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1. BBenenue

B ocHOBe HayuyHBIX MpeENCTaBICHUM 00 OKPYXKAIOLIEM HAC MHpE JIeXKaT MOHATHS O MPOCTPAHCTBE, BPEMEHH U
matepun. OnHa U3 Teopuil 00 yCTpoicTBEe yHHMBEpCyma, — cHenuanbHas Teopus oTHocurenbHocTu (CTO)
MOCTYJIMPYET MPUHLMI E€IUHCTBA KaTEropwil mpocTpaHcTBa U BpeMmeHu. Bmectre ¢ stum, CTO otpumaer
CyIIIECTBOBaHHE 0c000i Marepun — 3pupa Wik BaKyyMa, B KOTOPOH, KaK U3BECTHO, PACIIPOCTPAHSIOTCS BCE
BHJIbI DJIGKTPOMArHuUTHBIX KoJjieOanui. I[lpuastue moctynatoB kak CTO, Tak u oOmed Teopun
otHocutensHOCcTH (OTO) HEe MO3BOMMIIO MONYYUTh HEMPOTHUBOPEUYMBYIO (DU3UYECKYIO MOJEINb, KOTOpask MOTja
Obl O0BETUHUTH HAONIOJACMBIC SIBICHHUS W3 O0JAcTH TpaBUTAIMU W d3jekrpomarderusma [1]. TTomoOGHoe
MOJIOKEHUE CYIIECTBYET YK€ OKOJIO CTa JIeT W 10 MHEHHI0 MHOTHX BbImaromuxcs ydeHbix (B. Purim, A.
[Tyankape, M. Peiixen6ax, B.®. Mutkesuu, H.I1. Kactepun, A.K. Tumupszes, JI. bpuiiosH) neMoHCTpUpyeT
ryOOKWH yHaloK HAmUX NPEACTaBICHUH 00 OCHOBax wMuposgaHus. [lo HamieMy MHEHHIO, UCIPaBHUTh
CYIIIECTBYIOIIEE IIOJOKEHUE TIO3BOJUT CO3/MaHue (u3ndeckor wmonaenu Bakyyma (dQUpHOW Cpelbl)
COTJIACYIOIICHCS ¢ M3BECTHBIMU SIBICHHUSMH TIPH PACIPOCTPAHEHHUH CBETOBBIX M IJIEKTPOMATHUTHBIX BOJH, a
Tak)Ke OOBSCHSIOUIEH MPUPOLY UHEPLIUU U TPaBUTAIIUH.

B cBoe Bpems HprOTOH NpencTaBisul CBET KakK IMOTOK KOPIIYCKYJ, TO €CTh YaCTHII, PACIPOCTPAHSIIOLIIUXCS
npsimoiuHeHo. [Ipu BcTpeue ¢ mpensaTcTBUEM (3€pKajioM) TaKhe KOPMYCKYJbl OTCKAKHBAIU MOJO0OHO TOMY,
KaK OTCKAaKMBAIOT IIapbl OT TBEPIOW MOBEPXHOCTH. BomHOByIO Teopurio cBeta paspaboran X. [roiirenc. B
pabote «Tpakrar o cBeTe» OH MoJarai, YTO CBET PACHpPOCTPAHSETCS B BHUJAE YIPYroro UMITylbca B 0c000M
cpene — 3¢upe, 3aN0IHIIONIEM BCE IPOCTPaHCTBO. PaboThl dpeHens ¢ onpeesieHHOCThIO TTOKa3aIll, YTO CBET
UMeeT BOJHOBYIO mnpupoay. OmbiTel ['epria mo3Bomwiu MOATBEpAuThH mnpeanonoxenue J[. Makcemna 00
BJIGKTpOMaFHHTHOfI npupoac CBETOBBIX BOJIH.

Bmecre ¢ 3THM, 3€KTpOMarHuTHas: BOJIHOBAsi TEOPHs CBeTa He CBOOOIHA OT mpoTuBopeunii. Hanpumep, TouHO
U3BECTHO, YTO CMEIIEHHUS B TaKOW BOJHE NPOUCXOAST B HANpaBICHHM, TOMEPEUYHOM K HAIMPaBICHUIO
pacnpoctpaHeHus. OJHAKO TakoW BHUJ CMEIICHMM XapakTEpeH TOJBKO i TBepAbIX Tell. OdeHb BBICOKAs
ckopocth, C = 2,9979246:10° m/cex [2] u oveHb Majoe 3aTyXaHHE IPU PACIPOCTPAHEHHH CBETA OT BEChMa
JAJIEKUX TaJaKTUK TPHUBOIUT K BBIBOJMY, YTO 3(Hp, KaK HOCUTENb JIEKTPOMATHUTHOW BOJIHBI, OJIM30K IO
CBOICTBaM K aOCOJIIOTHO TBEPAOMY Tely C OYEHb BBICOKOM yNpyrocthio. B To xe Bpems sdup moxer 06e3
TpPEHUs POHUKATH B (PU3WYECKUE TeJla U BCE ITU TeJa, B TOM YHCIIE U TBEPJbIE, MOTYT COBEPIIIEHHO CBOOOIHO
nepeaBuratbes B aupe.

Kak cnemyeT u3 3T0T0, 10 CHUX MOpP HE BHIpAOOTaHA JIOTUYECKH HEMPOTUBOPEUMBaAs (PU3NUECKH 0OOCHOBAHHAS
Teopus dpupa (Bakyyma). Bmecre ¢ 3TiM, 0TKa3 OT Hamu4us d(upa 03HAYaeT OTKAa3 OT CBETOHOCHOU CPEJIbI,
JIOCTaBJISIIOIEH HaM OT COJIHIIA JKUBHUTEIbHYIO 3HEpruio. B moBceHEeBHOM OBITY KaXablil U3 HAC MOJIb3yeTCs
paaMo- W TENEeTPUEMHHUKAMU, TMONYYAIONUMHU Yepe3 OKpyXKarommii 3eMiato 3(up MONe3HBIH CUTHAN U3
OKOJIO3EMHOTr0 KOocMoca. I IMEHHO BOJTHOBBIE YPABHEHUs, ITOJIyYEHHBIE HA OCHOBE IIPEATNOIO0KEHNS O HATUYUH
Cpelibl C OINpEACICHHBIMUA U U3BECTHBIMU CBOMCTBAMHU [3], MO3BOJISIOT B TOYHOCTU PACCUUTHIBATH TPACKTOPHUH
pacIpoCTpaHEHUsl 3JEKTPOMArHUTHBIX BOJH. OTKpBITHE acCTPOHOMAaMH BO BCEJIICHHOM TaK Ha3bIBAEMOU
«CKPBITOW MaTepwm» BBI3BIBAET HACYIIHYIO MOTPEOHOCTH CHOBAa BEPHYTHCSA K pa3paboTke Teopuu d(PpupHOiA
Cpensbl.

Cy1iiecTByeT /1B OCHOBHBIX Mojenu 3dupa. B onHoil u3 Hux 3¢up nonumaercss kak ¢iaroua (KUAKOCTb WU
ras) ¢ ocoobiMu cBorcTBaMH. OJJHAKO MOBEJICHHE ra30B M KUIKOCTEH MOAUMHACTCS CTATUCTUYECKUM 3aKOHaM,
COIIPOBOXKJAETCS MPeoOpa30BaHUsIMU OJHOIO BHIA HHEPIMU B JAPYroM, HECTAOWJIBHOCTSAMHU Pa3HOIO poja.
Ouenb OosibLIast OHOPOTHOCTH 3(QUPHOI cpeibl CBUAETENBCTBYET B MOJIb3Y BTOPON, — KBa3UTBEPA0I MOAEIH.

Ha ocHoBe pa3pa®oTaHHOW KBa3WTBEPAOH Mojaenu dpupa HaMHU OOBSICHSIOTCS WU3BECTHBIC JJICKTPUYCCKUE U
MarHuTHbIC siBiIeHUs. [loka3aHo, 4TO JBIKEHHE B 3(PHpe CO CKOPOCTHIO CBETa TpeOyeT OECKOHEUHO OOJIBIIONMN
sHepruu. [Ipu MBMKEHUU 3apsHKCHHOTO Tena B dUpHOU cpere mpuHuUN [amwies He coOmomaercs. OmbiT
®u30 MOXKHO OOBSICHUTH TE€M, YTO B (DU3MUYECKOM Telie SJICKTPOMArHUTHBIC KOJICOaHHSI TPOXOIAT Ooee
JUITMHHBIN ITyTh, YeM B CBOOOTHOM dHpe.

[Tpennaraercs cnenyromias KoHIeENUuUs yHuBepcyma. Bee oOwvemuier mpoctpanctBo. OHO He nedopMHUpyeMo,
eBKJIMJ0BO U TPEeXMEpHO. BuanMoe mpocTpaHCTBO 3amoiHEHO 3(UpHOM cpemoit. Ddup mpencTaBisercs Kak



BCEMPOHMKAIOIIAs Cpe/ia, COCTOSAIIAs U3 YaCTHIl ABYX PABHBIX, HO IPOTUBOIOJIOXKHBIX 110 3HAKY, BUIOB. Ddup
o0nasaer OMNpeNesIeHHBIMH 3JIEKTPOMAarHUTHBIMU IUIOTHOCTBIO M ympyrocteio. [loa BiMsHHEM BHEUIHUX
(du3nuUecKuX TEN U IEKTPOMArHUTHBIX Mosiel 3(upHas cpea MOXKeT ObITh 1e)OpMUPOBAHA U €€ INIOTHOCTh B
pa3IMuYHBIX TOYKaX MOXET ObITh pa3iauuHoi. OdupHas cpeJa MOXKET HCIBITHIBATh CTaTUYECKUE U
JUHAMUYECKHUEe, CIBUTOBBIC, CKpy4YHBalOIIMEe, KpyTWibHble nedopmaunu. OHa SBIsSETCS OCHOBOW s
pacripocTpaHeHHs] NEKTPOMArHUTHBIX KojeOaHWN M mepeAadd TpaBUTALMOHHBIX BO3JACHCTBHH (hHU3MUECKUX
TeJ ApyT Ha apyra. @usnyeckue Tena (3MeMEeHTapHbIe YaCTUIIb, Ta3bl, XKUIKOCTH, TBEpbIE Tela, I1a3Ma U ap.)
pa3MeInarTcs B MpOCTpaHCTBE U dPupHON cpene. OHM MpoHUTIAeMbI s A¢upHOM cpenbl. [ paBUTaiioOHHOE
BO3/ICUCTBHE OJHOrO (PU3UUECKOro Tejla Ha JPYroe OCYIIECTBISAETCS IOCPEACTBOM J(PHUPHOU Cpelbl.
Jnnamuueckue mporecchl B d3QUPHONU Cpee W IBWKCHHUS (PU3MUECKHX TEJI MOTYT OBITh 3a()MKCHPOBAHBI BO
BpeMeHHu. Bpems nokansHO, HEOOpaTUMO, OTHOMEPHO, OTHOHAIIPABIECHO, — OT MPOILIOro K OyAyIemy.

2. UcTopuyeckoe pa3BuTHE KOHIeNnuM 3¢pupa

HaunOonee paHHHMe MUCHbMEHHBIE CBUAETENBCTBA 00 YCTPOIICTBE MaTepuu M BaKyyMa M3BECTHBI HaM U3 padoOT
¢dunocodos Kuras u ['peniuu [4, 5].

B cepenune nepBoro Thics4eneTHs 10 HOBOM 3pbl KUTalickuMu ¢uinocopamu Obljla BBIIBUHYTA MIIOTE3a, YTO
BCE CYILEE COCTOMT M3 JIBYX MPOTHBOIIOJIOKHBIX IO 3HAKY Hauyal — UHb U sH [4]. Hp 1 sH — Kkareropuu,
BBIPAKAIOIIME HACK Jyalu3Ma MUpa: NACCUBHOE M AaKTMBHOE, MATKOE M TBEPJOE, BHYTPEHHEE M BHEIIHEE,
KEHCKOE M MYXKCKO€, 3eMHO€ U HeOecHOe U T.A. B TpaauunoHHOM KOCMOTOHUY MOSIBICHUE KATETOPHA UHb U SH
3HaMEHYeT MEepBbI IIar OT XaOTHYECKOro €IMHCTBA IMEPBO3JaHHOM NHEBMBI (LIM) K MHOroodpasuio,
HaOronaemMoMy Bo Bcell BceneHHOH. @uiocod Jlao LI3bl yTBepkan, YTO MHB U SH ONPEAEISIOT HE TOJIBKO
pa3BUTHE, HO U YCTPOMCTBO BCErO CYILETO B MUPE.

®unocodsr [IpeBneit I'peninu BcecTOpOHHE 3aHMMAIHMCh MPOOJIEeMaMy YHHUBEpPCYMa W KOCMOTOHHMHU. VIMEHHO
OHM Jalu Ha3BaHHE 3(Up TOM BCENPOHUKAIOIIEH, HEYIOBUMOM, HE MOAJIEXalled HaIllUM OLIYHIEHUM
matepun. Hambonee HEMPOTHBOPEUMBOW HaM TPEACTABISACTCS MOJENb 3(upa, npemiokenHas JleMokputoMm
[5]. On yrBepxkzan, 4TO B OCHOBE BCEX 3JEMEHTApHBIX YaCTHIl JIE)KaT amMepbl — HCTUHHO HEJEIUMBbIE,
JUILIEHHBbIE YacTeld. AMepBl, SBJSACH YAacCTSIMM aTOMOB, OOJIaal0T CBOWCTBAMH, COBEPIIEHHO OTJIMYHBIMU OT
CBOWCTB aTOMOB, — €CJIM aTOMaM IPHUCYILA TSXKECTh, TO aMephl MOJIHOCTBIO JIMIIEHBI 3TOT0 CBOMCTBA. Bes xke
COBOKYITHOCTh aM€pOB, IIEPEMEIIAIOIINXCS B IYCTOTE, 10 AHAKCUMaHJIPY, SABJISETCS 00IIEel MUPOBOW CPEIOH,
3(pUPOM MM alEHPOHOM.

XOTs ABIEHHUS, CBA3aHHBIE C MIEKTPUUECTBOM M MarHETU3MOM ObUIM M3BECTHBI U B JPEBHUE BPEMEHA, UCTOPHS
BO3HHKHOBEHUS HAYKU [0 MarHETU3MY U JICKTPUYECTBY HAYMHAETCS C paOOTHI IPUIBOPHOTO Bpaya KOPOJIEBEI
bpurannn EmmzaBersr ['minsOepra, omyomukoBanHo# B 1600 r. [6]. [mib0epT 3aMEeTHII MHOMXECTBO OTIHYUMA
MEXIY DJIEKTPUYECKOM M MarHUTHOW CWJIAMH. MAarHUTHBIA KaMEHb HE HYXKHO TEPETh, KaK CTEKJIO WIH Cepy,
YTOOBI MPUBECTU B JAECHUCTBHE €0 MarHUTHbIE CBOMCTBA. MarHUTHBI KaMEHb MPUTATMBAET TOJBKO BEIIECTBA,
KOTOpbIE OH CITIOCOOEH MPUTSIHYTh, TOT/Ia KaK Ha3JIEKTPU30BaHHbIE MIPEIMETHI IPUTIATUBAIOT Bce. Ha MaruuTHOE
NPUTSHDKEHUE HUKAK HE MOBJIMACT JIUCT OyMaru MM KyCOK XOJICTa, TOMELICHHBIH MEXIy TelaMH, HE TOBJIMSIET
Ha HEro U MOTPYy’KEHUE 3TUX TE B BOAY, TOTJA KaK MIEKTPUUECKOE MPUTSHKEHHE JIETKO HAPYIINUTh C IOMOILBIO
9KpaHOB. HakoHen, mMarHuTHas Cuia CTPEMHUTCS COPHEHTHUPOBATH Tela B OINPEACICHHOM HAIIPABJICHUU, a
AIIEKTPUYECKasl CHUIa IPOCTO CTPEMHUTCS] OOBbEMHUTH X B O€C(OPMEHHBIE TPYIIIIHL.

TBOpIIBI OCHOB COBPEMEHHOM MaTeMaTHKU U (U3MKU cuuTanu 3¢up MatepuanbHoi cpenoi. Hanpumep, Pene
JexapTt mucas, 4yTO HPOCTPAHCTBO BCE CIUIONIb 3amojiHeHO MaTtepued. OOpa3oBaHHME BUIMMOW MaTepuw,
wiaHeTt, no Jlekapty, mpoucxXoauT U3 BUXped 3¢upa. Hpl0TOH yTBep)kaas, 4To MoJarath, «4To OJHO TEJo
MOJKET BO3JEHCTBOBATh Ha JAPYroe, HaXOAIIeecs: OT HEr0 Ha HEKOTOPOM PacCTOSIHMH, Yepe3 BaKyyM 0e3 Kakux
1100 "MOCPEHUKOB", ... — I MEHSI HAaCTOJbKO abCyp/AHO, YTO MO—MOEMY, HU OJMH YeJIOBEK, 00Jalatonmi
X0Ts Obl MaJICHIINM NpeACTaBICHUEM O PHIOCO(PCKUX MaTepUsiX, HE MOKET B 3TO BepUTh» [7]. B KoHIIEe cBOEi
xu3Hu Mcaak HbIOTOH OOBACHSI HalW4Me CWIbl TATOTEHUS JaBlieHHMEM 3(GUPHON Cpeibl Ha MaTepHallbHOE
teno. CorylacHoO €ro MocjieIHUM BO33PEHUSIM, TPAJAUEHT INIOTHOCTH 3(upa sABIsSETCS] HEOOXOIUMBIM, AJIsl TOTO,
4TOOBI YCTPEMJIATh Teda OoT OoJiee IUIOTHBIX objacted 3¢upa K MeHee MIOTHBIM. OJHAKO YTOOBI TATOTEHHE



NPOSIBIISIOCH TAKUM 00pa3oM, KakKMM OHO HaOironaeTcs Hamu, 3¢up noimkeH, no HeioTony, o0nanath oueHb
OOJIBIIION YIIPYTOCTHIO.

W3yueHne cBOKMCTB 3(upa MPOJ0IDKAIOCH CICAYIONIMMH MOKOJCHUAMHU y4deHbIX. OKazanoch, uyTo (HOKyCHOE
paccTOsSHUE aXpPOMATUYECKOTO TeNeCKOMa CIeNyeT YBEIHYWTh, €CIM OH HampaBlieH K 3Be3lle, K KOTOpOil
nBmwkercs 3emis [8]. Aparo caeman BBIBOJ, YTO CBET, MCXOJSIIMN OT Jt0OOW 3BE3bI, BO BCEX CIydasx
OTpaKeHUS U MPEIIOMIICHHUS BeJIeT ce0s TOUHO TaK )K€, KaK OH Bel OblI ceOs, eciu Obl 9Ta 3Be3/1a HAXOIUIAaCh Ha
TOM MeECTe, KOTOPO€ OHA, BUJMMO, 3aHUMAeT B pe3ysbTaTe adeppaiun, a 3eMiisi HaxOAuiaach Obl B COCTOSTHHU
TIOKOSI.

Openendb npuHsI npeioxkenre KOHra o ToMm, 4To IpeIoMIISIONIasi CIIOCOOHOCTh MPO3PAYHBIX TEJ 3aBHCHUT OT
KOHIIEHTpAIlMN B HUX 3(upa U Hadan pa3zpabaTbiBaTh TEOPHIO B3aMMOJAEHCTBHS d(pHpa ¢ BEmECTBOM. BoT uTto
numieT J. YUTTeKep 1Mo 3TOMY MOBOAY B CBOEM 3aMedaTeIbHOM 0030pe MO UCTOPUU PA3BUTHUS MPEICTaBICHUN
00 a¢upe u snextpuuecTBe [8]. «Aparo yTOUHHWI 3TO MPEAINOJIOKECHHE, JOMYCTUB, YTO IUIOTHOCTHh 3(dupa B
TI000M Tese MPOIMOpLUOHANbHA KBAJApaTy MoKaszaTels MperomiieHus». TakuM obOpa3om, eciau ¢ 0003HaYaer
CKOpPOCTh CBETa B BaKyyme, a ¢l — CKOpPOCTh CBETa B JAaHHOM MaTE€pPHAIBHOM Teje, KOTOpOe HAaXOAWUTCS B
COCTOSSHMM TIOKOS, TaKk 4To W = c/cl — mokaszareiab MNpeNoOMIICHUS, TO IUIOTHOCTH 3pupa p u pl B
MEXIIJIaHETHOM MPOCTPAHCTBE U TeJIe€ COOTBETCTBEHHO OYAYyT CBsI3aHbI OTHOLIEHUEM pl = p2p.

3arem @peHenb MPEINnoI0KHMI, YTO MPU JBUKCHUU TEJIO YBIEKAeT YacTh HaXOoJsllerocs B HeM 3¢dupa, a
UMEHHO, Ty 4acTbh, KOTOpPasi COCTaBIISIET N30BITOK IJIOTHOCTH 3TOT0 3(Upa MO CPABHEHUIO C TUIOTHOCTHIO dupa
B BaKyyMme, TOrJa KaK BeCh OCTaJlbHOW 3(pUpP B ITOM Telie HEMOJBIKEH. TakuMm o00pa3oM, IUIOTHOCTH
nBrKyIierocs: a¢upa paBaa (pl — p) wim (U2 — 1)p, a 3¢up ¢ MWIOTHOCTHIO P OCTACTCA HEMOABMKHBIM. Torma
CKOPOCTB, C KOTOPOH IIEHTP TsHKECTH d(upa B TEJe ABMKETCS BIIEPE B HAIIPABJICHUN PACIPOCTPAHEHUS, paBHA
[(u2 — 1)/(u2)]w, Tae ® 0003HAYAET COCTABISIONIYIO CKOPOCTH IBIKEHUS TeJla B 9TOM HaIlpaBJICHUU. DTy
COCTAaBJIAOIIYIO CIICAYCT HpI/IGaBI/ITB K CKOPOCTHU PACTIPOCTPAHCHUA CBCTOBLIX BOJIH B TCJIC, TOTAA 36COHIOTH3H
CKOpPOCTh CBETa B IBIKYIIIEMCS TEIe

cl +[(u2 = D(u2)]o. (1)

B nmanpHeimem BBISBUIICS OYEBMJHBIA HENOCTATOK Teopun DpeHelns, COCTOAIUNA B TOM, YTO €ro TEOpHs
TpeboBasa, YToObl OTHOCUTENbHAs CKOPOCTh pHpa U MaTepuu ObliIa pa3nyHa AJIs CBETa Pa3JIUYHBIX IIBETOB.

MHoOrO JIeT ChmycTsl TO K€ camoe€ TPEIOJIOKEHHUE, HO B HECKOJbKO MHOW ¢opme BoIIBUHYT CTOKC [9].
JlomycTum, 4To Bech 3(Up B TeJE ABWKETCS OJHOBPEMEHHO: 3(pHp, KOTOPBII BXOAUT B TEJIO CHEPEAH U Cpaszy
’Ke crymaercs, W 3(Gup, KOTOPHIH BBIXOAWT MO33qM Tela, TAE€ OH Ccpazy ke paspexaercs. [Ipum Takom
JOMYIIEHUH Macca 3pupa pw J0JDKHA TPOXOAUTH B €IMHUILY BPEMEHH Yepe3 eAMHUYHYIO TUIOIIA/Ib IIOCKOCTH,
NPOBEJCHHONH B JIO0OM MeCTe BHYTPHM Tella IOA MHPSMBIM YIJIOM K HAampaBJCHUIO ABIKCHHUS Tena, a
CJIeZIOBaTeNbHO, 3(pup B Tene 06iaaeT CKOpoCThio Apeiida, paBHOM —pw/pl OTHOCHTENBHO 3TOTO Teja; TOTAA
CKOPOCTh CBETa OTHOCHTENBHO Tenma Oymer cl — pw/pl, a aGcomoTHass CKOPOCTh CBETA B JBIKYIIEMCS Telle
oymer ¢l + © — pwo/pl wm cl + [(u2 — 1)/(u2)]o, xak u paspme. B 1851 rogy sty dopmyry
JKCTIEpUMEHTANIFHO ToATBepana V. ®uz30, KOTOpHI H3MEpHI CMEUIeHHEe WHTEp(EpEeHIIMOHHBIX II0JIOC,
00pa30BaHHBIX CBETOM, KOTOPBIN MpOILeN Yepe3 TpyOKy ¢ Tekymiei Boaoit [10].

[TepByto ceppe3HyIO MOMBITKY AaTh MaTeMaTHueckoe onucanue r¢upa caenan MakKynar (MacCullagh) B 1839
r. Cornacno MaxKyunary, a¢up sBisiercs cpeoi, )KeCTKO 3aKpeIIeHHONH B MUPOBOM IIPOCTPAHCTBE. JTa cpenia
OKa3bIBAET YIPYroe COMpPOTHUBIEHUE Ae(opMalysM MOBOPOTA U OMUCHIBACTCS aHTHCUMMETPHUYHBIM TEH30POM
BTOPOT'O pPaHra, WICHBl IIABHOW AWaroHaau KoToporo paBHbl Hymio [11]. [locnemyromumu ydeHbIMU OBLIO
nokasano, yto »¢up MakKynara onuceiBaercst ypaBHeHusimu J[. MakcBesuia /i mycToro npocTpancTsa [12].

MaxkKynar npeninoxu cienyroliee ypaBHeHUE ABMKEHUS d3(OUPHON CPeIbl:
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r7ie € — JUAJIEKTpUYEcKasi MPOHUIIAEMOCTh; ¥ — yIpyroe cMelieHue, t — BpeMs.

B sTom ypaBHeHuu, kak ormeuyaer MakKynar, ausnexkrpuueckas MPOHUIAEMOCTh € COOTBETCTBYET BEJIMYHMHE,
oOpartHOi nocTossHHOU ynpyroctu [11].

B cBoem 00630pe [8] D. Yurrekep 3amedaeT, uto pabora MakKynara BeI3Baja COMHEHHsI KaK Y COBPEMEHHBIX
€My CIELUaJINCTOB MO MaTeMaTH4eCKOM (PM3MKE, TaK M Yy CHEIHAIUCTOB CIEAYIOLIEro MOKoJeHUs. MOXKHO
CKa3aTb, YTO OHA MOJTyYnja TOJDKHYIO OLEHKY TOJbKO uepe3 40 neT, Korjaa BHUMaHue K Hell ObU10 00palieHo co
CTOPOHBI IpYyrux y4deHblx. OqHako HET coMHEHMs B ToM, uTo MakKynar aelictBuTenbHO pa3paboTran TEopuio,
M0 KOTOPOU KoJleOaHUsl B Cpefie, BEIUMCICHHBIE MO MPABHJIBHBIM 3aKOHAM JIMHAMUKH, JOJDKHBI 001a/1aTh TEMU
K€ CBOMCTBAaMH, 4TO M KojeOaHHs cBeTa. [0 KOHIa IeBATHAIIIATOTO BEKa CPEH BBIAAIOIIUXCS YUCHBIX BEIHCH
CIIOPBI, CIEYET JIU CYUTATh SQUPHYIO Cpey KBA3UTBEPABIM TEJIOM, KOTOPOE MojaABepraercs aedopMaiusM mnoj
BO3/ICIICTBMEM MAarHUTHBIX M 3JeKTpuueckux cwi. WMnm sdup npencrasiser coOoil KBa3WKUAKOE TEJO,
YaCTUIIbl KOTOPOTO MOJ BO3JAEHCTBUEM TEX KE CHJI COBEPIIAIOT BUXPEBBIE IBHXKCHMUS.

N3 kmaccukoB eCTECTBO3HAHMs OJHO M3 HamOoJiee pa3paboTaHHBIX ompeaeneHuid >¢upa man Jxeiimce Kiepk
MaxkcBemn [13]: «Ddup ornmueH oT OObIKHOBEHHOW Marepuu. Korma cBeT ABIDKETCS 4Yepe3 BO3IYyX, TO
OUYEBUJHO, YTO Cpela, MO KOTOPOH CBET paclpoCTpaHseTcs, HE €CTh caM BO3[yX, IOTOMY YTO, BO-IIEPBBIX
BO3JyX HE MOXET TMepeaaBaTh IOIMEPEUHBIX KOJeOaHWH, a TpOAOJbHBbIE KOJIeOaHWs, UM TMepeaaBacMbIe,
pacipoCTPaHSIIOTCS MOYTH B MIJIJIMOH Pa3 MEJIJICHHEE CBETa. ..

«Henp3ga nomyctuth, 4To CcTpoeHHE 3(dupa MOAOOHO CTPOEHUIO Ta3a, B KOTOPOM MOJIEKYJbl HAaXOJIATCS B
COCTOSIHUM XaOTHYECKOro JABIDKEHHs, MO0 B Takol cpene momnepeyHoe KojeOaHHe Ha MPOTSHKEHUHM OJIHOU
JUIMHBI BOJIHBI OCJIa0JIIeTCS /10 BEJIUYMHBI MEHEe, YeM OJIHA MATHUCOTas HadajdbHOW aMIuIUTyIbl... Ho Mbl
3HaeM, YTO MAarHUTHas CuUja B HEKOTOPOW 00JAacTH BOKPYI MarHMTa COXpaHsIETCs, MOKa CTalb yAEp>KUBAET
CBOIl MarHeTH3M M TaK KaKk y Hac HET OCHOBAaHUN K JOIYIIEHHUIO, YTO MAarHUT MOXET MOTEepPSATh BECh CBOM
MarHeTu3M IPOCTO C TEYEHHEM BPEMEHHM, TO Mbl 3aKJIOYaeM, YTO MOJIEKYJSpPHbIE BHUXpU HE TpeOyroT
MIOCTOSTHHOM 3aTpaThl pabOThI HA MO/AJIEPIKAHUE CBOETO JIBUKEHHUSL. ...

«C kakuMu OBl TPYAHOCTSMH B HAIIIMX TOMBITKaX BBIPA0OTATH COCTOSITEIBHOE MPEJICTABICHUE O CTPOCHHUH
sbupa HH NPUXOJUIOCH HaM CTaJKUBAaThCA, HO HECOMHEHHO, 4YTO MEXIUIAHETHOE M MEX3BE3IHOE
MPOCTPAHCTBO HE CYTh MPOCTPAHCTBA MYCThIE, HO 3aHATHIE MATEPUATBHON CyOCTaHIIMEN WIIM TEJIOM, CaMbIM
OOLIMPHBIM U, HAJO AyMaTh, CAMBIM OJTHOPOJIHBIM, KAKO€ TOJILKO HaM U3BECTHOY.

Bpsin 1 MoxkHO m30exaTh BbIBOJA, yTBEpXKIal MakcBelI, O TOM, YTO CBET COCTOUT M3 IONEPEYHOro
BOJIHOBOTO JIBM>KEHHSI TOU YK€ CPeJibl, KOTOPasi BHI3BIBAET JIEKTPUUECKUE U MATHUTHBIC SIBJICHHUS.

MakcBeiul, a BHOCJIEACTBUU U ['epll IBITAIUCh pACHPOCTPAHUTH TEOPUIO SJIEKTPOMArHUTHOIO IOJIS Ha CIlydai,
KOT/Ia BECOMBIE Tejla HaxoaaTcs B JABMWKEHUU. B 0030pe [8] oTmedaercs, 4TO, 9TU TOMBITKA HENb3S HA3BaTh
abCONIOTHO ycmemHbIMH. HW OIWH M3 HUX HE YydYel [ABIKEHHE MaTepHUalbHBIX YacTHUIl OTHOCHTEIHHO
CBSI3aHHOTO ¢ HMUMH 3(pupa, TaK YTO B 0OOMX HCCICOBAHUAX JBIDKYIIHMECS Tela pacCMAaTPUBAIIN MPOCTO Kak
OJHOPOJHBIE YaCTU CPEJbl, 3allOJHAOLIENA BCE IIPOCTPAHCTBO, MIPUYEM 3THU YAaCTH OTIMYAKOTCA IPYyr OT Apyra
TOJIBKO OCOOBIMU 3HAYEHHUSAMH SJICKTPUIECKON M MarHUTHOM MOCTOSIHHBIX. OYEBUAHO, YTO 3TO JIOMYIICHUE HE
cornacyeTcs ¢ Teopueil @peHenst OObSICHAIOMIEH ONTUYECKOE MTOBECHHUE BIKYITUXCS MMPO3PAYHBIX TETl.

B ortnnume ot Makcemna Ctoke B 1845 romy mokasan, 4to siBIIeHHE aOepparyii MOKHO OOBSICHUTH, TIPUHSB
KOHILIETIIINIO HeBUXpeBoro sdupa [9]. «domyctum, 4ro ABMxKeHUE 3eMIIM COOOIIAET JBMKEHHUE COCETHUM
nopuusiM 3dupa. ITo ABWKEHHE MOXKHO paccMaTpuBaTh Kak HaJIOKEHHOE Ha KoseOaTeslbHOE IBUKEHHE
9(UPHBIX YACTHUI[ MPU PACHPOCTPAHEHUU CBETA: CIICOBATEIHLHO, OPUCHTAIMS BOJIHOBBIX (PPOHTOB CBETa B
o011eM U3MEHUTCS, TeM caMbIM OyJIeT OKa3aHO BO3/EHCTBHUE HA HANPaBJICHHUE, B KOTOPOM MBI BUANM HeOecHOe
TEJIO U KOTOPOE TIEPBOHAYAIBLHO SBJSICTCS HOPMAJLHBIM TI0 OTHOIICHHIO K BOJHOBBIM (pporTaM. Ho ecin apup
HaXOAWTCS B HEBUXPEBOM JIBIKEHUH, TaK YTO €ro 3JEMEHTHl HE BpAIIAlOTCs, HECIOKHO YBUAETb, UYTO Ha
HaIpaBJIEHUE PAaCIpPOCTPAHEHUS] CBETa B IPOCTPAHCTBE HE OyJEeT OKa3aHO HUKAKOTO BIIHUSHUS; CBETOBOE
BO3MYVILIEHUE TO-MIPEKHEMY PACIPOCTPAHSIETCS MO MPSMBIM JUHHUSAM OT 3BE3Jlbl, a HOPMallb K BOJHOBOMY
GpoHTY B JIFOO0OH TOYKE OTKJIOHSETCS OT ITOH JIMHUHM PACHpPOCTpaHEHUS Ha HEOOJIBIION yrom u/c, rae u —
COCTaBIISIFOIIAsl CKOPOCTH 3(Hpa B JaHHOW TOUKE, PA3I0KEHHOW MEPIEHIUKYISIPHO JIMHUU PACIIPOCTPAHEHUS



CBeTa, a ¢ — CKopocTh cBeta. Eciu pomycTuth, uTo 3¢up BOIM3M 3eMiIM HAXOTUTCS B COCTOSIHUU IOKOS
OTHOCHUTEJILHO 3€MHOW TMOBEPXHOCTH, TO OYJET Ka3aThCs, UTO 3BE3/la CMEIICHA K HAIMPaBICHUIO IBUKEHUS
3eMJId Ha yroJl, U3MepsieMblii OTHOILIEHUEM CKOPOCTH 3€MJIM K CKOPOCTH CBETA, YMHOKEHHBIM Ha CHUHYC yIJa
MEXK]ly HaIlpaBJICHUEM [BWXEHUS 3€MJIM W JIMHUEH, COCNMHSIONIEH 3eMJII0 CO 3BE370il. DTO B TOYHOCTHU
OTpa)kaeT 3aKOH adepparyu.»

OnuH w3 TBOPLOB Kiaccuueckod ¢usuku Y. TOMCOH yCHIGHHO 3aHMMAJCs pa3paboTkoil Mojeneill u
MEXaHU3MOB B3aUMOJICHCTBUS (PU3MUECKUX Ten U moyied ¢ sdupom. Hanpumep, Y.TomMcoH 3ameTwi, 4To
CTEP>KHEBOM 3JIEKTPOMArHuT, SKBUBAJICHTHBIA TOKY, HUPKYJIUPYIOLIEMY B HAMOTAHHOM BOKPYT HErO MPOBOJIE,
MOKHO CPAaBHHTH C MPSMOUN TPYOKOH, MOTPY>KEHHOW B UJI€ATBHYIO KUJKOCTh, KOTOpas BTEKAET B HEE C OJHOTO
KOHILIa U BBITEKAET C JIPYroro, Tak, YTO YaCTULIbI )KUJKOCTU JBUKYTCS BJIOJIb MArHUTHBIX CUJIOBBIX JTMHUH [ 14].
Ecnu nBe Takue TpyOKM NMOMECTHTH OJHOPOJHBIMH KOHIIAMHU JPYT K NIPYTy, OHU MPHUTATHBAIOTCS; €CIH HX
MOMECTUTH Pa3HOPOJHBIMHU KOHIIAMH, OHU OTTAJKUBAIOTCS. JTa CXeMa JIEHCTBUTENLHO MPUBIIEKAET OJIM30CTHIO
XapaxkTepa JCUCTBUS MarHUTHBIX CHJI M B3aUMOJICHCTBUS TPYOOK, 3alIOJTHEHHBIX HJI€aTbHOMN YKUIKOCTHIO.

OpHako ecTb OJHO NPHUHLUUIIMAIBHOE OTJIMYME, HE MO3BOJIAIOIIEE CUUTATh ATY aHAJIOTHIO0 INPaBOMEPHOM.
Hanpumep, dbeppomaruutHas yacTHlla, IPUTSHYTass COJNIEHOMJIOM, OocTaeTcs BHyTpu ero. [Ipu sTom uactuia,
MOTIABIIAs BHYTPb TPYOKH C JBWKYIIEHCS WAEaTbHON KMIKOCTHIO C OJHOM CTOPOHBI, 00s3aTeNbHO Oyaer
BBIHOCUTHCS B IPOCTPAHCTBO C IPYTOM CTOPOHBI TPYOKU XOTs OBl TOTOMY, YTO COXPAHUT MHEPLUIO TBUKECHHUS.

TomcoH Takke pazpabaThIBaJl KOHIICTIIIHIO HEC)KUMAEMOU (PUPHON Cpeibl, COCTOSIIEH U3 «aTOMOB, YCIOBHO,
KpPacHBIX U CHUHHX», CBSI3aHHBIX MEXAY COOOM KECTKHMH CBSI3SIMH M PACIOJIATAIOIIUXCS B y3J1aX PEHICTKH
bpaBe [15]. Ilo ero KoHIENIMU MPEANOJATAETCsA, UYTO A(UP SABISICTCS KBA3WKECTKUM H  aOCOIIOTHO
COMPOTHUBIISIETCS JIIOOBIM TMOBOpoTaM (Bpamienuto). Jdup TomcoHa MokeT OBITh MOABEPKEH CIBHTOBOM
nedopmaruu. Jis Toro, 4To0sI MOJIETE AdHpa OTBeYasia yCIOBHUIO aOCOIIOTHOTO CONIPOTHUBIICHUS MIOBOPOTY, Ha
JKECTKUX CBSI3AX TOMCOH PACIOJIOKHI BPAIIAIOIINAECS TUPOCKOMBI. [ MPOCKOIBI MOTYT OBITh MPECTABIICHBI
MOTOKaMH HEC)KMMAaeMOM >KMJIKOCTH. YTJIOBas CKOPOCTh JABIKEHHUS B KaXKIOM W3 THPOCKONOB MOXET OBITH
OeckOHEYHO BenuKa. [Ipy 3TOM yCIOBHH MPOCTPAHCTBEHHAS CETh PA3HOOPUEHTUPOBAHHBIX THPOCKOIIOB OKAXKET
OECKOHEYHO OOJIBIIIOE COMPOTHBIICHHE MOBOPOTY A(UPHOM cpeasl BOKpYr J0boi ocu. [locTpoeHHass Takum
obpa3om mojenb ddupa, Mo KoHIenuu ToMCOHa, CIOCOOHA TepenaBarh KojaebaHus MOJA00HO TOMY, Kak 3TO
JiefaeT MPUPOTHBIN dhup.

be3 comuenus, monenb Y. ToMcoHa MpakTUYECKHU HE COTJIacyeTcsl C COBPEMEHHBIMU IpejacTaBieHussMu. OHa
OYCHb CJIOXKHA. TPyAHO NPEeACTaBUTh TUPOCKOIIBI C OECKOHEYHO OOJIBIION YIII0BOM CKOPOCThI0. CpaBHUTENBHO
IIPOCTBIE PACCYXXKJEHUS NPUBOJAT K BBIBOJLY, YTO OECKOHEYHO OO0Jjbllas CKOPOCTh TpedyeT OECKOHEYHO
Oonpuioi sHepruu. He coBceM sCHO, Kak cONpSTaroTcss O0JAacCTH THPOCKONOB, B KOTOPBIX BpalleHHUE
MIPOUCXOAUT BOKPYT B3aUMHO MEPHEHANKYISIPHBIX oceil. TOMCOH HE 00BsICHSAET, KaKOH (PU3NYECKUN MEXaHU3M
OCYILECTBIISICT KECTKUE CBA3U. BmecTe ¢ 3TUM, 110 HallleMy MHEHHIO, KOHLENIUS 3(pUPHOIN Cpelbl, COCTOSIIEH
U3 «aTOMOB» JBOSKOTO POJa, COEIMHEHHBIX >KECTKMMH CBS35IMH, HAXOJSIIMXCS B Y3JaX ONPEIesICHHOM
PELIETKH, IPEICTABIISIETCS PAllMOHATIBHOM.

3arem VY. ToMmMcOH mpuien K BbIBOJY, YTO YpaBHEHMs pPAacCHpOCTPAHEHUs CBeTa He Oosiee yeM ypaBHEHHs
MOTIEPEYHbIX KosIeOaHU B ynmpyroM TBepAaoM Tene. Mcxoas M3 3TOH KOHLENUMU, UM Oblla IMpeacTaBiIcHa
MO/JIeJIb, B KOTOPOM CMeIIeHHs BHYTPU 3(PHUPHON cpellbl CPAaBHUBAIOTCS CO CMELIEHHEM B YIPYTOM TBEPIIOM
tene [15]. ITo ero Monenu, MarHUTHasE WHAYKIUS B JTI000M TOYKE MOXXET OBITH INPENCTaBlIEHA TOBOPOTOM
00BEMHOT0 3JIEMEHTA TBEPJOTO TeJla U3 MOJIOKEHUS] paBHOBECHUS. DJIEKTpUYECKasl Cuila paBHa
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rae € — ymnpyroe cMmenieHue. B 3akiroueHue ynpyroe TBepaoe Teao OOBIKHOBEHHOTO THUMAa TOMCOH 3aMEHHIT
adupHol cpenoii Tuna MakKynara.

HoBoe pa3Butue koHuenuus 3¢upa Moiyywsia B CBs3u ¢ ombITaMu Maiikenbcona [16]. B konme 19 Beka
A.MaiikeTbCOH PeIn, YTO €CJIM HAMpPaBUTh MyYKH JIydei B MHTepHEpOMETPE IO PAaBHOMY MYTH HapalIeIbHO
U NEPIEHAUKYJISPHO HAIPABICHUIO IBHKEHUS 3€MJIM, TO MOXHO IOJIyYUTh HEKOTOPYIO Pa3HOCTb BPEMEHH
MPOXOXKACHUS ATUX Jydeil. OH Mosydns1 UHTepPEPEeHIMOHHbBIE TIOJIOCH MEKY IBYMSI IIyYKaMU CBETa, KOTOphIE
OPOIUIM MO MEPIEeHAUKYISAPHBIM TPACKTOPHSIM; HO KOrJa ammapar noBepHyad Ha 90 rpagycoB, Tak 4TOOBI
pa3HOCTh CTajla MPOTHUBOIIOJIOKHOM, 0KMJIAEMOr0 CMEIICHUs I0JIOC HEe Mpou30uuIo. MalKeabCOH cYenl 3TOT
pe3ysibTaTr J0Ka3zaTeabCcTBOM Teopuu CTOKca, B KOTOPOHM Mpearnojaraercs, 4ro 3¢up, HaxXoQAIuics BOIU3H
3eMiu, IBHKETCS.

B 1882 roxy I1.I'. TAT mpeanonoxui, 4yTo «eciu Obl d(up HAXOAWICS B ABMKEHHH OTHOCHUTEIBHO 3eMITH, TO
aOCOIOTHBIE OTKJIOHEHUS JMHUH B JU(PPAKIUOHHOM CIEKTpPE MJOJDKHBI OBITh pa3iaMyHbl B Pa3IMYHBIX
asumytax» [17].

ITponomxenue omneitTa Maiikenscona 1 Mopnu nocienoBano B 1897 roay, xorga MailkenbCoH MOMNBITANCS
OTBITHBIM MYTEM ONPEAENNUTh, U3MEHSETCS JIU OTHOCUTEIbHOE IBMKEHHE 3eMiId U 3(upa ¢ U3MEHEHHEM
BEPTHKAIBHON BBICOTHI HaJ MOBepxHOCThI0 3emuu [18]. OgHako He OBUIO MOMYYEHO HUKAKOTO Pe3yibTaTa,
KOTOpPBI yKa3ad Obl Ha TO, YTO CKOPOCTh CBETAa 3aBUCUT OT PACCTOSHUS JO IeHTpa 3emud. MaikenbCoH
3aKJIIOYMJII, YTO, €ClU Obl HY>KHO ObLIO BBIOpaTh Mexay Teopusmu Ppenens u CTokca, TO CIeIOBAJIO ObI
MPUHATH TEOPUIO TOCIEAHEr0 M JOMYCTUTh, YTO BIUSHUE 3eMJid Ha 3(Up MPOCTHUPAETCS HA MHOTHE THICSUU
KUJIOMETPOB HaJl €€ MIOBEPXHOCTHIO.

Tem BpemeHeMm, awieMMa, CYHIECTBYIOIIAs B 3TOM IpeaMeTe, eme Oosiee 0O0OCTpMiIach IO, BIUSHHEM
AKCIIEPUMEHTAIbHBIX PE3YJIbTAaTOB, KOTOPbIE YKa3bIBaJM HAIpaBJICHHUE, MPOTHUBOIIOJIOKHOE HAIPaBICHUIO
Maiikenscona. B 1892 romy O. Jlomk [19] nHaGmionan uHTEpQEpeHIMIO MEXIy IBYMs HOPLHUAMU
Pa3BOCHHOTIO JIyya CBETa, KOTOPbIE 3aCTaBUJIM JBUTATHCSA B MIPOTHUBOIOJIOKHBIX HAMPABICHUSIX 110 3aMKHYTOM
TPaeKTOPUM B MPOCTPAHCTBE, OIPAHMUYEHHOM JBYMs OBICTPO BpALAIOIIUMUCS CTaJIbHBIMH JIUCKAMHU.
Habmoienust mokaszanu, 4yTO CKOPOCTh CBETa HE IMOJABEP)KEHA BIMSHHUIO MpPUJIETaloleil MaTepuu B CTEHEHU
1/200-# nonu ckopoctu Matepuu. IIponomxkas cBou uccnenoBanus, JIopk CUIbHO HAMAarHUTHIT IBUXKYIILYOCS
MaTepHIO (B €ro OIbITE 3TO OBLIO KeNe30), TaK YTOObI CBET PaCHpPOCTPAHSIICS Yepe3 JABHKYILEECs MarHUTHOE
10JIe; U HA3JEKTPU30BaJl €€, TaK YTOObI TPAeKTOPUs JTydel HaxXOJWIach B JIBHXKYILEMCS 3JIEKTPOCTaTHUECKOM
I10JI€; HO HU B OJJHOM CJIy4ae Ha CKOPOCTb CBETA HE OBLIO OKA3aHO OLLYyTUMOIO BIIUSHMUS.

I'eanpux AuToH JlopeHI| mombBITANICS pa3pelinTh BO3HHUKIINAE MPOTUBOPEUHUS B OOBSICHEHUN MPUPOABI ddupa.
On npeoOpazoan runoresy dpenens Takum 00pa3oM, 4TO B €r0 TEOPUU BECOMOE Tell0, KOTOPOE HaXOIUTCS B
JBUKEHUH, TIPEHOCHT C CO00M M30BITOK 3(pHpa, KOTOPBI OHO COJMEPIKHUT 1O CPABHEHUIO C MPOCTPAHCTBOM,
cB0OOAHBIM 0T MaTepuu [8]. JlopeHI] Takke MPEANoNOKUI, YTO MOJSIPU30BAHHBIE MOJEKYIbI IUAJIEKTPUKA,
MOI00HO MHOXECTBY MAJICHBKUX KOHACHCATOPOB, YBEIUYUBAIOT IUAJIECKTPUUYECKYIO MOCTOSHHYIO, U UMEHHO
3TO (TaKk Ha3bIBAEMOE) YBEJIMYEHHUE JMAJIEKTPUUYECKONW MOCTOSHHOW MEepeMelaeTcsi BMECTe C JBIDKYIIEHCS
Mmatepueil. Takum o0pa3oM, ycTpaHsUIcS HEIOoCTaTOK Teopun dpeHerns, TpeOOBaBIIHA, YTOOBI OTHOCHUTEIIbHAS
CKOpOCTh 3(pupa u MaTepuu OblIa pa3inyHa JJis CBETa pa3iMuHbIX I[BeTOB. Teopus JlopeHia TpedyeT TOIbKO
Pa3HBIX 3HAYCHUM JUAJIEKTPUUECKOU MOCTOSHHOM /Uil CBETA Pa3HBIX IIBETOB, & TEOPHS JIUCIIEPCUU JIa€T ITOMY
TpeOOBaHUIO YJOBJIETBOPUTEIHLHOE O0OBICHEHHE.

[TpaBunbHOCTH TUTIOTE3HI JIOpEHIIa, B TPOTUBOIIOIOKHOCTE TuroTe3e ['epria (B KOTOPOM MpeArnoaaraiochk, 4To
JIBUKYIIEECS] TEJIO TMEPEHOCUT ¢ cOo0Oi Bech cojepKammiics B HeM 3(wup), BIOCIEACTBHH TOITBEPIUIH
paznmuunbie onbIThl. B 1901 romy P.bnoHmnmo mnpoBen BO3AYHIHBIM MOTOK 4Yepe3 MArHUTHOE TIOJIE,
NEePIEHIUKYIIPHO MAarHUTHBIM CHWJIOBBIM JiMHUSAM [20]. Bosaymsbelii mOTOK OBUT HampaBiIeH MEXIY
IUIACTUHAMHU KOHJEHCATOpa, KOTOPbIE COEAMHSI IMPOBOJ, TaK 4YTOObBI OHM HMENHM DPaBHBIM MOTeHHMad. B
BO3JlyX€, MPHU €ro JBWKEHWU B MAarHUTHOM II0JIE€, CO3/laBajiach 3JeKTpoaBrkymias cuia E'. CormacHo Teopuun
I'epuia »Ta cuna moMKHA C€O371aBaTh dJICKTPUYECKYr0 HWHAyKIuio D Bemwuwabsl €E' (rme & oOo3HavaeT
JUAJIEKTPUYECKYI0 TPOHUIIAEMOCTh BO3/lyXa, KOTOpas paBHA MPAKTUYECKH €JIMHHUIIE), TaK 4YTO, COIJIaCHO
teopuu ['epua, MmIacTUHbI KOHAEHCATOPA JOJDKHBI 3apsaanuThes. CornacHo Teopuu JlopeHna, ¢ Ipyroi CTOpOHHI,
aneKTpuueckas HAyKus D onpenensiercs ypaBHEHUEM



D=E+(e- E,

rae E 0603HauaeT 3eKTpuuecKyro CHTy, ASUCTBYIONIYIO Ha 3apsijl, KOTOPbI HAXOAUTCS B COCTOSTHUM MOKOS; B
JAHHOM cllydae 3Ta CWia paBHa Hyito. Takum oOpaszom, corimacHo Teopuu JlopeHia, 3apsiabl Ha IUTaCTUHAX
KOHJIeHCcaTopa OyAyT UMETh TONbKO (¢ — 1)/ 4acTh OT 3HAUEHUsS, KOTOPOE OHHU JOJDKHBI UMETh MO TEOPHH
I'epua, TO ecTh, MpaKTUYECKU, OHU OYIYT paBHBI HYNIO. Pe3ynbrar, momydeHHbIH BiIoH10, CBUAETENHCTBOBA
B [10J1b3y Teopuu JlopeHua.

OmbIT mogoOHOTO Xapakrepa npozenan B 1905 roxy I'.A. Bunbcon [21]. B 3TOM ombITe MpOCTPaHCTBO MEKITY
BHYTPEHHEH M Hapy>KHOW OOKJIaJKaMM IMJIMHIPUYECKOTO KOHJIEHCATOpa OBLIO 3alOJHEHO JUAJIECKTPUKOM —
s0onuTOM. Korma Mexay oOKiIaJKkaMH TakOTO KOHJEHCATopa MOJAJIEP>KUBAIOT OINpPEAENeHHYI0 pPa3HOCTb
MOTEHIIMAJIOB, HA HUX HHAYIUPYIOTCS 3apsanbl. Eciin KOHIEHCATOp BpaliaTh BOKPYT €r0 OCH B MarHUTHOM
Mojie, CHJIOBbIE JIMHUU KOTOPOTO TMapauieldbHbl 3TOW OCH, TO OSTU 3apsabl OyoyT H3MEHSTHhCS U3-3a
JIOTIOJTHUTEILHON TMOJSPU3allMi, KOTOpash BO3HUKACT B MOJIEKYJaxX JAMAJIEKTPUKA NPU UX JABUKCHUU B
MarHuTHOM Tojie. Kak u paHee, 3HaueHHE JOMOJHUTENBHOTO 3apsaa, coryiacHo Teopun Jlopenna, B (¢ — 1)/e
pa3 OoJibllie €ro 3HA4YEHUs], BRIUUCIEHHOTO 10 Teopuu ['epua. PesynpraT onbiToB BuiibcoHa, Kak U pe3yabrar
onbIToB brionano, okazancs B mons3y Teopun JlopeHia.

[Tpumupenue 31eKTpPOMarHUTHON Teopuu ¢ 3akoHOM DpeHesns 0 pacpoCTpaHEHUH CBETa B IBIXKYIIIUXCS Telax
ObuUTO sIBHBIM ImaroM Brepen. OIHAKO CYIIECTBOBAla CJIOXHOCTh, KOTOpas NPEMATCTBOBANIA TEOPUHU
HEMOJIBIKHOTO 3¢upa: B CBOEM HA4YaJbHOM BHJIE OHA HE MOTJIa OOBSICHUTH OTPULIATENIbHBIN PE3yabTaT OIbITa
Maiikenbcona u Mopnu. B 1892 rogy ®urtiypkepanba NpeasioRuI, YTO TPU JBUKEHUU MaTEepUaIbHBIX Tell
OTHOCHUTETHLHO dHUpa UX pa3Mepbl HEMHOTO M3MeEHsSI0TCs [22]. 3areM 3Ty runore’y OuTIypKepanbaa MPUHSIT
JlopeHn, mocne 4ero Kpyr Iojed, KOTOpPhIE MPUHSIN 3Ty HJCI0, Hadald MOCTENEHHO PACIIUPATHCS U OBLI
OPUHAT PU3HUKAMU-TEOPETUKAMU.

PaccmoTpum, kak 3Ta rumote3a OOBACHSET pe3ysbTar, MojdydeHHbI Maiikenbconom. Ecnu momycTtuth, 4TO
3pUp HEMOJABMXKEH, TO OJMH U3 JBYX JIyued, Ha KOTOpbIE pa3ieisieTcss HMCXOJHbIH CBETOBOM Iy,
HaAIpaBJICHHBIA BJOJb JBWXKEHUS 3e€MIIM, AOKEH MPONTH CBOHM MyTh ObICTpee, YeM APYroil, HarpaBiICHHBIH
HOTMIEPEK ATOMY JIBHIKEHHUIO. DTy PA3HUIy MOXHO ObIIO Obl MOJHOCTBIO KOMIIEHCHUPOBAThH, €CIU OBl MYyTb,
COBMAJAIOLIMI C HaNpaBlI€HUEM JBIKEHHUS 3eMiM, Obul KOpode IyTH Jy4a, HaNpaBJIE€HHOrO MOIMepeK
JBIDKEHUS. DTO MOIJIO MPOM30MTH, €cli Obl JMHEHHBIE pa3Mepbl IBMKYILIUXCS TEJI BCErJa COKpAaIlaINCh B
HaIpaBJIeHUU MX JABWKeHus B oTHowmeHuu (1 — V2/2C2) x eaunune (V — ckopoctb Tena, C — CKOpOCTb
cBeTa). B aToM u ecth cMbIc runores3sl GUTIRKEpaiba O COKPALIEHUN Tell IIPU UX JIBUKEHUU CKBO3b 3up.

Hpyroe npennoxenue B 1899 rony BeiaBuHyn I[lmank [23]. OHO ocHOBBIBajoch Ha Teopun CTokca H
3aKJII0YaJIOCh B TOM, YTO 000UM yclIoBUSAM Teopur CTokca (YTO ABMKEHHE dPHpa TOIKHO OBITh HEBUXPEBBIM U
YTO y MOBEPXHOCTH 3€MJI €T0 CKOPOCTh JIOJIKHA OBITh paBHAa CKOPOCTH 3€MJIM) MOXKHO YAOBIETBOPUTH, €CIH
JIOMTyCTUTh, YTO A(PHP CKUMAETCA MO 3aKOHy Boiis u monaBepskeH TAroTreHHio. Bokpyr 3emmm OoH cxar
no106Ho atMocdepe, PH 3TOM CKOPOCTh CBETA HE 3aBUCHUT OT CTYIIEHUS dpupa.

Opmnako Teoputo CTOKCa KPUTUKOBAIM HECKOJIBKO aBTOPOB, cpear KOTopbix Obut 1 Jlopent [8]. Dra kpuThka
COCTOsIJIa B TOM, YTO HEBUXPEBOE JBUKEHHUE HECKUMAEMOM >KHIKOCTH TMOJHOCTHIO OIMpPEAENIEHO, KOorja 3ajaHa
HOpMaJibHasl COCTABJIAIOINIAs CKOPOCTH Ha €ro rpaHuie. Tak 4yTo eciau JOMYCTHTb, YTO 3(PUpP UMEET TaKylo XKe
HOPMAJIbHYIO COCTAaBJIAIOIIYIO CKOPOCTH, YTO U 3GMHH, TO OH HC CMOXCT UMCThb TAKYIO K€ TAHICHIHAJIbHYIO
COCTaBIIAIONLYIO0 cKOpocTH. OTCI0/1a CIIEAYET, UTO B 00IEM clydyae HE CYHIECTBYET TaKOro JIBHKEHHS, KOTOPOE
YAOBJICTBOPAIIO 6I>I YpaBHCHUIO CTOKC&, " 9Ta CIOKHOCTH HE 6]:1.]18. paspeuicHa YA0BJICTBOPUTCIILHO HU OAHUM
U3 MPEAoKEeHUM, KOTOpble OBbLIM BBIIBUHYTHI Ui ee paspemieHus. OQHO U3 TaKuX MPEJIOKEHUH COCTOUT B
JOMMYIICHUHU O TOM, YTO JIBUKCHHC 3eman CO34aCT BUXPCBOC BO3MYUICHUC, KOTOPOC, HCCMOTpS HA TO, YTO
HCIYCKAeTCs CO CKOPOCTBHIO CBETA, HE BIUAET Ha OoJiee yCTOMUNBOE HEBUXPEBOE JIBUYKEHHE.

CymiecTBeHHas peBOJIONHMS Cper (PU3UKOB B MPEACTABICHUSAX 00 3pupe mpou3onuia mocie omyOIuKOBaHM
IIPUHLIAIIOB TEOpUU OTHOCUTENbHOCTH A. OuHmreiiHoM. Hampumep, B 1905 romy A. OHHIUTENHH nunier
«BBenenue "cBeTOHOCHOTO 3upa" OKaKeTCs MPU 3TOM M3MUIIHUMY [24, ¢.8]. B apyroit padote, B 1915 . on
IUILIET: «...CJeIyeT OTKa3aTbCs OT BBEJIEHHs MOHATHS 3(Hpa, KOTOPbIM MpeBpaTUiICs JUIIb B OeCroe3HbINH
JIOBECOK K TEOpHH...» [24, c.416]. B 1920 r. oH nummeT: «...crnenuaabHas TeOpHsi OTHOCUTEIHLHOCTH HE TpeOyeT



0e3ycioBHOTO oTpumanus >dupa» [24, ¢.685]. A. DUHIITEHH TO TpU3HABAl CylIecTBOBaHWE 3(dupa, TO
oTKaspIBaJics OT Hero. IlocnemHee BbIcKaszbiBaHWE A. DWHIITEHHA OTHOCUTENIBHO S(UPHON cpeabl OBLIO
cnenano B 1952 r.. «Tem, duro chHenuanbHas TEOpUsS OTHOCUTEIBHOCTH TMOKa3zana (U3NYECKYIO
HKBUBAJIEHTHOCTh BCEX HMHEPIUAIbHBIX CHUCTEM, OHa JI0Ka3ajla HECOCTOSATENBHOCTh THUIOTE3bl MOKOSIIETOCs
spupa. Ilosromy HeoOXoauMo OBLIO OTKa3aTbCs OT HJEH, 4YTO DBJICKTPOMArHUTHOE TIOJ€ JOJKHO
paccMaTpHUBaThCs KaK COCTOSIHME HEKOTOPOTO MaTepUAIbHOTO HOcuTens» [24, ¢.753].

3. Yurrekep nuuiet [8, ctp.359], 4To NPUHATHIN MPUHLIUII OTHOCUTEIBHOCTH Pa3pyLIN BCE KOHKYPHUPYIOIINE
KoHuenuuu 3¢upa. OgHAKO HE BCe M3BECTHBIE (PU3MKM OKa3aJaHMCh COIJIACHBI C ylIaleHueM 3(upa u ¢ camoi
TEOPHEN OTHOCUTEIIBHOCTH.

Onun u3 BeInatonuxcs Gu3ukos, [lons Jlupak Tak omucan cBoe MOHMMaHue BakyyMma [25]: «CorimacHo 3THM
HOBBIM TPEACTABICHUSIM, BaKyyM HE SIBJISIETCSA IyCTOTOM, B KOTOpOW HuU4ero He Haxoautcsa. OH 3amojiHeH
KOJIOCCAJIbHBIM KOJIMYECTBOM 3JIEKTPOHOB, HaXOJSIIUMCS B COCTOSIHUM C OTPUIIATENILHON SHEPrHei, KOTopoe
MOKHO paccMaTpuBaTh Kak HEKHIl OokeaH. DTOT OKeaH 3alloJIHEH J3JIeKTpOHamMH 0e3 mpefena 10 BeTHYHHBI
OTPHULIATETTLHON SHEPIHUH, U MOATOMY HET HUYETO IMOXO0XKEro Ha JHO B 3TOM 3JIEKTPOHHOM OKeaHe. Te siBIeHusl,
KOTOpBIE MHTEPECYIOT HAC, ATO SIBICHUS, MPOUCXOASIIUE Y MOBEPXHOCTH ITOrO OKEaHa, a TO, YTO MPOUCXOAUT
Ha TIyOunHe, He HabI0AaeMo U He TpeCTaBisieT nuTepeca. Jlo Tex mop, moka OkeaH COBEPIIEHHO OJHOPOJICH,
MOKa €ro MOBEPXHOCTh ITUIOCKasA, OH HeHaOmogaeM. Ho eciu B3STh MPUTOPIITHIO BOJBI U3 OKeaHa U MOTHATh, TO
MOJTy4yaloleecs] HapylUIeHHWEe OJHOPOAHOCTH OyneT TeM, UTO HaOMIJaeTcsi B BHUJE OJIEKTPOHOB,
MPEJICTABIISIIOIIMXCS B ATOW KapTHUHE, KaK IMOJHATas 4acTh BOJBI M OCTAIOLIASICSl Ha €€ MECTe JAbIPKa, T.C.
MTO3UTPOHBDY.

Jpyroii Beigaromuiicst yuensiid, JI. Bpuiuiioss mpuien K BRIBOAY, UTO «...00MIast TEOpUs OTHOCUTEIBHOCTH —
OJIlecTAIUI TpUMEp BEJIHMKOJICTTHOW MaTeMaTHYECKOW TEOpHH, MOCTPOCHHOM Ha TMECKe M BEAyled K BCE
OoJIbIIIEeMy HAarpoOMOXKICHUIO MAaTEeMAaTUKUA B KOCMOJIOTHH (TUIHYHBIA NMpUMep HaydHOU ¢aHTacTHkH)» [1]. B
kHHAre «HOBBIM B3ryIsA Ha TECOPUIO OTHOCUTEIBHOCTH» OH IHUIET, YTO M TEOPHS OTHOCUTEIBHOCTH, KaK W
KBAaHTOBas TeOpus, BO3HUKIM B Hawaje 20-ro cronerus. Jlamee Havasoch OypHOE pPa3BHTHE KBaHTOBOU
MeXaHUKU. beul OTKpBIT civH, TpuHLuMn 3anpera [laynu, Bosnnsl ne bpoiins, ypasaenue llpeaunrepa u Mmuoroe
JIpyroe. DKCIIEPUMEHTHI AOIOJIHAIN TEOPHIO, YTOUHEHHAsi TEOpHUsl IO3BOJIsAIA MPEICKA3aTh HOBBIE SBIICHUS.
Pa3BuTne KBaHTOBOI MEXaHMKH MPOJEMOHCTPUPOBAIIO TOT 3aMeYaTENIbHBI CUMOMO3 TEOPHH U IKCIIEPUMEHTA,
KOTOPbI BeneT K Oe3rpaHU4YHOMY pOCTy 3HaHMWA. HMHOe moNoXKeHHe C Teopuel OTHOCHTEIbHOCTH.
[lonBepruyrast TOJBKO HECKOJBKMM OJKCIEPUMEHTAJIBHBIM  IPOBEPKaM, OHAa OCTAETCA  JIOTHYECKH
npotuBopeurBoii. OHa He Jana Toi OyHHOMN MOPOCTH HOBBIX HAYYHBIX HANpPaBJICHUH, KOTOPYIO MorJa Obl 1aTh
IUIOIOTBOPHAs Teopusi. Ha ee mosie 10 cux mop npoaoskaroTes TsxKelble OOM C JIOTHYECKUMU U (PU3HYECKUMHU
IIPOTUBOPEUYUSIMH B CAMON TEOPHH.

3aMeTHM, YTO BBIILICIPUBEICHHBIE APTYMEHTUPOBAHHbBIC YTBEPXKACHUS YYEHBIX C MHUPOBOM M3BECTHOCTHIO HE
MOTYT OBITH TIPOUTHOPUPOBaHBL. [lociieHre HaydHBIE JTOCTHIKECHHUS, OCOOCHHO B OOJIACTH PACIPOCTPAHECHUS
paIMOBOJIH, B TOM YHCIE U B KOCMUYECKOM NPOCTPAHCTBE, OTKPHITHE «CKPBITOW MaTeprun» MOOYXKJIAIOT CHOBA
BEPHYTHCS K PEIICHUIO MTPOoOIeMbl dupa.

Ecnmu moxBectw HEKOTOpbI wWror, B 19-M cromeTMH BenMKMMH (U3MKaMU pa3pabaTHIBAINCH JIBE
KOHKYypHpyolue Teopun 3¢upa. OaHa U3 HUX, OpeanoxkeHHas Jlexkaprom, MakcBemioM U, B U3BECTHOM Mepe,
JlopeHuiem, mpeamnonaraia, 4To B 3(hupe CyIecTBYIOT BUXPH U3 KAaKHX-TO OYCHb MEJKUX yacTull. IloToku 3Tux
YacTUIl O0pa3yloT MarHUTHbIE MoJid. JIBMKEHHMsI 3THUX YacTUI[ OT OJHOTO 3apsHKEHHOTO Tela K Jpyromy
o0OecreunBarOT 3JIEKTPOCTAaTUYECKOE B3auMmojeiicTBue. Bropas Teopus, kotopyro pasBuBanu MakKynar,
Tomcon n CTokc, OCHOBBIBaJIaCh Ha TOM, 4TO 3(Up mpeacTaBiseT coOoi KBa3UTBEpAOe Teao. MarHUTHbIE U
AIIEKTPUYECKHE MOJIS BO3HUKAIOT B HEM B PE3YNIbTATE ONPEACICHHOTO BIIA Ae(hOpMarHi.

B mnacrosmiee BpeMs NpOIOJIKAIOTCSA TONBITKM IMOCTPOUTH HEMPOTUBOPEUMBYIO TEOpUIO 3(UPHON cpens
(Bakyyma). Kak m B OCHOBHBIX HpEIIIECTBYIONIUX padoTax 19-ro Beka, pa3pabaThIBalOTCS B OCHOBHOM, JIBE
TEOPHH, — KBA3MKHUIKOCTHOTO (Tra3onono6Horo) a¢upa u kBasutsepaoro. Hampumep, K.P. Sinha, C. Sivaram
and E.C.G. Sudarshan npemyioxwuimm Mozens BakyymMa Kak CBEpXTeKydeu cpenbl [26]. B 3Toli craThe, Kak U B
HECKOJIBKUX MPEABIIYIINX TEX K€ aBTOPOB, Pa3BUBACTCS KOHIICTIIMS O TOM, YTO CBETOHOCHBIN (Hp SABIsAETCA
CBEPXIPOBOJIAIIECH JKUIKOCTBIO, COCTOAIIECH M3 OOBEAMHEHHBIX mMap (EPMUOHOB M aHTH(PEPMHOHOB (Kak H



HalpuMep, DJEKTPOH-NO3UTPOH, HEUTPUHO-aHTUHEWTPUHO M [1p.). IJTa CBEPXIPOBOIAIIAS KUIKOCTb
paccMaTpuBaeTcs 1100a1bHO CTAOMIBHON U IpecTaBisieT co00i oCHOBY yHHBepcyMa. IIpeacrasisiemas cpena
MOJKET COZAEP)KaTh TEH30pPHBIE OO030HBI, KOTOPbIE MOT'YT UMETh MacCy WU ObITh Oe3mMaccoBbIMH. OHM MOTYT
00ecrneunTh MEXaHU3M Ul CUJIBHOTO, IEKTPOMarHuTHOIO U TPaBUTALMOHHOIO B3aumojeicTBus. Kak numryt
aBTOPbI, KOHIEMNIMS TaKOBa, YTO OCHOBHOE (PepMHOH-aHTH(PEPMUOHHOE B3aHMMOCHCTBHE MOXKET MPUBECTH K
MHOTI000Pa3HI0 MPOSBISAIOIIUXCS CUIT U, KAKETCsI, MOKET JaTh OCHOBY 11 00OOIEHHOM 0JIEBOM TEOpHUH.

B u3BectHOIT paboTte B.A. A1tokoBCKOT0 mpeiaraeTcsi Moelb ra3onoaqo0noro 3¢upa [27]. Marautasie moss
sToro 3¢dupa 00pa3yrOTCs BHUXPEBBIMU CTPYKTypamu. MmeeTcss psini ApYruxX COBpEMEHHBIX paboT pa3HOU
CTeneHn 00OCHOBAaHHOCTH, KOTOPBIE MPEACTABISAIOT d(up MO0 XKUIKUM, JTHOO KBa3UTrazooOpasHbIM [28, 29,
30].

Psn npyrux paboT mpeacTaBistoT MoJeab KBazuTBepaoro ddupa [12, 31, 32]. Kak npaBuio, B OombIeit wim
MEHBbIIIEH CTEMEHN 3TU PabOThI UCXOAIT U3 MOJIeNH (M pa3BUBAIOT ee€), npeyioxenHoit MakKynarom.

Hwxe Hamu nipeziaraercst 1 000CHOBBIBAETCS, KaK HaM MPEJICTABIISCTCS, HAUMEHEE IIPOTUBOPEUHBAst MOJIEIb, &
MMEHHO MoOJeib KBasutBepaoro 3dupa (3bupHoit cpenpl). Ilpemmaraercss pemieHue BTOpOH OONBIION
npobaembl, — TodeMy 3(up yBIEKaeTcs (YaCTUYHO) ABWXKYIIMMHUCA (U3NUYECKUMHU TeJaMHU Ha 3eMHOM
MOBEPXHOCTH, HO OCTAETCSI HEMOJBM)KHBIM OTHOCHUTEIIHHO JBIIKYIIEHCS CKBO3b KOCMHYECKOE TPOCTPAHCTBO
TuiaHeTsl 3emis. D(hup NpeAcTaBIsIeTcs Kak BCENPOHUKAIONIAs Cpea, COCTOSAIIAs U3 YacTHUIl ABYX PAaBHBIX, HO
MPOTHBONIOJIOXKHBIX 10 3HaKy, BUAOB. [loka3ano, uro 3¢up obnagaer onpeaeIeHHBIMH JIEKTPOMArHUTHBIMU
IUIOTHOCTBIO U YNPYrocThio. OOBSACHIIOTCS OTHOIIEHHS M B3aMMOACHUCTBHS MEXKAY IMPOCTPAHCTBOM, 3(UPOM,
¢uzndeckumMu  (BecoMbIMH) TenmamMu W BpeMeHeM. (OOOCHOBBIBae€TCS  CYIIHOCTh  HaOJI0/1aeMbIX
AIIEKTPOMATHUTHBIX SIBJICHUH, a TAK)KE WHEPIIUU U TPABUTAIIHH.

B cBsi3u ¢ TeM, 4TO B MOCJEAHEE BpEMs TEPMHH «BAKYyM» MHOTMMH HCCIIEOBATEISIMU TPAKTYeTCs Kak
CHHOHUM TOHATHS «3(up» MpuBeneM LUTaTy . YHUTTEKEpa, — «MHE KaxXeTcs aOCypAHBIM COXPaHAThH
Ha3BaHWe '"BakyyMm'" U1 KaTeropwu, oOOJagaroniel TakuM KOJIHYECTBOM (DU3MUYECKUX CBOWMCTB, a BOT
HUCTOPUYECKHUM TepMUH "dhup" KaK HEIb3sl JIydIle MOAXOAUT JIJIs ATOM menm» [§].

3. O6mue cBoiicTBa d3pupa (Bakyyma)

CoBpeMEHHBIMH HCCIIeI0BaTENSIMU (PU3UUECKasi, OAHOPOJHAsI KOHTUHYallbHAs cpea (ra3, )KHJIKOCThb, TBEPAOE
TEJIO) MOHUMAETC KaK MaTepus, paBHOMEPHO U TPEXMEPHO 3aNOJHSIONIAs MPOCTPAHCTBO, KOTOpast 00aiaeT
CIOCOOHOCTBIO NEPEAABATh BO3MYLICHUS C MOCTOSIHHOM CKOPOCTBIO. CBOWMCTBA CPEeAbl ONPENEIIAIOT CKOPOCTh
pacrpoCTpaHeHHUsT BO3MYILIEHHH B Heil. V3BecTHBI KOHTHHYaJbHBIE CpeIbl, OONagarolliye MPUHIHUIHAIBHO
pasHbIMU crioco0amu nepenaun Bo3myuieHni. OJlHa U3 HUX OTJIMYAETCs TEM, YTO BO3MYLIEHHS IEpeJatoTCs Mo
JVHUYW, COBHAJAIONIEH C HampaBlIeHUEM pacmpocTpaHeHus. Jlpyroil Tum cpenbl crnocoOeH mnepenaBaTh
BO3MYILEHUSI C BEKTOPOM CMEILEHUS B HaNpaBiICHUM pACIPOCTPAHEHHUS M C BEKTOPOM CMEIICHHUS,
OPUEHTUPOBAHHOM 10 HOPMaJlM K HalpaBJICHHUIO pacrnpocTpaHeHus. Mmeercs TpeTuil TMI cpelibl, B KOTOPOH
CMEIIECHUS MPOMUCXOJIAT BO B3aHUMHO OpPTOTOHAJIBHBIX JPYr JAPYry M K HaIlpaBJICHHUIO PacHpOCTPaHEHUs
opuenranusx. [lepsas cpena npexacrasiser coboil ra3 ()KUAKOCTH), BTOpas — TBepzoe Teno. CBoiicTBa cpeibl
TpeTbero Tuna — 3¢dupa (Bakyyma) U3BECTHBI, HO €0 BHYTPEHHSS1 CTPYKTYpa MOKa elle He onpeaeneHa. J¢pup
XapakTepu3yercs: (pU3NYecKMMH MOCTOSHHBIMHU: CKOPOCTBIO PAaclpOCTpaHEHHs KOJICOAHUH, AUINEKTPHUUECKON
ITOCTOSIHHOW, MarHUTHOM MPOHUIIAEMOCTBIO.

Bemmonnennsie mocie J[. MakcBemna ucciaeoBaHUS TMPOIECCOB W3IYYEHHUsS, PACIpPOCTPAHEHUs M TpHEeMa
DIIEKTPOMAarHUTHBIX BOJH TMOKa3ald, 4YTO d3(up o00jamaeT ONpeNeiNeHHOW BEIMYHMHONH BOJHOBOTO
conpotuiienus Z ~ 377 om [3]. HaGmoaeHus 3a mpoiieccoMm 3apsiia BaKyyMHUPOBAHHOTO KOHAEHCATOPa,
MOJJa4M TOKa B COJICHOWJ, MOKA3bIBAIOT, YTO 3JCKTPOMArHUTHBIC MpOIecChl B 3dupe 00IamaoT WHEPIHEH.
VYcranoBieHHble (DAKTBI U SBJICHUS TO3BOJISIIOT YTBEPHKIATh, 4TO d(PHpP SBISAETCS CIEHUPHUECKON Cpeioi,
NPUHIUITHATBHO OTJIMYAIOIIEHCS OT XKHUJIKUX U TBEPJBIX CPE/I.



OnHuM #3 caMbIX MPUMEYATETHHBIX CBOWCTB 3(Upa SBISETCS TO, YTO OH HE OKAa3bIBACT COMPOTUBICHHUS
paBHOMEpHOMY JBWXeHHIO. Hampumep, B MaTepuaibHbIX (00Jamaromux (pu3ndecKkol IIIOTHOCTBIO) Cpemax
AIIEMEHTApHBIE YaCTHIBI (AJIEKTPOHBI M Jp.) MOCTOSHHO HAXOASITCS BO B3aUMHOM ABMKeHHU. CTabuibHOE
COCTOSIHME MakKpoOOBEKTOB, MX (PUKCHPOBAHHOE B3aMMHOE MOJIOKEHUE, MOTYT COXPaHITHCS UYpEe3BbIYAHO
JIOJr0. Y CTaHOBJIEHHBI BO3pAacT HEKOTOPBIX 3EMHBIX NOPOA M METEOpUTOB cocTaBiser (3,8—4,7)-109 ner
[33]. Bce »5TO BpeMs [ABWIKEHHE, HAIPUMEp, OJIEKTPOHOB BOKPYr SJI€p AaTOMOB, COCTAaBIISIFOIINX
KPUCTAJUTMYECKYIO PEIIETKY MUHEPATIOB B 3TUX MOPOAAX U METEOPUTAX, MPOUCXOTUT Oe3 U3MEHEHHS HX OPOHT,
3aMeJUIeHHs CKOPOCTH UX oOparieHus. M3 pe3ynbTaToB UccleOBaHUN aCTPOHOMOB HaM TaKe M3BECTHO, YTO
CBET OT CaMbIX OTJAJICHHBIX TJIAKTUK MPUXOTUT K HAM 3a BpeMsl, OIEHUBAEMOE B MHJUTHOHBI CBETOBBIX JICT.
[Ipu cxonbko-HHOYAH OONBIIOM TOTJIOMIEHHH CBeTa 3(UPOM MBI HE CMOIJIM Obl HAOJIOAATh ATH JaJICKHE
TaJlaKTUKH.

HauOonee mosHple pAaHHBIE O CBOMcTBaX 3¢upa Aal0T HAOIIOAEHUS O pPACHPOCTPAHEHUH B HEM
AIIEKTPOMArHUTHBIX BOJIH U cBeTa. Kak UW3BECTHO JJIEKTpOMArHUTHas BOJIHA IMIPEACTaBIseT COOOi
[IEPUOJNYECKOE M3MEHEHHE B IIPOCTPAHCTBE M BPEMEHU DJJICKTPUYECKOTO M MAarHUTHOIO IOJIEH,
pacrnpocTpaHsiouieecs: B BUAE BOJIHOBBIX IAKETOB BO BCE CTOPOHBI OT TOH 00JAaCTH HPOCTPAHCTBA, TE
BO3HHMKAIOT Kosiebanus [3]. berymias B mpocTpaHCTBE 3JIEKTPOMArHuWTHas BOJIHA ONMCHIBAETCS B3aMMHO-
MEPIECHINKYJSIPHBIMU BEKTOpPAaMHU HAIPSKEHHOCTH 3JiekTpudeckoro E u MaramutHoro H mnoseil. Bennuunbt
BeKTOpoB E 1 H u3MEHAIOTCA CUHXPOHHO M MEPHEHIUKYJISIPHO HAIPABICHUIO PACIPOCTPAHEHHUsS BOJIHBIL.
[lepnengukynsapHocTh BeKTOpoB HampsbkeHHocTd E, H u HampaBienust pacnpoctpaHeHHs 00YyCIOBIMBAIOT
«IIONIEPEYHOCTh» DJIEKTPOMarHuTHOW BOJIHBL. Bekropsl E m H, ocraBasce B3aMMHO-NIEPIEHIUKYIISPHBIMU,
MOTYT ObITb, B IUIOCKOCTH HOPMaJIbHOM K HAIpPaBIIEHUIO PACHpPOCTPAaHEHUS, OPUECHTHUPOBAHBI MPOU3BOJIBHO.
HNmeeTrcst Takke OYEHb Ba)KHOE CBOMCTBO JJIEKTPOMArHUTHBIX BOJH — UX nossipuzyemocts. CBer,
SIBJISTFOILMICS. DJIEKTPOMArHuTHOM BOJIHOM, JIETKO IPOSIBIISIET CBOMCTBA — «IOMEPEYHOCTHY U MOJISAPU3YEMOCTD.
CBerT MOXKET MMETh JIMHEHHYIO, 3JUIMIITUYECKYI0 U KPYroByro nossipuszauuu [34]. B mepBbIX OBYX ciaydasx
MOKHO BBIICJINUTh HamnpasieHHocTh BektopoB E u H. Ilpu kpyroBoii mnonspuzanuu 3aduKCUpOBaTh
HalpaBJICHUE BEKTOPOB Hesb3s. VIMeeTcss Takke XaoTHYHO MOJIIPU30BAHHBINA (€CTECTBEHHBII) CBET.
duznueckas cpena MOKET U3MEHATh CTENEHb NoJspu3anny ceera. HanmpuMep, U3 XaOTHYHO NOJIIPU30BAHHOTO
BBIJICIIATH JIMHEWHO-IIOJIIPU30BAHHBIM, a4 TaKXKE W3MEHATh BUJ IOJIApU3ALMU CBETAa, — W3 JIMHCHHOW B
AJUIANITUYECKYIO, KPYTOBYIO U T. A. IIpu pacnpocTpaHeHnM cBeTa B )KUIKUX U TBEPABIX CPEAAX BOZHUKAET €IIIE
psan 3¢(heKToB, OCHOBHBIMU U3 KOTOPBIX SIBJISIOTCS IUICOXPOM3M (IMXPOU3M) U HPOSIBIEHUE ONTHYECKOU
aKTUBHOCTHU (BpallleHuE MIOCKOCTHU moisgpu3anun) [35, 36].

[IpuunHa TUIEOXpOM3MA 3aKITIOYACTCS B AHU3OTPOIUU TOIJIOMIEHUS CBETa, 4 MMEHHO TMOTJIOMIAETCs TaKas
KOMIIOHEHTa CBE€Ta, BEKTOp TMOJSAPHU3AIMH KOTOPOHl OPHEHTUPOBAH MEPIEHIAUKYISIPHO BBITSHYTHIM
CTPYKTYpPHBIM DJIEeMEHTaM cpeibl. B Hacrosimee Bpemsi pa3palOTaHO MHOTO THIIOB MOJISIPU3ATOPOB
€CTECTBEHHOTO CBeTa, paboTaronmux ¢ ucnoib3oBanueM »Hddekra mireoxpousma [37]. Ontudeckoit
aKTUBHOCTBIO 00JIaJJal0T MUHEPAJIBI U BEIIECTBA, TTOCTPOCHHBIE M3 JTUCCUMETPUUYHBIX MOJEKYJ, HE MMEIOIIUX
HU LEHTPa, HU TUIOCKOCTH CUMMETpHH. [IpuMeHeHne Moaspu30BaHHOTO CBETA Ui M3YYEHHs BEIIECTB MMEET
JIABHIOI0 MCTOPHIO, MpUYeM Hanbojee MHTEHCUBHO OH Hadall MCIOJB30BAaThCS IMOCJE BBEACHUS YHUIIbIMOM
Huxonem B 1828 r. mosisipu3aTopoB B MUKPOCKOIL.

SIBneHwsI, aHAJIOTUYHBIC MTOJISIPU3ANMOHHBIM IIPH PACIIPOCTPAHCHUN CBETA, HAOIIOMAI0TCS B TBEPABIX TEJIAX MPH
pacmipoCTpaHeHUH YIPYTHX IMOTMEPEYHBIX (CABUTOBBIX) KoieOaHWil. BekTop WX monsipu3alnuy HampaBlIeH IO
HOpMaii (B OOIIeM ciy4ae) K HampaBJIEHUIO PACIpPOCTPAHCHMs, AaHAJIOTMYHO Bektopam E mw H B
9JICKTPOMATHUTHBIX BOJIHAX.

W3yueHre 3aKOHOB pAaCHpOCTPAHEHUS MOJSPU30BAHHBIX YIPYTMX BOJIH TMOMOTAET BBISBUTH AHAJIOTHH H
0COOCHHOCTH PaCIpOCTPAHCHHUS JICKTPOMArHUTHBIX KOJICOAHHI.

Jlist m3ydeHus: 0COOCHHOCTEH pPAcIpOCTPaHEHUS CIIBUTOBBIX KOJICOAHWI B TBEPAOM Telie HaMu pa3paboTaH
HOBBIM METOJI, HA3BaHHBIM aKyCTOMOIpH3aMoOHHBIM [38]. MeToa npeaHasHadeH 11l OOHAPYKEHHs YIIPYroi
AHU3O0TPOIIUM, OMPEAENICHUs YUCiIa M TPOCTPAHCTBEHHOM HANPABICHHOCTH SJIEMEHTOB CHMMETPHUH, THUIA
CUMMETPUU U BEJIMYMH KOHCTAHT YNpyroctu. MeToj ampoOUpoBaH Ha cpenax MOMEpPeuyHO-U30TPOIMHOM,
poMOMUYecKO M APYTUX TUINOB cuMMmeTpuit. [IpuHIMNHManbHAs cxema HaONIOACHHUH, OCYIIECTBISEMBIX IO
ATOMY METOAY, HE OTJINYAaeTCs OT CXEMbI, TPUMEHSIEMO MpHU MOISPU3AIMOHHBIX HaOMI0AeHIIX B onTHKe [39].



AKyCTONOJISIpU3AIIMOHHBIE ~ M3MEPEHHsS  OCYILECTBIISIOTCS  CIIEHMAIbHO  pa3pabOTaHHBIM  MPUOOPOM,
MOJYYMBIIMM Ha3BaHUE aKycTonojsipuckon, puc.l [40].

Puc. 1. KoHCTpyKLMS aKyCTONonsipyuckona ¢ noBOpPOTHOM niatdopmori. 1 — ocHOBaHWe; 2 — CTolKa; 3 — KPOHLUTENH;
4 — noaBMXHbIN WTOK; 5 — npeobpaszoBaTtenn; 6 — obpasewl; 7 — NoBopoTHas niatdopma; 8 — AOMNOJHUTENbHbIN
KpoHLWTEeNH; 9 — wkana yrnos; 10 — ykasaTtensb.

HaGmromenuss  mpoBoadTcss NpH  MOMOIIM  TpeoOpaszoBaTenel  CABUIOBBIX  KoiebaHuil.  Mertox
aKyCTONOJIAPU3ALMOHHBIX HAOJMIOJACHUN OCYLIECTBISAIOT TP TMOMOLIM H3IydaTreled H IPUEMHHUKOB
(mpeobpazoBareneii) JHUHEHHO-TIONAPU30BAHHBIX YUCTO MONEpEeYHbIX KoneOanuid. Ilepex mepBbIM 3Tanmom
W3MEPEHU TUIOCKOCTH  TOJsIpHW3alid  npeodOpaszoBareneid  coBmemaroT (monoxkenne BII).  O6pasen
yCTaHABJIMBAIOT MEXIY IpeoOpa3oBaTessiMu. B mporecce uamepenuii oopaszer] moBopaunBaloT B Mpeienax yria
3600, ipu ATOM HM3MEpSETCS aMIUIMTYJa CHTHAjJa Ha JKpaHe peructpupytomero npuodopa. Ilepen BTOpbIM
ATANOM M3MEPEHUH IUIOCKOCTh MOJSpU3ALUK MpeodpaszoBaTeneil ckpemuBaoT noa yrioMm 900 (monoxkeHue
BC).

Bropoit sTan m3MepeHuil Takke MPOBOMAT B Tpejaesiax IMOJHOrO yIyia MoBOpoTa obpasma. B pesymbraTte
U3MEPEHUIl MOJIyyaloT aKyCTONOJSPUTPaMMbl — HOPMHPOBAHHBIE KPYIOBbIE JIUArpaMMBbl aMIUIUTY/IbI
mpouieuiero 4epes oOpaseln yJIbTPa3ByKOBOTO HMITyJibca. AKYCTOMNOJSPUTpaMMa, TOJIYy4YeHHas MpH
napamiensHbix (BII) BekTopax mossipu3anuu, mo3BoJisieT CyAUTh, HApUMeEp, 0 HATUYUHU dPQeKTa JTNHEHHOM
aKyCTMYECKON aHu30Tponuu noriouieHust [41] M, COOTBETCTBEHHO, O IPEUMYILECTBEHHON OpUEHTHPOBKE
CTPYKTYPHBIX 3JIEMEHTOB. AKYCTONOJSpUIpaMMa, IOJIydeHHas Ipu nonoxenun BC, mosBosser cuenarb
3aKJIIOUEHUE O HAJMYMM W YUCJIE IJIEMEHTOB CUMMETPUHM B JAaHHOM CEUYEHUHU 00paslia, UX OpUEHTAIH B
IIPOCTPAHCTBE C TOYHOCTHIO 110 1-30.

Ha puc.2 npuBeneHbl 3KClIepUMEHTaIbHbIE AKYCTOMOISIPUTPAMMBI PA3JIMYHBIX MaTEPUATIOB, WILTIOCTPUPYIOIINE
OCOOCHHOCTH PaCIpOCTPaHEHHUSI B HUX CIBUTOBBIX KOJIeOaHUH.



Puc. 2. AkyctononapurpaMmmbl Kybuueckmx obpasuoB cunmkaTHoro ctekna (a), aepesa (b), MoHokpucTanna
MUKPOKInHa (C), cMHTEeTMYecKoro keapua (d) B Tpex B3auMHO NeprneHAMKYNSpHbIX HanpasneHusx 1-17, 2-27, 3-3".
CnnowHas NMHUA — BEKTOPbl NapanienbHbl, MYHKTUP — BEKTOPbl CKPELLEHbI.

Kyb6uueckuii oopaszerr C-t-5 U3rotoBieH u3 0J0Ka CHIMKATHOTO cTekia. OH mpeacTaBisieT co00H MpakKTHIEeCKH
W30TPONHYIO cpeay (CKOpPOCTh TpPOAOIBHOW BOJNHBI — 5,77 km/c, caBuroBoii — 3,41 kwm/c). O6 sTom
CBUJICTEILCTBYIOT TPH Mapbl aKyCTOIOJISpPUIpaMM, MOJTyYEeHHbIE B HampaBieHusx 1-1°, 2-2° u 3-3’ mo tpem
rpansiM obOpasua (puc.2a). Axycrononspurpammbl BII mo ¢opme Onu3ku K NpaBUIBHON OKPYKHOCTH.
AxycrononsipurpamMmmbl BC Massl o pa3mepy U He UMEIOT YETKO BBIPa)KEHHBIX MAaKCUMYMOB.

JloBOJIBHO HWHTEpecHbIe (POPMBI UMEIOT aKyCTOMOJSIPUTPaMMBbl oOpaslia OOBIKHOBEHHOTO jepeBa (puc.2b).
Axycronomnsipurpammbel - BII, momydeHHble Ha Bcex Tpex Mapax TrpaHed KyOudeckoro oOpasia, pes3Ko
OTJIMYAFOTCS OT TEOPETUICCKU PACCUMTAHHBIX.

AHaM3 TOKa3bIBACT, YTO AMIUIMTYA CABUTOBBIX KOJICOAHWH NPH BEKTOPE MOJSPU3ALUH, HAIPABICHHOM II0
HOpMaJIM K BOJOKHAM JepeBa, B 2—5 pa3 MEHbIe, YeM MpPU OPUEHTAIIMH BEKTOpa BJAOJb BOJOKOH. Takum
0o0pa3oM, MpH BEKTOpE MNOJISApU3ALMM IONEPEYHON BOJIHBI, HAIIPABJICHHOM IMONEPEK BOJOKOH, MPOUCXOAMT
WHTCHCUBHOE TIOTJIOIIEHNWE PHEPTUU KoyieOaHWil. AHAJIOTHYHOE CBONCTBO PA3NIUYHBIM OOpa3oM MOTJIOUIAThH
KoJIeOaHUs, HA3BaHHOE IICOXPOU3MOM (JIMXPOHM3MOM), HAONIONACTCS TPU MPOXOXKICHHU TOJISIPH30BAHHOTO
CBETa Yepe3 HEKOTOPbIe MUHEPasbl, TAKUE KaK TYpPMAIHUH, KYHIIUT, KODAUEPUT U ap. [35].

HazBannoe »¢dexTomM JTHMHEHHONW aKyCTHUYECKOW aHWU30TPOIUU TOTJIONICHUST CIBUTOBBIX KosieOanuii (JIAAII),
JTaHHOE CBOMCTBO JJOBOJIBHO 4acTO HAOI0AAaeTCs B TEKCTYpPUPOBAHHBIX TOpHBIX Noponax [41]. B nepese JIAAII
CONPOBOXKIACTCS, Kak ciieayeT u3 hopmel akycronossipurpamm BC (puc.2b), ynpyroii anuzorponueid. OauH u3
AJIEMEHTOB YIPYrol CHUMMETPUM HAlpaBl€H BJOJb OCH KOJBLEBOH CTPYKTYphl JepeBa, a JApPyrol — IO
HOpMaJu K HeH.

Eme Gonee 3HaunTebHOE TPOSIBICHUE JTWHEHHON aHW3OTPONUHU TIOTJIONIEHUS HAOIIOAACTCS B MUHEPAIHLHOM
oOpasiie MUKpokIuHa, puc.2c. KyOuueckuit oOpaszenr MUKpPOKIMHA ObUT BBIpE3aH TaKHUM 00pa3oM, 4TO €ro
kpucrtamuiorpaduaeckas ock [001] copnamaer ¢ Hopmaneto 1-1° x rpanu (1), a ock [010] — HOpMAaTNBIO 2-2° K
rpanu (2). IlomyueHHBIC MPU CKPEIICHHBIX BEKTOpax MOJSpH3AIUHU aKycTonoispurpamMmmbel BC mokas3siBaroT,
YTO DJIEMEHTHl YNPYrol CHUMMETPUM MHHEpaJla NpPaKTHMYECKH NEePIeHIUKYIIpHbl K TIpaHaM oOpasua.
[Tokazarenu >hexTa TUHEHHON aHU3OTPOTIMHU TIOTIIOMIEHUS IJIsl TIEPBOM M TPEThEH Maphl TpaHell OYeHb BEIUKH



U, coorBeTcTBeHHO, coctaBisitor i1 = 0,90, /I3 = 0,93. HauGonee ecrecTBeHHOE OOBSICHEHUE TPOSBICHUS
JIAAII B o0Opasiie MUKPOKJIMHA COCTOUT B TOM, YTO 3TOT MUHEpaJ 00J1a/1aeT COBEPIIICHHOM CITAHOCTHIO B JIBYX
HanpaBneHusix. IlnockocTn cnaitHOCTH 00pa3yloT TIIOCKOMApaJUIebHBIE MPOCTPAHCTBEHHBIE PEIICTKH, Ha
KOTOPBIX M MPOUCXOIUT TIOTJIOMEHNE (paccesiHue) KoneOanuid.

AxycTononsipurpaMMbl B HampasiieHuu 1-17 (puc.2d) monydeHsl Ha KyOHueckoM oOpaslie MOHOKpHCTaIa
CHUHTETHUYECKOT0 KBapla (TpUroHalbHAasi CUHIOHUS). B TOM ke HarpaBieHHH MPOXoAUT noBopoTHas och [0001]
TPETHETO MOPSIJIKA.

CooTtBeTcTBEHHO, Ha akycTtonossipurpaMmme BC Bbaenstorcs 6 MUHUMYMOB, CIEAYIOUIMX APYT 3a JAPYrOM C
marom npumepHo 600, — Mo JBa MUHHUMYMa Ha KaXJIyl0 IUIOCKOCTh CUMMETpHH. AKycTononspurpamma BII
COCTOUT U3 TPEX JIETIECTKOB. AKYCTOMOJSIPUTPAMMBI, MOJYYCHHbIE B HampaBieHUsX 2-2° U 3-3°, MOKa3bIBAIOT
Ha HAJIMYHME JIBYX 3JIEMEHTOB cMMMeTpuu. PucyHok 2d mokas3pIBaeT, 4YTO METO] aKyCTOMOJSPUCKOIIUUA MOXKET
CIY’)KMThb JUIsl W3Y4YEHMsI BOJHOBBIX IIPOLIECCOB B CpeAax HHU3KUX CHCTEM CUMMETPUHU: TPUKINHHOM,
MOHOKIIMHHOU U JIp.

OrnucanHble PUMEPHI WUTIOCTPUPYIOT HEKOTOpPbIE OCOOEHHOCTH PAaCHpOCTPaHEHUsS! CIBUTOBBIX KojeOaHUM B
CIOXHBIX cpenax. OHM TMOATBEPXKIAIOT HANWYME, MpPU PACHPOCTPAHEHUHM CABHUIOBBIX KoOJeOaHUI B
AHU3O0TPOITHBIX Cpelax, BcexX Tpex (opM MOISpU3alUHA, — JTHHEHHOM, JTUNTHYECKONM W KpyroBoM, puc.3.
Bemnunna mun HaIpaBJICHHOCTb BCKTOPa AH, OMUCBIBAIOIICTO ABWXXCHUC CpPCAbl B BOJIHC, BBIPAXKACTCA
ypaBHEHUEM:

ab

ﬂn:\f?-? 2 2
a” s e +bTcosTad | (5)

rae a, b — OoJbIIas ¥ MaJiasi OCH AJUTUIICA CMEIICHUS YaCTHIl CPEIbl COOTBETCTBEHHO; (0 — KPYTroBasi 4acTOTa
KoneOaHuil; t — BpeMs.

Ecnu BenuuuHbel a = b, monspuzanus CABUTOBBIX KoseOaHuil Oymer uupkynspHoi. Ilpu a=0 umm b=0
MOJISIpU3aIUs KOJICOaHWH SBISETCS TMHEHHOM.

AHaJIOTUYHBIE SBJICHUS HAOJIIOMAIOTCS TPH PACIpPOCTPAHEHHHM CBETOBBIX BONMH. Kaxasli u3 (QOTOHOB
MpeJICTaBIIsIeT COO0N OUMHOYHBINM BOTHOBOM MaKeT (COMMTOH) ONpeAeIEeHHOW YacTOTHI.

HampaBneHHOCTh cMemIeHHs YacTHIl 3(upa MPOMCXOAUT B HANPABICHWM IO HOPMAJIM K HAaIPaBICHHUIO
pacripoctpanenust ¢portona. [Ipu cBoem npoxoxxaeHnu GpoToH MOKET BO30YKIaTh B 3(UPHOI cpesie KPyroBbI€,
SJUIMNTHYECKUE JHOO JMHEWHBIE CMEIleHHs. B 3Tom ciydae roBopsT, 9TO (OTOH HMEET KPYroBYIO,
AIUTMIITHYECKYIO MO0 JTMHEHHYIO nosisipu3annio. @opMbl CMELIeHUs YacTul] 3pupa Mpu MPOX0okKACHUN POTOHA
aHaJIOTMYHbI PUBEAECHHON Ha puc.3.

Puc. 3. nnunTtuyeckas dopmMa CMeLleHUs YacTul cpelibl B TBEPAOM TesNe NMpu pacrnpoCTpaHEHUU CABUTOBbIX BOMH [38].



CyiecTByIOT MpUOOPHI, HAMPUMEP MOJISIPUMETPHI, KOTOPHIE IO3BOJISIIOT BBIACNIATH TOT WM HWHOM BHI
MOJISIpU3AIlMd U3 OOIIEero MOTOKa XAaOTHYHO MOJISIPU30BAHHOTO CcolHe4YHoro cmera [36]. CrmocoOHOCTh
AIIEKTPOMArHUTHBIX KOJeOaHWH NMPUHUMATh Pa3Hble (POPMBI MOJSAPU3ALUN OYCHb IIUPOKO HMCIOIB3YETCS MPH
WCCIIEIOBAHUU CBOMCTB PA3JIMUHbBIX BEIIECTB, B PAAHOAICKTPOHHUKE, PaIUOJIOKAIIMKI, aCTPOHOMUU U 1Ip. [34, 36,
42, 43].

Pe3ynpTarhl aHanu3a OOJIBIIOrO YKCIIA aKyCTOMOISPUTPAMM TBEPABIX CPell, B OCHOBHOM, MUHEPAJIOB U TOPHBIX
MIOpO/JI, U3BECTHBIE JAHHbIE U3 MPAKTHUKU ONTHYECKUX MOJSPU3ALMOHHBIX HaOmoneHui [34—43], no3Bossior
IOPOBECTH MEPBUYHYIO KJIacCU(UKAUIO OOLMX M  pa3IMyarolluXcs SBJICHUH, COINPOBOKIAIOIIMX
pacnpocTpaHeHHE MOJISPU30BAHHBIX AJEKTPOMArHUTHBIX U aKyCTHUECKHUX KoseOaHuil. OOIuMHN NpU3HAKamH,
ONMCAaHUE KOTOPBIX BO MHOIMX ClydasxX MaTeMaTH4YeCKM aJeKBaTHO Ul JBYX BHUAOB W3JIY4YCHMUS,
pacrpoCTPaHSIOIIMUXCS B @aHU30TPOIIHBIX CpeslaxX, 00IaqaroT:

SABJICHUC OBYIYUCIIPCIOMIICHUA I 3JICKTPOMAIrHUTHBIX U aHAJIOTUYHOC SABJICHUC I aKYCTUYCCKUX

SBJICHHE TUICOXPOU3Ma (IUXPOU3MA) JUISl SJIEKTPOMArHUTHBIX U 3((PEKT JIMHEHHON aKyCTHUECKOM aHU30TPOITUU
HOMIOIIEHHS (AKyCTUYECKHUI TUIEOXPOU3M) [T aKyCTUYECKHX;

ONTHYECKass aKTUBHOCTH (JICKTPOMArHUTHBIC KOJICOAHHSI) W BpAIICHHE BEKTOpA MOJSPU3AHNH (aKyCTHUSCKHE
Kosie0aHus);

YBEJIIMYCHUE CTCHCHW ODJTMITHYHOCTH TIOJSPHU30BAHHBIX KOJICOAHMH 10 Mepe HX paclpOCTPAaHCHHUS B
CIy4aliHO-HEOTHOpOIHOM cpene [34, 44, 45].

O,Z[HaKO JJI KaKAO0TO U3 3TUX BUAOB XapaKTCPHLI CICAYIOMIUC 0COOEHHOCTH:

AIIEKTPOMATHUTHBIE KoJjeOaHus 00NMamaroT aucrepcuel (BOMHBI PAa3HOW JUIMHBI — PAcHpPOCTPAHSIOTCS B
MaTepHATBHBIX CPEAaX C Pa3IMYHON CKOPOCTHIO), MPU PACIIPOCTPAHEHNH aKyCTUUECKUX KOJIEOAaHUN TUCTIEPCHUS
MPOSIBJISIETCS. B 3HAUUTEIBHO MEHbIIEH mepe [46, 47];

CBOWCTBAa, HANpUMeEp, JUAJIEKTpUYECKas [POHUIAEMOCTb, ONPEAEISAIOIINE BOJHOBYK IOBEPXHOCTb
AJIEKTPOMATHUTHBIX KOJIEOaHMM JUIsl caMOll HM3KOCUMMETPUYHOM CpeIbl OMMCHIBAIOTCA TEH30pPOM BTOPOTO
pasra (6 KOMIIOHEHT), OJTHAKO CBOICTBa yNpYrocTH, ONpPEAESIONINe NOBEPXHOCTh aKyCTUUYECKUX KOJeOaHUi
caMOM HU3KOCHMMETPHUUYHOM Cpesibl ONKCHIBAIOTCS TEH30POM YETBEPTOTo paHra (21 koHcTanra) [42];

YHUCII0O U TPOCTPAHCTBEHHOE IOJIOKEHHUE SJIEMEHTOB CHMMETPUU CpeIbl MPH 30HAMUPOBAHUH KOJICOAHUSIMHU
000€ero Bi/1a 4acTo HE COBIMAIAIOT, YUCIIO 3JIEMEHTOB YIPYroil CAMMETPHUH, KaK MPaBUIIO, OOJIBIIIE;

MMEETCS KJIaCC TeTEPOreHHBIX cpell (MHHEPAJIbl, TOPHBIE TIOPO/IbI, TEKCTYPUPOBAHHBIE MaTEpHAIIbI), TAe YPHEKT
JUMHEMHON aKyCTHMUYECKOM aHU30TPONMM IOIVIOIIEHUS pErucTpupyerca odeHb 4dacto [38, 40], ontmyeckuit
MJICOXPOU3M (IMXPOH3M) B IPUPOIHBIX CPEIax MPEACTABICH ropas3io pexe [34];

UMeeTCsl Kjacc Cpel, IZie CWIbHO NpPOSBISETCS ONTHUYECKas aKTUBHOCTh [46], mpu pacnpocTpaHEHHH
aKyCTHUECKUX KojeOaHui 3¢ ¢eKT BpalleHus BeKTopa MOJIApH3alMy MOoKa 3a(UKCUPOBaH JIMIIb NMPH OYEHb
BBICOKOM YacToTe Koiebanuii [48];

HCKOTOPBIC KUIAKUC IIPU 06]:1‘-1HI>IX TCMIICpATypax U AAaBJICHUAX CPCIAbl ABJIAIOTCA XOPOIIMMH MMPOBOAHUKAMU
CIBUTOBBIX KoJjieOaHuit Ha BhICOKMX yacToTax (0,5—1,0 MI'tt u BeImze) [38].

Takum o00pa3oM, NpU pacnpoOCTPAHEHUM JJIEKTPOMATrHUTHBIX, CBETOBBIX W YIPYIMX CJBHUIOBBIX BOJIH
HaOJII01aeTCsl MHOTO CXOAHBIX M ONM3KUX SIBIICHHUH, MMOKA3bIBAIOIIUX CYILECTBOBAHUE OOIIMX 3JIEMEHTOB B
CTPYKTYype Kak TBEpOoro Tena, Tak u 3pupa.

[TpuBeneHHBIN TEepedeHb OOMMX M Pa3IMYAIONINXCS SBICHWH M TMPHU3HAKOB B3aWMOJICHCTBHSA CO CpeaamMH
AJIEKTPOMArHUTHBIX U aKYCTHUECKUX KOJI€OaHUN He SBISAETCS MOJTHBIM.



JIOTIOTHUTENBHO PAacCMOTPUM BBIpRXKEHUS UIA KOI()(UIIMEHTOB OTPaKEHUS U MPOXOXKACHUS Ui TUIOCKOH
OJIHOPOJHOM BOJIHBI CBETa, MaJarollell Ha MJIOCKYI0 MOBEPXHOCTh, pa3ACisIoOILyIO JBE, Pa3Idyarouivecs Mo
ONTUYECKUM CBOMCTBaM, cpenpl [46]. Jl1 KOMIOHEHTHI BOJIHBI, BEKTOp MOJSAPHU3ALUM KOTOPOW JIEKHUT B
IJIOCKOCTH pasnena cpe, KodhPHUIMEeHT IpOX0KISHUS PaBEH:

2 cos

T /A4, =
F"II{ # #y cosé +a ooz B, (6)

>)

rne 7, — aMIUTMTY/1a BOJHBI, MPOIIEIIISH BO BTOPYIO Cpeay; A, — aMIUTUTY A BOJIHBI, AAI0IICH HA TPAHUILY
pasnena cpen; n; — KodhPUIMeHT nperomMIeHUs B IepBoit cpene, n; = C/Vi; n; — xod3dduiment
IpEeJIOMIIEHHUS] BO BTOpOH cpeae, n, = C/V>; C — cKOpOCTh pacpOCTpaHeHus cBeTa B 3dupe; V; — CKOpOCTh
pacrpoCTpaHeHHs CBETA B MIEPBOI cpelie; V> — CKOpOCTh paclpOCTPaHEHUs CBETa BO BTOPOW cpefie; 6; — yrod
naJieHus JTy4da BOJIHBI B IIEPBOM cpenie; 6, — yroi majieHus Iyda BOJHBI BO BTOPOH cpere.

JL1st oTpaxeHHOW BOJIHBI COOTBETCTBYIOIINH KO3 PUIIHEHT paBeH:

HocosB, —ncos B
b=

T, /4

nycosd +acosd, 7

rae 1, — aMIUITyAa OTPaKEHHOU BOJIHBI.

Tenepp paccMOTpUM ypaBHEHUS OTPAXKEHUS U IIPOXOKACHUS ISl aKyCTHUECKON MONIEPEYHON OJTHOPOIHOM,
IUIOCKO MOJISIPU30BAaHHOMN BOJIHBI C IUIOCKUM (DPOHTOM, MaJJaroIIel TaKkKe Ha IUIOCKYIO TPAHUILy pasiena AByX
Pa3INYAIONINXCS TI0 aKyCTHYECKUM CBOWCTBaM TBepbIX cpea. CormnacHo padote [49] 1i1st BOJIHBI ¢ BEKTOPOM
MOJIIPU3AIUH, JISKAIUM B TUIOCKOCTH paszzena cpel (nonspuzanus SH), koo puireHTs! npoxoxaeHus u
OTpaXKEHUs UMEIOT BUI:
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Koo = Aupn | Aupr =
PJl-bh+H{P-h , (8)

P fl-k-HP-k
S Pfl-k+ HAP-k (9

Kagn = Augn F Az

r€ Asy> — COOTBETCTBEHHO aMIUIUTYAa MpoIeamen, Ay — aMIUIMTYyla OTPaXEHHOW; A sy — aMIUIUTY/1a
najaromei Boausl; P = (Vs /Vs;’) — OTHOIIEHUE KBaJPATOB CKOPOCTH PACIIPOCTPAHEHHS TTONIEPEYHOMN BOJIHEI B
TepBoii cpejie Vs K CKOPOCTH PacipoCTpaHEeH s BOJIHBI TAKOTO JKe POjia BO BTOPOH cpene Vs h = sin’f, tie
— YToJ MaJeHus JTy4a MONepeyHbIX KoneOaHuii B mepBoii cpene; H = p,/p) — OTHOIIEHUE 3HAYCHUI
IUIOTHOCTH p; BO BTOPOM Cpelie K IMJIOTHOCTH p| B IIEPBOIA.

R T R TP
Ucnonb3ys ypasuenne Cuesumyca sind,/V, = sin,/V,, a Takxke BolpaxeHust q = sin°6;, Fo=nylnf =00V ,

ypaBHeHus (6) u (7) MOKHO IPUBECTHU K BHU]LY, 10J00HOMY BUAY ypaBHeHHH (8), (9):
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AHnamm3upys copmectHO ypaBHeHHS (8), (9) u (10), (11) MOKHO 3aMETHTH UX BeChMa OJHM3KYIO CTPYKTYpy. 3a
UCKIIIOYeHHEM mapameTpa H = p,/p, (OTHOIICHUS 3HAYEHU TIJIOTHOCTH P> BO BTOPOH TBEPIOH Cpene K
IUIOTHOCTH p; B IEPBOii), 3TH Mapbl ypaBHEHUH 3kBUBasieHTHBI. [TapameTp H B ypaBHeHusx (10), (11)
OTPaKEHUSI-IIPOXOXKICHHS CBETAa HA TPAHULIE pa3jiesia ONTHUECKH pa3nyaroIuxcs cpeq otcyTcTyer. M3 sToro
CJIEZIYeT BBIBOJI, UTO A(HP M ONTUYECKH MTPO3payuHbIe Tema (ra3bl, )KUAKOCTH, TBEP/bIC Tea) He pa3InyaroTcs
JUIS 3JIEKTPOMArHUTHBIX BOJIH 10 MapaMeTpy IIOTHOCTH, a TOJIBKO IO CKOPOCTH PacpOCTPAHEHUS B HUX
kosiebanuii. He mporcxoauT ckavka MiIoTHOCTH 3(hupa MpU Nepexoie CBETa U3 BakyyMa B IIPO3PAUYHOE TEJIO U
U3 IIPO3PavyHOro Teja B BakyyM. MHaue, a3¢up He 001a1aeT MIOTHOCTBIO MIIM MAacCOM TaKOro ke pojAa, KOTOpou
001a1a10T HU3NYECKHE TENA, TO ECTh TOM, KOTOPas KMEET Pa3MEPHOCTh, HAIPUMED, k2/M’. DUp ABIsSETCS
OCHOBOH paclpOCTPAHEHUs 3JIEKTPOMArHUTHBIX BOJIH U BHYTpHU (u3ndeckux cpel. Kak n3BecTHo, CKOpOCTh
pacnpocTpaHEHHs CBETA B ra3ax, KUAKOCTAX, TBEP/BIX TeJIaX BCETAA HUXKE, YEM B BakyyMe [2].

Ha ocHOBaHUM 3TOTr0, MOKHO MPENNOI0KHUTh, UTO B (PU3UYECKHX, OIIYIIAeMbIX (0OHApYKUBAEMbIX
¢duznyeckuMu npubopaMu U UMEIOIIKX Maccy) cpeaax Npyu orubaHuH aTOMHBIX CTPYKTYp OTOHAM
HE00X0IMMO MPEO0/10JIeBaTh JOMOJHUTEIBLHOE PACCTOSHUE, YMEHBINAIOIIEe CKOPOCTh PACIIPOCTPAHEHUS
KOJIeOaHUH.

3aMeTHUM TakXke, YTO B OTHOLIEHUH 3aKOHOB OTPAKEHUS-IIPEJIOMIICHHUS CBETA HAa TPAHULIE pa3zesia Cpel
coOrofaeTcs MOJIHbIN 0anaHc SHEPTUH, UCKITFOYAIOUTNI BO3MOKHOCTh KaKUX-JTHM0O0 TOMOTHUTEIbHBIX
«TIPOAOJBHBIX)» CBETOBBIX BOJH [46]. [lepedens apyrux siBjaeHui u 3¢ (HEeKTOB, BKIIOYAIONNX HE30- U
TEPMODJICKTPUUYECTBO, B3aMMHBIE JIEKTpoyIpyrue 3hdexThl onmucansl B padorax [42, 50, 51].

CymMMupyst U37I0’)KEHHBIE PE3YJIbTAThI, K OOINUM CBOWMCTBaM 3¢upa (BaKyyMma) ciaeayeT OTHECTH:

o  CHOCOOHOCTH MEPEHOCHTH BO3MYIIICHHUS TOJIBKO C BEKTOPOM CMEIICHHUS, HATPABICHHOM 10 HOPMAaJIH K
HAIpaBJICHUIO PaCIIPOCTPAHCHUS;

o CHOCOOHOCTH MPOHUKATH BO BCE (PU3MUECKHE Tena, 00J1aaas PU ATOM KaueCTBaAMHU CPEIbl, HE
nposBIsonei 3 HeKTs TpeHus;

o HC O6J'Ia,I[aTB INJIOTHOCTBIO B TOM CMBICJIC, B KAKOM (1)H31/I‘ICCKI/IG TCIIa O6J'Ia,I[aIOT CIO,

o CHOCOOHOCTH MOAJCPKHUBATH PACIIPOCTpaHEHUE KojiebaHuil 0e3 uX 3aTyxaHus [0 KpaiiHel Mepe Ha
pPacCcTOSHUAX, CPABHUMBIX C aCTPOHOMHUYECKUMU;

o CHOCOOHOCTh K OPTOTOHAJIBHOM reHepaliy CMEIeHH TpH peoOpa30BaHusIX, HaPUMeED,
AIIEKTPUYECKOTO TIOJIsl B MATHUTHOE M HA00OPOT;

o TMPOSABIATH CHJIBI HHEPLUH, HAIIPUMED, IIPU NEPEXO0/JIE JIEKTPUUECKOI0 M0JII B MArHUTHOE U HA000POT.

BceM nepeuncieHHbIM M U3BECTHBIM CBOMCTBaM, KoHuenusiM Hetotona, MakKymnara, JI. Makcpenia,
V. TomcoHa, B HauOOJIbIIIEH CTETIEHU OTBEUYAET CJIEAYIOIIAs MOJENIb dPupa.

1. Ddup (3dupHas cpena), COCTOUT U3 YACTHIL JBYX, IPOTHBOIIOIOKHBIX 10 3HAKY, BHJIOB.
ITpoTHBONOIOXKHBIE 110 3HAKY YACTHULIBI IPUTITUBAKOTCS IPYT K APYyTy, 00pa3yst OJHOPOAHOE
IIPOCTPAHCTBO, B KOTOPOM, B HEBO3MYIIIECHHOM COCTOSIHUM, Ka)KJasi U3 4aCTHUL[ COCEJCTBYET C
IPOTUBOIOJIOXKHOM 110 3HAKY YacTHIIeH. Pa3HOMMEHHbIE 110 3HAKYy YaCTHILbI IPUTATHBAIOTCS APYT K
JpyTy ¢ OOJIBLION CUIION.

2. TIpoTHBOMONOXKHBIE IO 3HAKY YaCTHULIbI, COCTABIIAIONMINE YPUPHYIO CPEY, IEPEMELIAIOTCS APYT
OTHOCHUTEIILHO JIpYTra COBEPIICHHO 0e3 TpeHus. DPupHas cpeqa, COCTOSAIIAs U3 ITHX YaCTHIl, SBISICTCS
cpenoi ocoboro posa. B Helt MOTYT OECKOHEYHO JTOJITO CYIIIECTBOBATH JTUHEHHBIC, KPYTOBBIC M HHBIC
JBYDKEHUS (PU3UUECKUX Tell, CIBUTOBBIC AepopMaruu 1 T.1. DTa cpeaa He 00J1a1aeT MIIOTHOCTHIO B
00bryHOM noHuManuu. OHa 00JaaeT onpeAeIeHHBIMU AIEKTPOMArHUTHBIMU CBOMCTBaMH.

3. JlwoOas ¢pusnyeckas, odnanaronias Maccoi (TIOTHOCTHIO), CyOCTaHIus (BEMIECTBO, MOJIEKYJIIbI, AaTOMBI)
npoHuIaeMa st 3pupHoit cpennl. Jlrobas pusnyeckas cyOCTaHIUS MOXKET MPOABUTATHCS B 3(HUPHOM
Cpelie COBEpIICHHO 0e3 TpeHUsI.

4. Cwupl HHEPIIMU BO3HUKAIOT MIPH B3aMMOICHCTBHH JIF000H (pr3mudeckoit cyOcTaHuu ¢ 3(UPHOI cpemoit
TOJIBKO ITPU YCKOPCHUHA WJIN 3aMCJICHUU NBHUIKCHUS. PaBHOMepHOG JABHUKCHUEC JIOKAJIBHOI'O



¢uzugeckoro tena aeGopMupyeT 3GUPHYIO Cpey, U3MEHSS PACCTOSHIE MEXKy Pa3HOMMEHHBIMH I10
3apsiay, CIEIUIEHHBIMU ¢ O0JIBINON cuioi yacTuiiaMu 3(UpHOMN Cpe/bl, KOTOpPbIE CHOBA MPUOOPETAIOT
KOHTAKT TI0CJI€ €0 MPOXOKICHMS.

5. YckopeHwue JIOKaIbHOTO (PU3NUECKOTO Tela CO3JaeT HHEpIUaIbHbIC BO3MYILCHHS B 3QUPHOH cpene TeM
OoubiIre, yeM Oosible ycKopeHue Tena. Yem Oolbliie Macca U yCKOpeHHe (PU3n4ecKoro Tena, TeM
OoIpIIe HHEPIUAIBHBIC BOSMYIICHUS OHO BBI3BIBACT.

6. DdupHas cpena, B U3BECTHOM CTENEHH, CBsI3aHa (3aKperieHa) OOMBIITNMH, IO aCTPOHOMHYECKUM
Macitabam, GU3HIECKUMHU MaccaMu (HarpuMmep, IIaHeTaMu, 3BE3/IaMH, TAIAKTUKAMH ), TaK KaK UX
HAJIMYUE U JIBUKEHUE B HAUOOJBIIICH CTENIEHN MPUBOAUT K AedhopMauu d3PUPHOI cpebl.

7. Konebanwusi, pacripocTpaHsonipecs B 3QUPHON cpefie, IPEICTaBIAIOT Co00i pa3Hbie POopMbI
C/IBUT'OBBIX, CKPYUMBAIONIMX Je(hopMalHii, B KOTOPBIX CMEIICHUS YaCTHI 3(PUPHON CpeIbl IPOUCXOIUT
B HAIpaBJICHUH, TIEPIICHANKYIIIPHOM HAIIPABICHUIO PACTIPOCTPAHCHHUSI.

[TepeunciieHHBIC TOOXKESHHS TPEOYIOT JOMOJIHUTEIBHBIX 00OCHOBAHHIA W, BMECTE C TE€M, TIO3BOJISIOT COCTABUTh
bu3nYeCcKu aJIeKBATHYIO MOJEIb CTPYKTYphI d3upHoii cpenbl. Huxe Hamu mpenctaBieHbl 000CHOBaHUS
c(hopMyITUPOBAHHBIX MOJIOKEHHUH.

4. Ipup cocTOUT U3 ABYX NPOTUBOMOJIOKHBIX 10 3aPSAAY YACTHI

[TpuHuMI pa3aeneHuss MaTepuu Ha MPOTHUBOIIOJIOKHOCTH SIBJISIETCS BceoO1uM. Bee cyiiee cocTouT u3 AByx
IPOTUBONOJIOKHBIX Hadal. ITo (puinocodckoe mosiokeHue MoJIHOCThI0 OTHOCUTCS U K 3dupy. Mcxons u3 atoro
MIPUHILINIIA, CJIETYET OKUIaTh, YTO CYOMUKPOMHUP, a UMEHHO 3(pHpHas cpesia COCTOUT U3 JBYX BUIOB YACTHIL,
MOJIOKUTEIBHO M OTPHULIATENIBHO 3apskeHHBIX. Hanbonee BEpOsTHO, YTO 3TH YACTULII UMEIOT
AJIEKTPOMArHUTHYIO npupoAy. OHU NPUTATUBAIOTCS APYT K APYTY € OOJIBIION CUIION.

[TopoOyeM CKOHCTPYHUPOBATH MOIEIH AIPUPHOU CpeIbl, KOTOpAast OTBEYasa ObI SIBJICHUIO IMOTICPEIHOCTH TIPU
pacripoCTpaHEHHH CBETA U AJIEKTPOMATrHUTHBIX KoJiebanuii. HauanpHOM MexaHHUeCKO! MOJIENbIO 171l 3TOTO
MOJKET CIIY’)KHTh HUTh (CTPYHA), BBITSHYTass B CBOOOTHOM IPOCTPAHCTBE IO MpsMOi TuHuu. Teopus koneOaHui
TaKUX HATEH JJOCTATOYHO XOpOoIo paspadorana [52]. ['mOkas HUTH MOKET OBITh TIPE/ICTaBIeHa HA0OPOM
€AMHUYHBIX MaCC, CBSI3aHHBIX MEXKITY COOOM KECTKUMHU CBS3SIMU. JKECTKOCTh CBA3EH 3aKIII0UAETCs B UX
HEU3MEHSEMOM, MOCTOSHHOM JTiHEe. CBsI3U U MacChl COSMHEHBI IIapHUPaMU, TIO3BOJISIOUIMMHI CBOOOIHOE
NepEeMEIIEHUE MACC U CBA3EH JPYT OTHOCUTENIBHO JIpyra, puc.4.
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Puc. 4. I'mbkas HUTb, COCTOALLAA U3 Macc, XeCTKUX CcBSI3eN n LAapHWNPOB.

Ecnu HavansHO# TOYKE HUTH NMPUIATH CMEIICHHUE, TO BJIOJIb HEE HAYHET PACTIPOCTPAHATHCS BO3MYIIIEHHUE.
BexTop cMmeneHus 3Toro Bo3MyIIeHUs OyAeT NepIeHIUKYISIpEH JIMHUN TPOCTUPAHUS HUTH, PUC.5.

Crnenyet 3aMeTUTh, YTO MOAO0OHAsE HUTh B CBOOOTHOM IMPOCTPAHCTBE MOXET NEepeAaBaTh JIUIIb KoleOaHus co
CMEIIIEHUEM B HalpaBJIEHUH MOINEPEK JIMHUH, BAOJIb KOTOPOI OHA BEITSHyTa. HUTh HEe MOXeT nepeaaBarhb
KoJIeOaHUs KaKoro-au0o apyroro poja. 3amerum, uto euie B 1736 r. Morann beprynnu miaammit
ory6simkoBai paboTy, B KOTOPOH CpaBHUBAET KOJIEOaHUs, paCIpOCTpaHsIomecs B 3(pupe ¢ NONepeuHbIMU
KOJICOAHUSIMU HATSHYTOTO LIHYPa, KOTOPBINA «ECIIH €ro Clerka OTTAHYTh, @ IOTOM OTITyCTUTh, COBEpIIAET
MOTIEpPEYHbIe KOJIeOaHHs B HATIPABJICHUH, TIEPIICHANKYIISIPHOM HAIpaBJICHUIO IHYypay» [8].

Ecnu psin 01MHOYHBIX HUTEH CBS3aTh MEXy COOOM NONEPEUHBIMU, JKECTKUMU CBSA3SIMH, TAKXKE IIAPHUPHO
COCIMHSIONINE MaCChl MEXIY COOOH, MOYKHO MOJTYYUTh IJIOCKYIO CTPYKTYPY WIIH CETKY, COCTOSIIYIO U3 MacC U
JKECTKHX CBsI3eH, puc.6.



Taroke Kak u IuHU, puc.4, yCTpOCHHAs! OTIMCAHHBIM CITIOCOOOM IIJIOCKask ceTka OyJeT crocoOHa rmepenaBaTh
TOJILKO CIIBUTOBBIE, ITOTIEpEUHbIE KOJIeOaHus, puc.’/.

Puc. 5. KonebaHus rmbkon H1MTM B cBOH6OAHOM MPOCTPAHCTBE.

[Tepexon OT MIOCKOM CETKH K MPOCTPAHCTBEHHOM MM 0OBbEMHOI (TpeXMEpHOM) peleTke HETPYIHO
3aBEPILIUTh, J00ABIISASA TPETHIO KOOPJMHATY K CETKE, pUC.6, U pacroarast BI0JIb 3TOH KOOPAUHATHI TaKHE XKe
KECTKHE CBSI3H, IApHUPBI U Macchl. OOpaTUM BHUMaHKE Ha TO, YTO B IPOCTPAHCTBEHHOW pelIeTKe KaXKaast
Macca (4acTHIIa) Yepe3 KECTKUE CBSI3U UMEET KOHTAKT C IIECThIO0 JPYTMMH YacTULIaMU. BIiosiHe oueBHIHO, YTO
CIIOCOOHOCTH MepeaBaTh TOJIBKO CABUTOBBIE KOJIEOAHHS COXPAHSIETCS U Y MPOCTPAHCTBEHHON PELeTKH,
COCTOSIIIIEN U3 Ha3BaHHBIX 2JIEMEHTOB. [Ipruem, B MpocTpaHCTBEHHOMN PELIETKE HAPaBIEHUE BEKTOpA
CMEIIEHUS 3TUX KOoJeOaHU MOXKET ObITh MPOU3BOJIBHBIM.

Tenepb CJICOyCT HaUTH MEeXaHW3M WU HCKYIO CUJTYy, KOTOpas 3aMCHHJIA 6LI JKCCTKHUC CBA3U, YACPKHUBAIOIIUC
AIIEMEHTHI MPOCTPAHCTBEHHOM CeTKU BMecTe. [1o HallleMy MHEHHIO, TAKOW CHIION MOXKET OBbITh CHIIa
MPUTAKCHHA YaCTUL ABYX IMPOTUBOIIOJJIOKHBIX POJAOB, PACIIOJOXKCHHBIX B IIAXMATHOM HOPAAKE B y3J1aX
PETyISAPHON PEIIETKU. Y CIOBHO, 3TO MOTYT OBITh HEKHE 3JIEMEHTAPHbBIC YACTHUIIBI C TIOJIOKUTEIBHBIM U
OTPHUIIATETLHBIM 3aps/IOM, puc.S.

Ha npencraBieHHOM pUCYHKE YaCTHIIBI IBYX POZOB, MOJOKUTEIIBHBIE U OTpULIATEIbHBIC, N300pakeHbI B BUJIE
reOMEeTPUYECKU OJIMHAKOBBIX chep, TECHO compuKacaromuecs Apyr ¢ apyrom. Kak Oyaer mokazaHo HIKe,
IIPUPOJIa UX 3apsAI0B SBIILETCS AEKTpuuecko. HecoMHEeHHO, uTO /U1 00pa30BaHus IPOCTPAHCTBEHHOM
pEIIeTKU, ITH JI€MEHTApHbIE YaCTUIIBI TOJKHBI IPUTATUBATLCS APYT K APYTY C OOJIBIION CHUIIOH.

Mogpenb 3upHO# Cpeibl, COCTOSIIAs U3 YaCTHII, IBYX IMTPOTHUBOIIOIOKHBIX 110 3HAKY BUOB,
MPUTATUBAIOLIUXCS ¢ OOJBIION CHIION, 00BACHSAET MHOTHE €€ CBolicTBa. Hampumep, oHa 1oruuecku 00bsCHSET
BepHO noaMeueHHy 0 JI.MaKkcBenIoM HCKITIOYUTENBHYIO OJTHOPOIHOCTh Bakyyma [13]. [leficTBuTensHO,
OoJbINast CUIa MPUTSHKEHUST MEXK]Ty YACTHIIAMH OyJIeT 3aCTaBJISITh YACTHILY MPUOIIKATHCSA K CBOEMY aHAJIOTY
MIPOTHUBOIIOJIOKHOTO BHJIA.
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Puc. 6. Mnockas ceTka, cocToswWwas N3 eANHUYHbIX Macc, XeCTKUX CBSA3eNn U LWapHMpPOB.



Puc. 7. Mnockas ceTka, nepeparowlas caBurosbie konebaHus.

Hpouecc B3aUMHOTI'O IPUTSAKCHUSA U KOMIICHCAIIUX 3apsA10B YaCTHUL IIPOTHUBOIIOJIOKHOI'O BHU/1a GYI[GT
NPOIOJKATHCS JIO TEX TOP, MOKa Kax1asi U3 YaCTHI[ OJHOTO 3HaKa He OyJeT OKpYKeHa MIECThI0 YaCTUIIAMHU
MIPOTUBOTOJIOKHOTO 3HaKa. Takum 00pazoM, CTpyKTypa 3pupHOiA cpenbl OyaeT CTPOro yrnopsaoueHa u
BBICTPOEHA B BUJIC PETYJISPHOIN MPOCTPAHCTBECHHOW perieTKd. Bo3Hukarorue B cBOOOHOM 3hHpe, M0 KaKUM

1100 MpUYMHAM, HEOJAHOPOIHOCTH OYIyT PacIpOCTPAHITHCS OT MECTa X BO3HUKHOBEHUS CO CKOPOCTHIO CBETA
C.
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Puc. 8. CTpykTypa acdupHON cpenbl, COCTOALWEN N3 YacTUL, ABYX, NPOTUBOMOJIOXHBIX MO 3apsay, BuMaoB (Npoekums Ha
M/I0CKOCTb).

Kak y>xe Obl10 MOKa3aHo BbIILIE HA IPUMEPE CaMBIX APEBHUX MOPOJ] IJIAHETHI 3eMJIsl U METeOpUToB [33],
3JIEMEHTApHbIE YaCTUILIbI (HAIPUMED, HJIEKTPOHBI) MOT'YT NIEPEMEIIATHCS OTHOCUTEIBHO MOJI0KHUTEIbHBIX U
OTPHLIATENIbHBIX YACTULL, COCTABIIAIONINE Y(PUPHYIO CPEy, YPE3BBIUANHO 10JITO M COBEPIIEHHO 0€3 TPEHHUS.
COOTBETCTBEHHO M CaMU YaCTHILIbI 3TOU Cpeibl MOTYT IEPEMEIIAThCS APYT OTHOCUTEIBHO JIpyra Takxke 0e3
TpPEHHUS.

Haubonee HarnsaHOE MpecTaBlieHHe O BOSMYILIEHHON 2(UPHOI cpesie JaeT MarHUTHOE TOJIE BOKPYT
IPOBOJIHMKA C TOKOM HJIU B OKPECTHOCTH MOCTOSTHHOTO MarHuTa. OOBIYHO, BU3yalIU3allii0 MarHUTHBIX
CUJIOBBIX JIMHUH ITPOU3BOJAT IPU OMOIIIM [TOPOIIIKa JKeje3a, puc.9.



Puc. 9. CunoBble TMHUM MArHUTHOrO NoOAS KpPpyroBoro Toka, BnU3yaJM3anpoBaHHbIE NMPX NMOMOLLUKM NMOPOLUKa Xene3a.

Haubonee noruuHo npeacTaBieHne MarHUTHOTO MOJIs B BUJIE€ CKpy4YuBarolel (c1BUroBoi) aedopmanuu
a¢upHOH cpeabl. OHO ycTpaHseT HauOOoJIbIlee YUCIIO MPOTUBOpeUnil. MarHUTHbBIE CUIOBbIE JIMHUU, KaK U
SKBUIIOTEHIIMAJIbHBIE JTJUHUU YIPYTUX CIABUIOBBIX Ae(opmaiuii, Bceria 3aMKHYTHI [53].

B 10 %¢e BpEMs KOHICIIIUA, 061);101{;1}01112151 npupoaAy MaroHuTHOTO IIOJIA 3a CHCT HAJIUYHA BUXPEBOI'O JIBUKCHHUA
110 KOJIBIICBBIM WJIKM MHBIM 3aMKHYTBIM TPACKTOPHAM, Tpe6yeT paspC€iCHnA HCCKOJIbKUX HpOTHBOpC‘IHﬁ.

BuxpeBoe aBrkeHHEe MarHUTHBIX HOCUTEINEH, KaK MHIMBHUYaJbHBIX YaCTHUL], TOJDKHO OBIIIO ObI IPUBOJUTH K
MOSIBIICHUIO TPEHUS M, COOTBETCTBEHHO, 3aTpare SHepruu. B aTom cityuae, 6e3 moaBoa SHEPTHUHA MarHUTHI
OBbICTPO OBI TEPSUTU CBOIO CHITy. B BUXpeBOM ABMKEHHMH, HAIPUMEP ra3a, €ro MOJIEKYJIbl B Pa3HbIX YacCTIX
BUXPS IBUXKYTCSI C Pa3HBIMH CKOpOCTAMU. [Ipu 3TOM HaOII0A€HUS 32 pacpOCTPaHEHUEM MarHUTHON
COCTaBJIAIOLIECH PaJlnOBOIIH PA3JIMYHON YAaCTOTHI B MEXKIJIAHETHOM [TPOCTPAHCTBE NIOKA3BIBAIOT, UTO €€
CKOpOCTh OJIM3Ka K TIOCTOSIHHOM, @ UMEHHO CKOPOCTH pacnpoctpaneHus csera C [43]. Bonee nmoapoOHbIit
aHaJIU3 IPOTUBOPEYMI, BOSHUKAIOIUX IPU NPUHATUH KOHLIETIIIUN BUXPEBOTo 3(hupa, OyleT NpUBE/IEH Aajee.

Takum oOpa3om, cocTaBjieHHas! U3 TEOMETPUUYECKH PaBHBIX YaCTUIL C IPOTUBOIOIOKHBIMU 3apsAaMU MOJIEIb
BaKyyMa Ipe/ICTaBIIseT COO0H CIIOUIHYIO Cpey, B KOTOPOH BO3MOXKHBI TOJIBKO CIIBUTOBBIE, CKPYUUBAIOIINE,
KpYyTUJIbHBIE Je(OpMalli U CBUTOBbIE, CKPYUHBAIOIIME KPYTUIIbHBIE KosleOaHusl. MaremMaTuueckoe
npezcTaBiIeHre NoJ00HOM cpeibl, Kak OblII0 YIOMSHYTO BbILIE, pa3paboTaHo emie B 19 Beke.



5. MaremaTuyeckass MoJe/Ib KBa3Hynpyroro 3¢gupa

Eme B 1839 rony Ha ocHOBe 00BIYHOM Teopuu ynpyroctu MakKyinar pa3Bui npeactaBieHus o0 d3hupHoit
cpele, KOTOphIe, KaK 0Ka3aloCh, XOPOIIIO COTJIACYIOTCS C TEOpHUEH AIEKTPOMATHUTHBIX M ONTHYECKHUX SBJICHHIMA
. Makcgemna. Huxe ypaBaenus MakKynara npuBoasiTCs, B OCHOBHOM, B U3JIOKEHUU APHOJIbAA
3ommepodenbaa [12].

Puc. 10. OTHOWweHuA MeXAay HanpaXeHnamMm m CKpydymBakowMM MOMEHTOM B «KBaA3Nynpyrom» Tene.

B Teopuu cruiomHbIX cpesl 00bIYHO paccMaTpUBAIOTCS MEpEMEILeHus, BpallleHus 1 1edopMannu. Ypyroe
TEJIO pearupyer Ha jedopMalii BOSHUKHOBEHHEM TE€H30pa YIPYTruX CUIl, IpudeM jAedopMaruy Takxe
ONMCHIBAIOTCS TEH30pOM. Tenepsb NnpeacTaBuUM cebe «KBa3uyIlpyroe» Tejio, KOTOpoe HEBOCIIPUUMYHUBO K
negopManusaM CKaTHA-PACTHKEHUS, HO pearupyer Ha eopMalmio Kpy4yeHHss OTHOCUTEIBHO a0COIIOTHOTO
npocTpaHcTBa. Tak Kak Takoe KpydeHHe UMEET XapaKTep aHTUCUMMETPUYHOTO TEH30pa, Mbl MOXKEM
NPECTaBUTh HAIIPSDKEHHSI, TPUIOKEHHBIE K CTOPOHAM 3JIEMEHTapHOro Ky0a B BH/I€ aHTUCUMMETPUYHOTO
TEH30pa. 3aMuIIeM ero B CIeAYIOUIEM BUE

0 Ty T
Ty 0 T
0
= % , (12)

TAC Oy = — O;.

CooTHoILIEHUS MEXly IOBOPOTOM U HAaNPSYKEHUSIMU OTpakeHbl Ha cxeme puc.10. DnemenTapHblil 00beM At
IIOBEPHYT Ha YroJj ¢. (CTpesKa BOKPYT IMOJIOKUTEIIBHOTO HAIIPABJIEHUS OCH Z, 110 MPaBUITy IIPABOI0 BUHTA).

UTOoOBI OCYIIECTBUTH TAKOE CKPYyUYHMBaHUE, HEOOXOIMMO TIPHIIOKUTH MOMEHT CHIIBI BOKPYT Z-OCH:
Mz =xopzAt, (13)

TJIe K €CTh «MOJYJIb CKPYUYHMBAHUS» KBa3HUYIIPYrOro Teiaa. DTOMY MOMEHTY CHIIBI COOTBETCTBYIOT JBa
0003HaYCHHBIC Ha PUCYHKE CABHUTAIOIINE HANIPSDKEHUS 0y, U —0,, HA X- U )-TIOCKOCTSIX, OTJIOKEHHBIX Ha OCSIX X
U ) B MOJIOKUTEIHHBIX HANPABICHUSIX U aHTHUIIAPAIUICITbHBIC HATPSHKEHUS HA COOTBETCTBYIOMIMX TIOCKOCTSIX
oCeil B OTpHUIIaTEIbHBIX HarpaBieHusx. YToObl coOmocTu cooTBeTCTBUE MEXKY (12) 1 (13) MBI JOJKHBI
MOJTyYUTh

oxy = —oyx = (k/2)pz. (14)



B utore MbI mojrygyaeM MOMEHT, JeHCTBYIOIINI Ha 00€UX X-TIJIOCKOCTAX:
2oxyAyAz(Ax/2) = (k/2)pzAT
Y MOMEHT Ha [JBYX y-IUIOCKOCTAX
— 20yxAxAz(Ay/2) = (k/2)pzAT ,
TaK)Ke Kak U MOMEHT u3 ypaBHeHus (13).
[Muknuyeckast moAacTaHoBKa U3 (14) IBHO NPUBOJIUT K CJIEIYIOIIMM BbIPAKEHUSAM:
oyz = — ozy = (k/2)px, ozx = — oxz = (k/2)py. (14a)

CxeMy nieiicTBUs CUII, TPUBEAEHHYIO Ha pucC.10 MOXKHO NMPECTaBUTh KaK MPUIIOKEHHYIO K OECKOHEUHO Majoi
MaTepuaIbHON TOYKE, HAXOASIENHCS BHYTPU HEKOETO Teja. Y paBHEHMsI IBUYKEHUS 3TOT0 KBa3UAJIACTHUHOTO
TeJa MO>KHO HalKCcaTh [0 AHAJIOTUH C U3BECTHBIMU U3 TEOPUM YIPYTOCTH YPaBHEHHUAMMU JIBMKEHUSA [53].
CocraBisist MX, y4TeM HHEPLUIO (0 — Macca eIMHUYHOro 00beMa) U OyJieM paccMaTpUBaTh TOJIBKO YCIOBHO
MeJJIeHHbIe JBIKeHUs. KpoMe 3Toro, Mbl JOJKHBI 0TKa3aThes oT BHeHUX cuil (P = 0). Torna, ¢ yuetom (14)
u (14a), nonyuum

e
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HOCJ’IG,Z[HGG, OUKIINYCCKHU Hp606p330BaHHOG H BCKTOPHUAJIBHO 3alITMCAHHOC, ITPCACTABIIACT coboit YpaBHCHHUC

JIBDKCHUS
S -
S—=——rot@.
&t 2 15)

DT0 ypaBHEHHE MOKHO OTOOPA3NTh MHAYE, Yepe3 OTHOIICHHE MEXIy BEKTOPOM CMEIIEHHS © U YIIIOBOMH

CKOpOCTBIO & . DTO MPOU30MIET, €ClU U 3/1€Ch Mbl IOMEHsIeM do/dt Ha Op/ot:

A 1 ~
& i = —rats .
X 2 (16)
W3 npearnoioxkeHuss HeCKMMACMOCTH CPEIIbI, JJIs 3HAYCHUS P , — yTJia TIOBOPOTa BEKTOpA CMEIICHUS,

I[O63.BI/IM CJICAYHOIICC YCIOBHUC:

div §=0,div #=0. 17)

Kak ormedaer A. 3ommepdensba [12], cuctema ypaBaenwit (15), (16) u (17) neMoHCTpUpYET yOSTUTEIBHYIO
POCTOTY M cuMMmeTpHio. OHa UMeeT Ty ke popmy, YyTo U ypaBHeHHs [].MakcBenia 1j1s mycToro
MIPOCTPAHCTBA.

JIns Gosee MOAPOOHOTO MCCIE0BAHMS BBEIEM HAPSHKEHHOCTD YIEKTPUIECKOTO TIOJIs & | HANPSKEHHOCTh
MATHUTHOTO MOJs = | KO3 (pHIIHEHTH TIPOTOPIMOHATBHOCTH i, 3, Pa3MEPHOCTh KOTOPHIX GY/IET 3aBHCETH OT

BBI60pa CUCTEMBI (1)I/ISI/I‘-IGCKI/IX BCJIIMYHH, B KOTOPBIX BBIPAKCHBI & u . , 4 TAK)XKC OT 3HaKa epeca 3apsaa0M U
CHUJIONM MarHUTHOT'O MOJI:
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b) & =xF, P = Fp

"y,

Torma unentnyno ypaBaenusm (15), (16) u (17), moxydum IBaXKabl:

= m.ﬁfi _

&
&2
£t div =0, (18)

a3 _
Hy— = —rotf, -
=4 div &=0.

BBenieHHbIE 3/1€Ch COKPALLEHUS &, Llo HA3BIBAIOTCS TUAIEKTPUUECKON U MAarHUTHOM NMPOHULIAEMOCTHIO BaKyyMa.
B cucreme Hammx o603HadeHU OHU OyayT JaHbl yepes:

& 2e 24

ED:E—,‘L{':_,
g e’ (18a)

u & le 28

-
kg & (18b)

Wx nmpounsBeaeHne HE3aBUCUMO OT BBIOOpA CUCTEMBI euHMUII (KO3 uimeHToB a, f). B 06oux ciyqasx 3to
pou3BeieHue OyIeT paBHO:

45 1
oy = —= 7

EoC (19

Takum oOpazom onpenenenHas BeauurHa C 0003Ha4aeT CKOPOCTh paclpocTpaHeHus B Bakyyme. OOpatum
BHMMaHUE Ha TO, 4TO C CBSI3aHO C MOJAYJIEM CKPYUYHUBAHUS K.

B Becomom JAUSJICKTPUKE I[CﬁCTByIOT TAKUC )K€ OCHOBHBLIC YPABHCHUA (18), KaK U B BAKyyM¢€, TOJIBKO C
HN3MCHCHHBIMU 3HAUCHUAMU &, i, BMECTO &9, Lo. Ho o6a yCi10BUsA JUBEPIrCHUONUN CYHICCTBCHHO U3MCHATCA.

Bwmecro div & = 0 10/KHO OBITH

divB =0, (20)
rae B = ,u@ — MarHUTHAasl WHIYKIIHS.

TO NPHBEJIET K TOMY, UTO CKPYUMBAHHE ¥ cpejibl OYIeT ONpe/elsaThcsl He BEIMUNHON F | HO BelM4uHOi B,

YTO HE CO3JaeT HUKAKUX TpyaHoctel. C Ipyroil CTOPOHBI, yCIOBUE F=0 MepenJIeT B
div D = oe, (21)

rac D= E,‘F — JJICKTpHUYCCKasa HAIIPSAKCHHOCTD, 5e — HPOCTPaHCTBCHHAs IJIOTHOCTH }IeﬁCTBy}OII_[eFO

3NeKTpHuecKoro 3apsaaa. Tak kak Tereps He &, a & onpesenser ckopocTh TOKa < M KOHCTAHTHI &, £ CBSI3AHBI C
K, 0, a, 5, ypaBHeHus JI. MakcBesia MOTYT ObITh BEPHBIMH U 3/1€Ch, B BECOMOM JHMAJIEKTPUKE.



B cBoeii pabote [12] A. 3oMMepdenb MUIIET, YTO OH AaJeK OT TOT0, YTOObI 3TON «MOAeIH HPUpay MpUIaTh
Kakoi-1mbo0 ¢usnveckuii cmpici. BmecTe ¢ 3THM, caMo BKIIIOUSHHE pa3/iena 0 MOAETH KBa3MKeCTKOro 3¢upa B
ero KanuTalbHbINA Tpya «MexaHuka 1eoOpMUPYEMBIX Cpei», MOCIEAHee U31aHue KOTOPOTo BhIMyIIeHO B 1978
rojly, BECbMa 3HAMEHATEIIBHO.

HauGonee ybenurensHO BEpHOCTH M aJIeKBaTHOCTh KOHIeN MM MakKyiara gemoHcTpupyet nedopmarnus
abupHON cpefibl, BO3HUKAIOIIAS BOKPYT MPOBOIHUKA C TOKOM, puc.9. CkpyuuBaromas nedopmaiust oopasyer
PAIl BIIOKEHHBIX APYT B JIpyra KOHUEHTPUYECKUX MOBEpXHOCTEN. Kaxaas u3 3TUX NOBEPXHOCTEM SABIISIETCS
HKBUIIOTCHIIMATIBIO, B TIPEEIax KOTOPOH HAMPSHXKEHHOCTh MATHUTHOTO TOJIS 00JIa1aeT OJMHAKOBOU
BEIIMYHHOMN.

Harmie monosxenue (cMm. 1.6 pasnena 3) o Tom, uyTo d(UpHas cpe/ia B U3BECTHOM CTEIICHU CBs3aHa (3aKpericHa)
OOJIBLIIMMHU IO aCTPOHOMHUYECKMM MaciuTabaM (pU3NUYECKUMHU MacCaMH COOTBETCTBYET PaHEE BBIBUHYTOMN
MaxkKynarom xonuenuuu. Ilo Hamemy MHEHHIO, HaNIpsKEHUsI B 3(pUPHON cpeJie ONUCHIBAIOTCS BCEMU BUAAMU
TEH30pOB, B KOTOPBIX JMaroHajlbHbIE YJIE€HbI, Kak U B (12) paBHBI Hy/I10. DTO O3HAYaeT, YTO B 3(pUPHOI cpesie
MOTYT CYIIECTBOBATh Aedopmarun GopMOM3MEHEHUS, T.€. CKPYUHBAHUS, KPYUEHHS U CABHTa.

[Tpuyewm, 31ech u nanee noj nedopmanmeil CKpydnBaHUs MbI OyJ1eM MOHUMATh JehopMaIiy, BO3SHUKAIOIINE
IpY IPUIIOKEHUU MOMEHTA CHJI, KOT/la IpsiMasi IMHUS (0Ch) €ro NPUII0KEHUS IIPOXOIUT Yepe3 Tello, a CaMo
TEJIO 3aKperuieHo Ha 6eckoHeyHocTH (puc.10). edhopmarust kpyuyeHHs BOZHUKAET TOT/AA, KOTAA TEJIO
3aKpEIUICHO MEXy IBYMS NapauIeIbHBIMU INIOCKOCTSMH M OJIHA U3 IJIOCKOCTEN MOBOPAYMBAETCS, OCTaBasCh
napajieIbHON NMepBOii, HA HEKOTOPBII Yrojl OTHOCUTENBHO Apyroi. Jledopmariust cBUra mpouCXoauT B TEIE,
3aKpEIUICHHOM MEX]y IBYMS NapauIeIbHbIMU IUIOCKOCTSIMH, IPUYEM OJHA IJIOCKOCTh CIBUIaeTCs
[apaJuIeIbHO IMEPBOU 110 IPSIMOU JIMHUU.

6. Il.ioTHOCTD 3(pMpPHOH CpeAbl B BAKYyMe M B (U3MUYECKHX cpeaax

Ha ocnoBanuu ypaBuenus (19) u3 npeasiaymiero pasuena MoKHO YTBEPKIaTh, 4To dUpHas cpeia o0nagaer
HEKOTOPOH TJIOTHOCTBIO 0, HMEIOIIEH JIEKTPOMAarHUTHYIO IPUPOy. B criry oueHb BBICOKOH OJTHOPOTHOCTH
3TOH cpenbl (3a UCKIIIOYSHHEM 00J1acTeid, OJM3KUX K (PU3MYECKHM TesnaM) IMII0THOCTh, Kak U CKOpocTh cBeTa C,
BeChbMa MOCTOsIHHA. JTa cpejia SBJSETCS Kak Obl aHAJIOTOM >KMJIKOCTH, UMEIOIEl MOCTOSIHHYIO MJIOTHOCTD U
BE3/Ie MPHUCYTCTBYIOIIEH (pacrpeeNeHHOo) 1 KOTOPOH, B CHUITy 3TOr0, MOXHO Ob110 OB IpeHeOpeus. Bmecte ¢
3THUM, TaKyl0 Cpelly WU BaKyyM Helb3s HE CUNTATh MaTePUAIbHBIM TEJIOM, TaK KaK OHA aKTUBHO MPOSIBIISIET
ce0s B DJIEKTPUYECKUX M MAarHUTHBIX MOJISIX U SIBJISIETCS] OCHOBOM, KOTOpast 00ecrieynBaeT pacipoCcTpaHeHHe
AIIEKTPOMArHUTHBIX BOJH (cBeTa). [loaToMy adupHyto cpeny, puc.8, ciaenyeT Ha3BaTh pacIpeIeI€HHBIM
MaTepHaIbHbIM TeJoM. Dusndeckue Tena 6oiee BBICOKOTO YPOBHS CTPYKTYPHI (3JIEKTPOHBI, aTOMBI, MOJIEKYJIBI
U JIp.) HE paciipe/ie]ieHbl pPABHOMEPHO B IPOCTPAHCTBE, Kak d(hUpHast cpesia, a TeOMETPUIECKU
KOHIIEHTPUPOBAHBI U MPEJCTABIISAIOT COOOH CTyIIeHNU MaTepUATbHON Cpebl B ONPEACICHHBIX TOYKaX
npocTtpancTBa. VX cienyer Ha3BaTh KOHLIIEHTPUPOBAHHBIMU MaTepUaIbHBIMU WM HHAUE, (HPU3MUECKUMU
tenamu. [locnennee onpeeneHne UMeEET elle U TOT CMBICI, 4TO (pu3nyecKue Tesa MOryT ObITh
0oOHapyXuBaeMbIMHU (pU3UIeCKUMHU npruoopamMu. KoHeuHo, XapakTepucTUKH 3PUPHON Cpebl MOTYT OBITh
OTIpeIeNIeHBI ITyTeM BO30YXKACHUS B HEel, HarpuMep, konebanuit. OTHaKO XapaKTepUCTUKH HEBO30YKICHHOM
3(UPHON Cpeabl HE MOTYT OBITh ONPECIICHBI, TaK KaK JF000M (Pu3ndecKuil mpuOop Mpu U3MEPEHUAX OyIeT
U3MEHSATh €€ COCTOSIHUE.

[TnoTHOCTH 3UPHOI Cpelbl, KaK U MIIOTHOCTh (PU3MUYECKOH, SBISAETCS OAHUM U3 ITapaMeTPOB, ONPEEIISIOIINM
CKOPOCTb pacipocTpaHeHus B Hell konebanuii. U3 ypaBHenus (19), mpuBeA€HHOTO B IPEIbIIYIIEM Pa3eIe,
MO>KHO IIOJIyYUTh, YTO CKOPOCTh PACIIPOCTPAHEHUs 3JICKTPOMArHUTHBIX BOJIH B BAKYYM€E paBHA

nIIn
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4 (23)

W13 3TOrO0 ypaBHEHUS ClelyeT, YTO SKBUBAJICHTHAs KBaIpaTy CKOPOCTH pacrpocTpaHeHus cBeta C ynpyrocthb
3hUpHON cpefibl K JOKHA OBbITh OueHb Benrka. OHa Morja Obl ObITH OMpe/iesieHa, eciii ObuIa Obl H3BECTHA
3JIEKTPOMAarHUTHAs IUIOTHOCTh BaKyyMa o.

BenuunHy MIOTHOCTH MOYKHO HAWTH uepe3 BOJHOBOE COMPOTHUBIIEHHE BakyyMa. Kak U3BeCTHO, BOJIHOBOE
COIIPOTHBIIEHUE CIUIOMIHBIX CPEJI OTpeaeisieTcsi o popmyie:

R=06C, (24)
OTKyZa

0=R/C. (25)
3Ha4YeHrEe BOJIHOBOIO COMPOTHUBJIEHUSI BaKyyMa TOYHO U3BECTHO [3],

Hy
£ (26)

A=
rac (o — MarauTHas MpOHULACMOCTb, &y — AUIJICKTPHUYCCKAA IMIOCTOAHHAA BaKyyMa. CKOpOCTB cera C Takke

MOXKHO BBIPA3UTb YE€PE3 &g U Lo:

1
=

Lp Sy , (27
[Toncrasmss Beipaxkenus st R u C B popmyny (25), mOTyduM, 4TO
0 =pn0=1,25664-10—6, xr-m-cex—2-a—2, (28)
IJI€ Pa3MEPHOCTh IJIOTHOCTH JaHa B enuHUIaxX cucrembl CH.

Wtak, MaruuTHas MpOHUIIAEMOCTH () BBITIOJTHSET POJIb IUIOTHOCTH (MHEPIIMATILHON MacChl) B 93UPHOU cpejie
(Bakyyme). Teneps Bocmonb3yemcs hopmynoit (19) A. 3ommepdensaa s onpeneneHust BETUIHHbBI
CKPYYHMBAIOIIEH YyIPYroCcTH Y3PUPHOH cpeapl

K =4/e0 =4,51763-1011, xr-m3-cex—4-a—2, (29)

Panee 6b110 oT™MeueHO (cM. pazen 2), uto MakKynar 0ToxaecTBIsUT AUAIEKTPUUECKYIO IPOHUIIAEMOCTD &) C
BEJIMYMHOM, 0OpaTHOM ynpyroctu [11].

Wtak, u3 onpeaeneHuii 0 u k¥ OJHO3HAYHO CIEAYeT, 4To dPUpPHAS cpea (BaKyyM) UMEET dJICKTPOMArHUTHYIO
npupony. [Tokazarenu creneHu nNpu STUX BETUYHUHAX JAI0T MPEICTaBICHHUE O TOM, UTO BETMYMHA 0 OYEHb MaJa,
a ynpyrocTthb 3(pHUpHO# Cpebl k¥ Ype3BBIYalfHO BHICOKA.

Knaccnueckas MexaHuka, MaTeMaTudeckast TCOpHst KojeOaHui Co BCEi 0UeBUIHOCTHIO MOKA3bIBAIOT, YTO
BOJIHOBBIE MIPOLIECCHI MOT'YT CYILIECTBOBATh TOJBKO JIHIIb PHU HAJTUYUH HEKOTOPBIX PaCHpeeIEHHbIX MACC U
YIPYTUX CUJI, COSAUHSIOIMIMX MacChl B CIUIOIIHON KOHTUHYYM. Hano yuecTs, yTo [uisl TBEpABIX U30TPOIHBIX
Ten uMeetcst (opMyIia, CBA3BIBAIOIIAS BEIMUYMHBI CKOPOCTH V/, Macchl U MOJIyJIU YIIPYrOCTH BelecTna [52]:

v=.[Eip 30)



rae £ — Moayib ynpyrocTty, p — IUIOTHOCTb BEILIECTBA.

Cpasuenue Gopmyn (22) u (30) mokazsiBaeTt, 4To oHM 10A0OHEI. B dpopmyne (30) moayns ynpyroctu E
OTpaXkaeT yIPYyrocTh CBsA3eH MKy MaTepHaIbHBIMKM TOYKaMH B TBepJioM Teie. [[1oTHOCTE BemecTBa p
OTpakaeT MacCcy dTUX MaTepUaIbHBIX TOUECK.

W3 Buna popmynsl (30) crnemgyet, 4To cCKOpoCTh V' B TBepOM (M HE TOJILKO B TBEPIOM) TEJ€ BBIIIE B T€X
BEIIIECTBAX, B KOTOPHIX CBSI3M MEX]Iy MAaTEPUAIbHBIMU TOUYKaMU (aTOMaMH, MOJIEKYJIAMH) OTIUYAOTCS
OoJbIlel CHIION 1 MEHBIIIE B T€X, B KOTOPBIX aTOMBI M MOJIEKYJIbI 0051a1aroT Oonbieit maccoit. [Ipumepamu,
MOJITBEP K TAIOLIUMH 3TO MOJI0KEHUE, MOTYT CIYy’KUTh MHOTHE BEILIECTBA U, B YACTHOCTH, ajiMa3 U cBuHel. Kak
M3BECTHO [55], anMa3 oTyimuaeTcst OOJIBIION TBEPAOCTHIO M YIIPYrocThio. Hampumep, BeTrMunHa CKOPOCTH
pacIpoCTpaHenys IONEPEUYHbIX Konebanuii B neM V, = 12,32 xm/c, npu nmotHoctu p = 3,51 2/eam’. Tlpu sT0oM B
CBMHIIE CKOPOCTE V; = 0,86 km/c, a IIOTHOCTH cocTaBiseT p = 11,6 2/cam’. TIponopuuoHanbsHas 3aBUCHMOCTh
MEXy CKOPOCTBIO V; 1 BenmuunHOU 1/p — 00paTHOM TUIOTHOCTH, XOPOIIO BBIPAXKEHA JIJISI IEIOUHBIX
MeTaiioB. Kpome 3Toro, v mpocThie MEXaHUYECKUE MOJICIH MOATBEPKAAIOT MPABUIIO — B KOJIeOATETbHBIX
CUCTEMax 4eM OoJIbllle Macca, TEM MEHbIIE YacToTa KosebaHuil 1 Ha000poT. COOTBETCTBEHHO, YeM OOJIbIIE
YIPYTrocTh, TEM OOJIBIIIE YACTOTA KoJIeOaHUH U HA00OPOT.

OO0pamasch K BEIpOKEHHIO (29) MBI BUIUM, YTO CKPYYHBAIOIIAS YIPYTOCTh 3(DUPHOU CPEIbl K TEUCTBUTEIIBHO
OuYeHb 3HaYMTENbHA. Ha 3TO yKa3bIBaeT cpaBHEHHUE CKOPOCTH PacIpOCTPAaHEHHs CBUTOBON BOJHBI B YIPYTUX
TBEPABIX TeNax co cKopocThio cBeTa C. Hanpumep, CKOPOCTh paclpoOCTPaHEHUS CBUTOBBIX BOJIH B CAMOM
YIPYTOM TBEPOM BELIECTBE — AJIMa3e COCTABIAET TOABKO Jiuiib 4,1-107° ot Benmuunbl C. COOTBETCTBEHHO,
IJIOTHOCTh BaKyyMa JOJIKHA OBITh OY€HHh MAJIOH, UTO U CJIEIyeT U3 ee BenuduHsbl (28). EctecTBeHHO, UTO
AIIEKTPOMArHUTHbIE BETMUMHBI 0 M K HEBO3MOXHO CTPOT'O CPAaBHUBATH C COOTBETCTBYIOIUMHU
XapaKTePUCTUKAMU TBEP/BIX TeJl B CHIIy X pa3iuyaronieiicss puandeckon mpupobl.

7. MexaHuU3M CHJI IPUTSKEHUs (PU3MIECKHUX TeJ B 3(PUPHOU cpeje

Kak u3BeCcTHO, pa3Mepsl aTOMOB, BKIIKOYAs X 2JIEKTPOHHBIE 00O0JIOUKH, COCTABIISIET JIOJIM U €IMHUIIBI aHICTPEM,
— A =1-10""° y. Pasmeps! azep umeet nopsnok 107" u. B To %e Bpems [JIMHA BOIHbI, HAIPUMED BHAMMOTO



cBeta, cocTaBisteT (4—7)-1077 m [56]. IMeeTcs MHOTO DKCIIEPUMEHTANIBHBIX IAHHBIX O PACIIPOCTPAHEHUHU CBETA
B I'a3000pa3HbIX, )KUAKUX U TBEPIBIX CPElaXx.
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Puc. 11. 3aBUcMMOCTb Mexay KO3 ®dOULUMEHTOM NPenoMaeHns N 1 NAOTHOCTbIO P HEKOTOPbIX XUAKUX U TBEPAbIX
BELWeCTB, MMHepanoB (COCTaB/ieHOo Mo AaHHbIM [55, 57]).
1 — nep, 2 — aueToH, 3 — cnupT, 4 — BOAA, 5 — rAnUepuH, 6 — cepoyrnepos, 7 — YeTbIpexXxX/IOpUCTbIn yrnepoa, 8 —
cepa, 9 — TutaHut, 10 — anmas, 11 — rpoTtuT, 12 — Tonas.

[TapameTpom, HETTOCPEICTBEHHO CBSI3AHHBIM CO CKOPOCTHIO PACTIPOCTPAHECHHS CBETOBOM BOJIHBI, SIBJISIETCS
KOX(PPUIIUEHT MPETOMICHHS, KOTOPBI BO3MOKHO U3MEPATH C OOJBIIION TOYHOCTHIO B MPO3PAYHBIX Cpeax.
PaccmoTpum 3aBUCUMOCTD MEXTY KOA(D(PHUITMEHTOM MPETOMIICHHS /1 U TUIOTHOCTBIO p HEKOTOPBIX BEIIIECTB
(puc.11). [TapameTpsl OombIIIel YacTH BEIIECTB (aHTUAPUT, allaTUT, OaJIeleuT, Oepuill, OOpalUT, TaJICHHUT,
TaJINT, TUTIC, TUCTEH, TOJIOMUT, KaJbIIUT, KBapIll, KOPAUEPUT, KOPYH]I, JICHITUT, MUKPOKJIMH, MYCKOBHT,
HedennH, OPTOKIIa3, MePUKIa3, POJAOHUT, CUINTMMAHUT, CTABPOIUT, IUPKOH, IBJUAIIUT U MHOTO JAPYTUX)
MTOIMHSFOTCS 3aBUCUMOCTH:

n=1+02p. 31)

Ota 3aBUCUMOCTb OTpa)Ke€Ha IMMyHKTUPHOH nHuer Ha puc.l1. Ha pucynke unppamu 0003HaYSHBI BEIIECTBA,
COOTHOILIEHHS p U 1 KOTOPBIX HAaXOAATCs BHE 0011el 3aBucumocTi. Hanpumep, cooTHoLeHus A5 anmasa,
Cephl, JKeJie3a, THTaHa U HEKOTOPhIX UX COCAMHEHUH Ha rpadyKe HAXOIATCS BhIIIE TUHUNA OOIIEeH 3aBUCHMOCTH.
CooTHo1IEeHUs 17151 HEKOTOPBIX COeMHEHUH (ropa, Oapus, Gpocdopa, 0j10Ba U Ap. HAXOAITCS MO STOU
IIPSIMOM.

B nienom xe, Bce BelecTBa, BKIIKOYAs Ia3bl, )KUAKOCTH, TBEP/IbIE BEIIECTBA UMEIOT KO PHUIIMEHT
npesoMiieHus: 60bIle eAMHULBI [2]. DTO 03HAYAET, YTO CKOPOCTh PACIPOCTPAHEHHUS CBETOBBIX BOJIH
(oToHOB) B pu3MUecKUX cpelax Bcerjaa HUxe, 4eM B BakyyMme. ECTeCTBEHHO NpeAnooKuTh, YTO 3aMeIJICHHe
CKOPOCTH pacipoCTpaHEHus cBeTa B GU3NYECKUX Cpeax MPOUCcXoauT bnarogaps 3¢hdexty orubanus
HEKOTOPBIX, HEMPOHHUIIAEMBIX [T (HOTOHOB, obnacTeil. @OTOHAM HU3KHX dHEPTUil MPUXOIUTCS OrudaTh
00J1acTH MPOCTPAHCTBA, 3aHUMAEMbI€ JEKTPOHHBIMU 000JI0UKaMH U SJIpaMH aTOMOB. BbIcOKO3HEpruyHbIe
(OTOHBI IPOHUKAIOT B 00J1aCTH, OoJiee OIM3KuE K s1py. PeHTreHOBCKIE BOJIHBI B3aUMOIEHCTBYIOT
HEMOCPEACTBEHHO € 00JIACTBIO ATOMHOTO SIpa.

3aMeIEHHIO CKOPOCTH PaclpoCTpaHEHUsI CBETa B (PU3MUECKUX Cpeax elle B OoJblIel cTeneHn
cnoco6cTBYIOT 3¢ (eKThl epensnydeHus: GOTOHOB, peKOMOUHAINY, TIOMUHECHEHITUN. OTHAaKO OCHOBOIA, B
KOTOPO pacrpoCTpaHsIOTCS CBETOBBIE KoJieOaHus, ssBsieTcs adupHas cpena. Takum oOpazom, Oyaer
JIOTUYHBIM MPEANOI0KUTH, YTO BOJIM3U aTOMHOTO si/Ipa, Kak U B HEM caMoM, 3(UpHasi cpesia, BEITECHIeMast
SJIEPHBIMU CUJIAMU, OTCYTCTBYET.



Ha pucynke 12 BechMa yIpoIIEHHO TIPECTaBICHA CTPYKTypa d3(UPHOHN Cpebl BOIHM3HM YCIOBHOTO SiApa aToMa
B BUJIC €IMHUYHON cheprueckoi Macchl. JlaHHas yIpoIleHHast CXeMa MOKa3bIBAET, YTO MPOCTPAHCTBEHHO-
ceTdarasi CTpyKTypa apupa uckaxena cepuieckoir Mmaccoil. BOnmm3u cdeprudeckoil Macchl 3Ta CTPYKTypa B
3HAYHUTEIILHOW Mepe pas3peixiieHa. [1o Mepe ynaneHus ot cepsl CTeneHb pa3pbIXJICHUs CTPYKTYpPhI OyaeT
YMEHbINAThCSA. ECTeCTBEHHO, YTO pa3Mephl MOJOOHOM MaCChl, HATPUMEP, STEKTPOHA U YACTHIIBI dI(PUPHOI
Cpelbl, HeCOIIOCTaBUMBI 10 pa3mMepaM. COOTHOIIICHHE UX pa3MEepPOB HEM3MEPUMO OOJIBIIE, YeM ATO IMTOKa3aHO Ha
IIPUBENEHHOM puc.12.

Puc. 12. YNpollleHHas cxeMa NpoCTPaHCTBEHHOM CeTYaTON CTPYKTYpbl 3(D1pa B OKPECTHOCTM eANHUYHON Chepnyeckon
Macchl.

Cpasnenue puc.8 u puc.l2 nmokaspIBaeT, 4To HauOOJBIIEH TUIOTHOCTBIO 00JIaIaeT CTPYKTYpPa, BOJIIM3U KOTOPOit
OTCYTCTBYIOT (puzndeckue maccbl. CTpyKTypa, UCKaXK€HHasi IPUCYTCTBUEM Macchl, 00J1a/1aeT MEHbIIEH
IUIOTHOCTHIO0. [IpocTpaHcTBEHHO-CceTYaTast CTpyKTypa, 00pa3oBaHHAS MIPUTATUBAIOLIIUMHUCS JAPYT K APYTY
pPa3sHOMMEHHBIMM YaCTUI[AMHU, Pa3BUBAET Ha X KOHTAKTAaX, KaK ObIJIO OKA3aHO BbIIIE, OOJIBIIOE 1aBICHUE.
Taxoe ke JaBIeHHE WK MEeHbIee, Oy/IeT OKa3bIBaThCs U Ha cheprueckyro Maccy, puc.12. Ilpudem sto
JlaByieHue OyJIeT CKJIaIbIBaThCs 3a CUET pa3MbIKaHUSI KOHTAKTOB PA3HOUMEHHBIX YaCTHII, HEMOCPEICTBEHHO
NPUMBIKAIOIUX K chepudeckoii macce. [laBineHue Ha chepudecKyro Maccy OyAeT YCUICHO 3a CUeT UCKaKeHUI
BTOPBIX, TPETHUX, YETBEPTHIX U T.I. PAJIOB CTPYKTYPHOM peIIeTKH, HaXOASIIMXCS, COOTBETCTBEHHO BO BTOPOM,
TPETbEM, YETBEPTOM H T.II. PSAAY OT c(heprudecKoil Macchl. DTO JaBieHUE 00YCIOBIEHO CTPEMIIEHUEM YaCTHII,
HaXOJAIIMXCSI BO BTOPOM, TPEThEM M Jp. psAfax, HAXOAUTHCS KaK MOXKHO OJIMIKE IPYT K IPYyTy U BOCCTAHOBUTh

HEHAPYIIEHHYIO CTPYKTYpY, puc.S.

Ha HekoTopoMm, 0oJIbIlIeM pacCTOSTHUM OT LEHTpa chepruecKoi Macchl OOILINI BU CTPYKTYPHOU Cpebl
YCIIOBHO MOXKHO IIPEACTaBHUTh B BUJE KOHLIEHTPUYECKUX c(ep, BIOKESHHBIX OJJHA B IpYTYI0, puc.13.
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Puc. 13. ®parmMeHT CTPYKTYpbl 3(PUPHOM Cpefbl HA HEKOTOPOM PacCTOSIHUM OT (OU3NYECKOMN MacChl.



Yucro ycioBHO, Oy/IeM CUMTaTh, 9TO B CpeAHEH KoHIleHTprudeckoi cdepe (1, puc.13) Bce yacTuibt
MIPOTUBOIMOJIOXKHOTO POJIa KOHTAKTUPYIOT APYT C IPYrOM HEMOCPEACTBEHHO, 0e3 MPOMEKYTKOB. Toraa B
KOHIIEHTPUYECKO chepe, pacrioNoKEeHHOM Jabliie oT Macchl (2, puc.13), BBUAY HEOOXOAMMOCTH
COOTBETCTBUS APYT APYTY UMCIIA MPOTUBONOIOKHBIX YaCTHUL, TOABSITCS MPOMEKYTKH MEXIy HUMU. B
KOHIIEHTPUYECKOi chepe, pacronokeHHOH Oimke K puzndeckoit macce (3, puc.13), ynakoBka 4acTHIl TaKKe
OyzaeT MeHee TUIOTHOM, TaK Kak 3/1eCh HEBO3MOXKHO Pa3MECTUTh TO K€ YUCIIO YaCTHIl, UTO U B CpelHel cdepe.
HekoTtopoe konruecTBO yacTuil u3 OmkHel chepbl OyAyT BHITECHEHBI, 8 UX MECTO 3aiMYT ITYCThIC
npomMexxyTku. CpaBHEHUE CXEM, MPEJICTABICHHBIX Ha PUC.8 U puc.13 MO3BOJISIET CAENATh 3aAKIIOUYECHHE, YTO
adupHas cpea B OKPeCTHOCTH (PU3UUECKON MacCChl SIBISIETCSI MEHEe TUIOTHOM U 00JIee «PBIXIIO», 4eM B Cpelie
6e3 pusnyeckux Macc. HerpyaHo npeactaButh, 4to, o Mepe yaalneHus oT GU3NYeCcKod MacChl, INIOTHOCTh
abupHOI cpebl OYIET BO3paCTaTh, a €€ «PBIXJIOCThY YMEHBIIATHCS IPOMOPIIUOHATILHO PACCTOSHHUIO OT ITOM
MAacCBhl.

Ecnu npencraBuTh Kakyro 100 GU3NYecKyto NpoOHYI0 Maccy U IOMECTUTh €€ BHYTPU HEBO3MYILIEHHOM
3UpHOH cpeabl, puc.8, To 3Ta MPoOHask Macca UCKa3UT CTPYKTYPY F3UPHON Cpefibl, TaK, KaK 3TO MOKAa3aHO Ha
puc.12. [Ipo6GHas Macca OyAeT UCTIBITBIBATh HAUOOJIBIIIEE U PABHOE CO BCEX CTOPOH JaBieHue. [lepemectim
Ternepb NPOoOHYI0 Maccy B Cpealy, yKe UCKaKEHHYIO HaJlMuueM Kakoi 1ubo ¢usndeckoit maccsl, puc.13. B
3TOM cily4ae JaBJIEHUE Ha MPOOHYI0 Maccy He OyAeT OJIMHAKOBBIM CO BceX cTOpOoH. IIpoOHas macca okaxercs
O[] 1aBJICHUEM OOJIBIIOTO YUCIIa KOHIEHTPUUECKUX CJI0EB Pa3HOM KPUBU3HBI, B 3aBUCUMOCTH OT PACCTOSHUS
10 (pusnueckoit maccol. KoHIIEHTpHUECKHe cI0M MEHbIIeH KpUBU3HBI OYAYT OKa3bIBaTh OOJIbIIEE 1aBJICHUE HA
npoOHyto Maccy. JlaBiaeHue, okazpiBaeMoe 0oJiee OIM3KMMHU K (PU3UYECKON Macce CIosIMHU ¢ OOJIbIei
KpUBU3HOM, OyneT MeHbIIUM. Takum oOpa3om, a¢upHas cpeia B 00JacTu BIUSHUSA HU3UUECKOM Macchl,
OKa3bIBAaETCsl IPaJMeHTHON. BekTop aToro rpajuenTa HamnpasieH Ha pusnyeckoe Teno. K npoOHomy Tery
OyzieT NpuIo’KeHa CUIa, IOATAIKUBAIOIIAs 9TO TeIO K (PU3NYECKON Macce. DTO U €CTh IPUHIUIHNATIbHAS
OCHOBA CUJI TATOTEHUS B 3(UPHOI cpesie, COCTOSIIEH U3 PaBHBIX, IPOTHUBOIOIOKHBIX 10 3HAKY, YACTHULL.
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Puc. 14. Cxema pacyeTa umcna Yactuy 3UpHON cpeabl B KOHLIEHTPUYECKUX COSX BOKPYT (DM3NYECKO Macchl.

Takum oOpa3om, HEIIOTHas dupHas cpeaa MPeACcTaBIsIeT COOOM MPOCTPAHCTBO, Ky 1a BHITECHIIOTCS
CBOOOJIHBIE MACChl U3 TOM 00JIACTH MPOCTPAHCTBA, Te dPupHas cpena 6osnee miotHas. Eciou pemerka
WCKPHUBJICHA, HATIPUMED, U3-32 HATTUYUS BHYTPU PEILIETKU KaKoW-1100 MacChl, OHa 00JIaJaeT MEHbIICH
IUIOTHOCTBI0. B Takol MCKpUBIIEHHOM penieTke cBOOOHAs Macca Oy1eT epeBUraThCs B HAaIlPaBJICHUN
CHIDKCHUS TPaJUeHTa IJIOTHOCTH PEIIeTKH (WM WHAYe, B HATIPABICHUU OOJBIIEH «PBIXJIOCTH).

W3 npencraBieHuid, pa3BUTHIX BBIIIE, CPABHUTENBHO JIETKO BBIBOJUTCS 3aKOH BCEMUPHOTO TATOTEHUSI.
JlommycTrMm, 9TO TIO JUTMHE OKPY>KHOCTH L, KOHIICHTpUYeCcKoro cios 1, puc.14, 00pa3oBaHHOTO BOKPYT TsKETIOM
Macchl M, yKIIaIbIBaeTCsl TOYHOE YHCIIO 72 YACTHI] MPOTHUBOMOJIOKHBIX 3HAKOB TUAMETPOM d, Wi L; = nid.

Bynewm cuutats, uto L; >> d. Panuyc Takoit okpyKHOCTH OyAeT paBeH R, = nd/2x, a uncno vactunl n, = 2zR,/d.
Cnenyroumii, 6oee OIU3KUI K TSDKEJIOM Macce KOHIIGHTPUUYECKHUH CIIO0M C JUIMHOW OKPY>KHOCTH Lo, KaKk
cleyeT U3 Hallei Mozenu, OyeT uMeTh paauyc R,, MEHbIINN POBHO HA BEIMUMHY pa3Mepa 4acTUIbl d, YeM
nepBblid, R, = R, — d. JInuna okpyXHOCTH ci0s1 2 OyzaeT paBHa L, = 27R, = d(n, — 2x), a 4UCIIO YaCTULL 1, =
27(R,— d)/d. Nnaue, n, = n; — 2. COOTBETCTBEHHO, B CJI0€ 2 OYJET YKJIaAbIBaThCsI HA 277 9YaCTUIl MEHBIIIE, YEM
0 AJIMHE OKPYKHOCTH L. C 1pyroil CTOpOHBI, KAXKI0M YaCTUIIE OKPY>KHOCTHU L JOJKHA COOTBETCTBOBATH
Jipyrasi, IpOTUBOMOJIOKHASI € 10 3HAKY, YacTUla L,. 3HA4MT, 3a CUET 1 — 27T YACJIa YACTUL] BO BTOPOM



KOHIIEHTPUYECKOM CJI0€ 7 4acTHI] IEPBOTO CJIOsl HEe OyAyT cKoMIeHcupoBaHbl. [loaTomMy yacTuibl cinos 2 OyayT
HAXOJUTHCS Ha HECKOJIBKO OOJIBIIIEM PACCTOSTHUU APYT OT APYyra, YeM YacTHULIbI IEPBOTo ciosl. TakuM obpazom,
B TIpe/iesiax KOHLIEHTPUUECKOTO cios 2 00pa3yeTcst HEKOTOpOe pa3peskeHue d3(UPHON Cpebl.

B HekoTopoMm k-cioe, HaxoasIeMcs OJuKe K [EHTPY Ha BEIMYUHY kd, 110 IJIMHE OKPYKHOCTU OyIeT
YKJIaJIbIBaThCS YUCIIO YACTULL 1 = 1y — 2krr. Benuuuny pa3peskeHust 3pupHOi cpefibl B K-CJI0€ 10 OTHOILIEHUIO K
MIEPBOMY CIIOF0 MOKHO BBIPAa3UTh KOI(DPHUIIMEHTOM, OTpaKaroIIMM OTHOILICHHE YUCIIa YACTUIl B KAKIOM CJI0€ K
UX OKPYKHOCTSIM:

Ak = (nl — 2km)/nl = 1 — 2ka/nl. (32)

®opmyna (32) no cyTtu, npu OOJIBIIMX YKCIIAX 71, BEIPAXKAET H3MEHEHUE TuaMeTpa (pauyca) Wik KpUBU3HY
KOHIIEHTPUYECKHX CIIOEB, B Mpe/ieax KOTOPBIX, B UECATBHOM Cllydyae, pa3MelatoTcs YacTULlbl dpupa.

HetpynHo noka3zaTh, 4TO ¢ yBEJIMYEHUEM PACCTOSHUS OT LIEHTPa, KpUBU3HA (17151 ChepUUECKUX TOBEPXHOCTEN)
YMEHBIIAETCS MPONOPLUOHANBHO paanycy cepbl. COOTBETCTBEHHO 3TOMY, CTEICHb «Pa3phIXJICHHUSDY
BaKyyMHOH cpeJipl OyJieT yObIBaTh HACTOJBKO, HACKOJIBKO OY/IET yBEJINYUBATHCS PACCTOSIHUE OT MACCHI,
BO3MYUIAIOLIEH BAKYYM.

[IpencraBum cebe HanMUUE TOYEUHON Macchl M| B OTHOPOIHOM, HEBO3MYIIIEHHOM BakyyMe. Kak yxe
MI0KAa3aHO, C YBEJIMYEHUEM PACCTOSHUS OT TOUEYHON Macchl M, CTENEHb «Pa3pbIXJIEHU» BaKyyMa OyJeT
YMEHbIIIATHCS TPOMOPIIMOHATILHO MEPBOM CTENEHH OT paccTosiHUs R 70 1IeHTpa Macchl, To ecTb Mi/R. Teneps
BBEJIEM B TOUKY, PACIIOJIOKEHHYIO Ha pACCTOSIHUU R OT IEpBOM MaccChl BTOpyIo Maccy M,. Macca

M, npou3sBeneT B palloHE pacIioNOKEHUs MacChl M, «pa3phIXjeHue» Bakyyma, paBHoe M>/R. Takum oOpazom,
B3alMHOE IPUTSDKEHHE JIBYX Macc M, u M, OyaeT nponopiyoHanbHO IPOU3BEIEHUIO ABYX BbIILIECIPUBEIEHHBIX
BBIPAYKECHHUI,

M, M,
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¥
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Kak u3BecTHO, 3aKOH BCEMUPHOT'O TATOTEHHS (OPMYTUPYETCs CIEAYIOIUM 00pa3oM: JIBe MaTepuaibHbIe

TOYKH, o0Jafaronme MmaccaMu M, u M, NPUTATUBAIOTCS APYT K APYTY C CHIION F:

M- M,

F=-g PG

. (34)
rjae R — paccTosHue MEXLy TOYKaMH, a g — TPaBUTAIMOHHAS TIOCTOSIHHAs, paBHas 6,67-107"" wv?/ke* [56]. U3
3TOrO MPUMeEPA BUIHO, YTO 3aKOH BCEMUPHOTO TATOTEHHUS HEMOCPEICTBEHHO BBHIBOAUTCS U3 TPEIIaraeMon
Mozeu d(PUPHON CpeIbl.

AnexBatHOCTb hopmyn (33) u (34) oOyciaoBIeHA TEM, YTO YUCIIO 71 YACTUL IPUPHON Cpebl B TIIOOOH peabHON
3aMKHYTOH IMOBEPXHOCTH, OKPY’KaIOIIeH PU3UIECKOE TeN0, OY€Hb BEITHKO BBHY YPE3BBIUYAIHON MaIOCTH
CaMuX 4YaCTHll.

Wtak, HaTM4re eqUHUYHBIX MACC, MIOKa3aHHBIX HA PHC. 12, WM UX CKOIUICHHS HCKaKaeT KOH(PUTYPALIHIO
MIPOCTPAHCTBEHHO-CETYATON CTPYKTYpPHI 3(upHOM cpebl. [lockonbKy eIMHUYHBIE MACCHI,
CKOHIIEHTPUPOBAHHBIC, B OCHOBHOM, B SJIpax, CBA3aHBI JPYT C IPYrOM ONpEACICHHBIMH CHUIIaMH, 00pa3ys
TBEp/bIE, )KUIKUE U ra3000pa3HbIe TeNa, UCKAXKEHHsI, BHOCUMBIE B TPOCTPAHCTBEHHO-CETYATYIO CTPYKTYPY,
YaCTUYHO CYMMMPYIOTCS OT KaX10M €IMHUYHON Macchl. ITO, B KOHEYHOM UTOrE, IPUBOJIUT K PA3pPhIXJIECHUIO,
CHIDKECHHUIO crieln(pUYecKoi MI0THOCTH (QUPHON Cpeibl. DTO pa3phIXjIeHHUE TeM Oolblile, 4ueM OoJblie o0mias
Mmacca (uzndeckoro tena. OHO BEIHMKO B OKpecTHOCTH TiaHeT. OHO eme 0oJbIie B OKPECTHOCTH MaCCUBHOM
3Be3bl. Pazpbixiienne 3upHOil cpesibl, Co3/1aBaeMoe ralakTHKaMu, POCTUPAETCS] HA aCTPOHOMUYECKHE
paccrosinus. Teopus noteHuuana [58] no3BosseT, UCXOs U3 3aJaHHOTO PAaCIPEEIIEHNsI MACC, OIIPEEIISTh
B3aMMHbIE CHJIbI TATOTEHUS B IUIAHETAPHBIX U 00JIEe CIIOKHBIX CUCTEMaX.



OOBsicHEeHHE TPUPOIBI B3aUMHOTO MPUTHKEHHUS (PU3UUECKHUX TEl, [0 HAIIEMy MHEHHIO, SBIISICTCS OJITHUM U3
CaMbIX BaXXHBIX CIIEJCTBUNA KOHIENIMH HermycToro sa¢upa. Kak yxe ynoMuHanoch, Ha HATMYKHeE KBAa3UKECTKOTO
adupa, nepopmupyemMoro GuU3NIeCKUMHU Telamu, ykassiBaiau panee MakKymnar, Y. Tomcon, u ap. [11, 12, 15,
31, 32]. UmeroTcs sKCiepuMEeHTAIBHBIC JaHHBIC, MTOATBEPXKIAI0NINE Takyro Aedopmanuio. Hampumep, cBer,
IIPOXOJAIINNA B OKPECTHOCTH MAaCCUBHOT'O TEJIA, PACIIPOCTPAHSAETCS C MEHBILIEN CKOPOCTBIO, YEM BJAJINA OT HETO,
— TpH paauoiokanuu Mepkypusi u Benepsl Bo BpeMsi uX MpoxoxKaeHus 3a 1uckoM CoJlHIa JOMOJIHUTENbHAS
3aJIep’KKa CHIHAJIa, 00OYCIOBIEHHAs TI0JIEM TATOTEHHS HALIEN 3Be3/1bl, cocTaBmIa okoio 2-107* cex [59]. Takum
00pa3oMm, MOATBEPHKICHO CHIYKEHHUE JKECTKOCTH, «Pa3phIXJICHUE» U UCKaKeHHE d(UPHOI cpebl BOIU3U
(u3MUECKuX Tell.

[Tpenyaraemast KOHUEIIMS CTPYKTYPBI 3PUPHOIN Cpeibl 0OBACHIET MPUPOY HHEPIUATIBHBIX CUJI, @ TAKXKE
IIPUYMHY OJIMHAKOBOI'O YCKOPEHUS TeJl pa3HOM Macchl B IpaBUTAllMOHHOM noJje. Kaxaoe nmokosieecs
¢du3nueckoe Teno 3aHUMAET ONPEAETICHHOE IPOCTPAHCTBO B A3(PUPHOI Cpesie, BBITECHSSI YacTh NOCIEeTHEH U
HCKaXkasi ee CTPYKTYpY, KaK 3TO [M0Ka3aHo Ha puc.12—14. be3 BiausHUs rpaBUTallMOHHBIX Macc 3dupHas cpena
OyzeT oKka3bIBaTh PaBHOCTOPOHHEE JaBlieHHe Ha 3T0 (pusnueckoe Teno. Ecau pusnueckoe Teno Oyaer
JIBUTaTbCsl pABHOMEPHO, 3(GupHast cpea OyJeT MPOXOJAUTh CKBO3b TEJI0 KaK Yepe3 HEKOTOPYI0 00BEMHYIO
peleTyaTyo KOHCTPYKLHUIO. B IIeHTpax pemeTKy Teina HaXoAATCs siipa aTOMOB. SiepHble CHIIbI BOIM3HU spa
Pa3yIJIOTHSIOT NPU JABMKEHUU (GU3UYECKOTO Tea 3QUpPHYIO cpely, KOTopas 3aTeM CHOBA YIIJIOTHSAETCS IIPU
HPOXOKJCHUU 3TOTO LIEHTpa perieTku. TakuM o0pa3om, Mpu JIBHXKEHUH, (PU3HYECKOe TEIO0 Pa3yIUIOTHAET
3GUpPHYIO Cpelly, KOTopas Mociie MPOX0XKIEHUS ITOTO Tella, CHOBA YIUIOTHsIETCA. B HanpaBiieHuu ABMKEHUS
TeJa, B HEM, HEKOTOpast Macca 3(UPHON Cpeibl C ONPEAETICHHOM CKOPOCThIO OYAET pa3yIuIOTHATHCS. 3a
JBIKYLIUMCS TEJIOM, Takas e mMacca 3Qupa, ¢ TAKOH e CKOPOCTbIO, YTO U Iepe]] TEJIOM, OYJET YIUIOTHATHCS.
KonnuecTBa 1BHXEHUS Macc, PaCHOI0KEHHBIX T10 JIMHUM JBM)KEHUS Teja U 32 HUM, OyyT paBHbI. [10CKOIBKY
adupHas cpeia He 00J1a1aeT CIIOCOOHOCTHIO MOTJIONIATh, PACCENBATH YHEPTHUIO, PABHOMEPHOE JBUKEHUE
(U3UUECKOro Tena MOXKET MPOAOIKATHCS OECKOHEUHO JI0JIT0.

Wnoe nonoxxkenue OyaeT HaOMIOAAThCA MPH YCKOPEHUH ABMXKEHUA (pusnueckoro tena. YToOwl mpuaaTh
yCKOpeHHe GU3NIECKOMY Telly HE00X0AUMO, COTJIACHO BTOPOMY 3aKOoHY HBIOTOHA, IPUIIOKUTH K HEMY CHITY.
UrtoObl puaaTh YCKOpEeHHEe 00Jiee MACCUBHOMY Tely, HYXKHO Pa3yMOTHATH 10 JIWHUH €T0 JIBHKEHUS
CYIIECTBEHHO OOJIbIIIEe YHCIIO YaCTHIl SPUPHON Cpe/Ibl, MPOIIOPIIHOHAIBHOE MACCe ITOTO Tema. Takum
00pa3oM, yCKOpeHHEe MeHee MacCUBHOTO U 00Jiee MaCCUBHOTO Tela, HapUMep, B TPABUTALIMOHHOM T10JIe
3emin, OyzeT oquHaKOBBIM. OTCyTCTBHE d(Hpa, KaK Cpelibl, aKTHBHO B3aUMOJICHCTBYIOIIEH C YCKOPSIeMOi
MaccCoii, IPOTUBOPEUHT TPeTheMy 3akoHy HbI0TOHA 0 NefiCTBUH U MPOTUBOACHCTBUU.

NMeHHO B3auMOIEHCTBHE YCKOPSIOMIETOCS 3apsa ¢ a¢upHoit cpenoit mo3Bommnu k. Jlapmopy [60] u B.
Buny [61] BBIABUHYTB TUIIOTE3Y O TOM, UTO ITOCKOJIBKY ATOMBI COCTOSIT U3 CUCTEM JIEKTPOHOB, TO MOKHO
JI0Ka3aTh, YTO MHEPLHUsI OOBIKHOBEHHOM BECOMOI MaTepuu 00bACHAETCA BO30YKI€HUEM TOKOB CAMOMHIYKIIMH
IPU YCKOPEHUH BecoMOro Tema. Kax bl 31eKTpoH, pH YCKOPEHUH BMECTE C TEJIOM BO30YKIaeT BOKPYT cels
KOHBEKI[MOHHbIE TOKM CAMOMHIYKIMU. [Ipy 3TOM, COrJIaCHO 3aKOHY COXPaHEHUS SHEPTUH, CIEyeT COBEPIIUTh
paboty, 4ToObI 00pa30BaTh ITH TOKH (JIOKAIbHOE MAarHUTHOE T10JI€ CAMOMH/IYKIIMH) U IPUBECTH JICKTPOH B
JBYDKEHUE.

Opnaxo cpeny (PU3MKOB TOrO BPEMEHHM 3Ta TMIIOTe3a He Haluia noaaepxku. [lo namemy MHenuro, uaes JIx.
Jlapmopa u B. Buna siBisiercst IiI010TBOPHOI U CllelyeT BEpHYThCsI CHOBA K €€ pa3paboTke.

duzuveckoe Telo, paBHOMEPHO JIBIXKYIIEeCs B d3PUPHOIL cpesie, HE UCTIBITHIBAET CONpoTUBIeHU. Ha
BO3MOXXHOCTb T€JIa COXPaHATh OECKOHEYHO JI0JITO MPSMOJIMHEWHOE U paBHOMEPHOE JIBUKECHUE B HICATbHON
KHUJIKOCTH, COBCEM HE HCIIBITHIBAS COMPOTHUBIICHNUS, YKa3biBal emie [['Anambep. Takum oOpazom, 3¢up mo
CBOMM CBOWCTBaM HAallOMUHAET UACATBHYIO Cpey, HE IPOSIBISIONTYIO A GEKTH TPEHUS IPH JIBHKEHUH Yepes
Hero GU3NYECKUX TeJl, HO B TOXKE BpeMs, UMEET CBOMCTBA CHEIM(PHUUECKOTr0 TBEPIOTO TeNa.

8. lledpopmanusi 3(pupHOM cpeabl B JJIEKTPUIECKOM M MATHUTHOM MOJISAX



BrnusiHue 3neKTpruecKkoro Toka Ha MOBEICHUE MATHUTHOUW CTPENIKH BIIEpPBhIE ObLIIO 0OHAPYKEHO DPCTEIOM B
1820 romy [62]. SABnenue snextpounaykiuu Hadmonan dapaneit [63]. [lo3aaee ObLTO TOKAa3aHO, YTO
9KBUIIOTCHIHUAJILHBIC JIMHUWU MAarHUTHOT'O ITOJIA BOKPYT IMIPOBOAHUKA C TOKOM MPCACTABJIAIOT C0601>'I
KOHIIEHTPUYECKHE OKPYKHOCTH. BOT Kak onuchiBan [IoMHTUHT BOSHUKHOBEHHE CUJIOBBIX JIMHUI BOKPYT
MIPOBOJIHUKA C TOKOM: ...«KOTJa CHJIa 3JIEKTPUYECKOTO TOKA, KOTOPBIN T€UET B MPSMOM MIPOBOJIE, TOCTETIEHHO
BO3pAcTaeT OT HYJIsA, OKPY’Karolllee MPOCTPAHCTBO 3aMOIHAETCSI MAarHUTHBIMU CHUJIOBBIMH JIMHUSIMU, KOTOPbIE
UMEIOT (OPMY KPYTOB, PACIIOIOKEHHBIX BOKPYT OCH MTPOBOJA. ...9TH CHIJIOBBIC JIMHUU MOMAIAI0T HA CBOU
MecCTa, IBUTasCh HAPYXKY OT MPOBOJIA; TaK, YTO MATHUTHOE TOJIE PACTET, Oaroiapsi MIOCTOSIHHOMY UCITYCKaHUIO
MIPOBOIOM CHJIOBBIX JIMHUMN, KOTOPBIE PACHIUPSIOTCS U PACTIPOCTPAHSIOTCS, TTOJOOHO TOMY, Kak OT OpOIIEHOTO
B CTOSUYIO BOJY KaMHs Ha €€ MOBEPXHOCTU PACXOIATCA KPyru.» [64].

3atem Obuta oOHapyx)eHa anekTpoaBwkyias cuwia (JC) camounnykuuu. CoriacHo 3akony Jlenna [56]
WHAYKIHOHHBIE TOKH BCETJa HAMPaBJICHbI TAKUM 00Pa30M, YTO UX COOCTBEHHOE I0JI€ TPOTUBOICHCTBYET
N3MCHCHUIO BBI3BIBAKOIIICTO UX ITOJIA. SI[C CaMOUMHAYKIIMKY BO3HUKACT IIPH BLIKITIOUCHUHA BHCKTquCCKOﬁ ICIIN.
[TockonbKy TpU BHIKIIOYSHUH LIS MAarHUTHOE T0JIe BOKPYT MPOBOIHUKA C TOKOM HCYE3aeT, JIOTHYHO
MIPEIONIOKNATE, uT0 DJIC caMOMHAYKIIMHA 00pa3yeTcs 3a CUeT Mepexo/ia SHSPTUA MarHUTHOTO TIOJIS B
AIIEKTPUIECKHI TOK.
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Puc. 15. DkBMnoTeHUManbHble IMHUN MarHUTHOIO NMonst B 3UpPHON cpeae (BakyyMe) BOKPYT JIMHENHOIro NpOBOAHUKA C
TOKOM 1.

CormacHo Halrei KOHICIIHUU MCXAaHU3M SBJICHUSA CAMOUHAYKIIUHA COCTOUT B CIICAYIOIIICM. B HauanbHbIN
NEePUO BKIIOUECHHUS IEKTPUIECKON LIETH AIIEKTPUUEKHUM TOK HE MOXET cpa3y IOCTUTHYTh CBOEH
MaKCHUMaJILHOU BCJIMYMHBI, TAK KaK YaCTh €0 QHCPIrun pacxodyCTCd Ha 06pa303aHHe MAarduTHOI'O II0JIA B
sbupHOI cpejie BOKPYT MPOBOJAHMKA (3/1€Ch MBI pacCMaTpUBaeM MPOBOJAHUK, PACTIOTIOKEHHBIN B
BaKyyMHPOBAaHHOM IIPOCTPAHCTBE). MarHuTHOE 10JIe HE MOXKET BOSHUKHYTh MTHOBEHHO, TaK KaK
AIIEKTPOMArHUTHBIE BO3MYILIEHUS B BAKYYME PAaCIPOCTPAHSAIOTCS ¢ KOHEYHON CKOPOCThIO, — CKOPOCTBIO CBETA
C. B npuHIunie, MarHUTHOE TIOJIE OT POBOJIHUKA C TOKOM paclpeesieHO Ha HEOMPEACTECHHO OObII0e
paccrosiHre. MaraHuTHoeE noJjie MOoAACPKUBAETCS BCE BpeMs, ITOKA TOK TE€YET B MPOBOJAHUKE, puc.9, 15. IIpu
BBIKIITFOUCHHU U BHGKT”pI/I‘{CCKOfI LCIHU SHCPTHUA MAarHUTHOTO I10JIs, 3allaCCHHAA B B(I)I/IpHOf/'I cpcac, OTAaCTCA Ha3an
B BU/JIE TOKa CAMOMHIYKIIMHU B MPOBOJHUK. COBEPIIEHHO OYEBHUIHO, YTO B MEPHOJ] BKIIOUYESHHUS LIETIN YacTh
JIEKTPUUECKOU SHEPIUH YIIPYTo 3alacaeTcs B BUAE MarHUTHOTO IOJIS BOKPYT NIPOBOJHKKA. B nepuon
BBIKJIFOUEHHUSI OHA YIPYro Bo3Bpaiaetcs B nenb B Buae IJC camonnaykiuu. Hekotopas yacTe SHEpruu, Kak
IMpU BKIIFOUYCHUHN TOKA, TaK U IIPHU BBIKIIIOYCHUU 663BO3BpaTHO TCPACTCA HA 3JICKTPOMAIrHUTHOC U3JITYYCHHC.

Taxum o6pa3oM, 3pupHas cpesa Uil BaKyyM BOKPYT IPOBOJHHUKA UIPAET POJIb YIPYToro 3J1€MEHTa,
3aracarolero 3Hepru. Bokpyr mpoBoHUKa C TOKOM BO3HHMKAET CKpy4HBaroas (0IMH U3 BUJOB CIBUTOBOI)
nedopmanus 3pupHOI cpenbl, onuceiBaeMas TeHzopom MakKymara (12).

JI0BOJIBHO TPYZIHO MPHyMaTh APYTHe MEXaHU3Mbl, KOTOPbIE YIOBJIETBOPUTEIBHO Obl OOBACHSIIN KakK SIBJICHUE
CaMOMHIYKIIMH, TaK ¥ HAOJII0gaeMble B OIbITax Apyrue 3¢ @exrol. [ umoreTnaecku MOXKHO JTOMYCTHTh
CYIIECTBOBaHHME €AMHUYHBIX MaTepHUaIbHBIX HOCUTENECH MarHUTHOTO MOJIsl, KOTOPBIE CIIOCOOHBI K IBUKEHUIO
JIMIIB 110 3aMKHYTBHIM TpaekTopusiM. 1. /lupakom npeanpuHATH TONBITKA TEOPETHIECKH 000CHOBATH HATUYNE



WHINBUIYAILHBIX HOCUTEJIEH, KOTOphIe OB Ha3BaHbI MOHOMOMSIME [54, 59]. Takue MOHOIOIH, €CTECTBEHHO,
MOTYT JABUTATHCS U HE TI0 3aMKHYTBHIM TpaeKTopusM. Eciiu Obl e ITMHUYHBIE HOCUTEIM MarHUTHOTO TIOJIS
CYIIIECTBOBAJIA, OHU MOTJIM ObI HAKAILTUBATHCS HAa MOTIOCaX, aHAIOTUYHO AJIEKTPUICCKUM 3apsiiaM U o01aianu
OBl cTaTHYECKOM IPUPOA0id. B 3TOM citydae, OHM JIeTKO OOHAPYKUBAIUCH ObI SKCIIEPUMEHTATHHBIMH
METOJIaMH.

Mo>kHO OBLITO OBI IPEICTABUTH MATHUTHBIE MOHOIIONH B BUJIE BOJIH, IBIDKYIIIUXCSI BOKPYT IIPOBOHHKA C
TokOM. OJTHAKO W B 3TOM CJIydae BOSHHKAET IMPOTUBOPEUHE, COCTOSIIIEE B TOM, YTO Pa3pelICHHON CKOPOCTHIO
pacmpocTpaHeHHs JIEKTPOMAarHUTHBIX KojeOaHui B aupe SBISETCS TOIBKO JTUIIb CKOPOCTh cBeTa C, Omu3Kas,
KaK U3BECTHO, K KOHCTAHTC. Takum 06pasoM, BOKpPYT IPOBOJHHUKA C TOKOM HE MOXKCT CyIIECCTBOBATH
MarHMTHas BOJIHA, KOTOpas o0paiaeTcst BOKPYT ATOr0 MPOBOAHHUKA C PA3HOM, B 3aBUCIMOCTH OT PACCTOSTHUS
1o mpoBoaHMKa, ckopocThio. Panee FO.K. CaxapoBsiM [65] 01710 OTMEUYEHO, YTO 3aKOH COXpPAaHEHUS SHEPTHH
3arpenaeTr CylnecTBOBAHHE MAarHUTHOTO MOHOMOJIS.

O60ocHOBaHNE BO3MOKHOCTH CYILIECTBOBAHUS Ta3000pa3HOro MM XKHUIAKOCTHOTO 3(hrpa BcTpeyaeT Ooblie
IPUHLMIINAIBHBIX IPOTUBOPEUNH, UEM €r0 KBa3UTBepas MoJielb. Ype3BbIUaliHO TPYIHO MPEACTaBUTh U
MaTeMaTHYeCKU IMPOMOIEIMPOBATh 3aMKHYThIE TOTOKU YaCTHIL I'a3a WIM KHUJKOCTU 6e3 00pa3oBaHus
JIOKaJIbHBIX BUXPEH, HECTAOMIBHOCTEH, Pa3HbIX (HOPM JJTAMHHAPHOTO, TYpOYJIEHTHOTO U IPYTUX BHJIOB
nerkeHus. [loBeneHne peanbHbIX Ia30B OAYNHEHO 3aKOHAM TePMOAMHAMUKHU. Kak n3BeCTHO, IMEHHO
HECTaOMJIBHOCTh ABM)KEHUS XapaKTepHa /ISl IOTOKOB pealIbHbIX KUAKOCTEH, B TOM YHUCIIE U CBEPXTEKYUHX.
HaGnroneHusiMu 3a MarHUTHOM COCTABIISAIOLIEH PaJIMOBOJIH PA3IMYHON YaCTOThI B MEXKIJIAHETHOM
IIPOCTPAHCTBE YCTAHOBJIEHO, UTO €€ CKOPOCTh PAaCIPOCTPAaHEHUs, KaK U CKOpocTh cBeTa C, mocTosiHHA [43].
OTO CBUIETENBCTBYET B MOJIb3Y CYIIECTBEHHON OJJHOPOAHOCTU Y(PUPHON Cpesibl U yKa3bIBaeT BECbMa MAIYIO
BEPOSITHOCTH CYIIECTBOBAHUS B HEM Pa3HBIX BUJIOB TMHAMHYECKONH HECTAOMIBLHOCTH.

B BuxpeBoM 00pa3oBaHuM (COBOKYITHOCTHU BIOKEHHBIX IPYT B JpyTra JABHKYIIUXCS 110 KPYTOBBIM TPACKTOPHUIM
YaCTHIl CPE/Ibl) IBMKEHHE, B 3aBUCMMOCTH OT PACCTOSHHS J0 IEHTPA BPAILICHUS, JOIDKHO TPOUCXOANTH C
Pa3INYHON CKOPOCTHIO. [1JIs1 KaXKI0TO M3 BJIOKEHHBIX B BUXPh KOJIEL JOJDKHBI ObITH COOIIOICHBI 3aKOHBI
pPaBEHCTBa MOMEHTOB KOJIMUECTBA IBM)KEHHS U HEPa3pBIBHOCTH cpenbl. Ha nepudepun Buxps Kpyrosas
CKOpOCTBH JIBIKCHHS YaCTHUI] HUXKE, TI0 HAIPaBJICHUIO K IIEHTPY OHa moBkImaercs. Ho Ha HekoTopom
PACCTOSIHUM OT LIEHTPA, KaK MTOKa3bIBAIOT HAOIIONCHHS, KPYroBasi CKOPOCTh MIPHOOPETAaeT MaKCHMaJIbHOE
3HaveHue. Jlanee K LEHTPY BUXPS KPYroBasi CKOPOCTh JIBWKCHUS YaCTHII NAAAET. SIBIeHUE CHI)KEHUS! KPYTOBOM
CKOPOCTH JIBWKECHUS Y IEHTPA BUXPsI OOBSICHACTCS OCIA0ICHNEM JEUCTBHS [IEHTPOOSKHON CHIIBI Ha
MHEPIIMOHHBIE YaCTULIBI (T.€. Ha YacTHIbl, 0ONaaatoniie Maccoi). Hanbomnee HarnsaHoO sIBIIGHHE CHIDKEHUS
CKOPOCTH B IIEHTPE BUXPEBOTO JBIDKCHHS HAONIOAAIOTCS HA IPHUMEpPE aTMOC(HEPHBIX IIUKJIOHOB, yParaHoB,
TailyHOB, TOPHAIO U JP.

Ha pucynke 16 npezacraBneH npoduiab CKOPOCTH ABMKEHUS BO3lyXa B aTMochepHOM TaiidyHe,

MOATBEPK AN ATO siBJIeHHE. CKOPOCTHON MPOQHMITH 3TOTO MPUPOTHOTO SBJICHUS 3apPETUCTPUPOBAH B
Manwue, 20 okts0ps 1882 r. [66]. Ob1iee BpeMst MpoxXokaeHUs TaiipyHa yepe3 TopoJ COCTaBUIIO OKOJIo 12
yacoB. [IpumepHo 3a 5 gacoB ckopocTh BeTpa V mocturia 60 m/c. 3aTeM B IIEHTPE TOPHAIAO0 OHA PE3KO yIaja
MpakTU4YeCcKu J10 HyJs. [locie npoxoxaeHus eHTpa, CKOPOCTh BETPaA OIMATh JOCTUIIa MAKCUMYMA.
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Puc. 16. CkopocCTb BeTpa npu nMpoxoxaeHnn TadyHa yepes MaHuny 2 oktsabps 1882 r.

DOKCHEPUMEHTHI OKa3bIBAtOT, YTO BOKPYT IPOBOJHUKA C TOKOM I'DaIMEHT CHU)KEHUS HANIPSHKEHHOCTH
MarHUTHOTO TIOJISL HATPABJICH OT IMPOBOJHHUKA U €r0 (PYHKIMS MMeeT MOHOTOHHBIN Xapakrep [56, 67]. Ilpu
3TOM, KaK [T0Ka3aHO BbIlIE, 3¢upHas cpesa obnagaer cueunpuiyeckoil Maccoi (cM. paszaen 6), a mpoLeccsl



00pa3oBaHMs MArHUTHOTO TOJISI BOKPYT MPOBOJIHUKA C TOKOM MHEPIIMOHHBI. ECIT MarHuTHOE 1oJie B
JNENCTBUTENBHOCTH OBIJIO ObI BUXPEBBIM, TOT/1a BOJIM3H MMOBEPXHOCTH MTPOBOJHHKA, 10 KOTOPOMY TE€UYET
MOCTOSTHHBIN TOK, MBI HaOI0Ja)I OBl CPaBHUTEIHHO c1aboe MarHUTHOE ToJie. Ha HeKOoTopoM paccTosHUU OHO
npuobperano Obl MaKCUMalIbHOE 3HAUeHHE. 3aTeM, 110 Mepe yajeHHs OT IPOBOJAHMUKA, MArHUTHOE T10JIe

MOHOTOHHO OBl yMEHBIIAIOCh. TakuM 00pa3oM, H3BECTHOE ypaBHEHHE MakcBelia 8 =rote (¢ — ympyroe
CMeEILIEHHE) HE MOKET OBITh COOTHECEHO C BUXPEBBIM JBIKEHHEM WHEPIUAIBLHON cpebl. BrlenpuseaeHHOe
ypaBHeHHe MakcBellia mpearnoiaracT MOHOTOHHOE YOBIBAHHE MarHUTHOTO TIOTOKA OT JIMHEHHOTO TOKA TO
HaITpaBJICHUIO HOPMAJIA K 9TOMY TOKY.

Kak nokaszaHo BblllIe, pacipe/ieeHue CKOPOCTU U SHEPTHH B BUXPEBOM JBM)KEHUH YacTHL], 00JIa1al0IHNX
uHepLuen (Maccoit) COBEPILIEHHO JIpYroe, 4eM To, KOTOPOE ONKChIBaeTcsl ypaBHeHHeM Makcsemia. Ha camom
Jiesie, MOHOTOHHOE YMEHBIIIEHUE BETUUYUHBI MATHUTHOI'O 110JI1 BOKPYT IPOBOJIHUKA, IO KOTOPOMY TEYET
MMOCTOSTHHBIN TOK, HAYMHACTCA HCIIOCPECACTBCHHO OT IMMTOBEPXHOCTHU ITPOBOAHUKA. Ot Ha6J'IIOI[CHI/I${
CBUJIETEJILCTBYIOT B MOJIb3Y MIIOTE3bI KBa3uTBepaoro a¢upa MakKynara (cM. pazaen 5).

3aMeTHM TakXke, 4TO MPEICTaBICHNEe MAaTHUTHOTO TIOJIS B BHJIE BUXPS BOJIN3HM, HAIPUMEP, TOCTOSTHHOTO
MarauTa npeamnojaracT Hainunue ITMHAMHUYCCKOTO ABUKCHUA. OI[HaKO I10JIC ITIOCTOAHHOT'O MarHurTa
JeUCTBUTENFHO TOCTOSIHHO. OHO HE 0OHApYXHUBAET ce0s, €cM BOJU3HM HET APYroro MarHuTa WIN
ABKYHICTOCH IMPOBOJHUKA. I[I/IHaMI/ILIGCKOG JABHMIKXCHUC, 06pa3OBaHHOC IIOTOKOM THIIOTECTUYCCKUX MAarHUTHBIX
YacTHI BOJIHM3H IIMJIMHAPHUYECKOTO COJICHOM/IA C TOKOM, Kak oTMeTHa Y. ToMcoH, (cM. paszaen 2)
IIGﬁCTBHTCJIBHO BTATHBAJIO OBI YaCTHULbI BHYTPb COJICHOUAA. OZ[HaKO IIOTOK 4YaCTHII, 06p213y}OIIII/If/'I MAarHuTHO€
10JIe, BHITAJIKKBAJ OBl 3aTE€M 3TH YaCTHIIBI U3 CONIEHOU1a. BEIHOC YacTHIl U3 COIEHOM 1A TIPOUCXOIHI XOTS OBl B
CUJ1y HHCPIUUOHHOCTHU UX JIBUKCHHA. HpI/I 9TOM OIIBIT TOKA3bIBACT, YTO BTAHYTBHIC (beppOMaFHI/ITHI)Ie qaCTUILIbI
OCTarOTCsl BHYTpH cojieHonaa. OHM OCTAIOTCS B 00JIACTH MaKCUMAaJIbHOM HANPSHKEHHOCTH MarHUTHOTO OIS, TO
ecTb TaM, TJIe HaOJItoJaeTcss MaKCUMalbHast aedopmanus dPUpHON Cpebl.

Vcxons 3 BBIIIEU3IIOKEHHOTO, HANOO0JIee JIOTHYHO MPEICTaBUTh MAarHUTHOE TI0JI€ B BUE CKPYUYHUBAIOIICH
(cnBuroBoit) nedopmanuu dpupHoi cpenbl. CTporo 10Ka3aHO, YTO MATHUTHBIE CUJIOBBIC JIMHUU BCETAa
3aMKHYTbI. DKBUIIOTCHIUAIbHBIC JTMHUU YIPYTUX CABUTOBBIX AeOopMannii Toxe Beeraa 3aMKHYTHI [53]. B
3TOM cilydae coOIr01aeTcs Tak Ha3blBaeMOE YCIOBUE HEpa3pbIBHOCTH cpeibl. CrienyeT nonararh, 4To yCJIOBHE
HEePa3pBIBHOCTHU CPE/Ibl UMEET CUITY M Ui dupa.

Yacruirel B 3pUpHOU cpelie )KECTKO CBSA3aHbI APYT C IPYTOM, TOITOMY B HEMl BO3MOIKHBI JIUIIIb MEPEMEIICHHUS
YaCTHI] OTHOCUTEBHO JIPYT ApyTa, 00pa3ys aegopManuu 3Toi cpebl. B Helt He mponcXoaaT BpamaTeabHbIe
JBUKEHHS OJJHUX YaCTUI[ OTHOCUTENIBHO Apyrux. Ecmu Ob1 uacTuisl a¢upa obmaaanu Obl CIMHOM, TOT/IA CBET,
MIPOXO/ISIIINNA Yepe3 M0JIe CUIILHOTO MarHuTa ObL1 ObI TIOJIIPHU30BaH.

B a¢upHoii cpezie, Kak MoKa3aHo BBIIIE, BO3MOXHBI JIUIIb KPYTHIbHBIE, CIBUTOBBIE, CKPYUHBAIOIIHE
nedopmaruu, To ectb aedopmaiuu hopmel. COOTBETCTBEHHO B ehopMHupoBaHHON AUPHOI cpeie MOTYT
CYIIEeCTBAaTh MAarHUTHBIE TOJIS pa3IMYHON (OpMBI, oTpaxkaromie Gopmy nepopmanuu cpeabl. [loreHnpansHast
sHeprus B 3QUPHOI cpesie 3amacaeTcs B BUAE MAarHUTHOTO TIOJISL ¥ TIOJIS SJIEKTpUUYECcKOro 3apsiaa. O6a stux
NOJIst OTpakaroT Aedopmaruio 3pupHOI cpenbl pa3HOTro poja. JuHaMudeckue siBICHUS, TIPOUCXOISIINE B
adupHOI cpene, OyayT MPOSIBIATHCS B BUJIE TOKOB CMEIICHHUS.

CkpyuuBaromus gedopMaiusi MoOKeT ObITh OTpaXkeHa YpaBHEHHEM, OMHICHIBAIOIIUM JIMHEHHO YOBIBAIOIIYIO C
YBEJIMYEHUEM PACCTOSIHUS OT JIMHEHHOTO0 MpoBOoAHMKA Aedopmanmio. OHa MOTHOCTHIO OMUCKHIBACTCS, KaK

nokaszan TomcoH u A.3omMmepdens ypaBHeHHEM MakcBera B =rote (cm. pazzen 5).

[TpencraBum npocTeie Moenu AedopMariu 3GUPHOI Cpebl B COOTBETCTBUH C KOHIICTIIIEH KBa3HTBEPIOTO
adupa. Kak Obl10 MOKa3aHO BhIIIE, TPU HATOKEHUU IEKTPUIECKOTO U, I MAarHUTHOTO TOJISl YaCTHUIIBI
3UpPHOH cpebl OYAYT CMEMICHBI OT UX MOJIOKEHUS PAaBHOBECHS, KOTOPOE OHH ObI 3aHMMAJU B
MIPOCTPAHCTBEHHO-CETYATON CTPYKTYpE B HEBO3MYIIIECHHOM COCTOSIHUU. PaccMOTpUM cxemy CMeIleHni B
3(UPHOH Ccpejie MPU HATOKEHUU Ha HEE JICKTPOCTATUYECKOTO TIOJIs, HAIPHUMEP MEXTy OOKIaKaMu
3apsHKEHHOTO BaKyyMHPOBAHHOTO KOHJeHcaTopa. B aTom ciydae supHas cpena, puc.8, moaBepraeTcs
nedopMaIruy, Tak Kak 3TO Toka3aHo Ha puc.17.
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Puc. 17. OedopmMauust sb1pHoOi cpeabl B 3/IEKTPUUYECKOM MOJIE 3aPSXKEHHOMO MAOCKOr0 KOHAEHcaTopa.

[Tpu 5TOM yacTuIa 3PUPHOI Cpebl, UMEIOIIas MOJIOKUTEIbHBIA 3aps]], CMECTHTCS OT IUTACTHHBI, 3apSHKEHHOM
NOJOXHUTENbHO. OTpHULIATENFHO 3apsDKEHHAst yacTuia 3(UpHoOi cpelbl, HA0O0POT, OyAEeT HAXOIUTHCS B
KOHTAKT€ C MOJIOKHUTEIBHO 3apsHKEHHOH IJIACTHHOM.

EctecTtBeHHO, uTO cxema, puBeACHHAs Ha puc.l7 (M1ockoe cedeHue), B 3HaUUTEIbHON CTENeHH YIPOIIeHa,
TaK KakK 3apsi/ibl, HAI[pUMEp, 3JIEKTPOHBI, B TEJE IJIACTHUHBI KOHIEHCATOpa Pa3MECTATCS B COOTBETCTBUH C
3aKOHAMH JIEKTPOHHOI'O Ta3a U KapTHHA, B 1IEJIOM, OyJIeT cloXkHee. 3aMETHM, YTO CMEILEHHE MEXy
MOJIOKHUTEIBHOM U OTPHULIATEILHON YacTUIIAaMU H(UPHON Cpebl B 10JIe KOHJIEHCATOPA COCTABUT HEKOTOPYIO
BEJIMUUHY .

EMKocTh BakyyMHpOBaHHOTO KOHAEHCaTopa C MOYKHO paccuuTaTh 1o Gopmye [56]:

o Eod
2o (35)

rac & — AUDJICKTPpHUYCCKAA MPOHUITACMOCTD BAKyyMa, S— rjiomanab miIaCTUH KOHACHCATOpa, h— pacCTosAHnC
MCXKAY €To0 napajajiCJbHbIMH ITIOBECPXHOCTIAMMU.

Kak cenyet u3 popmyis (35), eMKOCTh BaKyyMHPOBAHHOTO IJIOCKOTO KOHAEHCATOPA HE 3aBUCUT OT TOJIIHHBI
€ro IJIACTHH U UX MPOBOJUMOCTH, B MaTepHala, U3 KOTOPOro OHU U3TOTOBJICHBI U T.11. Bennuuna S/A,
BXOZSMIast B pOPMYITy, OTHOCHUTCS JIUIIb K TOMY 00beMy 3(UPHON Cpebl, KOTOPBIH 3aKITF0UEH MEXIY
oOKIaJIKaMu KOHJIeHCaTopa.

Ecnu Ha mimacTuHBI TNIOCKOTO KOHIEHCATOPa, pyc. 17, moaaTh HanpsoKeHue, TO B 00beMe S/ BOSHUKHET
nedopMmarust 3pupHOI cpeapl (Bakyyma). O6bvem nedopmupoBaHHOTO Bakyyma OyneT TeM Ooublie, ueM
OoJtbIIIe TUTOIIAb IJIACTHH KOHACHCaTOpa. [Ipr 0THOM M TOM K€ HanpsHKEHHH Ha OOKIIaZKaxX KOHIEHcaTopa
HAIpPSDKCHHOCTH JIEKTPUYECKOTO MOJISt MEXKAY HUMH Oy/IeT TeM OoJbllie, YeM MEHbIe paccTosiHue /. bonbmias
HANPSHKEHHOCTH YJIEKTPUYECKOTO TIOJISI BEI3BIBACT OOJIBIIYIO CTETIEHb 1e()OPMUPOBAHUS BakyyMa. Takum
00pa3oM, UIMEHHO CIIOCOOHOCTH K JIe(OPMHUPOBAHUIO FIPUPHON Cpeabl K 00YCIOBIMBAET EMKOCTh TNIOCKOTO U
BCEX APYTHX BUAOB KOHIIEHCATOPOB.

Tenepp nmpencTaBuM, Kak IpoucxoauT aedopmanus 3pupHOi cpebl B MarHUTHOM 1osie. CorjiacHo paHee
NPUBEJCHHOMY OOOCHOBAHUIO, B MArHUTHOM I10JI€ 3(hupHas cpeaa 1eGpopMUPYETCsl CIBUTOBBIMU CUIIAMH,
IIPUYEM KaXIbIH MTOCIENYIOIUN P CPEIbl CIABUTAETCA OTHOCUTENIBHO MPEABIAYILETO B OJTHY U Ty K€ CTOPOHY.



Ha pucynke 18 npencTaBieHo INIOCKOE CEUeHHE TaKOW CABUTOBOM JeopManuu d3(pUpHON Cpesibl B
OJIHOPOJTHOM MAarHUTHOM I10JI€, KOTOpast OyJeT HabIoAaThCs B OJHOM U3 CTOPOH LIEHTPAIBHON YacTH O4YEHb
JUIMHHOTO (KBa3MOECKOHEYHOI0) COJICHOH Ia. 3aMETUM, YTO B OJHOPOJAHOM MAarHUTHOM TOJI€ KaX bl psij
CABMHYT OTHOCHUTEJIBHO MPEJIbIIYIIEr0 Ha HEKOTOPYIO BEIUUYUHY AedopMaiui ¢.
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Puc. 18. OgHopoaHas aedopMaunst apupHoOl cpelbl B6/M3M CUIbHOrO MarHUTa Uan cosieHouaa ¢ TokoM. Mpumep
NMOCTOSIHHOIO rpaAgMeHTa Hanps>KEHHOCTKN MoA B MOMNepeYyHoM HarnpaBfeHUN K CUI0BbIM NoAM. MoA06HbIN rpaaneHT
MOXXHO HabnAaTb B CpeAHein YacTu o4eHb AJIMHHOMO conieHomaa (MarHuTa).

Kak n3BectHO [67], MHIYKTUBHOCTb L IMIMHIPUYECKOTO COJICHOM A (KAaTyILIKU HHIYKTUBHOCTH) 3aBUCHUT OT
MarHMTHOM MPOHUIIAEMOCTH CPEJBI 4, €T0 AJIUHBI /, TUIOIAIN MONEPEeYyHOro ceueHust S U uncia BUTKoB N. s
COJICHOM/1a, HaXOJAIIErocsl B BAKyyMe, IIPU COOTHOLIEHUHU JJIUHBI [ K TUaMeTpy ero BUTKOB d, I/d > 10,
BEJIMYMHA

L = n0-n2V, (36)

IJIe [lo — MarHUTHas MPOHUIIAEMOCTh BaKyyMa, n = N// — 4uciio BUTKOB Ha €AMHUILY JUIUHBL, V = S| — o0beM
COJICHOM 1.

Kak u 1151 KoHZEHCATOpa, MHIYKTUBHOCTH COJICHOWAA HE 3aBUCHT OT IPOBOJUMOCTH, ¥ BHJIa MaTepHaa
npoBoaHuka. B ¢popmyne (36) oOpaiaer Ha ce0s BHUMaHHUE Ta €€ 0OCOOCHHOCTb, YTO UHAYKTUBHOCTh
COJICHOM/IA OTIPEJIEIISICTCS, B TOM YHCIIE, TeM 00BeMOM V U CBOMCTBAMHU () BAKYyMa, KOTOPBI HAXOIUTCS
BHYTpPH €ro BUTKOB. COBEPIIEHHO SICHO, YTO eclii 00beM V OyJeT paBeH HyJt0, TO U HHIYKTUBHOCTb
COJICHOMJIA TaKKe OyZIeT paBHA HYIO. YBEIMYCHUE /7 — YHCIIa BUTKOB WJIM YHCJIa TOKOB HAa €AMHUILY JUTHHBI
COJICHOW/Ia — CYIIECTBEHHO MOBBIMIAET CTENEHb Ne(OpMaIiy BaKyyMa.

OMBITHI C COJICHONIaMHU MTO3BOJIAIOT SIPKO MPOJAEMOHCTPUPOBATH TAKOE BAXKHOE CBOMCTBO BaKyyMa, KakK €ro
MHEPIMOHHOCTh. HanpuMmep, nmpu BHIKIIIOUEHUH UCTOYHUKA 3eKTpoaBmkyleics cuibl (31C) B ey,
cojiepKaIieii MHAYKTHBHOCTh L ¥ COMpOTUBJICHUE R TOK / Oy/IeT U3MEHATHCS 110 3aKoHY [67]:

&

I=ie L
0 , 37)
rie /o — HavalbHOE 3HAYCHHE TOKA MEePe/T BBIKIIIOUCHUEM IIeTH, { — BPEMHL.
U3 dopmysiet (37) ciemyer, 4To TOK B IEMH YMEHBIIACTCS OT HAYAIBHOTO 3HAYCHUS TEM MEIJICHHEE, YeM

OoJbllie BeIMUYMHA UHIYKTUBHOCTH L U, COOTBETCTBEHHO, OO0JIbIIE IPOCTPAHCTBA (BaKyyMa), 3aHUMAET
BHYTpEeHHUI 00beM conenonia. C 01HOM CTOPOHBI, IPU BBIKIIOYECHUH IIETIH C TOKOM, B COJICGHOUJIE U BOKPYT



€ro MarHuTHOC MOJIC YMCHbIIACTCA U UCUC3aCT COBCCM. C ,[[pyTOﬁ CTOPOHBI, YMCHBIICHUC MArHUTHOI'O IOJIA
MPOMCXOIUT IO SKCIIOHEHIIMATHFHOMY 3aKOHY. JTO 03HAYaeT, YTO MPOIECC N3MEHEHHUS TIOJISI TEOPETHUECKU
MPOJOHKAETCs OECKOHEUHO M0T0. Tak Kak CKOPOCTh PacIpOCTPAHECHUS AICKTPOMArHUTHBIX BO3MYIIIEHUH B
(pHUPHON Cpefie MPOUCXOTUT CO CKOPOCTHIO CBETA, MOKHO CYHMTATh, YTO MPH BBHIKIIOUYCHUH (BKIIOYCHUH )
BHGKTpI/I‘-ICCKOﬁ e U3MCHCHHUEC MAIrHUTHOT'O ITOJISI OXBATbIBACT, CO BPCMCHEM, HCOMMPCACIICHHO 60HLH_IO€
npoctpancTBO. COOTBETCTBEHHO, MHEPIIMOHHOCTH 3(QUPHOI Cpellbl B 3TOM Clydae CKIIaIbIBACTCS M3 HATHIUS
(U3UIECKOro T.€. MArHUTHOT'O TOJISI U KOHEYHOH BETMYMHBI CKOPOCTH PACIPOCTPAHEHUS BOSMYILEHUI B HEll.
AHaIIOTUYHO, C TIPOSIBIICHHEM WHEPIIMOHHBIX CBOMCTB BaKyyMa, MPOUCXOIUT pa3psi U 3apsia KOHACHCATOPa, B
TOM YHCJI€ BaKyyMUpoBaHHOTO [67]. Takum 00pazoM, HHEPIUATBLHOCTh €CTh HEOThEMIIEMOE U OYCHb BAXKHOE
CBOMCTBO BakyyMma (3¢dupHOM cpebl). AHamu3 pucyHkoB 17 u 18 1mo3BosisieT moHATh, ToueMy HaOJIt01aeTCs
GOHLH_Ia}I pa3Huia B CHJI0BOM BO3,[[€I>1CTBPIH MAarauMTHOTO U SJICKTPHUYCCKOI'O ITOJIA HAa pa3HbIC MAaTCPUAJIbI.

Hamnpumep, nputs>keHne 1ByX Ha3JIEKTPU30BaHHBIX TEJI CPABHUTEILHO MaJIo 110 CPABHEHUIO C CUJION, C
KOTOPOM MPUTATHBAETCS KYCOK Keje3a K MaruHury. JlelcTBUTeNnbHO, pH AeopManuu 31eKTPUIECKUM TTOJIEM
adupHO# cpenbl, puc.l7, IMPOUCXOAUT CMEIIEHHE BTOPOTO psa 3apsiioB OTHOCUTEIHHO MEPBOTO psifa Ha
Bennuuny ¢. Takoe cMmelieHrne npoucxoaut yepes oauH psaa. O6mee cmenienrue U, cOCeIHUX PSIIOB 3JIEMEHTOB
aUpHOI Cpebl COCTaBUT HE O0JIee BETUYHHEI (.

Wnas cutyarus Oyaet HaOI01aThCs, €CIIM PacCMaTPUBATh CYMMAapPHYIO BEJIMUMHY CMEIIEHHS PSAIOB JIEMEHTOB
a¢upHOU cpeasl U, B MATHUTHOM T10J1e, pHc.18. 31ech BTOPOH psi CMECTUTCS Ha BETUUMHY ¢ OTHOCUTEIHHO
nepBoro psaa. Kaxasiit mocneayronuii psj Oyner CMEIIeH B Ty K€ CTOPOHY Ha TaKyIo e BETUYHHY C.
Cymmapnas aedopmarust 3upHOI cpensl Ui Ynucia psiioB # cocTaBut U, = &n 1 OyAeT NponopuroHaIbHa
BEJIMYMHE PACCMATPUBAEMOT0 CEUeHHsI MarHUTHOTO 1oJisi. CpaBHeHue BennuuH U, u U, IOKa3bIBaET, 4TO CUIa
BO3/ICUCTBHSI MArHUTHOTO TIOJISI, IPH MIPOYUX PABHBIX YCIIOBHUSX, B 72 pa3 OOJIbIIIE, YeM DIIEKTPUIECKOTO.
Co0TBETCTBEHHO, MArHUTHBIE MOJISI IEMOHCTPUPYIOT CYIIECTBEHHO 00Jiee 3HAUNUTENbHBIE CHIIBI, YEM
anekTpoctatndeckue. [IpakTuka, B TOM YMClie B TEXHUYECKUX NMPHIIOKEHUSX, HATJISIIHO 3TO MOATBEPKIACT.
DTa npakTHKa BOIUIONIEHA B CUJIOBBIX 3JIEKTPOMOTOpPAX, 3JIEKTPOMArHUTaX U BO MHOXKECTBE JIPYTUX
MPWIOKEeHUH. V3-3a IPUHIIMTTHAIEHON pa3HUIIBI B BO3ICUCTBUU HA YPUPHYIO CPETy AINEKTPUICCKUE TIOJS HE
MOTYT pa3BUBaTh 3HAYUTEIbHBIE CUIIbI M IO3TOMY 3JIEKTPOCTATUUECKUE CUIIOBbIE MEXaHU3MBbI [TOKA HE HAIIUIH
CTOJIb IIMPOKOIO IPUMEHEHHUS, KaK 3JIEKTPOMarHUTHBIE.

Cxewma, npencTaBiieHHast Ha puc.19, mo3BoisieT 00BSICHUTh MEXaHU3M B3aMMO/ICHCTBHS IBYX KPYTOBBIX TOKOB
(MarHMTOB) W co371aBaeMbIX UMH jaedopManuii dpupHoi cpenbl. Ha 3ToM prCyHKe TTpeICcTaBIeHO H300paKeHHE
YaCTH OAHOPOJHOTO MAarHUTHOTO TOJIsI, BO30YK1aeMoe IByMsI MarHUTaMH (KpyroBbIMH Tokamu). [Tomo6noe
MarHUTHOE T10JIe MOXET OBITh BO30YXK/I€HO BHYTPH OECKOHEYHO JTMHHOTO cojieHouaa. Takoe moie
npezcTaBisieT co0oi 1eopMupoOBaHHYIO APUPHYIO CPELy C OCEBOW CUMMETPUEH M KPYTrOBBIM CEUCHUEM.
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Puc. 19. OgHopoaHoe MarHuTHoe none, Bo3byxaaemoe ABYMSA MarHuTamMmn (KpyroebiMM TOKamun) B 3(UPHON cpese.
MarHuTbl NOBEPHYTbl pa3HOMMEHHbIMM MOMIKOCaMWN HABCTpeYy APYyr APYry.

VY CI0BHO, CeBEpHBIN MAarHUTHBIN NOJTIOC /V HAPaBIICH B CTOPOHY BBHITHYTOH CTOPOHBI SKBUIIOTCHIIMAIBHBIX
JIMHUM 3TOTO T0JIsL, & F0XKHBIN § — B CTOPOHY BOTHYTHIX JTUHUHA. CTPENIKM Ha CXEME YKa3bIBAIOT HAIIPABIICHUE, B
KOTOPOM OyIyT CMEIIAThCsl YaCTUIBI APUPHOM CPe/Ibl IPU BHIKITIOUCHNH IEKTPUIECKOTO TOKA B COJICHOH/IE.
Ecnu MbI npr0aM3uM 1oJie BEpXHEro COJICHOM A K MOJII0 HUXKHETO COJIeHOM A, prc.19, To B cuity OAMHAKOBOU
HAIpaBJICHHOCTH JiehopMmanuii mosyei CoIeHOU0B, OHU OYIyT UCIIBITHIBATH MIPUTSDKCHHE.

CyIiecTBEHHO ApyTasi KapTuHa OyJeT HaOJII0AaThCs, €CJIM MAaTHUTHBIE TIOJIsE OYTyT TTOBEPHYTHI OJTHOMMEHHBIMHU
MOJIF0OCaMU HaBCTpeuy JIpyT Ipyry, puc.20. B aToM citydae, BBHIy TOTO, 4TO AehopMaiuu d3PUPHOI cpeabl OT
KaXJIOTO U3 COJICHOUIOB OYTyT UMETh TPOTHUBOIIOIOKHYIO HAIIPaBIECHHOCTh, BOSHUKHYT 3HAUYUTEIHHbIE

OTTAJIKHUBAKOIIMUE CHUIIBI.
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Puc. 20. OgHopoAHOE MarHUTHoe nose, Bo36yxaaeMoe ABYMS MarHuTamu (KpyroBbiMyM TokamMu) B acMpHON cpeae.
MarHuTbl NOBEPHYTbI OAHOMMEHHbLIMU MOJIKOCAMM HaBCTpeYy ApYr APYrY.

HaGnroeHnust mokasbIBarOT, YTO JIBa MATHUTHBIX CTEPIKHS, IIPU MPUOIKEHUN UX APYT K APYTY CMBIKAIOTCS
Pa3HOMMEHHBIMH TIOJIFOCAMH U 00pa3yrOT eAMHBINA MarHuT. [Ipu NpuOIMKEHHH MarHUTOB APYT K APYTY
OJHOMMECHHBIMU ITOJIFOCAaMU Tpe6yeTc;1 OIpeACIICHHOC YCUIIUC, YTOOEI YACPIKATh UX B COMKHYTOM COCTOSAHUMU.
Ecnu ycunue, yaepkuBaroiee 0JJHOUMEHHBIE TIOJIFOCAa B COMKHYTOM COCTOSIHUH MCYE3HET, IPOU30MICT UX
Pa3MbIKaHUC. HpI/I 9TOM IIOJIOKCHHUEC OAHOI'O MArHuTHOI'O CTCPIKHA OTHOCUTCIIBHO APYTroro CTaHOBUTCA
HEYCTOWYHMBBIM. MarHuThl OyyT CTPEMHUTHLCS 3aHATh TAKOE MOJI0KEHHE, PH KOTOPOM OHH OYAyT CO3/1aBaTh
nedopMaruio 3UPHON Cpelbl ¢ OIMHAKOBOUW HAIIPABICHHOCTHIO.

HpennaraeMaﬂ KOHICIIIINA y'CTpaHHeT Hapa,[[OKC MAar"auTHOIO I10JIA, KOTOpOC B cnpaBquoﬁ n yqe6H0171
JIHTepaType IIOBCEMECTHO 0O HACTOMAIICTO BpeMeHI/I H 110 HameMy MHCHHUIO HeBepHO, HaA3bIBACTCA BI/IXpeBBIM
[56, 67, 68].

HTak, 3eKTprUYeCcKoe U MATHUTHOE TOJIE MPEJICTABIISIOT COOOM pa3Hbie (hOPMBI CABUTOBBIX (CKPYYUBAIOIINX,
KPYTHIIBHBIX) feopmanuii 3pupHOI cpenbl, COCTOAIICH U3 YaCTHII, TPOTHBOMOJIOKHBIX MO 3HAKY HX 3aps/a.
BbinBuHYTas HAMH MOJIENb dQHpa OTBEUALT MMOJIOKEHHSIM, coaep)ammmcs B Teopusix HeroToHa, MakKyinara,
JI. MakcBemna, Y. Tomcona [69].

[IpencraBiaenHas KOHIENIHS 3()UPHOM CpeIbl MO3BOISET MOHATH, TOUEMY ABIKYLIHECS HIEKTPHUECKOE U
MarHUTHOE IoJie (Kak u ctanroHapHoe) B onbiTax O. Jlomka He oKa3alu ONIYyTHMOT'O BJIMSHUS Ha CKOPOCTh
cBeta (cM. pazzen 2). [leno B ToM, 4TO 3JIEKTPUUECKOEe, KaK U MAarHUTHOE TOJIsl HE U3MEHSIOT IIIOTHOCTH
3(UPHON Cpe/ibl, a TOJBKO UM AehopMHUpYIOT ee (cM. puc. 17, 18). Ilpu aTom aedopmanvv, HaBeICHHBIC
MaCCHUBHBIM (DU3UYECKHM TEJIOM, Pa3yIUIOTHSIOT 3¢upHyto cpeny (cm. puc.12, 13). Kak u3BecTHO, OTKIIOHEHHE
Jy4el CBETa U U3MEHEHUE CKOPOCTH PAacIIpOCTPAHEHHUS CBETa BOJIM3H MAaCCUBHBIX Tell (Hanpumep, CorHia)
SBIISICTCS TOYHO YCTAaHOBJICHHBIM (pu3ndeckuM ¢aktom [59].



9. /IBu:keHHe BO3MYILIIEHUN B 3(PUPHOIL cpeae

JIBrokeHust B 3(hupe MOXKET IPOUCXOIUTh B BUJIE IEPEMEIIECHUS B HEM (PU3NYECKUX Tel U Nepefadn
(pactpocTpaneHnus) 3Hepruu. llepenada Bo3MyieHuii (3HEPIUN) OCYIIECTBISETCS B BUAE AIEKTPOMArHUTHBIX
KoJieOanuii (BosiH). Buasl 5THX KOeOaHUi TaBHO U3BECTHBI. DTO CBETOBBIE, DJICKTPOMAarHUTHBIE,
PEHTT€HOBCKHE U Jp. BUJIbI KOJIEOAHUH, UMEIOIIHE OOIIYIO 3JIEKTPOMAarHUTHYIO pupoy. OCHOBOM 1yist
pacrpocTpaHeHUsl TAKUX BUIOB KoJIeOaHuil siBiiseTcst a¢upHas cpena. CKopocTs pacpocTpaHeHUs KOJIeOaHui
paBHa CKOpOCTH cBeTa [2].

CpaBHUTENILHO HHTEPECHBIE CIIEJICTBHS MPEJICTABIIAET aHAIN3 MTPOLIECCOB PACIPOCTPAHEHUs (PPOHTA
AJIEKTPOMArHUTHOW BOJIHBI OT JABMIKYILErOCs TOUEYHOro ucTouHuka. [IpencraBum Hanbosiee npocToi ciryydait,
KOTJ]a UICTOYHMK M3TydaeT ceprudecKyro BoJHy. bynem cunrath, 4To IpocTpancTBo (3¢up), B KOTOpoe
U3Jy4YaeTcsl BOJIHA, CBOOOTHO OT (PU3UUECKUX Tell (TBEP/IbIX, ra3000pa3HbIX, MIa3MbI U JIp.) U
AJIEKTPOMArHUTHBIX NoJel. B 3TOM ciydae nmpocTpaHCcTBO 00J1a1a€T U30TPOIHBIMU CBOMCTBAMH. AMIUIUTYAA
BOJIHBI Ha (DPOHTE OT UCTOYHMKA OYJET OJIMHAKOBA BO BCEX HAMPABIICHUSX, a (PPOHT BOJIHBI OyAeT
1mapoobpasubiM, F = 477, rae r — paguyc mapa. Cuuraem, 4To KCTOYHUK JBHXKETCS 110 IPAMOii iuHuu. [Ipu
STOM T'MIIOTETUYECKU MOTYT BOSHUKHYTh TPU BapuaHTa COOTHOIIECHUS CKOPOCTH JBHKEHUS UCTOYHUKA V' 1
ckopoctH cseta C.

1. Cxopoctb ucrounuka V mensbiie ckopoctu C, V' < C. B aTom citydae BoJHA, M3TydeHHas B KaKOW-TH00
HAYaJILHBIM MOMEHT U BCE TIOCIIEAYIONTNE MOMEHTBI, 00pa3yer chepudeckuii ppoHT. ITOT chepudeckuii PpoHT
OyzaeT pacnpocTpaHsAThCs co ckopocThio C, 6ombieit, ueM V. Bo3Hukaromye nocienymomue GpoHThl B TOUKaX,
KOTOpPBIE MTPOXOIUT UCTOYHUK, OyTyT OTCTaBaTh OT cheprudeckoro ppoHTa, 00pa3yeMoro B Ha4aIbHbIA MOMEHT
usnydeHus. Takum oO6pazoMm, mepBUYHBIM (DPOHTOM SJIEKTPOMATHUTHOM BOJHBI OT HCTOYHUKA, ABUKYIIETOCS
CO CKOpPOCTBIO, MEHBIIIEH CKOPOCTH CBETa, Bceraa OyaeT chepuieckuil GpoHT OT HAYaTbHOTO MOMEHTA
U3Ty4YeHHUs] UICTOYHHKA. DTO JIETKO MOKa3aTh MPU MOMOIIM CXeMbl, MpecTaBleHHoM Ha puc.21. CuuTtaem, 4To B
MOMEHT #) UICTOYHHMK HaxoAuics B Touke O, a GpPOHT €ro BOJIHBI 3aHUMAaJ 1oioskeHne Nfo. 3a Bpems ¢
HCTOYHHK CO cKOpocThio V < C mepemecTuiics B Touky P Ha pacctosinue PO, a ero ¢ppoHT cTaj 3aHUMAaTh
nonoxenue Nfp. B HanpaBieHun nBrxKeHUss UCTOUHUKA (GpOHT npoaBuHeTcs Ha LK = PO = Vt,. Ilpu aTom
dbpoHT Nfo 3a TO e BpeMs ¢; mpoABUHETCs Ha paccTosaue SK = Ct; u 3aiimeT nostoxenue Nfc. Paznenus SK Ha
PO, nonyunm, uto SK/PO = C/V > 1. D10 03HaudaeT, 4To (PPOHTHI, BOSHUKAIOIINE OT IMOJIOKCHHU UCTOUHUKA,
OTJIMYHOTO OT MEPBUYHOTO, Bcerja OyIyT HAXOIUTHCS BHYTPU (GPOHTA, PACTIPOCTPAHSIOLIETOCS OT TOYKHU, B
KOTOPOM HAXOJIUJICS UCTOUYHUK B IEPBUYHBIM MOMEHT.

Puc. 21. O6pasoBaHue poHTa 3/1IEKTPOMArHMTHOM BOJMIHbI OT MCTOYHMKA, ABUXXYLLEroCs CO CKOPOCTbO V MeHbLue
ckopocTu ceeTa C.

Pucynok 21 mo3BoJsieT 3aMeTHTh, YTO IUIOTHOCTh SHEPTHU A, (dncio ceprueckux GpoHTOB OT Pa3HBIX
HOJIOKEHUH MCTOYHUKA HA €MHUIY JUIMHBI) B HAIIPABJICHUU JABMKEHHS HCTOYHHUKA OYZET BbIIIE, YEM B UHBIX
HanpasieHusX. HerpyaHo nmokasare, 4To M3MEHEHHE 3TOH SHEpruu OyAeT NPOMOPLHUOHATIBHO

Af = f [(n—-0)C/(C—V)r + Co/(C+V)T]2, (38)



rac a — yroJj MCxJy HalpaBJICHUCM ABUKCHUSA UCTOYHUKA U HAIIPABJICHUCM, B KOTOPOM OLCHUBACTCA IMMOTOK
SHEPTruu Ha (PPOHTE BOJIHEI.

2. PaccMoTpuM Buj ppoHTa CBETOBOM BOJIHBI, €CJIM UCTOYHUK OYAET JBUTAThCS CO CKOPOCTBHIO, PaBHOM
ckopoctu cBeta, V' = C. Ilo Mepe npoABMKEHHUsI UICTOYHHMKA OH OyJIeT co3/1aBaTh chepuueckue PpoHThl, puc.22.
Hamnpumep, Haxoasce B Touke x, oH co3nact GppoHT Nfk. B Touke n Oyznet o6pazosan ¢ppont Nfn. B
HalpaBJICHUH JIBUKECHUS UICTOUHUK JABHXKETCs co ckopocThio C. B TOM ke HanpaBiieHHH (Kak U BO BCeX
npyrux) gpontsl Nfk, Nfn pacumpsitorces Takxke co ckopocthio C. Takum o0pa3oM, HCTOYHUK Beeraa OyaeT
HaXOJUTHCS HA PPOHTE BOJHBI, UM co3/laBaeMoi. [IpruemM GppoHT BOJIHBI, CO3AHHOM BO BCEX MPEIbLIYLINX
TOYKaX HAXOXKJICHHUS UCTOYHUKA T10 JJMHUHU €TO PACcIpOCTPaHEeHHUs, OyIET MPOXOJUTH Yepe3 TOUKY S, B KOTOPO
B JIaHHBIA MOMEHT HaXOJAUTCSI HICTOYHHK, pUC.22. [IOCKOIBKY MBI CYMTAEM, YTO M3JIYYAIOIIUIA HCTOYHUK
JBIDKETCS] OECKOHEYHO JIOJITO TI0 TPSMOIA JTMHUH, TO (PPOHT BOJHBI, CO3/TaHHBIH OECKOHEUHO JaBHO, TAKXKE
OyneTt mpoxoauTh yepe3 Touky S. Kpususna chepudeckoro ¢ppoHTa ¢ 06CKOHEUHO OOJIBIIUM PATIUYCOM CheEphbI
paBHa Hym0. CinegoBaTenbHO, 00mui GpoHT Nfc CBETOBOM MM 3JIEKTOMAarHUTHOM BOJIHBI B HAIIPaBICHUHU
JBYDKEHUS M3JTy4arollero UCTOUHUKA, pu V' = C OyneT NpeAcTaBlIATh IIOCKOCTh, EPIIEHANKYIISPHYIO TUHUU
JBYDKCHUS M PACIIPOCTPAHSIONIYIOCS B OECKOHEYHOCTH BO BCE CTOPOHBI OT UCTOYHHUKA.

Nfc

, Nfk

Nfn

' 1

Puc. 22. O6pa3oBaHne ppoHTa 3/IEKTPOMArHUTHOM BOJIHbI OT UCTOYHMKA, ABMXXYLLErOCS CO CKOPOCTbIO V paBHOM
ckopoctu C.

OTOT BBIBOJ MOKET NMPHUBECTHU K 3aKIIOUEHUIO, YTO TAKOMY HUCTOYHHUKY HEOOXOIUMO 00I1aaTh OECKOHEUHO
OOJIBITION PHEPTHEH, YTOOBI TUIONIAAh ero (PpoHTA ObLIa OECKOHEYHO OONBIION. DTOT BBIBOJ IMOATBEPIKIACTCS
1pu aHanuse BelpaxkeHus (38), Tak kak npu V' = C nepBoe cilaraéMoe 3TOro BbIpaXeHHsI oOpalaercs B
0eckoHeyHOCTh. OJTHAKO JaHHOE 3aKII0YCHHE He OYJCT MMETh CHIIBI, €CJIM HCTOYHHUK HE JBUKETCS OCCKOHEUHO
JIOJTO.

3aMCTI/IM, YTO B TOUKE S 6y'IIy'T CYMMHUPOBATHCA BCC aMIINIUTYIbI OT BCEH COBOKYITHOCTH (I)pOHTOB, BO3HHUKIIHUX,
COOTBETCTBEHHO, BO BCE MOMCHTBLI BPpEMCHHU 10 IMPUXO0Ja HCTOYHHKA B TOUKY S.

3. 'umoTeTHYecKy MOKHO MPEACTABUTh UCTOYHUK, KOTOPBIN OYACT IBUTAThCS OBICTPEE CKOPOCTHU CBETA, IPpH V
> C. B aTOM cily4ae UCTOUHHUK OyJIeT HaXOAUTHCS Ha BEPILMHE TEIECHOTO KOHYCa, KOTOPBI OyneT
o0pa3oBwiBaTh GppoHT BOTHEI Nfc, puc.23. ®poHT Nfc OyneT 00pa30BBIBATHCS TOCIIEI0BATEIIBHOCTHIO
cheprueckux GpPOHTOB OT KAXKIOTO U3 MPEIbIIYIIUX MONI0KEeHHM nctounuka. Hanpumep, ppont Nfo
00pa3oBaH UCTOYHUKOM, HaxoauBIUMCs B Touke O. Ot Touku O 3a OAHO U TO K€ BpeMs ¢ ICTOYHUK
nepeaBuHeTCs B TOUKy N, a chepuueckuii ppoHT BoiaHBI Nfo cO CKOpOCThio cBeTa C JOCTUTHET TOUKH K.



Puc. 23. Obpa3oBaHue (ppoHTa 3/IEKTPOMArHUTHOM BOJIHbI OT MTMMNOTETUYECKOTO UCTOYHMKA, ABUXKYLLErOCS CO
CKOpOCTbIO V, npeBblwatoLlen ckopocTtb ceeTa C.

Ompenenum yrou o, KOTOpbIi OyaeT oopazoBan (ppoHTOM Nfc ¢ OCBIO CUMMETPHU KOHYca 3TOro (ppoHTa.
[TockonbKy TpeyroyibHUK, 00pazyemblii Toukamu NOK, umeet npsiMoit yrod, o teopeme [ludaropa Mbl MoxxeM
samcathb (NO)? = (NK)* + (KO)*. Vron a, npotuBosiexaniuii cropone KO Oyner paBeH

NGO - KO?
arccos ——————
a = arccos(NK/NO) = NO . 39

Pacrosinue NO OyzneT npoieHo co CKOpocThio V 3a Bpems ¢, a pacctossare KO — co ckopocThio C 3a TO ke
Bpems t. CootBeTctBeHHO NO = V¢, KO = Ct. IloncTaBuB 3TH paBeHCTBa B ypaBHeHHE (39), nonyduum:
)
arccos, |1 ——
o= L @0)

AMHJII/ITy,Ha BOJIHBI HA JIMHUHN IBHUKCHUSA B TOUKEC N 6yneT paBHa aMIUIUTYAC UCTOYHUKA. B APYyrux To4kKax,
Harpumep B Touke K oHa Oyier o0paTHO MpOTNOPIMOHATIbHA KBaIpaTy pacctossaust KO. 3aMeTumM, 94To 1o
dopmyie (39) yroi o Oyaet TeM MeHbIIe, 4eM OOJIbIIIe CKOPOCTh UCTOYHHKA TI0 OTHOIICHUIO K CKOPOCTH CBETA.
[Mocnemusis popmyiia Takke NOATBEPKIAET TO CBOMCTBO (PPOHTA BOJIHEI, YTO €CIIM UCTOYHHUK OYJET TBUTATHCS
CO CKOPOCTHIO cBeTa, V= C, TO PpOoHT OyIET INIOCKUM U YXOJTUTh B OECKOHEYHOCTD.

B nienom e, BO3MOXKHOCTh pacpoCTpaHEHHsI KaKUX MO0 (PU3NUECKUX Tell OBICTpee CKOPOCTH CBETa CIIeyeT
IIPU3HATH TOJIBKO THUIIOTETUYECKOM, TaK KAK ITOKA JJOCTOBEPHO HE U3BECTHO, IO KpaHEN Mepe Npu
HaOJI0IEHUX 32 POIlecCaMi MUKPOB3aMMOICHCTBHIM, Kakue JINOO ABMKEHUS, TIPEBBIIIAIOIINE CKOPOCTh
CBETa.

3aMeTHM, 9TO IMOCKOJIBKY CKOPOCTh PACIPOCTPAHEHUS IIEKTPOMArHUTHBIX KOJICOaHUI B CBOOOTHOM
IPOCTPAHCTBE OIPEEIIAETCs TOJIBKO U TOJIBKO CBOMCTBaMU 3(pUPHOI cpeibl, TO C KaKOi ObI CKOPOCTBIO HE
nepeaBuraics Obl MCTOYHUK, CKOPOCTh PaCIpOCTPAHEHHS OT HETO 3JIEKTPOMAarHUTHBIX BOJIH paBHA CKOPOCTH
CBETA.

Teneps cienyer paccMOTpeTh 3((HEeKThI, BOSHUKAIOUINE P JABIKEHUU HaOII01aTeNs win npudopa
(mpreMHuKa), KOTOPBIH OyaeT MepeIBUTaThCsl U PETUCTPUPOBATH KOJIeOaHUs (M3Ty4eHHE) OT HICTOUHHKA.
CkopocTh nepeIBUKEeHHs IPUEMHHKA, B OOIIEM, TaKKe OrpaHUYeHa CKOPOCThIO cBeTa. Takum 0Opazom,
MOJKHO CUUTATh, YTO KpalHsIS CKOPOCTh cONMMKeHUst uCTOYHMKA (S) u npuemanka (R) xonebanwii (Vsg) Bcerna
OyJeT MEHbIIIE TBOWHON BEIIMUYNHBI CKOPOCTH cBeTa, Vg < 2C.

YacroTa kosjeOaHuil B UCTOYHHUKE, PACHIOIOKEHHOM B CBOOOIHOM (OT (PU3MUECKUX TeJl U 3JIEKTPOMArHUTHBIX
10JIei) MPOCTPAHCTBE, OMpeAesIeTCs: KoJeOaTeIbHBIM MIPOIIECCOM B CaMOM UCTOYHUKE. Eciu nuctounuk
HENOJIBUKEH, TPUEMHHKH, PACIOJI0KEHHBIE HETTOIBH)KHO Ha HEKOTOPOM PACCTOSIHUU U JIFOOBIX HANpaBJICHUIX,
OyZIyT perucTpupoOBaTh Ty ke YaCTOTY JIEKTPOMArHUTHBIX KOJeOaHHii, 4To U B UcTOuHUKE. OJTHAKO eclu



UCTOYHUK OyZAeT ABHraThcs, TO, coriacHo 3¢ dekry Jomnmiepa, HemoABMKHBIEC TPUEMHUKH, PACTIOJI0KEHHBIE MO
JIMHUU IBUKEHUS U B HAIIPABJICHUM JBMKEHUS 3a(UKCUPYIOT YaCTOTY, YBEJIUUYEHHYIO [0 CPABHEHUIO C
4acTOTOW KoseOaHui B caMOM UCTOYHMKE. HemoABMKHBIE IPUEMHHKH, PACTIONOKEHHBIE 110 JTMHUU JBHKCHHUS,
HO B HAaITPAaBJICHUH, IIPOTHBOIIOJIOKHOM HAIPABJICHUIO JBMKCHHS HCTOYHUKA, 3aPETUCTPUPYIOT CHHKEHUE
Y4aCTOTHI KOJIEOaHUH, POTIOPIIMOHAIBHOE CKOPOCTHU JABMKEHHS HCTOYHHUKA.

[TonoGHble u3MeHeHus Oy 1yT HAaOIIOAATHCS MPH IBUKEHUN PUEMHUKA KoneOaHui (HabroaaTes)
OTHOCHUTEJIbHO HETIOABM)KHOTO UCTOYHMKA. Eciau npueMHUK OyAeT IBUraThCsl B HAIIpaBJICHUH HCTOYHHUKA, TO B
npUeMHHKe OyJeT 3aperucTpupoBaHa yBeJIMUeHHas 4acTOTa KojaeOaHHuii 0 CPaBHEHUIO C YAaCTOTOM B caMOM
UCTOYHMKE. B mpueMHuke, yaanstoneMcst OT HICTOYHHKA 3aMKCUPYETCSl CHIDKEHHE YacTOThl KosieOaHuil,
IPONOPLHOHATIBHOE CKOPOCTH JBM)KEHUS cTouHMKa. [IposiBienue spdexra Jlonmiepa He MO3BOJSAET
OTJIMYUTD, ABMXKETCS JIM IPUEMHHUK OTHOCUTEIBbHO UCTOYHUKA, WIK HA00OPOT, UCTOYHUK OTHOCUTEIIHHO
pUEMHHKA.

Hanuuue >¢upHOi cpepl TO3BOJSET BEPHYTHCS K MOJI0XKEHUsM, copmynupoBanHbeiM Jlopenniem. Hampumep,
MOKHO HaWTH OOBSICHEHHE, TOYEMY Macca YCKOPSEMOU Y4acTHIbI ((PU3NIECKOTO Tejla) YBEITHUUBACTCS TI0
3akony [70]:

I-=5
T @

TJI€ My — Macca YaCcTHIIBI TTOKOsI, M — Macca YacCTHIIbI B IBMDKCHUH OTHOCUTEIBHO d(DUpHOM cpenbl, V —
CKOPOCTb JIBM>KEHHMSI YacTulibl, C — CKOpPOCTh CBETA.

OTOT 3aKOH MOKa3bIBAET, YTO MPHU NPUOIMIKEHUH CKOPOCTH YaCTHIIBI K CKOPOCTH CBETa MPOUCXOAAT SBJICHUS,
CXOJKHE C SABJICHUSAMH, HAOII0TaeMBIMH MIPH MPHOIMKEHUN CKOPOCTH TeJla K CKOPOCTH 3ByKa B razax. OmHako
CYIIECTBYET IPUHIUNHATIbHASA Pa3HULIA MEXKIY STUMHU siBIIeHUAMHU. [Ipu 1BM>KeHun Tena B rase, raz o0Tekaer
ero. [1pu aBmwkeHnn Tena B 3pupHOI cpene, Kak mokazaHo B onbITax M. @30 U IpyruMu OnbITaMu, dpUpHas
cpelia IBMXKETCs CKBO3b (pusnueckoe Teno. Ilpu 3Tom a¢upHas cpeaa HEMOCPeACTBEHHO B3aUMO/IEHCTBYET €
KaXJI0H JIeMEHTapHOM YacTHIIEH, COCTABIAIONIEeH (PU3NIECKOe TEJI0 H UMEIOIIEeH Maccy, — JIEKTPOHAMH,
IIPOTOHAMH, HEUTPOHAMH H JP.

®opmyiel (38), (41) Moka3bIBAIOT, YTO JABMKEHUE OTHOCHTEIBHO 3(UPHOM CpeIbl BO3MOXKHO CO CKOJIb YTOTHO
Manoi pasauuei Mexay V' u C. OqHako 3T0 IBUKEHHE HE MOKET IPOUCXOAUTH CO CKOpocThio V' = C, Tak Kak
IIPY 3TOM SHEPTHUS U Macca YacTULbI CTaHET OECKOHEYHO OO0JIbIION. 3aKOHBI COXPAHEHUS MaCChI-9HEPTUU
HAJIaraloT 3ampeT Ha OECKOHEYHO OOJBIINE MACCHI JTIOOBIX Tel. TakuM 00pa3zom, pu3uvecKue Teiaa He MOTYT
JIBUTATbCS CKBO3b 2PUPHYIO CPEy CO CKOPOCTHIO CBETA.

[Tocneanuii BBIBOA UMEET MHTEPECHOE CIIEJICTBUE, — (POTOHBI, KBAHThI CBETA, KOTOPHIE BCETIa
pacpoCTpaHAOTCs CO CKOPOCThIO C, HE MOT'YT UMETh MacChl, a, CJIEI0BATENIBHO, SIBIISIOTCS BOJHAMM,
BO3MYIIAIOMMMHU d(PHUPHYIO Cpedy U pacupocTpaHstomuMucs B Heill. Kak n3BecTHO, GOTOHBI (KBAHTHI)
001aJat0T IIMPOKUM CHEKTPOM pa3IUYarolUXCcsl YaCTOT, OT TEIUIOBOTO JHAINa30Ha JJO PEHTI€HOBCKUX JIy4eil.
beckoneunoe unciao GpoToHOB (KBAaHTOB) pa3HbIX YaCTOT PACHPOCTPAHSIOTCS B 3(UpPE 110 BCEM HANPABICHUAM U
BOCIIPHHUMAIOTCS MPHOOpaMH KaK 3JIEKTPOMAarHUTHBIE BOJIHBI, CBET, PEHTTEHOBCKOE U3ITyYCHHUE.

Hcxonst U3 NpUHATONW KOHIICTIIINY, HIDKE MPUBOUTCS TOJKOBaHUE M3BeCTHOTO omnbiTa M. ®duzo. [To Hamemy
MHEHUIO, 3TOT OIBIT MTO3BOJIMI OMPEIETUTh B3aUMOICHCTBUE YPUPHOI CPEeIbl C BEIIECTBOM HA MMOBEPXHOCTH
3emin.



10. O0 onbiTe PU30 U €ro MCTOJIKOBAHUHU

Opannysckuii pusuk M.duzo B 1851 roxy omybiukoBan padoty «O TUIoTe3ax OTHOCUTEIBLHO CBETOBOTO
3(bnpa )41 06 OOHOM OIIBITEC, KOTOpBIfI, MO-BUAUMOMY, JOKA3bIBACT, UTO ABUKCHUC TCI MCHACT CKOPOCTDH
pacrpocTpaHeHus cBeTa BHYTpH TuX Tem» [10]. Mcronb3ys BEIACPKKH U3 3TOW paObOTHI HaiiIeM UCTOJIKOBAHHE
PE3yJIbTATOB 3TOTO ONBITA HA OCHOBE MPEIIaraeMoil TEOPHH.

B 10 BpeEMs CyHICCTBOBAJIO TPU T'MIIOTE3bI O B3BAUMOOTHOUICHUAX CBETOBOI'O 3(1)I/Ipa C BeCOMOM MaTepHefI.

1. :‘)(1)I/Ip JKCCTKO CBA3aH C MOJICKYJIaMU TCJI U, CJIICA0BATCIIbHO, IPUHUMACT Y4aCTUC B JIBUIKCHHAX,
KOTOPBIC MOKHO COO6HII/ITB TCITYy.

2. :‘)(1)I/Ip CBO60,I[CH M HC3aBHCHUM H HC YBJICKACTCs TCJIaMU IIPpU UX ABUKCHUM.

3. Tonbko yacTh 3¢upa cBOOOIHA, a pyrasi 4aCTh CBA3aHA C MOJIEKYJIaMH TeJ U TOJIBKO OHA YYaCTBYET B
WX IBUKEHHUH (TPEThs TUIOTE3a YUUTHIBAET U MEPBYIO U BTOPYIO THIIOTE3HI).

®du30 MUIIET, YTO MOCIAEAHEH TUIOTE3e MBI 00s13aHbI DpeHerto, KOTOPHIN MPEITIOKIIT €€, YTOOBI
YJIOBJIETBOPUTH OJTHOBPEMEHHO SIBJICHUIO a0eppanuy ¥ 3HAMEHUTOMY OIBITY Aparo, KOTOPBIM ObLIO JOKa3aHo,
YTO JBM)KEHHE 3eMJIU HE BIMSET Ha MPEIOMJICHHE CBETa 3BE3/ P €ro MPOXOKICHUH Yepe3 MpU3My.

®duzo codpain npudop, COCTOSAIMNN U3 IBYX CTEKISHHBIX TPYOOK, niuuHoi L = 1,487 m u nuametpom 5,3 mm. B
TpyOKax Haxoauiiach Boja. Uepes TopIibl B TPYOKH HANpaBIIsUIMCh apajiesibHble My4YKH cBeTa. OUH My4oK
mren yepes o0e TpyOKH HaBCTpeuy MOTOKY BOJIBI, BTOPOH, TakxKe uepe3 00e TpyOKH, — B HAIPaBJICHUH TTOTOKA.
[Toce mpoxoxxaeHus TpyOOK o0a Mmyyka HOCpPeICTBOM 3epKajl HAlpaBJIsIMCh HA OJHY U TY K€ CTEKJITHHYIO
IUTACTHHY, HAa KOTOPOH HAOIIOAAIOCh CMEIICHHE HHTEP(PEPEHIIMOHHBIX TI0JI0C OT ITyYKOB CBETA, MPOIIEAIINX
yepe3 BOJy B MapaJljIeNbHbIX TpyOKax. 3aTeM Boja B MapaJljieNbHbIX TPyOKax NpUBOIMIACEH B
MIPOTHUBOIIOJIOKHOE ABUKEHUE CO CKOPOCThIO V' = 7,069 m/c. KoaddunmeHT npenomiieHnst BOIBI # COCTaBIISI
1,333, jiMHa BOJIHBL B ITy4yKe cBeTa Oblia paBHa A = 526-107 u.

®wu30 Ha3BIBAT MPOCTHIM CMEIICHHUE TTOJIOC, KOTIa BOAY, HAXOSIIYIOCS MIEPBOHAYAIBHO B ITOKOE, IIPUBOIUIIN B
JABUXKCHUC. I[BOP'IHBIM CMCHICHUCM OH Ha3BaJ TaKOC, KOTOPOC BHI3bIBACTCA NU3MCHCHUECM HAIlPABJICHUA
JIBIOKEHUS BOJIBI Ha MTPOTHBOIIONIOKHOE. B pesynbrare 19 xopomio coracyronuxcsi HaOIHIeHUH OH MOy YT
cMmerienue, papaoe 0,23 uHTepHepeHIIMOHHOM MOIOCHI [T OTHOHAPABICHHOTO JIBUKEHHSI IIOTOKA BOJIBI U
0,46 151 TBOMHOTO, KOT/Ia MMOTOKHU TIEPEKITFOYAIOTCS Ha TIPOTUBOTIONIOKHOE HANIPABJICHUE JIBHKCHHUSI.

3arem ®uU30 BBHITOIHHI OMBIT C JBIKYIIUMCS BO3IyXoM. Uepes TpyOKH MpOKavYnBajIcs BO3IYyX CO CKOPOCTHIO
25 m/c. Ilpu npoKaunBaHUM BO3yXa HUKAKOTO MPAKTHYECOr0 CMELICHUS HHTEPPEPEHIIMOHHBIX MOJI0C
3aUKCUPOBAHO HE OBLIO.

CocTaBUM pacuyeTHOE ypaBHEHHE, KOTOPOE Obl OTBEUAIO I'MIIOTE3€ OJHOCTBIO YBJIeKaeMoro 3¢hupa,
ucnosib3oBaHHOe OU30 NpuU aHaIM3e pe3yabTaToB ero onbiTa. OnpeaenuM Ko3QPHUIHUEHT NPeToMIICHUS Tela, 1
= C/Cr, tne C — CKOpOCTh CBETa B CBOOOAHOM MPOCTpaHcTBe, Cr — CKOPOCTh CBETA B (PU3UUECKOM TEJIE.
CornacHo 3TOMY, AJs YCJI0BHi onbiTa PU30, BpeMs ¢ MPOXOXKICHUS ITyYKOM Jydel cHayana oJJHOU TpyOKu
JUIMHOW L, a 3aTeM Jpyroy, TakoM >Ke JJIMHBI B HAIIPABJIICHUH TEUEHUS BOJIbI CO CKOPOCTBIO V COCTaBUT

2L or
Cr+V T
¢ . (42)

b

I[J'Iﬂ IIy4Ka CBC€Ta, ABHXKXYLICTI'OCA B o0eux pr61<ax, HO B IIPOTHUBOIIOJIOKHOM HAIIPABJICHUU 110 OTHOLICHHUIO K
TCUYCHHUIO

. (43)



Pa3uuma At =t, — ¢, COCTaBHUT:

-
" . (44)

[Tocnenusis popmylia HOTHOCTBIO coBHanaeT ¢ popmynnoi, npuseneHHoi Y.U. @dpakdyprom [70].

B oTHOCHTENBHBIX JUTMHAX BOJIHBI PETUCTPUPYEMOTro cBeTa U3 (popmyisl (44) pasHuna Ag COCTaBUT

4LCV

_4Cr
3.[[9] e
g . (45

IToacraBuB Bee uncioBble 3HaueHus L = 1,487 m, C=2.9979-10% m/c, V =7,069 m/c, A= 526107 m, n = 1,333
B (hopmyny (45), mbl monyuniu 3Hauenue Ar = 0,473.

Jlns omeiTa ¢ mpokaynBanueM Bosayxa (n = 1,000292) uepes te xe tpyoku (L = 1,487 m, C=2,9979-10% m/c, A
= 526-10"° m) co ckopocTho V = 25 m/c, popmymna (45) no3sosser moayuutsh Ay = 0,942. Kak G510 OTMEYEHO
BBIIIIE, TP IPOKAYMBAHUH BO3/[yXa HUKAKOTO CMEUICHUSI HHTEPPEPEHIIMOHHBIX MOJIOC OTMEYEHO He OBLIO.
Takum obOpazom, hopmyia (45) naet BenMUuHyY, HE OTBEUAIONIYIO pe3ynbTaTy onbita M. duso.

CoracHo TCOpUU CDpeHCJI}I (CM. 1'[.2), aGCOHIOTHaH CKOPOCTb CBCTAa B ABWKYIICMCS TCJIIC COCTABJIACT BCIIMUUHY
U=cl +[(12 - D/(12)]w,
HJIY, B BBIIICIIPHUHATBIX 0003HaYEHUAX:
U=C/hn+[(1-1/n2)V. (46)
OTHOCHUTENBHBIN CBUT IJTMHBI BOJHBI, pACCYMTAHHBIN TIO hopmyse DpeHenst COCTaBUT

a2t 2y

AL . (@7)

B uncneHHOM BBIpa)KeHNH, MOCIIE TIOACTAHOBKY JAaHHBIX JUIS IBHKYIIEHcs B onbiTe Pu3o xunkoctu (L = 1,487
m, C=2,9979-10° m/c, V ="7,069 m/c, A =526-10"° m, n = 1,333) Ax = 0,207. I BO3LyXa pacueTsl 110
Gopmyiie (47) MO3BOASAIOT MONYIUTh Ag = 5,51-107%,

B 1851 r. . ®u30 BHITIOJIHWI TOJ00HBIE PACUYETHI U 3aKITFOYHII, YTO PE3YJIbTaThl OMBITOB, COOTBETCTBYIOT
teopuun Openens. YactuaHoe yBiedeHne d(hrpa OCyIIECTBISCTCS TOW PU3NIecKoi MaTepuei, KoTopas
00yCIIOBJIMBAET TO0ABOYHYIO K €AMHUIIE YacTh KO3 dHUIIMETa TPETOMIICHHUS.

Teopust Openens npeanoiaraeT «CryleHrney, yBeInueHue IIOTHOCTH 3PUPHOM cpebl B GU3NYECKUX Teax.
Onnako, kak mokazano B pabote JI.b. bonasipesoit u H.b. Cotunoii [71] BeiBox hopmynbl DpeHens MoxeT
OBITh OCYILIECTBJIEH B MPEANOIOKEHUH O TUHAMUYECKOM B3aUMOJICHCTBUHM (POTOHOB ¢ aTOMaMU (hPHU3HYECKOTO
Tena. B 3ToM ciyuae mpoucXoauT 3aMeIsieHNe ABMKEHHSI CBETa B BELIIECTBE 0€3 «CTyLIeHUs» B HEM d(upa.
[IpuBeneM kpaTkoe U3JI0KEHUE BbIBOAA GopMyIibl DpeHes, MpeACTaBICHHOTO B ATOM padoTe.

BHauane paccMaTpuBaeTcs ciaydail, KOra Ipo3payHas cpejia HaXOAUTCs B IOKOE OTHOCUTENBHO HAOII0[aTeNs,
cBsi3aHHOTO ¢ 3emiieil. Bpems #, = L/C 0603HaueHO Kak BpeMsl IPOXO0XKIEHUs CBETa IyTH JUIMHOW L B BaKyyme
(B TOH K€ CUCTEME OTCUETa, HO BHE Cpe/ibl). BpeMst MpoxokAeHHs CBETa TAKOI'0 K€ MyTH BHYTPU MPO3payHON
CpeZibl OIPEENICHO KaK:



t0 + AT =L/C1, (48)

rne C, — cpelHssi CKOPOCTh CBETa B MOKosIeiics mpo3paunoit cpexe, C; = C/n, a AT — cymMapHoOe BpeMst
3aJep>KKU (POTOHA Ha JjuHE L 3a cueT B3auMoAelcTBUs (POTOHA ¢ aTOMaMu (MOJIEKyJlaMH) BEIIECTBA.

3areM pacCMOTpEH CIy4aid, KOrAa po3payHasl cpelia IBUraeTcsi CO CKOPOCThIO J OTHOCUTENIBHO 3eMIIU
(TOJIOKUTENTFHOMY 3HAYEHUIO V COOTBETCTBYET JIBUXKEHUE CPE/Ibl OT HCTOYHMKA). B cucteme, cBA3aHHOM C
JBIDKYIIEHCS cpenioid, ckopocTh ¢poToHa paBHa C — V, a Bpemsi MPOX0xkAeHHUs (OTOHOM JUTMHBI L B BaKyyMme

T'o=L/(C-V). (49)
Bpems mpoxoxkieHus: CBETa TOTO e IMYyTH B BEIIECTBE OyAET PaBHO:
T'o + AT =L/C*. (50)
rae C* — cpeqHsas CKOPOCTh CBETA B CHCTEME, CBA3aHHOM C JIBMIKYILIEHCS CPEIOM.

W3 sKcriepMMEHTOB U3BECTHO, YTO MTOKA3aTeNb MPEJIOMIICHUS ¢1a00 3aBUCUT OT 4acTOThl. C TOUKHU 3pEHUS
IpejJiaraeéMoi MOJIeNI 3TO 03HAYAET, YTO CPE/IHEE BpeMs 3a/I€p’KKU CBETa Ha euHMLEe AIuHbI AT/L B nepBoM
npuOIKeHuu 1o f = V/C MOXHO CUMTATh HE 3aBUCALIUM OT OTHOCUTEILHOW CKOPOCTH UCTOYHMKA. [Ipu Takom
npeanonoxenun u3 opmyn (48)—(50) noxyunm:

L/C* =L/AC — V) + L/IC1 = L/C. (51)

Otkyna B [71] ansa ckopoctr cBeta U OTHOCUTEIBHO HETIOIBMYKHOTO HAOIIOAATENS, TOCIE BCEX HEOOXOTUMBIX
IIOACTAaHOBOK U pa3n0>1<eHI/151 pe3yanaTa B p}II[, Honyquo:

U=Chn+(1-1m2)V. (52)

Kak nuinyT aBTopbI 1aHHOTO BBIBOAA, (hopmyna DpeHens, onuckiBaronias skcnepumMeHT du3o, MOKET ObITH
MOJIy4eHa B paMKax MOJIETTH TPEXMEPHOTO €BKIIUI0OBA MTPOCTPAHCTBA U HE3aBUCUMOI'O BPEMEHHU KaK CJIEACTBUE
B3aMMOJICHCTBHSI (JOTOHOB C aTOMaMU CPEJIBI.

D710 00bsICHEeHHE Haubosiee JJOTHYHO U3 psijia APYTUX, B TOM YUCIIe, IpeiaraeMoro caMuM OpeHesem.
Konuenmus «crymeHus» 3gpupa BHyTpU MaTepHaIbHBIX TeJl IPU TOM, YTO CYIIECTBOBAaHHUE 3(pupa OoTpUIIaeTCs
CTO, ve moxeTt ObITh iprHATA. COTIIACHO HAIIUM MPEACTABICHUSAM, d(UPHAs CPeIa, SIBIISIONIASACS OCHOBOM
JUIS PacIIpOCTPAHEHUS CBETA, B (PU3MUECKUX TEJIaX BBHITECHACTCS AACPHBIMU CHIIAMH BOJIM3H aTOMHBIX sIJIEP
(puc.12). 3amenieHrne CKOPOCTH PacIpOCTPAHECHUsSI CBETa B (PU3UYECKUX TeJIax MPOUCXOIUT Onaroaaps

s dexTy ornbanust obnacreit BOIU3M aTOMHBIX siziep. COrflacHO HalIMM MPEICTABICHHUAM, CBET B (PU3NYECKOM
Teje pachpocTpaHseTcs Mo A3GUPHOI cpefie CO CKOPOCThIO, paBHOM CKOpOCTH B cBOOOAHOM HpocTpaHcTBe C.
OpHako MmyTh Nepeaadn 3MEeKTPOMAarHUTHRIX KOJIeOaHuil B Tese, 3a CUET MPOLECCOB OrubdaHus odiacTe, rae
sadupHas cpena BHITECHIETCS aTOMHBIMU CHJIaMU, OOJIbIIIE, YeM JJIMHA 3TOTO Tefa. Y JUIMHEHHUE 3TOro MyTH
NPONOPLHOHATIBHO KO3 (PULIMEHTY peToOMIICHHS Tea.

Takum oOpa3om, pealibHasi CKOPOCTh PACIIPOCTPAHEHUS CBETA, KAaK OTHOIICHHWE BPEMEHH MPOXOKICHUS
KoJIeOaHMil K JUIMHE Tea paBHa HekoTopou BenuuuHe Cr = L/t = C/n, kotopas menbie C. HamoManMm, 4To Kak
cienyer U3 popmyn mperoMIICHHS CBETa, Ha TPaHMIIe TPO3PAYHOTO Tela (CM. pa3zen 3) He MPOUCXOAUT KaKoro
1100 cKayka IIOTHOCTH 3(Hpa, a U3MEHSIETCS JIUILb, MOKHO CKa3aTh, «KAXKYILIASCS» CKOPOCTh
pacmipocTpaHeHHs CBETa. DTa «KAXKYIIASICS» CKOPOCTh SABJSETCS CIEACTBUEM yITMHEHHSI ITyTH (JOTOHOB B
¢uznueckom tene. Kaxaplii poToH BUAUMOro cBeTa JU(PparupyeT Ha MPemnsiTCTBUU, KOTOPOE MPeICTaBIsIeT
co00i1, HarTpuUMep, IEKTPOH WIH PO aTOMa, TIOCKOJIBKY JITMHA BOJHBI BUAMMOIO CBETa MHOTO OOJIbIIE
pa3Mepa Takoro npenarctBus. Eciiu ayinHa BoJIHBI IPUOIMKAETCS K pa3Mepam siiep BellecTBa, HaOIoJaroTCs
SIBJICHUSI PACCESHUS U OTPAXKEHUS JTydell. DT SBJICHUS UCIOIb3YIOTCS IPU PEHTICHOCTPYKTYPHOM aHaIU3e
BELIECTB.



SIBrieHue 3aMeIeHUs] CKOPOCTH Mepejaudl aKyCTHUEKUX CUTHAJIOB, B CpeJie, HACBIIICHHON BKIIIOUCHHUSMU,
pa3Mep KOTOPHIX MHOTO MEHBIIIE JIUHBI PACTIPOCTPAHSAIOIIUXCS BOJIH, XOPOILIO U3BECTEH B aKYCTHUKE [72].
Hocutenem jxe 37eKTPOMarHUTHBIX KOJIeOaHUH cBeTa B (PU3MUYECKUX TeNax SBJSETCS BCEMPOHUKAIOLINMA 3hup.
B ¢usnuecknx tenax kodpPUIMEHT MPEIOMIICHUS MOKET ObITh, B TOM MM HHOW MEpe U3MEHSATHCS 3a CUET
nposiBieHus 3¢ppexroB nepensnyueHust OTOHOB, PEKOMOMHAINH, TFOMHUHUCIICHIINH.

Takum oOpazom, onbIT OH30 HE ABIAETCS CBUICTEIBCTBOM YaCTUYHOTO yBIICUEHUS d(PHpa ABIKYIIEMS
(1)I/ISI/I‘~ICCKI/IM TEJIOM. DTOT OIBIT cleayer 00BICHSTD TEM, YTO B JABMIXKXYIIEMCA TCJIC NPOUCXOAUT MCHBIIICC
3aMeJIeHHEe CKOPOCTH (MJIHM €€ yBEIMYCHHE) PacpoCTpaHeHHsI CBETa, YeM B nokosimemMcsa. Cama rdupHas
cpeia pu ATOM OCTAETCsl HEMOABUKHOM.

MaccuBHbIe (hU3HUECKUE Tela, CYIIECTBEHHO AeQOopMUpYIoIue dQUpHy0 cpeay, Mo-BUIUMOMY
«3aKPEIUIIIOT» B CBOCH OKPECTHOCTH 000JI0UYKY U3 3UPHOI cpebl. HelaBHee OTKPBITHE CKPBITOH MacChl,
3aroJHSIONIEH BCEJICHHYIO 73] 1aeT OCHOBAaHME ClieaTh 3aKIIOUEHHE, YTO 3eMJIsl, KaK MAaCCUBHOE TEJIO, UMEET
coOCTBEHHYIO «atMochepy» u3 3(UPHOI Cpe/Ibl, KOTOpas YBICKAETCs B ABM)KCHUH BMECTE C HAIICH IJIaHETOM.
MoOHO moaratb, 4To BIUSHHUE 3TOH «aTMOC(epbl» MPOCTHUPAETCS, BEPOSTHO, 10 TOUKH Jlarpanika, rie
pasjensaeTcst BIUSHUE MMOJIeH TATOTCHUS 3eMIu U JIYHBI.

11. IBuskymmecs 3apsabl M npuHoun ["anuses

SIBneHus, BO3HUKAIONIME IPU JBUKEHUU JJIEKTPUYECKH 3apsHDKEHHBIX (PU3HUecKUX Tell B AaUpHOi cpeze, bonee
CJIOXHBI, YEM T€, KOTOpPbIE CBOWCTBEHHBI TeNaM 0€3 3apsaa WU HEMOABMKHOMY 3apsaay. B HeBo3MyIIeHHOM
adupe 3apsAabl YaCTULl YPAaBHOBEIIMBAIOT APYT ApYyra U Takoi 3Gup MposBiseT ce0s Kak dMEeKTPHUECKU- U
MarHUTHOHEUTpanbHbIN. OMHOYHBIN HETIOJIBMKHBIN 3apsi]l CO37aET BOKPYT Ce0sl DJIIEKTPUUECKOE TO0JIe,
KOTOpOE, TI0 CYTH, SIBIISIETCS clieZIcTBHEM Jedopmaniuu 3upHON cpebl. JBIKYIIUNACS 3aps TakKe CO3AaeT
anekTpuueckoe noje. OaHAKO MpU JBUKEHUU 3apsjia CO3/AeTCsl U MAarHUTHOE ToJIe. JIBIKyIIHIiCS 3apsi
MO3KET OBITh OOHAPYKEH TOJIBKO MPU MOMOIIH IPYroro 3apsaa (Marauta). Takum o0pa3oM, modydaeTcs, YTo
MOKOSIIIMNACS OTHOCUTENHHO Hpa U JBIKYIIUICS MPSIMOIMHEHHO M paBHOMEPHO 3apsiibl HE YKBUBAJICHTHBI.
C npyroii CTOpOHBI, pABHOMEPHO U NPSIMOJIMHEWHO ABMKYIIUKCS 3apsijl HE U3IYy4aeT U HE TepsAET SHEPTUH.
HpI/I OTOM €T'0 SHEPTHA MCHBIIC SHCPIUHU HCTIOABHUIKHOTO 3apa/ad, TaK KaK 4aCTbh SHCPIrun ObLIa IoTpadCHa Ha
o0pa3oBaHNe MarHUTHOTO TOJISI B OKPY>Karollel ero apupHoit cpeie B MOMEHT Mepexoa OT MOKos K
JIBUKCHUIO.

ITosicauM 3TO sABJIEHUE Ha puMepe. J(oIycTUM HaJIMYUE IBYX 3aBEAOMO OJMHAKOBBIX M HEMOJBHIKHBIX
3apsaaoB. X MOKHO pacroyioKUTh Ha TaKOM OOJIBIIIOM PacCTOSIHUU APYT OT ApYyra, 4To uX nois (redhopmannu
3(UPHON Cpebl) MPAKTUYECKH He OyIyT B3auMoAeHCTBOBaTh. OCTaBUM OAMH U3 3aps10B HEIOIBU)KHBIM
OTHOCHUTEIHLHO 2(UPHON Cpefibl, a BTOPOM HaUHEM TepeMeniath. Eciau nepBoHauaasHO HEMOIBYKHBIN 3apsiT
NPUBECTH B JBI)KEHUE, EMYy HEOOX0IMMO MPUIATh YCKOPEHUE. Y CKOpEeHHe 3apsaa ¢ HEOOXOJUMOCThIO CO31acT
BOKpPYT MYTH 3apsijia IEpeMEeHHOEe MarHuTHoe mosie. YacTh sHepruu 3Toro nois OyAeT noTpadeHa Ha
AIIEKTPOMArHUTHOE U3ITyYeHHE B BUJE AJIEKTPOMArHUTHBIX BOJIH. DTa 4acTh OyJeT U3NydeHa B OECKOHEUHOe
MIPOCTPAHCTBO M HE BO3BpATUTCS 3apsany B Buae J/1C caMOMHIYyKIINY, €CTU 3apsi]l IPEKPAaTUT JABHKEHUE.
Jpyras yacTb SHepruy 3apsijia MoiaeT Ha 00pa3oBaHUE MOCTOSIHHOTO MarHUTHOTO MOJIsS (eciu 3apsin OyaeT
JBUTAThCS C TOCTOSTHHOW CKOPOCTHIO). ITa YacTh SHEPTUU OYyAeT dHepruei aeopmairu OKpyxKarouiero 3apsii
sa¢upa. [Ipu paBHOMEpHOM NPSIMOJIMHEHHOM IBMKEHUU MarHUTHOE nojie (mnu aedopmarust a¢upa) Oyner
COXPAaHSITh NMOCTOSHHYIO BelnunHy. CpaBHHBAs B 3TOT MOMEHT COCTOSIHUE JIBYX 3apsi/I0B, HETIOABMKHOTO U
JBUKYLIETOCS, 3aMETUM, YTO PHEPIHsl (AIEKTPUUECKUI IOTEHIMAIT) ABMXKYILEr0Cs 3apsia MEHbILE, YeEM
HEMOJIBHKHOTO. BOKpYTr HEMOABMKHOTO 3apsia HET MarHUTHOTO MoJjIs. Bokpyr nBukyIerocs 3apsiia OHO €CTb.
YacTpe sHEPruM IBUKYILIUICS 3apsii IOTPATHII HA U3IyYEHHE 3JIEKTPOMAarHUTHBIX BOJIH B IIEPUOJ €TO
YCKOPEHUS OT HEMOJIBUKHOTO COCTOSHUSI.

Kak cneayeT u3 BbIILIEHU3I05KEHHOTO, COCTOSIHUE U HEPTUsl HEMOABUKHOTO OTHOCUTENIBHO 3(PUPHOI cpeabl U
JBHKYILETOCS 3apsAI0B CYIIECTBEHHO OTiIn4aeTca. HemoaBUKHBIN 3aps OKPYKEH IEKTPUUECKUM IOJIEM.
JBroKyImuiics 3apsag OKpYyKEH IEKTPUYECKUM U MAarHUTHBIM I10JIEM. Ero 3Heprus u 3JIeKTpUYECKUI
MIOTEHIMAJI MEHBIIIE, YEM HEIIOABUKHOIO.



CpaBHUM pa3nuuMsl B COCTOSHUN HENOJBHUKHOTO U MOJBUKHOTO 3apsAI0B C COCTOSHUEM HEMOJBUKHOTO U
MOJIBIYKHOTO (PU3UYECKOr0 Tea, He 00IaJaloIEero JIeKTPHUecKUM 3apsaaoM. CoriacHO BMOJIHE 0ObEKTUBHOMY
npuHImny [anunes, noBeaeHne GU3NIECKOro IEKTPUUECKU HEUTPATIBHOTO TeJa, HaXOAAIerocs B
MPSMOJIMHEMHOM PaBHOMEPHOM JIBM)KEHHUH, HEJIb351 OTJIMYUTh OT IMOBEJICHUS TeJa, HAXOJAIIEroCs B IOKOE
OTHOCUTENBEHO 3emii. Takum 06pa3oM, MOKHO KOHCTATUPOBATh, YTO HAOJIIOAAIOTCS ONIPECIICHHBIC a3
MEX/1y COCTOSIHUSIMU 3JIEKTPUYECKU HENUTPATbHBIX U 3apSKEHHBIX PU3NUECKUX TEJN MPHU UX TIOKOE U IBHXKEHUU.
W3-3a Hanmmuus 23pUpHOI cpebl, MPUHIUIT OTHOCUTEIBHOCTH [ "anuiest He MOXeT ObITh IPUMEHEH K
HEMOJIBUKHBIM U JABMXKYIIUMCS OTHOCUTENBHO 3(pUpPa AIEKTPUUECKH 3aPSKEHHBIM TeJIaM.

Hmeetcst MHOTO padoT, MOCBSIIEHHBIX TEOPUU MOJIEH BOKPYT ABMXKYIIMXCSA 3apsaoB. Hanpumep, XaBucaiin
[74] nomy4ui1 peleHue, KOTOpoe MOKa3bIBAET, YTO AJIEKTPUUECKUNA BEKTOP, CO3JaHHbIN ABMKYILIUMCS
TOYEUYHBIM 3apsI0M, IOBCIOAY pajuaieH. MarHuTHbIE CUJIOBBIE JIMHUH, CO3/IaHHBIE ABMKYIIMMCS TOYEUHBIM
3aps1ioM, IPECTABISIIOT cO00M KpyTrH, EHTPBI KOTOPBIX PACIIONOKEHBI HAa TMHUY BHkeHus. 3atem [.D.K.
Cepn pemui 3a7a4y 0 pacrpeaesieHUH dIEKTPUISCKOTO 3apsia Ha ABKymencs cdepe [75]. ABmxymascs
cdepa, KoTopast MOPOKIAET TO K€ caMOe I0JIe, UTO U IBUKYIIMNACS TOUSUHBIH 3aps, sBiseTcs He chepol, a
CKaTbIM CPEepouIoM, MOJISPHAS OCh KOTOPOT'O PACIIONIOKEHA B HAIIPaBJIEHUH ABMKeHUs. 3ateM Y.b. Mopton
nokasain [76], 4yTo B city4yae ¢ ABIXKYLIEHCS Ha3JIeKTPU30BaHHOH chepoii MOBEPXHOCTHAS MIIOTHOCTD MPH
JIBJKCHUH HE U3MEHSETCS, HO CWJIOBBIEC JIMHUM YK€ HE OKUIAOT TIOBEPXHOCTD MO/ MPSAMBIM YTIIOM.

[TokazaHo, 4TO HEPTUS MOJISL, KOTOPOE OKPYKAET 3apsHKEHHYIO cdepy, Ooublie, Koraa chepa ABIKETCS, YeM
KOTJ]a OHAa HAXOJ/IUTCSI B COCTOSTHHM TIOKOSI, TaK KaK IIOMHMO 3JICKTPUYECKOTO TOJIsI BOKPYT Cepbl BOZHUKACT U
MarauTHoOe 1mosie. COOTBETCTBEHHO, pab0oTa, KOTOPYIO HEOOXOMMO BBITIOIHUTH, YTOOBI COOOIIUTE chepe
JAHHYIO CKOPOCTb, 00JIbIIIE, KOTIa cepa 3apsHKeHa, ueM, Koria oHa He 3apsbkeHa. DddekTuBHas Macca chepsl
YBCIMUYMNBACTCA U3-3a IIPUCYTCTBUA 3apsaa. HpI/I‘{PIHOfI 9TOr0, KaKk MUIyT aBTOPbI, ABJIACTCA CAMOWHIAYKI WA
KOHBEKIIHOHHOTO TOKa, KOTOPBI 00pa3yeTcs, KOTaa 3apsii HAUMHACT JIBUTAThCs. TakuM 00pa3oM, U3BECTHBIC
paboThI TaKXKe MOATBEPKIAIOT HEJIEHCTBEHHOCTD NMpUHIUIA ["anumnes 11t 3IeKTPUYECKH 3apsHKEHHBIX TEJ.

HerI/IMeHI/IMOCTB MMpuHIUIIA T'anunes AJId TIOKOAIIUXCA U ABUKYIIUXCA 3aPAKCHHBIX TCIT JACT O6’b$ICHeHI/Ie,
nouemy A.DWHIITEHH He Haxoawi Mecta 3¢upy B CTO. [IpuzHanue Hamn4ust 3UPHON Cpesbl cpasy
paspylaeT NPUHLKUI SKBUBAJICHTHOCTH HE3aBUCUMBIX HHEPLIMAIBHBIX CUCTEM, KOTOPBIH SIBJISETCS OCHOBOU
CTO.

12. D¢dupnas cpena u 6ajaHC BelleCcTBA BO BCEJCHHOM

B nocneanee BpeMsi B KOCMOJIOTUH aKTUBHO 00CYk/1aeTcsi 00HapYKEHHOE ICIIEpUMEHTAIbHOE MTOATBEPKACHNE
(axTa 0 CyleCTBEHHOM BKJIaJie BakyyMa (3¢upHOii cpenpl) B 00muii Oananc macc yauuBepcyma. B cratee A /L.
Uepnuna [73] yTBepkaaercs, 4to Bo BeenenHon noMuHupyeT BakyyM. [1o IIIOTHOCTH SHEPTUU BaKyym
MPEBOCXOJIUT BCE «OOBIUHBIE» (POPMBI KOCMHUECKON MaTepuu BMecTe B3sAThIe. CornacHo OanaHCy Macc,
MIPUBEJICHHOMY B CTaThe, OTHOCUTENIbHAS TUIOTHOCTh Bakyyma coctarisieT 0,7 £ 0,1 ot obOmiei Macchl,
npUpaBHEHHOU K eauHuIle. Jpyrumu GopMaMu KOCMHYECKOM MaTepUH SBIISIOTCS TEMHOE BEIIECTBO,
CBeTsIIIeecs BEIIECTBO 3BE3/] M FAIaKTHK U U3IydeHHue. TeMHOe BelecTBO UMEET OTHOCUTENBHYIO TII0THOCTb,
npuMepHo paBHyo 0,3 + 0,1. CeTsieecs BelEecTBO 3B€3/] M ralakTHK 3aHuMaeT okoio 0,02 + 0,01. Dueprus,
CKOHIIEHTPUPOBAHHAs B U3JIydeHUH (IIEpECYMTaHHAs B MacCy) cocTaBiser nmpumepHo (1—30)-107°
OTHOCUTENBHBIX Joieil. Kak ciemyer u3 OanaHnca Macc, MIOTHOCTh BaKyyMa MPEBBIIIAET CyMMAapHYIO
IUIOTHOCThH BCEX OCTAJIbHBIX BUJIOB KOCMHYECKOH sHepruu. Takum o6pa3oM, BakyyM, WM UHa4e, dpupHast
cpela, CHOBa MOJIy4aeT B (PU3HUKE MpaBa peabHO CYIIECTBYIOIIEH CYOCTaHIIHH.

M3BecTHBIE SKCIIEpUMEHTATIbHBIE (PaKThl 3aCTABISAIOT IPU3HATh, YTO 3(UpPHAs Cpea, OKpYKarollas Hally
IUTAHETY 3eMJIsl, IPaKTUYECKH HEMOABMKHA OTHOCUTENBHO 3eMiid. B 3ToM Hac yOex1aeT CpaBHUTEIBHO
npocrtoe HabmoaeHue. Eciu 661 agupHas cpena Obliia BOBIEUEHA B KaKOe JIMOO 3aMETHOE JIBI)KEHUE
OTHOCHUTEJNILHO 3eMJIH, TorAa Obl OKOJIO 3apsi/ia, HaXOAUBILIErOCsl HEMOABUKHO OTHOCUTENILHO HAllleH TIaHEeThI,
(bukcupoBanoch ObI MATHUTHOE I10JI€, KaK pe3yibTatr Aedopmarun 3¢pupHoii cpensl. OnHako onbITel TpoyToHa
u HoOust ¢ 3apsiKeHHbIM KOH/IEHCATOPOM, HaXOJAIIMMCS Ha TOBEPXHOCTU 3€MJIU B KaKOH JINOO TOUKE U
JBIDKYILIUMCSI C HEIO, TOKa3aJly, 4To 3(UpHAs cpejia HeMoABMKHA OTHOCUTENBHO 3TOM MoBepXHOCTH [77].



OmnbITel MaiikenbcoHa 1 Mopiu Takke MOKa3ail HEMOBM)KHOCTE A(UPHON Cpeabl OTHOCUTEIHHO TUIAHETHI
3emurs [70].

C npyroil cTOpOHBI, HATMYUE KOCMUYECKOTO BaKyyMa, KaK Macchl (CM. BbIpaxeHue (28)), akTUBHO
y4yacTBYIOLIeH B OajlaHCe Macc YHUBEPCYMa, MO3BOJISET MPEAIOI0KHTh, UTO IUIaHeTa 3eMJIsl COAECPIKUT
«000JI0UKY», COCTOAILYIO U3 BakyyMma (3QUpHOU cpeapl). ITa 0007109Ka MOKET IPOCTUPATHCS IO MECTA, T/Ie
CUJIA IIPUTSDKEHUS 3EMJIU, YMEHBIIAACH C PACCTOSIHUEM OT €€ LIEHTPA, CTAHOBUTCS CPABHUMOM C IIPUTSKEHUEM,
Hanpumep, Jlynsl minn Connua. Ha 310 nokassiBatoT pacuetsl, npuseaeHHble B padore JI.W. Katypunoii, FO.A.
®enopuna [78]. CornacHo 370l paboTe, pacCUnTaHHOE CyMMapHOE NPUIMBHOE 3aMe/IJICHUE BpallleHUs 3eMJIIH
cocrasnser 3,5:107 ¢ 3a 100 set. AcTpoHOMHUYECKHE HAGIIOIEHHS YKA3BIBAIOT HA yIJIHHEHHE CYTOK B CPEIAHEM
Ha 2:107 ¢ 3a 100 net. Pazuuna B 1,5:107° ¢ 3a 100 neT MokeT ObITh 0OBSICHEHA TUCCUIIATUBHBIM JEHCTBHEM
CKPBITOM Macchl, pacipeielIeHHON B OKpecTHOCTH 3eMin. [IpuBeeHHbIe pacuyeThl MoKa3ajiyd MPaBUIbHOCTD
IIPEIIIOJIOKEHNUS O BIMSHUU CKPBITOM MacChl Ha XapaKTep 3aMeIJICHUs BPallleHUs Halllel TulaHeThl. B kauecTBe
TaKOM CKPBITOM Macchl BHICTYIIAET Macca 3(pUPHON cpe/ibl, Kak 3pupHOM 000104KH, yAepKUBaeMoil 3emiieli B
€€ OKPECTHOCTH.

Takum oOpa3om, mpu3HaBas HaIU4YHe 3(pupa Kak cyOCcTaHIIUH, 00IagaronIel onpeaeIeHHBIMH (PU3NIECKIMHU
CBOWMCTBaMH, MBI JOJDKHBI IPU3HATH HAJMYUE MPOCTPAHCTBA, KaK BMECTHIIUILA BCETO YHUBEPCYMa, d3pupa,
PAaBHOMEPHO 3aOJIHAIOIIETO BCE U3BECTHOE HAM MPOCTPAHCTBO, SHEPTHH, KOTOPAsi B BUJIE AIIEKTPOMATHUTHBIX
M0JIeH 1 BOJH (CBETOBBIX, PEHTT€HOBCKUX) OTPaXKaeT BO3MYIIEHHOE COCTOSIHHUE d(Hpa, KOHJACHCHPOBAHHOM
buznyeckoit Matepun (HapuMep, B BUJIE AJIEKTPOHOB, sep, MOJEKY, GU3UYECKUX Tel U 1p.). B aToi
KapTHHE YHHUBEpCyMa Mbl IpHOOpETaeM €IUHCTBO JIPYT B APYyra BIOKEHHBIX KaTETOPUH.

[TpocTpaHCTBO OXBATHIBAET BCE U3BECTHBIC MPEEIBI CYIIeCTBOBaHUA MaTepun. OHO o0nagaer
reOMEeTPUYECKIMH CBOMcTBamMH. Hammune »dupa, 3amomHsomero mpocTpaHCTBO, 1a€T OCHOBY HAIMYHS B
IPOCTPAHCTBE OIPECIICHHBIX (PU3UYECKHX, B TOM YHCIIE, SIIEKTPOMArHUTHBIX CBOMCTB, OOBSACHSET
BO3MOKHOCTb CYIIECTBOBAHHS JICKTPUUECKOTO M MAarHUTHOTO TTOJICH. DTH MOJIsI, KaK MOKa3aHo BHIIIE,
ABISIOTCS (popMaMu BO3MYILEHHS 3(UPHOI cpelibl, IPUBEACHUS ee B HEpaBHOBECHOE cocTostHUE. [[is Toro,
9T00BI BO3OYUTH 3JIEKTPHUYECKOE MIIM MarHUTHOE T10JIe B 3(UPHOI cpeze, Hy>KHO 3aTpaTuTh dHepruto. [Ipn
CHSTHH JIEKTPOMArHUTHOTO TOJIs A3pHUpHAst cpella OTAAST 3alaceHHYI0 B HeM sHepruio. Jlpyroil Bua nepegaun
SHEPTHH B 3(UPHYIO CPEay COCTOUT B BO30OYKACHUH B HEW 3JIEKTPOMAarHUTHBIX BOJH. Pactipoctpanenue
HHEPTUU B MPOCTPAHCTBE B BUJE FIEKTPOMATHUTHBIX BOJIH C ONPEACICHHOM, MOYTH TOYHO U3BECTHOM
CKOPOCTBIO, TIOATBEPKIACT HAJTMYKNE CPEebl, GU3HMUECKHE CBOMCTBA KOTOPOil Oyim3ku K KoHCcTaHTe. Hakowner,
Halu4ue 3gupa, Kak MoKa3zaHo BhIIIE, O0BICHIET YBEIHMUECHHE MACChl (PU3UUECKOTO TeJla TPU MPUOIIKEHUH
ero CKOPOCTH K CKOPOCTH CBETA.

dusnueckue Tena (CM. pasjzien 7), BHOCAT UCKAXKEHUS B PEIIETKE PAcIOI0KEHHs IPOTUBOIIOJIOKHBIX 3aps/I0B
3(pUpHON cpebl. DT UCKAKEHUs IPUBOJAT K TOMY, YTO (P OKa3bIBAIOT IOHWKEHHOE JIaBICHUE Ha
¢duznyeckoe Te10, oKazaBlleecs B MCKakeHHOM node (puc.12, 13). B cuny 3Toii npuunHbBl BOSHUKAET
TATOTEHUE OJJHOTO Teja K Ipyromy. JuHamudyeckue mporecchl, CoBepluaroirecs B 3pUpHoii cpeie B MUKPO- U
MakpoMmupe GU3NYECKUX TN, IPOUCXOAT BO BPEMEHHU.

Taxum 06pa3oM, OMpeaesuM MPOCTPAHCTBO, KaK 00BEKT, UMEIOIINI YUCTO TEOMETPUYECKHIE CBOMCTBA, d(hup
KaK CpeJy, 3alO0JIHSIONLYI0 IPOCTPAHCTBO OJHOPOAHOM, pABHOMEPHO paclipe/lelIeHHON MaTeprel U BpeMsi, Kak
MIOCJIEI0BATENBHOCTh COOBITHI, COBEPIIAIOIIYIOCS C MATEPUAIbHBIMU (JIOKAIU30BAHHBIMH) (PU3NUECKUMHU
TeslaMu. MHOrooOpas3uio 1 CBOMCTBaM (PU3NUECKUX TeJ ObUIO paHee yJeJIeHO JOCTATOYHO BHUMAHUS B JPYTUX
paboTax u OHH, B 00IIIEM, 3/I€Ch HE pACCMATPUBAIOTCSI.

13. OcHOBBI CTPYKTYPBI YHHBEpPCYMa



O6ocHOBaHMe U pU3HAHKE HANWYKA 3(upa Kak cpesbl, 0ojiee UM MEHee PAaBHOMEPHO 3aIOJHSIOICH
HPOCTPAHCTBO BBIIBUTAET HEOOXOANMOCTD MIEPECMOTPa FOCIIOICTBYIOIINX B HACTOSIIEE BPEMsI IPEACTaBICHUI
0 MIPOCTPAHCTBEHHO-BPEMEHHBIX OTHOIIECHHUIX B YHUBEPCYME.

Kak n3BecTHO, B mocieaHee BpeMs JOMUHHUPOBAJIO MPEACTABICHUE O TOM, YTO BPEMs U IPOCTPAHCTBO
IPEJICTaBISIIOT CO00M enHYyI0 (hu3nueckyro cymHocTh. OHO ObLIO npeanokeHo MunkoBckuM B 1905 rony.
OObeanHEeHHOE POCTPAHCTBO-BpeMs MUHKOBCKOTO XapaKTepU3yeTcs TpeMsl IPOCTPaHCTBEHHBIMHU
KOOpJAWHATaMH, HallpUMeED, X, V, Z, U BpeMeHeM ¢. MeTpHKa MpoCTpaHCTBAa-BPEMEHHU B TEOPUH OTHOCHTEIHHOCTH
3amuchIBaeTcs Tak [79]:

ds2 = c2dt2 — dx2 — dy2 — dz2, (53)
r7ie ds — mepeMenieHue.

B 3TOM ypaBHEHHH pa3MEpHOCTh MIPOCTPAHCTBA-BPEMEHH BhIpa)KeHa KOMOMHAIIUCH METpa U CeKYH/IbI (MM X
SKBMBAJIEHTaX). B TO e BpeMs M3BECTHO, YTO BaKyyM WK dQUpHas cpena 00Ia1aeT qUdJIEKTPHIECKOM 1
MarHUTHOM MPOHMIIAEMOCTBIO, BOJIHOBBIM CONPOTHBIICHHEM. Harmpumep, pasMepHOCTb UAJIEKTPHYECKOI
IPOHMIIAEMOCTH BaKyyMa & B equaunax cucrembl CU Boipaxkaercs B v ke 'cex*a’, MarHuTHAs IPOHUIIAEMOCTD
BAKyyMa [y — B M'Ke'CeK “a *, & €r0 BOJIHOBOE CONPOTHUBIIEHUE — M K2 cek “a * [56].

Kak cnenyeT u3 npuBeIeHHOTO, TIOMUMO KaTE€ropuil pazMepa, U BpEMEHH, B 3TH pa3MEPHOCTU BXOJIUT
BEJIMYMHA CHJIBI TOKA 0. — aMIIep U BeJIM4rHa Macchl (k2). Takum 00pa3oM, 3JIEKTpUYECKHE U MAarHUTHBIE U
JpyTHe CBOMCTBA BaKyyMa ONpPEAEIAIoTCS KaTeropusiMU IPOTSHKEHHOCTH (M), BpEMEHHU (cek), Macchl (k2) U
cuiibl ToKa (a). Pu3ndeckue CBOWCTBA BaKyyMa HE MOTYT OBbITh BBIPa)KE€HBI TOJIBKO Yepe3 Mephl JJINHBI,
BPEMEHM UJIM CKOPOCTHU IepeMelieHus. MIX pa3sMepHOCTh TakKe COJIEPKUT €AMHHULIBI CUIIbI TOKA U MACCHI.

Kax nokasaHo Bblllie, TOKM CMEIICHHS B BAKYyME MEXKY IJIACTUHAMHU 3apsKEHHOTO KOHJIEHCAaTopa
OTIpEeeIISAIOT ero 3apsia. BennurHa MarHUTHOTO TOJISt BOKPYT MPOBOJHUKA C TOKOM OIPEAETSETCS BEIUYUHON
3TOro ToKa. BennunHa Toka CaMOMHIYKIIMU, BOSHUKAIOIIEH MPU Pa3MbIKaHUU MMPOBOJIHHUKA C TOKOM,
ONpeAesieTCs BEIMYMHOMN 3aacCeHHOM MarHUTHOM YHEPTUH B BAaKyyMe BOKPYT MpoBoJHKKA. K HacTosemy
BPEMEHH HE CYIIECTBYET HU OJTHOTO IOCTOBEPHOTO IKCIIEPUMEHTA, KOTOPBIN MOKA3bIBAI ObI BO3MOKHOCTh
JUIINATH BaKyyM €ro 3JIeKTPOMAarHuTHBIX cBOMCTB. Hao00opoT nmpocThie neicTBuUs, HapuMep, ¢ MAarHUTOM U
KYCKOM JK€JIC3a, MMOKA3bIBAIOT HCOTHCMIICMOCTD 3JICKTPOMAIHUTHBIX CBOICTB BaKyyMa W 3(1)I/IpHOI‘/JI CpCabl.
DIIeKTpOMarHUTHBIE CBOMCTBA BaKyyMa UTPAlOT 0CO00 3HAYUMYIO POJIb B MUKPOB3auMoieicTBHsIX. OTHAKO U B
MCIK3BC3IHBIX ITPOCTPAHCTBAX, KAK YCTAHOBJICHO ACTPOHOMAaMU, UMCIOTCS OUCHb CUJIbHBIC MAIrHUTHBIC TTOJIA.

C apyroii cTOpoHBI, HA OCHOBE (PUIOCO(PCKOTO, TEOPETUUECKOTO U (PU3NUECKOTO aHATN3a ACTIEKTOB, CBSI3aHHBIX
C JI0Ka3aTeIbCTBOM YETHIPEXMEPHOCTHU MPOCTPAHCTBA-BPEMEHH, B paboTe [79] nemaercst BBIBO, YTO
«IIpobnema Teoperndeckoro oobocHoBanus (3+1)-MepHON IPUPOIBI MPOCTPAHCTBA-BPEMEHU BCE €I OCTAETCS
3aragounoi. Cieyer Mpu3HaTh, YTO MBI IO CUX TIOP TaK M HE 3HaeM, 4eM 00YCIIOBJICHA Y€THIPEXMEPHOCTh
peanbHOro Mupa. To, 4TO UMEETCs IO 3TOMY BOMPOCY, 3TO MOKA JIUIIb [EPBbIE MOMbBITKH MPOJABUHYTHCS BIIEPEL
B KEJIAEMOM HAIIPaBICHUNY.

Takum oOpa3om, paccMaTpuBasi B 11eJIOM ypaBHEHUE (53) MbI JOJKHBI TPU3HATH, YTO OHO SIBUJIOCH
pe3ynpTaToOM Hekoero cornameHus. OHO MPUTOTHO ISl OMUCAHUSI IBIKYIUXCSI MaTepHaNbHBIX Tesl. OaHaKo
MPOCTPAHCTBO TAKKC ABJIACTCA CYHIHOCTBIO, HE3aBHCHMOM OT MaTCpHAJIBHBIX TCJI, TAK KaK MOXET
CYIIIECTBOBATh U MYCTHIM (OT (pU3NYECKUX TeN). B TO e BpeMs, MOKHO H3MEHUTh COCTOSIHUE MYCTOTO (1
MaTepUaIbHOTrO TeJa) MPOCTPAHCTBA, BO30OYANB B HEM, HAIIPUMEP, MAarHUTHOE TOJIe. ITO COCTOSTHUE
MIPOCTPAHCTBA HE MOXKET ObITh OMUCAHO (PU3MYECKUMHU BETMUYMHAMU, BXOSAIIMMHU TOJIBKO B ypaBHeHHe (53). 13
3TOrO CJENyeT, 4YTO ypaBHEHHE (53) AEHCTBUTENBHO SBISETCS PE3yJIbTaTOM COIVIALIEHUS U HE OTpa)kaeT
peasibHOI CyIHOCTH YHUBepcyMa. Kak U3BECTHO, COTallleHHe MOXKET OBITh TIOJIE3HO Ha HEKOTOPOM dTare
pa3BUTHS TEOPUH, HO OHO HE MOXKET OBITh TIOJIOKEHO B OCHOBY (DM3MUYECKOTO 3aKOHA, OTPAKAIOIIETO peaTbHBIE
B3aMMOJICHCTBHS MaTepPHAIIbHBIX Tell.

Takum 00pa3om, KOHIIETITUS TPOCTPaHCTBAa-BpeMeHr MuHKoBckoro, kak ocHoBa OTO u CTO He sBisieTcst
IIOJIHOM, TaK KaK HE yUUTBIBAET 3JIEKTPOMArHUTHbIE CBOMCTBA BakyyMa. OHa HE OTpa)kaeT aJleKBaTHO U ITOJIHO



¢u3nueckre CBOMCTBA peaJbHOI0 BaKyyMa, Ha3bIBaeMOro HaMu 3¢pupHoit cpenoil. [IpoctpancTBo-Bpems ecTh
HEKOTOpasi MaTeMaThyeckasi abCTpakiysi, KOTOpas MOKeT ObITh IPUMEHEHA JIJIsl PACCMOTPEHMS JIUILb TOJIBKO
HEKOTOPBIX YAaCTHBIX IPOLECCOB.

Kak crnenyeT u3 rinaBHbIX KOHCTaHT BakyyMma (3()UpHOIl cpelibl), OCHOBHBIMU O0Pa3yIOIIUMHU KOCMOCA SIBIISFOTCS
IIPOCTPAHCTBO, BpeMs, Macca U eKTpudeckuil 3apsi (Tok). CooTBETCTBEHHO, YHUBEPCYM BKJIIOYAET B ce0sl
CJIEIyIOIIUE KAaTErOpHUH.

I.  TIpoctpanctBo. [IpocTpaHcTBO MpU3HAETCS 0OBEKTHBHOM CYIITHOCTHIO, BMEIIAOIICH BUIUMBINA 1
HEBHUJIUMBIH (TO €CTh 3a Mpe/eiaMu Halllero BOCHpUsTHs) yHUBEepcyM. [IpocTpaHCcTBO onpenensieTcs
MEepOU JITUHBI (PACCTOSTHHS ).

II.  Ddupnas cpena (Bakyym). DpupHas cpeia paBHOMEPHO 3aOTHIET BUAUMOE MTPOCTPAHCTBO. DPHpHast
cpena o0saiaeT MPOCTPaHCTBEHHO-CETYATON CTPYKTYPOH M (PU3NUECKIMHU CBOMCTBaMH. JTa CTPYKTYypa
COCTOUT M3 JIBYX PAaBHBIX, HO POTUBOIIOJIOKHBIX 10 3HAKY 3apsi/ioB. D(pUpHas cpeqa onpeaensercs
MepaMH JITHHBI, BPEMEHH, MacChl U 3JIEKTPUIECKOT0 3apsijaa (TOKa).

III.  Macca. Maccoii o6manatot a3¢upHas u Gpu3ndecKkre cpeibl. BemudamHa Macchl ONpeIeisieTcs ee
WHEPTHOCTHIO, TO €CTh CITIOCOOHOCTHIO MPHUOOPETATh TO WIIM HHYIO BEIMYUHY YCKOPEHUS WIIH
3aMeICHHS TI0]T ISUCTBHEM CHIIBL. D(UpHas cpefa, Kak MOKa3bIBAIOT OIBITHI 10 3apsiay
BaKyyMHPOBAHHOT'O KOHJIEHCATOPA U HAOIIOEHUS SBICHUS JICKTPOABIKYIIEHUCS CHUIIBl CAMOUHYKIITHH
B IIPOBOJTHUKE C TOKOM M3MEHSIOLICHCS BETMUMHBI, 001a1aeT Maccoid. PasmepHocTH a¢hupHOii n
buznyeckoif Macc paznuyarorcs. Macca uznueckoro Tena onpeaensercs 3akoHoM HeroToHa:
YCKOpEHHE Tella B pe3yibTaTe JEHCTBUS Ha HETO CHIIBI IPONOPLHUOHATIBHO BETUUYHUHE ITON CHIIBI U
00paTHO MPOMOPIIMOHATIFHO Macce Tena.

IV.  Bpewmsa. Mepoii BpeMEHU MOTYT CIIYKHUTh IIOCJIEA0BATEIBHOCTh CMEHBI COCTOSIHUSA, CBOMCTB, IMOJ0KEHUS
buznyecKkoro 00bEeKTa, ¢ KOTOPHIM U COOTHOCUTCS 3TO BpeMsi. Mepoil BpeMEeHU TakKe MOTYT CITYXKHTb
OTCUETHI KOJIeOaTeNIbHBIX (TIepUONYHBIX) nedopmanuii 3pupHoi cpensl. [lepemeniennst Pu3nIecKoro
Tela OTHOCUTENIBHO KaKOH-JINOO CUCTEMBI KOOPAMHAT MOTYT OBbITh 3a(pMKCHPOBAHBI BO BpEMEHH,
oTIpeieNIIeMbIM, HAlIPAUMEp, KOJIeOaTebHBIM (IEPHOAMYSCKUM ) TIPOIIECCOM, TIPOUCXO/ISIIIAM Ha
00BeKTe, He UMEIOIIUM KaKHhe-JIH00 CBS3U ¢ HU3UYECKUM TEJIOM.

V.  Dnexrpuueckuii 3apsj (Tok). Bennunna snextpudeckoro 3apsija (Toka) onpeesseT CTeneHb
neopmanuu 3QUPHOI cpellbl HEMOABMKHBIM (JIBHKYIIIMMCS) SJICKTPUYECKUM 3apsoM. BenndnHa
AIIEKTPUUECKOTO 3apsaa (ToKa) U3MepsIeTCs, HapUMep, KYJIOHOM (aMIIEpOM).

B nenom, vepapXU4HOCTb KATETOPHiA, COCTABISIOIINX YHUBEPCYM MIPEIACTABISAETCS B CIEAYIOIIEM Buae. Bee
o0bemIeT mpocTpaHcTBO. OHO He 1eOpMUPYEMO, EBKIUI0BO U TpexMepHO. [IpocTpaHcTBO 3am0nHEeHO
sa¢upHoi cpenoit. [lox BAMsHUEM BHEITHUX (QU3UUECKUX TEI U 3JCKTPOMArHUTHBIX ToJiel 3pupHas cpena
MOJKET OBITh 1e()OPMHUPOBAHA U €€ INIOTHOCTb B PA3JIUYHBIX TOUYKAX MOXKET ObITh Pa3INYHOM.

OHa MOeT UCTIBITHIBATh CTATUYECKHUE U JUHAMUYECKUE, CIIBUTOBBIE, CKPYUHBAIOIINE, KPYTUIIbHBIE
negopmanuu. DdupHas cpena sBIsSETCsI OCHOBOM Il paCpOCTPAHEHUS 3JIEKTPOMAarHUTHBIX KOJICOaHUM 1
nepeayy rpaBUTALMOHHBIX BO3IEUCTBUM (PU3UUECKUX TeJ ApYr Ha apyra. @usnyeckue Tena (3JeMeHTapHbIe
YaCTHIIbI, Fa3bl, )KUJKOCTH, TBEPJIbIE TeNa, IJ1a3Ma U Jp.) pPa3MELIaloTCs B IPOCTPAHCTBE U 3(UPHOI cpene.
['paBUTAIIMIOHHOE BO3/IEHCTBUE OJTHOTO (PU3NYECKOTO Tela Ha APYroe OCYLECTBISIETCS TOCPEACTBOM d(HUPHON
cpenbl. JlunamMmudeckue nporeccsl B 3UPHON cpefie U ABMKEHUS (PU3NYECKUX Tel MOTYT OBITh
3a(UKCUPOBAHBI BO BPEMEHHU.

Hwxe, BBUTY O0JIBIION 3HAYUMOCTH B (DU3MUECKON KapTHHE BCETICHHOMW, KATETOPHUU MPOCTPAHCTBA U BPEMECHH
aHATM3UPYIOTCS OoJIee TOAPOOHO.

14. IIpocTpaHCcTBO KaK BCEOObEeMJIIONIASE KATETOPUs

Bosbiioe uncino MateMaTnyeckux U (U3NYECKUX J10Ka3aTeIbCTB, HallIEHHBIX KaK B aHTUYHOE BPEMs, TaK U B
COBPEMEHHOCTH CBHJIETENBCTBYIOT B TOJIb3Y TPEXMEPHOCTH KOHTHHYAJIBHOTO IpocTpancTBa. Hanbonee yeTkas



(bopMynHpOBKa TPEXMEPHOCTH MPOCTPAHCTBA MPUHAIIEKUT ApucTtoTento. OH yTBep:Kaall, 4TO JUHUS
obsamaeT oxHUM U3MepenneM. Ecian 100aBuTh K JIMHUHM €11ie OHO U3MEPEHNE, MOYKHO TOJTYIHUTh TIIOCKOCTb.
J106aBHB K IJIOCKOCTH €IIe OJJHO U3MEpeHHe, NOIyduM 00beM. ITOT 00beM OyaeT o0nagarh JUIMHON, ITUPUHON
U BBICOTOM, TO €CTh TPEMS H3MEPEHHUSIMU.

OTOT BBIBOJ MOATBEPKAAECTCS OUEBUHBIMU, B IIpe/iesiax reoMeTpuu EBKinia, clieyomuMu onpeaeeHUsIMU.
ITono>xeHne TOUKN Ha NPSMOH JINHUY ONIPENEIAETCS OJHUM YUCIOM — OJHOW KoopAauHatoi. [lonoxenue
TOUYKHU Ha IUIOCKOCTHU TpeOyeT onpesieneHus AByX ee koopauHat. HakoHew, A onpeneneHust MojJ0KeHHsI
TOYKHU B MIPOCTPAHCTBE (00BbeMe) HEOOXOJUMBI TPH YUCIIA UM TPU KOOPAUHATHI. J[pyroii BEIBOL,
MOJITBEP K IAIOLIUI TPEXMEPHOCTh MIPOCTPAHCTBA U TAKXKe CIEAYIOUINI U3 reomeTpuu EBKinaa: mpocTpaHncTBo
UMEET TPU U3MEPEHHUS, IOCKOJIbKY B OJJHY TOUKY MOKHO IIPOBECTH TPH U TOJIBKO TPU
B3aMMHONEPIIEHIUKYIISIPHBIE MIPSIMbIE.

[TpuHUMast TPEXMEPHOCTh MPOCTPAHCTBA, MBI TEM CaMBbIM IPU3HAEM, YTO TOJIOKEHUE JIFOO0H TOUKH
IPOCTPAHCTBA MOXHO OIPEENIUTh TpeMs KoopanHaTaMu. O1HaKO KOOPAMHATHI JII000H CUCTEMBI (1€KapTOBOM,
HOJIIPHOM, SJUTMIITUYECKOM, KPUBOIMHEWHON U JIp.) SIBIISIFOTCSI CBOEOOPA3HBIMU «JIECAMU», U HOCSIT
CcyObeKTHUBHBIN xapakTep. OHM BBOAATCS JUIsl aHAJIM3a TEOMETPUUYECKOTO MM (PU3NYECKOro KOHTUHYyMa. Eciu
KOHTHHYYM HE UMEET pa3pbIBOB, TO MOJIOKEHHE TOUKH BCETJa MOXKET ObITh ONPEEIICHO B Mpeaeax
JIEKapTOBOM WJIM UHOW CUCTEMBI KOOPAMHAT.

CoBpEMEHHBIMH HCCIICIOBAHUAMU MTOKA3aHO, YTO HEJIB3S aJICKBATHO OMKCATh (DU3HUECKOE MPOCTPAHCTRO,
MOJIE3YSICh YETHIPbMSI POCTPAHCTBEHHBIMU KOOPAMHATAMH, IMEIOIIUMHU Pa3MEPHOCTh IIUHBL. B 3TOM citydae
HAPYIIAOTCS MPUHITUITBI TPHYUHHOCTH. J{71s1 geThipexmepHoro (v ais 4+1 MepHOTo) OyeT HapyIIeH MPUHIIHIT
['toiirenca, nexxamuii B OCHOBE ONTUKH [79].

Hcnonb3ys pe3ynbraTsl GU3n4ecKux HabmoaeHui, punocod Mmmanynn Kant 3akimouni, 4To TpeXMEpHOCTh
IIPOCTPAHCTBA JOKa3bIBaeTCA TeM (aKTOM, YTO B HEM CHJIA ACUCTBUSA 0OpAaTHO MPOIOPLUOHAIIbHA KBAAPATy
paccTosiHUA OT TOYEYHOI0 UCTOYHMKA. Kak XOpolo n3BECTHO, B MpeeiaX IPaBUTALIMOHHOIO U
AIIEKTPUYECKOIO MOJIEH, CHIIbI IEHCTBUS YOBIBAIOT MPONOPIMOHAIBHO KBaIpaTy pacCTOSIHUS. DIUTUITUYECKUE
OpOUTHI ITaHeT, Bpamatommuyecs BOkpyr CoJHIIa, yCTOWYMBBI JIMIIb TOTOMY, YTO (PU3UYECKOE MPOCTPAHCTBO
ABJIAETCS TpeXMepHbIM. OJTHAKO 3TO YTBEPKICHHUE CIIOPHO.

BuanmMoe npocTpaHCTBO BCENIEHHOH 3a0IHEHO d(UPHOI cpeoi. M3-3a BIUSHUS aCTPOHOMHYECKHX Macc
(4epHBIX JBIp, TAJIAKTHK, 3BE3]1, TUIAHET, TEMHOTO BEIIECTBA U JIP.) BO3ICUCTBUS MOIIHBIX MAaTHUTHBIX U
AIIEKTPUIECKHX TOJIeH, d3pupHas cpeqa, B TOM YHCIIC U B MEXK3BE3IHOM MPOCTPAHCTBE, 1ehOpMHpOBaHA.
CrnenctBueM nehopMUPOBAHHOCTH I(DUPHOM CPEJIbI ABJISETCS TPABUTAITMOHHOE MPUTSKEHUE aCTPOHOMUYECKUX
1 QU3NYECKUX TeJ. 3HAUUTENNbHBIE JIepopMaIiu 3TOM cpeibl BOTU3M 0Y€Hb MACCHUBHBIX TEJ IPUBOIAT K
00pa3oBaHMIO TaK Ha3bIBAEMBIX TPABUTAIIMOHHBIX JIMH3. B nedopmupoBanHoi 23(hupHOI cpe/ie Tydu cBeTa He
OyIyT pacrpoCTPaHATHCS MO MPSAMOM JIMHUK. DTO HEOJHOKPATHO JOKA3aHO, HAITPUMED, MPU 3€MHBIX
HaOIOJICHUSAX TIPOXOXKICHUS JTydel OT ajJeKuX 3Be3] BOJIM3M COJTHEUHOTO aucka [59, 70].

Jlis aHanmM3a reoMeTpUu YHUBEPCyMa aCTPOHOMBI MOTYT I10JIb30BaThCs JIMIb U3JIyYarOIIUMU CBET 00BEKTAMHU
¥ BeCTU HaOIOEHUS 3a TPAEKTOPUEH pacripoCTpaHEHHs SIEKTPOMArHUTHBIX U CBETOBBIX BOJH. 13
HaOJII0IeHUH 3a TaK Ha3bIBAEMBIMU TPABUTALMOHHBIMU JINH3aMH BO3HUKJIO IPECTABICHUE O TOM, UTO
IPOCTPAHCTBO MOAYMHAETCS reoMeTpun Pumana mnu JloGaueBckoro. OJJHaKO TeOMETpHs MIPOCTPAHCTBA
SBISIETCS €BKIMI0BOM. [Ipu aTOM, 3pupHas cpena, Mo KOTOPOU pacpoCTpaHAETCs dIEKTPOMArHUTHOE
U3JTy4eHue (B TOM YHCIIE U BUAUMBINA CBET) MOXKET 00J1aJaTh FeOMETPUEH, OTIMYAIOIIEHCS OT €BKJINIOBOM.

C.A. TonuenbHUKOBa-MyppH MpeUIoKUIa CIEIYIOUTYI0 (GOPMYITUPOBKY BUIUMOTIO, B IIpeienax
JOCTHKUMOCTH HaOJII0IEHU, TPOBOJUMBIX ACTPOHOMUYECKUMHU Npudbopamu, npoctpanctsa [80]: «[lockonbky
OT 3HAYEHUI TPUTOHOMETPHUECKUX MapajJIaKCOB 3BE3J1 3aBUCAT PACCTOSHUS 10 Oosiee AajJeKuX 00BEKTOB,
OIpeeIieMbIX HHBIMU METOJIaMHU, MOXHO YTBEPXkAaTh, YTO MPOCTPAHCTBO BceneHHol eBKINI0BO, HO TOUHEE
(c TOYKH 3peHust THOCeOoJI0rHH) ObUIO OBl CKa3aTh MHAYe: reoMeTpust EBKkinaa, co3qanHas Ha OCHOBE U3Y4YEHUs
JBUKEHHUM B 36MHBIX YCJIIOBUSX U B OKOJIO3€MHOM IPOCTPAHCTBE, CIYKUT TEOPETUYECKUM (DYH/ITaMEHTOM IIPU
OIIPEAEIIEHUU PACCTOSHUM BO Beenennoi.»



['eomerpus Pumana ninm JIo6aueBCKOro MOXKET OBITh, IPH HEKOTOPBIX YCIOBUAX, IPUMEHEHA JIUIIb K 3(DUPHOI
cpelie, 3alO0JIHAIONIEH POCTPaHCTBO.

15. Bpems kak Mepa IBHKEHUS M U3MEHEHMS JIOKAJIbHBIX (U3HYECKUX 00bEKTOB

[IpuBeneM HekoTOpBIE, HAanOOJIee eMKHE BhICKa3biBaHus GuiocodoB o Bpemenu B niepeBoje I11.C. Tapanosa
[4]. «BpeMs — 310 nuie3peronias CBoOu ocyuiecTBiaeHus: BeuHocTh» ([1naTon). «BpeMs — mepa ABUKEHUSI.
Bce mpenMeTs BO BpeMEHU U U3MEPSIIOTCS BpeMeHeM» (ApucToTenb). «BpemMenu HeT camoro 1o cede, HO
MpeJAMETHI CaMU BEIyT K OIIYIIEHHUIO TOTO, YTO B Bekax coBepiianocky» (Jlykpenuit Kap).

Haubonee pa3BuTyro KOHIETIIMIO BPEeMEHHU pa3padoTan ABryCTHH ABpPENuUil B IEPBOM THICSUYEIETHH HOBOM
apbl. «HUTO *Ke mpeacTaBisieT coboit Bpemsi? Kak moHnMaTth "IiIuTeIbHOCTD" Wi "KpaTKOCTh" BpEMEHH, T/Ie
OHO cymiecTByeT? B mporuiom, HO ero yxe HeT. B Oyayiem, HO ero eie HeT. 3HaYuT, B HacTosmeM. Ho ecnu
MBI BO3bMEM OTPE30K HACTOSIIIIETO BPEMEHH JIFOO0M JITTMHBI — B CTO JIET, B TO/, B MECHII, B JICHb, B 4acC U T.]1.,
TO MBI YBUJIUM, YTO OH COCTOUT Kak Obl U3 Tpex uHTepBasioB. OJIMH U3 HUX HAXOJUTCS B MPOILJIOM, APYTOM
emie B OyayIieM U TPeTH — KpaT4alInii, HeJIETUMBIN YKe Jajiee Ha METbYaiIIfne 4acTu, MUT B COCTaBIIsCT
coOcTBeHHO HacTosiee Bpemsi. OH Tak KpaToOK, YTO JUIUTEIHHOCTH B HeM HeT. Ecnu Obl OH ANUIICS, B HEM
MO>KHO ObLIO ObI OTAETUTH MPOILIOE OT OyIYIEro; HacTodAllee He pojoikaeTcs. Ho kak e Torjga Mbl MOKeM
U3MEPSATH BPeMsl, CpaBHUBATh BPEMEHHBIE OTPE3KH U T.1.7 e ke mpeObIBaeT 3TO HEYJTOBUMOE
BpeMa?»...«TaM xe, rie HET HUKaKOW TBapH, Yepe3 U3MEHSIIONTUECS TBIKEHUS KOTOPO 00pa3yroTCsl BpEMEHa,
TaM COBEpIICHHO He MOxkeT ObITh BpeMeHn» (Llutupyercs B nepeBose I1.C. Tapanosa [4]).

B xmaccuyeckoii puznke yrBepiKIaeTcsl, YTO MOXKHO COCTABHThH OMHCAHHUE TIOJ0KEHHS KX J0H MaTepHaIbHOM
TOYKHU IMPOCTPAHCTBA, KOTOpAasd HAXOAUTCA B CTATUICCKOM COCTOSAHUH, B TIOKOC, 663 MMPUBJICYCHUS KOOPANHATBL
BpeMeHr. OJJHaKO TaKoe OMMCAaHNE BO3MOXKHO JIMIIb JJISI MaKPOOOBEKTOB, TO €CTh TAKUX, KOTOPHIE
SHAYUTCIIBHO MMPEBOCXOOAT 00bEMBI QJICMCHTAPHBIX YaCTUII, ITIOCKOJIBKY, COTJIACHO COBPEMCHHBIM
NpE/ICTaBICHUSM, JJIEMEHTapHbBIE YaCTHIIEI (JIEKTPOHBI H JIP.) HOCTOSHHO HAaXOATCS BO B3aUMHOM JBIKCHUU.
CraOuibpHOE COCTOSIHHE MaKpOOOBEKTOB, MX (PUKCHPOBAHHOE B3aMMHOE MOJIOKEHHE, MOTYT COXPAaHATHCS
4pe3BBIYaiHO 101T0. Hamprumep, ycTaHOBIEHHBII BO3pacT HEKOTOPHIX 3¢MHBIX IIOPOJ H METEOPHTOB
cocrasyser (3.8—4.7)-10° ner [33]. Takum 06pa3oM, B3aUMHOE MOJIOKEHNE ATOMOB M MOJIEKYJI B 3THX IIOPOJIAX
¥ METEOPUTAX BCE 3TO BPEMS OCTABAJIOCh HEM3MEHHBIM. COBMECTUB HAa4aI0 KOOPAWHAT U MOJIOKEHHUE
MPOCTPAHCTBCHHBIX ocel ¢ TOJI0KEHHEM TPEX MATCPUAJIBHBIX TOYCK, MOKHO Y6€Z[I/ITI>C$I, YTO IIOJJOXCHUEC DTUX
U IPYTUX MaTepUATbHBIX TOYEK B TAKOM TeJIe OCTACTCsl HEM3MEHHBIM Ha POTSHKEHHH MIJUIHAPIOB JIET.

B T0 ke BpeMs1, HOCTPOUTh HEKOTOPYIO OT/ENBHO CYLIECTBYIOIYI0 BPEMEHHYIO 001acTh 06€3 MPOCTPAHCTBEHHO
PAacIoIoKEHHBIX 0OBEKTOB HE MPEICTABIISCTCS BOBMOKHBIM. Eciy MbI 3aduKcHpyeM MOI0KEHHE KaKoro-I100
MaTepHAIbHOIO 0OBEKTa B MOMEHT BPEMEHHU fy B TOUKE My, TO 3TO MOKHO CII€JIaTh JIUILIb IPU TTOMOIIH
HEKOTOPBIX KOOPJIUHAT X, Vo, Zo, TPEACTABISIOMUX COOON Mepy MPOCTPAHCTBA KAKOTr0-InO0 o0beMa (00actu).
Ecnu Habmrogaemblil HaMu 0OBEKT B MOMEHT BPEMEHH £, 3aHsU1 HOBOE MOJIOKEHHE, HApUMeEp B TOuke M|,
¢buKcupyeMoe KOOpAMHATAMH X1, V1, Z1, MBI MOYKEM OTHECTH MEPY BPEMEHHU ¢ = f — {; C PACCTOSIHUEM MEXKIY
toukamu Mo u M,. Takum 00pa3oM, pacCTOSTHHE MEXY ITUMU TOYKAMHU JaeT HaM HH(POPMALIUIO O KOJIUYECTBE
IPOILEAIIET0 BpEMEHH, HEOOXOMMOT0 JIJIs IEPEMEIICHUS] MaTepHaIbHOTO 00bEKTa MEKIY Toukamu Moy u M.
Ecnu sxe MatepuanbHbI OOBEKT OCTANICS B TOW e TOYKe M,, MbI HE B COCTOSTHUU OTIPEICTUTh, CKOJIBKO K€
BPEMEHH MPOLLI0. DTO MOKET OBITh Kak 7= 0, Tak u ¢ = co. Takum 00pa3oM, /7151 HEOABMKHOM TOUKU
KaTeropusi BpeMEHH OTCYTCTBYET U COOTBETCTBEHHO, HE MOXKET CYIIECTBOBATh BPEMEHHAas 00J1aCTh OT/IEJIBHO
OT MPOCTPAHCTBEHHOM 00IacTy.

dusnueckue coObITUS, MPOUCXOASAIINE C KAKUM JINOO 0OBEKTOM, HAIIpUMEP, CMEHA €T0 MOJIOKEHUS, MOT'YT
OBbITh MPOHYMEPOBAHBI TAKMM 00pa3oM, 4TO 3TH HOMEpa 00pa3yroT JUHEHHYIO MTOCIeA0BaTENbHOCTh. OHI
MOTYT OBbITb BBICTPOEHBI B JINHUIO U UM MOXET ObITh IPUCBOCHO, O1aroapsi UCIOJIb3yeMbIM BHEITHUM
yCcTpoicTBaM — yacam, — ONPEeIEHHOE MECTO Ha ITOW JIMHUU-BpEeMEeHH. TakuM o0pa3oMm, peajibHOE BpeMs
ABJIAETCS OTHOMEPHBIM. Yachl — 3TO Takue yCTPOUCTBA, B KOTOPBIX MOCIEI0BATEIBHO OTCUUTHIBAIOTCS
PaBHBIC OTPE3KHU BPECMCHHU. PaBencTBo >THX OTPE3KOB YHallc BCCTO o0ecreunBaeTCst KAKUM-ITHO00 TUKJINYECKUM,
MOBTOPSIOLIMMCS OECUMCICHHOE YUCIIO Pa3, MPOLECCOM. DTO MOTYT ObITh LIMKJIIbI ABMXKEHHS IIaHETHI (3eMiln)



BOKpyr CoJiHIla, MEXaHUYECKOTO MasTHUKA, KOJIeOaHUH TOKA B JIEKTPUUYECKOM KOHTYpE, IBUKCHUS
3JIEKTPOHOB BOKPYT aTOMa M Jp.

Ckonbko MOXeT ObITh YacoB? Hampumep, 3T0 MOTYT OBITh aTOMHBIE 1I€3UEBBIC Yachl [81], 31€KTpOHHEIE,
MEXaHUYECKHE, CYyTOYHBIE, KOTJ]a BPEMSI OTCUUTHIBAECTCS LIMKJIOM CMEHbI JHS U HOUU. [ 0J0BOM LIMKI CITY>KUT
JUUISL OTCYETA BEKOB U ThICAYENIETUI. B acTpOHOMUH NPUMEHSIOT TaK Ha3bIBAEMbIN CBETOBOM T'OJl —
paccTostHUE, KOTOPOE CBET CO CKOPOCThIO C MPOXOAUT 3a rojl. MOKHO e1le rOBOPUTh O BPEMEHHU KU3HU
KaKoTo-JIM00 OpraHu3Ma Kak O IIUKJIE OTCUeTa BPEMEHH U T.JI.

ITockonbKy HUKIMYECKHE MTPOLECCHI ONIPEAEIISIOT OTPE3KH, HA OCHOBE KOTOPBIX UCUUCIIAECTCS BPEMS, II0JIE3HO
BBISIBUTB (DaKTOPBI, BIUAIOLIME HAa TOBTOPSIEMOCTb 3TUX LMKIIOB. CpaBHEHUE )KU3HEHHBIX [IUKJIOB OPraHU3MOB
MIOKA3bIBAET, YTO y OJAHOIO OH MOXKET 3aKOHYUTHCS, B TO BPEMS y JIPYroOro, )KM3HEHHBIN IIUKJI KOTOPOTrO Hayat
OJIHOBPEMEHHO C IIEPBBIM, ITOT LUKJ AKTUBHO MpoJoJpkaeTca. Ha mpoaoKuTenbHOCTh 36MHOTO roJ1a, Kak
MIOKa3bIBAIOT TOYHBIE U3MEPEHMS], CYILIECTBEHHOE BO3/IEHCTBUE OKa3bIBaeT akTUBHOCTH CoslHLa. JTa
aKTMBHOCTb BIIUSIET U HA OPOUTHI U APYrUX IUIaHeT. LUK cyTouyHOro BpaieHus 3eMIu HaXOAUTCS 10/
BJIIMSIHUEM MarHUTHBIX BO3MYILEHUH B HoHOC(epe. LIMKIMIHOCTh X0/1a MEXaHMUECKOTO MasiTHUKA HAXOAUTCS
O[] BIMSTHUEM OKpY’KalolLIel TemMreparypsl, 6apoMeTpU4ecKOro JAaBieHUs, BIaXHOCTH U p. L{lukianyHOCTh
KOJICOAHUH TEKTPUIECKOTO KOHTYPA B AJIEKTPOHHBIX Yacax MOTYT U3MEHHUTHCS I0]T BO3/ICHCTBHEM
MarHUTHOTO WJIH 3JeKTpuueckoro noiyeil. CrabuibHee pyrux HUKIMYHOCTh MPOLECCOB BHYTPH JIEKTPOHHBIX
000J104€K aTOMOB U BHYTpHU UX siziep. OJHaKO IUKJIMYHOCTh ATUX IMPOLECCOB MOXKET CTaTh MHOM, HaIIpUMep,
IIPY IIpoLieccax paAMoOaKTUBHOTO pacnaja Uiv CUHTE3A.

Tenepb 0OpaTM BHUMAaHUE HA MEXaHU3MBI, ONIPEEIIAIONINE HIUKIMYHOCTh MPOLIECCOB, B TEX MJIM MHBIX Yacax.
[{MKJIBI TUX MIPOLIECCOB ONPEIEISIFOTCS BHYTPEHHUMHU NIPUUYMHAMU. J{711 aTOMHBIX 4acoB 3Ta IPUUMHA COCTOUT
B COOTHOIIEHUM MACChI, HAIPUMED, 3JIEKTPOHA U TOTO MOJII BHYTPUSAJAEPHBIX CUII, B IIpeeIax KOTOPOro
HAXOJUTCS OpOMTa AIIEKTPOHA. B 3JIeKTPOHHBIX Yacax BHYTPEHHS IPUYMHA BOZHUKHOBEHUS IIMKJIA KOJICOaHMt
COCTOMT B HAJIMYUU U COOTHOUICHUH EMKOCTH ¥ MHIYKTUBHOCTH JJIEKTPUYECKOTO KOHTYpa. B MasTHUKOBBIX
qacax UK BOZHUKACT U3-32 HAINYMSA MEXaHUYECKOM MacChl MasiTHUKA U CHJIBI YCKOPEHHsI CBOOOIHOTO
NaJICHAA B II0JIE TATOTEHUS 3eMiM. B IpyroM Tume MeXaHM4eCKHX 4acOB UCIOIB3YETCsS MEXaHUYECKas Macca U
BO3BpaTHas cuja MpyXuHbL. Bpamenne 601b110i Macchl 3eMIIM BOKPYT CBOEH OCH ABISICTCA MPUYMHOM LUK
3eMHBIX CyTOK. O60poT 3emuin o opoute BOKpyr CoJHIIA SBISAETCS TOJTOBBIM ITUKIIOM.

Bosauxkaer BOIIPOC, MOXKCET JIKM CYIICCTBOBATH BHCIIHASA IPUYHNHA, KOTOpPAsA MPOU3BOAUT 3aITyCK BCEX 3THUX
[IUKJIOB U KOTOpasi MOXKET CHHXPOHU3UPOBATh BCE 3TU HMUKIIBI. CyIIECTBYET JTU 00IEMHUPOBOE BpeMsl,
MOTYMHSAIONICECS KaKOMY ObI TO HU OBLJIO MEXaHU3MY, 00IIeMY JUTsl Bcero yHUBepcyMa? Brimie Obuto mokasaHo,
YTO BpeMs B KaXJOM IPOLECCE 3aJaETCsl PA3HOT0 POJia BHYTPEHHUMHU IPUUYUHAMMU, ONIPEACIIIEMbIMU
ATOMHBIMH, SJICKTPOHHBIMU, MCXaHUYCCKNMHU, KOCMHUYCCKNUMU (B TOM YHUCJIC U l"aJ'IaKTI/ILIeCKI/IMI/I),
OMOJIOTMUYECKUMH U Jp. MEXaHU3MaMU [IUKI000pa30BaHus. 3alyCK U OCTAHOBKA Ka)XI0r0 BPEMEHHOTO
mponecca onpeacIaeTCsa BHCIIHUMHA 100 BHYTPCHHUMMU IIpUIHMHAMHU, 4aCTO UMCIOIIUMHU CTATUCTUYCCKYIO
npupo.Iy. 3amyCcK BCeX MUKIMYECKUX WM UHBIX MPOIECCOB U3 OJHOTO OOIIEMHPOBOTO LIEHTPA, C OJTHOM
CTOPOHBI, TOTpeOoBasl Obl BCEMPOHUKAIOLIEH Cpe/Ibl, TO3BOJIAIONIEH NepeaBaTh UMITYJIbChI 3allycKa BO BCE
obnactu BceneHHOU. Takyro cpefy, B IPUHIUIIE, MOXKHO ObLIIO OBl IpeacTaBuTh. C APYroi CTOPOHBI, C YIETOM
OECKOHEYHOCTH BCEJICHHOM (Ha HACTOSIINI MOMEHT HET HUKAKHUX J0Ka3aTeJIbCTB €€ KOHEYHOCTH) U
TPEXMEPHOCTH MPOCTPAHCTBA, HICTOYHUK TAKHX TAKTOBBIX UMITYJILCOB JJOJKEH ObLIT ObI IMETh OECKOHEUHYIO
SHEPTUIO M PACTIPOCTPAHATH 3TU UMITYJIHChI C OECKOHEYHO OOJIBIION CKOPOCTHIO.

[IpuHIUT cOXpaHeHUs KOJWYECTBA MaTEPUU U YHEPTUU HE TTO3BOJISIET CYIIECTBOBAHUE MPOIIECCOB C
0eCcKOHEYHO OOJIBIION PHepruel u 6eCKOHEYHO OOJIBIIOI CKOPOCTHIO pacpoCcTpaHeHus: Bo3MyileHui. Takum
00pasomM, ciaeayeT MpU3HaTh, YTO MUPOBOTO XO/Ia BPEMEHHU HE CYIECTBYET. DTOT BBIBOJI MOATBEPKIAETCA, KaK
MOKAa3aHO BBIIIE, U3MEHYUBOCTHIO IIUKIMYHOCTHU MIPOIECCOB MO BO3/IEHCTBUEM T€X WIJIM UHBIX YCIOBHM CPEbI.
B cuity aToro He cyiiecTByeT 00IeMUPOBOM, KOCMUYECKON OCHOBBI JJIsl CHHXPOHHU3AIIMH BCEX CYIIECTBYIOIINX
MIPUPOJIHBIX ITUKIIOB.

MBI MOKEM HCIIONBh30BaTh HAM00JIEe CTAOMIIBHBIC IIUKJIIBI, TPOUCXOASIINE B (PU3HUECKUX TeaX, YIOTpeOss
HX IJId IIKaJI BPpEMCHHA U PACHIPOCTPAHATL 3TH HIKAJIbI HA JPYTruc CO6I>ITI/ISI, HMCIOUC APYT'YIO HUKINYHOCTD.



OnnHako, Kak MoKa3aHo, 00IIEMHPOBOTO, OOIIEKOCMIUECKOTO BPEMEHH He CYIIECTBYeT. Bpems onpenenseTcs
BHYTPEHHUMU IUKJIaMU (PU3HMUECKH U30JIMPOBAHHBIX B O0IIEM ciydae, Ipyr OT Apyra, MpoleccoB.

Bpemst — 310 oqHOMEpHas ¢pusnyeckas BenuuuHa. OHO OTIMYAETCS OJJHOHANPABICHHOCTHIO, — OT HPOIILJIOTO
K Oyaymemy. Ecnu Teno, MarepuanbHyr0 TOUKY MOXXHO MEXaHHUUYECKH BEPHYTh B TO JK€ MOJI0KEHUE, KOTOpast
OHa 3aHMMaJjia B CCTeMe KOOPAMHAT ¢, Bp€MEHHU Ha3aj, TO JIJIsl 3TOT0 HYKHO 3aTPaTUTh JOTIOJHUTEIbHOE BpEMs
f; 1 CyMMa 3TUX OTPE3KOB BPEMEHH /. + ¢, > t,, TO €CTh BCeraa 0oJblie ¢, - BpeMeHu. MTak, MaTepuaibHOE TeI0
MO’KET HaXOJUTHCS B OJTHOM M TOM K€ MECTE B pazaudHoe BpeMs. OHaKO 3TO ke TEJI0 HEe MOKET HaXOAUThCS
B OJIHO U TO K€ BPEMsI B PA3JIMYHBIX MECTaX.

B matepuanbHOM MHpe UMEIOTCS MUJUIMAPIbl U MUJUIAAP/Ibl MAaTEPHATIBHBIX TEJI (OT AaTOMOB /10 TAJIAKTUYECKUX
00pa30BaHMil), ABMXKYIIUXCS OTHOCUTEILHO MUJUIMAP/A0B U MIJIJIMAP/IOB IPYTHX MaTEpUaIbHBIX TEJ, KaXKJ10€
13 KOTOPBIX MOKHO NPUHATH 3a HAYAJIO0 CUCTEMBI OTCYETa BPEMEHH WJIM IPOCTPAHCTBEHHBIX KOOPAMHAT [82].

Takum 00pa3oM, BpeMsi JIOKAIBHO, TO €CTh OTHOCHTCS TOJIBKO K TOMY OOBEKTY, KOTOPBIN ABMKETCS (KaKUM
1160 00pa3oM U3MEHSIET CBOE MOJIOXKEHHUE, KaueCTBO, CBOMCTBO U Ap.). OHO HEOOpATUMO, B TOM YHUCIIC U JIIS
[IUKJIMYECKHUX TPOIIECCOB, TAK KaK JJIS MOAICPKAHUS dTHX MPOLIECCOB WM JIJISl OTCUETa IUKJIOB, TpedyeTcs
MOJIBOJ] SHEPTUHU. BpeMsi OMTHOMEPHO U OJJTHOHAIPABICHHO. DTO OYEHb BAYKHOE CBOMCTBO BPEMEHHU, TaK Kak
OJTHOMEPHOCTh M OJTHOHANPABJICHHOCTh BPEMEHH (B Mpe/ienax oOaHOro Mmpolecca) 00ecnednBaeT CoOI0ICHIE
NPUHIUIA TPUIUHHOCTHU. [T0CKOIBKY BpeMsl HIET OT MPOIJIOro Yepe3 HacTosmee K Oyaymemy,
npejcTaBiIeHne 00paTHOTO X0/1a BPEMEHH HAPYIIUT HalpaBJIeHUE TPHYNHHO-CIICICTBEHHBIX CBS3EH B MHpE.
Ho umeHHO Bpems onpeiensieT IPUIUHHYIO CBSI3b COOBITHIA.

OaHOMEpHOCTh MaKpOBpEMEHU — HaJIexkKHbIN (uznueckuit ¢pakt [79]. KpaTtkoe coObITHE MOKET OBITH
MIOMEILEHO Ha OCH BPEMEHH C OUY€Hb OOJIBbIION TOYHOCTHIO. B HacTosmee BpeMs Hanbosiee ToUHble PU3NYECKHUE
pHOOPHI MO3BOJISIOT U3MEPUTH BPEMS C TOUHOCTHIO, Bhiile 4eM 1-107'? [83]. Hanpumep, Mbl MOXKEM CKa3aTh,
YTO JIaHHOE COOBITHE TIPOU30IILIO B MOMEHT BpeMeHH . [Iprdaem 3To BpeMst MOXKET ObITh OIPEIETICHO 10
CKOPOCTH MPOTEKAHHsI CaMOT0 Tpoliecca (BHYTPEHHUM 4acaM). B 3Tom ciryuae Bpemsi ¢ MOXKHO OTpeeuTh,
B3$IB 32 Ha4aJjo0 OTcYeTa HEKOTOpOe BHYTpeHHee coObITHe. Bpems # MokeT ObITh OIpe/IeIeHO HE3aBUCUMO OT
Mpoliecca, Mo «BHEIIHUMY YacaM.

Wtak, Halle MOHUMaHUE POCTPAHCTBA U BPEMEHHU OJIM3KO MOHUMAHUIO 3TUX KaTeropui, CPOpMYyTUPOBAHHBIX
I'. JIeiitoaumiem. CorTacHO €ro KOHIICIIIUH, IIPOCTPAHCTBO — ATO MOPSATOK B3aUMHOTO TTOJIOKESHHSI OTACITBHBIX
TeJl, a BpeMsi, 3TO MOPAIOK CMEHSAIONIUX APYT Apyra sSBJICHUN WU COCTOSTHUM Tell. [84].

MHoroMepHbIe MPOCTPAHCTBO (7 > 3) 1 BpeMs (1 > 2), BO3MOXHOCTh 0OPaTUMOCTH BPEMEHH, IIIUPOKO
UCTIONB3YIOTCS B a0CTPAKTHBIX MAaTEMAaTHYECKUX IMOCTPOCHHSIX, OMUCHIBAIOTCS B HAYYHO-TIOMYJISIPHON U APYTOi
auteparype. EcrecTBeHHO, 3TO pUBIIEKaeT MATEMAaTHKOB U (PU3MKOB, TaK KaK CYIIECTBEHHO YBEIHYHBACT
IPOCTOP AJIsi BOOOPaKEHUSI U CII0)KHOCTh MaTeMaTHYECKUX U u3nueckux adcrpakuuid. C yueToMm Xoporien
M3yYEHHOCTH yXK€ JaBHO M3BECTHBIX (PM3MYECKUX SBJICHUH, MHOTOMEPHBIE MUPBI TPUBJIEKAIOT COBPEMEHHBIX
YUYEHBIX KaK I10JI€ UCCIIeI0BATEIbCKON AEATEIIbHOCTH, 1€ MOXKHO MOJIYYUTh HOBBIE pe3yiabTaThl. OHAKO 110
HallleMy MHEHHIO, BCE PE3yJIbTaThI CIEIyeT COOTHOCUTH C PealbHOM TPEXMEPHOCTHIO MPOCTPAHCTBA U
HE3aBUCHMOTO OT HETO OJJHOMEPHBIM U OJJHOHANPABJIEHHBIM BPEMEHEM Ka)KI0r0 KOHKPETHOTO Mpoliecca.

16. [leiicTByonMe NPUHIMIILI B YHUBEPCYMe



C y4eToM M37I0’KEHHBIX MOJIOKEHUN O IPOCTPAHCTBE, 3(PUPHOI cpesie, BpEeMEHH 1 M3BECTHBIX
OOIIENPU3HAHHBIX (PU3MUECKUX MOCTYIAaTOB, MHOTOKPATHO SKCIIEPUMEHTAIBHO POBEPEHHBIX, MOXKHO
chopMyIHPOBATH CIIEAYIOIINE OCHOBOIOIATAIOIINE IPUHIHIIBI, IEHCTBYIOINE B YHUBEPCYME:

1. TIpoctpaHcTBO siBsercs BceoobemnonM. OHO He 1eopMHUpYeMO, EBKIHIOBO U TPEXMEPHO.
[IpocTpaHCTBO JIMHEHHO U HEMPEPBIBHO.

2. Bunumoe npocTpaHCTBO 3aM0JHEHO 3(PUPHOI cpeioil, COCTOSIIEH U3 YacTUIl IBYX, IPOTUBOIMOIOXKHBIX
110 3HaKY, BUJIOB, 00pa3ysl IpOCTPaHCTBEHHO-CETYATYIO CTPYKTYypy. [IpocTpancTBeHHO-CceTuaTas
CTPYKTYypa 3pUpHOH cpeabl AehopMuUpyercs o IeiCTBUEM 3IEKTPOMArHUTHBIX Mosel (BOJIH),
BIUSHUS pU3NYEeCcKUX Ted. DPupHas cpena o0nanaeT cnennupuueckuMu MacCcoi U yrpyrumu
cBoiicTBamMu. D(upHas cpeqa JUCKpeTHa (B MUKpoMaciITabax) v MposiBisieT ceOsl Kak HenpepbIBHAS
cpena B Makpomacinradax.

MaTepI/m (BeIJ_IeCTBO) KaK U S9HEpPTHA, HC BO3HUKACT U HC YHUUTOXKACTCA (HaBya3Le, HOMOHOCOB).

4. Dueprus m000T0 Tpoliecca, Kak U KOJIMYECTBO MaTePUH, yUaCTBYIONIEH B 3TOM IPOIIECCE, HE MOTYT
ObITh OecKOHEYHO 60IbIIMMU. COOTBETCTBEHHO, CKOPOCTh TMepeaun YHEPTUH, B TOM YUCIIE, CKOPOCTh
nepeaaun J0bIX CUTHAIOB HE MOXKET ObITh OECKOHEYHO OOJIBIIION.

5. BperI JIOKaJIbHO, HeO6paTI/IMO, OAHOMCPHO, OJHOHAIIPABJICHO, — OT IMPOLIJIOT0 K 6yﬂymeMy
JIoKaIbHOCTH BPEMCHH COCTOUT B TOM, YTO OHO OIIPEACTIACT USMCHCHUC KOHKPETHOT'O 00BEeKTa.
I[BI/I)KGHI/IC, HN3MCHCHHUC ITI0JIOXKCHM, CBOﬁCTBa, KadyecTBa 00bEKTa MOTYT OBITh a6CTpaKTHOI>'I Mepoﬁ
BPEMCHH, OAHAKO PCAJIbHO BPEMA ONPCACTIACT MMPOLECCCHI TOJIBKO KOHKPETHOI'O JIOKAJIBHOT'O 00BEeKTa.

6. Bpewms, kak MexaHU3M, X0 KOTOPOTO YIIPABIIsLT ObI POIIECCAMU BO BCEH BCEJIICHHOM (YHHBEPCYME), HE
CYIIIECTBYET, MOCKOIBKY 00ecreueHrne Takoro Xo/1a nmoTpedoBano Obl OECKOHEYHO OOJIBIIION YHEPTHH.

7. BBuIy 0lHOHANpPaBICHHOCTHU BPEMEHH, MOOYKAAI0Ias MPUYKMHA U 00y, AaeMoe IPUYHHON cIeICTBUE
OTJIEJIEHO OTPE3KOM BPEMEHU. DTOT OTPE30K BPEMEHU MOKET ObITh KAKUM YIOJTHO MaJIbIM, HO HE
paBHbBIM HyJI0. JIt000# nporecc, 0OMEHUBAIOIIUNCS SHEPrUel ¢ HeOrpaHUYEHHOM BHEUIHEN CpeioH,
HeoOpaTUM BO BPEMEHHU.

8. OnmHo puzmueckoe Teno BO3ACUCTBYET Ha APYyroe GU3NIECKOe TEIO BHE HEMOCPEICTBEHHOTO KOHTAKTa
ATUX TeJ Yepe3 PU3NUECKYI0 MAaTEPHIO, MMEIOIIYIO OTpeieJICHHbIC (PU3NMUECKUE CBOMCTBA. JTa MaTepus
OT OJIHOW CBOEM TOYKH K JPYIrOW CBOEH TOUKE IEPEeNacT BO3ACUCTBUE OT OAHOIO Teja K apyromy. Bee
W3BECTHBIC (PU3UYECKHE MO (MEXaHHUECKOE, IJIEKTPUIECKOE, MAaTHUTHOE, TPABUTAIIMOHHOE U JIp.)
UMEIOT MaTepUabHbIN (PU3NYECKUN HOCUTEIND.

Ha ceromust n3 pe3yapTaToB UCCIEOBAaHUI aCTPOHOMOB M3BECTHO, YTO YHCIIO MPOIIECCOB BO BCEIECHHOI
(yHuBepcyme) u 00beM (Macca) MaTepuH, yUYaCTBYIOIIMX B HUX, HEUCUUCITUMBL. M3 mpuHIHIa
HEYHUYTOKUMOCTH MaTEpUH U SHEPTHHU CIIeTyeT, YTO BCEJIEHHAs CYIECTBOBaJa Bcerja u OyeT CyIecTBOBaTh
BEYHO.

[TepeuncieHHbIe TPUHIUITBI HIMEIOT BEChMa Ha/ICKHbIE SKCIIEPUMEHTAIBHBIC TIOATBEPKICHUS IPU
HaOIOZICHUSX 32 MAaKpOOOBEKTaMH, TAKUMHU KaK (PU3UIECKHE CpeIbl (TBEpAbIC TeNa, )KUIKOCTH, Ta3bl U 1. ).
HaGnroneHust acTpOHOMOB B TEYEHUE BCETO BPEMEHH CYIIECTBOBAHUS ACTPOHOMMH TO3BOJISUTH TTOJIy4aTh BCE
HOBBIC W HOBBIE (DaKThI, MOATBEPKIAIONINE PEATHbHOCTh OTJCIBHBIX M3 MPUBEICHHBIX MOJOKCHUN. 3aMETHM,
YTO MOMHUMO JIETEPMHUHUPOBAHHBIX COOBITUH, B (PU3MUECKUX Cpeaax, MUKPOOOBEKTaX HaOII01al0TCs
CIIy4alHbIE COOBITHSI.

17. 3akiaouenue



[Tpupona He moOuT mycToThl. [IpakTHdyecku Bece MocieHre KOHIETINH (PU3MYecKoro BakyyMa OCHOBAaHBI Ha
aTOoM mocryinare [26—32, 85]. YHuBepcyM 3amnosiHeH ocoboi cpenoit — apupom. KTo XoTh pa3 mpubamxat
CHJIBHBIA MarHUT K KyCKYy JKeJie3a, He MOXKET OTPHUIIATh HAJIMUKe 3TOM 0co00# cpenbl. Tonabpko mpuHsaTHe (akta
CYLIECTBOBaHMS 3(PUPHON Cpebl O3BOJISIET COXPAHUTh MAaTEPHAIIbHYIO OCHOBY PACIIPOCTPAHEHUSI CBETOBBIX U
AIIEKTPOMArHUTHBIX Kosiebanuit [8]. Dta cpena siBiseTCs epeJaTYNKOM I'PaBUTALIMOHHBIX B3aUMOCHCTBUI
TATOTEIOUX Tell. MIHave cienyeT npu3HaTh BOZMOKHOCTh MUCTUYECKUM 00Pa30M «y3HABAThY TATOTEIOIUM
TEJIOM HaJIMYME JIPYroro Tejla U 3aT€M CTPEMUTHCS IO HAIIPABJICHUIO K HEMY.

Bropoii mi1010TBOPHBI OCTYIaT — BCE CYILEE COCTOUT U3 JIBYX MPOTUBOIIOJIOKHBIX 110 3HAKY Hayal — ObLI
BBIIBUHYT B CEpeMHE 1-Tr0 ThICSYENEeTHs 10 HOBOH 3pbl KuTalickuMmu unocodamu [5, 86]. [IpoTuBonosnoxHbie
Hayaja — MHb U SIH — He TOJIBKO KaTeropuu ¢puiiocopuu, BeIpaxaroue Uaero TyalusmMa MUpa, HO SBISIIOTCS
¥ OCHOBOTIOJIATAOIIMMH TPUHIAIIAMH YCTPOKUCTBA YHHBEpCYMa. B TpamuimoHHON KOCMOTOHHY TIOSIBIICHHE
KaTeropuil MHb U SIH 3HAMEHYET MEPBBI IIar OT Xa0TUYECKOI'0 €AMHCTBA NEPBO3JaHHON MHEBMBI (I1) K
MHOT000pa3uio Bceil «ThbMbI Bemiei» («Jlao 13 m3un»). Kaxkmoe u3 3TUX Hadam CoIepKUT B c€O€ MOTEHITUIO
npyroro. IIpumepsl pa3aenenus Ha J1Ba IPOTUBOIMOJIOKHBIX Hayajla MOXKHO HaWTH BO BceX (opmax
CYIIECTBOBaHMS MaTEpPHUH, B Pa3HBIX MacITabax ee MpOsBICHHS, OCOOCHHO TPH aHaNn3e (PU3MUECKHUX SBICHUH.
Mgl 3HaeM, 4TO CYLIECTBYET TOJIBKO J1Ba BU/IA AJIEKTPUUECKHUX 3aPsI0B — IOJIO0KHUTEIbHBIM U OTPULIATENbHBIN.
K Hacrosimmemy BpeMeHH CYIIECTBYET IKCIIEPUMEHTAIBHOE JOKA3aTeIbCTBO HATMYHS KaK BEIIECTBA, TaK U
aHTuBerlectBa. [Ipenckazanpl U 3aperucTPUPOBAHBl HEUTPUHO M aHTUHEUTPUHO [87]. M310KEHHBIE OCHOBBI
TeopHuH dPUpa OTYCTIIMBO IEMOHCTPUPYIOT TIEPBBIN Al CaMOOPraHW3aluy BemecTBa. Clenyromue maru
BeAyT K 00pa3oBaHUIO 00Jjiee CI0XKHBIX (POPM MaTepuH, BIJIOTh JI0 CO3/1aHUSI OMOIOTUUECKUX, KHUBBIX BUIOB €€
CYILIECTBOBAHMSI.

[Tpennaraemast KOHUENIHS Y(PUPHON CPeIbl pelIaeT HECKOIBKO Mpo0ieM, Ka3aBIIuecs: paHee Hepa3peliMbIMU
[88]. OHa OOBSACHSIET IOMEPEYHOCTD)» CBETOBBIX U AJIEKTPOMATrHUTHBIX KoJieOaHui. OHa MO3BOJISET MOHATh
pasznn4re Macchl (PU3HMYECKOTO TeNa OT JEKTPOMArHUTHOW Macchl 3QUPHOI cpenbl U 0OBICHSIET
Hab01aeMyI0 OpMY 3aKOHOB OTPAKEHUS U MIpesiomiieHus: cBeta. OHa MOATBEPK/1aeT MPUHIIUI YCTPOHCTBA
7r000i1 cpelbl, CIOCOOHOH TepenaBaTh KojebaTenbHbIe BO3MYIIEHUS — TaKasi cpefia JODKHA COAEPIKaTh B
cebe ynpyrocth u Maccy. [lonydeHHble pu3ndeckie BeIUYHHbBI YIIPYTOCTH U Macchl 3PUPHOI cpebl
MOATBEPKIAIOT 3T0. [IpencraBieHHas KOHIENIHS MTOJIHOCTBIO COTNIacyeTcst ¢ (yHIaMEeHTAIbHBIMA
ypaBHeHusMHU Jl.MakcBena, a ce10BaTeNIbHO U ¢ TEOPUSIMU 3JIEKTPOCTATHKHU U dNIeKTpoauHamMuKku. OHa
00BSICHACT OYEHBb OOJIBIIYIO0 OTHOPOTHOCT BakyyMa. OHa JjaeT 00bsICHEHHE, TOYeMY B SKCIIEPUMEHTaxX Mpu
CTOJIKHOBEHHUH YACTHI] BBICOKUX SHEPTUi, BOSHUKAIOT Mapbl HOBBIX YaCTHUII C IPOTHUBOIIOIOKHBIMU 3apsSAaMU
— OHHM TOPOXKIAI0TCs 3(PUPHOI cpenoid, comepskaiiei T 3apsiabl [89].

[Tpennaraemast KOHUENIMS YCTPAHAET Mapa0OKC MArHUTHOTO IOJISl, KOTOPBIN B CIIPABOYHOM U y4eOHOM
JUTEpAType OMMUOOYHO HA3hIBAE€TCA BUXPEBBIM [56, 67, 68, 90]. B Hameit paboTe moka3zaHo, 9YTO MarHUTHOE
1oJie SABJSETCSA Pa3HBIMHU (POpMaMu CIIBUTOBOM Aedopmariu KBa3uTBepAoi 3pupHoii cpenpl. «Buxpesasy,
ra3oBas, KUIKOCTHAs TEOPUsS MAarHUTHOTO TOJIsI, KaK U A()UPHOM Cpe/bl, He MOXKET ObITh 000CHOBaHA O€3
HapyLeHus psia GU3n4ecKux NpuHUMIOB. [IpruBeieHHbIe HAMH JOKA3aTeNbCTBA CBUICTENLCTBYIOT B MOJIB3Y
KBa3UTBEP/I0M KOHIENIMHU (upa, BeiBUHYTONH MakKymarom.

OnHO U3 caMbIX BaXKHBIX CIIEACTBUM MpenIaraeéMoi Teopun — oObsICHEHHE MPUPOAbl B3AUMHOT'O IIPUTSKEHUS
u uHepuuu ¢pusndeckux ten. Co3panue rpaJueHTa yupyroro faBieHus 3¢gupa Gpusnyeckum TeioMm B
OKPECTHOCTH JPyroro (pu3M4eCcKOro Teja, TakXkKe CO3ar0LIero rpaueHT yIpyroro JaBieHus 3¢upa B
OKPECTHOCTH MEPBOT0, IPUBOAUT K BOSHUKHOBEHHUIO CUJIbI, 3aCTABJISIOIIEH 3TH Teja cONMKATHCS APYT C
JIpyroM. OTO U €CTh PUYMHA TATOTEHUS WIK IpaBUTaluu. B3anmonelictBue ¢puznueckoro tena ¢ 3pupHoit
CpENOH SABIIAETCS OCHOBOM IPOSIBJIICHUS CUJI MHEPLUH.

ITo HamleMy MHEHMIO, UCTOJIKOBaHHE ONbITa PU30 HE MOXKET ObITh OCHOBAHO Ha MPEANOI0KEHNH O
«crymeHun» aupa B pusmueckux cperax. Kak mokazaHo BbIIe, CBET (3JIEKTPOMArHUTHBIE BOJTHBI)
pacrpoCcTpaHsIOTCs B (PU3MYECKHX TelaxX, KaK B Cpeax ¢ AUCIOKALUSAMHI. DTUMH TUCIOKAIUAMU SABISIIOTCS
A]Ipa aTOMOB (UX I10JI€), 3JIEKTPOHBI U Ap. OO03HaYEHHbIE AUCIOKAIMM IPUBOJAT K 3aMEJJIEHUIO CKOPOCTH
pacrpoCTpaHEHHs IEKTPOMArHUTHBIX BOJIH B (PU3UUECKUX TeJIax.



Hanuune >¢upHOi cpeapl 03Ha4aeT HEMPUMEHUMOCTh MPUHIIAIIA OTHOCUTEIBHOCTH [ anmuiiest K 3eKTpUIeCcKH
3apspKeHHbIM TenaM. COOTBETCTBEHHO, MpU3HaHKUE (pakTa HaIM4uus 3(pUPHOM cpenibl paspyliaeT NPUHLUIIBI, Ha
KOTOPBIX IOCTPOEHBI 00111ast U CHelraNbHas Teopusi OTHOcUTeNbHOCTH. HeaBHee oOHapyKeHHe acTpOHOMaMHU
CKpPBITOT'O BEILIECTBA BCEJICHHOM JJaeT 3upy KOCMOIOIHYECKOE OATBEPKICHHE.

YHUBEPCYM COCTOUT U3 CICIYIONINX KaTeropuit (cymrHoctei). Bce o0bemieT npoctpanctBo. OHO HE
negopMupyemMo, eBKIMI0BO U TpexmepHo. IIpocTpancTBo 3anosnneHo a3¢gupHoi cpenoit. [lox BiusHuem
BHEIIHUX (PM3UYECKHUX TEJI M AJIEKTPOMArHUTHBIX TOJIeH d(UpHas cpeia MOXKeET ObITh 1e()OpMUPOBAHA U €€
IUIOTHOCTb B PA3JIMYHBIX TOUYKAX MOXET ObITh pa3IUYHON. DUpHast cpesia MOXKET UCIIBITHIBATh CTATUYECKHE U
JTMHAMUYECKHE, CIIBUTOBBIC, CKPYUMBAIOIINE, KpYTHIbHBIE fedopMmarin. OHa sSBISETCS OCHOBOM JIJIst
pacrpoCTpaHeHUs IEKTPOMArHUTHBIX KOJIEOaHUH U Mepejaun TPaBUTAlMOHHBIX BO3CHCTBUN (PU3NUECKUX
TeN Apyr Ha Apyra. @usnyeckue Tesa (3JIeMEeHTapHbIe YaCTUIlbl, T'a3bl, )KUJIKOCTH, TBEpAbIE Tella, M1a3Ma U Jp.)
pasMelarTcs B IpoCcTpaHcTBe U 3upHOii cpene. I'paBuTaninoHHOE BO3/IeiiCTBHE OJHOTO (PU3UUECKOTO Tesla Ha
JIPyroe OCYyILECTBISETCS IOCPENCTBOM 3(PpUpHOIL cpenbl. JJuHamuueckue npoiecchl B 3pUpHOIi cpene u
JBYDKEHUS! (PU3UUECKUX TEJl MOTYT OBbITh 3a(hUKCUPOBaHBI BO BpeMeHU. Bpems j1okanbHO, HeoOpaTuMo,
OJIHOMEPHO, OJJHOHAIPABJIEHO, — OT MPOLLIOT0 K OyAyliemy.

[Tpennaraemas koHuenuus 3pupHoii cpenst [69, 91] mo3BoseT npeacka3aTh HarboIee AIEeMEHTapHbIE
BO3MYIICHUS (YACTHIIBI) KOTOPBIE MOTYT B Heil BOZHUKHYTh. BrItie ObUT0 MOKazaHo, 4To d(upHas cpeaa
IpeCTaBisieT cO00H PEryIsIpHYIO IPOCTPAHCTBEHHYIO PEIIETKY, COCTOALIYIO U3 ABYX OJMHAKOBBIX I10
pa3Mepy, HO IPOTUBOMOJIOXKHBIX M0 3HaKY 4YacTull. MX B3aMHOE NpUTSKEHUE 3aCTaBUT PUHSITH 3TU YaCTUIIBI
OUYEHb CTPOTOE U TOYHOE JIPYT OTHOCUTENIBHO Jpyra nojoxeHue. Takum o6pa3om, MPOCTPAHCTBEHHAs pelieTKa
a(UpPHON Cpepl, B KOHEUHOM UTOTe, Oy/IeT BeChbMa OTHOPOJHON. OTHAKO MBI MOYKEM IPEICTaBUTh ceOe
BO3HHKHOBEHUE, U3-3a KaKUX JHM0O0 MPUYMH, JUCIOKALUHN, U HEOJHOPOAHOCTEH B IPOCTPAHCTBEHHOM
CTpYKType Bakyyma. Hampumep, kak 3T0 ObUIO pacCMOTPEHO BBIIIE, HEOAHOPOAHOCTH B BAKyyME BO3HUKAIOT
IpY HAJIMYUU aTOMOB, HOHOB, 3JIEKTPOHOB, T.€. Tel, o0nagaromux Gusnyeckoit Mmaccoil. OnHaKko, 1o Halemy
MHEHHIO, B HEKOTOPBIX CIy4asx MOTYT BO3ZHHUKATh HEOJHOPOTHOCTH 0€3 HAM4us (PU3NIECKOTO Tea.
[TpencraBum cebe npocTeiime BUIbI TAKMX HEOAHOpoaAHOCTel. Hampumep, MOXHO ceGe npecTaBUTh HaInIue
W3JIMITHEH YaCTHUIIBI C MTOJIOKUTEIHHBIM 3HAKOM, HAXOISIICHCS B cepelMHe OJHOPOTHON penieTKu. JTo OyaeT
npuMep npocTeiiiei HeOAHOPOAHOCTH, KOTOPYIO MOKHO Ha3BaTh «C MOJI0XKUTEIbHON N30BITOUHOCTHION.
Taxoke MOYKHO TIPEACTaBUTh, YTO B CEPEIMHE PEIICTKH OyIeT HAXOAUTHCS M30BITOYHASI OTPHIIATEIbHAS
yacTuna. Takylo HEOJHOPOAHOCTh MOKHO Ha3BaTh HEOIHOPOJHOCTBIO «C OTPULATETILHON U30BITOYHOCTBION.
MoryT cyiiecTBOBaTh U J1Ba APYTrUX BUAA HEOJAHOPOAHOCTEN. OIMH UX 3TUX BUAOB MIPEICTABIEH OTCYTCTBUEM
B Cepe/IMHE PEIIETKU MOJI0KHUTENbHOro 3apsaaa. HazoBeM Takol BUA HEOJHOPOIHOCTH — «C TOJOKHUTEIbHOM
HEIOCTaTOYHOCTHIO». [[pOTHBOMONOXKHEIN eMy BUJ OyJeT HAa3bIBaThCS «C OTPHLATEILHON
HEJI0CTaTOYHOCTHIO». TakuM 00pa3oM, TAaKUX CaMBbIX MPOCTBIX HEOJHOPOJHOCTEH MOKET OBITh YEThIPE BUJA.
HHTEpEeCHO OTMETUTD, YTO COBMEIIEHNE HEOTHOPOIHOCTEH «C MOJOKHUTEITHHON H30BITOUHOCTHION H «C
MOJIOKHUTEIbHOM HEJOCTATOUHOCTBIO» MPUBENET K UX B3aUMHOM aHHUTWIIALINY, YHUUTOXEHHIO. To ke camoe
MPOM30UIET NP COBMEIICHUH HEOJTHOPOTHOCTEH «C OTPUIATEIBHON M30BITOYHOCTBION U «C OTPHULIATEIILHON
HEI0CTaTOYHOCThIO». [107100HbIE HEOTHOPOAHOCTH (MUHUYACTHUIIBI) HE OyAyT 00J1a/1aTh MacCoi, CBOUCTBEHHOM
¢usznaeckomy temy. OIHaKO HEKUH 3apsiy (HEIOCTATOK 3aps/ia), SJIEKTPOMAarHUTHYIO MaccCy (HEIOCTaTOK 3TOU
Macchl), 3T «U30BITOYHBIE)» U «HEAOCTATOYHBIC) MUHUYACTULIBI JOJDKHBI UMETh. OHM JOJKHBI OBITH CAMBIMU
MaJIbIMU U 3JIEMEHTAPHBIMU U3 BCEX BO3MOKHBIX. HEOTHOPOIHOCTHU «C MOJIOKUTEILHOW HEAOCTATOYHOCTHIO» U
«OTpULIATEIbHON HEJOCTATOUHOCTBIOY» MPEICTABIIAIOT COOON Kak Obl ABIPKU B 3(pUPHOI cpese. 3aMeTUM, UTo
. Yunep B cBoeii padote [92] nmpencTaBisieT cxemy, B KOTOPOH pOJIb ABIPOK UTPAIOT aHTHHEHTPUHO.

DdupHas cpena M BakyyM JEHCTBUTEIBHO MpeACTaBIsAeT, Kak nucan [loms Jupak, 6e30pexHbiil okeaH. ITOT
OKeaH 3aloJHEH YIPYro# ajieKTpoMarHuTHoW Matepueid. Celfyac TpyJHO CKa3aTh, KaK YHEPIHsl, 3aKIIOUEeHHAs
B OTOW MaTepuH, MOXKET ObITh OCBOOOXK IEHA M HCIIOJIb30BaHa. OJJHAKO HECOMHEHHO TO, YTO Yepe3 dIPUPHYIO
cpeny, CBOOOIHBINA KOCMOC, MOKHO COBEPILIEHHO 0e3 MajeHIuX noTeph nepeaaBaTh KOJIOCCAIbHbIE
KOJINYECTBA SHEPTUH ITOCPEICTBOM JIEKTPOMATHUTHBIX KOJIeOaHUH OOIBIION MHTEHCHBHOCTH.
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