHCJIA 3TUX YACTHLL M HE UMEET CMbICIa T OTAEIbHON
YacTHLbI, ISl KOTOPOH XapaKTEpHO B 3TOM Cilydae JIMIIb MOCTYMaTeJbHOe
IBIKEeHNE B TpocTpaHcTBe. CleoBaTeslbHO, TPaBUTALMS KakK TPOSBIECHHE
1 (hy3MOHHOTO ABWKEHHUS BO3MOXKHA JIMIIb TPHW HAJTUYUHM COBOKYITHOCTH
aMepoB. OTO  OOCTOSITENBCTBO HE  OBUIO  TOHATO  HEKOTOPHIMHU
WccenoBaTesIMA  TBOpUYecTBa J[eMOKpHTa, B YacTHOCTH AJEKCaHIpOM
AdponniicknuM 1 BceMH TOCIIeIyIOINMH BIUIOTH IO COBPEMEHHBIX, KOTOpbIE
KpHUTHKOBaNM J[eMOKpHUTa 3a YTBEpXkKICHHE TOTO, YTO aToM (COBOKYMHOCTB
aMepOB) MMeeT THKECTh, a aMep — YacTh aTOMa — TSDKECTH He UMeEeT.

ITockonbKy rpaBUTALIOHHOE B3aMMOJIEHCTBUE CBSI3aHO C BEILECTBOM,
paccMOTpEHHE €ro  MpHUpOAbI LesecooOpa3Ho  HadaTh C  aHajIu3a
B3aMMOJIEHICTBYA BellecTBa U Apupa Ha ocHOBe N1 (Py3MOHHOTO OBMKEHUS.

I'paBuTanmoHoe B3aMMOJIEHCTBHE TeJ, MPOMCXOISIIEe B pe3yJibTaTe
TepMoan(y3MOHHOTO Tpoliecca B 3pupe, OKpYyKarollleM 3TH Tena, clelyer
paccmarpuBaTh, B TIEPBYIO Ouepesib, Kak CIeICTBHE OXJaxaeHWus 3dupa
TIOBEPXHOCTHBIMH CIIOSIMH  HYKJIOHOB, 00pa3yromux siipa aToMoB. K sTomy
nobaBnseTcs OXJakKAeHWe 3(upa TakKe W BCEMH NPUCOETMHEHHBIMU
BUXPSIMU — DJIEKTPOHHBIMM o0oJloukamMu M obosloukamu BaH-nep-Baansca,
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HO UX BKJIaJ B FPABUTALMIO HEBEJIHK B CHITy MaJOCTH MAacChl, @ TAKXKE B CHILY
He3HAYMTEeNIbHOCTH MOHWKCHHUS UMHU TeMIlepaTypsl 3(upa Mo CpaBHEHHIO ¢
HyKJIOHAMHU.

B pesynbTaTe OxJaxIeHUS 3(Hpa TMOBEPXHOCTAMH HYKJIOHOB B 3(upe
BO3HUKAET TPAJMCHT TeMIepatyp W, Kak CIEeICTBUE, TPAAUCHT JaBJICHUIA.
Teno, momaBmiee B TIONEe TpaiWeHTa IaBICHWI HAYWHACT HWCIIBITHIBATH
pa3sHOCTb JaBJeHMIT 3(upa: co CTOPOHBI Tena, 0Opa3OBABIIETO TPAJUCHT
TeMmepaTypbl HaBieHue 3dupa OyZeT MeHblIe, YeM C MPOTHBOMOIOKHOM
ctopoHbl. To e OyIeT W CO BTOPbIM TeJIoM. Tella HauHYT MOJTAKUBATHCSA
a¢upom npyr k apyry (puc. 10.1).
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Puc. 10.1. Mexanusm rpaBUTALUOHHOI0 B3aUMOJeCTBUSA TeJ. U3MCHEHUE
TEMIICPATYPhbI U JaBJICHUS 3(1)1/Ipa BOIM3M FpaBHTaHHOHHOﬁ MacCChbl Y I'paBUTAlIMOHHOC
B3aUMOJICHCTBUE JIBYyX Macc

Bbime ObIIO MOKa3aHO, YTO YacTHLbl BELIECTBA MPEICTaBIAIOT cOOOMH
BHUXpeBble 00pa3oBaHus 3¢upa. B BHUXpEeBBIX k€ Tra30BbIX 00pa30BaHUIX
TeMrepaTypa rasa Bceria HMXKe TeMIepaTypbl OKpYyKaloLel BUXPb CPEJbl.
Bnaromaps Ttepmonunddy3noHHOMY TMpoleccy MPOUCXOIUT TErI00OMeH
MEXIy BUXPEM M OKpyXkarlueil ero cpenoil. B pesyneraTte Temnoobmena
TeMriepaTypa BHUXpsS NOJDKHAa HETPEphIBHO TOBBIMIATHCS 3a CUET TNMPUTOKA
TelyIa W3 OKpY’Karolleil BUXPh Cpeibl, a TeMIiepaTypa OKpy)Karomieil BUXpb
cpenbl IOJKHA CHWKaThes. TakuM 00pa3oM, BOKPYT Kakaoro BUXps 3dupa
MeeT MECTO HeyCTaHOBUBINMIICS TepMOJMHAMHUYECKHi Tporiecc. Bpemst ero
3aBepUIEHNs 3aBUCUT OT MHOTHX COCTAaBJSIOMIMX, B 4YacTHOCTH OT
OTHOILIEHUS MJIOTHOCTEH 3¢upa B BUXpe M B CBOOOAHOM IMPOCTPAHCTBE, OT
KauecTBa TEMJIOBOIO KOHTaKTa MOBEPXHOCTH BUXPsI M CBOOOIHOrO 3¢pupa, oT
pPa3HOCTH TeMIlepaTyp BUXpsS U cBoboaHoro 3¢dupa, oT KodduureHTa
TEMJIONPOBOIHOCTH CPellbl U OT HEKOTOPBIX APYTHX (haKTOpPOB.
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['maBHBIM [EWCTBYIOIIMM JIMIIOM B CO3JAQHWH TPAaBUTALMOHHBIX CHII
SBJIAIOTCS. HYKJIOHBI — IPOTOHBI M HEMTPOHBI, TaK KaK UMEHHO OHU SIBJIAIOTCA
MaKCUMaJIbHO  YIUIOTHEHHBIMM  BUXpSAMH 3dupa ¢  MHUHUMAIBHOI
TeMIepaTypol, ClleIoBaTelbHO, VMEHHO OHHM  SIBISIOTCA  TJIaBHBIM
OTPULATENIEHBIM MCTOYHUKOM TeIUIa, OXJaXIAIOIINM OKpYsKaromuii 3¢wup,
CO3JAIONIMM B HEM TpPaaMeHT TEMIMepaTypbl M TEM CaMblM TpaJueHT
JaBJICHNS.

Camu HyKJIOHBI, 00J1a/1asi HAWBBICIIEH TTIOTHOCTBIO U SIBIISSICH LETbHBIMHU
TellaMH, TIOABEPKEeHBI BO3JEHCTBUIO IpalMeHTa NaBIeHNs, IpyTie BUXpeBbie
0o0pa3oBaHUs — 3JEKTPOHHBIE 0007104k, 00004k BaH-nep-Baankca, cTpyun
supa W T.II. — NPEACTABIAIOT c000ii MPOHMKAIOIINE CTPYKTYPBI, K TOMY XKe
UMEIOLIMe MaJTylo YAENbHYIO Maccy, BIUAHUE KOTOPbIX Ha IPaBUTALlMOHHBIE
MPOLIECCHl HE CTOJb CYLIECTBEHHO.

Takum  obpazom, ISl YSCHEHWS CYLIHOCTH TPaBHTaLIOHHOTO
B3aUMOJIEHCTBUA Ha JAHHOM OJTame LejaecooOpa3sHO OCTAHOBUTbCA Ha
TpaBUTAILIMOHHOM B3aMMOAEWCTBUHN TOJBKO HYKJIIOHOB.

Kak mokazaHo B Ti1. 5, BOKpYr KaXAoro IpOTOHA TeMIlieparypa
CHWXKaeTcs, W B OKpYKalolleM TMpPOCTPAaHCTBE BO3HHWKAET TpagveHT
Temriepatyp 3¢upa. ClencTsueM rpaaneHTa TeMIeparyp sSBIseTcs rpaJueHT
JaBJeHnit 3(upa BOKPYT MPOTOHOB.

Kak mokazaHo B rnaBe 5, rpaideHT TeMIepaTypbl B TPEXMEPHOM
NPOCTPAaHCTBE MOKHO MPEICTABUTh B CIEAYIOLIEM BUJIE:

ke

gradT = D (), (5.88)

r2

rA€ ( —MOIIHOCTh TEIUIOBOTO UCTOYHUKA,

1 0 1 o o2
Oz —r2— (—— | e da) r,= 2/at (5.89)
21T or r rlr,
[Ipu sTOM
lim® (r,t) = 1. (5.90)
r—0.

Ho rpanueHT TemrepaTyp NpornoplyroHaieH o01Ieil MOIHOCTH TETIOBBIX
UCTOYHUKOB Q, OATOMY
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K
gradT= ——@ (r,t), (10.1)
r2

a MOIIHOCTb TEMJIOBBIX MCTOYHHUKOB — MPOTOHOB, 3aK/IFOYEHHBIX B TEJIE,
nponopuruoHajibHa Macce Tejia, T.€.

Q~M (1p.2

TaK 4TO B OKPY)XEHHMM Tejla, MMelolero mMaccy M, rpagveHT TemmepaTyp
COCTaBMT:

KM
gradT= —@(r ) (10.3)
r2

PesynpTHpyromas cuia, AeiicTByrollas Ha MPOTOH, MOMNABIIMA B MOJe
rpajMeHTa TeMIepaTyp TepBOrO TMpPOTOHA, OyHeT MPOMOPLUHOHAIbHA
TPaueHTy AaBJIEHUSA U 00BEMY BUXPSL:

F =S, losgrad® =V, grad. (10.4)

OTa cuila He 3aBHCUT OT OPUEHTALMU Teja B MPOCTPAHCTBE, MOCKOIBKY
OHa omnpeJesnsieTcss 00beMOM Teja ¥ rpaJlueHTOM JIaBlieHus 3dupa.

OTHoLIeHNe TeMIepaTypsl K NaBJIEHUIO, TaK )K€ Kak M OTHOLIEHWE WX
rpagleHToB B 3(Hpe B OKOJOCOIHEUHOM MPOCTPAHCTBE COCTABIISAET

T, grad, 2m, 2-1,5-10"*

= = (10.5)
P, gra®,  3kp,  3-1,38-10°.8,85-10"

=8,2-10% K Ila.

I'paBUTaLIMOHHAs OCTOSIHHAsE MOXKET OBITh BbIpaKeHA uepe3 MapaMeTpbl
a¢upa 1 mapaMeTpbl MPOTOHOB — MEPBOTO Pj;, CO3JAIOLIEr0 B MPOCTPAHCTBE
rpagyeHT TemrepaTyp, M BTOPOro [y, BOCIPHUHUMAIOIIEr0 TpajueHT
JaBJIeHWH, CO3MaHHOTO 3TUM TPaIUeHTOM TEMIIEparTyp.

W3 BeIpakeHns1 3aKoHa BCEMHUPHOTO TSroTeHnst HptoToHa cremyer, 9To
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Mp1My2
Foipz = G ————— = Vo gradPy, (10.6)
r2

rae G —rpaBUTalMOHHAs MOCTOSHHAS, My U My, —MAacChl IEPBOTO M BTOPOTO
MPOTOHA COOTBETCTBEHHO, V, — 00BEM BTOpOro mpoTtoHa, a grad?; —
rpagvMeHT [aBlieHWii B 3(Qupe, co3daBaeMblii MEpPBHIM MNPOTOHOM, I —
paccTosHue MeX Iy TIPOTOHAMH, U YYUThIBas COOTHOIICHUS

3lp, 3k n,

grad®’; = ———grad; = — grad’; (20.7)
2Mma 2

AT]_ = Rp]_ gl’adl"l, (108)

rae k :1,38-1023 Ix-K 1 _ nocrosiHHas Bonbumana; p, = 8,85-1012 KT'M o —

TIOTHOCTh 3upa; M, = 1,5-1012 KI — Macca aMmepa; Ny = 5,8-1(302 M —
KOJIMIECTBO aMepOB B eqUHMIIE 00beMa 3(upa, orydaem

3kny Ry ATy
G=—— (10.9)

M1 Pp2

31nech Rp; —panuyc nmepBoro nmpoToHa; pPp, — IIOTHOCTE BTOPOTO NMPOTOHA.

Takum 00pa3oM, TpaBUTALMOHHAS TIOCTOSTHHAsl CBSA3BIBAET TapameTpbl
3¢upa, napaMeTpbl IPOTOHOB — CO3/AIOLIET0 TPAJAUEHT TeMIepaTtyp B dhupe
¥ BOCTIPHHUMAIOIIETO TPagveHT AaBJIE€HH, CO3NaHHBIH 3THM TIpaJineHTOM
TeMriepaTyp, W Tiepenaja TeMIlepaTypbl Ha TOBEPXHOCTH TMEpPBOrO TPOTOHA,
6iaromaps KOTOPOMY U CO3aH B 3(pupe rpaueHT TeMIepaTyphl.

Orcrona rpaBUTaLMOHHAs CHJA B3aUMOJEWCTBUA MeEXIy MNPOTOHAMH
MOXKeET OBbITh BbIpAKEHA KaK

3k, Rpy AT1Vp,
Fpip, = . (10.10)
2r2

W3 nomydeHHOro BblpaxeHHs BHUAHA (u3MUeckas TpUpoJa CHI
rpaBUTALMU: MPONOPLMOHATBHOCTb YHCITy aMepOB B eIMHULIE 00beMa 3¢dupa,
pagrycy MepBOro NMpoTOHA, CO3AAIOIIEro IpaJUeHT Temreparyp B ddwupe,
00beMy BTOPOrO TPOTOHA, BOCHPHUHUMAIOLIETO TPaAMEHT JAABJIEHHH,
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CO3JaHHbII 3TUM rpagueHToOM TeMmneparyp, " oOpatHas
NPONOPLMOHATIBHOCTD KBAAPaTy PacCTOSIHUA MeXay HUMU. Bee mpuoOpeno
npocToil puzndeckuii CMbICI.

Cuna, ¢ KOTOpO# TPOTOH, HAaXOAALIMKCS Ha TOBEPXHOCTH HEOECHOTO
Tesna, IPUTATHBAETCS K STOMY Tely, paBHa

mpM,
Fpr =f ——— =VpgradP,, (10.112)

RTZ
rme mp = 1,6725-10" kr —wmacca nporoHa; M, u R, — Macca u paauyc
tena; Vp= 5,88-1045 M° — 00BeM MPOTOHA.
Otcroa HaxoAUM TPaJAUeHT AaBJIeHUs d(rpa Ha MOBEPXHOCTH HEOECHOTO
Tena:
mM, M. pp
gradP,, =G =G , (1?)
Ri2Vp R.?

rae pp = 2,8-167 KI'M > —IUIOTHOCTb MPOTOHA.
COOTBETCTBEHHO, TPATUCHT TEMITEPATYPHI OyIeT paBeH

2m,
gradr, = gradP, = 8,2-10% gradP.. (10.13)
3kp,
CHIKeHHE JaBJICHUS Ha MOBEPXHOCTHU TEJIa COCTaBUT.
o o MTPP MTPP
AP:fgrad33dr:JG —dr=- , (10.14)
Rr Re r? r
U CHIDKEHUE TEMITEpaTyphl
o,
AT = AP =8,2.10% AP (10.15)
3kp,

Ha nosepxnocmu npomona (mp = 1,6725-1G" «r, Rp = 1,12-10% M)
MOJIY9UM
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PrMp
gracP,, =f = (10.16)
R
667-10'%2,8:16"-1,6725-17’
= = 2,32.18mam? ;
(1,1210%°)2
gradr,,= 8,2:10%" gradP,,= (10.17)

=8,2.10%%2,32-18 = 1,9.10° K m?

CHikeHue JaBieHus a¢upa Ha MOBEPXHOCTH MPOTOHA COCTABIISET:

Pp My
AP,, =—f = (10.18)
R
6,67-10*% 2,8:16"-1,6725-17'
- =-2,8-10°Tla,
1,1210%

1 CHW)KECHUE TEMIIEPATYPhbI COCTaBMUT.
AT, = —8,2-10°* AP = (10.19)
= -8,2-10%.2,8:10° = 2,3-10%K,

UTO COCTABJIICT OT HaBJCHUA W TEMIIEPATYpPbI 3(1)I/Ipa B CBO60)IHOM
TIPOCTPAHCTBE HUUTOKHO MAJIyIO BEJIMUUHY .

AP ATc 2,8-10°
= = =2,15-1¢% (10.20)
P, T, 1,3-16°

Ha noeepxnocmu Coanua (Mc = 1,99-16° kr; Rc = 6,96-18 M)
MMEEM.

Pp Mc
gradP,c =f = (10.21)

R
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6,67-10'- 2,8:18".1,99.16°
= =7,6516° Tam?
(6,961C )

gradl,c = 8,2-10% gradP,c = (10.22)
=8,2:10°.7,65-16° = 6,3-10°" K -m ",
CHmxeHue naBneHus 3¢upa Ha noBepxHocT CoJHIIA PaBHO
Pp Mc
APy =—f = (1023)
Re
6,67-10" 2,8.16".1,99-16°

- _ =—5,34-16 Ia,
6,9610°

1 CHW)KEHUE TEMIIEPATYPbI COCTABUT
AT, =—8,2:10° AP = —8,2.10%" .5,34.18 = 4,4.10°%K, (10.24)

4TO COCTABIISIET MaJylo JOJIIO AABJIEHUs U TeMIepaTypbl 3(upa B cBOOOIHOM
MPOCTPaHCTBE:

AP,c AT

P3 T3

=4,110. (10.25)

Ha nosepxnocmu 3emau ( Ms = 5,97-16" xr; R, =6,3-16 M) UMeeM:

Po M3
gradP; =f = (10.26)
R
667-10'% 2,8.1¢".5,97-16"
= =2,8:106% Mam ™%
(6,31C)?

gradl,; = 8,2-10° grad®,; =8,2-10%' -2,8-18° = 2,3. 1 K-m™*  (10.27)

CHmxeHue naBieHus 3(hupa Ha MOBEPXHOCTU 3eMIIA paBHO
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PoMs
AP, =—f = (10.28)
Ry
6,67-10' 2,8.184" .5,97-18
- =—1,77-1& Ila,
6,310
U CHIKEHHE TEMIIEpaTyphbl
ATy = —8,2. 10 AP = (10.29)

=-8,2.10%%1,77-16° =— 1,45-10°°K,

YTO COCTaBJsIeT enle MeHblyro, 4eM s CojHIa, J0JI0 JaBJICHUS U
TeMTmepatypsl 3(upa B CBOOOTHOM MPOCTPAHCTBE:

AP, ATy
= =1,1-10™ (10.30)
P3 T3

I'panuenT TemmnepaTypsl B 3¢dupe CBf3aH C TEIUIOBBIM MOTOKOM
ypaBHeHHeM Dyphe:

dQ/dt = —K,Sgrad, (10.31)

roe dQ/dt, [x/c —motok Tera Q 3a eAuHUIY BpeMeHH, KT — ko3 ULMeHT
TEMIONPOBOAHOCTH cpemsl, paBHbii mis >dupa 1,2 -18° mc® K; S —
TUTOIaab MOBEPXHOCTH, HOPMaJibHAs K HAlMpaBJICHWIO TOTOKA TETUia, Yepes
KOTOpYIO TedeT MOTOK, B paccMaTpUBaeMOM ciydae — ILUIOLIAlb
TIOBEPXHOCTHU NPOTOHA, PaBHAA ) = 1,69-10° m?.

[MoacTaBnss mapameTpsl, MoJgydyaeMm

dQdt=-1,2-18°1,69.16° -1,9-10° = 3,85-10"° Jim-c™ . (10.32)
3amac xe OTpHULATEJIBHOIO TE€IJIa B MPOTOHE PABCH

m (W2 — y?)
AQ= — = (10.33)
2
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1,6725-16° (5,4 -10° — 3 -10%)
= =2,44-18 JIx.
2

CrenoBaTeNibHO, TIOCTOSTHHAas BPEMEHH HarpeBa MPOTOHA 3a CUeT TeTlla
OKpY’KaloLIero ero 3upa COCTaBUT:

AQ 2,441
T= == =6,3-16c =2.16° ser, (10.34)
dQ/dt 3,85-10%

T.e. 32 BpeMs CYIIECTBOBAaHHUS MPOTOHA, cocTaBistomero 10—20mupn nert,
€ro HarpeB 3a cueT Telula OKpyxkawoliero 3dupa Oyner coBepLIEeHHO
HUYTOKHBIM.

Takum 00pa3oM, TpamgueHT TeMmIeparyp Ha MalblX PacCTOSHUIX
YMEHBIAeTCsl TMPOMOPIMOHATBLHO KBaIpaTy pacCTOSHHS, a Ha OONBIINX
PacCTOSTHUSAX YMEHBIIIAETCS 3HAYNTETHHO OBICTpEE.

[To Mepe ynmaneHus OT BUXpeii d(upa — YaCTHI] BeIIeCTBAa — TeMIIepaTypa
3¢upa TOBBIMACTCI 0 HEKOTOPOTro 3HaueHus 71, XapaKTepHU3YIOIIEro
Temmeparypy 3¢upa B CBOOOTHOM OT BUXpEit MPOCTPAHCTBE.

Takum 00pa3oM, TPaBUTALUOHHOE TIOJIE MOJYYaeT TPAKTOBKY Kak ToJie
rpagvieHTa JaBiieHHs B dQupe, BbI3BAHHOTO TPAJUCHTOM TeMIEpaTyp,
BO3HMKLIMM BCJIENCTBUE OXJIAXKICHUS HHUpa MNOTPAaHUYHBIMHU  CJIOSIMU
HYKJIOHOB, 4TO MOJTBEPXKACHO YUCICHHBIMU pacueTaMu. [Ipu 3ToM mostydaet
€CTEeCTBEHHOE (IM3NUECKOe COJAEpXNAaHWUE TpaBUTALMOHHAS TOCTOSHHAS, B
KOTOpPOW OTpaKeHbl MapaMeTpbl HYKJIOHA, CO3JAIOIIET0 TIpaBUTALIMOHHOE
mojie, (Macca), mapameTpbl JOPYroro HyKJIOHA, BOCHPUHHUMAIOIIETO
rpaBUTAIMOHHOE T0Jie (Macca ¥ 00beM WII CPEIHSIS NIOTHOCTD), MapaMeTphl
cpenbl, coaepikaileit rpaButanroHHoe moje (ko3dduimeHT TernonpoBoa-
HOCTH CBOOOMHOrO 3¢upa) M, HAKOHEL, JHEPreTHYECKOE COIepIKaHKe
npoitecca (TErIoBOi MOTOK).

W3 W3J0KEHHOTO BBITEKAET TakXke, 4YTO IS CBOOOJHOTO HYKIJIOHA
MajeHue TeMIepaTtypbl Ha HeM (M COOTBETCTBEHHO JaBlieHHs) 3dupa
yYMEHBIIIaeTCsl Ha 0,9-1036 , Ha moBepxHocT CofnHIla Ha 2,8-104, Ha
MOBEPXHOCTH 3eMJIu — Ha 2,5-107 JIOJIA OT MOJTHBIX 3HAYEHUIA.

ITockonbKy TMOJTHAst IHEPTHsl HYKJIOHA paBHa

W,=my,22 ==1,673-16" (10°")*/2 = 8,418 ik, (10.35)

TO OTHOCHTENIbHBIM HAarpeB MPOTOHA 3a CUET TEMJIOThI OKpy»KaroLero adupa
COCTaBUT
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w, = 6,67-101% 8,4-10" =0,8-10¢™ =2,5:10" rox*. (10.36)

Orcrona cpasy BHAHO, YTO 3a BpeMs CYIIECTBOBAHUS HYKJIOHA MOpAIKa
10 Mnpa JieT HarpeB MPOTOHA MPOU30MIET HA HUUTOKHO MAJTyIO BEJTHYHHY.

[lpy nanbHelillleM YTOYHEHWM 3aKOHA TPaBHTALMOHHOTO TPHTIKEHUS
Macc B ITEPBOM MPUOIMKEHUM MOXHO MO-TIPEKHEMY CUHTaTh TUIOTHOCTD
cBoboxHOTO 30Hpa p,= CONSt, TaK Kak HM3MEHEHWe IUIOTHOCTU SBISETCS
CIICICTBMEM M3MEHEHUs NaBJEHWS B CpPele, a B TPAaBUTALMOHHBIX SBJICHHUIX
B3aMOJICHCTBYIOIINE CHIIbI CYIIECTBEHHO Mallbl 10 CPaBHEHHIO C CHJIaMU
IpYrux B3avUMOIEHCTBUIA.

[MoxacTaBnsas 3Hauenue grad/’ W y4yuThIBasg, YTO MOLIHOCTH TEMJIOBOTO
MCTOYHMKA — BCEX POTOHOB MPOMOPLMOHATBHA X YHCITY U, CJIE€I0BaTeIbHO,
Macce, MoJiydaeM 3HaueHWe CUIIbI, NEHCTBYIOIIEH Ha Maccy CO CTOPOHBI
TeMIiepaTypHOTro mojist 3¢upa, CO3AaHHOTO Opyroi Maccoii, [11]:

M;M,
F=f—— o(r, 1), (10.37)
f

rae 3HaueHue @(r, t) ucuucnsercs mo ¢popmyine (5.89).

Takum o0Opa3oM, ynajoch BIEpBbIE BBIBECTH CTaTHUECKMH 3aKOH
TPaBUTAllMOHHOTO TPUTSHKEHWsT Macc, He Tpuberas K amnmpoKCHMalun
SKCTIEPUMEHTANbHBIX JIAaHHBIX, Kak 3T0 Obulo caemaHo HbroToHOM.
[TpuBeneHHOE BBIpaXKEHHWE MPAKTUUECKHM MPEANOSaraéT MIHOBEHHOE
pacrnpoCcTpaHeHHe TpaBUTALMM, YTO B MPHUHLMIE COOTBETCTBYET pacueTaM
HEOECHOW MeXaHUKH.

[TosryueHHOE BBIpaXXEHUE OTIUYAETCA OT M3BECTHOro 3akoHa HbrooToHa
HaJIMYMeM B MpaBoii yacty 3atyxatomieit pynkuuu O(r, t), koTopas BKIOYa-
eT B cebd mHTerpan l'aycca, MOYTH HE W3MEHSIOIIMICA HA OTHOCUTEILHO
MaJIBIX PacCTOSHUSAX W pe3Ko yObIBalOIIMI, HauWHas C HEKOTOPOro
paccTosHUA. OTOro BIOJHE HOCTATOYHO JJisl PA3peLIeHUst W3BECTHOTO
napagokca 3enurepa [9], TOCKONbKY Ha OONBLIMX PACCTOSHHUAX CHIIbI
yOBIBAIOT 3HAUUTENLHO OBICTpEe, YeM KBaApaT pacCTOSIHUA. DTO 3HAUUT, UTO
rpaBuTanvoHHble cwibl CoONHIA NPOCTUPAIOTCS HE Jajee MpeaesioB
CoJtHeuHOM CUCTEMBI U 3B€3/Ibl, HAXOASAIINECS Ha 3HAUUTEIBHOM PacCTOSIHUN
JpyT OT ApYra, He MPUTATUBAIOTCS APYT K APYTY.

OpHako MOJHO Tonaratb, 4YTO PpAacCTOSIHUA TIOpsiIKAa JECSATKOB
aCTPOHOMMYECKUX €IMHULL JIeXKAT B Mpeesiax AelcTBUA 3aKkOoHa HbroToHa.
OTknoHeHust oT 3akoHa HblOTOHa, ecnu Obl OHM OBIIM CYLIECTBEHHBI,
JOJKHBI OBbITM Obl CKa3aTbCsl B IOTPEIIHOCTAX MPU ONpPElNeseHHH Macc
ynaneHHsIx oT CoIHLA IJIaHeT M B IOTPEHIHOCTAX MPHU OMNpeIeleHUH
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napameTpoB Haubosiee ynaneHHOH oT ConHUa riuaHeTsl [ITyTOH, TOCKOIbKY
JKCUEHTpUCUTET opOuThl [lmyToHa Haubonblmii u coctaBisetr 0,25 (uis
IOnutepa — 0,05; 1 Catypna — 0,06; mns Vpana — 0,05; 111 Hentyna —
0,05 [10]). Oanako wu3BeCTHO, YTO WMeHHO opbura I[liyToHa He
yknaapiBaeTcs B 3akoH Kemnepa, moromy uyto CojHIE HE HAaXOIUTCS B
(oxyce 3mmumica ero opouTel. CiyJaifHo au?

O’xupaeMbIM CIIEICTBMEM OTKJIOHEHHS! 3aKOHa TPHUTSDKEHHS Tel OT
3akoHa HbroToHa fBJIAETCS OTKIIOHEHWE ()OPMBI TPAEKTOPHHA KOMET OT
SJUTATICOMTANTLHO: BETBY TPAEKTOPHH KOMET: Ha yJalleHHBIX ydacTKaX BETBU
OpOUTHl JOJKHBI OBITH OoJiee pa3BelIEHHBIMH, YeM 3TO ObUIO OBl B cilydae
TOYHOTO COOTBETCTBHUS 3aKOHA MPUTKEHHs 3akoHy HbIOTOHa, M onHa M Ta
e KOMeTa [IOJKHA MOSBIATHCS HECKOJIBKO MO3XKe, YeM 3TO MPEeLycMOTPEHO
TOYHBIM 3aKOHOM HploTOHa. OfHAKO OCHOBHBIM CJEACTBHEM SBISIETCA TO,
YTO 3BE€3/bl W TANAKTUKM OOJDKHBI MPUTATUBATbCA MEXOy co00i cunamu,
CYIIECTBEHHO MEHBIIMMH, YeM 3TO clieyeT n3 3akoHa HeroToHa.

Bce cnenaHHbIe TIpeNTONOKEHNUSI O IPUPOJE TPaBUTALMHM TIPEIIONATAI0T
€BKJINIOBOCTH TIPOCTPAHCTBA.

LlenecooOpa3HO B CBS3M C 3TUM HAaIlOMHHUTH O HEKOTOPBIX 3KCTIEPUMEH-
TalbHBIX JAHHBIX, SKOOBI ~CBUIAETENBCTBYIOIIMX O HEEBKIMIOBOCTH
npoctpaHcTBa. K HUM OTHOCSTCS, B YaCTHOCTH, aHOMAJIbHOCTb JIBVKEHUS
nepurenus MepKypusi U OTKJIIOHEHHE cBeTa 3Be3]1 0koJio CosHLa.

Kak nokazano B [11, c. 41-43]npu aHanu3e pe3ysibTaTOB H3MEpEHHI
JOJDKHBI OBITH yUYTE€Hbl MHOTHE (DaKThl, CYILIECTBEHHO BIMAIOILME Ha HX
MCTOJIKOBAHHE, Yero MPaKTHYECKM HUKOTAA He HeJanoch. YUeT e 3THX
(akTOpoB, Ha HAIMUYKME KOTOPBIX YKa3bIBaJM MHOTHE y4YEHBIE, HE TO3BOJISET
CUUTaTh TMOJyYeHHBIE pe3YJbTaThl MOATBEPKICHUSIMU HE EBKIUIOBOCTH
MPOCTPaHCTBA.

Tak, mTpw WcTONKOBaHWM  cMelleHus  mepurenust  Mepkypus,
COCTaBJIAIONIETO TIO pa3HbIM OleHKaM oT 34 no 43 yriioBbIX CEeKyHI 3a
cronerre (!), He yuuTbiBaNCA pAl (GaKTOB, KaXKIOr0O W3 KOTOPBIX B
OTHENBHOCTH BIIOJIHE JOCTATOYHO [UIi OOBSICHEHWS 3TOTO SIBJIEHUS, a
MUMEHHO:

1) Hecepuunocts ConHua, mocrarouHo 1/1900 (o npyrum olieHKam
5-10°) CIUTIOIIMBAHUSL  ToBepXHOCTH  ypoBHs  ComnHua (nnm
MOJTNOBEPXHOCTHOTO CJIOsT OOJbIiedl TUIOTHOCTH, HE HabJI0AaeMoro ¢
3emuin), 4TOObI MOJTHOCTHIO 00BICHUTD 3 deKT;

2) Bpawenne ConHLa, NPHUBOAALIEE K aCUMMETPUU IPaBUTALMOHHOTO
TIOJIS;

3) HeeHTpabHOCTH Macchl COJHIIA U HEPAaBHOMEPHOCTD €T0 IIOTHOCTH;

4) HeueHTtpanbHOCTh BpamieHus CoiHLa, MOcKoibKy W CONHIE U ero
TUTAHETHI BPAIIAOTCsl BOKPYT 00IIEero HeHTpa Macc;
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5) Hanuuue BEIOPOCOB Macchl B BUE MPOTYyOEpaHLIEB U T.1.

ITpu uCTONKOBaHMYM OTKJIOHEHUs Jyda cBeTa 3Be3]] BONM3M kpas ConHua
no DiHIITelHY nomkHo ObIT 1,75, mo Hetorony — 0,84, pasHuia Ha
¢orornactunke coctaBisiia 0,01 mMm) He ObUIM yUYTEeHBI CIEIYIOLINE
00CTOATENTBCTRA!

1) uckaskeHUs B MOJIOKEHHMU 3BE3/ B ONTUYECKOM YaCTH armnaparypsbl;

2) 3acBeTka (pororpaduueckoit miacTuHbl KopoHoit COJHIA, YTO BbI3bIBA-
JI0 ICKa)KEHUS B JKEJaTHHE;

3) HeHopMalbHas pedpakius B 3eMHOI aTMocdepe O1aroaaps X0JI0aHO-
MY BO3JyXy BHYTPH T€HEBOTO KOHyca JIyHbI;

4) pedpakuys B cOTHEUHOI aTMOochepe.

5) HalMune BUXPEBOTO JIBUKEHHS B BO3AyXe B TEHEBOM KoHyce JIyHbI U
T.IL

KpomMe Toro, m3 Bcex BO3MOXHBIX CMOCOOOB 00pabOTKH pe3yabTaToB
W3MepeHnsi BBIOWpaAJCs JIMIIb TOT, KOTOpPBIM maBan HauOonee OnM3KHMe K
SWHIOTEHHOBCKUM MOKa3aHUS.

Takum 00pa3oM, HHUKAKUX OSKCIEPUMEHTANBHBIX [aHHBIX, SKOObBI
TIOJTBEPKNAIOIINX HEEBKJIMIOBOCTh TPOCTPAHCTBA, HAa CaMOM Jeie He
CYIIECTBYeT, pealbHOe (U3NIECKOoe TPOCTPAHCTBO EBKIHWAOBO, HYTO
HETOCPEICTBEHHO BBITEKAeT W3 BBIBOJOB 00 00mMMX (QU3HYECKUX
WHBapHaHTaX.

10.3. CkopocTh pacnpocTpaHeHHsI TPaBHTANMOHHOTO
B3aUMOAEHCTBHS

Kak nokaszaHo BbIlI€, CyTh TPaBUTALIMOHHOTO BO3JEHCTBHS ONHMX Tell Ha
Jpyrue 3aKiIoyvaeTcsl B CO3JaHMM B OKpYXKaloIleM Tella d(upe TpaaueHTa
JaBIeHHUS 3a cyeT OXJaxAeHHs 3¢upa 3TUMH Tenamu. ClienoBarelbHO,
CKOPOCTb PacnpoCTpaHEeHHsl I'PaBUTALMU €CTb CKOPOCTb PACMpPOCTPaHEHUS
MaJioro AaBJIeHUs], T.e. CKOPOCTb paclpocTpaHeHus 3Byka B 3dupe.

Kak Obulo moka3aHo BbIlE, MpPU OMNpeAeNieHUd MapaMeTpoB 3¢wupa,
CKOPOCTb 3ByKa 3(Upa B OKOJIO3eMHOM TpoCTpaHcTBe paBHa 4,310%°  w/c,
T.e. Gonee wem B 10 pa3 npeBbimaer ckopocTh cBeTa. C ydeToM
3ama3/ibIBaHNs, 3aKOH TPAaBUTALOHHOTO B3aWMOJAEHCTBUS TeJl MprodpeTraeT
BUJI

M
F(t—rlc) = f—— o, 1). (10.38)

[r(1?
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B wm3BecTHyro ¢opmy 3akoHa HblOTOHAa TpUBEAEHHOE BbIpaKEHUE
npeBpatnaercs npu O(r,t).= 1u c.= oo,

HwxkHuit  mpemen  CKOPOCTM  pacHpOCTpaHEHHs TIpaBUTALMU  ObLI
ycranosneH [1.C.Jlarutacom B 1787 1., T.e. TOrma, KOTAAa CKOPOCTh
pacnpocTpaHeHUs CBETa yke Obl1a Xopowo u3BecTHa. MccnenoBas mpuurHbI
BEeKOBOro yckopenus Jlynel, Jlammac cnmenan BeIBOA O TOM, YTO CKOPOCTb
pacnpocTpaHeHHs TpaBuTauuy He MeHee yeM B 50 MiIH. pa3 mpeBblIaeT
CKOpPOCTh cBeTa [6]. YuuThiBast, 4TO BeCh OMBIT PACUSTOB MOJOKEHHS TUTAHET
B HeOecHOI MexaHWke OasmpyeTcs Ha cTaTthudyeckoil ¢opmyine HeroToHa,
nojipa3yMeBarolei 6eCKOHEYHOCTh CKOPOCTH pacnpocTpaHEeHUs
rpaBUTaLIMK, CIIEdyeT CUMTaTh W OLEeHKy Jlammaca M Hamry OLEHKY Oonee
BEepHO#, Hexkenu oueHka OOLIel Teopuu OTHOCUTENBHOCTH DMHIITElHa,
nocmynupyioujeii, 4TO CKOpPOCTb paclpOCTpaHEHWs TpaBUTALUMM paBHA
CKOPOCTH CBeTa...

CremyeT OTMETHUTh, YTO CKOPOCTh PACIPOCTPaHEHUs TPABUTALMM BO BCEM
MHUPOBOM NPOCTPAHCTBE HE MOXKET OBITh IOCTOSIHHOM, MOCKOJbKY OHa
3aBUCHT  OT  TeMmmepatrypsl 3dupa, U, CclemoBarelibHO, BONW3N
TpaBUTALMOHHBIX Macc, TIe TemIepaTypa 3pupa HiKe, OyIeT Takke HIKe 1
CKOpOCTb 3BYKa, T.€. CKOPOCTb PACIPOCTPaHEHHS FPaBUTALINY.

HecMoTps Ha OoOJblIyl0 BEJIWYHMHY, CKOPOCTb pPaclpOCTPaHEHUS
rpaBUTALIMM — CKOPOCTb PaclpoCTpaHeHHs MEepBOro 3ByKa B 3(Hpe, Tak ke
KaK ¥ CKOPOCTb CBETa — CKOPOCTb PAaclpOCTpaHeHHs1 BTOPOTO 3ByKa B 3¢dupe,
He SBJsIETCSl TPUHLUMMUAIBHO TpelesibHON. VYuuTbiBas, 4TO JBUKCHHE
amMepoB MPOUCXOIUT He IMYCTOTe, a B cpele 3¢upa-2, cieayer noiararh, 4To
CKOpOCTh MepeMellleHNs 4YacTull 3¢upa-2 CyIECTBEHHO IpeBbIIIaeT
CKOpOCTh MepeMelleHls] aMepoB — yacTull 3¢upa-1 unm mpocto 3dupa.
COOTBETCTBEHHO CKOPOCTH TepeMelieHus JacTull 3pupoB Oosiee TIyOOKMX
YPOBHEi OpraHn3ali MaTepUH CyIECTBEHHO MPEBBIIIAIOT CKOPOCTH YaCTHUL]
3¢ HpOB TpeIbIAYIINX YPOBHEN OpraHU3alui MaTepry.

10.4.Tlornomenue 3¢pupa rpaBUTANHOHHBIMH MacCaMuU

Hanmmuue B OKpyKarolleM TPaBUTAIMOHHYIO MacCy TPOCTPAHCTBE
TpaJWieHTa HaBJieHWS d(upa MPUBOAWT K TOMY, UTO W caM 3(Hp HauWHAET
TOJT €r0 BO3MCHCTBHEM CMEIaThcs B CTOPOHY TPABUTAIMOHHONW MacChl H
TOTJIOIMATHCS €f0. [TOCKONBKY TPaBUTAIMOHHBIMH MAacCaMH SIBIITIOTCS BCE
TeNa, TO BCE OHU TIOTJIOMIAOT 3(Up W3 OKPYKAIOMIETOo TMPOCTPAHCTBA, B
pe3ysibTaTe 4Yero MX Macca yBeluuuBaercs. Takoe yBeIMYEHUE MacChl
NPOUCXOIUT OTHOCHUTENILHO MeEJJIEHHO, He3aMeTHO, OCOOeHHO Ha (oHe
JIPYTUX TPOLECCOB, OJHAKO IS KPYMHBIX TNl 3TH WU3MEHEHHS HE TOJbKO
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3aMedeHbl, HO Jaxe U u3MepeHsl. [IpennonoxkeHne o paciIMpeHrn 3eMiH 3a
cueT norjolieHus 3¢upa ObLI0 BhIcKa3aHo ele SpkoBckum [12].

CrnemyeT OTMETHTb, YTO YBEJIMYEHHE Macchl 3eMJIM CO BpPEMEHEM ecTb
peanbHbI (pakT, U OH He MOXeT ObITh OOBACHEH, HamphMep, TaKUMH
npoueccaMy, Kak aCCHMUWIALUSA JTy4eBbIX, KOPMYCKYIAPHBIX U METEOPHBIX
MOTOKOB.

Kak mokazano I'ycapoBbiM [13], 3a cueT 3THX (pakTOpoB B TeueHue 5
MIpA JieT 3eMyis MOTNa YBeTMUHMTb CBOIO MacCy He Goree ueM Ha 3107
9acTH ee COBPEMEHHOM MacChl.

[NornomeHHas Macca KOCMUYECKOT0 3(upa MOXKET ObITh YCBOEHa 3eMuleii
TpeMms criocobamu:

KaK 00pa3oBaHNe HOBOTO BELIECTBA, MEXaHU3M YEro B HACTOsLIee BpeMs
He SICeH,;

KaK HapallMBaHHE Macchl KaXXIOr0 HYKJIOHAa M 3JIEKTPOHHBIX 000JI0UEK
aTOMOB, 4YTO 00Jiee OUEBUIHO;

Kak HaKOIUICHWE Macc 3¢upa, KOTOpBIE 3aTeM MepeMeINaloTcss BHYTpH
3€MHBIX TIOPOI.

VBenuueHne Macchl 3eMIIM JOJDKHO CKa3aTbCsi W Ha HEMpepbIBHOM
YBEJIMYCHHUH CYTOK. YCTAHOBJIEHO, UYTO CYTKU B CAMOM Jielie YBEITMYHBAIOTCS
Ha 0,0024 ¢ 3a cronerme. B HacTosiee BpeMs 3TO yBeNWUYEHHE CYTOK
OTHECEHO 3a CYET TOPMOXKEHHs BpalleHHs 3eMJIM MPWIMBHEIMU TEUEHUAMH,
OJIHaKO, Takoe 00bSICHEHHE TIPEACTABNIACTCS HE MOJIHBIM.

Kak nmoka3zano B paborax [14-17], MOXHO cyHWTaTh TBEpPAO
YCTaHOBJICHHBIM ()aKT PaBHOMEPHOTO pPAacIIMpeHHs 3eMiH, pe3yJbTaToM
3TOrO CTall OTPHIB MAaTepUKOB APYr OT Apyra. PacimimpeHue MOBEpPXHOCTH
3eMiM B HacTofAllee BpeMsl MPOUCXOAUT B CTOPOHBI OT OKEAHWYECKUX
pudroBeix xpedToB — CeBepo- u HOXHO-ATiHaHTHYeCKWX, 3amaiHo-
Wuawmiickoro, a Takke ABCTpaio-AHTapkTuueckoro, KOxHo- u Boctouno-
Tuxookeancknx mogausaTuit (puc. 10.2).
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Puc. 10.2. Cucrema oxeaHudeckux pHTOBBIX xpedToB 3emum: 1, 7 —
Bocrouno-Tuxookeanckoe momastue; 2  CeBepo-ATIaHTHUECKHMA Xpeber; 3 —
IOxHO-ATnantndeckuit xpeder; 4 — 3ananHo-WMunuiickuit xpeder; 5 — ABcrpaio-
AnrapkTrieckoe nogusaTue; 6, 8 — l0xno-Truxookeanckoe mogHsaTHE

[TpoBeneHHbIE PSOOM YYEHBIX MCCIEIOBaHMS TOKa3ald, YTO MPUMEPHO
2—2,5mnpn et Hazax 3eMIIs Melna CyIIeCTBEHHO MEHbIINiT 00beM, OKeaHbI
OTCYTCTBOBAJIM, @ BCE COBPEMEHHBbIE MAaTEpUKH OBIIM CIUTHI BOEOWHO W
00pa3oBbIBaJIM  OOIIYI0 TBEPAYIO O000JOYKY 3eMiid — 3EeMHYI0 KOopy.
Y CcTaHOBIIEHO TaKXke JABMKEHHE MaTepPUKOB APYT OT Jpyra.

Ecnu 661 oTcyTCTBOBaNA CyOLyKLINS — MOANOI3aHNE OKEAHMYECKOH KOpbI
Mo MaTepUKH, TO B COOTBETCTBUU C pacueTamu B.®.bnuHoBa MOXKHO OBLIO
Obl TosaraTh, 4YTO M3MEHEHHWE paluyca 3eMJIM COCTaBIsIeT B HacTosliee
BpeMsi mpuMepHo OR/Ot = 1,08 cm/roa. OnHAKO MO JaHHBIM HEKOTOPBIX
uccienoBanuii [18, 19] Ha HHe OKeaHOB HE HAXOAUTCS KOPBI, BO3PACT
koTopoii mpeBbiman 661 200 M ner. ComocTaBieHHE 3TOrO BO3pacTa ¢
BO3pacTOM KOpbl MAaTepHWKOB 3acTaBlisieT TPH3HATh (aKT HaIHIHA
cyonykumn. OgHako CyOmyKIMs HE MOKET KOMIIEHCHMpPOBATh CHPEIUHT —
pa3IBUraHre MaTePUKOB MOJIHOCTHIO.

ITockonbKy MMHUMaNbHBIN BO3pAacT KOpbl MaT€pUKOB OLIEHMBAeTCS B 2
MJIpZL JIET, MOXKHO TPEMNOJIOKUTh, YTO MMEHHO B 3TO BpeMs MPOW3OLIIO0
pazlefieHne MaTepuKkoB U, cJeJoBaTelbHO, 2 MIPA JIeT TOMYy Hazal
MOBEPXHOCTb 3eMJIM cocTaBisia Bcero 1/3 Bceil TemepelnHeil MOBEPXHOCTH
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3emau (MOBEPXHOCTb OKEAHOB celyac cocTaBiseT 2/3 Bceil MOBEPXHOCTH

3eMin).

IMonarast, 9TO0 CpeAHsIs TIOTHOCTh 3eMJIM COXPAHSETCS IMOCTOSHHOM
(momynieHWe TPOM3BOJIBHOE, OJHAKO HE CYHICCTBEHHO BIUWSIOLICE Ha
KOHEUHBIN pe3yJIbTaT), BRIYUCIMM TMOCTOSIHHYIO BPEMEHU M3MEHEHHsI MacChl
3emin 1 Apyrux rmiaHeT CONHEUYHON CUCTEMBI.

OmnpenenumM CKOPOCTh BXOXxaeHUs 3upa B HebecHoe Teso (puc. 10.3).

dl

Puc. 10.3.K onpeneieHu0 cKOpOCTH MoOrJioleHus 3¢upa rpaBUTALHOHHOI
maccoii

[lpupaiienue [UIMHBL CTOJNI0A MAJalOIIEro Ha TEJIO0 U3  MHUPOBOIO
MpOCTpaHcTBa 3(rpa MOXKET OCYIIECTBIATbCA TOJBKO 3a CUET Pa3sHOCTH
YCKOpEHMI Ha 3JIeMeHTe JUIMHBI CTOJI0a ra3a, N3MEPEHHOT0 B paJuajibHOM MO
OTHOILIEHUIO K HEOECHOMY Telly HalpaBJIeHUIo, T.€.

t2
dl = —dg. (10.39)
2
CrnenoBaTesbHO,
At2
Al = ——¢g; At=const. (10.40)
2
Tak kak
M
g=G—, (10.41)

r2
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TO

GM
Al = — A2, (10.42)
22

[Inomans MOBEPXHOCTH WIapa pajamycoM I cocTaBiaseT S = 4ur?, u,
ClieIoBaTeNibHO, 00beM ¢Ji0s ra3a TonuuHoi Al paBeH:

GM
AV = SAl =4nr2 —— At?2 = 2 G MAt? = const (10.43)
r2

i moboro MomeHta BpeMmeHu t. OTciona ciiemyer, 4To 3¢up MajgaeT Ha
HeOecHOe TeNno, He MeHsAs CBoero oObema, He TMpeTeprieBas HHUKAaKHX
annabaTUuecKux U3MEHEHUH, T.e. Kak TBepIoe TeJo U3 OECKOHEYHOCTH. DTO
O3HayYaeT, 4To 3(GHUp BXOIUT B TEJNO CO BTOPOH KOCMHYECKOW CKOPOCTEHIO,
paBHOM

GM 4

w=(—). (10.44)
R

Jnst 3emuma v, = 11,18km/c.
Crnenyer oOpaTuTh BHUMaHHe Ha TOT ()akT, YyTO IS JII0OOTO HEOECHOTO
TeJla BeJIMYMHA

82V|| ZIDT 2GM 3M
= (4ir?)2 = 241G =
M? RM? 4xr3
= 75,45 =5,02910° xrim®¢? = const, (10.45)

n yI[eJ'II:HI:Iﬁ OPpUPOCT MACChHI B HeOEeCHOM Telle NponopuUrOHAJICH BEJIMIYNHE

AM P> SV| 2 S 2GM 12 241G 12 -
= = ( ) =pa. )=6,310" pr . (10.46)
MAt M M pr pPr
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Tena pr
YMEHbIIaeTCH.

3T0 03HaYaeT, 4TO MO Mepe YBEJIMUYEHUS CPeIHEl MIOTHOCTH HeOEeCHOTro

OTHOCHTEJIbHBIII pOCT €ro Macchl 3a C4eT MOrJoumeHus 3dupa

U3 wu3noxxeHHOTO CJICAYCT, YTO MNOCTOAHHBLIC BPEMCHU HeOECHBIX Tel

Hrak, yBennueHre Macchbl 3eMJIM COCTABIISAET

AM;

= 6,310 My N py. =
At

OJIM3KK MeKLy CO0OM M COCTABIIAIOT MPUMEPHO 3—4MIIp/ JieT. DTO 03HavaerT,
YTO B paMKax UCXOIHBIX MPEANOCHUIOK — MOCTOSIHCTBA IUIOTHOCTU 3eMJIH U
MOCTOSIHCTBA TUIOTHOCTH 3(Hpa B OKOJO3€MHOM TPOCTPAHCTBE, a TaKkKe
HEM3MEHHOCTH TPABUTALIMOHHON TMOCTOSHHON (BeChbMa YCJIOBHO) — MOXKHO
royiarath, 4to 3a 3,75MIpa JieT Macca 3eMIH YBEIUYUBaeTCs B € pas.

(10.47)

= 6,310%65,975107% V5,51810° = 5,0710" xr/c = 1,610 kr/rox.

[Mpennonoxus, uto yaenbHas macca 3eman (5518 kr/m3) coxpansiercs

MMOCTOSTHHOM, MOJTYy4YUM

AV3

At

=5,0710/5,51810° = 9,210° m° /c = 2,910 m® /ron

(10.48)

[TockonbKy cymmapHas AnvHa puQTOBBIX XpeOToB paBHa 60 ThIC. KM,
TpUpalieHne Macchl U o0beéMa Ha eAWHHIy UTUHBI pu(TOBOrO XpedTa

COCTaBJIAACT COOTBETCTBECHHO

AM;  5,0710

= =0,83kr/™Mc=2,710° kr/mon
Atl 610’
AV 9,210°
— = =1510%m%c = 4,710°M® Iron.
Atl 610

(10.49)

(10.50)

Hcxons U3 TOTo, UTO CpeiHee pacCTOsIHUE OT oceil pudTOBEIX XpeOTOB 10
OeperoB MaTepuKoB COCTABIAET 3 ThIC. KM, @ BO3pacT MOPOJA MOPCKOTO JIHa Y
oeperoB 200 muH. net (Mo ocsM pUPTOBBIX XpeOTOB BO3pacT MOPOI HE

npeBbimaer 10 MitH. JIeT,

BO3pacCT mopoa MOHOTOHHO YBEJIIMYMUBACTCA OT
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oceii XxpeOTOB Kk Oeperam), HAXOOUM CKOPOCTb TepeMEILeHUs TOPO OT ocei
XpeOToB K Oeperam

v, =310°/210° = 1,510 wm/rox = 4,7510™° wic. (10.51)

W MpUpalleHye Tomaan

AS/At = 26:10™1,5107%= 1,810°m%rox = 1,8km? /rox (10.52)

Onnako Creitnepom [20] mokaszaHo, 4T0O cpemHsis TobanbHas CKOPOCTh
TIpHUpameHns TUTOMaad OKeaHOB COCTaBJIsIeT 3a mocienane 5 miH yet 3,19
kmZ/ron. Ucxons w3 mauHeix CTeliHepa, MOJTydaeM, 4To eciy 6bl MIOMab
OKECaHOB pacIIMpsUIach TOJBKO 3a CUET pacliipeHws o0beMa 3eMild, TO
3emis TO/DKHA Obla Obl PacIIMPSITBCS CO CKOPOCThIO 2 cm/rox. OpHako
mpupameHne paamyca 3emian Rs 3a cueT mornomeHUs 3(Gupa COCTaBISET
BCETO

AR;  RAV;  RAM;

= (10.53)

At 3VzAt 3M3At

6,3610°5,0710
- = =1,810" wm/c = 0,56mm/ron.
$,9751

Takoe pacxoxieHHe TaHHBIX MOXET ObITh OTHECEHO 3a CYET HE CTOJIBKO
HEBEPHOCTU WU3MEpPEeHUil, CKOJbKO 3a CYeT HEpPaBHOMEPHOCTU Mpouecca
pacmmpeHus 3eMJIM BO BPEMEHM, HalprMep HaKOIUIeHWs HampsyKeHWid B
MopoJax, a 3aTeM OTHOCUTENIbHO OBICTPOro WX cOpachIBaHUA.

Takum obpa3oM, eciiu GakT packojia MaTEPUKOB MOXKET ObITh OOBACHEH
HapallMBaHMEM Macchl M oO0beMa 3eMJM B CBA3M C MOTJIOIIEHHEM 3dupa
KOCMHMYECKOTO MPOCTPAHCTBA, TO U CIIPEIUHT, U CYOXyKUHUs HY)KHO OTHOCUTh
B 0OOJbIIEii CTENeHH 3a CUeT MepeMelIEeHHUS MarMaTH4eCKUX MOAKOPKOBBIX
MOPOA, KOTOPOE TaKKe MOXET SBIATHCSA CIEACTBMEM HAKOTJIEHUS] Macchl, a
OTCIOJIa ¥ HapallMBaHUs HaMpsDKEHWH M3-3a BCE TOTO Ke MOoryomeHus 3¢upa
KocMmdeckoro npoctpadctsa (puc. 10.4, a) [21].

PaccMOTpeHHBINT MeXaHW3M pacIIMpeHus] 3eMJM MOXEeT B KaKoW-TO
CTeNeHH TMPOJIUTh CBET Ha MPWYMHBI ropooOpaszoBanus (puc. 10.5,6). B
MOMEHT pacKoJjia MaTepuK{ UMeNT BHYTPEHHHI paJinyc, COOTBETCTBOBABLIEH
panuycy 3emnn mopsnka 2 MIpA. JeT ToMy Hasad. C TeueHHeM BpeMEHH
MaTepuKH, COXPaHMBIINE 3TOT PAaAMyC, OKA3aJMCh Ha MOBEPXHOCTH 3eMIIH
YBEJIMYEHHOTO  paguyca, 4YTO HEM30eXKHO TMpUBENO K MOSBICHHIO



474

HanpsHkeHWit B MaTepHKOBBIX IUIMTaX W Jajee — K TropooOpa3oBaHMIO.
MoHO NpearnosIoxuTh, uto [Tamup cioxeH n3 Oojee APEeBHUX MOPON, YEM
paBHMHA, MO3TOMY TaM COXpaHWIOCh oOllee MOAHATHE M Tpouuio Oojee
WHTEHCHBHOE TOpo0Opa3oBaHMe.

7
{ 7
~ ~ X ~
_— —
pd * ~ - ~
a
Mopckoe oo Mamepuxosas
. nauma
Pugpmosuiit
OOHHbIL
xpebem genyecmada,

006paso8anHbllf
U3 no2noujeHHo20
ogupa

0)

Puc. 10.4.Pacuimpenue 3eman: a — noruomieHue dgupa 3emieii; 6 — oJ1H U3
MEXaHU3MOB ropoo0pa3oBaHus

W3noxeHHBI MEXaHU3M TOpooOpa3oBaHMs HE SBISAETCS €IMHCTBEHHBIM.
Kopauneepsl, MpoTsSHyBIIMECS BAOJNb BCEro 3amagHoro 6epera CeBepHOi n
IOxHO# AMepHK, MpOM30IIIM MHAaYe. 3[ech UMEET MECTO He MOATNOJI3aHne
OKEaHWYeCKOTo JIHa MOJ MaTepuK, a ero HamoszaHue Ha 6eper. IMEHHO 3THM
MOXXHO OOBACHUTb HallMuue OBIBLIIETO OKEaHCKOTO IHAa Ha BBICOTAX B
HECKOJIbKO KWJIOMETPOB. DTO O3HAyaeT, YTO MOPOIbl 3alagHoro CKIOHA
Kopnunbep H0omkHBI OBITH MOJIOJKE TOPOJ BOCTOYHOTO CKJIOHA, IPUYEM YeM
OnmKe K OKeaHy, TeM HOPOIbl TOJDKHBI OBITH MoJioke. B mpuHLuMne, 3To He
TaK TPYIHO MPOBEPUTD.

[Mormomenne >¢upa MPOU3BOAUTCS BCEMHM HEOCCHBIMH TelaMd. B TaliI.
10.1. mpuBeneHsl pacyeTHbIE AaHHbIE YBEJIMUEHMS MacChl HEOECHBIX Tel 3a
CUeT TMOTJIoMEeHN UMHA 3(rpa KOCMIIECKOTO IPOCTPAHCTBA.
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Tabnuya 10.1

HebecHoe Macca, xr | ITnomans Vi, Ml AMI At, AM] MAt,

TENo TTOBEPXHO- Kr/c 1
CTH, M2
Cosnue 1,9910° | 6,0810% 6,1810°0 | 3,3210° | 1,6710°"

Mepkypuit | 3,2410° | 7,1510° 4,310° 2,7210° | 841078

Benepa 4,8610°% | 4,810" 1,0410" | 4,4510° | 9,15107®
3emus 59710 | 5,110% 1,1210° | 5,0510" | 8,45107°®
Mapc 6,3910° | 1,4210" 5,110° 6,410° 110

IOnurep 1,910 | 6,1610%® 6,0810° | 3,310° | 1,75107%

CarypH 5,6810° | 4,19107 36810 | 1,3610" | 24107
Vpan 8,7310”° | 7,310" 2,2210" | 1,43100 | 165107
Henryn 1,0310°° | 6,510% 2,4810° | 1,43100 | 1,38107"
Tltyron 510 2 | 50710 2| 310° 2 | 1,3510"? | 2,710°° ?

CymecTBylOT ellle [Ba CIeACTBMA HornouieHus 3¢upa 3emieid: 3To
3¢ upHbIe BEIOPOCH, MPUBOAALINE K 00pa30BaHUIO KOMET, U TaK Ha3bIBacMble
reonaToreHHbIe 30Hbl — UCTEeUEHHS Y3PUPHBIX CTPYH.

OOpa3oBaHue KOMET OCYILECTBISETCA BCEMU IUIAHETAMM, TaK XKe Kak,
BEpOATHO, U 00pa3oBaHME TreonaToreHHsIx 30H. Ho eciau obpa3oBanue
MEJIKUX KOMET TPOMCXOIWT OTHOCHTENIbHO He3aMeTHO, TO 00pa3oBaHUe
KPYMHBIX — 3TO cOOBbITME IUIAHETAPHOTO MacliTaba, COMpPOBOXKIAIOIIEECT
BBIOPOCOM B KOCMHMYECKOE€ MPOCTPAaHCTBO OoJbIIMX Macc BemiecTBa. K
CyacTblO, 3TO OBbIBAET BeChbMa PEIKO, BEPOSATHO, HE yalle, YeM OIMH pa3 B
HECKOJIbKO MMIJIJITMOHOB JIET.

UYro kacaeTcsl reonaTOreHHbIX 30H, TO 3TO ABIEHUE MOBceMecTHoe. [[Be—
TPH 30HBI JUAMETPOM MeHee MeTpa HaxoAATCS MPAKTHYECKH B KXKIOM I0Me
W B KakHOM  KBapTupe. OTW 30HBI TPEACTABIAIOT C000if cTpym
3aBUHTOBAHHOIO M 3aBUXPEHHOro 3¢upa, MCTEKaoLIMe U3 Tejla 3eMIIM.
Takwe cTpyn NPOHM3BIBAIOT HACKBO3b MHOTOSTaXXHBIE JOMa M BeCbMa
OTPHIATENIFHO CKa3bIBAIOTCS Ha CAaMOUYYBCTBHH JIIOJIEH, @ MHOT A TIPUBOIAT K
TIOJTHOW TOoTepe 3I0pOBbSI M Jake K CMEPTH. OTH 30HBI C TMOMOUIBIO
MPOBOJIOYUHBIX PAMOK JIErKO OOHapyXHUBAIOTCSl ONepaTopaMu OHOJIOKaLUH
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(mo3oxonuamu). OObIYHAs PEKOMEHAALMS B TaKMX CIydasX — MEPecTaBHUTh
MeOelTb TaK, 4TOObI HE HAXOJQUThCS B 3TUX 30HAX J10Jro, —yOpaTh U3 HUX BCe
paboune U craibHble MECTa, HO, K COXAaJIEHHIO, 3TO HE BCEr/1a BO3ZMOXHO.

B Hacrosmee Bpems HaiineH mpoctoi W 3(QQEKTUBHBIH crmocod
JECTPYKTYPUPOBAHHS TaKUX MOTOKOB C TOMOINBIO IMPOBOJIOYHBIX CETOK.
[ToTokn paspywmaroTcs, ¥ XOTS B TesJe 3€MIIM HCTOYHUK 3TUX MOTOKOB
MPOAOJIKAET CYLIECTBOBATh, OPraHW30BAHHOTO 3aBUXPEHHOr0 MOTOKAa OH
YK€ CO3/1aTh HE MOXKeET.

10.5. MarbgerusM HeO0eCHBIX TeJl KakK CJIEICTBHE
norJomeHust uMu 3¢pupa

Kax u3BectHO, CoOJHLE U HEKOTOpblE IUIAHEThbl 00JaJal0T COOCTBEHHBIM
MarHUTHBIM 1ojieM. OTINYUTENbHONH YepTOil OCHOBHOTO MarHWTHOTO TIOJS
HEOECHBIX TeNl ABJSETCA COBMAJCHHWE WM OJIM3KOE PacroNIOKeHHe
MarHUTHBIX TOJFOCOB C TIOJIOCAMU BpAIleHWs HEOeCHBIX Ted. DTo Jalo
OCHOBaHHME AJIs1 BBIIBMKEHUSI THIIOTE3 O CYIIECTBOBAHMM (DyHIaMEHTaIbHOTO
3aKOHa MPUPOJIbI, COTJACHO KOTOPOMY BCSKOE BPALIAIOLIECECS TeJIO JOJIKHO
o0nafaTb MarHUTHBIM MOMEHTOM. OJHAaKo NPOBEAEHHbIE IKCMEPUMEHTbI
3TOTO HE TOATBEPAMIIM. BPAIIAFOIINICS TOKEJbI METATMYeCKnid 1map He
W3MEHWIJT OKPY’KaIOIIEro €ro MarHUTHOTO TIOJIS.

Jlenanuch TOMBITKM OOBSICHUTH OCHOBHOE MAarHWTHOE TIoJie 3eMITh
TIPUCYTCTBUEM B Kope 3emin (eppOMarHUTHBIX MaTephalioB, IBWKEHHUEM
ANIEKTPUUECKHX 3apsI0B, KOTOPbIE YYaCTBYIOT B CYTOYHOM BpaLIEHNH 3eMIIN
7 TEM CaMbIM CO3JAOT ANIEKTPUUECKHUI TOK, HANMYKEM B siApe 3eMIIM TOKOB,
BbI3bIBAEMBIX TEPMOJBIKYIIEH CUION Ha rpaHMLE sAapa W MaHTHH, H,
HaKoOHell, JeHCTBMEM TaK Ha3bIBAEMOrO T'MIPOMArHUTHOIO JWHAMO B
MeTamndeckoM siape  3emid. [locnemHsist rumoTesa, cyMTaroLiascs B
HacTosilee BpeMss  Haumbosiee  yIOBJIETBOPHUTENIbHOHM,  Mpearnojaraer
caMoBO30y>KI€HUE 36MHOI0 reHepaTopa, ABMKYLIErocs B MAarHUTHOM TOJIe,
KOTOpoe OH caMm cebe co3maeT. B mocneaHeM ciydae aBTOpbI, BHUAWMO,
NpeIoaraloT, 4YTO BO3MOXHO BO30yXJIEHUE B MOJIE, KOTOPOE CaMo
JBYDKETCSI BMECTE C TE€JIOM, OTHAKO 3TO MPOTHBOPEYUT JIOTHKE.

[lpencraBiseTcss BO3MOXKHBIM ~ Ha  OCHOBE  3(PHUPOANHAMUYECKUX
TIPeACTaBIIeHNIT BEPHYTHCS B TEPBOM TMIIOTE3€ O TOM, YTO BpaIlArOIIHecs
Tena JOJUKHBI 00JlaiaTh MarHUTHBIM MOMEHTOM, OJHaKo, He BCe, a JIMIIb
IVDIIEKTPUKH.

Kak moka3aHo Bbllle, BCE€ Tela HEMPEPBHIBHO MOMJIOWIAT 3QUp U3
OKpY’KalolIero MpocTpaHcTBa M 3(Up MagaeT Ha MOBEPXHOCTb Tejla CO
BTOPOIl KocMUYecKoil ckopocThio. Eciy Teslo He MeTayuinueckoe, TO MOTOKU
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3¢upa TPOHMKAIOT B TENO, €COM Tell0 MeTaLINYeckoe, TO ero
NPOHMKHOBEHHE W MPOJBIKEHHE B Teje BechbMa Mano, M 3ddexr, ecnmu n
€CTb, He3HAYHTEJIEH.

B kaxmoii Touke BpalIAOLIErocsl Tela Ha MOMIOLIaeMblil MOTOK d¢upa
OyneT OKa3bIBaTh NOTIOJHNUTENHLHOE BIIMSHUE CHNA, BHI3bIBaEMast yCKOpEHHEM
Kopuonuca (puc. 10.5).3T0 yckopeHHe MOKHO BBIYUCIUTD 110 hopMyIie

Gop = 200VSiNQL. (10.54)

31ech ® — yriaoBasg CKOPOCTb MOBOPOTAa HEOECHOTro Tena; V — CKOPOCTb
NOTOKa 3(Upa; 0. — yroji Mexay HampaBJIeHUEM MOTOKAa U BEKTOPOM YTJIOBOM
ckopocTH. CKOPOCTH V 3/1eCh paBHa BTOPOI KOCMHUUYECKON CKOPOCTH.

[Tpu nocTosHHOM MIOTHOCTH Macca Tesa

4
M=pVN, =—pnRs, (10.55)
3

roe p, — CpeiHsAs yjaeibHas IJIOTHOCTh Tena, V; — obovem Tenma, R — ero
paauyc. CienoBaTesbHO,

Vi = r-/8/3 nip,, (10.56)

T.€. CKOPOCTb TTOTOKA d(pHpa YMEHBIACTCS M0 Mepe IPOHUKHOBEHHUS B TTy0b
HeOecHOTO Teja.

Kop

Kop

Puc. 10.5. Bo3HUKHOBeHHe BHXPeBOro mojsi 3(pupa Bo BpamaLeMcs
HeOecHOM TeJjie
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W3 M3N10)K€HHOTO CJIeAyeT, YTO B MOBEPXHOCTHOM CJI0€ HEOECHOro Tesa
OyzeT Bo30yXIaThcsl BUXpeBoe MoJie a¢pupa. Ecinu k ToMy e B LIEHTpe Tela
NPHUCYTCTBYET JKeJIe3HOe OO, KaK 3TO MpearnosaraeTcs, HanpumMep, B 3emie,
TO BUXpEBOe ToJie dupa OyIeT 3aMblKaThCsA Uepe3 HEro, Tak Kak caMo 3TO
AApo He OyAeT co3daBaTh NPOTUBOAEHCTBYIOLIEr0 BUXPEBOro MOTOKA, a,
Hao00poT, OyAeT cnocoOCTBOBAaTh IPOHUKHOBEHUIO BUXPEBOro Mojs 3¢hupa.
OpnHako, €Clii Takoro sAjpa HET, TO C y4eTOM OcCJabJeHus IOJsl B LIEHTpe
HeOEeCHOTro TeJjla HeT, 3TO LEHTPaJbHOE I0JIe TaKXKe OKaXKeTCs HECIIOCOOHBIM
TIPOTHUBOJEHWCTBOBAaTh O0IIEMY MOTOKY, YTO BCE PaBHO JOJDKHO TPHUBECTH K
3aMbIKaHMIO BUXPEBOrO TIOJs 4yepe3 LeHTp HebecHoro Tena. B pesynbraTe
TiaHeTa npuodpeTaeT BUXpeBoe nosie 3upa —mMaruutHoe none (puc. 10.6).

Puc. 10.6. O6pazoBanne maruutHoro moJsi 3emuu. XKenesnHoe siapo 1 He
cozqaer MJIC HemocpencTBEHHO, HO SBISETCS MPOBOAHMKOM U YCHIUTEIEM
CO3JIAaHHOTO B TIOBEPXHOCTHOM CJIO€ 2 MATHUTHOT'O TIOJIsI

B Tabn. 10.2 mpuBeneHsl pacyeTHble MapaMeTpbl MarHUTHOTO MOJIsS
HeOECHBIX Tell B OTHOCHTENBHBIX €NUHWIAX B TPEATNOJNOXKEHUH, UYTO
HaNpsDKEHHOCTh ~ MarHUTHOTO — TMOJIST  MPOTIOPLMOHANBHA  YCKOPEHHIO
Koprnonmca Ha mMOBepXHOCTH TeN, MpPW 3TOM 33 EOWHUWIy TpPUHSTA
HaIpsKEHHOCTh MarHUTHOTO TT0J1st Ha roBepxHocTh ConHIa:

Vi) +

. (10.57)
Ovi)c

Kak BHOHO ®3 TabmMubl, Ui TeX HEOECHbIX Tel, IUId KOTOPBIX
Harnps»KeHHOCTb MAarHUTHOIO TOJII HA MOBEPXHOCTH M3BECTHA, COBMAJCHHE
pacyeTHbIX 3HAUYEHMI CO CMPaBOYHBIMM BIIOJIHE YJOBJIETBOpUTENbHOE. st
TeX HeOECHBIX TeJl, JUId KOTOPBIX HAMNPSHKEHHOCTH MAarHUTHOrO Mojis Ha
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TMOBEPXHOCTU HE WM3BECTHBI, JaHbI JIMIIb PACUETHBIC 3HAYCHUA OXKUIaeMOn
BEJIMYMHBI HAMTPSAXKEHHOCTH.

Tabnuya 10.2

Hebecnoe T , C WV, (ovir)r H./Hc
Teno m/c? (Ve (cmp.)
Conue 25,38cyT 2,8510° | 1,76 1 1
Mepkypuii | 58,65cyT 1,2510° | 5,410° | 3,10° |0
Benepa 243cyt 3107 3,110° | 1,7510° |0
3emuist 234 56 MuH 4 ¢ 7,2710° | 0,812 0,462 0,42-0,7
Mapc 244 37wmun 23¢ | 7,2107 0,36 0,205 -
IOnurep 9u55mun 40c | 1,7410° | 0,9 5,6 4
Carypn 104 40mun 1,6210° |6 3,3 -
Ypan 10,84 1,6810° | 3,52 2 -
Henryn 15,84 1,110 2,52 1,43 -
ILnyTon 6,39y 274107 | 1,37 0,78 -

Lenecoobpa3zHo oOpaTUTh BHMMaHHE Ha TO, YTO MOTJOLIEHHE 3dupa
3emieli MOXeT BOCIPHUHMMATbCA KaK BEpTHKalIbHAs COCTaBJISAIOLIASA
MarHUTHOTO TTIOJIS.

BriBoasbl

1. I'paBUTaLMOHHBIE B3aWMOJEHCTBHS MOXHO WHTEPIPETUPOBATh Kak
pesyabTaT TepMmoauddy3uoHHOro mpouecca B 3(pHUpe, OCHOBAHHOTO Ha
TEIUIOOOMEHEe Macchl BELIECTBA C OKPYXKaloLMM 3(GUpPOM Ha YypOBHE
SHEPreTUKU a¢upa. Pemenne ypaBHEHUsA TEIUIONPOBOIHOCTU
NPUMEHUTENBHO K J3TOMY CIIy4al0 TO3BOJIMIO BBIBECTH YTOYHEHHOE
BBIp@)KEHUE MJISl 3aKOHA B3aUMHOIO NPUTSIKEHUS MacC M ONPENEIHThb
(¢u3nyeckuif CMbICT TPaBUTAUMOHHON MOCTOsSHHON. I[Ipu 3TOM moka3aHO
OrPaHUYEHUE MO0 PACCTOSHUIO IPABUTALMOHHOTO B3aUMOAEHCTBUSA TEJ, YTO
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MO3BOJIMJIO  €CTECTBEHHBIM 00pa3oM pa3pellluTh W3BECTHBIH Mapagokc
Hefimana—3enurepa B paMKkax TpeAcTaBleHUl 00  eBKJIMIOBOCTH
MPOCTPaHCTBA.

2. CKopoCTb pacmpoCTpaHEHWS] TPABUTALMOHHOTO BO3MYIIEHUS —
CKOPOCTh PACTpOCTpaHeHHs 3Byka (Maloro mpupaimieHus IaBjieHus) B d(pupe
cocrapmser 4,310% m/c. D10 cooTBeTCTBYeT pacderam Jlariaca, KOTOPBIif
ToKazal, 4YTO CKOPOCTh PaclpoCTpaHeHHs rpaBUTAlM He MeHee yeM B 50
MJIH. pa3 TpEeBBIIAET CKOPOCTH CBeTa. PacdeTsl MOATBEPXKIAIOTCS OTBITOM
HeOeCHOW MEeXaHWKH, OMNepupyIollell HCKIIOYUTENbHO CTaTUUECKHIMU
(¢opMynaMy, NpU BbIBOAE KOTOPBIX CHENAHO [OMyLIEHWE O OeCKOHEeYHO
00O CKOPOCTH PAcMpPOCTPAaHEHHs IPaBUTALINY.

3. Tlox Bo3neiicTBUEM rpaaueHTa [aBieHUs B 3dupe, BbI3BAaHHOTO
rpagleHToOM TeMIepaTtyp, caM 3(GUp HENpPepbIBHO CMEIIAETCS B CTOPOHY
TPaBUTALIMOHHBIX Macc M MOMIOLIAETCd MMH, 3a CUET Yero MPOUCXOAMT
HeTIpepbIBHBIN pocT Macc 3Tux Ten. CKOpocTh BXona 3dgupa B Tella paBHA
BTOpPOii KocMI4eckoil ckopocTu. [locTosiHHAas BpeMeHHM HapalvBaHHS Macc
3a cueT morJomeHns 3¢upa B HacTosALIee BpeMs COCTaBIAeT 3—4MIIpI. JIeT.

4. VI3 pacueTa pacIIMpeHus] TOBEPXHOCTH 3eMIIM 3a CYET TOTIJIOIECHUS
3¢upa BBITEKAaeT, YTO WMEIOLIMeCS Ha 3eMile CIpeAWHT — pa3JBHUTaHKe
MaTepuKOB ¥ CyOmyKOMs — TIOATION3aHME OKEaHCKOW  KOpel  TOQ
MaTEepHUKOBbIE TUIMTHI BbI3BAHbIl HE TOJILKO paclIMpeHHeM 3eMild, HO W
BHYTPEHHUMHU ABWKEHUSAMHU Marmbl, KOTOpbIE, B CBOIO OY€pellb, MOTYT ObITh
CTUMYJIMPOBaHbl HaIpsKEHUsIMU, BOSHUKAIOIIMMH B HEW MPH MOIJIOIIEHUN
a¢¥pa MUPOBOTO MPOCTPAHCTBA.

5. YBennuuBaromascsi Macca BEILECTBA BBIXOAUT Ha TIOBEPXHOCTh 3eMJITH
B BHUIE pHUPTOBBIX XpeOTOB, 00LIasg MPOTHAKEHHOCTh KOTOPBIX MO BCEMY
3eMHOMY mapy coctariseT 60 Thic. KM.

6. PazpaboranHas Mopenb BO3HWKHOBEHWS MAarHUTHOTO TIONS Yy
BpalIaloMmuXcsi HeOECHBIX Tel ToKa3ajla BO3MOXKHOCTh HMHTEPIpeTalun
MPUYMH €ro BO3HMKHOBEHHWS KakK CIEeICTBHE TOTJIOUIEHUS WUMHU 3¢upa u
COOCTBEHHOTO BpamleHus. Bo3HMKaomme KOPHUOINCOBBI CHIIBI BO30YKIAIOT
BUXpEBbIE IBWKEHHS d(Hpa, YTO U MOXKET SBUTbCS MPUUMHON MOSBICHUS Y
BpaLIAOINXCsl HEOECHBIX Tel MarHuTHoro moss. IlodydeHHble pacueTHble
JAHHBIE OTHOCHUTENBHO HAMpPSKEHHOCTH MAarHUTHOTO IMOJsi HEOECHBIX Tell
Jiaii yJOBJIETBOPUTENLHOE COBITAICHUE CO CIIPABOYHBIMU JaHHBIMHU.
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I'naBa 11.9¢up u kocmosiorus

...MI3bICKaHus 0 CTPOCHUH MHPA — OJ[HA U3 CAMBIX BEJIMKHUX U
61aropoIHBIX TPOOJIEM, KAKKE TOJIBKO CYIIECTBYIOT B IIPUPOJIE
Tanuneo Ianuneii [1]

11.1.CoBpeMeHHBIE KOCMOJIOTHS M KOCMOTOHHUS

Kocmonozua — yyenue o BceneHHOl kak equHOM IieJoM U 000 Bceit
OXBAaYEeHHON acTPOHOMUYECKMMHM HaONOneHusIMA obsacTn BceneHHo# kak
gacti uenoro [2—10]. BelBoabl KOCMOJOTHH OCHOBBIBAIOTCS Ha 3aKOHAX
(M3MKY ¥ JaHHBIX HAONIOATENTbHOM aCTPOHOMUM, a Takke Ha PUI0COPCKUX
npuHLMNax cBoeil »noxu. KocMomoruueckue TeOopuM Pa3HBIX 30X
CYIIECTBEHHO pa3IMYalOTCs B 3aBHCUMOCTH OT TOTO, Kakue (u3mdecKkne
MIPUHLIUTIBL ¥ 3aKOHBI IPUHUMAIOTCS B KAUECTBE YHUBEPCATIbHBIX. BBIBOIBI 13
9TUX TEOPUH MOJOKHBI MOATBEPXKAATbCA WM XOTA Obl HE MPOTHBOPEUUTH
HaOJIIOAEHWsIM, a TaKXke MpelcKa3blBaTh HOBbIE sBIeHUs. CuMTaeTcs, 4TO
3TOMY TpeOOBaHMIO HAMIYYIIAM O0pa3oM YIOBJIETBOPSIOT pa3paboTaHHBIE
Ha OCHOBE OOIIeil TeopuH OTHOCHUTENBHOCTH OWHIITEeHHa OXHOPOJAHBIE
M30TPONHbIE MOJIENHN HECTALLMOHAPHOM ropsueii BeeneHHOM.

BO3HUKHOBEHHE COBPEMEHHONH KOCMOJIOTHM CBSI3aHO C CO3JaHUEM
PENATUBUCTCKOM Teopuu TaroTeHus A.DiHmreliHa B 1913-1917r. [11]. Ha
TEPBOM 3Tale Pa3BUTUS PEISTUBUCTCKONW KOCMOJOTMH TJIABHOE BHHUMaHHE
yAesUIoOCh reoMeTpun BceneHHOl — KpHBHU3HE MPOCTPAaHCTBAa-BPEMEHU U
3aMKHYTOCTH NpocTpaHcTBa. Ha BTOpoM sTame padotamu A.dpuamana [12]
ObIJIO TOKa3aHO, YTO WCKPHBJIEHHOE TIPOCTPAHCTBO HE MOXET OBITh
CTallMOHAPHBIM, YTO OHO JIOJDKHO PACIIMPATBCA WM CKUMATBCS, YTO OBLIO
NpPU3HAHO 3a MCTHHY mociie OoTKpbiTha B 1929 r. D.Xab6nom «KpacHoro
CMEILEHUA» CHEKTPOB janekux ranaktuk [13]. Tperuit 3Tam HauMHaeTCs
MoJensiMu «ropsiueii» Bceenennoit (2-1 monoBuHa 40x ronos, I'.I'amoB)
[2,3]. OcHOBHOEe BHUMaHHe Terephb nepeHocuTcs Ha (u3uky BceeneHHoW —
COCTOSIHME BeUIeCTBa W (PU3MUYECKHe TIPOLECCH, MAYIINE Ha Pa3HBIX CTaTUIX
pacmmpeHns BceneHHo#, BKIrOuas HamOoliee paHHWE CTaauH, KoTaa
COCTOSIHHE OBLITO HEOOBIYHBIM.

B ocHOBe TeopuM OJHOPOIHOW WM30TponHOW BceesneHHON nexar nsa
noctynarta: 1) HamTydIIMM W3BECTHBIM OMMCAaHWEM TIPaBUTALMOHHOTO MOJS
ABJISIFOTCSL  YpaBHEHUs OWHINTEHAa, W3 KOTOPBIX BBITEKAIOT KPHBH3HA
NPOCTPAaHCTBA-BPEMEHHU U CBS3b KPMBU3HBI C IJIOTHOCTHIO Macchl (IHEPIHH);
2) Bo BceneHHo# Bce TOUKM U BCe HampapJieHHs paBHONpPaBHbI. OIHAKO eCTh
elle M TPETUI NOCTYJIAT «ropsueii» BcesleHHOM, B COOTBETCTBUM C KOTOPBIM
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NPY OYeHb MaJIbIX 3HAUCHMAX WHTEpBaJla BpEMEHH OT «Hauyayia» BceneHHo
HE MOTJIM CYLIECTBOBAaTh HE TOJBKO MOJIEKYJIbI ¥ aTOMBbI, HO ¥ aTOMHBIE SI1Ipa,
CYILECTBOBAJIA JIMIIb CMECh PA3HBIX JIEMEHTApHbIX YacTull. [Ipu 3ToM mnpu
t = O mnotHOCTh, BceenenHoill Obuta OECKOHEYHO BeJMKA, W BCSA OHA Oblja
cocpefoToueHa B 0e3pasMepHOl  «CHHTYJSIPHOW» TOYKE MPOCTPAHCTBA, a
gepe3 0,01 cexynmy mocme «bonbmoro B3pbiBa» IUIOTHOCTH ymajia [0
10" rlem® . OOCyXIatoTcsi MOAENN OTKpHITONW BceneHHoOW M 3aMKHYyTON
Beenennoii. B mepBoil monenu pacmupeHue  BceeleHHONH  MOXKeT
MIPONCXOIUTh OECKOHEYHO, BO BTOPOW — pacCIIMpEeHNe MOXXET CMEHHUTHCS
ckatveM. Hu o mpuumnHax «bonbioro B3pbiBa», HU O TOM, 4TO OBbLIO 10
3TOr0 B3pbIBa, COBPEMEHHAsI KOCMOJIOTHSI HE TOBOPUT HUYETO.

B coBpemeHHOI Kocmozonuu [14—19] paccMmartpuBaroTCsl pa3inuHbIE
MOJENHN MPOUCXOKAEHUS W 3BOJIIOLMU TJIaHeT, 3Be3] M TalaKTHK. 31ech
BBIJBUTAlOTCS Pa3IMYHbIE TUMOTE3bl, OCHOBHBIMH W3 KOTOPBIX SBIAIOTCA
KOHLETIMY KOHLEHTpPAllMy TepBOHAYaIbHO AWQQY3HBIX rasa W MbUIH, O
TIPOVCXOKAEHNH KOTOPBIX HE TOBOPHUTCS HHWYETo, a TakkKe KOHIEMIHs
pacmaza  HaXoISMIErocss B HEKOTOPHIX  00JNAacTAX  MPOCTpaHCTBA
«CBEPXTUIOTHOTO» BEMIECTBA, KOTOPOE M CIYKHUT MaTepHalioM ISt
00pa3oBaHMs TallakKTHK W 3BE3Jl, O MPOMCXOXKIEHNUHN 3TOTO BEIIECTBA TaKKe
He TOBOpHUTCS HHWYero. Hampumep, CyIIecTByeT HECKOJBKO THIIOTE3 O
NpUYMHAX MCIYCKaHUs rasa sapaMu ranaktuk (cMm., Hanpumep, [15]). CyTs
UX CBOJAUTCS B OCHOBHOM K TOMY, 4TO B SIpax rajlakTUK MMeeTcsl 0oJblioe
YHCIIO 3Be3] Win OoJblias Macca, pacraj KOTOPOH M BelNeT K MCTEUEHUIO
raza u umsnydeHusiM. CylecTBYeT Takxke MpeArookKEeHHe O TOM, 4YTO B
LEeHTpe sApa WMeeTcs Tak Ha3blBaeMas 4YepHas Jblpa, OJHAKO 3TO
MPEATOJIOKEHHNE yKe HUKAaK He BsKETCS ¢ (PAaKTOM MCTEUeHUs rasa u MOXKeT
B JIy4ylleM cJydae ONpaBIaTh HaJMYHe 3IIEKTPOMArHUTHOTO W3ITyYEHHUs.
W3noxkeHHblE THMOTE3bl  TPENCTABIAIOTCS BECcbMa  HCKYCCTBEHHBIMHU,
TIOCKOJIbKY OHHM  TOJpa3yMeBalOT HEKOTOphle HEeoOpaTHMbIe TPOLECCHI.
Kpome Toro, Hammume B sAapax TalakTHK CBEPXIUIOTHBIX 0Opa30BaHMIA,
CKOTUTEHWI 3Be3] MIIM YEPHO ABIPHI, B CBOIO Ouepenb, TpedyeT 00bsICHeHNT
MPUYUH WX HaXO0XXIECHUs! WIN TIOSIBJICHNS B 9THUX sAApax.

B coBpeMeHHOI KOCMOJIOTHH MPUHATO HECKOJIBKO THMOBBIX OOBSICHEHHUI
HaOJrogaeMbIX siBieHUH. K HUM oTHOCATCS:

- «KpacHoe cMelleHMe» CHEKTPOB JANEKUX TallakTHK, KOTOpOe
00BsICHAETCSI TOJIBKO KaK pe3ysibTaT HOIUIepOBCKOTo 3¢exta pasderanus
rajlakTUK W paclupeHus BceneHHoO#; npyrue BO3MOXKHBIE OOBSACHEHUS
WUTHOPHPYIOTCS,

- B3pBIBH TAJAKTHK WIM WX SAEp KaK TMPUYMHA TOSBICHHUS MIMPOKMX
SPKHX T0JIOC CTIEKTPOB,;
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- TOPMOKEHHE B MarHUTHOM T10JI€ JIEKTPOHOB KaK MPUYNHA HETEMIOBOTO
W3JTy4eHHs, a TaK)Ke HEKOTOpbIE ApyTHe.

I'maBHBIM 3KCHEPUMEHTAILHBIM MOATBEPKICHUEM HMEIOLIErocst SKOObI
(axta pacmmpenus BcenenHoit sBisercs «KpacHoe cMelieHHe» CHEKTPOB
Janeknx ranakThuk. OJHako TpHM 3TOM YHOYCKaeTcs W3 BHIY TO
00CTOATENTLCTBO, UTO KAXKIBIN KOHKPETHBIH (PaKT MOXKET OBITH OOBSCHEH
0ecunCIeHHBIM KOJIMYECTBOM CIOC000B, N «KpacHoe cMelieHne», INPOKne
CHEKTPBl PaAUOU3IyUYEHUs] M HETEIUIOBOE M3JIydYeHHe HUKaK He SBISIOTCA
HCKJIOUEHHEM. DTO O3HadaeT, YTO BCE ITH SIBIEHUS HE MOATBEPKAAIOT
TEOpHIO, a BCEro JHLIb He MPOTUBOPEYAT eil.

CoBpeMeHHas KOCMOJIOTHSl ~ SIBJISIETCSl ~ PE3yJIbTaTOM  BOJIBHOTO
MOCTYJIMPOBAaHKsA M HUYEM HE ONpPaBIAHHBIX MaTEMaTHYECKUX CHEKYJALMH,
OHAa  TPOTHUBOPEYUT  OCHOBHBIM  MOJIOKEHHAM  JUAJEKTUYECKOTro
MaTepHalin3Ma U HUKaK He MOXET ObITh MpHU3HaHa Hay4yHoOH. DakTH4yecKn
COBpPEMEHHas: KOCMOTOHUS TaKke MPHUHAJA Ha BOOPY/KEHUE MOCTYJIaTUBHBIN
METOJ, W, XOTS HEKOTOpble TOJNIOKEHUS €€ 3aciTy’)KMBAalOT BHHMAaHUS,
0COOEHHO TaM, IJle 3TO KacaeTcsl ONBITHBIX JAHHBIX, B LIEJIOM €€ COCTOSTHHE
HUKaK HeJlb3s MPU3HATh YAOBIETBOPUTEIbHBIM.

['maBHBIMM HenocTaTKaMM W KOCMOJIOTMM, W KOCMOTOHUM SBJISFOTCS
TIpeHeOpeKeHIe MOJIOKEHUAMH ~ THAJIEKTUYECKOro  MaTephain3Mma,
MOCTYJIaTUBHBII METO/ M OTKa3 OT PacCMOTPEHUs BHYTPEHHUX MEXaHU3MOB
SBJIEHU Ha NOBELIECTBEHHOM YPOBHE.

11.2.Kpyroo6opot >¢upa Bo Becenennoii

O¢uponHaMUUecKuii  MOAXOA K  KOCMOJOTMM M KOCMOTOHUH
NPUHLMIHAIBLHO OTJINYAETCs OT W3JI0KEHHOTO BBILIE.

Kak cnenmyer n3 aHanm3a CBOWCTB BCeoOMMX (PM3NUECKMX MHBApHAHTOB,
Hallle MPOCTPAHCTBO €BKIMIOBO, BPEMs JIMHEWHO, MaTepwusi, MPOCTPAHCTBO,
BpeMsi M WX COBOKYNTHOCTb — ABWKEHHE CYIIECTBYIOT BEYHO, HUKOTOA W
HUKeM He OBbIITN co31aHbl, OecTipeelIbHO IpOOUMBI 1 OecTIpeeNIbHO BETHKH.
KoHkpeTHble MaTepuaibHble 00pa30BaHHWS MOTYT TNPe0oOpPa3OBHIBATHCS W3
oIHUX (OpM B Ipyrue, Tak ke Kak M ABWkeHHe. Jlobas marepuanbHas
CTPYKTypa MMEeT TpaHULbl, HO B 1IEJIOM TpPaHULBl OJHOM CTPYKTYpbI
O3HAYaloT Mepexo] K APYTUM MaTepUajbHBIM CTPYKTypaM 6e3 Kakoro 6bl TO
HM OBUIO pa3pbiBa B MPOCTPAHCTBE, a JHOOOH KOHKPETHBIM MpOLEcC UMeeT
Hayano M KOHell, HO KOHeLl OJHUX MPOLECCOB O3HayaeT HeMelJieHHoe, 0e30
BCSKHMX MEpephIBOB BO BPEMEHM Hauyallo APYrux mpoueccoB. B cpemHeM Bcs
Bcenennas nMena, numeeT 1 OyieT NMETh BO Bce BpeMeHa OJIMH U TOT K€ BH,
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M HUKaKUX <«Hayan», «bonmbIMX B3PHIBOB» M «pacluvpeHuil BcenenHoi»
HUKOT/Ia He ObLIO U He OyIeT.

ITockonbky BceneHHas cyliecTByeT BEYHO, TO M HHMKakoi «TermsoBoi
CMepTU» B Heil He MOXeT ObITh, M €CITM B OJAHWX KOHKPETHBIX TMporeccax
SHTPOMHS MOXET pacTH, TO, CIJIeloBaTebHO, BO BcelneHHON MOMKHBI
CYIIECTBOBATH IPYyTHE MPOLECCHI, B KOTOPBIX SHTPOMNKS yMeHbIIaeTcs. Takoi
npouecc HaiiieH — 3To Mmpoliecc NpeoOpa3oBaHUs CBOOOIHOro 3¢upa B
TOpPOWIANbHbIE BHUHTOBBIE BHXPH YIUIOTHEHHOTO 3(Hpa — B TPOTOHBI,
KOTOPBI TPOMCXOAWT B fApaX TaJaKTUK W B  HOBBIX IEHTpax
BUXPe0Opa30BaHMs, BHI3BAHHBIX CTOJKHOBEHUSAMU d(UPHBIX CTPYH.

Kak wu3BecTHO, OCHOBHBIE CKOIUIEHHMS Macc BellecTBa BO BcelleHHOM
COCpPEeOTOYEeHBl B TalakTHKaX B BHIE 3Be31 M Mex3Be3OHOW cpeabl. Bo
MHOTHX rajlakTHKaX UMEIOTCS A1pa, KOTOpble HaXOAATCA B MX LeHTpax. Anpa
raJlakTUK, Kak »3TO CJIeAyeT W3 OKCNepUMEHTaJbHbIX HCCIeIOBaHUIA,
SBJIAIOTCSI ICTOYHUKaMH BEIIECTBA B BHIE TMPOTOHOB, aTOMOB BOJOpOJa W
BCEBO3MOXKHBIX m3mydenuii [19, 20].C Touku 3peHust 3GUpOANHAMHUKH, SApa
TaJlaKTUK SIBISIOTCS LIEHTpaMM BHUXpeoOpa3oBaHMs, a CHOpMHUpOBaBIINECS
BUXpH 3(mpa ¥ TpencTaBiIfoT co00l TO BEIIECTBO, KOTOPOE HCITyCKaeTcs
AOpaMy TaJdakTUK. [IpM 3TOM TPOMCXOAWT TpeoOpa3oBaHWE SHEPTHN
naBieHus raza (3¢upa), T.e. SHEPIHU TEIIOBOTO IBMKEHHS MOJEKYN (mis
3¢upa — aMepoB) B KMHETHYECKYIO 3HEPTUIO YNOPAIOUYSHHOTO IBMKEHHS —
BpallleHus] YIJIOTHEHHOTO Tra3oBoro (3QupHOro) BHUXpS Kak LeEJIoro
MaTepHalibHOro obpazoBanus [21-27].

Jlroboe BuxpeBoe oOpa3oBaHME Ta3a HE MOXKET CYIIECTBOBATH BEYHO,
MOCKOJIbKY €ro BHYTPEHHSAS JHEprusl pacXodyeTcsi Ha BA3KOe TpeHue, B
pesyJibTaTe 4ero BHUXPH TEPAIOT SHEPrHI0 M, B KOHLE KOHLOB, TEPSIOT
ycroifunBocTh U aup¢ynanpyrot. [Ipumepom mmuddyHanpoBaHus BHUXpeid
SBJAETCA TIOBElIEHWE IBIMOBBIX KOJIEll Ha TOCJeIHeH CTagud CBOETO
cyuectBoBaHus. Clie1oBaTelIbHO, BELECTBO, peCTaBIstolLiee co00i BUXpU
adupa, JIOJDKHO CO BpEMEHEeM TMpEeKpaTHTh CBOE CYIIECTBOBAHME Kak
BEIIIECTBO, & €r0 CTPOMTENbHBI MaTepuall - 3Up IOJDKEH BO3BPATUTHCS B
cBoOOJHOE cocTosiHMe. BeectBo, o0pa3oBaHHOe B AApax TrajJakTHK, B
cocTaBe 3Be3/l YXOIUT Ha ee nepuepuro, rie pacrnagaeTcs U pacTBopsieTcs B
a¢upe, a ocBoOOaMBIIUIiCA 3¢Up BO3BpaLIaeTcss 00paTHO K AApY rajJakTHKH.
lanakTrky 0OMEHHMBAIOTCSA MEXAY co00i F3PUPHBIMU MaccaMu, M POXKAeHHE
HOBBIX TaJlaKTUK HEW30€XHO COMpPOBOXIAeTCs pachagoM OPYTruX, U 3TOT
KpYroo0oport 3¢upa Be4eH.

Takum oOpazom, B 3duponnHamMike HaiileH ¥ MeXaHHM3M Kpyroobopora
3¢upa, 1 MeXaHU3M 00ecTiedeHusI TOCTOSHCTBA YHTPOTIHH.
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VIMeHHO BOKpYT sIep COCPEelOTOYEHO OCHOBHOE KOJMYECTBO MOJIOABIX
3B€3]l, TO3TOMY JIOTHYHO MPEATNOJI0KNTh, YTO 3BE3[bl 00pa3yloTCs U3 TOro
camoro rasa, KOTopblif o0pa3syeTcs B sipax ragakTHK.

[TomuMo TOTO, YTO B MOMEHT O00pa3oBaHWA BHXpeil MM coolmaercs
HEKOTOpasi CKOPOCTh 3a CYET CKOPOCTH CTOJIKHYBIIMXCS TMOTOKOB 3(Hpa,
MPOTOHBI TIPHOOPETAIOT HEKOTOPYIO [OTOJHUTEIbHYIO CKOPOCTh 3a CYET
cOOCTBEHHOTO camopasroHa B 3¢upe. HyXKHO OTMETHTB, 4TO, MOCKOJIBKY
OTHOIIIEHWE TJIOTHOCTEH MPOTOHA ¥ CBOOOAHOTO 3(hMpa I0CTATOYHO BEJMKO
(HECKOJIBKO IECSTKOB TOPSIIKOB), TO W MOCTOSHHAS BPEMEHH CaMopa3roHa
MPOTOHOB OKa3bIBAETCS TOKE JOCTATOYHO OOJIBIION, BO3ZMOMXKHO, MUJITHAPIbI
net. TeM He MeHee 3TOro JOCTaTOYHO IS TOTO, YTOOBI C TEYEHUEM BPEMEHH
4acTb TPOTOHOB M AaTOMOB BOJOPOJA pPa3OTHAINCh JO OKOJOCBETOBBIX
ckopocTeil 1 0OpazoBajil OCHOBHYIO 4acTb KOCMUYECKOTO W3JydeHus. B
MOMEHT e 00pa3oBaHUs MPOTOHbI YK€ UMEIOT HEKOTOPYIO XaOTHYECKYIO
CKOPOCTb, MCUUCIISIEMYIO BCETO JIMIIb NeCATKAaMU KHJIOMETPOB B CEKyHIy. B
pesyJsibTaTe coyIapeHnii MPOTOHOB MEXIY CO001 MPOTOHHBIN ra3 CTpeMuTCs
pacmmpuThCsi, 3a CYET Yero W HadyMHaeTcs ero HucTedeHne W3 supa
["anakThkw.

Kak Ob1710 TOKa3aHO BhIIIE, BUXPEBbIE 00pa30BaHNS UMEIOT TIOHWKEHHYIO
OTHOCHTENIFHO Cpelnbl TeMIepaTrypy, B pe3ylbTaTe 4Yero HadMHAETCS
TEII000MEH MeXAy HUMU U CBOOOIHBIM 3¢dupom. MTorom 3toro sBistoTCA
JIBa CJIEACTBUSA. HaJlWMYWe TIpaJiMeHTa TeMIepaTyp B OKPYXKarolleM BUXpHU
a¢upe NPUBOIUT K MOSBJICHUIO B HEM I'paJIMEHTa JaBJICHUS, YTO BbI3bIBAET
SBJIEHUs] TpaBUTAlMW, a, KpoMe Toro, 3(up, OKpyXaroluil BUXpH,
cMellaeTcss K HUM M roriomaercss BUXpsMH. [locienHee oOCTOSTENbCTBO
JOJIKHO MPHUBOJUTB K TOMY, UTO BUXPHU 3(hupa — MPOTOHBI ¥ aTOMbI BOJOPOAA
— JIOJDKHBI HEMPEepPBIBHO YBEJIWYMBATH CBOIO MacCy 3a CYeT MOTJIOMIEHUs
okpyxatomtero 3¢gupa. Takoe moryonieHNe MPOAOIIKAETCS BCE BpeMs, MOKa
BUXpPH HE TOTEPSIOT ycToWdmBOocTH, W 3¢up, WX oOpasyoummuii, He
MG PyHIIpYET 00paTHO B CBOOOIHOE TIPOCTPAHCTRO.

Bo3HNMKHOBEHME TPaBUTALMH JOJKHO MPUBOIUTE K TPUTSHKEHHMIO YaCcTHUI]
BEILIECTBA APYT K APYyTy, 4TO M obecreunBaeT coOupaHye BeLeCTBa B 3BE3bI.
OO6pazoBaHue 3Be3/bl JOJKHO HOCUTH JIABUHHBII XapakTep, Tak Kak Mo Mepe
YBEJMYEHNUST  MacChl  3B€3]bl CWJa TPHUTSIKEHUs  HOBBIX  aTOMOB
yBEJIMUUBAETCH.

3a cyeT BA3KOCTH 3(upa HYKIOHbI — YIJIOTHEHHblE BUXpH 3(upa —
TIOCTENEHHO TEPSAIOT CBOIO AHEprHro. [loTepst aHEpruu BUXPSIMU MPUBOJIUT K
YBEJTMUYEHUIO UX AuameTpoB. Kpome Toro, pasMepsl BUXpell yBEIMYHBAIOTCS
32 CYeT TOTJIOWIEHNSI aMepOB OKpPY’KaroOIero TMPOCTPaHCTBA, YMEHBINEHUS
CKOPOCTH BpalleHWs] B CHJIy COXpaHEHWs MOMEHTa KOJIMUECTBA IBIKEHHS,
TeM CaMbIM pPa3MbIBAaHMSl MOTPAHUYHOTO CJIOSI, W3-3a 3TOTO — YBEIMUEHUS
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BA3KOCTH W Bce OOJIbIIEro HapacTaHus MoTepb 3Hepruu. CienoBaTesbHO,
npolecc TOTEPU JHEPTMM W YBEJIWUYEHMS  Pa3MepoB HYKJIOHOB Oyzaer
MHTEHCU(HULUPOBATHCS CO BPEMEHEM.

Ecnmm B ropsumx 3Be3jax TMpoLecCchl W3JIydeHHWs W TOTJIOUIEHUS
OKpYy’katomiero 3¢upa MOTyT HEKOTOpPOE BpeMsi ObITh YPaBHOBELIEHHBIMH, TO
XOJIOIHBIE 3BE3/IbI W TUTAHETHI, N3JTyYarolie B MPOCTPAHCTBO OTHOCUTENHHO
MaJlyto JOJII0 CBOEl Macchl, JOJKHBI YBEJIMYMBATh CBOIO MAacCy CO BPEMEHEM
3a cYeT yBEJIMYEeHWS Macchl MPOTOHaMH. [TOCKONBKY MOMEHT KOJIMYecTBa
IBIDKEHUS] B TIPOTOHAX OCTAETCs TMOCTOSHHBIM, TO YBEJIMYEHWE WX MacChl
NpUBEJET K YBEJIMYEHUIO pa3MepoOB MPOTOHOB W K 3aMEJICHHIO CKOPOCTH
JOBWDKEHUs CTpy#l 3¢upa, oOpa3yroniero NpoToHbl, U Jajiee — K CHUKEHHUIO
YCTOMYUBOCTH MPOTOHOB.

ITotepss sHeprum BHXpEBbIMH OOpa30BaHMAMM, KaKOBBIMHU SIBIISIFOTCS
NPOTOHBI, HE MOXET MPOUCXOIAUTh OecKoHeWHo nonro. Ha mpumepe
IBIMOBBIX KOJIIl BUJHO, YTO HaYMHAs C HEKOTOPOTO MOMEHTa BUXPb TepsieT
YCTOWYHMBOCTB, OCTaHaBiMBaeTcss W aupdyHmupyer. C 3TOro MOMEHTa
BUXpeBOe 00pa3oBaHMe MpeKpallaeT CBOE CyLIeCTBOBAaHHE, a MaTepus, €ro
oOpasymoliasi, BO3BpAllaeTCs B UCXOJHOE COCTOSIHUE — B HE CBSI3aHHBIH
O0IIMM YTIOPSIIOYEHHBIM NBIDKeHNEM Ta3. To ke MpOUCXOIUT U ¢ IPOTOHAMU
7 HeWTpoHaMu B BeulecTBe. HadnHas ¢ HEKOTOPOTO MOMEHTa, OHM OyIyT
pacnagatecsi, U 3¢up, 00pa3ylIUil BEIIECTBO, BEPHETCA B HCXOIHOE
COCTOSIHUE CBOOOJHOIO Tasa.

B pesynbrate pacnaga Buxpeit 3¢gpupa — MpoTOHOB U HEUTPOHOB — NOJKHA
TIOBBICUTBCS MIIOTHOCTH (Hpa B 00J1acTH pacnaja BelecTBa, MOCKOIbKY camM
BUXpb OBbIT CYIIECTBEHHO IUIOTHEE OKpyxatomero a¢upa. Tenepp 3Ta
MaTepusi MEepeXoJUT HETMOCPEICTBEHHO B Cpedy, cleloBaTelbHO, Oyner
UMEeTb MeCTO oOllee MOBBIIEHUE IUIOTHOCTH 3¢upa B obnacTu pacnana
BEILECTBA.

Pacrian BemecTBa BBHI3BIBAET TaKKe€ W MECTHOE  TOBBILIEHHE
TeMIiepaTypbl, TaKk KakK BCS DHEPrHs YNOPSIOYEHHOTO ABWXKeHHA 3dupa
TepeXoqUT B IHEPTHI0 XAaOTHUECKOTO ABWXKEHWs. CIefCTBHEM 3THX ABYX
00CTOATENBCTB, BBbI3BAHHBIX pAclajoM BEIIECTBA, SBISETCS MECTHOE
TIOBBILIEHNE JaBJIeHNs B 3upe.

Takum o00pa3oMm, B J[BYX pa3HECEHHBIX B TMPOCTPAHCTBE 00JACTAX
lanaktuk — sape w mepudepuitHoit oO6IacTM — UMEET MECTO Pa3HOCTh
JaBJICHUII: B A1pe MOHWKEHHOE OTHOCUTEIBHO CBOOOHOM Cpefbl AaBlIEHUE,
MOCKOJIbKY 00pazoBaHue BUXpeH MIET ¢ UX YIUIOTHEHUEM, Mo nepudepun —
TIOBBIIIEHHOE [aBJIEHWE, CBA3aHHOE C pacrlagoM TeX K€ BHXpeid, T.e. ¢
pacrmajzioM BellecTBa. DTa pa3sHOCTb JaBJIE€HUI co3gaeT MOTOK 3¢pupa oT
nepudepun K UeHTpY. DTOT MOTOK U HAOJIFONAETCs B BUAE MAarHUTHOTO TOJIS
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CIMpalbHBIX pYyKaBOB [ alakTMKM — €IWHCTBEHHOrO B  MpHUpoOje
Pa30MKHYTOr0 MarHUTHOTO MOJIsI.

BepositHee Bcero, pasmMep TajJakTUK M ONpelenseTcss BpeMEeHeM
YCTOWYHMBOTO COCTOSTHWSI BEIIECTBA B 3()MPe M CKOPOCTHIO CMELICHHS 3BE3]1
OT LeHTpa K mepudepun. Yxe oOpamaroch BHAUMaHWE HAa TO, YTO TpH
BHUXpeoOpazoBaHNK MPOUCXOIUT TPOLECC MpeoOpa3oBaHMs MOTEHIMATbHON
SHEpTUM JaByieHNs 3(upa B KWHETHUYECKYIO SHEPTHIO BpalleHus Buxpeil. Ha
niepudeprr MPOUCXOIUT 00paTHBIH Mpolecc Mpeodpa3oBaHusi KHHETHIECKON
SHEpPruM BpAIIEHHs pachafaloInXcsl BUXpell B MOTEHIHMAJIBbHYIO 3HEPTHIO
JaBleHus d¢upa.

OHTponus Makporasa — HyKJIOHOB M aTOMOB, 00pa3yloLIUX 3BE3[bl, a
TaKKe BCEro OCTAJBHOTO BEIECTBA HEMPEPHIBHO YBEIMYMBACTCS, HO 3aTEM
caMo BELIECTBO pacrajaeTcs; IHTponus 3¢upa, Tekyuero ot nepudepun
A0py, TOXE pacTeT, HO B sIpe B Mpolecce oOpa3oBaHMS BelECTBA
MPONCXOIUT TpeoOpa3oBaHNWe SHEPTUH HABJIEHWs OKpyXkaromero s¢upa B
SHEPTHI0  TOCTYMaTeNbHOTO JABWKEHWA CTpyiH 3¢dwmpa, obpasyromunx
BEIIECTBO. B 11e1oM B yCTOWYMBBIX TaJlakTHKaX, B YaCTHOCTH B CTIMPABHBIX,
SHTPOTHS COXPAHSETCSl Ha IOCTOSHHOM YPOBHE, W TOATOMY CHHpajbHbIE
rajJakTUK{, B TIPUHLOWIE, MOTYT CYyIIECTBOBaTb BEYHO, M YWCIO TaKWX
rajJakTUK KaK YCTOWYMBBIX CHCTEM COCTaBiseT OOJNBINYIO  YacTb
rajakTHYeCcKOro HaceneHus BceneHHoM.

Ecnn ke mo Kakum-1M60 TPUYMHAM B OKPECTHOCTSIX CHUpAIbHON
rajlakTUKK BO3HUKHET HOBbIIl LIEHTp BHXpeoOpa3oBaHWs, TO OH HayHET
oTcachiBaTh Ha cebs 3pup OKpysKaroliel cpelpl, 1aBleHue B 3¢(upe HauHET
nagaTh U 3Qup, paHee COCTaBJIABILMII BELIECTBO YCTOMYMBON TralaKTHUKH,
nocjie pacrnaja BellecTBa OyAeT HampaBisATbCA yKe He B sAApO CBoei
raJlakKTUKH, @ B HOBBIM LEHTP BHUXpeoOpa3oBaHMs, BOKPYT KOTOPOTO HayHET
(opMHpOBaTECSI HOBas TANAKTHKA, a cTapasi TaJlakTHKa, U3pacXo/I0oBaB CBOMU
3¢up, TOTHOHET.

Bce e nocTymnHble HaOMOACHHIO 3BEe3IHbIE CKOTIIIEHUS W TaJlaKTHKH, KaK
Terepb BBISICHWIIOCH, COOpaHbI B TPYTITBI, MMEOIIHE OOIIYI0 TOPOUAANBHYIO
¢opMy, HO (OpPMBI ITHX TOPOWAOB Pa3IMYHBI — OT MOYTH [IAPOBOH 10
O0ybnukoobpa3Hoi. B HUX OONBLUIMHCTBO rajlakTHUK cOOpaHbl B LEHTPaIbHON
4acTH, YTO JIErKO OOBSICHUMO. MMEHHO B LEHTPaJlbHON 4YacTH CKOPOCTH
a¢upa M TpagueHTbl MaKCUMaJbHBI, CJI€J0OBATENIbHO, MAaBieHUs 3dupa
HaWMEHbIINE, U TaJaKTUKW OyIdyT B OCHOBHOIl CBOeif Macce 3acachbIBaTbCs
UMeHHO ctofa. CamMu Takue TOpPOMIbI COOpaHbl B CTapline TOPOUABI, M BCS
BuanMas Bcenennas mpencrtaBnsier coboif Takke kKak Obl Topown, 3a
TpeieNiaMi KOTOpOro y)ke He BUIHO HUYETO. ..

O BO3MOXKHOCTM  HOAOOHOro  ycrpoiictBa  Bcenennoit  mucan
K.2.1luosnkoBckuit B cTaTbe «IUpHBINA OCcTpoB» [28], M ommbOCs OH Wb B
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TOM, 4TO TIojlarajl (opMy 3TOro «ocCTpoBa» IApooOpa3HOW, OHa okasajiach
TOPOUIAIBHOM.

OsHavaeT JM 3T0, 4TO BCsl BceneHHast 3akiodeHa B 3TOM TOPOUAATBHOM
«octpoBe»? Hu B kxoem cimydae. HeHaOmomaeMocTs TOTo, YTO JesaeTcs 3a
mpegesaMyd  3TOr0  «OCTPOBa»  O03HAYaeT BCEro JIMIIb OrPaHUUYECHHE
pacrnoJylaraéMbIX HAMH CPEICTB, OCHOBAHHBIX Ha HCCIIEOBAHUM ONTHUYECKUX
" paguonsiaydyeHnii. DOTOHBI U PagUOBOJIHBI MPOCTO HE AOXOMAAT A0 3€MHOTO
Ha0monarTens, 4acTUYHO pacnajiasch Mo J0pore B CBOOOIHBIN 3dwup, a
YacTUYHO 00pa3ys peNNKTOBOE H3IIydeHHe, KOTOpOe TOXe CO BpeMEHeM
pacnagercsi. A KpoMe TOro, BO3MOXXHO, YTO JaBjieHHe cBOOOAHOro 3dupa
MEXIY <3(UPHBIMU OCTPOBAMHU» CTOJIb MAJIO, UTO YEPE3 HErO yXkKe He MOXKET
NPOWTH HUKaKOe BUXpEBOE 00pa3oBaHME — HU BELECTBEHHOE, HU (POTOHHOE,
HUKakoe apyroe. Ho BeenenHnas GeckoHeuHa BO BpeMeHHU U GecrnipesiesibHa B
MPOCTPaAHCTBE.

[TpencrasisieT MHTEpPEC OLIEHUTH 3HAYEHNE CKPBITOI MAcChI raJlakTHK.

Kak m3BecTHO, panoM wuccienoBaTeneil oOHapy’KeHO HECOOTBETCTBHUE
MEXAy BUANMON Maccol rajiakTHUK M UX 0oOwed Maccoll, BHIYMCIEHHOW Ha
OCHOBE pacyeTa [BW)KEHUS TalakTUK M aHajlu3a COCTaBJIIOLNIMX 3TOr0
JaBmkeHus. HecMoTps Ha TO 4YTO METOAMKAa TakOil OLEHKM OCHOBaHAa Ha
orpeneeHHoi (u3nueckolr Momenu, KOTopas cama MOXKET CYIIECTBEHHO
KOPPEKTUPOBATbCS, MPEACTABIsIET, TeM HE MEHee, WHTepec OLEHHUTh
CKPBITYIO MacCy C MO3ULMHA (PUpoITHAMUKH.

Kak n3BecTHO, B OKpecTHOCTSIX COJIHEUHOH CHCTEMBI pacCTOSTHUE MEXIY
3BE3IaMH B CPEJHEM COCTABIIAET TOPAKA YeTHIPEX CBETOBBIX JeT, wiu 4-10°
M. TakuM 06pasoM, Ky6 mpocTpaHcTBa co ctopoHoii 4-13° M comeput
onHy 3Be3ny tuna Hawero ConHua. B okpectHocTsax CojHUA yIenbHas
Macca 3upa PUMEPHO OfIHA | Ta ke i cocTaBnser 8,85-10% kr-m>, Macca
s¢upa B 3TOM Kyde

M, =p,V, =8,85-10%.42 .1¢% =5,7-18® «r. (11.1)

VuureiBasg, uro CoNHIE SABISETCS THUIUYHON 3BE3I0M M Macca €ero
1,99-1@0 KT, TIOJy4aeM, 4TO Macca, 3aKioueHHas B 3¢upe, MpeBbIlIaeT
Maccy MaTepuy, 3aKIIOYeHHOM B 3Be3/1ax, B

My My = 3-16 = 300muH pas! (11.2)

BOmmsu  anpa [anakTHKM — MONyyeHHOE  COOTHOLIEHHE  MOXKET
COXpaHATbCA, TaK Kak B TOW oOnacT mpu Oojblled TIUIOTHOCTU 3BE3[
IUIOTHOCTb 3upa Takxke Oojee Bbicoka. TakuM 00pa3oM, CKpbiTasg Macca B
COTHH MUJUIMOHOB Pa3 MPEBBIIIAET MACCY BEMIECTBA. JTO COOTHOIIECHHE IS
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BUIMMOI yacTh BceneHHol yBenuuuBaeTcs eme Ha 1—2 mopsaka 3a cuer
3(upa MeKraJakKTHIeCKIX 00JacTei.

Takum o0Opaszom, Bo BeeneHHoit ocymecTBiasieTca Kpyroodopot 3¢upa, u
Bcenennas Bcernma mMena, uMeeT M OyAeT WMeTb TOT XK€ BWA, YTO U B
HacTosmiee BpeMsA. M3NoKeHHbI MexaHW3M  Kpyroodoporta 3¢dwmpa
TOJTHOCTBIO ~ YKJIaIbIBAaeTCS B TIPEACTAaBIEHWS,  HEMOCPEACTBEHHO
BBITEKAIOIINEe W3 BCEOOUINX (M3MIECKNX WHBAPMAHTOB, M COOTBETCTBYET
TIOJIOKEHUSAM JHANIEKTHYECKOTO MaTepuainiMa. Bo BeeneHnoii nmeer mecto
Kpyroo6opot 3¢dupa, ¥ OH Tak ke BeueH, Kak BeYHa cama MaTepHsi M BEUHO
ee JIBW)KEHHUE B MPOCTPAHCTBE U BO BPEMEHH.

11.3.CTpyKTypa cCiHPAJIBLHOM raJJaKTHKH

EcTh ocHOBaHuMs mojiaraTh, YTO CpPed BCEX TUIOB TaJlakTHK HauOolee
CTaOWIbHBIMU  3BE3JIHBIMH  00pa30BaHUSMU SBIISIFOTCSL  TaaKTHUKHU
CTIMPAIbHON CTPYKTYpHI, B TOM uucjie u Hamia ['ajgaktuka. Bce ocTanbHbie
THUIbI TATAKTHK — 3TO T€ WJIM WHbIE MEpeX0aHble (OPMBbI, TMHAMUYECKU He
ycroifuuBbie. [1o3TOMY 1I€71€C000pa3HO PACCMOTPETh HUMEHHO CTPYKTYPY
CIMpPAbHOM rajlakTMKK Ha TpuMepe Haiiei ["agakTuku.

JlaHHbIe MHOTOJIETHUX HAOJIOAEHWN U WX CTATHCTHYECKOW 00paboTKH
MO3BOJIUIIN YSICHUTEL (JOPMalIbHYIO CTPYKTYpY Haiuei ["anaktuku (MieuHoro
nyt) [29]. B HacTosiliee BpeMsl OCHOBHbBIE CBEIEHHS O Hell CBOAATCA K
ClieIytoLIemMy.

Bce KOMNOHEHTbl ['aakTWKK CBS3aHbl B E€IMHYIO JWHAMUUYECKYHO
CHCTEMY, BpaIl@lOLIyIOCs, KaK CUYMTAIOT acCTPOHOMBI, BOKPYr Malloii ocu
CUMMETpHHU. 3eMHOMY HaOJIOIaTEN0 OHA NPEICTaBIsAeTCs B BUae MIleuHOTO
MyTH U BCErO0 MHOXKECTBA OTIEJIbHBIX 3BE3Jl, BUIUMbIX Ha Hebe. ['amakTuka
COCTOMT W3 MHOXKECTBA 3BE3/ PA3JIMYHBIX THIIOB, @ TaKXKE 3BE3HBIX
CKOIUTEHUI ¥ acCOLMAINi, Ta30BbIX U MBLUIEBBIX TYMaHHOCTEN U OTAEIbHBIX
aTOMOB M YaCTHULI, PACCESHHBIX B MEK3BE3JHOM MPOCTPAHCTRE.

B cocraBe ['anaktuky nmeercs nopsaka 107 3Bess, Gombinas yacTh UX
3aHAMaeT 00beM JIMH3000pa3HOM HOpMBI ¢ IoTIepedHIKOM 0K0J10 100 ThIC T
W TOJIIUMHOM OK0J0 12 Thicsd cBeTOBBIX JieT (1 cBeTOBOM rom = 9,463-1&)2
kM), T.e. 107 M 1 10°° M cootBeTCTBEHHO. MeHbIIas 4acTh 3aMOTHSIET MOYTH
ceprueckuii 06bem pammycom okono 50 cetosix et (5:1G° m).
[ToBEpXHOCTH MIAPOBOTO CKOIUIEHUS] —3TO CTapbIe JKEJThIe 3BE3/IbI.

3HauuTeNbHAs YacTb MOJIOJBIX 3Be3] CKOHUECHTPUPOBAaHA BOKPYT
HeOONbIION LeHTpadbHON o0NacTH, Ha3BaHHOW AnpoMm [ amakTHkH,
MIOTHOCTH 3B€3] 371€Ch HAWBBICIIAS MO CPABHEHUIO C APYTUMHU 00JaCTSIMU
lNanakTukwy.
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U3 sappa ucmyckaeTcs NPOTOHHO-BOINOPOIHBIM ra3, mMacca KOTOPOro
coctaBiser npumepHo 1-1,5wmaccel ConHna B rog, T.e. (2—3)1030 KT.
CkopocTb HMCIyCKaeMoro sigpoM Hamiedl [alakTUKM Ta3a B pagMalibHOM
HampaBlieHun mpuMepHo 50 kM/c, 3Ta CKOPOCTh MafaeT B OKPECTHOCTAX
Connua g0 7 km/c [19]. U3 sinpa BBEIXOAAT IBE CIIMPANHU, B KOTOPBIX 3BE3bI
pacrnoiokeHsl Kak B CTeHKax TpyO; mamblie OT siipa HaXOmUTcs Ooblire
CTapbIX 3Be3l, ONMKe K AApYy — OOJIbIIe MOJIOIBIX, OMHAKO B CITUPAIISX €CTh
BKparuieHus, B KOTOPBIX TaKke WMEIOTCS HeOOJNbIINe CKOTUIEHHS MOJIOIBIX
3Be3I.

B cnmpansax uMeercst ciaboe MarHWTHOE ToJie, KOTOPOe HAuMHAeTCs OT
AApa W OKaH4YMBaeTcd Ha mnepudepun [anakTWku, He 3aMbIKasch. JTO
MarHuTHoe mose ObUio oOHapykeHo B 1949 r. XomioMm ¥ XWITHEPOM Ha
OCHOBE Ha0Ito/ieHMIi mosspuzaunu ceeta [19]. HanpskeHHOCTh MAarHUTHOTO
NoJIsL CMpalibHBIX pykaBoB ['anakTuku cocraBnsier 10-25mklc [6, 7, 30].B
pabote [7] yka3biBaeTcsl Ha CBsI3b 3Be31000pa30BaHUs ¢ MArHUTHBIM TOJIEM
[anaktiku. iMeroTcst pa3nidHble TUTIOTE3bI O TIPOMCXO0XKIEHUA MarHUTHOTO
TIOJISI CIMPAJIbHBIX PYKABOB, B YAaCTHOCTH, BBICKA3BbIBAIOTCS MPENTIONOKEHHS
O TOM, YTO MarHWTHOE TIOJie SIBJISETCA CIEACTBHEM TypOynu3anun
MEK3BE3JHOTO Ta3a.

Crnmpany HaxonsaTcs B OOMIEH TIIOCKOCTH, B 3TOH JK€ IUIOCKOCTH
HAaXOOUTCSl TeMHas TMojioca rasa W IbUIM, HaXOOAWAscid C HapyKHOU
CTOPOHBI CIIUpAJIE.

C y4eToM WM3JI0KEHHOTO BBILIE MPEACTABIAECTCS CIACAYIOLIMHA MEXaHU3M
3¢upoodMeHa BHYTpu [ajakTWKH, KOTOpbIii M oOecmedus co3naHKe
umMetoteiics ctpyktypsl (puc. 11.1).

Ctpyu 3¢upa, nepemeraromipecs Mo CNUpaIbHBIM pykaBaM [ amakTHUKH
oT nepudepuu K sIpy, BPbIBasSCh Ha BBHICOKON CKOPOCTH TOPS/IKA AECSITKOB
TBHICSIY KHWJIOMETPOB B CEKYHIYy W XaOTHYECKM MepeMelnBasich, 00pa3yoT
MHOTOUMCIIEHHbIE TOPOMIaJbHbIE BHHTOBBIE BUXPH, KOTOPBIE, CIKMMAsCh,
OJIHOBPEMEHHO JIENIATCS W, B KOHIIE KOHLIOB, 00pa3yloT MPOTOHHBIN ra3 [23—
27].

Kaxaplit mpoToH 06pa3yeT BOKpYT ce0s MpucoeAMHEHHbI BUXph 3¢upa —
3NIEKTPOHHYIO 000JI0UKY, YeMY CIIOCOOCTBYIOT COYAAPEHHMSI IPOTOHOB OPYT €
apyroMm. B pesyinbrate oOpaszyercs MPOTOHHO-BOLOPOIHBIN Ta3, KOTOPBIH,
pacIIMpssACh, yaanseTcs u3 aapa [ anakTUKH.

[TpoTOHHO-BOAOPOAHBIN Tra3, KOHLEHTPUPYACH Onarogaps BO3HUKLIAM
CUJlaM TpaBUTallMM, cobupaercss B objaka, KOTOpble, CKMMasCh, 00pa3yroT
3Be31bl. 3BE3/bl UMEIOT paTuabHYyIO0 COCTABISIIOUIYI0 CKOPOCTH, MOCKOJIBKY
ra3, o0pa3oBaBIIMNif MX, TAKYI0 CKOPOCTb yXKe MMel, U YAAIAIOTCS OT S1apa ¢
TOM K& CKOPOCTBIO, UTO U Ta3, T.e. O CKOpocThio mopsaka 50 km/c. Yactb
9THX 3Be€3] MOTA/IaeT B CIIMpalIbHbIE PyKaBa, a 4acTb B HAX He Momnaaaer.



491

Jeudicetiue 36e30

D= Obnacme
P ~a paccacvlgans
e D geugecmea
e A :
Ao

I’ Maenumnmvtii
/

Obnacme agl’lOmDK,

36e300- W\ / udceHe
obpaszoganu y / agupa

/
P
~ -
S -
a)

wapoobpasnas 06Jacme
36€30 BOKpY2 0pa

e e

&S cobupanus
= sr N
AN

0)

Puc. 11.1. DpupoauHamuyeckasi CTPYKTypa CNHUPAJIbHONH TajakTHKU. a —
BUJI Ha TJIOCKOCTh; 6 — BUII COOKY.
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Te 3Be3xbl, KOTOpBIE MOMAIN B CITUPANILHBIN pyKaB, ABWXKYTCS HaBCTpedy
3¢UpHOMY TOTOKY, MpHUTEKaOUIeMy B SApPO OT mnepudepun [ anakTHKH.
OOpazoBaBmIascsi, HO eIle MOJHOCThIO He cdopmupoBaBinascs 3Be3za
WCTIBITBIBAET COTIPOTHUBIIEHNE CBOEMY IIBMIKEHHIO, Ha MPEOI0JIeHIe KOTOpOTo
OHa TPaTUT YacTh CBOEH KWHETHUYECKOIl 3Hepruw, a, KpoMe TOTo, BHYTpHU
TOTOKa CKOPOCTH 3(hMpa He OJMHAKOBHI, M 3Be3/la HAUMHAET 3aKpyIHBATHCS
3TMM TIOTOKOM. B cBf3W ¢ TeM uTO 3Be3ma NPOJOIKAET  CKUMATHCS
TPaBUTAllMOHHBIMK ~ CHJIAMH, TO HAKOIUIEHHBIH MOMEHT KOJIMYecTBa
IBIDKEHWS] 3acCTaBIsieT €€ CaMOpacKpydmBaThbCs, UYTO TPUBOAWT K
YCKOpPEHHOMY BpallleHut0. B pesynbraTte ee MOBEPXHOCTb CTAHOBUTCS
HEYCTONYMBOM, Ha Heil BOZHMKAET OJHA WM HECKOJIbKO IPUIMBHBIX BOJH,
OTpPBIBAIOLIMXCA OT Hee. Macca OTOpBaBIIErocs BEILECTBA YK€ HMeEET
BHYTpPEHHEE BpalllEHNe, U3 Hee HAaUMHAIOT (JOPMUPOBATHCS TUIAHETHI, OPOMTHI
KOTOpBIX JIeXkKaT B TJIOCKOCTH 3KBaTtopa 3Be3ibl. IIpu 3ToMm Besne Oyzner
o0ecrieyeHo TpsiMoe BpalleHue, T.e. BpallleHne OpoOuT U ChopMHUPOBABIINXCS
TiaHeT OyAeT TPOMCXOAWTh B TUIOCKOCTH 3KBAaTOpa 3Be3Ibl M HMMETh
HanpaBJieHWe BpalleHWs TO J>Ke, 4YTO W cama 3Be3na. Bce 3Be3msl,
HaxoJsIyecss BONM3M APYr Opyra, BpaIlaloTcs B OJHY M Ty K€ CTOpPOHY,
3Be3/Ibl, HAXOMISIIMECS Ha MPOTHUBOIOJIOXHBIX CTOPOHAX CIUPAH, MOJIKHBI
BpaIaThCs B TIPOTHBOTIONOKHBIE CTOPOHBI.

O¢upHbI MOTOK, ABHrasch MO COUPAIBLHOMY pyKaBy [ alakTHKH,
o0pasyeT CTpyKTypy Tuma TpyObl, Bpallaschk BOKpPYr ocu crupanu. Ilpu
noaxone K sapy lamakTmkm 3¢QUpHBI MOTOK CyXkaeTcs, yBeIUYUBAET
CKOpPOCTb W H3MEHsET HamlpaBjleHHE C TaHTeHLMAIbHOTO Ha oceBoe. Bo
BHEIIHel 00nacT TpyObl 00pa3yeTcs MOrpaHUIHbIN CI0M, He MO3BOJISOLIMIA
3¢upy NOKUHYThb TeJO TPyObl, a LEHTpPOOEKHas cujla BBITOHSET 3dup K
cTeHKaM TpyObl. [To3TOMy B CTEHKaX CIIMPaJbHBIX PyKaBOB IJIOTHOCTH 3upa
BBIIIIE, Y€M BHE CIMPABHBIX PyKaBOB WJIM BHYTPH HUX. MIMEHHO B cTeHKax
TpafieHT CKOpPOCTH 3¢Hpa , MO3TOMY 3Be3/a, KOCHYBINAsCsS NOaxe Kpas
CTeHKH, OyJeT 3aTreM 3acocaHa B CTEHKY TPyObl. DTHUM M OOBSICHSETCS TOT
(axT, 4TO 3BE3/bI B CIIMPATLHBIX pyKaBaX HaXOIATCS UMEHHO B WX CTEHKaXx.
BHemHemy HabmrofaTemto 3aKpydeHHBI MOTOK 3¢upa B CHUPATbHBIX
pyKaBax JOJKeH MpeICTaBIsAeThCA KaK MArHUTHOE TOJIe.

PacueT nmoka3sbiBaeT, 4TO 0CEBOE CMELIEHNE 3(Upa COCTABISAET B pailoHe
ConHeunoii cucteMsl Beero 10— 10° m/c. D10 03HA4YaeT, 4TO 3a OJUH
000pOT BOKPYI OCHM CIHPAIbHOTO pyKaBa 3(Hp OKaKETCsl CMELIEHHbIM K
sapy Ha 10P-1C0° kM. B paifone e siapa crimpanbHble pyKaBa CyIECTBEHHO
YMEHBINAIOT TUIOMAIs MONEePEYHOTO CEUYEHHs, YTO BBI3BIBAET 3HAUNTEIHHOE
(Ha HECKONIbKO TOPSAKOB) YBEIWYCHHWE TeueHHs J(pHupa B OCEBOM
HarpaBJIeHUH.
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Takum oOpa3oM, B TMpefenax CHHPATBLHOIO pyKaBa MOTOK 3dupa
JBIWKETCS 1O CIOUpaid ¢ mepeMeHHbIM wiarom (puc. 11.2, a), uro
HaloOMUWHAEeT KapTUHY CTOKa BOJbI B BaHHOM (puc. 11.2,6).

/,f\"
N g/

Puc. 11.2. IBuskeHMe MO CNHPaJM ¢ NMepeMEeHHBbIM IIArOM: a — JBWKCHUE
a¢upa B crimpanbHOM pykaBe ['anakTuky; 6 — ABM)KEHHE BOJBI IIPU CTOKE B OTBEPCTHE

Kak m B kaxnoil cTpye rasa, 1o TOBEPXHOCTH TOTOKa 0Opaszyercs
MOTPaHUYHBIN CIION, B KOTOPOM MMeeTcs TpaiueHT ckopocTu (puc. 11.3,a).
OOpa3oBaHHas B ILEHTpanbHOIl o0jacTu 3Be3fa OydeT 3aTAHyTa B 3TOT
MOTPAaHMYHbIA CJION, Tak Kak HaBiieHWe 3(pupa cO CTOPOHBI TPAAUEHTHOTO
TeyeHus OyzmeT MeHblue. JItoOas 3Be3/1a B IOTPAaHUYHOM CJI0€ OKaXXeTcs MOA
BO3IEHUCTBMEM 3(HMPHOTO MOTOKA, HMMEIOILEro TPaAWEeHT CKOPOCTH, 4TO
BBIHYIUT €€ HayaTh BpalllaTellbHOe ABW)KEHUE, OChb KOTOPOro HampaBieHa
MepreHANKYIISIPHO HaNpaBlieHUsIM CKOPOCTH U rpajauenTa (puc. 11.3,6).
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Puc. 11.3. Tesio B rpaaiMeHTHOM MOTOKe 3uUpa. g — MEpPEMEIICHUE Tena B
obmacTs HamOOJNBIIEro TpagWeHTa CKOPOCTEH Tra3oBOi CTpyHW, 6 — CO3TaHHe
BpAIllaTeILHOTO JIBM)KEHUSI TeNla B TPAJIMEHTHOMN CTpye ra3a
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Ha ¢ororpadusx chnupaibHbIX TajdakKTHMK BHOHO, YTO BONM3M sapa
olanb ce4eHus crupaieil cokpalaeTcs He MeHee, YeM Ha mopsanok. Ere
Ha OJMH MOPAAOK COKPATHUTCA TOJIIMHA MOTOoKa 3dupa. C yueToM U3MEHEHNA
HampaslieHus: 3(UpHOrO BeTpa B paiioHe fAIpa HYXHO ToJlaraTh, 4TO
CKOPOCTH A(UPHOTO BETpa B CAMOM sIIpe COCTABHUT He MeHee 4eM 1 Teic km/c,
a TUIOTHOCTH 3()Mpa yBEIMUUTCS HE MEHee, YeM Ha OJIMH TOPAIO0K M COCTaBHUT
107 xr/m®,

K Tomy BpemeHH, Kor/ia 3Be3/1a, epeMenIasch 1Mo NHEPIHH, OKaXXeTCsl Ha
Kpato ['anakThk¥, HyKJIOHBI, 00pa3ylolire BEIIECTBO 3BE3/bl M €€ IUIaHEeT,
MOTEPAIOT 3HAYMTEJbHYIO YacTbh DHEPIUHM M pacmamyTcs, BepHYB 3¢dup, nx
o0pazyroluii, B CBOOOIHOE COCTOSIHUE.

PactBopeHue BemectBa B 3(upe MOXKET MPOUCXOAUTH CIOKOIHO, a
MOET HOCUTb M B3pbIBHOW xapaktep. [locienHee cBsi3aHO ¢ TeM, 4YTO
MOTEPABILMI IHEPIHIO MPOTOH YBEIMYMBAETCS B pa3Mepax, COOTBETCTBEHHO
YBEJTMUMBAETCA W €r0 BHyTpeHHee oTBepcThe. COCTOSIHME aToMa CTaHOBUTCS
HEYCTOWYMBBIM, TpW HEOOIBIIOM BO3MYIIEHUH JQUPHBINA TMOTOK
TIPUCOEIMHEHHOTO BHUXPS MOXET W3MEHWTh HamnpaBlieHWe 3aMbIKaHHUA W
BHOBb, KaK 3TO OBIJIO Ha TEPBOI CTaJAWU CO3MAHUS TPOTOHA, 3aMKHYTHCS
yepe3 ero neHTp. [Ipomecc 31ech Toke T0KEH HOCUTh JIABUHHBIN XapakTep.
Torma pmocratouHo OBbICTPO BCA 3Be3da OKaXKETCS COCTOALIEH U3
WMOHM3UPOBAaHHOTO Tra3a, KOTOPbIi HHUYeM He ynepkuBaeTcs. 3Be3na
B3PBbIBAETCSl, YTO M MOXET SBHUTHCSA NPUUMHONM B3phIBA TaK HAa3bIBAEMbIX
«CBEPXHOBBIX» (a TOYHee, cBepxcTapblx) 3Be3n. OOHAKO MOCTENEHHOE
pacTBOpeHKe BelllecTBa ObIBAeT, BUAMMO, Yalle, YeM JIaBUHHAs MOHM3aLMs
BCEro BelllecTBa 3Be3Ibl. Ha 3TOM cCyllecTBOBaHME 3Be3ll, MOMABIIMX B
criupalibHble pyKaBa rajakTHK, IpeKparaercs.

3Be3nbl, HE TOMABIIME B CNHpANbHbIE pyKaBa TalaKTHKH, Oojiee WIN
MeHee PaBHOMEPHO pacTpelesisiioTCsl B TEJNEeCHOM YIJie W JABUTAIOTCA 10
paguycy oT sjipa, o0Opa3ys IIApOBOe CKOILUIEHHWE BOKpYr sapa. OHH He
WCTIBITBIBAIOT Ha CBOEM MYTH COTPOTHBIEHUS] BCTPEYHOTO MOTOKA, OHU HE
BpalIalOTCS W COOTBETCTBEHHO HE MOTYT WMEThb IUIAHETHBIX CHCTEM.
[MockonbKy Ha paHHeW cTaguuM OHU HE OMBIBAIUCH Y(HUPHBIM MOTOKOM, TO
HHMKAKOTO IOTMOJIHUTEJBHOTO TPaJMeHTa CKOpOCTel MX HYKJIOHBI HE MMEJH,
MO3TOMY X YCTOWYMBOCTH HMKE, YEM Y MPOTOHOB, MOMABIIUX B CIUpPaTbHBIE
pykaBa. Bpems cyuiecTBoBaHMA HYKJIOHOB 3Be3[ IIAPOBOTO CKOTIJIEHHS
JOJDKHO OBITH MEHbLIE, YeM Y 3Be3[, HaXOIALIMXCA B CIMPANbHBIX pyKaBax
ranakTuK. CTaperoT 3TH 3Be3bl OJAHOBPEMEHHO, a 3aTeéM PacTBOPAIOTCS Ha
nepudepun MapoBoro ckoruieHWs. [1o3ToMy Ha TOBEpXHOCTH IHapOBOTO
CKOTUICHHMS BCE 3BE3/IbI CTaphIe.

PacTBOopeHue B 3(hupe BellecTBa 3BE€3J LIAPOBOTO CKOIIEHUS CO3aeT Ha
TIOBEPXHOCTH LIapOBOTO CKOTUIEHHsI M30BITOYHOE HaBieHue 3¢upa. B To xe
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BpeMs B IUIOCKOCTH TaJAKTHKK CIUpalbHbIE pyKaBa CO3JAIOT MOHWKEHHOE
naBineHue 3¢dupa, MOITOMYy Bechb W3OBITOUHBIH 3(UP € TMOBEPXHOCTH
IIapOBOTO  CKOIUIEHHS  yCTpemiisieTcsi K  OOKOBBIM  TOBEPXHOCTAMU
CTIMPAbHBIX PYKaBOB M Jajiee MPUHUMAET ydacThe B o0meM notoke. [Totokn
3¢upa, UIyIye OT MapoBOTO CKOTUIEHHS K CIIMPANTbHBIM pyKaBaM TaJlaKTHKN
3aXBaTHIBAIOT B CBOEM JIBMKEHWH Ta3 U IMbIJIb KOCMUYECKOT0 IPOCTPAHCTBA 1
COCPEIOTOYMBAIOT 3TY Maccy B TJIOCKOCTH TalaKTHKH, ITOCKOJIBKY UMEHHO
3Mech  OKa3bIBalOTCS  O0JacTH ¢  MUHMMalbHBIM  JaBJeHWEM U
MaKCUMallbHBIMA TpaJleHTaMH cKopocTell 3¢upa. TakoBo, BeposTHO,
MPOUCXOXICHUE TEMHO MOJIOCHI BAOJb PyKaBOB CITUPATbHBIX FajlaKTHK.

B l'anakTuke uMeeTcst corylacoBaHHOE ABMKEHHE BCEX €€ KOMITIOHEHTOB —
BEIleCTBAa B BHUIE raza M 0Opa3oOBaHHBIX MM 3B€3J]l, C OJHOI CTOpPOHBI, W
MOTOKOB 3(upa, ¢ Apyroil. ITo ABMKEHHE YCTOINUMBO M MOXKET UINTHCS
CKOJIb YrOJIHO [JOJIrO, MOKa CTOJKHOBEHWE KOMET B HeW WM B coceqHei
rajjakTike He TpUBeNeT K CO3MaHMI0 HOBOW 00JacTH BUXpeoOpa3oBaHWA,
KOTOpasi TIpHM JOCTaTOYHO OOJNBIIMX pa3sMepax M OONbIIONW HavanbHON
SHEPruM He OKaXKETCsl YCTOMUYMBOM, TOrnma 3ta o0JacTh MOCIYKHUT HadyalloM
POKIOEHWS] HOBOW TalakTUKH W BO3MOXHO TIpWBENET K THOenn yxe
CYIIECTBYOILLYIO.

Takum o6pazom, B Hawei ["anakTuke, siBisitOLIeiics TUMOBOM rajJakTUKOMN
CTHpPAIBbHON CTPYKTYpBI, OCYIIECTBIAETCS KpyroobopoT a¢upa: oT sapa
lanaktukn k nepudepun — B cocTaBe 3Be3[] M MEX3BE3IHOrO rasa, or
nepudepun K sApy — B BHOE TNOTOKa CBOOOAHOTO 3¢dupa, TOro camoro
«a¢upHoro Betpa» («ether drift»),no moBoay koTOpOro Tak MHOro OBLIO
OaTanuii.

Cnenyer oOpaTWThb BHMMaHWE Ha TO, YTO B CIHUPaJbHOIN TrajgakTHke
OCYILIECTBIISIETCS YCTOWYMBBI KpyrooOopoT 3¢upa, KOTOpPBIH MOXKET
IUTUTHCSI HEOTIPEIEIeHHO JOJITO — COTHM M TBHICSYM MUWJUTMAP/AOB JIET, @ MOT
Obl JUTMTbCA W BEYHO, ecnu Obl BO BceneHHO# He cymliecTBOBalM Apyrue
TIPOIIECCHI, 0 KOTOPBIX pedb TMOMIET HIKE.

CosHeuHasi cucTema CyliecTByeT mpumepHo 5,5 mapa ner [31, 52, 54,
55], a paccrosinne, Ha koTopoMm CoJHEYHas CHCTeMa OTCTOMT OT sapa
[anakTuKy, cOCTaBiseT NpUMEpHO 2/3 rallakKTUYecKOro paauyca, HeTpYIHO
MOACYNTATh, YTO MPU PABHOMEPHOH CKOPOCTH IBIAKEHUs oOllee Bpems
YCTOMYMBOCTH BellecTBa cocTapnseT 8—10mupn ner.

Eciu ke ydecTh, 4To B coctaB I'anaktikn BXxomut npumepHo 8-10G°
3Be3] cOo cpenaHedl Maccoif, paBHoit Macce ConnHua [31], To Bpems
YCTOWYMBOCTH BELIECTBA MOXET OBITh ompeaeneHo W kak 50 mupnm ner.
Takyro pa3HHIly 1O BpeMeHHM YCTOWYMBOCTH BEIECTBA MOXKHO OOBSCHHUTH
HEpaBHOMEPHOCTBIO IBWKEHUS 3Be31 OT sApa K mepudepud, 3aMeaeHneM
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3TOr0 [JBWXKEHHS, YTO BHUAHO YyXe Ha MpuMepe H3Iy4yaeMoro u3 supa
I"amakTuku rasa.

BozHukaeT Bonpoc, Bpauiaercs i Hama ["ajakTuka, Tak ke Kak U Opyrue
CTIVpaJTbHBIE TATAKTAKA?

Kak u3BecTHO, 0 BpallleHUHU TaJlakTUK KCCeI0BaTENH 10 CUX MOp CyAUIU
MO JIBWKEHUIO 3Be3] BOKPYT LeHTpa. OIHAKO €CJIM CYAUTH M0 NepeMELIeHUI0
3(UpPHBIX CTPYH BHYTPHW CHUPATBHBIX PYKAaBOB, TO BBIBOJ IOJDKEH OBITH
npyroii: ['anakThka Bpamiaetcs, HO B MPOTHBOIOJIOKHOM OTHOCUTENILHO
NBYDKEHUSI 3Be3] HampaBieHWHU. [IpaBUIBHBEIM OyIeT Takoif BBIBOA: pyKaBa
lanakTVKK B TPOCTPAHCTBE B OCHOBHOM COXPAaHSIOT CBOE IMOJOXEHHE
HEM3MEHHBIM, 3B€3/Ibl B HUX MepeMellaroTcs oT aapa K nepudepuu, a moToku
3¢upa B ciMpaibHBIX pyKaBax OBMKYTCA B 0OpaTHOM HampaBieHHH. To ke
MPOUCXOINT U BO BCEX APYTHX CTIUPATIbHBIX TajJakTHKaX.

11.4.93¢pupoannamuyeckass GyHKIUOHAIbHAS
KJaccHpUKANMSA T'AIAKTHK H BHETAJIaKTHYeCKasl
acTpOHOMMS

K Hacrosmiemy BpeMeHHM ompelesieHbl OCHOBHBIE THIIBI TalakTHK |
3Be3HBIX 00pa3oBaHMil B HabMogaeMoii Beenennoit [29—-51].

Mopdodornornueckas Kinaccuukanys TalakTHK, KOTOPYIO TPELIOKHUI B
1922 . amepukaHckuit acTpoHoMm 3.Xab0i1, HOCUT (opMalTbHBIN XapakTep,
TOCKOJIbKY ~TaJlaKTMKM ~ pacKiacCM(UUIMpPOBaHBl 10 BHemHed (opme
(cnmpanbHele, JITUNITHYECKUE, UPPETYJIApHBIE, T.€. He TIPaBUIIbHBIE, U T.IL.).
Bropas knaccudukaum Xab0na oTIMYaeTcsl OT MEpBON HEKOTOPHIMU
JonofHeHusAMH, Ho He cymectBoM [13]. INocnenmyroumre aBTopsl Ban nen
Bepr, Bokynep, lllernu u npyrue yTouHsIM XabONI0OBCKYO KilaccU(pUKALMIO,
oOpalany BHUMaHHME Ha T€ WIM HWHblE [ETald, OJHAKO M B OCHOBE HX
KIaccupukanuy Jexanu Oonblie (GopManbHble, HEXENU CYLIIHOCTHBIE,
npuHLML (puc. 11.4).

B cooTBeTcTBUM C 3TUMU KiIacCU(DUKAIMAMI BCE BUIIBI TATAKTUK JENSATCS
Ha clieyrollue:

1) cnupanvhble TanakTUKK, XapaKTepHbIe ABYMS CPAaBHHUTEIBHO SPKUMHU
BETBSIMHU, PAcIiONIOKEHHBIMH BOKPYT SIIpa 1Mo crrpaiii. BeTBu BBIXOIAT 1060
U3 sApKoro sapa (Takue TajlakTUKU 00O3HauarTcs S), nMb0 M3 KOHIOB
CBETJION NMepeMbIuKy, iepecekarolieii sapo (obo3Hauarorcs SB);

2) snnrunmuueckue ranaxtuku (E), umeroiue hopMy 3JUTHIICOUIOB;

3) uppezynapusie (HenpaBuibHble) ranaktuky (I), UMeroLe HeMPaBUIIb-

HyI0 (hopMmy.
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Puc. 11.4. Mopdonorndeckasi kjaccupuKauuu rajakTuk mno Xao6ouay:
pa3NUUHBIE THITBl TalaKTHK pPACTOJIOKEHBI Ha CXEME TakuM 00pa3oM, dUTO
OTHOCHUTEIBHOE COJEPKAHME B HMX ra3za M MOJOIBIX 3B€3Jl YMEHbIIAETCS ClIeBa
Harpaso.

[lo crTemeHM KIOYKOBAaTOCTH BeTBel  CHUpaibHble  TalaKTHKH
pazIenstoTcs Ha MOATHIBL: a, b W ¢. V TepBbIX M3 TaKUX TalakTHK BETBU
aMOp(QHBI, Y BTOPBIX HECKOJILKO KIOYKOBAThI, Y TPETHHX OUEHb KIOYKOBATHI,
a sOpo Bcerma HeApKoO M Mallo. YCTAHOBJIEHO, YTO KJIOYKOBATOCTh
CNIMpalibHBIX BETBEH M MX rodyOW3HA PacTyT C MOBBIIIEHUEM B HUX TOPSYMX
roiyObIX 3Be3l, UX CKoIuleHud u Auddy3HbIX TymaHHOcTei. LleHTpanbHas
IapoBasi 4acTb CIMPaJbHBIX TalakTHK JKeJlTee, YeM BETBH, U coAepikar
cTapble 3Be3/ibl (HaceneHWe 2-T0 TUMA) M TOrAA Kak IUIOCKHE CTHpAalIbHBbIE
BETBU COCTOAT W3 MOJOIBIX 3Be3] (HaceneHue 1-ro tuma). [1MoTHOCTH 3Be3]
pacteT ¢ MpUONMIKEHHWEM K 3KBaTOpHallbHOI TiockocTh. CyMTaeTrcs, YTo
CpalibHble TAlaKTUKW BpalIalOTCS BOKPYr UEHTpPa TalakTHKH, Ha
nepudeprn yrioBas W JIMHEWHas CKOPOCTH YObIBaroT. B crmpaibHBIX
rajakTUKax siipa UMEroT 100 mapoByto hopmy, b0 Gopmy Opycka (6apa),
W3 KOTOPBIX M UCXOIST BETBU CUPATIbHBIX TAIAKTHUK.

B Hacrosiee BpeMst OTKPBITHI KOJbLEBbIE M IUCKOBHAHBIE TANAKTUKH CO
BCEMH TrpajauusMd OOWIUA TOpSAYUX 3Be3D M MbUIM.  OTKpPBITHI
JJUIMNITUYECKUE  KapJIMKOBble TaJlakTUKM C HHU3KOM  MOBEPXHOCTHOIA
APKOCTBIO, @ TaKkke MHOXKECTBO JAleKMX KOMIAKTHBIX TalakTHK C
OTPOMHBIMHM KpacHbIMU cMelleHWssMH. Ho Hauboniee KOMMakTHble M3 HUX
UMeIoT rony6oBathiii 1BeT. Te W3 HMX, KOTOpble 0O0JNalalOT MOIIHBIM He
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menioevim paavou3ydeHueM, Ha3bIBAIOTCS N-rajakTHKamH.
3Be31000pa3Hble UCTOYHUKM C TaKMM M3IyYe€HHEM Ha3bIBAlOTCA KBazapamu
(kBa3M3BE3AHBIMM ~ PAJAMOMCTOYHMKAMM), a TaJakTHKM, oOJylajaromue
MOIIHBIM PaTvoOM3ITydeHHEM M WMEIOLINe 3aMEeTHBIE YTIIOBBIE pa3Mephl, —
panvoranakTikamu. Te 13 HUX, KOTOpblE UIMEIOT 0CO00 MOIIHOE HETETJIOBOE
panvion3ydeHne, o0NafaloT NMPEeNMYIIECTBEHHO JIUTMNTHYECKOW (hopMoii,
BCTpevaroTcsi M crupanbHble. B ramaktnkax Cefiepra UMEIOTCS MOIIHBIE
BBIOPOCHI I'a3a U c1ab0e HEeTEIUIOBOE PauOU3ITydeHHe.

Hapsimy c rajmakTkamMyd B KOCMHWYECKOM TPOCTPAHCTBE CYLIECTBYIOT
TOYEUHbIe PAJAMOMCTOYHHMKH, ONTHYECKH HEBUIOMMBblE. Bpems OT BpemeHH
B3PBIBAIOTCS TaK Ha3blBaeMble CBEPXHOBbBIE 3BE€3/bl, MOLIHOCTb W3ITy4YeHHs
KOTOPBIX BecbMa BbicOKa. CyIIECTBYIOT Takke MyJbcapbl, KOTOpbIe
NPEONOJIOKUTENLHO SIBIAIOTCA ObICTPOBPAILAIOIMMHUCS 3BE3OaMHU C Y3KUM
Jy4yoM W3MydeHHs. B KocMuueckoM MpOCTpaHCTBE MMEIOTcs oOjaka rasa,
MBUTH, KOTOpBIE TakKXKe WCITyCKAIOT BJIEKTPOMAarHWUTHOE  W3JIydeHHe.
[penmnonaraeTcs, 4TO B KOCMOCE UMEIOTCSI TaK HAa3bIBaEMbIE «HepHBIE JBIPHI»
— 00BEKTHI, B KOTOpbIe MOXKET O€3BO3BPATHO MPOBAIMBATLCS BEIECTBO, TAK
yTBepkaaeT OOLIas Teoprsi OTHOCUTENBLHOCTH DWHINTEeHA, HO OHU Noka (7?)
He 0OHapyKeHBI.

O paccTosHUAX OT 3eMHOTO HaOIOAaTeNs A0 3BE3AHBIX M TaJJaKTHUECKIX
00BeKTOB cymAT no «KpacHOMY CMEILEHHIO» MX crekTpoB. CoBpeMeHHas
TOYKa 3peHus MpunucbiBaeT (akT «KpacHOro cMelleHHA» PacIIMPeHHI0
BceneHHoif, Tak uYTO CKOpOCTb  MepeMelieHHs OO0beKTa  MPsIMO
NpoMNopLMOHalibHa €ro ypaneHuto. [Ipenmornaraercs, 4TO Ha KaKable
MUJUIMOH TapceK CKOpOCTh ynalleHusi oO0bekToB Bo3pactaeT Ha 100 km/c
(3akoH Xab0ia).

Crnenyer 3aMeTHWTh, YTO TNPWYMHBI TAKOTO YCTpOicTBA KOCMHYECKOTO
MIPOCTPAHCTBA, MPOUCXOXKIEHNWE W B3aWMOIENCTBHE OOBEKTOB (haKTHIECKH
HE YCTaHOBJICHBI, BBICKA3bIBAEMbIE TMPENTONIOKEHNS O TPOUCXOKICHUH,
SBOJIOLMM OOBEKTOB W WX B3aNMOJEWCTBMM HOCAT B OCHOBHOM
CTIEKYJIITUBHBII XapakTep.

BoccraHoBneHne — KoHUenuMu 3dupa co3maeT  NPUHLUMITHAIBHYIO
BO3MOXHOCTb MO-MHOMY MOJOMTH K KJacCU(UKaLUK ralakTHK Ha OCHOBE MX
¢yHKkunMoHMpoBaHUA. HU B KoeM cilydae He MpeTeHIys Ha MOJHOTY Takoi
Knaccu(uKaluny, TONBITATbCA MPEONPHUHATh TaKylo IOMBITKY BIIOJHE
CBOEBPEMEHHO U Liesieco00pa3Ho.

[Mpouecc obpazoBaHMs BeLecTBa — MPOTOHHOTO rasa B SAApax ralakTHK
CBsI3aH C COyHapeHWeM CTpyil 3¢upa Ha BBICOKHX CKopocTax. [lpm
JOCTaTOYHOW SHEpPruM COoyIapeHuit cTpyil OyAyT pOXKIATbCsi BUXpEBbIE
KOJTbIIa, HETIPEPBIBHO JeNsInrecs U yIoTHAomuecs. [locaenusas craaus ux
o0pa3oBaHMs — JOCTW)KEHHE KPUTHYECKOW TUIOTHOCTH W  BBICOKOMN
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YCTOIYHMBOCTH, 3TO YIUIOTHEHHbIE BUHTOBBIE TOpOMAANbHBIE BUXPH 3dupa —
NpoTOHbl. [IpoMeXyTOuHBIE CTagMM — BHUXPH CaMbIX Pa3HOOOPa3HBIX
pa3MepoB, TPOAOJIKAIOIIME [eJeHHMe W MOPOXKIAIoIIMe BO BpeMs 3THX
npeoOpa3oBaHMii  BOKPYr cebs caMble pa3HOOOpa3Hble  BUHTOBBIE
BO3MYILEHHS, KOTOpbIE pPacXomiITCs BO BCE CTOPOHBI M KOTOpBIE
BOCTIPHHUMAIOTCS KaK 3JIEKTPOMAarHUTHBIE W3JTydeHNs! IIMPOKOTO AWana3oHa
BOJTH.

Havano co3maHMIO simpa HOBOM TrajlaKTUKH MOXET HaTh CTOJIKHOBEHHE
KOMET, pOXIEHHBIX TUIAHETHBIMM CHUCTEMaMU BHYTPH CYLIECTBYIOIINX
rajakTuK. KoMeTbl, 4YUCI0 KOTOPBIX B KaXIOM ralakTHKe COCTABISAET COTHU
MUWTHAPAOB, MOPOXKIAIOTCA IUIaHETaMM B pe3ynbTaTe BbIOpoca W3 Tel
MJIaHeT HaKomuBIIerocs TaMm 3¢upa. BbipBaBumIasca BO  BHEIIHee
NPOCTPaHCTBO CTPYs 3(dupa npeBpallaeTcs Ha BBIXOJE W3 Tejla IUIaHeTHl B
TOPOMAANBHBIA BHUXpb, BO BHYTPEHHHX O0O0NAcTAX KOTOPOrO CKOPOCTH
3(¢UpHBIE CTPYH MOTYT JAOCTUTATh CBEPXCBETOBBIX CKOPOCTEH. S Ipo KOMeThI
— COOCTBEHHO TOPOHI — MOXET WMEThb pa3Mep METPOB, HO MOXXET MMETb
pa3Mep M TBICSY KUJIOMETPOB, YTO OBIBAET PEMIKO.

CTONKHOBEHME KOMET BechbMa He YacToe SBJEHWE, HO BEPOSTHOCTh
TaKOrO CTOJNKHOBEHMS OTHIOAb He HyJneBas. CTONKHOBEHHE KOMET
JOCTaTOYHO KPYNHOrO pa3Mepa CIOCOOHO  CO34aTb  HOBBIH  ouar
BUXpeoOpa3oBaHMs BHYTPU rajakTUK. HecMOTps Ha TO 4TO caMHM KOMETBI
MUMEIOT OTHOCHUTENIbHO HEBBICOKYIO CKOPOCTb, CTpyH 3¢upa, obOpasyrouiue
TEJI0 KOMETHI, OBIXKYTCS BHYTPU KOMETBI CO CKOPOCTAMH, MHOTOKPAaTHO
NPEBBILIAIOIIMMHI CKOPOCTh CBETa, U COyJapeHHe TaKUX CTPYH MPHUBOIMT K
BO3HUKHOBEHHUIO HOBOIi 00J1aCTH BUXpeoOpazoBaHus dpupa.

B ob6nactu BuxpeoOpa3oBaHUS CaMOINpPOU3BOJIBHOE [eJieHWe U
YIJIOTHEHWE BUXpeil 3¢upa NpoucXoasT 0 TeX Top, ToKa MIIOTHOCTh d(upa
B CTEHKaxX BUXpEil He JIOCTUraeT KpUTWYECKOW BEJIWYMHBI, HA 3TOW CTaanuu —
craauu o0pa3oBaHMsA IPOTOHOB — JalibHeillllee JejieHHe U YIUIOTHEHHE
npekpamatoTes. [IpocToii pacyeT moka3plBaeT, 4TO TMpPU CYIIECTBYIOIIEH B
OKOJIO3EMHOM TTPOCTPAHCTBE TIIOTHOCTH 3(Mpa yIIOTHEHHE TIPOUCXOINT HA
28 mopsAkoB, 4YTO BelIeT K MaJeHWI0 MAaBleHWs >3¢upa B o0JacTu
BuxpeoOpazoaHus. [lajgeHue napjeHUs TNpHUBIEKaeT MOTOKU 3dupa H3
CONpPsDKEHHBIX 00JacTell, YTO MPUBOAMT B ABW)KEHHE BECh OKPY)KAFOLIHMI
3¢up, 1 npouecc BUXpeodpa3zoBaHUs MPOIOIHKAETCS.

[MockosbKy mNepBOHAYaJILHO TpoOLecc BUXpeoOpa3oBaHHs ObUT BbI3BaH
nepeMeLaoIUMIC B IPOCTPAHCTBE KOMETAMHM, TO TI0CHIE UX CTOJIKHOBEHMS
ux ofllee HampaBleHHE IEepeMElleHUs LEeHTpa BUXpeoOpa3oBaHUs
W3MEHsIeTCsl, ¥ HOBBIH LIEHTP BUXPeoOpa3oBaHus — Aapo Oyaylleil ramakTukn
MOXET yIaJIsIThCS M3 CBOEH rajlakKTWKW B JIIOOOM HalpaBJIeHWH, BKIIOYAs W
BO3MO)KHOCTB BBIXO/Ia 32 MPEeNbl raJJakTUKH, B KOTOPOit OH oOpa3oBascs.
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Ha Ttom »Tame pa3BUTHA HOBOrO LEHTpa BUXpeoOpa3oBaHMsA, KOria
nporecc 00pa3oBaHus BELIECTBA MPOXOAUT y’Ke TOCTATOYHO UHTEHCHBHO, HO
HOBBIX 3Be3l 00pa30BaHo ellle MaJlo, COyIapeHus dPUPHBIX CTPY U IeneHne
BUXpell OyayT TOpoXIaTh BCEBO3MOXHBIE BHHTOBBIE HEYTUIOTHEHHBIE
3¢¥pHbIE CTPYKTYpBI, paclpoCTpaHSIOIIMecs BO BCE CTOPOHBI W
BOCTIpUHMMAaeMble M KaK CBETOBbIE, M KaK paJAMOM3IyYeHHs LIMPOKOTO
CTEKTpa 4acToT. DTH M3JIy4eHUs] He SKPAHMPYIOTCS IPYTUMH 3Be3aMH TI0
TIPUYMHE TOTO, YTO WX elle Maso. Takoe oOpa3oBaHMe BIOJIHE CHPaBEITNBO
OTOXIECTBUTb C  MOYEYHHIMU  PAOUOUCHMOUYHUKAMU, TIPAKTHIECKU
HEBUIMUMBIMU B ONITUYECKOM JHana3oHe.

Ecnu B pe3yibrate BUXpeobpa3oBaHus 00pa30oBanoch TaKoe KOJMYECTBO
BEILECTBA, YTO OHO CMOCOOHO cOOMpAThcsl B 3BE3[bl, TO TOTAA TaKoe SApPO
CTAHOBMTCS BUAMMBIM YKe OoJiee PKO, 1 OHO MOXKET ObITh OTOXKAECTBIIEHO C
Keazapamu — MOLIHBIMU PaIOMCTOYHUKAMH MaJIOi MPOTSXKEHHOCTH.

JlanbHeiimee HapamMBaHMe YKcia 3Be3]] NMPUBEIET K TOMY, YTO HacTh
W3JTydeHUsT HAYHET O3KpaHWpOBAaThCS OOpa30BaHHBIMK 3Be3laMH. Takue
TaJIaKTUKK NONy4Yuin HazBaHue Cellhepmosckux.

VBenuuenne uwWcia 00pa30BaHHBIX 3Be3l, HapallMBaHWE WX YHCIA
MPUBEAYT K YBEJIWYEHUIO pa3sMEepPOB HOBOW TalakTHMKM W CHWKEHHIO
VHTEHCUBHOCTH paJMOM3IIydeHHs. OTO paduozanakmuku. OHH ellie
JOCTaTOYHO KOMIAKTHBI U M3JTy4alOT OTHOCHTENIBbHO MOLIHOE ONTHYECKOE U
paguousNyveHue, NpeBbILIatollee CpeJHIE JaHHbIE.

JanbHeiiiee HapallMBaHWe YKCNa 3BE3 M MX YAAJICHWE W3 30HBI sApa
NpUBEAYT K YBEJIMYEHHIO pa3MEpoB TaJakTHKW. 3Be3Abl PaBHOMEPHO
PacTpOCTPAHAIOTCS BO BCEX HANpPaBICHUAX, MPU AOCTATOYHOM YHCIE OHH
CTaHOBSITCS BUJIHBI Kak wapossie ckonaenus (puc. 11.5,a). Bo3pacrt 3Be3n B
5TOM INApOBOM CKOIUIEHHM MOJET OBITh pa3NMYHBIM B 3aBHCUMOCTH OT
BpEMEHH, TPOUIEANIer0 C MOMEHTa WX 00pa3oBaHWs, OHM MOTYT OBITh
MOJIOABIMH, @ MOTYT OBITH M CTAPBIMHU, HO 3TO YK€ HE BO BCeM o0beMe, a Ha
TOBEPXHOCTH. B 3aBMCHMOCTH OT umncia 3Be3]l MEHSETCS 1 WHTEHCHBHOCTH
VX W3JTydeHus1, y Ooliee CTapbIX rajlakTUK OHO JOJDKHO OBITh MEHBINE, U [BET
UX IOJDKEeH ObITh 00Jiee KENThIM.

HauuHas ¢ onpeneneHHOro MOMEHTa BeLecTBO, 00pa30BaHHOE B SApe U
COCTaBJISIOLIEE TENO 3BEe3/bl, OKa3bIBAETCA HEYCTOWYMBBIM. I[IpOTOHBI
MOTEPSUIM DHEPTUI0 3a CYET BA3KOCTH OKpyXkawoouero 3¢upa, M OHHU
HAa4YMHAIOT PacTBOPATHCS B OKpykawouleM 3dupe. DTO NPOUCXOAWT Ha
nepudepun rajgaktukd. [lpu pacnajge YIIIOTHEHHBIH 3(Up MPOTOHOB
TepexoanT B CBOOOJHOE COCTOSIHWE W IaBjeHue 3¢upa B TPOCTPAHCTBE
BOKPYT TaJlaKTHKH Bo3pacTaeT. Pa3zHOCTh maBneHnit Mexmy nepudepueit, ruoe
JaBJieHWe YyBEJIMYEHO, W SOPOM, T€ JaBJeHWE YMEHBIIEHO, 3acTaBiseT
3¢upHbIE MacChl BO3BpaliaThcs K SAAPY M BKIIOYAThCS B TpOLEcC
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BUXpeoOpa3oBaHHUs M 00pa3oBaHHs HOBBIX MPOTOHHBIX Macc, U3 KOTOPBIX
OynyT (opMupoBaTbCA HOBBIE 3BE3bI.

6) )

Puc. 11.5.Pa3nnyHbie BUABI rAIaKTHK. @ — IAPOBOE CKOIUICHWE; 6 — TUTIOBAs
CTiMpalibHasl TallakKTUKa, BUJ HA TIOCKOCTh; ¢ — CIHpalbHAs TallaKTWKa, BUA IO
YIJIOM; 2 — CTIHpalibHAs TANAKTHKA, BUI COOKY

[To mepe ycrtaHoBieHuWst Tpouecca (OPMUPYIOTCS BETBH TaJlaKTHK,
MOCTENEHHO MpuoOpeTaollue  CHUpalibHY0 (OpMy @O aHaJOrMU C
BOJIOBOPOTOM. B 3THX BeTBsIX 00pa3yroTCsl 1Ba MOTOKA: 3B€31bl ABMXKYTCS OT
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anpa Kk nepudepur, 3pUpHbIE MOTOKU IBWXKYTCS OT Nepudepud K supy, a
CaMH BETBM B OCHOBHOM COXPAHSIOT CBOE TMOJIOKEHHE B TMPOCTPAHCTBE
Heu3MeHHbIM. TakoBbl crupaibhble 2arakmuku (puc. 11.5,6-2).

31ech BO3MOXHBI BapuaHThl. EciaM mpolecc BHUXpeoOpa3oBaHUs B sapax
TaJIaKTHUK, UCYCPIIaB Opr)Ka}OH.[PH)’I 3(1)]/1]3, COXPAHUT CBOKO MHTCHCUBHOCTL OO TOrO
MOMCHTAQ, KOrJla K HEMY HA4YHCT IMOCTYNaTh 3(1)I/Ip OT paHCcC 06pa30BaBHJI/IXC$[ B €TI0
Sape 3Be3N, TO TMpoIlecC BUXpeoOpa3oBaHWs OyIeT MOIIACpKaH, W CIUpaTbHAs
raJJaKTUKa OKaXXCTCs yCTOﬁ‘{HBOﬁ. Tornma ona cMoXxeT CyHIeCTBOBATHL HCOMPECICIICHHO
noiro. Hanname B crupaibHBIX pykaBax oOnacTeil ¢ MOJOABIMU 3BE3aMH
TOBOPHT O TOM, YTO B 3TUX 00JACTAX Hayajcs MPOLEecC BUXPeoOpa3oBaHus U
CO3JaHMS HOBBIX fAIep TallaKTUK CO BCEMH BBITEKAIOIIMMHM OTCIOA
nocjeacTBUAMH. Pazymeercs, BoBce He 00s3aTelbHO, YTOOBI 3TH sapa
peaslbHO CTallM POJOHAYANbHUKAMK HOBBIX TalakTHK, OHM MOTYT M He ObITh
noanepkaHbl  dQUPHBIMM  TIOTOKAaMM, HO  TPUHLMIMAILHO  Takas
BO3MOXHOCTb CYLIECTBYET

OnmHako ecnW WHTEHCHBHOE BHXpeoOpa3oBaHWE B SApPE TalaKTHKH
VcCUepraeT OKpYKaroIuii 3(pUp 0 TOro, KaK HOBbIE MOPUWH 3(pHpa HAYHYT
MOCTyNaTh OT CBOeW mepudepnn, TO BHUXpeoOpa3oBaHWE TMPEKpaTHUTCS,
JaBJIeHWe B LIEHTPE TIOCTENEHHO BBIPOBHAETCS U 3(hUp, TT03KE BBIAEIECHHBIH B
MPOCTPAaHCTBO TPH PACTBOPEHHH BENIECTBAa, OCTAHETCS TaM ke, Ha
nepudepnn. [Ipy 3ToM ecnu cnmpaiym yke Hadaind 0Opa3OBBIBATHCS, HO
MHTEHCHBHOCTH 00paTHOro TOKa 3Hpa B HUX OKa3aJloCh HEAOCTATOYHO VIS
nojiepKaHus BUXpeoOpa3oBaHus, TO pacTBOPEHME BellecTBa 3Be3l Oyder
NPOUCXOIUTh U B paiioHe 3THX crupaneil. Bokpyr rajgakTukm obGpasyroTcs
OBe O0O0JacTH TOBBIIIEHHOTO JaBlieHUs d3(upa, B KOTOPbIX OynyT
NPOUCXOOUTh BSJNbIE TIPOLIECCHl CTOJKHOBEHMS CTPYH M 00pa3oBaHMA
OTHOCHTENILHO JUTMHHOBOJIHOBOTO paavom3iiydeHus. B camoit xe ramaktrke
CTiMpaibHble BETBH HAYHYT Ne(opMHUpOBATHCS, pacmanaThCs, W TaJaKTHKa
Ha4yHeT NpHOOpETaTh A TURMUYECKYI0 HOPMY.

Bce »Ti mporiecchl MpoMcXoaAT B HOBOM rajlakTuke 0e3 ydera Toro, 4To
e IeaeTcs B TOW TallakTHKe, 13 KOTOPO BBIPBAINCH KOMETHI.

Kak yxe ynomMuHaloch B CBSI3W C JIeNIEHHMEM TOPOMIAIBHBIX BHUXpeEit
s¢upa U UX YIUIOTHEHHEM, B HOBOM LIEHTpe BHUXpeoOpa3oBaHMs AaBJICHUE
3¢upa CHIKAETCSA, U 3TO 3aCTaBJIsIeT YCTPEMIIATbCSA Tyla BCE HOBBIE Macchl
3¢upa, KOTOphle BKIIOYAIOTCA B Tpolecc BuxpeoOpazoBaHus. Obnacth
MOHW)KEHHOTO [aBJEHHUS HAUYMHAET PACLIMPATHCS M JOCTUTAET B IMEPBYIO
odepeib TOW TajakTHKW, KOTOpas TMOpogWia 3Ty HOBYIO 001acTh
BuUXpeoOpazoBaHusi. W ecnu paHee, N0 TMOSBIEHHS HOBOTO LEHTpa
BUXpeoOpa3oBaHUs 0CBOOOIUBLINIICA B pe3ybTaTe pacmnaja BeLecTBa dpup
HaNpaBJsUICsT K SOpY CBOEH TallaKTWKM, B KOTOPOM 3TO BELIECTBO OBIIO
0o0pa3oBaHO, TO Temepb OCBOOOMMBLIMICS 3(up OymeT HampaBIATHCT K
HOBOMY LIEHTPY BHXpeoOpa3oBaHusl.
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Janee HOBbII ouar BUXpeoOpa3oBaHUs, CHIKas AaBlieHue >¢upa, OyneT
CIOCOOCTBOBATh Mepekauke d(upa U3 coceJHUX obacTel cTapoil ralakTUKU
k cebe. [lageHne pnaBneHust 3¢pupa BBHIZOBET YCKOPEHHOE pa3JIoKeHHe
BEIIECTBA 3BE3] M MEX3BE3JHOW cpelpl B OMDKAWMIMX K 3TOMY oOdary
o0acTaX CTapoi TraJakTWKA. OTOT Tpouecc OyAeT TOMAEpKUBATh
BHUXpeoOpazoBaHHe HOBOTO LEHTPa, KOTOPBIH OyAeT MOCTENEeHHO BBIXOINThH
3a MpeielNbl TaJTaKTHKH, 3aXBaThIBasi BCe HOBBIE MOPUWH 3(Upa 1 BEIIECTBA 1
HapalnnBasi CBOIO MOIIHOCTb. [Ipy NOCTaTOYHON MOIIHOCTH TOTOKHM 3¢upa
HauHYT 3aXBaThlBaTh M 3BE3/bl, YTO OyIeT HaOMOmaThCcs B BHIE TOHKOTO
3BE3JHOT0 MOCTHMKAa MEXAy TFaJlaKTUKOW — pOIMTENbHUIIEH HOBOTro ouara
BHUXpeoOpazoBaHust M 3TUM odaroMm. OIHAKO caMH 3BE3/bl NMPAKTUUECKH HE
yUYacTBYIOT B Npoliecce BUXpeoOpa3zoBaHus. D(UpHbIE MOTOKH, 3aXBaTUBILIHE
3Be3/Ibl, OyIyT yCBaMBAThCSl HOBBIM LIEHTPOM BUXpeoOpa3oBaHMs, co3laBast
HOBBIE 3BE3/1bl, HO MPUOBIBIINE U3 IaJaKTUKH 3BE3/bl OyAyT MPOCKAIb3bIBATh
CKBO3b 3TO IIEHTP, 00pa3ys «XBOCT» — 3BE3/HBIN IMOTOK, MPOHU3LIBAIOLINI
HOBBIW LEHTP W BBIXOAAIINI JAJIEKO 3a ero mpenensl. JnnHa sToro «xBocra»
OyzeT ompenensaThes BpeMEeHeM YCTOMYMBOCTH NpoToHOB. [locne ux pacmana
Ha KOHIIE <«XBOCTa» BHICBOOOIMBIIMICS 3(Hp OTMPaBUTCA K APy HOBOU
TaJlaKTUKH, ISl TOTO YTOOBI MPUHSTH Y4acTHe B BUXpeoOpazoBanuu. [1oTok
3TOTO 3(Hpa OT KOHIA «XBOCTa» K SAAPY HOBOM TaJaKTMKW HaOIFOAATEIsIMU
JOJKEH BOCIIPUHUMAThCS Kak c1aboe MarHUTHOE ToJIe.

HoBblit weHTp BuxpeoOpazoBaHMA €CTh SIpO HOBOW TallakTUKH, a
MOJNyyuBINAsicss CUCTEMa W3 JABYX TallakKTHK TMOJy4uia B acTPOHOMHHU
Ha3BaHUE OGOUHBIX 2aiaKmuK. BriepBble Takue NBOMHBIE TalaKTUKU ObLIU
oOHapykeHbl B 60-€ romsl coBeTCKMM acTpoHOMOM bB.A.BOpOHIOBBIM-
BenbsiMuHOBBIM  [45—47] 4KciIOM HECKONBKHMX COT, ceduac HMX YHCJIO
HacuuThIBaeT Thicsiuu (puc. 11.6).

Takum oOpa3oM, B ABOWHBIX TajlaKTWKax OXHA — cTapas, TMOHyIas,
oTHarImas CBOIO Marepmo — 3(up Opyroil rajakTUKe — HOBOW,
ycBamBaroIe 3ToT 3¢up.

OnHako nanee cynn0a 3TOM HOBOI ralakTWKW OyIeT 3aBHUCETh OT TOTO,
COXpaHUTCS JIM HOBBIH LIEHTP BUXPeoOpa3oBaHMsA A0 TOrO MOMEHTa, KOraa
3Be31bl, OOpa3oBaHHblE WM W YIIeANMe Ha TNepuepuro, HAuHYT
pacmagatecsi, Tmpeodpa3yice B CcBOOOAHBIN 3dup, U ycmeer JH
0CBOOOAMBIINIACS 3(pUp BEPHYTHCS K HOBOMY SIpPY.

Ecnmn  aToT mpouecc ycrneBaeT HayaThCsl [0 TOTO MOMEHTa, Kak
okpykarommii 3¢up OyAeT HCMOJIb30BaH [0 YPOBHA HEKOTOPOIO
MUHMMaJbHOTO  JaBJieHWs, TO  Jajiee  Bechb  TpoLecC  CTaHeT
CaMOBO300HOBIISIEMBIM ¥ HadyHeT (OPMHUPOBATHCS CTPYKTypa Oymymiei
CTIAPAbHOMN TaJTAKTHKH CO BCEMH MPOMEKYTOUYHBIMU CTaANSIMH.
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Puc. 11.6. B3aumopeiicTByoLe rajakTUKH. a — CXeMa B3aUMOJCHCTBUS
rajakTuk; 6 — ¢otorpadus IBOWHOMN raJakTHKH.

3mecs BO3MOXKEH JTaml, KOrja 3Be3fbl CTAapod TaJlakKTUKH TOYTH
TIOJTHOCTBIO PAaCTBOPWINCH B 3(Hpe, KPOME OCTaTKOB MEPEMBIYKH MEXIY
rajaktukaMu. OOpa3zoBaBLIMECS CIUpai HOBOW TalakTHUKM OyIyT ToTAa
3aMBIKaTbCS Ha 3TH OCTaTKH. [IpWHIMTMANBEHO MOXKHO paccMaTpHuBaTh Oap
Kak TPOTSHDKEHHOE SAPO WM KaK OCTATKH ObIBIIEHl MepeMbIuKH MEXIy
rajJakTUKaMH, HO TaKoe MperoyIoKeHNe BecbMa HMCKYCCTBEHHO, U OHO B
Ja’gbHENIIEM H0JIKHO ObITh YTOYHEHO.
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Puc 11. 7.HenpaBan,Haﬂ rajlakTuka — nocjeJHsisa crtajus CymecrBoBaHUs
3BE€3AHOI0 CKOIJICHUS

Ecnu ke mporiecc Bo3BpaTa 3¢upa OT 3Be3/1 B HOBOU ralakTHUKE He ycreeT
HalaguThesl, a d¢Gupa B OKPYXKAIOLIEM HOBBIA LEHTP BHXPeoOpa3oBaHUs
OKayKeTCcsl HeOCTaTOYHO IS TIoAAepKaHKs IpoLiecca BUXpeoOpa3oBaHusi, TO
OH HayHeT 3aTyxaTh, TOTAA pachal BeLIeCTBa Ha MEPU(EPUM TaJaKTUKH
OyneT npoucxoauTh 6e3 orcoca 3¢upa (puc. 11.7)./IaBnenue Ha neprdepun
OyzeT BO3pacTaTh, YTO 3aJEPXKUT pachaj BeEIIecTBa 3Be3l, OAHAKO 3TOT
TIPOIIECC PacTBOPEHNS 3Be3]1 OYAET MPOIOIIKATCSA, XOTS M MeJUICHHEE, YeM B
CTIUpaNbHBIX TAlaKTHKaX, B KOTOPBIX M30BITOYHBIN 3(up OTcachiBaeTCs OT
nepudeprn M YXOOUT K sAApy. Takue TalaKTUKH C OCTaHOBUBLIMMCS
TIpoIIecCCOM BUXpeoOpa3oBaHus OyIyT MeIJIEHHO TasTh, Kak 00Jaka B 3eMHOI
atMocdepe. BeposaTHO, TaKMU rallakTHKaMU | SIBIISIFOTCS TATAKTHKH, YkKe HE
MMEIOIINe CBOETO siipa — MareiutaHoBbI o6taka, KoHCKkast ToJIoBa, a Takxke
rafakTHKA KOJBLEBONM (DOPMBI U HEKOTOpbIE OPYTUe, HbIHE Ha3bIBacMbIe
HenpaguIbHbIMU .

Beck ocrajpHOM ra3 M BCEBO3MOXKHBIE M3NIYYCHHUs, HaXOIsIIMecs B
HPOCTPAHCTBE, MUMEIOT T€ K& MPUYUHBI 00pa3OBaHMs ¥, B KOHIE KOHILOB,
pacmangyTcs ¥ IepeiiayT B cBOOOIHBIN A(HUp, a Ha KX MECTO SAPaMHU raJaKTHK
OynoyT o6pa3oBaHbl HOBbIE MAacChl BEIIECTBA U M3NyueHU. M3mydeHns Takxke
OyIyT cO3TaBaTHCS 3BE3aMH, 1 CyAb0a NX OyIeT Ta xe.

Takum  obpasom,  IPUPOIMHAMUYECKWI  TMOAXON  MO3BOJISAET
CHCTEMATH3UPOBaTh OCHOBHBIE BHEraJlaKTHYeCKHe OOBEKTHI He O
¢dopmanbHOMY, a TO (YHKIMOHAILHOMY Tpu3HaKy. OyHKIHOHAIbHAS
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KnaccupyKaLus ralakTUK OMUPaeTcsl Ha TIOHMMaHKe BHYTPEHHEro mpoliecca
oOpa3oBaHus U pacnana Bemectsa (puc. 11.8).

Toueunvre
paouo-
UCTHOUHUKY,

Cetighepmoscrue
eanaKmury

Hlaposvre
CKONNCHUA

Cnupanvhvie
2anaKMuKY

Cmankusanue

Keasapur
Komen

Onnunmudeckue
2anaxmuxu

Konvyesvre
2an akmuxy

Henpasunvnvie
2anaKmuKy

Ceoboonwiii agpup

Puc. 11.8. Ddupoaunamuyeckasi GYHKUHOHANBLHAS KjaccHUKALMS
rajlakTHK

[TocnemoBaTenbHOCT TaNaKTMK B TakoW KiacCH(UKALM MOXKET
BBHITJISIAETH CIIEAYIOLIMM 00pa3oMm:

- ToYeyHble PAAMOMCTOYHUKHM W WX JApPOOJeHWE 1O TUMaM B
3aBUCUMOCTH OT WHTEHCHBHOCTH, COCTaBa CIIEKTpa M PACCTOSHMSA; 3TO
LHEeHTpbI BUXpeoOpa3oBaHus 3¢upa u Oynyuue aapa ralakTuk;

- KBa3zapbl — OBbIBIIME TOYEYHbIE PATMOMCTOYHMKH W sapa Oymylimx
rajlakTuK;

- CeiipepToBCcKHE TajJaKTUKH — ObIBIIME KBazapbl M Oynyliue
pagnoranakTHKy;

- paauoranakTuky — OpBmne CeiideproBckne ramakTuku u Oymymmine
LIAPOBbIE CKOILICHUS 3BE3 ],

- IIapoBble CKOMJIeHWUsI — OBbIBIIME paavioTaNakTHKH | Oymymmne
CTIMpaNbHbIE TAIAKTHKHY;

- cnupajbHble TAJIAKTHKH ¥ WX APOOJIieHHe TIO THMaM, HampuMep 1o
YHCITy CYIIECTBYIOIIMX B HUX HOBBIX 0YaroB BUXPeoOpa3oBaHMs, MPU3HAKOM
KOTOPBIX SIBJIAETCA HaIM4Me CKOIUIEHHH MOJOIBIX 3B€3l B Pa3IMYHBIX
00JIacTAX raNakTUKH; 3TO OBIBLIME IAPOBbIE CKOTUICHUS;

- JIMNTHYECKHE TAJAKTHKH, KOTOPbIE MOXKHO paccMaTpuBaTh Kak
OBbIBIIME CIUpajbHbIe, B CIIMPAIAX KOTOPBIX MPEKpaTWica MOTOK 3¢upa oT
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nepudeprn K LEHTPY, BHXpeoOpazoBaHWE MPEKpaTUIOCh, Alpa yTpaTWin
aKTUBHOCTb, @ CIIMPAJIN PacHajuch,

- 1BOiiHbIE TaJAKTHKH, JeJIAIInecs M0 MPU3HAKy COOTHOLIEHHWsS Macc
CBSI3aHHBIX TaJlaKTHK, W3 YEr0 MOXKET ObITh CHeNaH BBIBOJ O MOMEHTax
00pa3oBaH¥s HOBOW ¥ TMOEJH CTapoil raJakTHKH;

- raJIAKTHKH, B KOTOPBIX OTCYTCTBYKT siipa («o0naka), Aensiuecs no
MPU3HAKYy 3aKJIOYEeHHOW B HHUX Macce W 10 YAEJTbHOW TIIOTHOCTH,
XapaKTepHU3yIOIINX UX BO3PACT; 3TO TMOHYIIHE TANaKTHKH.

Hauano »oTomy mpoueccy, kak ObUIO IIOKa3aHO, MOXET JaTh
CTOJIKHOBEHHE KOMET, 3apOAMBIINXCS B OJHOM M3 CYLIECTBYIOIINX rajJaKTUK.
OxoHYaHME 3TOro MpoLecca 3aKIHYaeTCsl B PACTBOPEHUN MacChl BEIECTBA
rUOHYIIel ralaTUKU U Mepexojie ee MaTepuu B cBOOOIHbIN »¢up. [lapneHue
B 3(upe OyneT MOBBIMEHO, U 3TO CO3AACT AOMOJHUTENIbHbIE YCIOBUS UIs
UCTIONBb30BaHUs 3TOM Macchl 3¢upa OnmkallInMKM  Pa3BUBAIOILUMMUCS
raJaKTHKaMH.

BeposTHO, MOTYT OBITH HaifeHsl 1 Apyrue (hyHKIHOHAJIbHBIE TPU3HAKH,
KOTOpple  MOTYT OBITb  TOJIO)KEHBI B  OCHOBY  (DYHKIMOHAIHbHON
KJTacCU(pHKALNN TANAKTHK.

11.5.3Be3abI 1 UX HBOJIIOLHA

36e3061 — camocBeTAIIAECS HEOECHBIE TeMa, COCTOSINE U3 pacKaJeHHBIX
razoB, no cBoeil npupone cxonHsle ¢ ConHueM. OCHOBHBIMU MapameTpaMu
3Be31 SBIAIOTCA MX Macca, paguyc M CBETUMOCTb (IOJIHOE KOJHMYECTBO
W3Iy4aeMoil 3Hepruu), BbIpakaeMble OOBIYHO B JOJIIX MAacchl, pagmyca U
ceetumocT ConHua, a Takke 3(QexkTHBHas Temmneparypa, CHEeKTpalbHbIN
KJacc, 3Be3[Has BEJIMYMHA, KOTOPYHO MMena Obl 3Be3[a Ha CTaHAApPTHOM
paccrosHuu 10 mapcek, W mokasatelsb 11BeTa (Pa3HOCTb 3BE3IHBIX BEJIMYMH,
OTpelieNICHHBIX B IBYX Pa3HbIX CMIEKTPAIbHBIX 00JacTAX).

3Be3HBIN MUp upe3BbIUaiiHoO MHOTOOOpazeH [49-51]. HekoTophlie 3Be3bl
B MUJJIMOHBI pa3 1Mo o0beMy Oosibiie u sipue CosHIa (36€30b1-2uz2anmol), ux
CpenHssl TUIOTHOCTh B COTHH THICSY pa3 MEHbIIE TUIOTHOCTH BOJIBI, B TO K€
BpeMsi MMEeTCsl MHOKECTBO 3Be3Jl, KOTOpPBIE IO pa3MepaM M KOJIHYECTBY
M3y4aeMoll MMM DBHepruM 3HauuTedbHO YycTymaoT ConHuy (36e3001-
Kapauku), X CPeOHAs IUIOTHOCTb B COTHM ThICAY pa3 GoJblle MIOTHOCTH
BOJIBI.

VY HEKOTOpBIX THUIOB 3Be3 OJleCK MNEPHOAMYECKH MEHseTCs, 3TO
nepemennvie  36e30vl. 'paHANO3HbIE WM3MEHEHUs, COMNPOBOXKAAEMble
BHE3aMHbIMU YBEJIMUYEHUAMU OJiecka, MPOUCXOIAT B HOGbIX 36e30ax. Eme
OoIbIIie N3MEHEHHS IPOUCXOIAT BO BPEMSI BCTIBIILIEK CEEPXHOBDIX 38€30.
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3Be3/bl COCTOSAT M3 TEX K€ XMMHUUYECKUX 3JIEMEHTOB, YTO U BCE Teja Ha
3emsie. B Hux mnpeobnamator Bomopox (70%) u remmii (25%), a Taxke
KHCJIOPOJI, a30T, XKeJe30, yriiepo, HeoH. OCTalbHbBIX 3JIEMEHTOB MaJIO.

B Hacrosiiiee BpeMs pa3pabOTaHO HECKOJBKO TEOPHA, OOBICHSIOIINX
MPOKCXOXKAECHHE U XapaKTep MOBEACHHUS 3B€3]]. MHOIrHe MpPOLECChl 3BE3THOM
SBOJIIOLIUN OOBACHEHBI UMH BIIOJIHE YIOBJIETBOPUTEIBHO, TEM HE MeEHee
HEKOTOpbl€  BOMPOCHI,  CBA3aHHbIE C  TPOUCXOXKICHHUEM  3BE3,
pacrnpesieieHMeM HMX B TalakTHKaX, a TaKkKe WX 3BOJIOIMEN OCTaroTCs
OTKPBITBIMU. OmHAKO 3()UPOIUHAMUYECKUN MOAXO0J MOXET HECKOJIbKO
JIOTIOJTHATD MMEIOLIHECS TPEACTABICHHS.

B cooTtBeTcTBHH ¢ 3PUPOIMHAMUUECKAMHU TPEACTABICHUAMH TPOTOHHO-
BOJOPOIHBI Ta3z oOpasyeTcs B pe3yJjbTare COyAapeHus Ha OOJbLINX
CKOpOCTAX (ThICSAYM KHIIOMETPOB B CEKyHIY) O3(HUPHBIX CTpyi. ITn
COyJapeHnsi MOTYT UMETh TIPHUYMHOM, HANPUMeEp, COyIapeHre KOMET, B TeJlax
KOTOPBIX 3()UpHBIE CTPYH OBWKYTCS CO CBEPXCBETOBBIMU CKOPOCTSAMH, WU
coynapeHue TMOTOKOB 3(upa, MOCTYMAOUIMX [0 CHHUPAJbHBIM pyKaBam
rajakTuk ot nepudepun B AaApo. [IpoToHBI 00pa3yroTcsi B pe3yjbTaTe
BUXpeoOpa3oBaHus MOTOKOB 3(Hpa, X CaMOTPOU3BOJBHOTO YIJIOTHEHHS U
MHOTOKPATHOrO JejieHusl. Bokpyr mpoTOHOB oOpa3syeTcs 3JeKTpOHHas
000J10uKa Kak MPUCOENNHEHHBI BUXPb ddupa.

B pesysnbrarte MOHIKEHHS B MPOTOHAX TEMIEPATYpPbl OTHOCHTEIHLHO
TEeMIEpaTypbl  OKpyXaroliero 3dupa  BO3HUKAET  TPABUTAIMOHHOE
(Tepmomndy3nOHHOE) B3aWMOICHCTBHE TMPOTOHOB JIPYr C OPYroM, H
MPOTOHHO-BOIOPOIHBIN ra3 HAYMHAET COOMPATHCS B YIUIOTHEHHUS, TIPH 3TOM
BO3HHKAET rPaBUTAIMOHHAS HEYCTONYMBOCTD: YeM Golbllie coOMpaeTcst rasa
BMeECTe, TeM CHIIbHEE MPOTOHBI MPHUTATHUBAIOT K cebe ra3 U3 OKpPYXKAIoIIero
npocTpaHcTBa. OOpasyroTcss  3Be3lbl, Telda KOTOPHIX  MPOJOJKAIOT
CIKUMATHCS.

[poToHsl, 06pa3oBaBUIKE 3BE3bl, UMEIOT MAKCHUMAJIbHYIO TUIOTHOCTh U
MUHHUMaJIbHbIE pa3Mepbl, CKOPOCTH MOTOKOB 3(upa B Teiax MPOTOHOB
BEJINKH, YCTOMYMBOCTh MPOTOHOB MakcumajbHas. [loToku 3dupa B

MPUCOCAUHEHHBIX BUXPAX — DJEKTPOHHBIX 000JI0UKaX TaKXke HMEIT
OTHOCUTEJIBHO BBICOKUE CKOPOCTH, a pasME€pbl 3TUX 000JI0UEK TaKxke
OTHOCUTCIIbHO HECBCIIUKMU. HOBTOM}/ 4acTOThl, U3JIy4a€Mbl€ TaKUMU

MOJIOOBIMHA aTOMaMH, CIBMHYTBI B 00JIaCTb KOPOTKHMX BOJIH, M MOJOJbIe
3Be3/1bl, 00pa3oBaHHbIe HEJABHO CO3MaHHBIM MPOTOHHO-BOAOPOAHBIM Ta3oM,
UMEIOT roTy0oii LIBET U CHIEKTP, CIBUHYTHIH B (PHOJIETOBYIO 00JaCTb.

[To Mepe crapeHus 3Be3[ pa3Mep NPOTOHOB YBEIMYMBAETCS Kak 3a CueT
TOTEpH IHEPTUH H3-3a BSI3KOTO TPEHUS 00 OKpyX)atommii 3¢up, Tak u 3a c4eT
TIOTJIOMIEHN WMHU 3(¢Upa OKpYXKalollero npocrpaHcTBa. [Ipu coxpaneHnn
MOMEHTa KOJIMYECTBa IBW)KEHHS CKOPOCTH MOTOKOB 3(upa B Tele MPOTOHA
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yYMEHbIIAeTCs, YCTOWYMBOCTh MPOTOHA CHIKAETCS. YBEJIMUMBACTCS pa3Mep U
NPHCOSANHEHHOTO BUXPS — JNEKTPOHHON 000JIOUKH aTOMa, a ero yNpyrocTb
yMeHblnaeTcd. Temepb TOT ke aToM OymeT W3IydyaTb DJHEPrui0 Ha
TIOHIKEHHBIX 9aCTOTaX, CMEKTP M3JIyYeHUsS CIBUHETCS B KPAacHYIO CTOPOHY.
3Be3nbl TOXKENTEIOT, a B HaJibHEHIIeM W ITOKPacHEIoT, 3TO OyIeT yxke
HakaHyHe WX TuOenu. [IpoTOHBI HAUHYT pa3BAJIMBATHCS W PACTBOPSATHCSA B
s¢upe. [lo-BuauMOMy, B CIIMpPANBHBIX TalaKTHKaX 3TO MPOWCXOOUT Ha WX
nepudepun: B CIMPaJbHBIX pyKaBaX Ha Kpasx JAWCKa, a B cdepe, OKpyKaro-
et HeHTpaIbHYI0 00JIaCTh, B TOBEPXHOCTHBIX CIIOSX.

3Be3/ibl, MOMAaBIIKE B TPAJAUEHTHBIE MOTOKKM 3(Hpa, HAYHYT BPAILATHCS,
410 OyJeT cnocoOCTBOBAaTh 0OPA30BAHUIO BOKPYT HUX TIAHETHBIX CUCTEM.

[pencraBnsieT MHTEpeC OLEHUTh YHEPreTHYECKHE BO3MOKHOCTH 3BE3I.

[Mocne Toro kak MpPOTOHBI 0OPAa30BANUCH B AAPE TANIAKTUKH, MEXIY HUMH
BO3HMKAET IPaBUTALIMOHHOE B3aMMOJCHCTBUE, 1 OHM HAUWHAIOT COOMpAThCs
B 3Be3/1bl. B3anMmonelicTBre MPOTOHOB B 3BE3/1aX NMPHUBOAWT K MX CIUMAHUIO,
00pa3oBaHMIO W3 TIPOTOHOB HEWTPOHOB W nanee anbga-yactul. [lpwm
oOpa3oBaHNM KaxIoW anb(a-dacTULbl BblAenseTcs 3Heprus 28,3 M»B,
KOTOpasi pealn3yeTcs B BUJE CXJIOTIBIBAHNS HYKJIOHOB M BBIOpOCa 3(MPHOTO
MOTOKA M3 MEKHYKIJIOHHOTO TIPOCTPAHCTBA.

CxJonbIBaHWEe HYKJIOHOB TIPMBOAMT K TIOSBJIEHWIO BOJH Ha WX
MOBEPXHOCTH M, KakK CIEACTBUE, K BHICOKOYACTOTHOMY 3JIEKTPOMArHUTHOMY
3nyueHHto. BeIOpoc 3QUpHBIX CTpY#l MPUBOAUT K YCKOPEHHIO TPOTOHOB,
MOTABILUMX MOJ] HUX, OTCIOJIa BBICOKas TeMIepaTypa MOJOIBIX 3BE3], a TaKKe
K 00pa3oBaHUIO TYpOYJEHTHOCTEH M caMOMy pa3HOOOpa3HOMY 3JIEKTpoMar-
HUTHOMY M3JTY4EHHIO.

JanbHeiiume HepreTH4eckre MpoLecchl MPOXOAAT, MO-BUAMMOMY, Kak
TI0J] BO3A€HCTBUEM COEANHEHNS HyKJIOHOB B allb(ha-4acTHLIbl, TAK 1 B CBSI3H C
SHEPreTHKOW CaMWUX MPOTOHOB — JBWKEHMS S(PHPHBIX TOTOKOB B Tele
HYKJIOHOB.

[MpyHOMTMANBEHO SHEPreTUKW CIUSHHAS TPOTOHOB B  alib(pa-uyacTUIBI
JOCTATOYHO /I OOBSICHEHHS 3HEPTHM M3TyueHus 3Be3l. [Ipocnenm sTo Ha
npumepe Connua [52].

Kak u3BecTHO, 3Heprus cBA3M anb(a-yacTuibl coctaniser 28,3M»sB, unu
4.10™2 I, uto cocrapuser na kaxapii Hykinon 1072 k. ITpu macce Conuia
1,99-1@0 KI' B HEM COAEPIKUTCA 1,2-1057 HYKJIOHOB, ¥ DHEprus UX CBA3EH
COCTaBJISIET 1,2-1(55 JIx. MomHocTb o61iero u3nydeHus CoHLIA COCTaBIsAET
3,83:16° Br. M crenoatensHo, Best dHeprisi CONHIA M3PAcXOAyeTcs Ha
nm3mydenne 3a 100 mapn net. Ecim ke ydecTh 3KCIIOHEHIMAbHOE TaieHHe
WHTCHCUBHOCTH W3JIydeHUs co BpemeHeM, To 100 mupnm et Oynet He Cpok
W3JTydeHHs], a TOCTOSTHHAS BPEMEHH, 00IIuii &ke CpOoK OyIeT B HECKOJBKO pa3
Gonbire. 3a 3710 Bpems CosHIe noTepseT Ha wnydenne 6-1072 gomu cBoeit
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Maccel. TakiM 00pa3oM, B IPHHLMIE, TPOLIECC CIMSHKSA HYyKJIOHOB B allb(a-
4acTHLy OOBSACHAET MPUPOLY SIHEPTrETUKHU U3ITyueHHs 3BE3 .

OpHako cielyeT OTMETHTb, YTO Ha CaMOM Jele NOTEHLMalbHbIE
BO3MO)KHOCTH 3HEPTeTHKH 3Be3[l 3HaUMTeNbHO Oojblie. B paccmoTpeHHOM
BBIIIIE TIpOIlECCE HE Y4TeHa COOCTBEHHAas SHeprusi MpOTOHOB, KOTOpas Ha
MHOTO TOPSITKOB OoJibllle, 4eM 3Heprusi cuHte3a ajibda-vactui. C npyroi
CTOPOHBI, YCTOWYMBOCTH TMPOTOHOB CYIIECTBEHHBIM 00pa3oM 3aBUCHT OT
TOTepH MU COOCTBEHHOW SHEPIUH, KOTOpasi TepseTCs BCIEACTBHIE BI3KOCTH
OKpY’KalomIero mpoToHsl 3¢upa. M ecnu Bpems CyIIecTBOBaHWS TPOTOHOB
cocraBiser 10-20 mipa JieT, TO 3TO O3HA4aeT, YTO YacTb SHEPrHH,
U3JydaeMoi B TPOCTPAHCTBO, CKpbITas OT HabJjrojaTesel, CyIIeCTBEHHO
NPEBBIIIAET 3HEPrHI0  3JEKTPOMArHUTHOTO M3JydyeHHs, (QukcHupyemyro
HaOJIrOAaTEeNAMU.

OHepreTvka 3Be3ll, B MpHHLMNE, oOecreynBaeTcs TepPMOsIEpHOi
peakuyell cuHTe3a BoJopoaa B reiuil. OQHAKO ClieyeT Yy4ecTb U TOT (aKT,
YTO Bce HeOeCHble Tella HENpephIBHO TOTJIOMAOT 3(QHP OKpPY>KAIOUIero
MPOCTPAHCTBA, M MOCKOJIbKY TEIUIOBAs SHEPTHS €ro BhILIE TEMIOBONW YHEPrUH
3¢upa B TPOTOHAX, TO HAET HENpepbIBHAs TOANUTKA TPOTOHOB 3TOMU
BHEIIHEH »Hepruedl. DTO O3HAYaeT, YTO CyMMapHas JHEPrus W3Iy4eHHs
3Be3/bl 3a BCE BpPEMS €€ CYIIeCTBOBAHUS MOXET OBITh CYLIECTBEHHO
Oounbllelf, 4yeM BeTMYMHA dHEPTHU TEPMOSIEPHOrOo CHUHTE3a, PacCUMTaHHAs
UCXOIS M3 TEKYIUEro COCTOSIHMSA 3BE3Abl.  OTO 3HAYUT, YTO U BpeMs
CYILECTBOBAHUS 3B€3/bI MOXKET OKa3aThCsl OONBIINM, YeM PACCUNTAHHBIM U3
3aTpar SHEPTUU HA U3ILyYEHUE.

B cooTBeTCTBHY C 3TUMHU MPEACTABICHUSIMH MOTYT OBbITh PACCMOTPEHBI 1
MEXaHU3M pacraja CBEpXHOBBIX 3BE31, U MEXAHU3M IIyJIbCAapOB. 31eCh TAKKe
MOTYT OBITh BBICKa3aHbl HEKOTOPBIE MPEAMNOIOKEHHUS.

[To Mepe moTepw HHEpruM MNPOTOHAMH WX pa3Mep YBEIMYMBAETCH,
COOTBETCTBEHHO B MPOTOHAX YBEJIMUYMBAETCA W UX LIEHTPAIBbHOE OTBEPCTHE.
[Nonoxxenne 3(UPHBIX TOTOKOB, 00pasyroOIIMX MPUCOEIVMHEHHBIE BUXPU —
JNIEKTPOHHBIE O0OJOYKM, OKa3blBAE€TCS HEYCTOIUMBBIM, W €clIM paHee
3¢MpHbIE TOTOKM 3aMbIKAIUCh BO BHEIIHEM OTHOCHTEIbHO MPOTOHA
NPOCTPAHCTBE, TO TEMEPb OHU CTPEMATCSA 3aMKHYThCS 4epe3 LIEHTPalbHOE
OTBEpPCTHE MPOTOHA. DTOT MpoLEcC CMocoOeH HapacTaTh JJABUHOOOpa3HO MO
BCcell OCHOBHOI Macce 3Be3libl, U B KOPOTKOE BpPEMs BCA Macca 3BE3Jbl
MpEeBpALIACTC B CKAThI MPOTOHHBIN ra3, KOTOPIN B3PHIBAECTCS, MOCKOJIBKY
BCE IIPOTOHBI KCIBITBIBAIOT B3aUMHOE DJIEKTPUUECKOE OTTalkuBaHue. He
HUCKJIIOYEHO, UYTO B 3TOT NPOLECC BOBIEKAIOTCSA U ANEPHbIE PEAKLMKM CUHTE3a
MIPOTOHOB B JAEHTEpHil, TPUTHH, rednii-3 W anb(a-4acTUibl ¢ BbIIEIEHUEM
JIOTIOJIHUTEIIbHOU IAEPHOM SHEPTUN.
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Yro KacaeTcs MyJIbCapoB, TO npeJcTaBieHue X Kak
ObICTpOBpaIllAlOIIMXCA 3B€3[ BeCbMa MCKYyCcCTBEHHO. boree o4eBHIHOMN
ABJISIETCS. MOJEJNIb NEWCTBUTENBHO IMYJIbCUPYIOLIEH 3BE31bl, B KOTOPOH
PacTpoOCTPAHSIIOTCS TPOIOTBHBIC BOJHBI CKATHS TeJla 3BE3]Ibl W TIOTICPEUHBIC
BOJIHBI, TIPOXOMANINE IO €€ TIOBEPXHOCTH. TOria CTAaHOBUTCS TOHSTHBIM
OTHOIIICHWE TIEPUOJOB W3IYUCHUS, TOPOXKIAEMBIX BOJHAMH CKATHSI C
BEIOPOCOM 3JICKTPOMArHUTHOMN YHEPTUU U MOJIYJISIAN U3TYUEHUs], — IMHU
SBJISFOTCSI TIOTIEpeUHbIe BOJHBI. CaMo e TeJlo 3Be3/bl BOBCE HE 00sM3aTeIbHO
JOJDKHO BpaImIaThCs ¢ YaCTOTOW MyJbcalliil, a M3IyudeHNUEe BOBCE HE TOJDKHO
OBbITh y3KOHAINpPaBJIeHHbIM, MOCKOJIbKY I'peOHell BOJH HAa TOBEPXHOCTH MOXKET
OBbITH MHOTO.

B paccMoTpeHHO# KapTHHE BHEraJakTU4ecKOil acTpOHOMUHM He Hallld
MecCTa MyJibcapbl — MyJbCUPYIOLIME 3Be3[bl U CBEPXHOBBIE 3Be3/bl, OJHAKO
no (u3NYecKoil OCHOBE JTHX 3Be3l  TakkKe MOTYT ObITh BBICKA3aHbI
HEKOTOphIe  TIPEIIOJIOKCHHS, OCHOBaHHbIE Ha >S(OUPOIMHAMIYCCKOM
moxxoae. DTO TeM OoJiee TPABOMEPHO, MOCKOJNBKY HHUKAKON (H3MUECKOM
OCHOBBI COBpEMCHHas KOCMOTOHHS B OTHOIICHWH 3THUX OOpa3oBaHWil HE
TpeyIaraeT, OTPaHNYUBAsACH JIUIIL (DEHOMEHOJIOTHEN. 31eCh TOXKe HYKHO HE
3a0BIBaTh, YTO JFOOOW (aKT MOXKET WMETh OECUYNCICHHOE MHOKECTBO
TPAaKTOBOK, CYIICCTBYIOIINE CETONHA B Hayke THIOTE3bl O TMpolleccax,
MPOUCXOISIIUX B MyJIbCapax U CBEPXHOBBIX 3Be3/JaX, HE NOJDKHBI CUUTATHCSA
€IMHCTBEHHO BO3MOXHBIMHM, TaK >kK€ Kak M TpeajaraeMble HWXKe
3¢ upoarHAMUYECKHE MOJIENIN TIPOLIECCOB, MPOUCXOAAIIUX B 3TUX 3BE3/1aX.

Kak um3BecTHO, myabcapst — 3To ciadble MCTOYHUKH ITyJICUPYIOIIETO
panuoU3y4YeHH s, BCIUIECKH KOTOPOTO CIENYIOT IPYr 3a JAPYroM C OYeHb
MeJIEHHO M3MEHSIOMMMCS nieproaoM. 1o THUIly paarousydeHus myabcapbl
OTJIMYAIOTCA OT BCEX W3BECTHBIX NPYTUX WCTOYHWKOB PaJAAOWM3ITyUYCHUS,
XapaKTEPU3YIOMKUXCS JTUO0 TMOCTOSHHOW WMHTEHCHBHOCTBIO (FallakTUKH W
paaroraiakTHKK), TU00 PEryJIsIpHBIMU BCIIECKAMK PaIMOU3TyUEHHUS.

[MpoBeneHHBIC WCCIIEMOBAHUS TOKA3ald, YTO MAKCUMYM W3ITydeHUS
MyJIbCAPOB TIPUXOIUTCS HA METPOBBIC BOJHBI, OJHAKO B OJHOM WMITYJIbCE
uMeeTcss pa3dpoc YacToT: CHavaja M3JIydaroTcsl Oojee KOpPOTKHE, a 3aTeM
OoJiee ATMHHBIE BOJHBI. B MpuUHIMIIE 3T0O MOKHO OOBACHUTH OCOOEHHOCTAMU
MPOXOKAEHUS BOJH B MEX3BE3IHOM MpocTpaHCTBe. [leproabl UMITYIbCOB
w3nydyenuss cocrasiror ot 0,033 no 3,7%. Ilepuoapl MemyieHHO
BO3pAcTalOT, BpeMs, B TE€UEHHWE KOTOPOTO TMEpPHOJd YBEJIWYHMBAETCS BHBOE,
COCTaBIIIET MWJUTHOHBI M JECATKM MWUIMOHOB JNeT. CoBpeMeHHas
KOCMOTOHHSI OOBSCHSCT IyJbcaphl TEOpPHEN «BpallaroIerocs Maska», B
COOTBETCTBUM C KOTOPO# MyJIbcaphl MPEICTaBISIOT co00i OBICTpOBpAIIato-
IIYIOCS HEUTPOHHYFO 3BE3/Ty, IMEIONIYIO Y3KUil Tyd H3ITydCHHUS.
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Onako >(pUpOANHAMUYECKHH MOAXOM MO3BOJAET MPEATIOKUTb U WHYIO
Mozenb. He Bo3paxas MpOTHB BbICOKOI IUIOTHOCTH BEIECTBA B IMyJibcapax,
NpelcTaBUM TyJbcap Kak OONBIION YIUIOTHEHHBIH 3QUPHBIA TOpOUI, MO
TIOBEPXHOCTH KOTOPOTO PACHPOCTPAHSAIOTCS BOJHBI, NMPUYEM CaM TOPOHI
yzepxuBaeT 3¢up Onarogaps TOpoMIaIbLHOMY IBMKEHHIO 3pHpa N HATUIHIO
Ha ero MOBEPXHOCTH MOTPAHNYHOTO CIIOS U UMEET He TOJBKO TOPOMIaIbHOE,
HO ¥ KOJIbIIEBOE BpallleHNe TI0 THITY TPOTOHA.

[TpoxokaeHne BOJIH MO MOBEPXHOCTH CO3IaeT M3MEHEHNE MEXaHNUECKIX
HaNpsDKeHWH B TOBEPXHOCTHBIX CIIOAX, Ojarofapst 4eMy W BO3HHUKAeT
m3nydeHne. OTHOLIEHWE 4YacTOT TMepHoja MMIYJbCOB K  4YacToTe
pagvoM3Iy4eHHUs] XOpOLIO corjiacyeTcs C MPeACTaBICHUSIMH O CKOPOCTH
pacnpocTpaHeHHs MOMEePEYHbIX BOJH, MPOXOAAIINX MO MOBEPXHOCTH Tefa €
MPOJOJBHBIMYI BOJIHAMH, MIPOXOAIINMH B caMoM Tele. M3noxeHHas MoJelb
MOJKET OKa3aTbcsl OoJiee MpaBaoONof00HOM, HeKeT MOJEIb «BpalLAFoIIEerocs
MasKa, TPOUCXOXIeHWe W (YHKIMOHWPOBAHWE KOTOPOTO TIOKa HE HWMeEeT
0OBSICHEHUS.

Urto kacaeTcs TaK Ha3bIBAEMBIX CEEPXHOBBIX 36€30, TO W 31eCh
TOJIO)KEHNE C WX OOBsACHEHWEM aHaToTH4HO. CBEPXHOBBIMHM 3BE3aMU
SBJISIOTCSI 3B€3[IbI, WCIBITABIINE KaTacTpO(pUUECKWi B3pBIB, 32 KOTOPHIM
TOCNIEIOBaJI0 OTPOMHOE yBelmueHne Hux Onecka. B makcumyme Onecka
CBETUMOCTb CBEPXHOBBIX 3BE3] MPEBBIIIAET CBETUMOCTh TAKUX 3BE3J, Kak
ConHue, B MWIIMapAbl pa3, TNPEBOCXOAs HWHOIAA CBETHMOCTb  Bceid
rajlakTUKH, B KOTOpOH OHM HaxonsTcs. MakcumyMm OJiecka HacTymaer
npUMepHO Yepe3 2—3 HeelH Moclie B3PbIBa, MOCie Yero ee OJieck CHIKaeTcs
u B TeueHue 100cyrok ymeHnsiaetcs B 25—50pa3. B cpenHeM B ranakTuke,
nofo0HOHN Hallel, BCIBIXMBAIOT OJHA-BE CBEPXHOBbIE 3BE3[Ibl B CTOJIETHE.
ACTpPOHOMBI OTKPBIBAIOT MOJITOPA-/Ba IECATKA CBEPXHOBBIX 3B€3] €XKETr0IHO.

[To xapakTepy n3MeHeHUs Oyiecka cO BPEMEHEM M CHEKTPY CBEPXHOBBIE
3BE3JIbI PA3NENIAIOT Ha ABa Twma. CBepx3Be3nsl | T , Kak mpaBmwio, B 3-5
pa3 spue cBepxHOBbIX |l THma W xapaktepu3yrorcs OGojiee MeIICHHBIM
yMeHbIeHneM Oxiecka mociie Makcumyma. st criekTpoB cBepx3Besn |l Tuma
Hanbosiee XapaKTepHbl WHTEHCHBHbIE JIMHUM W3JIy4eHWs, TOTAa Kak IJist
cBepx3Be3l | TWma — oOdYeHb IIMPOKME JUHWUU TorjomeHus. Jpyrum
OTVINYMEM SBJISIETCSl MPUCYTCTBHE B CIEKTpe CBEPXHOBBIX 3Be3n |l Tuma
CUJIbHBIX JIMHUI BOAOPOJA, MOYTH TOJIHOCTBIO OTCYTCTBYIOLIMX B CIEKTpax
cBepx3Be3n | Tuma.

ITpomykTamu B3pbIBa CBEPXHOBBIX 3BE3[l SABJISIOTCA PACIIMPSIOIINECS C
Oonbmioii ckopocteto (0 20 Thic KM/C) Ta30Bble OOOJOYKU U MYJBCAPHI.
OcTaTKi CBEPXHOBBIX 3BE3[l ABJISAIOTCS MCTOYHWKAMH PaJHOW3ITyYeHUS WA
TETJIOBOTO PEHTT€HOBCKOTO M3ITy4YEHHUS.



513

D¢uponrHamuieckas MOJeNb MeXaHW3Ma B3pbIBa CBEPXHOBOM 3Be3[bl
OCHOBBIBAETCS Ha TPEACTaBICHUM 00 YyTpaTe OJHEPruM NPOTOHAMU C
TeueHHEM BPEMEHH.

[To Mepe TOro Kak TPOTOHBI TEPSIOT CBOIO HHEPTHIO, WX pa3Mepsh
YBEJIMIMBAIOTCS, COOTBETCTBEHHO YBEJIMIMBACTCS W IIEHTPAIILHOE OTBEPCTHE.
C onpeneneHHOr0O MOMEHTa JOCTATOYHO JIFO0OTO TONYKa, YTOOBI 3(upHBIE
TMOTOKH, 3aMBIKaBINNECS BO BHEITHEE MPOCTPAHCTBO M JO 3TOTO BPEMEHH
00pa30BBIBABININE TEPBBINf TPUCOCAVWHEHHBI BUXPh — JJIEKTPOHHYIO
000JI0YKy, W3MEHWIN CBOE HANpaBJICHWE W CTATM 3aMBIKaThCsA dYepe3 3TO
OTBepCTHE. ATOM CTAHOBUTCS MOHU3UPOBAHHBIM.

[pouecc MOHW3ALMU TMPOXOAUT JIABUHHO, TaK Kak B HEYCTOMYUBOM
COCTOSIHUM HAXOOUTCS MHOXECTBO aTrOMOB, B TIEPBYIO ouepeib B
MOBEPXHOCTHBIX CJIOSIX 3BE3/bl, MOCKOJIBKY B 3THUX CIIOSX TEMIEpaTypbl
HIDKE, YeM BO BHYTPEHHUX, CIIeI0BAaTEeIbHO, CKOPOCTH MepeMelIeHHs] aTOMOB
MEHBIIIE W TPaIUeHTHl CKOpOCTel 3(rpa Ha WX TOBEPXHOCTSIX MEHBINE, a
3HAYWT, BA3KOCTH 3(upa BeImre. [Iporecc MOHM3AIMA PAacTIPOCTPAHSIETCS IO
TOBEPXHOCTH M B TIYOWMHY CO CKOPOCTBIO 3BYKa M B TeUEHHE HECKOJIBKUX
YacoB CIOCOOCH OXBATHTh BCE OOJACTH 3Be3Mbl, B KOTOPHIX IPOTOHBI
HaxoJATCsl B HEYCTOMYMBOM COCTOSHUU. OueHb ObICTpO Oosibluiue 06JIacTH
VIUIOTHEHHOTO Ta3a OKa3bIBAIOTCS WOHW3WPOBAHHBIMH, BCE TPOTOHBI
OTTAJKMBAIOTCS APYT OT APYTa, MPOUCXOIUT B3PHIB.

[pexncraBnsieT UHTEpEC OLUCHUTh YCKOPEHHE, KOTOpPOe TOJydaeT MPOTOH
Ha MOBEPXHOCTH 3Be3/Ibl B PE3yJIbTaTe TaKOW MOHU3ALWH.

Ecnu npecTaBUTh MapaMeTpsl 3B€3/1bl aHAJIOTMYHO COIHEUHbBIM, T.€. My,
=2.10° xr u R, = 7-16 M, TO YUCJIO IPOTOHOB B 3B€3/I€ COCTABUT

M,, 2.18
N, = = =1,2-17 . (11.3)
m,  1,67-107

Ecmu OPEANOJOXKUTh, YTO MOHU3UPYETCA BCE€ TEJIO 3BE€31bl, TO €€ 3apin
COCTaBUT

Qs =Ny e=1,2.16"1,6-10" = 2.16°Kn. (11.4)

KyHOHOBCKaH Chjla OTTaJIKUBaHUA, ﬂeﬁCTByTOIHaH Ha TIPpOTOH Ha
TIOBEPXHOCTHU 3BE3/1bI COCTABUT.

Qse 218 1,6-10%
F= = =6-16' H (11.5)
&e P 4n-8,85-1012.7.10°
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H, CJIeI0BaTEIbHO, YCKOPEHHE, KOTOPOE MOJYYUT MPOTOH, yIATAIOIIUICS OT
3Be3/bl, OyIeT paBHO

F 6- 18"
a= = =3,6- 18 mc?. (11.6)
m 1,67 107

Orto yckopeHue OyneT Oouibllle YCKOpEHHMsS CHJIBI TSHKECTH Ha
nosepxnocti Connna B 1,3- 16° pas!

PeanbHOe yckopeHHe MPOTOHOB OyAET BCE k€ BO MHOTO pa3 MEHbIle
MOTOMY, YTO, BO-TIEPBBIX, HE BCE TEJIO 3BE3/bl OTHOBPEMEHHO MOHU3HMpPYeETCH,
3TOT MPOLIECC PAacTEKaeTCsl BO BPEMEHH, 32 KOTOPOE BEPXHHE CIIOM ILIA3MBbl
OTOWIYT OT 3BE3/Ibl, @ BO-BTOPHIX, BOOOIIE HE BCE TEIO 3BE3/bI BKIIFOUALTCS B
TIPOIIeCC, OCTAeTCsl HEKOTOPBIl OCTaTOK OT 3Be3lbl. TeM He MeHee, BHIHO,
YTO Tporiecc 00BANLHOM MOHHU3AINK CIIOCOOEH 00eCTIeYnTh SHEPTHIO B3PhIBA
CBEpXHOBOW 3Be3nmbl. [lo Mepe ymameHWs OT LEHTpa B3pbIBA YCKOpEHHE
MPOTOHA OyAET CHIKATHCS HE MEHEee YeM B MSTOM CTEeNeH! PacCTOSHUS, TaK
Kak BCSI Macca pacrbuIsSeTcs B IPOCTPAHCTBE. DTO 3HAUUT, UTO MPH yIaIeHUN
Ha JIECATUKPATHYIO BEeMUMHY pajuyca yckopeHue ymeHbmutes B 10° pa3, a
MY yaeHnH Ha cTo paanycos — B 10'° pas. A yxke nocie ynanenus Ha 10
MUJJTHOHOB PAagUyCOB YCKOpPEHHs BooOLIe Oonbllle HUKAaKOro He Oyner,
pazner raza OyneT MpoaopKkaThes 1Mo MHepuuy. Ha camom 1ere 3ToT npenent
HACTYIUT paHblle, YTO COOTBETCTBYET HAOIIOACHUAM.

K 3TOoMy ke COOBITHIO MOXHO MOJONTH C APYTOil CTOPOHBI.

Cpeansist minotHocTh CoJIHLIA paBHA 1,41-16 KF-M_3, 3TO 3HAYUT, 4YTO B
omHOM KyBomerpe comepikutcs 10°° MPOTOHOB, T.e. PAcCTOAHHE MEXKIY
cocenunMu mpoToHamn coctanser 10°° M. Ilpu O6palieHHH aTOMOB
BOJIOPOZAa B TPOTOHBI CHJAa OTTAIKMBAHWSA MEXIy MPOTOHAMH OKaKeTcs
paBHOM

q° (1,6:10%
F= = =2,3-10 H. (11.7)
&e,r?  41-8,85-10M2.107%°
M TIPOTOHEI TIOJTyJaT YCKOPEHHE, paBHOE
F 2,3-10°
a= = = 6,85-1F m-c?. (11.8)
an,  21,675-107

[TonHast sxe CKOPOCTb MPOTOHA MOXKET COCTaBUTh



515

% :fadt: f adr(ot/or) (11.9)
nin
v =[adt=]adr (11.10)

fo lo

[NoxcTaBisiss COOTBETCTBYIOLIME 4YMCJA, MOJNy4aeM, 4YTO CKOPOCTb,
JOCTUTHYTasi AByMs TPOTOHaMH B PE3yJIbTaTe TOJNBKO WX B3aUMOJIEHCTBUSA,
cocraBnsieT 26 kM/c. OfHaKO TMOCKOJBKY B3PBIBAETCS BCE TENO 3BE3IBI, TO
CKOPOCTB BHEIIHUX CJIOEB BO3PACTET MHOTOKPATHO.

UYrto kacaeTcsi 3BE3[-KapJiMKOB, HEHTPOHHBIX 3Be3A M T.M., TO CIEAyeT
yKazaTb Ha elle OJHY BO3MOXHOCTb MX OODBACHEHMS Ha OCHOBE
3pUpoOHAMUYECKUX TpeAcTaBieHuid. [IpuHUMOMANBLHO, B  KOCMOCE
BO3MOXHO 00pa3oBaHWe KPYMHbIX 3QUPOANHAMUYECKMX TOPOMIOB, MPUYEM
ydacTHe B WX CTPYKType M OOBIYHBIX HEHTPOHOB He HCcKIodaeTcs. Mx
BHEITHWE TapamMeTpbl Majo dYeM OyIyT OTINYaThCcs OT TapaMeTpoB
HEWTPOHHBIX 3Be3. BoHBI, MpOX0ASAIINE 1O UX MOBEPXHOCTSM M B TIIyOWHE,
OyoyT CTUMYJIUPOBAaTh W3JIy4eHHE BO BHELIHIOIO Cpefly. 3/ech cpasy xke
NoJty4aeT 0ObACHEHUE BbICOKAsi CKOPOCTb BpALIEHUS 3BE3/bI, IOCKOJIbKY €€
BpallleHue  BO3HMKAeT  BCJIEACTBUE  Takoro ke  NpeoOpa3oBaHUs
TOPOUIATBHOI CKOPOCTH B KOJIBLIEBYIO, KaK 3TO MPOWCXOIUT B TeJIe IPOTOHA.
@akTHUeCKH MyJNbcapbl MOTYT OKa3aThCs OOHOM M3 Pa3sHOBMIHOCTEH TaKMX
TOPOMIOB.

Takum oOpazoM, 3dupoAMHAMUYECKHI MOIXOA MOXET HECKOJIbKO
JOTIONTHUTD TPEACTABIEHUS O BOSHUKHOBEHWH, 3BOJIIOLUM M TUOETH 3BE31 U
00 MX 3HEpreTHKe.

11.6.CouHeuHas cucreMa Kak djeMeHT I ajakTuku

Bonpocy Bo3HukHOBeHHs CONHEUHOW cHCTEMBl U OOBSCHEHUIO
0COOEHHOCTE! ee CTPOEHHUsS TMOCBATHIM CBOM YCHJIHMS MHOTOUYHMCIEHHBIE
uccnenonarenu, Hanpumep Jekapt (1596-1650), Kanr (1724-1804),
Bropdon (1707-1788)Jlarmmac (1749-1827),dapeun (1845-1912) Xoiin
(1944, 1958)Koiinep (1951), Mak-Kpu 1 Hekotopble apyrue. Hambonee
MpU3HAHHOM B HacTosilIee Bpemst siBysietcst konuenuust O.10. 1munra (1891—
1956).[ToapoOHbI 0630p OCHOBHBIX THIIOTE3 U3JNI0XKeH B [54, 55].

OCHOBHBIE BOTIPOCHI, Ha KOTOpbIE HY>KHO OBIIO IaTh OTBET aBTOpam
THUIOTE3, OBLITN CleayroInye:

1. Kakum ob6pa3om BoobO1e npousoinnia CollHeuHas cuctemMa’?
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2. Mouemy mnoparisronias 4acth Macchl ConHeuHoi cuctemsl (99,87%)
3aktoveHa B CoHie?

3. [oueMy MIOCKOCTH OPOUT BCEX TUIAHET M BCEX OCHOBHBIX CITyTHHKOB
COBIAJAIOT C INIOCKOCTHIO COTHEYHOTO AKBAaTOpa?

4. [Touemy Bce TmaneTsl 1 camo CoiHIle 00paIatoTcsi B OHOM U TOM K€
(mpsiMoM) HampaBlieHUH?

5. TlouemMy camy TUIAaHETHl TaKXKe BpaIIAlOTCd BOKPYT OCH B TOM K€
TIPSIMOM HaIpaBJIeHUN ?

6. [Touemy OOJBUIIMHCTBO CITYTHUKOB OOpaIiaeTcsi BOKPYT CBOMX TUIAHET
TaKXke B MPAMOM HanpaBJeHUH?

7. Tlouemy, HeCMOTpsI Ha MaJyl0 Maccy, CUCTeMa IUIaHeT HeceT B cebe
ocHoBHOH (98%)opOuTanbHbIit MOMEHT?

B o630pax rumoTte3 ykazaHbl HMX HenoctaTku. OTBeyas Ha 4YacTb
BOIPOCOB, Ka)kIas TUMOTe3a He Hallula OTBEeTa Ha Apyrue. [IpakTHyecku HU
OITHa THWIOTe3a, NCKIIoYas, pa3Be, runoTesy Jlekapra, He mana oObSICHEHUS
MIPONCXOKACHUS Marepuaia, W3 KoToporo oOpasoBanack ConHedHas
ciucteMa. Ho TIIaBHBIM HEIOCTATKOM THIOTE3, MO-BUOMMOMY, SBISETCS
OTpPBIB BOTMPOCA MPOWCXOXIEHNUS W cTaHOBJIeHUss CONHEYHOW CHCTeMBI OT
rajJakKTUUecKNX  TpoleccoB.  J(UpOOMHAMHMKA  BIEpBBIE  TO3BOJISIET
paccMoTpeTb 0co0eHHOCTH cTpoeHHss CONHEUHOH CUCTEMBI B CBS3M C 3TUMHU
NpoLecCaMt, YTO JAET BOSMOXKHOCTb OTHOCHUTENBHO TMPOCTO OTBETUTH M HA
BCE MepeYrCIIeHHbIE BbILIE BOMPOCHI.

Beime OblIO MOKa3aHO, YTO B MpeAesnax CchupanbHOi [ anmakTuku
OCyIleCTBIsieTcd  Kpyroobopotr »3¢dupa — K sapy d(UpHBIE TOTOKU
YCTPeMJIAIOTCA B CIUPaJbHBIX pyKaBaX, OT fAApa 3QHp YXOIUT B BHUIE
cOpMHPOBAHHBIX TOPOMIATBHBIX BUXPEil — MPOTOHOB C MPHUCOEIMHEHHBIMU
BUXPSIMU — 3JIEKTPOHHBIMH 0OoJoukamu. OO6pa3oBaHHbBI ra3 — BOJOPOA —
coOupaeTcs B 3Be3lbl, KOTOpble TI0 WHepuun (ras, pacmHpsAChH,
yCTpeMJIseTcs U3 siapa) MPOAOJKAIOT ABUTATHCS K Tiepudepuu [aakTHKH.

Kak momaran Mumiep, cKkopocTb 3pUpPHOTO BETpa B HACTOSIIEE BpeMs B
paiione ConHewHOU cucTeMbl cocTaBisieT okono 400 km/c, XoTs, ecnu
OMMMpPAaThCs Ha TEOPHIO MOTPAHMYHOTO CIIOS, TO DaHHBIE TOro ke Mmiiepa
JAl0T 3aBbILICHHYIO BelnuuHy. [lo maHHeIM Munnepa, 3UpHbI BeTep B
paiione COJIHEYUHOM CHCTEMbl MMEET HampaBieHHe OT 3Be3nbl ¢ (/[3eTa)
cospesnus JIpakona (64°, 17,3u), T.e. B HampaBlieHUH, TEPHEHIUKYISPHOM
OCU CIUPAILHOTO pyKaBa, KoTopas B paioHe COJHEUYHON CHCTEMBI
HarpaBJyieHa K co3Be3auto JIbBa (15°, 114). OnHako, UCXoad U3 JaHHBIX TOTO
e Muepa o ToM, uTo Ha BbicoTe 1860M CKOpOCTh 3(UpHOTO BETpa HE
npepbimaer 10 km/c, U y4uThIBasA, 4TO atMocepa ¢ yBEIMUCHUEM BBICOTBI
YMEHBIIAeT CBOIO IUIOTHOCTH M CIIOCOOHOCTH 3axBara 3(HMPHBIX MOTOKOB,
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CIIeyeT MoJyiarath CKOPOCTh 3(GHUPHOro BeTpa B paiioHe CONHEYHOM CHCTEMBI
nopsaka 50 km/c.

B Hacrosiee BpeMs 0OHApYKEHO, 4TO B HampaBleHHH co3Be3nus JIbBa
CYIIECTBYET HEKOTOpask aHW3O0TPOMHS MPOCTPAHCTBA — CMEIEHHNE CTEKTPOB
PEUKTOBOTO M3IYUCHHSI.

CornacHo JKcreprMeHTaM, MpPOBEJCHHBIM Ha OOpTy camoiera V-2
(HACA) KopuomM, Yunkuacom, Cmutom u ap. [55], mosyueHsl cienyroume
pe3yJbTaThl: CKOPOCTh JABWKEGHWS 3eMIIM  OTHOCHTENBHO (hOHOBOTO
n3nydenus cocrapiseT 320—390km/c ¥ BEKTOP CKOPOCTH HaMpaBiieH B TOUKY
¢ xoopauHatamu o = 12h + 1h; § = 32° + 21°.B ranakTuueckoii cucreMe
KOOPIMHAT 3TO HampaBjieHHe uMeeT koopauHaTel L = 194°; 8 = + 65°,
[Mocnennue w3MepeHUs KpymHOMAcWITaOHON aHU30Tponuu  (HPOHOBOTO
maydeHuss Bceenennoit mo oTHomweHuo k COJHEYHON cucTeMe ObUIH
npomsBefeHsl B 1977 r. rpymmnoit aBTopoB u3 bepknu. IlomyueHs
CIIeyIOLIIE PEe3yabTaThl:

v =390 * 60km/c; o = 11h + 0,5h;5 = 6° + 10°.

OnHako clienyeT 3aMeTHTb, YTO TPAKTOBKA MONTYyYSHHBIX Pe3yJbTaTOB KakK
CBHACTENBCTBO [IBIKeHUs COJHEYHOM CUCTEeMBbl B 3TOM HampaBJeHHH
SBIIAETCS TOCTEIIHOM, OO B HampaBleHWH co3Be3nus JIbBa mmeeTcss pAn
IPagUeHTHBIX napameTpoB 3¢upHOTO MIOTOKa, MMEIOLIEro
NeprneHaNKyIApHOe HaMpaBleHUs. DTUX TPAaAUEHTOB IUJIOTHOCTH, AaBJIECHUS,
TeMMepaTypsbl U T.I1. JOCTATOYHO, YTOOBI OOBACHUTH SIBJIEHHE HE CMEILEHUEM
ConHeYHoli cucTeMbl B CTOPOHY co3Be3aus JIbBa, a NI3BMEHEHHEM TTapaMeTPOB
(OTOHOB, MPOXOAAIINX Yepe3 IPaIUeHTHbIE MTOTOKU 3(HUPHOTO BETPA.

B paspexxeHHOM rase, o0pasylollleM 3Be3[ly Ha HayajlbHOM 3Tame ee
pa3BuTHsl, 3QUPHBINA BeTep OKa3blBAeT NaBJICHHE Ha KaXAblid mpoToH. [Ipu
ckopocti sduproro Betpa 10° m/c u miotHoctn sdpupa 107° kr/m® uncio
PeliHonbaca cocTaBUT

Re=vD/y = 10-1,12-10"*/ 4.16 = 3.10% (11.12)

9TOMY 3Ha4eHMI0 OyJeT COOTBETCTBOBAaTb KOI(G(PUIMEHT JI000BOro

30 2
conporusnieHns C,, = 1000.ITockoabpky Muaens npoToHa coctasiser 107 Mm%,
TO JEHCTBYIOIIAs! CUJIa JIOOOBOTIO CONPOTUBIICHUS

F =c,p,SV=10>10"°.10%1¢F =10* H. (11.12)

27
[Tpu macce 1,6-10°° kT IPOTOH MOT OBI TTOTYIUTH YCKOPEHUE



518

a=FIm=10"/1,6-10" =6-10°m-c™ (11.13)

3a cyTKM MPOTOH MPUOOPETET CKOPOCTDh Mopsaka 5mM/c, a 3a roa nopsaka
2xM/c.

Ha camom nerne 5Ta CKOpOCTh OyIeT CYIIeCTBEHHO MEHBIIE, TaK Kak, BO-
TEPBEIX, YCKOPEHWE TPOUCXOAWUT HA OJHOW CTOpOHE 3Be3lbl, a Ha
TIPOTHBOTIOJIOKHON CTOPOHE TIPOTOH TOPMO3UTCS, M YCKOPEHHE TIPOVCXOINT
3a CUET pa3HOCTH CKopocTeil 3(upHOTO BEeTpa, T.. 3a CUET TPaaueHTa ero
CKOpocCTeit, a BO-BTOPBIX, 00pa3oBaHME 3BE3IbI COMMPOBOKIACTCS €€ CIKATHEM,
YTO MPHUBOAUT K B3aUMHOMY IKPaHUPOBAHMIO MPOTOHOB. DTO O3HAYaeT, YyTo
(haKTUUECKU HEMOCPEeICTBEHHO MO/ MOBEPXHOCTHBIM cJioeM 3(UpHBIi BeTep
pe3Ko CHIDKaeT CKOpocTh. TakuMm 00pa3oM, YCKOpeHHe, TMOJIy4YeHHOe
MOBEPXHOCTHBIMU aTOMaMH rasza, IepepachpenenseTcs Ha BCIO Maccy
3BE3/IbI.

Kak mokasaHo BbIIIIe, TOCTOSTHHA BpeMEHN HaKoTUIeHUS Macchl COJTHIIA B
HaCTOsIIIee BpeMs COCTaBJIsIeT MpruMepHo 2 Mipx JjieT. [Ipu Bo3pacte CorHiza
OK0JI0 5,5 MIIp JIeT 3T0 03HaUaeT, YTO ero HadaibHas Macca Obuta B 15 pa3
MeHbIIe, YeM ceigac. OgHako B 00acTH siipa IIOTHOCTH 3dupa He MeHee
YeM Ha [Ba Topsaka Oonbmie. ClemoBaTeNbHO, B TO BpeMs MOCTOSHHAS
BPEMEHHU HAKOTUICHUS MacChl ObLIa 3HAUYNTEIILHO MEHBIIIE.

DTO O3HA4YaeT, YTO HA caMOM Jeje HayajibHas Macca CosiHIa Obljia ele
MeHbIIe U coctasiisia He 6osee 0,013HaueHus macesl CoMTHIIA B HACTOSIIEE
BpeMs.

I'pagueHT ckopoctu 3¢upa B paiioHe sapa ['anakTUku B MOrpaHUIHOM
CJIo€ CITUPANBbHOTO PyKaBa JA0JDKEH UMETh MOPSA0K BEJIMYMHBI

AV 10mct 16 M-t
gradv = = = =10 , (11.14)
S 0,8 0,3-3,1-16 M

rae 6 — TOJIIMHA TOTPaHMYHOTO CJOS B pyKaBe CHHMPaIbHONM ralakTHKH,
yclIoBHO TpuHATas paBHoil 0,3 mapcek Ha OCHOBE aHalu3a (POTOCHMMKOB
CTMpPAIbHBIX IalaKTUK.

[Tpu nuameTpe ComnHia nopsaka 10 m (Macca MeHbIIe, 4eM B HACTOSIIECE
BpeMsi, HO W YIUIOTHEHHWEe eIe HEeIOCTaTOYHOE) PasHOCTh CKOpocTeit
3¢upHOTO NMOTOKA Ha Kpasix CoJHIa cocTaBIsia

Av, =Dcgrads, =10° -10%° = 10* m-c™. (11.15)

Otcrona pa3HOCTb CHJI, JEHCTBYIOIIMX HA MPOTOHBI, KOTOPbIE HAXOAATCS Ha
MIPOTUBOIIOJIOKHBIX CTOpoHaX COJHIA, COCTABIIAET
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AF = (V12 —V22) = 26,p.V,AVLS, =
= 2.1¢-10% 10%10"10% =2.10"H. (11.16)

31ech MIOTHOCTH 3(upa MpuHATA paBHOM p, = 107° kr M, T.e. Ha oauH
MOPAAOK BbIIE, YeM B 00JaCTH HACTOSILIEr0 OKOJO3EMHOI0 NMPOCTPAHCTBA, a
CKOPOCTH 3UPHOTo BeTpa mpuHsTa V, = 10° M-c

Jnsg Toro 4toObl AOCTHYbL CKOPOCTH TEYEHHs rasa Mo TOBEPXHOCTH
Connua, paBHoii 2000m/c, motpeboBanock Obl BpeMs

2-162-1-6,7-16'
T=vr-2my AF = —z—j_b = 10%ner = 10mnpaer.  (11.17)

Takum oOpa3oMm, Hamu4us rpagreHTa 3(QUPHOro BeTpa B MOrPaHUUHOM
ciioe 3(UPHOro MOTOKa, yCTpeMJsitouierocst K aapy lamakTuku, Gosiee yem
JOCTaTOYHO, 4TOOBl oOecmeuynTh packpyTky ConHua, Tem Oonee, eciu
YUUTBIBATh €0 MOCJeAyollee cKaTue, B pe3ysbTare KOTOPOro AajibHelmmas
caMopacKpyTKa MpUBEIET K elle O0oNblIeMy YCKOPEHHIO €ro BpaleHusl.

PeanbHo mpoiiecc men, KoHeuHO, cioxHaee. [To mepe cxxatns ConHIa ero
TUIOTHOCTh ~ YBEJIMUYMBAJACh, a CHIBI, JEHCTBYIOIIME Ha IPOTOHBI,
YMEHBIIAIMCH BCIEICTBHE IKPAHUPOBKN MX APYT Apyrom. BenmenctBue Toro
gto CoNHIE TepeMenaroch B 00NacTb paclIMpSIONINXCS PYKaBOB, TE H
CKOpPOCTb 3(HPHOrO BeTpa, M TPAAMEHT €ro CKOPOCTH YMEHBINAroTCH,
ConHLEe HakalIMBaJIO MacCy M MOMEHT KOJHWYeCTBa  BpalleHUs
nepepacrpesensics Ha BCIO Maccy, TO W JIMHEHHas CKOPOCTb JABMXKEHHS €ro
MIOBEPXHOCTHBIX CJI0EB YMEHbIAIACh.

Takum obpa3oM, Ha paHHel cTaguu obpasoBaHus CoOJHIE MUMENO Maccy
3HAYUTEJIbHO MEHBILYIO, YeM B HAcToOsLIee BpeMs, M0 KpaiiHell Mepe, Ha Ba
nopsAJKa, a MpH CKaTUM €ro CKOPOCTb BPALIEHHUs] MOTJIAa ObITh 3HAYUTELHO
BEIIIE, YeM celiuac. B manmpHeimeM ke 1o Mepe TIOTJIOMeHus d(hupa Macca
ConHua pocna, IUaMeTp TOXKe YBEJINYMBAJICS, COOTBETCTBEHHO CHIKANACh
CKOPOCTb BpallleHHs, MOKa He JOCTHUIJIA CYIIECTBYIOIIETo 3HaueHHs 2 KM/c.

Ha moBepxnoctn CojHIA 1O 3KBATOPY COOTHOIIEHWE MEXIY CHIaMH
TIPUTSDKEHNS ¥ IEHTPOOEKHOTO OTTAIKUBAHMS B HACTOSIIEE BPEMS paBHO

Fi MvPRZ V@R (2:16)2.7-16

Kur =

= = = 2.18 (11.18)
Fr  GmMcR. GM: 6,67-10"1,99-1&
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MOSTOMY HE MOXKET ObITh peud O TOM, YTOObl YacTh BelLIecTBa MOrJa
otopBathcst oT CoJHLA MOJ NEeWCTBUEM LEHTPOOEXHOU cuibl. OnHaKO Ha
paHHeit ctagun oOpa3oBaHus CoJIHLA TOJOXKEHHWE MOINO0 OBITh COBCEM
VHBIM.

Kak yxe ynomuHanock, Mmacca CoiHIIa BHavaje Oblia, TI0 KpaitHeil Mepe,
Ha JBa TopsAaka MeHbIme. [locie cxarthsd ero paayc 3HAYUTEITHHO
YMEHBIIWICS, a CKOPOCTh BpAIlleHUs 3HAUMTENLHO YBENIWUMIachk. Eciu ObI
mpu 3ToM TUTOTHOCTH CoJHIIAa ObITa Takoi ke, Kak ceifdac, TO ero paanyc
cocTaBWJI OBl BEJIMUWHY, pUMepHO B 5 pa3 MeHsmryro. Ecmm Ob1 k ToMy
BpeMeHd CoJIHIIE HAaKOIMWIIO BeChb CBOM BpallaTeNbHBIi MOMEHT, TO MpH
MeHbIlleli Macce CKOPOCTb JABWXEHHS €ro 3KBAaTOPUANIbHBIX CIIOEB IO
CpaBHEHUIO C CeroJIHs CyIIeCTBYoMIel cocTaBmia 66l He MeHee 1000km/c 3a
CUeT MEeHbIIEero, yeMm ceituac, quametpa u emme B 100 pa3 3a cuer MeHbIuei
Macchbl.

C y4eToM W3JIOKEHHOTO MPHUBEICHHOE COOTHOIICHUE CTallo OB COBCEM
wHBIM. OTHOIICHNE TIEHTPOOEKHO CHITBI K CHJIE TSHKECTH CTaJIo OBl

5 1,418 -(10)
Kur = = = 16 pas! (11.19)
F: 6,67-10".2-16°

3T0 03HaYaeT, 4To runoresy JlapBrHa, BHICKa3aHHYIO UM 110 OTHOLIEHUIO
K Bompocy obOpa3oBaHus JIyHbl Kak oTopBaBlueiics 4acTH 3eMJIM, MOKHO
MPUMEHUTb W TI0 OTHOIIEHWIO K 0Opa30BaHMIO BCEW IIAHETHON CHCTEMBI:
npu cxkatin CoJTHIA Ha MEPBOM CTaIUM €ro BOJIONWHU Ha €ro MOBEPXHOCTH
Ha DJKBaTOpe JOJDKHA ObUla BO3HUKHYTHh TNpPWIMBHAs BOJIHA, KOTOpas
BCJIEICTBME TpeoOiamaHvsl LEHTPOOEKHOW CHIIBI  HaX  TATOTEHHEM
oTopBajlach M Jajee pachajach Ha 4YacTW, TaK Kak B Hell MMeTcs
BHYTPEHHME BpalleHWs. OTH 4YacTH c(OpMHUpOBAIMCH B TUTAHETH, C
KOTOPBIMH MPOU3O0LIO TO K€ caMoe — Y HUX 00pa3oBalnCh CIyTHHUKHU. [Tpn
9TOM TakOM MpOLIECC MOI TPOU3OUTH OOHOKPATHO, HO MOT IPOU3ONTH M
MHOTOKpPaTHO, CO3JaBasi MOCJIeI0BATEIbHO MPHUINBHBIE BOJHBI, BbIOpachiBas
UX BEIIECTBO B IKBATOPUAIBHOI MIOCKOCTH M (OPMUPYs MOOUYEPEIHO TEM
caMbIM TuiaHeThl. Kakolf BapuaHT OblT Ha caMOM ejie, YCTAaHOBUTh MOKa
3aTpyIHUTEITHHO.

OtopBaBIecs: TUIAaHETBl HAXOAMIIUCH TIO-TIPEXKHEMY TOJ BO3IEHCTBHEM
s¢upHoro Berpa. OpHako Temepb CIEAyeT y4decTb, 4YTO  CHIIBL,
pacKkpyumBaroIle TIUTAaHETBl 10 WX OpOuTaMm, NeiCTBYIOT 3HAYUTENHHO
¢ eKTuBHEE TeX K€ CHJ, MPONOJDKAIOIMX packpydynBath ConHie. 3To
MPOUCXOAUT M3-3a Toro, uto CojHIE cOoCTaBisfeT OOJNbIIYIO Maccy, U
JKpaHUpYlollee JeiicTBHE BelecTBa A 3(HPHOTO BETpa 3/1€Ch 3HAUYMTEIbHO
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Oonbllle, YeM B MallbiXx MaccaxX. A riaBHoe, nuamerp CoiHLA MEHbIe, YeM
auameTrp opbutr miaHer. ClenoBaTelbHO, Pa3HOCTh CKOPOCTEH B
rpagieHTHOM TEUEHWH JJIsi OPOUT IUiaHeT OoJiblie, YeM ISl MOBEPXHOCTHBIX
cinoeB CojHIA, a 3HAYUT, OPOUTAIbHBII MOMEHT Yy TUIaHET OyaeT
HapaluBaThcs ropasno ¢ dexrusHee, yem y Cosnua (puc. 11.9).

9d,upubnl semep
e - —

7 @\1\\\
GROTS)
e

Dpuproni 6:”? \

Puc. 11.9. Bo3HHKHOBeHMe TMJIAHETHOHl CHCTeMbl M HapallMBaHHe
OpOMTAILHOIO MOMEHTA MJIAHET MOA BO3JeiicTBHEM rpaaueHTa 3UpHOro BeTpa

Hakonen, mornomeHne 5>¢upa TUIAHETAMHW YMEHBIINT CKOPOCTh
BpallleH!s JIMIIb MPONOPLMOHATIBHO HaKoIUIeHHOoW Macce. Y ConHua xe
CKOPOCTb BpALIEHUs 3aMEeAJIsIeTCs] M 3a CYET MacChl, M 3a CUET yBEJIMUYECHUS
ero paamyca. Takum oO0pa3oM, TMpeBbILIEHUE 3HAUYEHHs OPOUTAIBHOTO
MOMEHTa [BWXEHUs TUIAaHEeT HaJ 3HaueHWeM MoMeHTa BpameHus CosHua
ABJISI€TCS BIIOJIHE 3aKOHOMEPHBIM.

CooTBeTCTBYIOIIMM 00pa3oM MOXKHO OOBSACHHUTH W BpallleHHE TIaHeT U
UX CIYTHHKOB B TpsMOM HampaBiieHUd. OCHOBHOW TpPYOHOCTbIO MpH
OOBSICHEHMM 3TOro (hakTa SBIAETCA TPEANOJOXKEHHEe O TOM, YTO
razoo0pasHble Teja JOJDKHBI BpallaThCsl IO 3aKOHY MOCTOSHCTBA
LUPKYJIALNAN CKOPOCTH

,[ vdl = const, wmu v =1/2ar, (11.20)
|
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U, cienoBaTelbHO, NTyOuHHBIE cior CoNHLA AOJKHBI BpallaTthesl ObicTpee
MOBEPXHOCTHBIX, YTO MPUBOANUT K OOpaTHOMY BpALIEHUIO OTOPBABIINXCS
Macc. OJJHaKO TaKoe yTBEpXkIE€HHE HEBEPHO.

Vka3aHHBI{ 3aKOH CIpaBeUINB JAJleKo He BO BCEX cIIydasX. DTOT 3aKOH
pearbHO MMEET MECTO IMPU COXPAaHEHWH TOCTOSHHOM TIOTHOCTH W 0oOmiein
IUTSL BCeit Macchl MPUYHMHBI pacKpyTKH. Hudero 3Toro B 1aHHOM ciydae Her.
B HauvanbHO#l cTaguu oOpa3oBaHus CONHLA €ro CKaTue COMPOBOXKAAIOCH
ynnotHeHueM. PackpyTka ke Maccel CoNlHIIAa TIpOMCXOOWia MyTeM
PAacKpyTKH €ro MOBEPXHOCTH, TPU 3TOM IOBEPXHOCTHBIE CIIOW JOJDKHBI
JIBUraThCsi OBICTpEE BHYTpPEHHHX. M3-3a 3TOro OTOpBaBIIMECS MaccChl
o0s3aTeNlbHO OyOyT MMeTh mpsiMoe BpaimueHue. TakuM obpa3om, 3To (akT
HAaXOAMT TPOCTOE€ M €CTECTBEHHOE OOBsCHEeHHe. To ke OTHOCUTCA M K
CITyTHUKaM IUIaHeT.

TpynHocTs npeacTaBisieT oOpaTHbIM (akT — rpymnna MajibX CITyTHUKOB
FOmurepa (VIII, IX u XIl), cnytHukn ®e6 CarypHa u Tputon HentyHa
VMEIOT He TIpsiMoe, a oOpaTHoe BpalleHne. B mpuHImmne, ecian nojarats, 4To
B TMOBEpXHOCTHOM cioe lOmwmrepa m HenTyHa B MOMEHT 00pa3oBaHMS WX
CITyTHUKOB BCE K€ MMEJI0 MECTO COXpaHeHWe LMPKYJSAIHNN CKOPOCTH, TO W
3TOT ciydyail Tomy4aeT oObsicHeHne. Ho 3T0 TpeOyeT crenmaibHBIX
HCCIIEI0BaHUM.

ITocne ob6pazoBanus miaaneT ColHEYHast cUcTeMa MPOAOJHKAET CBOH MyTh
BIOJIb MOTPAHWYHOTO CJIOS CIUpabHOTO pykaBa. HampaBiieHue 3¢upHOro
BETpa MEHs’ETCs, Tak k€ Kak W HampaBlieHHe ero rpaaueHra. CoiHie
OKazbIBaeTcs MOJ BO3AEHCTBUEM CHJI, MOMEHT KOTOPBIX HAKJIOHEH K €ro OCH.
Kak u BO BCSIKOM THpocCKomne, HauMHAeTCs MPEeLeccHsi, YTO W MPUBOAMT K
HaKIOHy ocu BpaueHus ConHI@ Ha 7 1O OTHOIIEHHIO K €ro
TIepBOHAYAIEHOMY TI0JIOXKEHHUI0. B cBsi31 ¢ Tem 4To CoNHIE He MpeACTaBIsieT
co0Oli CIJIONTHOTO TBEPAOTO TENa, €ro MOBEPXHOCTHBIE CIIOM COXPAHSIOT
TIPEXKHIOI0 OPHWEHTAINo, KaK W TUIOCKOCTh OpOWT TutaHeT. B Hacrosmee
BpeMsl Mpereccys 3aKOHYeHa, TaK Kak rpaJueHT cKopocTeil 3¢upa B qaHHON
o0yacTi Mail.

Takum 00pazoM, paccMOTpeHHE MPOLIECCOB 00Pa30BaHUs U CTAHOBJIEHUS
ConHe4HOW cHCTeMBbl KakK pe3yjJbTaTa MpOLECCOB, TMPOTEKAIOMINX B
lanakTuke, MO3BOJAET HA OCHOBE (HPOANHAMUKN €CTECTBEHHBIM 00pa3oM
OOBSCHUTh OCHOBHBIE OCOOCHHOCTH CTpoeHus COJHEYHOH CHCTEMBI.
KoneuHo, BbICKazaHHble MPENIOJIOKEHNST MOTYT MNPETEeHAOBATh JIMIIb Ha
pOJIb TUTIOTE3BI.

W3 W310)XKeHHOTO, KpOME BCEro Mpoyero, CieayeT BBIBOL O TOM, YTO
COOCTBEHHOE BpallleHWe MMEIOT TOJBKO 3BE3Ibl, MOTMAaBIINE B MOTPAHUIHBIN
CIIOW CTIMpaNbHBIX PyKaBoB [amakTWKW. DTH 3Be3/bl MOTYT WMETh M CBOW
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TUIAaHETHbIE CUCTEMbI. 3BE3/bl JKe, He TOMNaBlIME TyAa, COOCTBEHHOTO
BpaLIEHHs HE UMEIOT U HE MOTYT UMETh CBOMX TUIAHETHBIX CHCTEM.

Kak u3BecTHO, B HacTosIee BpeMsi OpOUTHI TUIAHET PacMoJIOKEeHbl Tak,
gT10o B 1766T. Hemenxkuii ¢pusnk M.J[. Tuiiyc cymen BEIBECTH SMITMPUIECKYIO
3aBUCHMOCTb, KOTOpas Oyaromaps pabotaM Hemelkoro actpoHoma M.3.boxe
TOJTyYnya MHAPOKYIO0 W3BECTHOCTH. JTa 3aBHCMMOCTh, Ha3BaHHAS MPaBUIIOM
Tunmyca—bone, ycraHaBnMBaeT, 4TO BbIpaKEHHBIE B aCTPOHOMHYECKHX
eIMHNLIAX paccTosHKA oT TaneT 1o ConHia nogunHstoTes 3aBucumocty 0,4
(Mepxkypuit); 0,7 Benepa); 1,0 Bemns); 1,6 Mapc); 2,8 acrepounsi); 5,2
(FOmurep); 10,0 Carypn); 19,6 ¢pan); 38,8 (LiyToH) ¢ MOrpeIHOCTBIO HE
6onee 3%. HenTyH Bbimagaer W3 3TOW 3aBUCHUMOCTU. DTa 3aBHUCHMOCTb
nojy4eHa ciemyrommm obpazom. K uncnam nocnenosarensHoctu 0; 3; 6; 12;
24; 48; 96; 192; 384jaunHas ¢ 3, mpubapnseTcsa 4ucio 4, a 3aTeM Bce yucia
nensatcss Ha 10. akTUdyeckM 3TO TreoMeTpuueckas TMporpeccus ¢
OTIpeeIeHHbIM HavaJIbHBIM C/IBUTOM. VY 10BIIETBOPUTENHEHOTO
TEOPETHYEeCKOTO  OOBSICHEHWS 3Ta SMIHMpHYecKas 3aBUCHMOCTH 10
HAacTOfIIEro  BpeMeHW He  momydywna. OpHako, omupasch  Ha
3¢UpoaMHAMHAYECKHE TPEACTAaBICHNS] O CYIIHOCTH TIPOLECCOB, MOXKHO
BBIIBUHYThH OTPENIENICHHYI0 THIMOTE3Y O (pU3nNUecKod CyIIHOCTH yKa3aHHON
3apucuMocTu (puc. 11.10, 11.11).

ConHue, Bpamasch, ABJIAETCS OTHOCUTENBHO MacC OKPYKaroIero ero
3¢upa HeHTPoOeKHBIM HACOCOM, KOTOPHIH MO 3KBATOpy BhIOpachiBaeT 3pup
BO BHELIHEE MPOCTPAHCTBO, a MO CBOMM MOJIOCAaM BTATUBAET €ro BHYTpb. B
pe3yJibTate B 00JIaCTH TMOJFOCOB MMEETCs CTOK 3(Hpa, a Mo BCEMY 3KBATOPY —
uctok. B pesynprare Bokpyr CoiHua oOpa3yloTcsi [Ba TOPOHIAIbHBIX
MOTOKA: OJIMH B CEBEPHOI1, a BTOpOii B t0xkHOI yactu ConHua. B muiockoctu
9KBaToOpa IMpU 3TOM 00pa3zyeTcsl TUIOCKWN TpaJeHTHBII MOTOK, B KOTOPOM
MaKcUMallbHasi CKOPOCTb M COOTBETCTBEHHO MAaKCHUMANbHBIN TpajneHT
CKopocTH OyIoyT JnekaTb B TUIOCKOCTH 3KBartopa. MiMeHHO 3mech Oyner
MUHUMYM [aBlieHHs 3(Qupa, 4YTO 3acTaBUT IUIAHETHl CTaOWIM3UPOBATHCS
WMEHHO BOKpYr TulockocTu. Jlamee TOTOKM OynyT pacXomuTbess W
HampaBJATbCs K MmomrocaM. K mepBoil mape TopouaaibHBIX IOTOKOB
NPUCOENUHUTCS  BTOpas mapa, K Hell Tpetbs M T.JA. CO BCE
YBEJIMUUBAIOLIMMICS pa3MepaMH, Kak pa3 COOTBETCTBYIOIIMMHM YKa3aHHbIM
BbIlle 3aBUCUMOCTSIM. [lonoxkeHue miaHeTsl crabwinsupyercs Onaropaps
MOTOKaM 3(1pa, BEITATKUBAIOLIMX €€ B MPOCTPAHCTBO MEXIY BUXpsMU. UTo
KacaeTcs TOTOKOB, HAYIIMX B TONEPEYHOM OTHOCHUTENILHO IUIOCKOCTH
skBaropa CoJHIIA HamNpaBJieHWH, TO Kakgas TUIaHeTa JBa pasza 3a MepHon
oOpamennst Bokpyr CoJiHIIa TepeceKkaeT 3Ty IUIOCKOCTb W WCTIBITBIBAET B
OIVH TIONYTIEpUO]] aBJieHWe B OJHY CTOPOHY, B JAPYroi Moiymepuon — B
IpYTYIO CTOPOHY, B pe3yibTaTe COXpaHAA IIOJOKEHHE CBOEH OpOMTHI
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Hen3MeHHbIM. Takum o00pa3oM, BIepBble BBICKA3bIBAETCS THIOTE3a O
(u3nveckoM ocHOBaHMHM 3aBUCUMOCTH Tuumyca-bone.

Puc. 11.10.BropuyHble BUXPH, NHAHLHPYeEMbIe KOJ1e0II0IMMCST HUJINHIAPOM
Tedenus BOKpYyr HMIIMHAPA MOJOOHBI TeUeHUSIM BOKpyT COJHIA Kak LHEHTPOOEKHOTO
Hacoca.

T T T T T
04 07 10 16 28 52
3asucumocms Tuyuyca - booe

Puc. 11.11. TopounanbHble BUXpH 3¢pupa, co3naBaemblie CoJIHLIEM, 30HBI
MOHUKEeHHOT0 JaBJjeHusi 3¢upa, cooTBercTByIOIMe 3aBHCHMocTHTHHHMYca—
Bone.

C monoOHOM ke MO3ULNKM MOXET ObITh PACCMOTPEHO W MPOUCXOXKICHUE
ConHeunsIx nsiTeH (prc.11.12).
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Puc. 11.12.06pa3oBanue nsiteH Ha CoHue: @ — ConHIe Kak HEHTPOOSKHBIH
Hacoc, MepeKadnBaonnii 3pup; 6 — MOTOKH dPupa B palioHEe YHUITOISIPHOTO TIATHA; 6
— TOTOKM ddupa B paitoHe OunonsipHoro nsaTHa. 1 — HampasieHue nojacoca dupa; 2
— BbIIyBanue 3¢upa no skBaropy ConHiua; 3 — 0061acTh MaKCUMAJIbHBIX TPAJIUEHTOB
3(UpPHBIX MOTOKOB U 00J]aCTh BO3HUKHOBEHHS COJIHEUHBIX ISTEH; 4 — MOBEPXHOCTh
Connia; 5 —o61acTy HaOII01aEMBIX COJHEYHBIX MSATEH.

PaccMoTpeHne TpainMeHTOB CKOpOCTel B CBsi3W C pojbio CoiHLA Kak
LEeHTpoOeKHOTO 3(MPHOTO HAcOca 3aCTaBISAET cAeNaTh BHIBOJ O TOM, YTO B
pailfoHax 3KBaTopa M MOJIOCOB 3aMETHOrO rpaJneHTa ckopocteil HeT. [1aTHa
BO3HMKAIOT B 00JIACTH CEBEPHOTO M FOXKHOTO TIONYIIApHil B MOSICE IHPOT OT
5 no 30 (Tak Ha3bIBaeMbie «KOPOJEBCKHE 30HBI»). MOXKHO BBICKa3aTh
NPEATNOJIoKEeHHEe, YTO HAJIMYMe OONBIIOrO rpaJfeHTa CKOpPOCTel MOTOKOB
a¢pupa B ITHX O0OJACTIX CTUMYJIMPYET TMOSBIEHHE OTHOCHUTENBHO
YCTOHUMBBIX BUXPEBBIX TOPOUAAIBHBIX 00pa30BaHM, KAKOBBIMU U SIBIISFOTCS
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COJIHeUHble MATHA. Torma CTaHOBUTCA MOHATHOM WX MPUPOJA: BUXPEBbIE
TOpouabl BOJIM3M TMoBepXHOCTH CONHIA MOTYT MMETh [Ba IOJIOXKEHHS:
nepBoe, Mpu KOTOPOM IUIOCKOCTb TOPOMAA TEPHEeHANKYIApHA IUIOCKOCTH
TIOBEPXHOCTH, TOJOBMHA TOPOWIA TPW 3TOM HaxoauTcs B Tene CoiHIa,
BTOpOE€, IpU KOTOPOM IUIOCKOCTb TOPOMJA COBHAAaeT C IUIOCKOCTHIO
noBepxHocth CoiHua. B mepBom citydae Mbl IMeeM Ha TIOBEPXHOCTH pas3pe3
TOpOMAa TMOMepPeK ero TUIOCKOCTH (OUMONSpHBbIE MATHA), BO BTOPOM — TIO
TIOCKOCTH (YHUTIONSIPHBIE TMSATHA), B KOTOPBIX MPOCMATPUBAETCS TOJBKO
LEeHTpaJlbHas 4acTh Toporaa (kepH). MyJIbTUTIONSPHBIE TATHA MPEACTABIIIOT
co0oli, BUANMO, XaOTHUYECKUi1 HaOOp OUIONSAPHBIX U YHUTIOJSIPHBIX MATEH. B
BUJIE «IISTEH» HAOJIFOJAIOTC TOJNBKO KOMIIAKTHBIE pa3pe3bl TOPOMIOB Ha
noepxHoct ConHIa, MO0 Ta 4acTh, KoTopas HaxoauTcs BHe ColHLa, UMeeT
3HAYMTENHHO MEHBINYIO IUIOTHOCTh M OOJIbIIME pa3Mephl, ee HabJtodeHue
3aTpyAHUTEIBHO.

11.7.9¢upHbIii BeTep U cTpoeHHe 3eMJIN

[ToTokn >¢wupa, Tekymue B CNUpPAILHOM pyKaBe Hameil [amakTukw,
oMbIBalOT COJHEUHYI0 CHCTEMY M COOTBETCTBEHHO 3emito. Ha To, uTo
MpocTpaHCTBO B paifoHe COJHEYHOW CHCTEMBI HE COBCEM HW3OTpPOITHO,
obpamany BHUMaHue MHorue uccrienoBatenu. Tak, A.A.lllnmutansHas [57]
YKa3bIBaeT Ha pe3Kyl0 HECUMMETPHIO aKTUBHOCTH COJIHIIA: HA €ro CeBEepHOMN
CTOpPOHE BCTBIIIKK MPOUCXOIAT, MpuMepHo B 1,5 paza vamie, 4eM Ha 10KHOMN
cTopoHe. M3BeCTHBI BBICKAa3bIBAHMUS O TOM, YTO B HAIpaBJICHUM CO3BE3AUS
JIbBa UMeeTcst aHU30TPOTTHOCTh PETMKTOBOTO M3myueHus [13)]

AHM30TPOITHOCTh MPOCTPAHCTBA MPOCIEKNUBAECTCS U HA YPOBHE 3eMITH.

Ha 3emsie BynkaHuueckas paestenpHOCTb B CeBEpHOM MONyLIApUHU
3HAUMTEJIbHO Ooyiee MHTeHCHBHA, yeM B lOxxHoM. B CeBepHoM momymapun
COCpeIoTOYeHa OCHOBHAS 4acTh MarepukoB. Ha 3emiie nmeercs rmobanbpHas
kuMaTnieckas pasHuia CesepHoro u HOkHOTO moJNymapwit: Hajgwdue
OypHBIX COpOKOBHIX INWPOT, OKeaHa B paifone CeBepHOro rmojroca W
JIeoBOTo Matepuka B paiioHe KOkHOTO TOIOCa, TOHWKEHHAas TI0 CPaBHEHHIO
C CceBepHbIMM o0OJacTsIMM Temmeparypa paifoHoB IOxHoro mnomoca
CBHMIETEJILCTBYET O MPOCTPAHCTBEHHON acCHMMMETPUHU 3E€MHBIX TMI00AbHBIX
MPOLIECCOB.

MHorue 13 MepeyrcIeHHbIX ABJIEHUH MONydYaroT MPocToe O00bSCHEHUE,
eclii y4ecTb 00ayB 3emiid 3(QUPHBIM BETPOM, T.€. TeM MOTOKOM 3¢upa, B
KOTOpoM Haxoiutcs Hama CoylHeYHas cucTeMa M KOTOpbI TedeT B
cnMpaibHOM pykaBe [ajmakTuky, wMes oOmiee HampaBieHHEe OT ee
nepudepnn K apy.



527

@akT HanuuusAd >(PUPHOTO BeTpa IKCIEPHUMEHTAJbHO MOATBEPXKICH
pabotamu Musuiepa u ero rpynmnsl B 1905-1907 nanee B 1921-1925r., a
no3xke —B 1929r. MaiikenbcoHoM, [Tricom 1 [TupcoHOM, 0 YeM CyIECTBYIOT
COOTBETCTBYIOIME OTYETHI ATUX Ipyni. B pabote [56] npuBeneHs! cTaThu, B
KOTOPBIX ~M3JIOKEHBI  PE3yJbTaThl TPOBEAEHHBIX JTUMH rpyrmaMu
SKCTIEPUMEHTOB, a TakXke T[I0Ka3aHbl NpPUHUMNHANBHBIE TpyOeiine
METOAMYECKNEe ¥ WHCTPYMEHTAIbHbIE OINMOKH, MAOMYyIIEHHbIE IPYTUMHU
rpynnamu  (Kennenw, Wnnmmarsoprtom, Ilukkapom, Crasmm, TayHcowm,
CenapxoibMoM), He TMONYYMBIINMU HUKaKUX Pe3yJbTaToB, OOBSBUBIINMU
BMECTO aHall3a CBOMX OIIMOOK O He CYIIECTBOBAaHWM 3(HPHOrO BeTpa W
camoro 3¢upa kKaK TakoBbIX. B HacTroslee BpeMs McclienoBaHUs 3(PUPHOTO
BeTpa ocylecTisitores rpynnoit F0.M.I"anaeBa (Xapbkos) [71].

B pesynbrare pabor Muiepa (cM. [100—106]k . 1) mocraBuBIIEro
CepHI0 JKCIIEPUMEHTOB C HHTep(EepOMETPOM, YHACIeNOBAaHHBIM UM OT
Maiikenbcona 1 Mopnu, BBISICHWIOCH, YTO HMMEETCSl YeTKas 3aBUCHMOCTD
CKOPOCTH 3()MPHOTO BETPA OT BBICOTHI, MPHUYEM HA MOBEPXHOCTH 3€MIH, KaK
9TO ¥ 6bUTO TOKa3aHo B 1881wu 1887rr. aBTopamu [39, 40], oTHocHTENbHAS
CKOpOCTb 3(HMpHOTO BeTpa Maja W Ha BbicoTe 250 M Hax ypoBHEM Mops
cocTaBjiseT npumepHo 3 kM/c, a Ha BbicoTe 1860M — ot 8 mo 10 km/c. Takum
00pa3oM, OTHOCHTENbHAsI CKOPOCTh 3(MPHOTO BETpa HapacTaeT C BHICOTOM.
MoxHO TmosiaraTh, 4YTO CKOpPOCThH 3(GHMPHOrO BeTpa B MPOCTPaHCTBE
cocransieT 50—60km/c.

]
0 0,5 wu =

a) 0)

Puc. 11.13.00Texanne mapa ra3oBbIM MOTOKOM: @ — HAIIPABJICHUE MTOTOKOB;
0 — JITIopa M3MEHEHNST OTHOCHUTENBHOM CKOPOCTH TIOTOKA C YBETMUEHNUEM PACCTOSHHUS
OT MOBEPXHOCTH Il1apa
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. [Mocne o6paboTku AaHHBIX Muljiep Hamied, 4TO HampaBJeHUE
3¢MpHOTO BETpa TAaKOBO, Kak eciu Obl 3eMisd B CBOEM [BWXKEHUH B
HEMoJBIKHOM 3(upe nepemMelnanach 1Mo HaMpaBlICHUIO K 3BE3[€ CO3BE3AUS
Jpakona (ckmoHenme +65°, mpsMoe Bocxoxkaenne 262°). BeposartHas
MOTPEMIHOCTL B 3KCTIEpUMeHTaXx Mmuiulepa He npeBblmana 2°. JTH
KOOPIMHATHI MOYTH COBMAAAIOT C KOOPAMHATAMHU TIOJTIOCA SKIUIITHKH.

[MomyuenHbsle MuiepoM pe3ysbTaTbl HAXOAATCS B TIOTHOM COOTBETCTBUH
¢ Teopuell oOTekaHHMs HIapa MOTOKoM Tasa [58, c. 227—-232]. Pemenue
CHCTEMBI YpaBHEHHIT U1 00TekaHus mapa rpaduuecky n300pakeHo Ha puc.
11.13.

I[Ipn oOTekaHuu mmapa ra3 oOpa3syeT MOrPaHUYHBbIN CJOH, mNpuyeM
Ommkaliliye K TMOBEPXHOCTH Tella CJIOM IBWXKYTCS BMeEcCTe C IIapoMm, a
OTHAJIEHHbIE WMEIOT HEKOTOPYIO MPOMEXYTOUHYIO CKOPOCTb, IPU 3TOM,
HayMHasi C HEKOTOPOro 3HAueHMs, CKOPOCTb Ta3a COOTBETCTBYET €ro
CKOpPOCTH B CBOOOJHOM MpOCTpaHCTBe. MHaue roBopsi, MOTPaHUYHBIN CIOH
VMEET OTpeNeNIeHHYIO TOJNLIMHY, 3aBHUCSIIYIO OT TapaMeTpoB | Ta3a, U mapa.

B Toukax ¢ KOOpAMHAaTaMW OTHOCHWTENIHO LEHTPAILHON OCH Ta30BOTO
MOTOKA Pory = 109,6° norpann4HbIii c10l oTpbIBaeTcs. Haumnas ¢ 3Toi
KOOpIMHATHI Ta3 [OJDKEH OBbITh HEMOABWKEH OTHOCHTENBHO MIapa Ha
Pa3TMYHOM OT HETO PAacCTOSHUM BIUIOTH IO OTOPBABIIETOCS W MPOXOISIIETO
Ha HEKOTOPOM PACCTOSIHUM OT Iapa MOrpaHWYHOTO CIIOS.

Ecnn map oGamyBaeTcs MOTOKOM rasa, TO Ha TOBEPXHOCTH IIapa co
CTOPOHBI ATOTO TOTOKa JaBlieHWe OyaeT pasnuuHbiM [56. c. 277-285] .B
JI000BO# yacTH, HaxOJsIIeics MoA MpAMBIM BO3IEWCTBHEM yaapa IMOTOKa,
JaBieHue rasa Oyzner mosbllieHo. Ha 3emie 3To cooTBeTCTBYyeT oOiacTh
CeBepHoro JlenoBUTOro okeaHa, MaTepPUKHU CIOJla MPOHUKHYTbh HE MOTYT, TakK
Kak TIOBBIIIEHHOE JaBieHune 3¢dupa B 3Toi obnacTh OyneT MX OTOABWTATH.
Hanee 3¢upHBIT MOTOK 00TekaeT Imap, oOpaszyercsl rpaiMeHT CKOpocTel B
TIOTPaHUYHOM CJIOE, a CJIEI0BATENBLHO, MOHMKEHHOE AaBieHue. Ha 3emie aTo
TIpUBEET K TOMY, YTO M3 obOnacTteil Oonee BHICOKOTO naBieHWs B HOkHOM
TOJTyIIapUi MaTepUKH TIOCTENIEHHO CMECTSATCS B 00JacTh TMOHMKEHHOTO
JaBineHuss B CeBepHOM TMONyIIapUM, KOTOPOE OKaXETCs HECKOJIbKO
BBITSHYTBIM MO cpaBHeHUIO ¢ IOxHbIM monywapuem. B pesynbrare 3emust
JOJKHA TIPUHATH ()OPMY HEKOTOPOTo MoJ00Ms TPyIIH, YTO U IMEET MECTO Ha
camoM jpesie: CeBepHOE MOJyIIapre BBITSHYTO 1O cpaBHeHHO ¢ FOXKHbIM Ha
400wm, Takas opma 3emiu nosryduia Ha3Banue reouna (puc. 11.14)

OOTexaHue 3eMHOro Imapa 3(UpPHBIM TOTOKOM MPUBOAUT B paiioHe
IOxHOrOo  momoca K  BO3HWKHOBEHHWIO  TNPHCOEAMHEHHOTO  BUXPS
TopounansHoit ¢opmbel. Ock 3TOro Topowga OyneT WMETb MOCTOSHHOE
raJJakTUuecKoe HarpaBJieHHe, a CaMyu TIOTOKH 3¢ upa BUXpsl OyAyT BOBIEKaTh
B CBOE JIBIDKEHNE aHTAPKTUUECKHE BO3IYLIHbIE MACChl aTMOC(EpHI.



529

1
2
3
¥4
A
XN
55

Puc. 11.14. O6Texkanne 3emin 3pUpPHBIM BeTpoMm. 1- 30Ha TOBBIIIEHHOTO
JaBieHust aQupa; 2 —30Ha MOHIKEHHOT 0 AaBieHus ddupa; 3 —30Ha 3aXBaTa BIaryd U3
OKkeaHa; 4 — IPUCOEAMHEHHBI! TOPOUAANBHEINA BUXPB 3(Hpa, 3aXBaTHIBAIOMIN 3UMOI
BO3JIyX arMoc(ephl.

OO6pazoBaHne TOPOWAAIBHOTO TMPUCOEANHEHHOTO BUXPS TONTBEpKAEHA
MoaenurpoBaHueMm (puc. 11.15).

Bo3nmywHble Macchl, MOMaBIIME B 30HY 3()MPHOTO MPHUCOETMHEHHOTO
BUXpA, OyoyT LMPKYJIUpPOBaTh, NPOXOAWTh Hal OKEaHOM, rae OHHM OymyT
Ha0OupaTh BJary, a 3aTeM, MOJHUMASAChH B cTpaTtochepy U oxJaxaasch, OyIyT
HarHeTaTh Tyla BO3MyX, MOBBILIAs JaBJjeHHE, U BHIOpackiBaTh BIary B BHAE
CHeTa yXe Ha caM JielOBblii MaTepuk. OTHAKO 3TO MPOUCXOOUT TOJBKO
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3uMoi. OOBSICHEHHEM 3TOMY MOXKET CIIYyKUTh TO OOCTOSTENbCTBO, YTO 3UMOM
BO3/lyX HIDKHUX CJI0EB aTMOC(epbl X0JI0IHEE, a CIeJ0BATEIbHO, 1 MIOTHEE.

[

6)
Puc. 11.15 O6TexaHue Tena BpalleHHs] MOTOKaAMM rasa. a — oOTekaHue
Kpyrosoro 1uimHipa npu Re = 26,6 — o6rekanue mapa npu Re= 1188 — obrekanue

mapa npu Re= 500

[I10THOCTH BO3MyXa NpU OJHOM M TOM >K€ JAaBIEHUH TEM BBIIE, YeM
HUXe TeMIeparypa:

P = Pao T/ T (11.21)
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(e]
¥ TIpY aTMOC(epHOM HaBlieHUH U JieToM Tipu Temrieparype 0 C coctasisier

1,2928kr/m3, 3umoii xe npu —60°C cocrapnser 1,656kr/m3, T.e. B 1,28pasa
Oonbire. [lockonbKy YHCIO MOJIEKYJ BO3[yXa B €OUHUIE o0beMa
yBEJIMYMBAeTCsA, TO M CyMMapHas CHja, BO3AEHCTBYIOILIas Ha HEro co
CTOPOHBI TIPOHHUKAIOLIMX B 3TOT 00BEM MOTOKOB 3(Hpa MPONOPLUOHATBLHO
yBenMuMBaeTca. Bo3ayx HauMHaeT 3axBaThIBaThCAd PHUCOETMHEHHBIM
3(GUPHBIM BUXPEM, Pa3BHBAETCS TOPOMOAIBHBIM BO3MYIIHBIN BUXpPb, U 3TOT
TPOIIECC HAapacTaeT JaBUHHO. DTO COOTBETCTBYET AEHCTBUTEIHHOCTH, TaK
Kak B AHTapKTHAE BCerna CTOUT YCTONYMBBIN aHTWUIMKIOH, a 3MMOM
MPaKTHYECKW BCE BpeMs MIET CHET, HapalluBas JIeASHbIE Macchl, KOTOPbIE
TIOCTETNIEHHO CTIOJI3al0T K OKeaHy M OTKaJIbIBAtOTCs, 00pasysl alicoepru.

B Tex Mecrax, rae mpucoeAMHEHHbIN BUXph 3¢dupa Hambosee OIU3KO
KacaeTcs MOBEPXHOCTH OKeaHa, BO3HUKAIOT TypOyJEHTHOCTH, YTO MPUBOAUT
K BOJHEHWIO BOJIHBIX MaccC, HaXOISIIMXCS B 3TOM paiioHe. 37ech IYIOT
yCTOHUMBBIE 3amagHble BETPbl, 4YTO OOBSCHAETCA MPOSIBICHUEM CHII
Kopunonuca, BbI3bIBaEMBIX OTHOCHTEJBHBIM  MepeMelleHneM 3¢upa u
BpauieHneM 3eMiIH. JTO W €CTh «PEeBYIINE COPOKOBBIE», KOTOPbIE aKTHBHO
TIPOSIBIISIFOT ce0sl B 3MMHMI Tiepro. JIeToM Bce ycriokanBaeTcs, 9TO TOBOPHUT
O TOM, YTO C TOBBHIIIEHWEM TeMIlepaTypbl BO3IyXa W COOTBETCTBEHHO C
YMEHBIIEHAEM €ro TIOTHOCTH BO3IYLIHbIE MacChl Y)K€ HE 3aXBaThIBIOTCS
3QUpPHBIMA TIOTOKAMHM C TaKoil chIoi, YTOObI 00pa3oBaTh YCTOWYMBBIN
BUXPb.

IlogoOHoe siBNEeHWE OTCYTCTBYET Ha IUIaHETaX C MOHMXEHHBIM
JaBJIeHWeM atMmocdepbl, HampuMmep Ha Mapce, HO MOXET MMETb MECTO Y
TIaHeT ¢ OOJBIION MIOTHOCTBIO aTMOC(epbI MPHU MOHWKEHHOH TeMrepaType.

Cnenmyer OTMETHTb, 4YTO J(UpHBI BeTep HMEET He OIHY, a JBe
CHCTEMaTHYeCKHe COCTABIAIOIIME — TaJlaKTHYECKYI0 M COJHEYHYH (puc.
11.16. ConneuHas cocTaBismomas >(QUPHOTO BeTpa 00s3aHa CBOUM
npoucxoxkaeHreM ComHiy, paboTaromeMy Kak IIeHTpoOexHsli Hacoc. B
pe3ysibTaTe MMEeeT MeCTO M3MEHEHWEeM HarpaBieHus 3(UPHOTO BeTpa Ha
TIOBEPXHOCTH 3€MJIN B T€UEHHE T0/a, TIOCKOJIIBKY Ha OJHOW CTOPOHE OpOUTHI
00e COoCTaBISIOMINE CYMMHPYIOTCS, @ HAa TIPOTHUBOTIONIOKHO BhIYMTAtOTCS. B
COYETaHWH ¢ ToTJIomeHneM 3dupa 3emiieid, TPUBOASAIINM K €€ PacIIupeHNIo,
HapallMBaHMIO MAacChl, 3aMEIJIEHHIO BPALIEHMS, CIIPEAUHTY (pa3IBUTaHUIO)
MaTepuKoB IPYyr OT Opyra, oOpa3oOBaHUIO CHUCTEMBbI PHU(TOBBIX XpeOTOB,
pa3[BUTAHMIO OKEAHCKOro [HA M ero cyomykumu (MOAMOJ3aHUI0) IOA
MaTepHKOBbIE TUINTHI, 001Ias KapTUHA MPUYKUH CTPOEHHs 3eMJT CTaHOBUTCS
OoJiee MOHATHOM.

Hcnyckanne B pesyiabTaTe BHYTPEHHHX Bo3MylleHuit CosHueM
TOPOUIANBHBIX ¥ (DOTOHOOOPA3HBIX CTPYKTYP, 3a(PMKCHPOBAHHBIX aBTOPOM
Ha 3amucsAX KojeOaHWil Ja3epHOro Jyda, MO MOCTIKEHWH WX 3eMHON
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MOBEPXHOCTH, TIPUBOJMT K KoJieGaHMSAM BEMYMH M HampaBlIeHUH 3QUpPHBIX
MOTOKOB Ha TOBEPXHOCTH 3eMiHd. ITO Ke sBJsSeTcsd MNPUUMHOM Tak
Ha3bIBAEMBIX MarHUTHBIX Oypb U Bo3MyLieHuii (puc. 11.17).

a¢upHvlli gemep

s [T
o— o O—

Conneunas cucmema

Conneynas cucmema

gulyUmanue

cegepHoco

U H0XHCHO20

nomoKoe

nomoxu agupa,
ebgyeae/wble Semns

OJIHYeM njaocKocnie
KIUNMUKU

CYMMUpoBanye
cegepHbIX
nomoxoe

0)

Puc. 11.16. HanpaBsieHue 3()upHOro BeTPa OTHOCUTENLHO OpOUTHI 3emuin:
a — B Havane o6pa3oBannsi COHEYHOM CHCTEMBI M B HACTOSIIIEE BPEMS; 6 — TOTOBEIC
nepeMeleHns: 3eMIIM OTHOCUTENILHO OTOKOB 3(upa, co3naBacMbIx CosHIEM
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nepuood
oxono 7 MuH

nepuoo
| 1™ oxono 20 mun

nepuoo
™ " oxkono Z uac 1

Puc. 11.17 Bapuauun 3¢pupHoro Berpa, oGHapy:keHHbIe TPH U3MePEeHHUsIX Ha
J1a3epHOIl yCTAHOBKeE

W3 M3T0)KEeHHOTO BBIIIE BBITEKAIOT CIEACTBHUS, HOCALIME MPUKIATHOM
XapakTep.

1. B Hactosmee Bpemss OOHapyXeHO, UTO ONTHYECKHE U
PaIMONOKALMOHHbIE BBICOKOTOYHbIE W3MEPEHMS TOJOKEHUH TIaHeT W
WCKYCCTBEHHBIX CITyTHWKOB 3€MJIM [af0T HECOBMECTHMBIE pe3YJbTaThl.
PacxoxxageHne B pe3ynbTaraX W3MEpEeHWH /JaeT BEeNWYWHBI, CYIIECTBEHHO
OosbIIvie, YeM 3TO ClIeAyeT U3 CyMMHpPOBAHUS TPEAENbHBIX MOTPEITHOCTEN
obounx MeTonoB. [IpencrasmiseTcs, 4To NMPUUNHON SBNSETCA HEYYET BIUSHUSA
3¢UpHOTO BeTpa, WCKAXKAIOUIET0 3HA4YEeHWs HaJbHOCTEH, TOMydeHHBIX
PaaMOIOKALMIOHHBIM METOIOM.

2. Bce BnusAHMA, okaspiBaeMble COJHLEM Ha 3eMHble MPOLECCH,
NPOUCXOIAT MOCPEACTBOM MPOMEKYTOUHOM cpenbl — a¢upa. YUUTbIBas, 4TO
BCE TPOLIECCHl UMEIOT WHEPLMOHHOCTh, MOJKHO YTBEP)KIaTh, YTO M JIOObIE
npouecchl Ha 3emie OyayT MMeTh 3ama3IbIBaHUs OTHOCUTENILHO M3MEHEHH
napameTpoB 3(upa B OKOJO3EMHOM MPOCTPAHCTBE, BbI3BaHHbIE MpoLECCaMU
Ha CoJIHIE WM WHBIMM  BO3IEHCTBUAMHM NPYrHMX KocMmudecknx Ted. [lo
TpeABapUTENbHBIM TAaHHBIM, 3alac BPEMEHM B TaKWX CJIydasX MOXKeT
COCTaBJIATh HECKOJIBKO MECSIIEB, @ BOSMOXKHO, M Oojblie. DTO 3HAYUT, YTO
WCCTIeOBAaHUA ¥ pEryJsipHble HAOMIONeHWs 3a J(QHUPHBIM BETPOM U
rapaMeTpamu 3Gpupa B OKOJI03EMHOM MPOCTPAHCTBE MOTYT MCTIOJIb30BATHCS B



534

KayecTBe »JJIEMEHTOB TMPOTHO3a I MpPEJOTBpAaleHUs WM XOTS Obl
MHUHUMU3ALUKA HEraTUBHBIX MPOLIECCOB, KOTOPbIe MOTYT BbI3BaTh Ha 3emJe
KOCMMYECKHE BIMAHMA. MOXKHO C YBEPEHHOCTBIO yTBEP)KAATh, UTO €CIU Obl
WMeJics TporHo3 HaBoaHeHuH B EBpore B aBrycte 2002r., To pyKoBOIUTENN
CTpaH ycnenu Obl MPUHITH HEOOXOIUMbIE MepBI U MPEeI0TBPALIEHHS TOTO
yimep0a, KOTOpOe OHM IOHECIM B pe3ysibTaTe MOJHOH HEeOXKHIaHHOCTH
npoucmeanero. Takum o6pa3oM, HEOOXOIUMOCT UCCIIEIOBAHNS COCTOSTHUS
3(QUPHBIX TOTOKOB M 3(UPHOTO BETPa, €ro CKOPOCTH W HANpaBlieHHWS B
OKOJIO3€MHOM IPOCTPAHCTBE NPUOOPETAET CTPATErNUECKOe 3HAUEHHUE.

MoOXHO Takke CUMTaThb BIIOJIHE BEPOSATHBIM, YTO CHJbHBIE H
NPOTSXKEHHBIE BO BPEMEHM BO3MYLIEHHS B OKOJIO3EMHOM 3(dupe MoryT
CEepbe3HO TOBJIMATH Ha KIMMaTHYeCKWe OCOOCHHOCTH, HalpuMep, Ha Te,
KoTopble yke Habmomatorcs B 2002 r., xorma Oypu, yparaHbl W JIUBHU
oOpywunucy Ha EBporny 1 B To ke Bpems B MHauu, oxuaaBiueii oObIYHbIE
MYCOHHBIE JIMBHH, HACTyMuia 3acyxa. MOXHO Takxke TMpennoyiaraTb, 4To
nepeMarHuuuBaHue CJI0EB MOPoJl, 00HAapyKEHHOE Ie0IoraMu B psj pailoHOB,
SBJIETCS CIENCTBHEM He TepeMarHMYMBaHus Bcell 3eMiH, a JINIIb MECTHBIX
W3MEHEHWH, CBS3aHHBIX C TOJOOHBIMH JK€ BO3MYIIEHUSAMH 3(UPHBIX
TIOTOKOB.

11.8.ConpoTtuBienue 3¢pupa IBHKEHHIO HeGeCHBIX TeJ

OmHUM W3 OCHOBHBIX U  TPaJAWUHOHHBIX BO3pAKEHUN MPOTUB
CYIIECTBOBAaHUS 3(Hpa ABJISAETCS MPEANOI0KEHHE O TOM, YTO APUP NOIKEH
OKa3bIBaTh COMPOTHUBJICHUE JABWKEHHIO IIaHET, B PE3yJbTaTe Yero 3TO
JBWKEHUE TPeKpaTuTcs, U miaHeThl ymaayT Ha CosHie. B cBsA3u ¢ aTuM
NpeCTaBIISETCs MOJE3HBIM CIeNIaTh COOTBETCTBYIOIINE OLIEHKH.

Kak w3BectHo [58, c. 30], compoTuBieHWe, OKa3bIBaeMOe Cpeloi
JBIKYLIAMCS TeJlaM IapooOpa3Hoit GOPMBI, OTIPEAENAETCS BhIpaKEHHEM

F = Cup,SV, (11.22)

rae ¢ = f (R9; Re= vD/y —uaucno Peitnonbaca. J{ns a¢upa kuHemaruueckas
Bs3kocTh ¥ = 410° M? ¢,

CornacHo pacuery, nist Connua, Mepkypusi, Benepsl, 3emiin, Mapca, CarypHa,
Vpana, Henryna u TliyroHa Kak Ui OpOMTAIbHOTO, Tak M JUIS TAlAKTHYECKOTO
IBIKeHHi ko3 duument odosoro conporusienus cw = 0,1, mis FOnuTepa cw =

0,4 (ra6n. 11.1).
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Tabnuya 11.1

Heb6ecnoe M, xr S M2 V ran d, m Re- Cw

Teno Mm/c Re,

Connre 1.99-18° | 1,52.16° | 416 1,416 | 310 0,1

Mepkypuit | 3,24-168° | 1,79-16° | 4,816 | 4816 | 10 0,1
2,316

Benepa 4,86-16° | 1,2.10° 3510 | 1,216 | 2510 |01
4516

3emus 5,97-16* | 1,27-16* | 3.1d 1,310 | 2616 |01
3,816

Mapc 6,39-16° | 3,55-16° | 2,414 [6.816 | 1,416 | 0,1
1,6-16

FOrmTep 1,9-16" 154.16° | 1314 [ 1,418 | 2816 |04
1,8:10

Carypn 568-16° | 1,05.16° | 9616 [ 1,116 | 1318 |01
1,1-16

Vpan 8,73-.16° | 1,82.16° | 6,816 | 4,810 | 10 0,1
3,216

Herrryn 1,03.16° | 1,62:16° | 5416 | 4513 | 10 0,1
2,516

lnyton 5.1G* 1,27.16* | 4716 [ 1316 |2516 |01
6-16

Tabnuya 10.2

Hebecroe Fran, KU | Fopsy KU | Gram M€ 2 | ageM-c? | Avr 3a | AV, 32

TEJI0 roj roja

ConHie 1-107 - 5.10% - 45.10% | -

Mepkypuit | 1,3-16° | 1,6:18° | 3,8.10% | 5,8.10 | 3,2.10"°| 3,8-10™

Benepa 7,816° | 6,5-18° | 1,6-10° | 1,4.10% | 1,310 1,2.10%

3emus 9,0.16° | 5,2.18° | 1,5-108 | 8,5:10® | 1,2.10% | 8,5-10%

Mapc 2,416% | 3,8.18° | 3,8.10%° | 5,8.10% | 3.10"° | 7,8.10%

FOrmTep 3,8:10° | 4,8.16° | 1,9-10% | 2,6:10® | 1,6:10"°| 2,5-10%

Carypa 6-13* 4.101 1.7.10% | 8.10™ 8,5-10' | 2,5.10%

Vpan 7.8.16° | 3,8.18° | 1,5-10% | 4-10% 1,2:10%° | 2.10™

Herrryn 1,1:16% | 2,1.18° | 1,1-.10% | 2.107° 8-10™ | 1,2.10%

nyton 9.10? 1,2.16 | 1,8.20% | 2510 | 15107] 1,6:10%
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3amejieHre Tel COCTaBUT
a=-F/M, (11.23)
OTKY[Jla U3MEHEHUE CKOPOCTH 3a BpeMsi At coCTaBHT:

AV = g At. (11.24)

B T1abn. 11.1n 11.2 npuBeneHsl naHHble, paccunutaHHble Mt CoiHIA U
IUTSL OCHOBHBIX TTaHeT COJTHEYHOH CHCTEMBI.

Kak BuaHO w3 Tabinu, W3MEHEHHEe CKOPOCTH TUTAaHET 3a Tof
HE3HAUYMTENbHO AJIsl IAHHOIO 3Tana — rajakTHYecKoe M3MEHEHHE CKOPOCTH
cocraBmster mpumepro 107° rox™, opburambhoe 10M-10" rox™ ot
TeKyIIero 3HA4YeHWs, YTO, KOHEYHO, HeNb3s OOHapYXHUTb TNPSIMBIMU
u3MepeHusiMU. CriellyeT Tak)ke OTMETHTh, 4TO 3aMeUIEHIE CKOPOCTH JOJKHO
HOCHUTb 3KCIOHEHLMAJIbHBIA XapakTep, T.e. MPOLECC MOXKET MpPOJOJKaThCs
3HAYUTEJIBHO JOJIbLIE, YEM 3TO CIeAyeT U3 MpsMoii skcTpamnoisuun. Kpome
TOTO, HE CllefyeT 3a0bIBaTh, YTO MPW pacyerax YUTeH JIMIIb OAWH (akKTop
COTIPOTHBIICHMS, TIONTHAs ‘K€ KapTHHA MOXKET OKa3aTbCsl 3HAYUTENBHO
CIIO)XKHEE W MOXKET CII0COOCTBOBATH BBHISIBIEHWIO HE TONBKO (PakTopoB
3aMeUIeHNs ABWKEHUS HEOECHBIX Tell, HO M UX YCKOPEHUS.

11.9.KomertnI

Komers! (o1 rped. kometes 3Be3na ¢ XBOCTOM, OYKB. IUTMHHOBOJIOCHII) —
Tena COJTHEYHOM CHCTEMBI, UMEIOIE BUJ TYMaHHBIX 00bEKTOB, OOBIYHO CO
CBETJILIM CTYCTKOM — SIIPOM B LEHTpe W XBOCTOM. KolmuecTBo KoMeT B
ConHevHOI cucTeMe Ype3BbIUaifHO BETMKO U JOCTHUraeT COTEH MUJLUTHAPIOB.
OnHako HaOJFOAEHUSM JIOCTYMHO JIMIIb MAJO€ YUCIO KOMET, 3aXOSIINX
BHYTpb opouthl IOnmrepa. Kometsl HabmonaroTest Torna, Korma ee sapo —
HeOoNbIoe JIeAsHOe Telo — mpuonmkaetcs k COJHIY Ha paccTosHue,
MeHbIee 4—5 acTpOHOMUUECKUX eIWHMUIL, T.€. Ha paccTosHue mopsaka 600—
750muH kM. Torna oHO TiporpeBaetcs tydamu CoJHL@, ¥ U3 sapa HAYMHAIOT
BBIIEATHCS ra3 u Mblib. Tak cunTaroT yueHsle [59—-63].

B oTiinuue OT TMIaHET KOMETHI JABMKYTCS MO BBITSHYTHIM TPAEKTOPUAM,
noaxons OJu3Ko K 3emiie U OPYrvM TIaHeTaM, HO NalIbHSS 4acTh OpOUTHI —
apenuii — y MHOTMX KOMET BBIXOOUT paajeko 3a mpeneibl ColHeuHON
CHCTeMbI. A HEKOTOpbIe KOMEThI M BOBCE B Hee HE BO3BPALIAIOTCS.

K 1971 r. OGbLI0 BBIUMCIEHO OKOJIO 1 TBIC CHCTEM JJIEMEHTOB KOMET,
pe3yJibTaThl  BBIYKCIEHHI CBeleHbl B COOTBETCTBYIOIIWE KAaTallOTH.
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CylecTByIOT KOMETbl KOPOTKONEPUOIMYECKHUE C MEepUOAOM OOpalleHus
Bokpyr ComnHua menee 200 neT W ATMHHONEPUOAMYECKHE C OONBIINM
nepuonoM. KomeTsl, o0nanaromue runepOonuecKuMu opOUTaMu, yaansisach
or ConHua, HaBcerna mokugaloT CoONHEUHYIO CHCTEMY, YyXOIsS B
MEK3BE3JHOE MPOCTPAHCTRO.

KomMeTbl 49acTo CONMpOBOXKAAIOTCS METEOPHBIMM TOTOKaMH W JaKe
JIMBHSIMH, KOT/Ia Ha 3eMIIt0 OOpyLIMBAaeTCs LeJblii poil «magarouinx 3Be3/».
o 3emin, mpaBaa, OONETAIOT JWMIb HEMHOTHE, OHM TIOJMYYWIN Ha3BaHWE
005n10B, OONBIIMHCTBO K€ <GBE3I», a Ha CaMOM JieJie MaJleHbKMX YaCTHII,
CropaeT B BEPXHHUX CJIOSX aTMOC(epsl.

CoBpeMeHHble yuYeHble MpPEACTaBISAIOT KOMETbl B BHUIE TUIOTHOM
«TOJIOBBI» M Pa3peKEHHOTO ra3oBOro XBOCTa. Y OOJBIIMHCTBA KOMET B
cepelMHe TOJIOBBI HaOromaeTcs 3Be3ooOpazHoe Wiu Iuddy3Hoe spKoe
A1po, TpeAcTaBIsAonlee co00i CBeUeHUe LEHTpalbHOH, Hanbojee TIIOTHOM
30HBI Fa30B BOKPYT UCTHHHOTO Spa KOMETHI.

[To coBpeMeHHBIM MpEACTABIECHUSAM sIIpa KOMET COCTOSIT W3 BOJASHOTO
rasa ¢ MpUMecblo «TbIOB» napyrux raszoB (CO,, NH; um np.), a Takke
KaMEeHUCTHIX BellecTB. [IbUTMHKM YacTWYHO BBIAETSIOTCS W3 sAapa MpH
WCTIapeHNH JIbJIOB, YaCTHYHO OOpasyloTCs B €ro OKPeCTHOCTSIX TMpH
TocNeAyomei KoHAeHcay mapoB. ['a3 W TMbUTb CO3JAIOT BOKPYT siapa
TYMaHHYIO0 000JI04Ky — aTMoc(epy KOMETbl, MHOT/a Ha3bIBAEMYIO KOMOIA,
KOTOpast U COCTaBJIsIET BMECTE C SPOM T0JIOBY KOMETHI. ['010Ba KOMETHI U ee
XBOCTBI HE UMEIOT PE3KUX OYepTaHUH.

ATMocdepa KOMETbI HENpPEepbIBHO pacceMBaeTCsi B TMPOCTPAHCTBE W
CYIIECTBYET JIMLIb TOTAA, KOTAA MPOUCXOANUT BbIAEIEHUE Ta30B M TbUTH U3
anpa. [lox neficTBueM CBETOBOTO NABJIEHUS] M COJIHEYHOTO BETpa — MOTOKOB
yacTull, BblaenseMblX CONHIEM, ra3bl W TbIJIb YHOCATCS OT sAapa, oOpasys
XBOCTBHI KOMET.

CunTaercs, 4YTO Ta30BbIiI XBOCT TOSBISAETCS y KOMETHI, KOTJa OHa
npudmmkaetcs K ConHIy. ACTpOHOMBI IOJaraloT, 4TO CaM ra3 SBIAeTcs
Pe3yJIbTaTOM HCTIapeHus Tesla KOMETHI MO BO3/IEHICTBMEM COJTHEUHOTO CBETA.
ComnHeuHbI CBET OTTAJKHBAET BbIJENIEMble KOMETONH ra3 W 4acTHlbl, W
obpazyetcs «xBocT». [IpaBna, ObIBalOT KOMETBl M C ABYMsS <«XBOCTaMU»,
OIIVIH, HarmpaBJeHHbIil oT ConHUA, a BTopoil — k ConHILy, TO4Hee, Brepes 1Mo
HarpaBJIeHUIO ABMAKEHUsI KOMEThI. A ObIBaeT M OOJbIIEE YHCIO «XBOCTOBY,
W OHHU pa30dpocaHsl BeepoM, TyT yk CollHIE Kak OyaTO U HU PUUYEM.

HaGmoneHnst nokasajii, 4To KOMEThI ObICTPO TEPSIIOT BEIIECTBO U CaMble
CTOMKME W3 HUX JXKUBYT He Ooliee, 4YeM YCNEBalOT COBEPIIUTH HECKOJIBKO
TeIcT4  000poTOB BOKpyr CoyiHO@, 3TO BpeMs 4Ype3BbUAHHO Majio ¢
KocMOTOHMYecKoit Touky 3penns. Ho nx B CoiHeuHOI cucTeMe MUJLUTHapbI,
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acTPOHOMBI COOOLIAIOT IUPOKOH MyOJIMKE TOJNBKO O HEKOTOPBIX U3 HUX, TEX,
KOTOpBbIE MOTYT ObITh HaOJIFOa€Mbl HEBOOPYKEHHBIM TJIa30M.

B cBs131 cO BCeM M3710:KEHHBIM BO3HHUKAIOT CJIEAYFOLIHE BOIIPOCHI:

1. KakoBo TIponCXOKICHIE KOMET?

2. ToueMy KOMETHI UMEIOT BBITSIHYTbIE OPOUTHI, PE3KO OTIMYAIOIINECS OT
OpOUT TIaHeT, KaKk MOTJIN COPMHUPOBATHLCS TaKHE OPOUTHI ?

3. [lpoxoasaT J1 KOMETHl B CBOEM CYIIECTBOBAHWH KaKWe-THOO CTaanu
SBOJTIOLUN?

4. Yem OOBSACHUTH, YTO Ha MECTe KOMET BCKOpe OOHapyKWBalOTCS
TpYIITBl METEOPUTOB?

MoryT ObITb 3a/1aHbl U IPyTHe BOTIPOCHI.

CoBpeMeHHasi HayKa BBbIIBUHYyJa [BE THUIOTE3bl O MPOUCXOXKICHUN
koMeT. CornacHo mMepBOif M3 HHX, BBIIBUHYTOW COBETCKMM acTPOHOMOM
C.K.BcexcBATCKMM,  KOMETBI  SIBJISIFOTCSL  pe3yJbTaTaMUd  MOLIHBIX
BYJKaHWMYECKNX M3BEP)KEHWI Ha OONBINMX TUIaHeTaX W WX CHyTHHKax. [To
BTOpOi TWIOTe3€, BBIABMHYTON TOJJIAHACKAM acTpoHoMoM S1.0opToM,
KOMETBHl TIPUXOAST W3 TUTAHTCKOTO KOMETHOTO 00Jaka, OKpY’Karolero
CostHeUHyI0 cUCTEMY. DTO 00Jako MPOCTHPAETCS Ha OTPOMHBIE PACCTOSIHUS
— 10 150 TeIC. acTPOHOMUYECKHUX €IMHUI] U 00pa30BaIOCh TOT/IA )K€, KOTaa 1
Bce TwiaHeTsl. TyT, TpaBjia, CTAHOBUTCS HETOHSATHBIM CYIIECTBOBAHME
KOpPOTKOTIEpUOANYECKNX KOMeT, oOpamarmomuxcs BHyTpH ConHeuHol
cucteMbl B mpepesnax op6utsl Onutepa. Ho 310 chuceiBaeTcss Ha
BO3Myllamomee Jeiicteue IuaHeT. OpHako TmepBas Trumoresa He
MIOATBEPKICHA CTaTHCTHKOM, a BTOpAs He MOATBEPXKICHA
aCTPOHOMMYECKUMHM HaOJIFOACHUSIMU.

C nozuumii >pUpoaVHAMMKM MOXKeT ObIThb BbICKa3aHa THIOTE3a O
MPOVCXOKAEHNH, CTPOGHWHM W DHBOJNIOUMHM KOMET, OTJIMYalomascs oOT
BBILIETIPUBEICHHBIX.

Kak Obuto mokasaHo BbIlIE, BCe HeOECHbIE Tela IMOTJIOUWIAIOT PUp U3
OKpY’KalOIIEro TMpPOCTPAaHCTBA, KOTOPBI BXOAWT B HHUX B CpEeIHEM CO
CKOPOCTBIO, paBHOM BTOPOI KocMuuecKkoi, st 3emiin oHa paBHa 11,18km/c.
3a cyeT norjomeHus 3¢upa Bce HeOECHbIE Tesla HapalluBalOT CBOIO Maccy U
pacmmpsitotes. lornomenne a¢upa pacnpenensieTcst Mo MOBEPXHOCTH Tell
HEpaBHOMEPHO, TaK KaK pa3Hble YYacTKHM TOBEPXHOCTH I[UJIaHET MH3-3a
HaJM4Msg ~ PasHbIX  MOpPOA  WMEIT  pa3sHoe  3(HUPOANHAMUYECKOE
COMNPOTHUBJICHHE, TIO3TOMY HAKOIUIeHWe 3(upa B MIyOMHE Teaa MPOUCXOAUT
HepaBHOMepHO. YacTWYHO HaKOIUIEHHBIH 3¢up mnepepadaTbiBaeTcs B
BEIIECTBO, @ YacTh €ro HaKaluIMBaeTCsl B TIIyOWHHBIX CJIOSIX, CO37aBas B
HEKOTOPHIX MecTaX W30BITOYHOE MAaBJleHHWe, YAEpKMBaeMOe TMOPOAaMH,
VAMEIONIMMH  BBICOKOE  3(QHUPOANHAMUYECKOE COTPOTHBIICHWE, TaKNUMU
TOPOAAMH SBJISIOTCS JTIOObIE TOKOTIPOBOISIIIE TIOPOIBI.
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HaxoruieHue naBieHust 3(upa He MOKeT NpoJosKaThcsa 6eckoHeuHO. OH
HayMHAeT JMOO TMpocayuBaThCid HApPyXKy, 3aBUXPSAChH W co3JaBas Tak
Ha3bIBa€Mble T'€OMATOTeHHbIE 30HbI, JMOO, €cli HakoIuleHWe 3¢upa HAeT
ObIcTpee, YeM paccacsiBaHWe, yaep:KuBarolye 3(up mopoas! MPpOpbIBAIOTCS,
7 Torma CTpys 3¢upa BBIXOAWT HapyXy MO TOpOJaM, KOTOpPbIE HMEIOT
BBICOKYIO JAMAIIEKTPUYECKYIO TPOHWLAEMOCTh W W3-3a 3TOTO SBISIOTCS
3¢HpONpPoOBOIAMH, T.€. KaHAJIAMH, UMEIOLUIMMHU Majioe 3(UpOIMHAMHIECKOe
conpoTtuBiieHHe. TakuMu TIOpoIamMH SBJIAIOTCS JOObIE HE TOPUCTBIE
W30JISITOPHI.

ITocne Toro kak cTpys 3¢upa M3 W30JATOpPa BHIPHIBAETCS HApyXy, OHa
CTalKMBAETCA C MYyCTBIM MPOCTPAHCTBOM, B KOTOPOM JAMAJIEKTpUUECKas
MPOHUIIAEMOCTb paBHA €AMHULE, W 3(PHUPOANHAMUUYECKOE COMPOTHUBIICHHE
JUISL CTPYW pPe3KO BoO3pacTaeT. DTOro JOCTaTOYHO AJsl TOTO, 4TOOBI CTpYs
cTala CHayaja pacIIUpATHCSA, a 3aTeM CBOPAauyMBAaTHCS B TOPOWUJ, €ro Kpas
KacaroTCsl TIOBEPXHOCTH 3eMJIH, TIOPOIbI KOTOPOil MMEIOT TUAIEKTPUIECKYIO
TIPOHMIIAEMOCTD BBIIIE, YeM CBOOOTHOTO MPOCTPAHCTBA. DTO CIOCOOCTBYET
3aBepuIeHno GopMUpoBaHKs 3GUPHOTO TOPOWAA, B COCTAB KOTOPOTO TeTeph
YK€ BKJIIOUMIINCh TIOBEPXHOCTHBIE TIOPOIBI.

D¢upHbIl Topoua — cuctemMa ycToilumBas M SHeproemkas. ['pamneHTs
3(QUPHBIX TOTOKOB BHYTPH TOPOWIA CO3/AIOT CWIIbI, NOCTATOYHBIE IS
OTpblBa W YJAEpXaHWs B HEM OTOPBAHHOTO OT TOBEPXHOCTH  3eMiln
BeniecTBa. Cam ke 3(UPHBINA TOPOK, KaK U BCAKUIA ra30BbIil TOPOUIANBHBIN
BUXpPb, BHEIIHE! MOBEPXHOCTBHIO OTTAJKHBAeTCA OT OKpyXaroulel cperpl u
nepeMeInaeTcsi B IMPOCTPAHCTBE B HAMpaBJIeHWH, B KOTOPOM JABMXKYTCS
MOTOKM 3(Hpa B €ro LEHTpe, T.e. B TOM >€ HaNpaBJIEeHUH, B KOTOPOM
nepememaics 3¢up B cTpye, oOpa3zoBaBiueil Topoun. Takum obOpazom,
BHIpBAaBIIAsACA W3 HeOp TIUlaHeTel 3¢QUpHas CcTpysd oOpasyeT Ha ee
TIOBEPXHOCTH TOPOWIANbHBIM BHUXPb, KOTOPBHI 3axBaTUT B CBOE TeJO
HaXOJSIIyIOCs B HEM TIOpOXNY, 4acTh TpPOHECeT uepe3 BepxX Topowna W
pacchIIIeT 10 OKPYKHOCTH B BHAE KOJIBLEBOTO Bajia, HEOONBIIYIO YacThb
coOepeT B LEHTP B BUJE TOPKH, a BCe OCTAJIBbHOE YTAIWT ¢ co0oil (puc.
11.18, a@). [anee Bce OynerT 3aBUCETh OT TOTO, KaKOW CWIIBI M KaKoi
MOILHOCTH OblJ1a UCXoHast cTpys 3dupa.

Ecnn MomHOCTh Oblla OTHOCUTENBHO HEBENMKA, TO TOPOMA TMOcie
¢dopmupoBanust (puc. 11.18, 6) ObicTpo TOTEpsieT YCTOWYMBOCTH. Toraa
NPOM30HAET B3pHIB C pa3dpocoM HaOpaHHOTO BellecTBa U d(MUPHBIX CTPYH.
I'panuieHTbl 3(QUPHBIX TMOTOKOB CO3JaNyT CWJIBI, KOTOpbIE MPOU3BELYT
pa3pylieHus, IpudeM TM0 OCH CTpYH CHIibl OyIyT HampaBlieHbl B CTOPOHY
nepeMenieHns 3Qupa, a OKOIo CTPYH HANpaBIEHHOCTb CHJI OYAET K CTPYSIM.
Cuntel MOTYT OBITH OYeHb OOJNBIIMMH, NOCTATOYHBIMHU Ul pa3pylleHHs
MOpPOJ, 3AaHMUH, JIECOB.



540

Ecn MOLIHOCTH HMCXOIHOM CTpyM OoJbIllas, TO TOPOUA BMECTe C
BEIIECTBOM YMYHTCS B KOCMUYECKOE TMPOCTPAHCTBO, U B KOCMOCE TMOSBUTCS
HoBas komerta. OOnanasi, Kak U BCAKWU ra3oBblli BUXPb, CAMOJBIKEHUEM,
TOPOMAANBHBINA BUXPb 3(Upa, OTTAIKUBAACH OT OKpyXkawlero 3dupa,
MOCTETNIEHHO HapacTUT CKOPOCTh U OPOMTATIBHBI MOMEHT, MIEpPeXoIsl Ha Bce
Ooiee BBITSHYTYIO OpOWTY IO TeX IOp, TOKa €ro JHeprus He OyaeT
ncyepnana (puc. 11.18.).

OIHOBPEMEHHO TOPOHMAANBHBIN BUXpb OymeT (opMHpOBaThCsS B
obOpaszoBanme Thma TPyOBI, 3aMKHYTO# Ha ce0s. CoOpaHHOE WM BEIIECTBO
OylIeT COCpEelOTOYEeHO B CTEHKaX 3TOM TpyObl, Tak Kak MMEHHO B HHUX
MaKkcuMalleH TpagueHT TOPOWIAJbHOW CKOPOCTH, ClieqoBaTelbHO, BCE
BEIIECTBO OyJET 3acachiBaThCs B 3TH CTEHKH. [lorpaHu4HbIN cioll adupa Ha
MOBEPXHOCTH TPYOBI He nacT pasOpachiBaTbes HU 3(UPY, HU 3aXBaYCHHOMY
BemlecTBy. OfHAKO O TeX TOp, Moka 3(DUPHBIN BUXph HE HAYHET TepsTh
CBOIO JHepruto 3a cueT Audy3un W 3a cueT NpeoOpa3oBaHUs SHEPTHU
BpAllleH!s] B SHEPTHIO TIOCTYATETIBHOTO JBHKCHHSI.

JlanbHelias 3BOJFOLMS KOMETHI CBA3aHa ¢ MoTepeil sHeprun 3pUpHBIM
BUXpEeM 3a CYeT BI3KOCTH ddupa W TpeoOpa3oBaHUs €ro JIHEPruu
TOPOMAATHLHOTO BPAIICHUS B DHEPTHIO MOCTYMATEILHOTO IBIKEHHS KOMETHI,
¢ cybmuMalnmeli 3aXBaueHHOTO KOMETOM BelllecTBA M C PAAOM APYTUX
(akTOpOB, TOJHBIM YYeT KOTOPHIX TpeOyeT OTHEeNbHBIX HCCIieT0BaHHIA.
OnHaKo ¥ 37IeCh MOKHO BBICKA3aTh HECKOJIBKO MPEITOIOKEHHIA.

3axBaueHHOE TOPOMIAIbHBIM BUXPEM BEIECTBO MOJABEPraeTcs pa3Moiy
BHYTPU BHXpS, TaK Kak B HEM HUMEIOTCS TPaJMeHTHbIE TOTOKH 3(upa u
BO3HMKAIOT OOJBLINME CHIIbI, Pa3phIBAIOLINE BEIECTBO. DTH CUJIbI MOTYT OBbITh
CTOJIb BEJIMKH, YTO Pa3pbiB BEUIECTBA MOXET MPOMCXOIUTh HE TOJLKO Ha
MOJICKYJIIPHOM WJIM aTOMHOM, HO W Ha siHepHOM ypoBHe. [103ToMy BHYTpH
3(HUPHOTO TOpOMIA MOXET  HPOUCXOONTh TPAHCMYTAlUS BEUIECTB WU
3JIEMEHTOB, BEpPOSATHO, O3THUM ¥ OOBACHAETCS DJIEMEHTHBbI COCTaB
METEOPUTOB, B KOTOPBIX TOBBIIIEHHOE COJEepIKaHWe kelle3a 00YCIOBICHO
HanbOoliee BHICOKMM 3HAaUCHUEM JHEPrHU CBA3el HyKIIOHOB B aTOMHOM SIpe
xeneza (at. Bec 56 = 14 anbda-yacTuil) Mo CpaBHEHUIO C SAPAMHU IPYTUX
JJIEMEHTOB, HaxXOMSIIMXCS CJieBa W CMpaBa OT HEro B MEPUOANYECKOMN
Tabnuue, a Takxke NoBbllIeHHOe conepxkanue SiO, (at. Bec 28 + X16 = 7 +
2x4 anbda-uactunpl) 1 MgO (at. Bec 24 + 16 = 6 + danbda-yacTuiibl).
Hanuuue npyrux 31eMEeHTOB — allOMUHUS, KaJbLHs, KUCIOpPOJa, KPEeMHUs,
MarHuis, HHUKeIS U Ccepbl OOBACHAETCS TaKKe OTHOCHUTENIHbHO BBICOKOMN
yIeNbHOW dHepruell CBs3M HYKJIOHOB B YETHBIX S/ApaxX, XOTS M HECKOJBKO
MeHbIIel, 4eM y jkene3a. [Ipu 3TOM He ¥WMeeT 3HAuYCHUs, KaKOW cOCTaB
3JIEeMEHTOB ObLT 3aXBa4e€H KOMETOM B MOMEHT €€ POXKICHHUSI.
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Ecnam 4acTb 3Heprum BpalCHUs BUXPs TOTEpsiHA, TO W TOTPaHUYHBIHA
CIIOl Ha TMOBEPXHOCTH BHUXPS OCTa0eBaeT, MU OH HAaYMHAET MPOIYCKaTh
HaKOIUICHHOE BellecTBO. [IpM 3TOM yacTb MEPEMOJIOTOTO TbIIe0Opa3HOro
BEIECTBa OTOPACHIBACTCSl BUXPEM Has3al, U Y KOMETBI 00pa3yeTcsi «XBOCT»,
KOTOPBIIf CTaHET BUJCH, Korna koMeTa Oynet npudmmkatbes k ConHity (puc.
11.18,2). Ecnu ke moTepy SHEPTHU €llIe YBEIMJaTCs, TO MOTPaHUYHBIN CION
¥ B LEHTPAIbHOW YacTH TOPOMIA Pa3MOETCS W TepecTaHeT yIepKUBaTh
BemecTBo. Torma 4acTh pa3MOJIOTOTO BeIeCTBa Ha OOJBIION CKOPOCTH
BBIOpAchIBAaETCS BIEPEd, U Y KOMETBbI 00pa3yeTcs NOMONHHUTENBHO K 3aIHEMY
elle ¥ nepeaHuii «xsoct» (puc. 11.18,0). A ecnu motepu 3HEPrUU CTAHYT
eme Ooyblle, TO BEIIECTBO HayHET pa3bpachiBaThCS BO BCE CTOPOHBI (pHC.
11.18,¢). DT0 3HAUYUT, YTO KOMETA OJIM3KA K THOEITH.

823
(]
°° 9'

a) 6) )

Puc. 11.18.06pa3oBaHue KOMETBI: a) HavalbLHBIA 3Tarl; 6) (opMUpPOBAHKE )
BBIXOJl KOMETHI B KOCMOC; 2) 00pa3s0BaHHE 3aJHEr0 <«XBOCTa»; 0) 00pa3soBaHUE
MEPETHEr0 «XBOCTa»; ¢) pa3dpoC BEHIECTBA; J#) METEOPHBIA MOTOK, OCTABIIMACS
MOCJIe KOMEThI

IMockonbKy TpH TOTEpe 3HEPrHMM BHUXPEM CKOPOCTb BpAILECHUS €ro
3ameuIseTcs, TO KpyIHble 00pa3oBaHMs BellecTBa — Oydylre MEeTEeOpHTHI,
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3axBayeHHblE BHYTPEHHEH 4YacThiO BUXpA, cOoOepyTCsi BMecTe, Kak 3TO
MPOUCXOJUT € YaWHKaMU TMOcjie TOMeWMBaHus 4ass B crakaHe. Ilocie
TIOJTHOTO paccachlBaHUs A(UPHOro BUXPS HA MECTe KOMEThbl OKaXeTCs BCEro
JWIIb PO METEeOpWTOB, KOTOPBIN OOJbIIe HE HapallMBaeT OpPOUTAIBHOTO
MOMEHTa, HE TPOW3BOIUT HHUKAKWX TPAHCMyTauuWii, a TMpPOCTO JETUT MO
WHEpUMH 1o Toit ke opOute. A Komera norn6aa. OgHAKO MOCKONIBKY pacman
KOMETBI €CTh MPOLECC MOCTENEHHbII, METEOPHBIN MOTOK U €r0 POAUTENIbCKAs
KOMeTa MOTYT B TeUeHHe JI0JITOr0 BPeMeHH cocyliecTBoBaTh (puc. 11.186,

BelecTBo, HAKOMIEHHOE KOMETOM, CTAHOBUTCS POEM METEOpPUTOB. Tak
MeTeOopHHbIi moTok JleoHun, exeroqHo BUAMMBIN 15 Hos6ps, B 1866 T. ObLI
OTOXJIECTBJIEH C OpOUTOI cilaboif KoMeThl, KoTopas Bckope ucuesna. [To3xe
BOCEMb METEOPHbIX MMOTOKOB — Jlupuosl, AxBapunsl, Ilepceunmsl,
Jixakoounuasl, Opuonuasl, Taypuasl, Jleonuas!, bBuanuasl, nosBistoniecs
©Kero/IHO, ObLITM YBEPEHHO OTOXKIECTBICHBI ¢ KoMeTamu [46, c. 285-292].

[pencraBisercs, 4To MoJ0OHas BepcHs MMEeT MPaBoO Ha CYIIECTBOBAHME.
Ha ¢ororpadusx kometsl XusKyTaku, OJTy9IeHHBIX B ['TaBHO Poccuiickoit
obcepBaropnn Akanemun Hayk nayunsiMu cotpyanukamu W.C.I'yceBoit n
H.A.CokonoBeiM B Tiepuoa ¢ 14 mo 21 mapra 1996r. (cM. ra3. «AHOMaus»
Ne 11 (119), 1996,c. 5), oTueTNIMBO MPOCMATPUBAETCS TOPOUAANbHAS
cTpykTypa kometsl (puc. 11.19,a). Tam e npuBeneHsl Gotorpaduu KOMeT,
HaxOAALIMXCS Ha pa3HbIX cTagusx pa3utus (puc. 11.19,6-0).

O¢upHbIe TOPOUABI POXKIAIOTCS MIaHETaMH, MO-BUIUMOMY, TOCTaTOYHO
4acTo, HO Ha 3emJle yalle 3TO NPOMCXOAMT B OKeaHe, 4YeM Ha cylue. Bo-
MepBbIX, IOBEPXHOCTh OKEAHOB B JIBA pa3a Oo0JIbILE, YEM NMOBEPXHOCTh CYIIH.
Bo-BTOpBIX, THO OKEaHOB TOHBIIIE, & TUAJIEKTPUUECKasi MPOHULAEMOCTb BOJIbI
BBICOKA, TaK YTO YCIOBUS W IUISl TIPOXOXKAEHWA >QUPHBIX CTpyH, W s
00pa3oBaHNs BUXPEBBIX TOPOMIOB 31eCh Jiydine. FIMetoTcst MHOTOunCIIeHHbIE
CBHIETENILCTBA MOPSKOB O TOM, KaKk M3 BOJbI BBIPBIBAIOTCA U YXOJSAT BBEPX
Hekne HJIO ceporo mBeta u OioaeoopasHoit popmer. He Oyaymue i 310
komeTsl? M He moOTOMYy M simpa OOJBIIMHCTBA KOMET, C KOTOPBIMHA
BCTpeyaeTcst 3eMJIsl, COCTOAT u30 Jbaa? Ho ecTb cBUAETENbCTBA U APYroro
poza, Korzia Moj BoAoH Ha OoybIION TTyOWHE BUIHBI KPYMHbIE 3aMKHYTbIE
BUXpeBble 00pazoBaHus. MokeT ObITb, 3TO TOXKE TOPOUIbI, HO y HHUX He
XBaTUJIO S3HEPTUH JUT AalbHEHIIero nepeABMAKeHMs, 1 OHU 3aCTPsUIN B BOjie?

Ha cyme nomo6Heie cmydyan Toxxke ObiBanu. [TonoOHBIX 0OpazoBaHMii Ha
3emiie MHorue neciaTku. Ha CeBepe nMeeTcss MHOXKECTBO KpYTJbIX 03€p, B
KOTOpBle He BMamaroT pekd. B ropome CacoBo Pszanckoit obmactm 12
anpenst 1991 r. Houblo oOpa3zoBajack BOpPOHKAa IWaMeTpoM B 28 M n
riy6ouHoit okosno 4 M. [Ipu 3tom ncuesno 1800 T mopofpl, a B OKpECTHBIX
JoMax ObUTH BbIJABJICHBI HAPYKY OKHA M 1BepH [64] (puc. 11.20).
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6)

8) 2) 0)

Puc. 11.19.®otorpadpumn komet: a — koMera Xuskyraku, 1996r., oTUeTIMBO
BUIHA TOpOMAaNbHas CTpykTypa, 6 — komera Wkes—Cexu, 1965 r., y KomeTsl
BEPETECHOOOPA3HBIN 3aMHUM <«XBOCT»; 6 — koMera Ukes, 1963 ., 3anHuil «XBOCT»
0aCIIMPEH U pacIlericH; ¢ — komeTa ApeHna—Ponana, 1957F., y KOMEThI MOSBUICS
MEepeHUI OCTPBIN «XBOCT»; 0 — komeTa Mapkoca, 1957r., BelecTBo paccenBaercs,
KoMeTa OJiu3Kka K rudenu
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Puc. 11.20.CtpykTrypa CacoBckoii BOpOHKH

CBUIETENBCTBOM TOMY SIBJISETCA Takxke, Hampumep, Ilyuex-KaTyHckas
acTpoOiiema, obpa3oBaBiuasicss mopsaka 175 miH jietr ToMy Hazal, oOmIui
omaMeTp Kotopoit cocraBiser 80 kM, B KOTOpPOH, MO [aHHBIM
TPaBUMETPHYECKUX CHEMOK M CeHCMHYECKOTO TMpOQUINpOBaHWS, UMEeTCs
KOJIBIIEBOM k€00, mMeronnii BHemHUM auameTtp 40—42kM u TIyOWHY 10
1,6 kM B BOCTOUHOM cekTope U 10 1,9 kM — B 3amagHoM. B HeM cymecTByeT
LEeHTpalbHOe TOIHATHE, W3BECTHOE TOJA Ha3BaHWeM «BopoTunoBckuit
BBICTYTI», KOTOpO€ MMeeT AuaMeTp B cBo0oBOi YacTu 8—10kM, B OCHOBaHUU
12—14 xM ¥ BO3BBIIIAETCA HAJ IHOM KOJbLEBOro »keioba Ha 1,6—1,9kMm,

pUYeM KpYTH3HA CKIOHOB B €ro OCHOBAaHWM OLeHMBaetcs B 35 —40 .
BepmmnHHas 4acTh MOAHATHS MPENCTABIAET COOOM MIIOCKUI KOJIBLEBON CBOI
¢ nepenagoM BbicOT 10 200 M, B LieHTpe KOTOPOro €CTh BIaAKMHA pa3MepoM
3x5 kM u riy6uHoM 1o 525m [65] (puc. 11.21).

A 9TO )X MOKHO cKa3aTh o JIyHe, Ha TOBEpXHOCTH KOTOPOH CYIIECTBYIOT
COTHHM <«acTpoOyieM», WMEIOIINX JUaMeTp MHOTMe [EeCATKH W COTHHU
KWJIOMEeTpoB? Bce OHM MMEIOT KOJbLEBbIE Bajbl, YaCTUYHO pa3pyLICHHbIE
BCJIeACTBME OOJNBIIMX TepenanoB TeMIeparyp (amem +110T, HoublO
—1207C), y ne menee 10% 13 HUX cOXpaHWIACh LIEHTpaibHas Topka (puc.
11.22).

[MonoGHoe siBieHue Ha JlyHe B paifoHe kpatepa Anb(hoHC, ITMBIIEEC
BCETo OKOJIO 3-X MHUHYT HaOmoznan B HosOpe 1958 r. n3BecTHbIN acTpoHOM
H.A.Ko3blpeB, KOTOpoe OH YBEpPEHHO OTHEC K BYJIKaHHYECKOMY
W3BEP)KEHUI0, HO KOTOPOE He MOTJIO OBITH TAKOBBIM XOTSl ObI B CHITy CBOEi
KpaTkoBpeMeHHOCTH. [1o00HbIe SBIEHNWS HEOMHOKPATHO HAOOAANINCH HA
Mapce B BHIe spuyaiilleli BCTBIIIKM ATOMHO-BOJOPOAHOTO YPOBHS
CBETUMOCTH C paclIMpeHHeM CBETOBOTO TSITHA N0 HECKOJBKMX JIECSITKOB
KWJIOMETPOB B T€UEHHE HECKOJIbKMX CEKYHI.
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Puc. 11.21. Peaved mnoBepxHoctu uctuHHoro ana  Ilyuyemx-KaTtyHckoii
UMNAKTHOM CTPYKTYPBI. a — acTpoOJeMbl B LIEJIOM; 6 — IIEHTPAJILHOTO MOJHSATHS; 6
— CBOAA LEHTPATLHOTO TMOXHSATHS BBIIIE W3OTHIICH

0,5 kM. CoorHomenne
BEPTUKAILHOTO U TOPU3OHTAILHOTO MaciTabos 1:3.



Puc. 11.22.TlosepxHocts JlyHnl B nepBoit 4eTBepTH (10 PUCYHKY YEIICKOTO
acrporoma M.Kuernerursr)
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He uckimoveno, yto 3HaMeHUThIN «TyHrycckuit meteoput» 1908r. BoBce
He OblJ METEOpPUTOM: Belb HUKAKMX CIIEIOB CAMOr0 METEOpHUTa Tak U He
HallIM, a BbIBAJ Jieca U penbed OKpyKatolleli MeCTHOCTH HAarOMHHAeT Mo
cBoeli hopMe acTpoOiieMy, MOXKET ObITh, M HE TaKyIO OOJBINYFO, Kak [Tydexk-
Karynckasi, Ho Bce ke... M mpowmsomuio Bce 3TO HEMOCPEACTBEHHO Hal
0OHapyKEHHBIM TI03)KE€ TEOJOTUUECKIM Pa3JIOMOM.

Ecnu ydecTs, 4TO Ha Bcell MOBEPXHOCTH CYIIN 3eMIIM UMEETCsS BCETO
Jums okoyio 150 6ombmux acTpobiieM, M eClIA TPEATOIOKUTh, UTO BCE OHU
AMEIOT BO3pacT MeHbInui, yem [lyuex-KaryHckass, To momywaercsi, 4To
Kakass KpymHas actpoOiieMa MOosBIseTcs He yalle, 4eM 1 pa3 B MHJIIMOH
ner. Ho menkue actpobrnembl Tuna CacoBCKOW MOSBISAIOTCS 3HAYUTENBLHO
yaime.

Takum oOpazoMm, BbICKa3aHHass >(QUpPOOMHAMUYECKas TUIOTe3a O
CYILIHOCTH, MMPOUCXOKACHUN U 3BOJIIOLUH KOMET MPEACTABIAETCS BEPOSTHOM.

11.10. Pa3pemenne KOCMOJOTHYECKHX TMapajoKCcOB B
3¢pupoanHaMuKe

[Ipy 1NOCTpOEHMM KOCMOJIOTMYECKHMX TEOpPUl M MoAened Bcerga
BO3HHMKAeT BOMPOC O Pa3peliMMOCTH TaK Ha3bIBa€MbIX KOCMOJIOTMYECKUX
MapajiokcoB  —  3aTpyAHEHWH, TPOTUBOPEYMH, BO3HHWKAIOMINX  MpPHU
pacnpocTpaHeHNH 3aKOHOB (pr3nKM Ha BceneHHyto B 1Ie10M WIIH I0CTaTOYHO
Oonpime ee obiactu. Tak mpw pacmpocTpaneHun Ha Bcenennyio Broporo
Hayana TEePMOAMHAMHMKMA B MPOLUIOM JeNaics BbIBOA O HEM30EKHOCTH
TEIIOBOM CMepTH; BO3pacT MeTaralakTMKd B TEOPUHM HECTalOHApHOM
Bcenennoit g0 50x romoe XX B. oka3biBajJcid MeHblIe Bo3pacTa 3eMiiu.
OpHako OOBIYHO MOJA KOCMOJIOTMYECKMMM TapafoKcaMu TMOHMMAlT TpH
KOHKPETHBIX Tapafiokca, BOSHUKAIOIIMX MPU KOCMOJIOTMYeCKOM NMPUMEHEHUN
3aKOHOB KJIacCHMUYeCKO# (HbIOTOHOBCKOM) (hPM3MKH: TepMoauHamMudeckuit [66,
67], <¢oromerpuueckuii Ille3o—OnbOepca, Ha3BaHHBIM MO0  HUMEHHU
uiBeiiiiapckoro actporoma Ille3o (1744)u nemenkoro actponoma Onbbepca
(1826) [68] u rpaBuraimonnbiii Heiimana—3enurepa [70], Ha3BaHHBIN 1O
MMEHaM HEMENKHX YYeHBIX. DTH MapagoKChl CYUTAIOTCS TMPEOJO0JEHHBIMU
PETSITUBUCTCKONW KOCMOJIOTHEH, OIHAKO camMa PeJsITUBHUCTCKasi KOCMOJIOTHS
BCTyMaeT B MPOTUBOpPEYME C MPEACTABICHUSIMHU O MPOCTPAHCTBE M BPEMEHH
Kak o0mMX pr3nyecKnX NHBapUaHTaX.

PaccmoTpuMm  paspelueHne MEpPeYMCICHHBIX MapaJoOKCOB C MO3ULMIA
3(UpOANHAMUKH.

Tepmoounamuueckuii napadoxc. TepMOIMHAMUYECKHA Mapamgokc
Knaysuyca (1865) 661 copMynupoBaH WM Ha OCHOBe BToporo Havaia
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TepMoauHaMuku [66]. CormacHo Btopomy Hauany mobas ¢usndeckas
cucTemMa, He OOMeHHMBaloIlascs ¢ OPYTMMHM  CHCTeMaMH SHeprueil (mis
BcenenHoii B 1enoM Takod oOMEH, BHIMMO, HCKIIOYEH), CTPEMHUTCS K
HanOoJee BEpOSITHOMY PaBHOBECHOMY COCTOSTHUIO ¢ MAaKCHMYMOM 3HTPOITHUH.
[TosToMy Bce BuIBI 3Hepruv BO BceneHHO#, B KOHIE KOHIOB, NOJKHBI
nepeiiTh B 3HEPrHI0 TEIUIOBOTO [BIDKEHMS, KOTOpas paBHOMEpPHO
pacnpezienuTcs To BelecTBy BceneHHol, mociie dero B Heil mpekpatsTces Bce
MaKpOCKOTIMYECKHE IpoIecchl. B OCHOBE NaHHOTO pacCYKIEHUS JIeHKHT
TIPEATIONI0KEHNE O TOM, UTO HIKAaKOe JBIKEHNE HE MOXKET CaMOTIPOM3BOJIEHO
00paTUTbCA BCIMSATh. DTO BEPHO, HO JIMIIb B OTHOLIEHUH Ka)KAOH OTAENbHON
(hopMBI IBMKEHUS MaTepUH, JIOKAJIM30BAHHOW B OJTHOW Kakoi-nbo obiactu
MPOCTPaHCTBA.

BonbiMaHoM Oblla  BbICKa3aHa THIOTE3a O ToM, uTo BceneHHas
HAaXOAMTCS B COCTOSIHUM TEPMOANHAMUYECKOTO PaBHOBECHS], HO TIO 3aKOHaM
Cllydasi TO B OTHOM MECTe, TO B IPYTrOM HHOTJA MPOMCXOMAAT OTKIOHEHUS OT
3TOTO COCTOSIHUSI. DTH OTKJIOHEHHS TeM peke, YeM OOJbIIyro 00JlacTh OHU
3aXBaTbIBAIOT, TeM 0OJIbIIE CaMU OTKIOHEHHUS [67].

[TogoOHast mombITKa 0OBsICHEHH OTCYTCTBUSI «TermoBoit cmepTH» BO
BcenenHoit He MOXeT OBITh NMpHU3HAHA YIOBJIETBOPHUTENHHOW MO MHOTHM
MPUYMHAM, B YAaCTHOCTH, W TOTOMY, YTO CaMO TOHSATHE CIy4aifHOCTH €CTb
BCEro JIMIIb HEMO3HaHHAs 3aKOHOMEPHOCTb, @ HE MPHUHLMI YCTpOMCTBa
npupoasl. Bcesikoe OTKIOHEHHE OT PaBHOBECHOTO MOJOXKEHHS JOJKHO
HOCUTb TNPWYMHHBIA XapakTep W WMETb CBOW BHYTPEHHUI MEXaHU3M.
CnenoBatenbHO, MpeAsiokeHHOe BoablIMaHOM pelIeHHe €CTh BCEro JIMIb
TOMbITKA OTOJABUHYTh OOBSCHEHHWE Ha JAPYroil ypoBeHb OpraHuM3aLuu
MaTepuu.

PensituBucTckoe  0oObsicHeHWE  OTCYTCTBUS — «[emyioBoil  cMepTH»
OazupyeTcss Ha TPUHLMNAX  HeCcTauMoHapHOCTH  BcemeHHoif, d4To
MoJpa3yMeBaeT Ha’ajo ee CO3/laHWsi, M He MOXeT OBITh NPHU3HAHO
YIOBIIETBOPHUTENBHBIM.

O¢duponnHaMuKa ~ TOOXOAWT K  paccMaTpuBaeMoil  mpoOieme
NPUHLMIHAIBLHO WHaYe, U 00bsicHeHHe oTcyTcTBUs «TemnoBoil cmepTu» BO
BceneHHOl Ha OCHOBE €€ MpeNCTaBJIEHWH OKa3blBaeTCs OTHOCHUTENBHO
MPOCTBIM.

Kak mokasaHo Bbllle, B ['alakTuke MMeeT MeCTO Kpyroobopot 3¢wupa,
NPU 3TOM HAJMLO JBE Pa3HECEHHbIe B MPOCTPAHCTBE OOJACTH, B KOTOPBIX
UIYT pa3inuHble TMpPOLECCHl: B TaJaKTUUECKOM slpe WIET MpoLecce
00pa3oBaHMs BHXpeW, COMPOBOXKIAMOIIMICS CHW)KEHHEM TeMIepaTypbl
s¢upa B 3Toit oOmacTH, a Ha mepudeprn HIET TPOLECC paccachblBaHWS
BUXpeEH, COTPOBOKAAIOMINANCS CaMOTIPOU3BOJIEHBIM TIOBBILIIEHUEM
TeMIiepaTypbl Cpellbl ¥ MOBBIIIEHHUEM aBICHHUS.
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BesycnoBHO, uTo 00muMit GanaHc 3HEPTUM HAa 000MX YPOBHSAX MaTepuul —
Ha ypoBHe 3(upa M Ha YpOBHE YacTHIl BEIIECTBA — B CyMME IOCTOSIHEH,
SHEprusi TONBKO MpeoOpasyeTcs W3 (OpMbl YMOPAAOUYEHHOTO B KakKIAOM
BUXpe ABWXKEHHUs B (OPMY XaOTHYECKOTO IBWKEHHS B CBOOOTHOM 3upe,
KOTOPBIi 3aTe€M JIBM)KETCS B CIIMPATBbHBIX pyKaBax ['anakThku ot nepudepun
K aapy. B siape mporcxonut oOpaTHbIi Mpoliecc: MocTynaTelbHOe ABMKEHIEe
OonmpIMX Macc 3gupa W ero XaoTHUECKoe ABIKEHHE MpeoOpasyroTcs BO
BpaliaTesbHOE IBIKEHHUE.

VBenuueHne SHTPONHY Ha YPOBHE YaCTHI] BELIECTBA TEPSIET CMBICI MOCIIE
TOro, Kak BHUXpHW pacnagytcss Ha mnepudepun [anakTuku. YBenndeHue
SHTPOMHUU B CBOOOAHOM 3(upe TepseT CMbICH TOciIe TOro, Kak BUXpPHU
obpazytorcst B sape [amaktuku. Takum oOpa3oM, Kak W Ipeamnoiaral
Bonbuman, cymmapHass 3HTponus BceneHHOHM MOCTOSHHA, HO  3TO
TIOCTOSIHCTBO MPOCJIEKMBAETCS Ha ypoBHE 3dHpa M MOAJAEPKUBAETCS HE 3a
CUET CaMOIIPOM3BOJIbHBIX «CITyYailHBIX» OTKIIOHEHWH, a 3a CYeT HAINIUSA
MexaHu3Ma TmpeoOpa3oBaHus (OopM ABWKEHUS »(upa B TralakTHKax.
VcroiiumBas TajlakKTMKa BBICTYNMAET B KAa4eCTBE OJHTPONMMNHON €IWHWLBI,
MO IePKUBAIOIIEI SHTPOTIHMIO HAa TIOCTOSTHHOM YPOBHE.

B o6ounx nmepeMeleHnsX MaTepuy — B BU/IE BEIECTBA OT SIIpa TalakTHKH
K ee nmepudepnn 1 B BIIe cBOOOTHOTO 3(upa oT neprdeprn TalakTHKH K ee
A0pYy — DHTPONMS pPacTeT, HO B ITHX KpalHMX oO0JacTAX KaueCTBEHHO
MeHseTcs (hopMa CyLeCTBOBaHHS MaTepuH.

Bce m3iyueHusi, KoTopsle NMPOHM3BIBAIOT BceneHHylo, B KOHLE KOHLOB,
pacnajgaroTcsi, 1 MX 3HEprus yXOIUT B CBOOOIHBIH 3¢up, U3 KOTOpPOro B
KaKHUX-TO IPYTruX 00JIacTsIX 3Ta FIHEPrus OblLia B3SATA.

Takum oOpa3oM, TepMOIMHAMHUUYECKUII Mapagokc B 3(UPOAUHAMUKE
pasperaercst JOCTaTOYHO MPOCTBIM CIIOCOOOM, He TpeOyIomMM KaKhX-T10o
WCKYCCTBEHHBIX TTOCTPOEHHIA.

Domomempuyeckuil napadoxc. ®oromerpudeckuii mapanokc Illeso-
OnbOepca 3akaroyaeTcss B TOM, YTO NMPU OJHOPOJHOM CTpoeHHH BeenenHoit n
0ECKOHEYHOM TMPOTSHKEHUH €€ B MPOCTPAHCTBE Bce HeOO A HabmomaTens ¢
3eMiIn IOJKHO TpPEACTaBiATbCS B BUAE c(epbl, SIPKO CHUSIIOLIECH CBETOM,
NMoA00HBIM cofiHeuHOMY [68]. PeallbHO ke Takoro sBJICHUS HET, B 3TOM WU
3aKJIOYeHa CyTh MapagoKca.

B camoM pene, ecnu TOJIOKHUTh TMJIOTHOCTh paclpeniesieHus 3BE31 B
MPOCTPAaHCTBE (, TO YKCIO 3Be3A dN, 3aKIOYEHHOE B CHEPHUECKOM cIioe
paauycom I u Tomunoi dr, coctaBuT

dn = 4nréqdr (11.25)

[Tnomans, 3akpeiBaeMast 3Be3aMHu,
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dS =4nr2qydr, (11.26)

rore 4 — KO3pQUUMEHT TPOMOPUMOHAIBHOCTH MEXAY —IUIOMAAbI0
TIONEPEYHOT0 CEYEHNS 3B€3]1 U MX YHCIIOM.
TenecHslit yron u3 ueHTpa chepsl paBeH

dy = 4nqgndr = da (11.27)
rie
da =qudr, (11.28)

YQI/ITHBaﬂ, 4TO OT TMOCICAYIOWICTo CJIod 4YacTb 3BE€34 3aKpbITa
TNpeabIAYIIUM CJIOEM, IJIs N-TO CJ10s HalieM TeJeCHBIN yroJ.

dy,, = 4nda (1—do) ". (11.29)

CyMMHpyst BCe YIJbI OT MEPBOro A0 N-rO CJIOs 3B€3[ MO TNpaBHIaM
TeOMETPUUECKON MPOrpeccuy, MojydaeM CyMMapHBIN yroi

[1-(1€a)]"
Sp=dndo—— ~ 4n[1— (1 —do)]" (11.30)
1 - (1¢o)

Y4uteiBas, 4To
n = r/dr, (11.31)

rae I — panuyc cepbl, OXBaThIBAIOLIEH BCe paccMaTpuUBaeMble 3BE3Mbl, U
ycTpemiisisi I K OECKOHEYHOCTH, MOTydaeM

S= 4r, (11.32)

T.€. CBET 3Be€3]] OXBaThIBaeT BCIO cepy. Tem He MeHee, M3 OMBITA BUAHO, YTO
Ha caMoM JieJie 3Be3/Ibl He 3aI0JIHAOT Bcell HeOeCcHO cdepsl.

[IpuBeneHHoe BbIIE pacCykIeHHE TMPEACTaBlsieT co00i MpuMep YHCTO
MaTeMaTH4eCKOro MOAXOJa K peLIeHHIo 3ajayd, abCcTparupyrowerocs ot
cepur (U3MYECKUX SBJICHUH, KOTOpbIE MMEIOT MECTO B peajbHOM MHpe,
SBJIAIOTCS. BECbMa CYLIECTBEHHBIMH, HO HMKAaK He YUYTEHbl B MpPUBEIEHHOM
peLIeHUH.
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B camoM pnene, MOCKONBKY TeleCHbIE YINbl ABYX Pa3JIMUHBIX 3BE3,
HaXOAALINXCA Ha pa3HOM PacCTOSIHUM OT HaOojaTens, OTHOCATCA APYr K
JpYTy Kak KBaJpaTbl pacCTOSIHUIL:

84/8, =1 2Ir 2, (11.33)

a CBETOBBIE TIOTOKW, WCXOIAIIME W3  3Be3N, TaKke OOpaTHO
TPOTIOPIIMOHATIFHEI KBaJpaTaM PacCTOSHHMN, TO, Ka3aJloch Obl, W yAeibHas
ApKOCTh 00erX 3Be3Nl Ha HeOOCBOIe oaWHakoBa. Ha camom nenme HudYero
MOT0OOHOTO OBITH HE MOXKET.

Mex3Be3Has cpeda He oOjamaer aOCONIOTHOW  MPO3pavyHOCTHIO.
N3BecTHO, 4YTO MEX3BE3IHOE TIPOCTPAHCTBO COMNEPKUT HEPABHOMEPHO
pacripelieieHHble  CKOTUIEHMS MEX3BE3IHOr0 Trasa, IpeuMYLIeCTBEHHO
BOJOpPOJA, U MEX3BE3OHYIO MblIb. CpedHAs IUIOTHOCTh MEK3BE3IHOTO
BeniecTBa kosebsetrcs B mpeaenax 0,1-10yacTuil Ha KaKablii KyOWdeckuii
cantuMeTp [69]. B cBA3M ¢ 3TMM HMeeT MecTO TIOIJIOIEHUe CBeTa
MEK3BE3THOM Cpenoif, CpeHss BEIMIMHA 3TOTO MoriommeHus coctaniser 0,8
Ha 1000 mc (1 mc = 3,086-18 m). MexsBesqHoe moriomenne 06paTHO
TIPOTIOPIIMOHATIFHO TIEPBOM CTETIEHW UIWHBI BOJIHBI, T.. HEPABHOMEPHO IO
YacToTaM M3JyuyeHHUsl. A KpoMme TOro, NnepeussydyeHue MeK3BE3IHOMN cpenoii
TOJTy9eHHOM 3HEepPTUH OOpaTHO B TPOCTPAHCTBO TMPOUCXOMUT Ha IPYTUX
JUTMHAX BOJTH.

VdeT ToNbKO 3TUX OOCTOSATENBCTB MOKA3bIBAET, YTO CBET OoJiee naneKoit
3Be3/bl OyAeT MmoruomaTbcs cuibHee, YeM cBeT Oosiee OIM3KOM 3Be3/bl, U Ha
HeOOCBO/Ie OMHAKOBOW SIPKOCTU BceX 3Be3l He mosyuutcs. [Ipu Gonpmmx
Pa3HOCTAX PAacCTOAHMI MOKHA HaOMogaTbcd MMEHHO Ta KapTHHA, YTO U
peanbHO cyllecTBylomas: Oojiee OMU3KKE 3BE3/bl CBETATCSA Apuye. 3Be3bl,
HaXoIfIIMecs Ha AaJieKuX PacCTOSHUX, OyIyT BUAHBI COBCeM clabo, 4To
BHEIIHE OyIeT TPOSBISATECS B BUIE TEMHBIX yJacTKoB Heba. Ecmm ke
BCIIOMHUTh O «KPAacHOM CMEIICHHUM» CIIEKTPOB 3BE3J, O HEIMHEHHOCTH
TOTJIONIEHUSI CBETAa MEX3BE3HOM Cpeloi, CBA3aHHON, B YacCTHOCTH, C
KBAaHTOBBIMH SIBJICHUSIMH, YaCTUIHOI TOSIpPU3AINK CBETa W T.II., TO CTaHET
scHO, 4To mapanokc llle3o—Onbbepca npencrasnseT coboit He GpU3NIECKHiA,
a  abcTparMpoBaHHBIH  OT  peaJbHOW  OEHCTBUTENILHOCTH  YHUCTO
MaTeMaTuueckuii (eHoMeH, Kak pa3 TOAYEPKHUBAIOLINA, YTO aOCTPaKTHO
MaTeMaTUYeCKUil MOAX0] XOPOLI JalleKo He BO BCeX ClydasX.

LenecoobpazHo  OTMETUTh  e€llleé  HEKOTOpble  JOMOJIHUTEIbHbIE
00CTOATENBCTBA, KOTOPbIE BBITEKAIOT yXKE€ HE M3 M3BECTHBIX (DaKTOB, a U3
3¢upoaMHAMUYECKO MOJENM CBeTa, MU KOTOphle Ha CaMOM [ejieé MOTYT
HUTPaTh PEIHAOIILYIO POJTh.
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Kak yxxe 6bu10 okazaHo, 3a 10 mupa et GOTOH TepseT SHEPTHIO B e pas.
OTo O3HauyaeT, YTO B TEUEHUWE BPEMEHM, MOPAIOK KOTOpPOro OJHM30K K
Ha3BaHHOM BeJMUYMHE, (OTOH CHayana B 3HAUMTENbHON CTENICHN TepsieT CBOU
CBOMCTBA MPAMOJMHEHHOTO ¥ PaBHOMEPHOTO MepeMEeNIeHNs B MPOCTPaHCTBE
TI0 QHAJIOTUH C IBIMOBBIM KOJIBIIOM, KOTOPOE HAYMHAET TOPMO3HTHCS, a 3aTeEM
ocTaHaBiuBaeTcss U ANGGYHANPYET, TPEKPaTHB CBOE CYIIECTBOBAHHE Kak
BUXpeBOe 00pa3oBaHMe.

Ecnu, xak 3To OTMEYEHO paHee, peTMKTOBOE M3IIydeHne, HabIo1aeMoe B
KocMoce, TpencTaBisieT co0oit (hOTOHBI, HaXOIMIIMECS Ha Tpesesie CBOETO
CYILECTBOBAHUS, TO JIOTMMHO MPEATONIONKUTh, YTO (POTOHBI OT JOCTAaTOYHO
JaeKuX 3Be€3[, PacloJIOKEHHbIX OT 3eMJIM Ha PACCTOSHUAX, CYLIECTBEHHO
6ompmx 10 MipA CBETOBBIX JIeT, BOOOIIE HE JAOXOIAT OO 3EMHOr0
HaOsonatens. B cBoto ouepesb, 3TO 03HAYaeT, YTO ONTHYECKAst ACTPOHOMUS
UMEeT €CTECTBEHHBIH Mpenen  OOHapyKeHHs OOBEKTOB IO AANBHOCTH.
Janekne 00beKTH IPOCTO HE OYIYT BUIHBI.

Takum oOpasom, kocmojoruueckuii mnapagokc Llleso—Onvbepca B
3(¢MpoaMHAMUKE pa3peIaeTcs BIIOJIHE eCTECTBEHHBIM ITyTEM.

I'pasumayuonnsiii napadokc. I'paButallnoHHbIN napanokc Helimana—
3enurepa CBsI3aH C MOMNBITKOW MPUMEHUTb K CTALIMOHAPHON M OJHOPOIHOMI
Mozenu BceneHHON HBIOTOHOBCKYIO TEOPHIO BceMUpHOro TsaroteHus [70].
Ecnu uecxonuts U3 3akoHa HbroTOHA NPUTSKEHUS Tel

MiM,

FeG— (11.34)
r2

U TPEICTaBUTh €r0 Kak pe3ysibTaT NMpOosBICHUs MOTeHLMANa @ Tejla MacChl
M, , Tak uTo

=G —— (11.35)
TO 3HEPTHs TPAaBUTALMOHHOIO B3aUMO/IEHCTBISI OKaXKeTCsl paBHOM
W,

U=—G——=M,0. (11.36)

CymMupys 3HEPTHUIO M0 BCeM MaccaMm Bo BceneHHOH, mojiyuaeM, 4To IUist
Jo0oro Tejla TIpaBUTALMOHHAS JHEPIrHUs €ro B3aUMOJAEHCTBUA CO BCEMU
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MaccaMi B OecKOoHeuHO# BcenleHHOM OecKOHEYHa, a CHiia B3aMMOIENCTBUSA
Tena co BceMHu Maccamu BceeneHHoil HeonpenenenHa. OTcroaa cienaH BbIBOJ
O MpPAKTUYECKOW HEBO3MOXHOCTH TNPUMEHEHUS HBIOTOHOBCKOW TEOPUM
TATOTEHUS K CTAaUMOHApPHOW OJHOPOOHON KOCMOJOTHYECKOW MOIENHN
BceseHHOH, CylIeCTBYIOLIEH B €BKIMI0OBOM IIPOCTPAHCTBE.

ITogo6HOE paccyXIeHue TaKxe HOCHUT OTBJICUEHHBI I oT
NEHCTBUTETLHOCTH a0CTpaKTHO-MaTeMaTHUSCKUI XapakTep, MPUMEpPHO Tak
ke, KaK pacCyKIeHHWe O TOTeHIMale Kak O pabdoTe, KOTOPYIO HYXKHO
BEITIOJTHUTH TIPU TIEPEMEIEeHIH Tejla W3 OECKOHEYHOCTH B 3aJaHHYI0 TOUKY
npocTpaHcTBa. PealbHbIM (QU3MUECKUM TOHATHEM MOXET OBbITh TOJBKO
Pa3HOCTb MOTEHLIUAJIOB.

OnpenensTb IHEPTUIO BCEX TPABUTALMOHHBIX B3aUMOAEHCTBUN CO BCEMU
MaccaMu  BceneHHON ~ HET  HUKakoil  HEOOXOIMMOCTH,  IOCKOJbKY
B3aUMOJEHCTBUSA BCEX ITUX MACC B3aMMHO YPaBHOBEIIEHbI [0 OTHOLLEHUIO K
mobomy Teny. Ha Temo OymyT BIWATH JWINL Tella, OJIM3KO OT HETO
pacroJIOKEHHbIE, YTO W HMEEeT MecTO peanbHo. lloTeHnmManbHO ke
YPaBHOBEIIEHHAs] JHEPrUsl HUKAK TIPOSABIATBCA HE MOXKET, TOITOMY
HUKaKOTO 3HAYEHUS MaTeMaTU4eCKHU NoACYUTAHHAS BEJIMUMHA
TPaBUTALMOHHOM DJHEPruM B3aMMOACHCTBHA Tejla CO BCEMH Maccamu
BcenenHoit He umeer.

Ho, xpome Toro, u3 »>(UPOIMHAMHUYECKOTO TMOAXOAa K 3aKOHY
rpaBUTALMU BUAHO, 4TO (opMa ASTOr0 3aKOHA MOJDKHA OTIMYAThCA OT
HBIOTOHOBCKOM ¥ UIMETH CIEAYIOLINNA BU!

W,
F=—G——o1). (11.37)
r2

Oyukus @ (r, t) comepxut B cebe mHTerpan [aycca M NpU MalbIX
paccTOSIHUAX MPaKTHYEeCKM paBHa 1, a, HAYMHAA C HEKOTOPOIO PACCTOSHMUS,
pe3Kko yObIBaeT, MOITOMY M3 3TOTO BBIPAKEHUS CIEHyeT, YTO peajbHbIN
3aKOH TIPUTSIKEHUs HOCHUT HEIUHEWHBIH XapakTep M € YBEIMYEHHEM
paccTOsHUS MEXKIY B3aMMOJAECHCTBYIOLIMMU MaccaMU B3auMOJEHCTBHE
yMeHbIIaeTcst ObICTpee, YeM BeJIM4MHa, O00paTHO MPOIOpLUOHATbHAS
KBazpary paccTosHusA. ClieoBaTelbHO, HE OCTaeTcs MecTa Jake Ul
W3JI0KEHHBIX BBIIIE MaTeMATUYECKUX aO0CTpaKLUMii U, TaK K€ KaK U B CiIydae
(oTOMETpHUECKOrO MapajoKkca, TPaBUTALUOHHBIA MNapajgokc cleayer
CUMTaTb YUCTO MAaTEMaTUYECKUM, BBI3BAHHBIM HEYYETOM aBTOPAMU
(M3MYECKNX YCIIOBHI NPOTEKaHWs B3aMMOAEHCTBUS MEXIY TelIaMH.

Takum  oOpazom, B 3¢duponnHammuveckoii wmomenun  Bcenennoit
KOCMOJIOTHYECKHE MapagoKChbl pa3pellaroTCs eCTECTBEHHBIM ITyTEM B PaMKax
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npencTaBieHuii 0 MaTepuM, NPOCTPAHCTBE W BPEMEHM KaK OCHOBHBIX H
BceoOmuUX (pu3ndeckx MHBapHaHTaX.

BriBoasbl

1.3¢upoarHamuyeckie TpeACTaBICHUS O CYTH (PU3MYECKUX SBICHUIA
MO3BOJIMIIN pa3padoTaTh MOJIENb CTallMOHAPHOI TuHaMu4eckoit BeeneHHoit ¢
yCTOIYUBBIM Kpyroobopotom 3¢upa. B pamkax 3Toit Monenu pa3zpaboTaHbl
MOJieNib YCTOMYMBON CHHMpabHON TalaKTUKU C MECTHBIM Kpyroo0opoToM
a¢upa u Mmonenb oOMeHa 3upa MKy rajJakTUKaMU — BHOBb 00pa3yeMoii u
pacnagatouieiics. Ha 3Toif ocHOBe mpemsioxkeH MPUHLMI (YHKIMOHATEHON
KJIacCU(PUKAMK TaTaKTHK, YIUTHIBAIOMNN KpyrooGopoT u mpeoOpa3zoBaHue
(dopm mBmkeHus 3¢upa Bo Beenennoit. DuTponms BeeneHHol coxpaHseTcs
Ha MOCTOSTHHOM YPOBHE, M CyIeCTBOBaHWe BceneHHoit BeuHo.

2. CxkpolTas Macca 3¢wupa, cocpenoTOUYeHHas B TalakTHKax ¢
MEXTaTaKTHUYeCKOM TPOCTPAHCTBE, HA HECKOJBbKO TOPSAIAKOB TpEBbIIIAET
Maccy 3¢upa, COCPelOTOYEHHOr0 B BEILECTBE 3BE3[ W MEK3BE3IHOM
BEIlleCTBE, JaBieHHe 3¢upa B CBOOOJHOM MPOCTPAHCTBE CYIIECTBEHHBIM
00pa3oM omnpenessieT CBOCTBA OCHOBHON YacTUIbI MUPO3JaHUs — MPOTOHA,
a yepe3 HHMX — CBOWCTBa BEIECTBA, 3BE3] M 3BE3JHBIX 00pa3oBaHMil Bcex
YPOBHEM.

3. B ocHOBe BO3HMKHOBEHMS M DBOJIIOLMM 3Be3J JeXaT CBOicTBa
MpOTOHa, 00pa3oBaHHOTO B IIEHTpPaX BUXpeoOpa3oBaHus ddupa
i yHIMpYOIEeTo Mocyie NCUepraHns 3armaca yCTOHINBOCTH.

4. PazpabortaHHas >¢UpoAMHAMUYECKass MOJIeNlb BO3HWKHOBEHHS W
pazButuss COJHEYHOW CHCTEMBI TIIO3BOJISIET E€CTECTBEHHBIM 00pa3oM
OOBSCHUTH OCHOBHBIE OCOOEHHOCTM €€ CTPOEHHS W TapamMeTpoB —
COCpeIoTOUeHNe OCHOBHOI Macchl cucteMbl B ConHIE, a OpOWTanbHOTO
MOMEHTa B TUJIaHeTaX, COBMAJEHUE IUIOCKOCTH OpOWT IUIaHET M IKBaTOpa
ConHua, npsMoe HanpasieHue BpaieHus: CosHLa, OpOUTATLHOIO JBMKEHUS
TUTAHeT W BPALLEHHUS TJIaHEeT U UX CITyTHUKOB BOKPYT CBOMX OCEH.

5. D¢up B cuiy cBoei BA3KOCTH OKa3bIBAET COMPOTHBIIEHUE IBMXEHUIO
HeOecHbIX Tes. OAHAaKo, 3TO CONPOTHUBIEHHWE OTHOCUTENBHO HEBEIMKO, U
MOCTOSTHHAs BpPEMEHW W3MEHEHHS CKopocTeli HeOecHbIX Tenm  Iuis
OpOMTANBHOTO W TallaKTWYeCKOTo ABW)KEHWH cocTaBiseT mpumMepHo 3-30
MUJIPJ JIeT.

6. 3emuss, kKak W Bce HeOecHble Tella, HETMPEPBIBHO MOTJIOMAET 3(hHp
KOCMHYECKOTO TIPOCTPAHCTBA, 3a CUET Yero paciiupsieTcs, B Helf TPOMCXOINUT
00pa3oBaHNe W3 TOTJIOMEHHOT0 3()Hpa HOBOTO BEIIECTBA, KOTOPOE BHIXOINUT
BOBHE B BHAe pudToBbIX XpeOdToB. Ilo 3TOi ke NpUUMHE HPOUCXOAUT
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CyOIyKLMsI MOPCKOTO JIHa MOJI MaTepUKOBbIE TUIUTHI, CIIPEIUHI MaTEpPHKOB,
HETIPEPbIBHBIA POCT HAMpsKEHHOCTH B 3€MHOH KOpe, ropoodpa3oBaHHE U
3emueTpsiceHus. [IpennonoxuTensHo, MoroneHue 3gpupa BpalaouMUCs
HeOECHBIMU TeNlaMU SIBJIAETCS TPUYMHOW TOSBIEHWS Y HUX MarHUTHOTO
TIOJIA.

7. D¢upHbIii BeTep, 001yBaromuii 3eMiTo, MPUBOANT K HEPAaBHOMEPHOCTH
pacmpeneneHus naBieHus 3¢upa no noeepxHocTu 3eminu: Ha CeBepe
JaByieHue 3¢upa 0oJbliie BCIEACTBUE TOPMOXKEHUS I(UPHOTO NOTOKA, B 30HE
00TekaHWsT MEHbIe BCIEICTBHE HANIWYMS TpagueHTa cKopocTH, B FOkHOM
NOJyLIapuy  MPOUCXOOAT OTphIB MOTOKa d3dupa u  obpa3oBaHue
MPUCOETUHEHHOTO0 TOPOUJAIBHOTO BHUXPS, KOTOPbIM 3MMOIN 3axBaTbIBaeT
BO3IyX. YueT o0ayBa 3emuu 3(QUpHBIM BeTpoM, kak U Bceil CoiHeuHOMH
CHUCTEMBI, TO3BOJISIET OOBSICHUTE BCE OCHOBHBIE OCOOEHHOCTH (hOPMBI 3eMIin
— BBITAHYTOCTb K CeBepy, HajJnune OOJIbIION TOBEPXHOCTH CyIIW B
CeBepHOM TMONyIIapui M HEKOTOpHIE SIBICHUS THUMA OoJiee XOJOIHOTO
KJIMMaTa ¥ HaJIMYue JIEMOBOTO MaTepuka AHTapKTH/IbI, BOSHUKHOBEHHS Oypb
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3pUPOOHAMUYECKNX  TPENCTaBJeHUN  pa3pellaloTcs  eCTECTBEHHBIM
obpazoM. TepMonvHaMUYeCKUil Mapamokc paspeluaeTcs MyTeM ydyeTa IBYX
pa3HECeHHBIX B MPOCTPAHCTBE MPOLECCOB Mpeodpa3oBaHuii GpopM IBIKEHHS
a¢upa — B dAOpe COUPaJbHON TallakKTUKKM 3a CUYeT MpeoOpa3oBaHUsA
cBOOOIHOTO 3(hrpa B MPOTOHKI, Ha NepU(eprun CIUPATBbHON raJakTUKH - 3a
cueT mpeoOpa3oBaHMs MPOTOHOB B CBOOOMHBIN 3(Up, MPU 3TOM SHTPONHUS
CTIMpANbHON TaJlaKTMKWA COXpaHAeTCS B CpPeOHEM TMOCTOSHHOW. Jlns
paspelieHust (OTOMETPUUECKOro Mapajokca JOCTaTOYHO ydeTa «KpacHoro
cMmemnieHUs» (oToHOB. Jlst paspemieHus TpaBUMETPUUECKOTO Mapaaokca
JOCTaTOYHO yd4eTa HeJMHEHHOCTH pealbHOro 3aKOHa TI'PaBUTALMOHHOTO
B3aNMOJIEHCTBUS Macc.
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3akiarouenue

Kak crnenyeTr W3 M3J0)K€HHOTO, TIPUBJIEUYEHWE CKPBITHIX (POPM IBIKEHUS
MaTepuy TMO3BOJAET MOHATH CTPYKTYPHl MaTepHalbHBIX 00Opa3oBaHUi OT
JJIEMEHTApHBIX ~ YacTWL] BelecTBa [0 TallaKTUK, CYTb OCHOBHBIX
(yHIaMeHTaJbHBIX B3aUMOJEWCTBHUI M Jaxe Mpelncka3aTb HOBbIE, BCKPHITh
MEXaHU3M CaMbIX Ppa3sHOPOAHBIX (U3MUecKuX sABICHUH. JIMHaAMUYeCKuii
MOAXOI K M3YYEHHIO TPUPOIHBIX SABJICHUI OKa3biBaeTCs BO MHOTOM Oolee
TUIOIOTBOPHBIM, YeM OOLIENPHHATHINH (PEHOMEHOIOTNUECKHIl MOAXO.

Bo3HMKaeT ecTecTBEHHBI BOIMPOC: MOYEMY NPUMEHUTENEHO K TEOpUH
s¢pupa MOAOOHBIE TIOMBITKH, KOTOPHIX HA MPOTSKEHUM  UCTOPUH
€CTeCTBO3HaHMUA ObUIO HeMallo, paHee He yBeHuaauch ycrnexom? OtBer
TIPOCT: He WMes JaHHBIX O MOBENEHWH AJIEMEHTapHbBIX YacTHIl — TocieTHen
CTYyNeHW OpraHM3allid MaTepud Ha MyTH K dacTUmaM 3¢upa mpu Hux
B3aNMOJAEHCTBUAX, MOXHO OBIJIO JIMIIb TafaTh O CBOWMCTBaX WX dYacTeid.
[Mony4yennsle ke B 60X romax MNpoOLUIOrO CTONETHS JAAHHbIE Ialu
HeznocTarollyto nHdopMauio. Tonbko Mocie 3TOro 0Ka3aaoch BO3MOXKHBIM
He TOJIbKO YrajablBaTh WIM TOCTYJMPOBaTh CBOWCTBA yacTell 4acTHL H
CBOIICTBa MX COBOKYITHOCTH — MHUPOBOI Cpelibl, a TOUHO OMpPENeNuTh UX Ha
OCHOBAaHMM aHallu3a Haubolee OOMIMX CBOWCTB MUKpO- UM Makpomupa. [lpu
9TOM cllelyeT HWMeTb B BHAY, YTO eciu Obl 3TOil MOMbITKE He
npeIecTBOBaIM padOThl MHOTMX MOKOJNEHUI UccienoBaTeneil u ecnu Obl B
CMEXHBIX 00JacTAX — ra3o- U TUAPOJUHAMUKE — HE ObLI MOATOTOBJEH K
3TOMY JkK€ BpPEMEHM OOIIMPHBIM MaTepuas, BBITIONHUTH TOCTABIEHHYIO
3amady ObIJIO ObI HEBO3MOXKHO.

H3noxkeHHBI MaTepuajg — 3TO JIMIOb OCHOBBI IMHAMHWYECKOW TEOpWH
MmaTepud, ee Hauajgo. HeT coMHeHMs, uYTO JanbHellllMe MHCCIIeN0BaHUA
NpUBeAYT K pa3BUTHIO [aHHOTO HampasieHus. Hapsamy ¢ pasBuTHeM
COOCTBEHHO 00Imeil 3(UPOIUHAMUKMA BIIOJIHE MPABOMEPHO OXHUAATh U
MOSIBJICHWsT YacTHBIX  HANpaBlieHW#, Takux, Kak 3(PHUPOKOCMOJIOTHS,
3¢upoacTpoHOMUS, F3PUPOITEKTPOIUHAMUKA, IPUPOXUMUSL, FPUPOOHONOTHSA
U T.IL., MOTOMY YTO Ka)KAas M3 oTpaciiell HayKHW B HacTosllee BpeMms Oojee
BCEro HyXIaeTcs B MOHMMaHWUK CBOMX MPOLIECCOB, BO BCKPBHITUU BHYTPEHHHX
MEXaHU3MOB SIBJIEHUI, BHYTPEHHUX MPOLIECCOB CaMOPETYNIALMHU, YTO MOXKHO
JieNnaTh, TOJBKO NMPUBJIEKas CKPBIThIE IBMKSHUS MaTepin — IBHKEHHS d(hupa.

CraHoBneHue 3>pUpPOAMHAMHMKHM MPOUCXOOUT HE MPOCTO. DTO W
TMOHATHO, TMOCKOJIBKY OHAa HE BITMCBIBAETCS B COBPEMEHHBIE MOJHBIE
Teopur. OgHAKO HET COMHEHHS, UYTO d(PUPOTUHAMHUKE MPUHAIICKUT
Oyaylee, Tak Kak Bceraa pa3BUTHE €CTECTBO3HAHUS 1O TI0 YPOBHSM
OpraHu3alMy MaTepyvu, U COBPEMEHHBIH 3Tan He MpeAcTaBiseT co0ok
HCKJIIOUYEHMUS.
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