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HCTOKH
CIIEIIHAJIBHOY TEOPHH OTHOCHTEJIbHOCTH

1. JIEKTPOJHHAMHEA ABHYIIUXCA CPE]

CrneuwanbHasi, MJH YacTHas, TEOPHUS OTHOCHTEJNBHOCTH, HMelollas
IeJo ¢ WHepUUAJTbHBIMK IBUXKEHHUSIMH, BHIPOC]A M3 JEKTPOLHHAMHU-
KH IBHXYyIIMXcsA cpel. Emle 10 BO3RMKHOBEHHUS CIELHAJNbHON TEOPHM
OTHOCHTEJBHOCTH JeJIaJIUChb MHONBITKH OCMBICJIHTb 3MIHPHYECKHE
(akTel B 06GJACTH 3JIEKTPOAMHAMUKY IBUXKYIIUXCH M IOKOSIIIHUXCS
cpen c eauHoit Touku 3peHus. IlocnenoBatenbHoe oGbsiCHEHHE BCEX
M3BECTHbIX SMIMPHYECKHX HAHHBIX OKa3aJO0Ch 'BO3MOXKHBIM JIMIIb Ha
OCHOBe KOPEeHHbIX U3MEHEeHMH HallNX BO33PEHHIl Ha NPOCTPAHCTBO H
BpeMs M IOCTY/JHPOBAHHS KOHEYHOH CKODOCTH pacHpocTpaHeHHus
B3aumojefictBuii. OJHOBpeMeHHO KapJAHHAJbHOEe 3HAaueHHe nmpHobpe-
JO moJjie Kak (u3Mueckas peasibHOCTb. VI3MeHeHHsl NOJIOXKeHHS Ol-
HOM M3 Y&CTHI MOTYT CKa3blBAaTbCSl HA COCTOSIHMH JBHXKEHHS APYTUX
45CTHI[ JIMIUb Yepe3 HEKOTOpbIH WHTEpBaJ BPEMeHH U JHIIbL yepes
nocpencrBo noss. Ilose ¢ TOYKH 3peHHA TEOPHH OTHOCHTEJbHOCTH
OTHIOJb He uieHTHuHO 3¢upy Papases — Makcsena.

KakoBbl ke ucTOpHueCKHe NOYTH pa3BUTHSI 3JEKTPOAWHAMHKH
ABHAKYLIMXCA cpell, IpHBelIlHe K CO3JaHHIO B Hauyase XX 3. cle-
LMaJbHOH TEOPHH OTHOCHTENbHOCTH?

OcHoOBOl1 pa3BUTHSI 3JE€KTPOLMHAMHUKHU B LEJIOM INOCJIYXKUJIO OT-
KpbiToe Papaneem siBJeHHe 3J€KTPOMArHUTHOH HHAyKuuu. [erasb-
HOe M3yYeHHe MArHUTHBIX W 3JIEKTPUYECKUX siBIeHUH npuseso Pa-
panest K IpeACTaBJEHHIO O PeaslbHO CYLIECTBYIOLIUX CHJIOBBIX JIMHHUSX
nonsi. @apajell otkasajcs OT FOCIOACTBOBABILEH B TO BpeMsi TOUKH
3peHHss 0 «JeHCTBHH Ha PAaCCTOSHHUM» W BBIABHHYJ MNpPELCTaBJIeHHE
O JeHCTBHH uepe3 cpely — «MHPOBOH 3(Hp».

B 1873 r. MakcBe/us1 B IPEAUCIOBHH K NEPBOMY HM3MAaHHIO CBOETO
«TpakraTta 06 3JeKTpHYECTBe M MarHeTusMe» Iucan: «$ 3HaJ, yTO
MeX1y noHuMaHuHeM siBaeHufl Papaleem M KOHUeNUHeH MaTeMaTH-
KOB INpeANoJiaranoch HajJHyHe TaKOd pas3HULUBI, YTO HH TOT, HH
opyrue He ObIM YROBJIETBODEHbI $3bIKOM ApYr Apyra.. Papanei
BHJleJl CHJIOBbIE€ JIMHHH, IPOHHM3bIBAIOIIHE BCe IPOCTPAHCTBO, TaM,
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rje MaTeMaTHKH BHJEIM LEHTPbl CHJ, IDUTATHBAIOIINX HAa paccTosi-
uuy; Papagmeit BHAeN cpely TaMm, Tle OHH He BHJIEAH HHYETO,
KpoMe pacctosiHus; QPapajeii Npeanosaraj HCTOYHHK H IPHYUHHY
SIBJIEHMH B peaJsIbHbIX NEHCTBHUSX, NPOTEKAIOU[MX B Cpele, OHH Ke
OblIM YNOBJNETBOPEHBl TeM, YTO HAIlJM HX B CHJIe [IeHCTBHS
Ha pacCTOsiHMUM, NPHUIHCAHHOH 3JeKTpuueckum duionmam» {1, cTp.
349].

IMonemuka Papapesi ¢ duunycom, IlyaccoHoM ¥ APyruMH, HO-
NyCKaBUIUMH [eHCTBHE Ha PACCTOSIHMH, M YTBEPK/EHHE, UTO WHIYK-
Mg BO BCeX CJayyasix NpenctaBisier coGoii He UTO HMHOe, KakK Jei-
CTBHE CMEXHbIX YACTHL, Ja/Ja UMIYJbC HCCIENOBAHHUAM 1O OBOCHO-
BaHUIO 3JeKTpoauHaMukH. OpHoBpemMenHo @apaneit o6paTuna
BHUMAaHHE U Ha YacTHble BONPOCHl 3JEKTPOLUHAMHKH IBHXKYLIHUXCSA
Tes1. B 1838 r. oH mucas, yTo ecyiu NOABECHTh 3apSXKEHHbIH 11ap U 3a-
CTaBHTb €ro JIBHMrathCs B ONpefesIeHHOM HanpaBleHHH, TO 3(deKT
6yZher TOXIECTBEH TOMY, KakK ecau Obl Mbl BO3GYIH/IM TOK B Hampas-
JeHuu ABUXKeHus mwapa. OcyuiecTButh 3TOT 3KcnepuMeHT Papaneto
He yJaJocCh.

MakcBeas mucas, uro, usyuasi Tpyas Papajpes, oH yCTaHOBHI,
4yTo (hapaleeBckas TPAKTOBKa SIBJEHHH Obl1a TakXe MareMarHye-
CKOH, XxoTs U He Gbl1a NpencraBjeHa B (opMe OOLLENPUHATHIX Ma-
TeMaTHYecKHX cHMBOJIOB. Pa3BuBas unen Papaznes o ponu Aud7eK-
TPHYECKOH cpenbl ¥ 3upa, MakcBesns BbIpa3ui B MaTeMaTHUeCKOH
(opMe CYILHOCTb BCEH COBOKYNMHOCTH 3KCIIEPHMEHTOB, CBA3aHHBIX C
3JIEKTPOMArHUTHBIMHU SIBJIEHUSIMH.

OpHako poiab Makceenna Iajeko He OrpaHHuHBaeTcst T1yGOKo#
TeopeTHueckoii paspaGorkoii uneit Papanes. Ha ocHoBe akcmepu-
MeHTaJbHbIX JgaHHbiX Papames MakcBean Mor HamucaTbh JHIIb
ypaBHEHHS

rotE =—L 28 4 rotH =0,
c ot

onHako MakcBess 3amUCHIBaeT yDaBHEHHE

ro’tH=—1-a—li

c o’

KOTOpPOE B TO BPeMsl HHKAKHMH ONbITAMH HEe NMOATBEPXKAAJIOCh. JTa
reHua/ibHas AOTajika No3BoJiuaa MakcBessy NPHATH K BOJHOBOMY
YPaBHEHHIO M K 3JEKTPOMarHUTHOH TEOpHUH cBeTa (CM., HalpuMep,
[la]). B mpouecce cosmanus MakcBesqJOM TEOPHH 3J1€KTPOMAarHHUT-
HOTO TOJISi YCJIOBHO Pas3/IMYaioT TPH NepelJieTalolluxcs MeXAy co-
Goil 3Tama, Hepa sHOUEHHbIX MO CBOeHl 3HauMMocTH: 1) mepHox o3Ha-
KOMJIEHHSI H OCMBIC/IMBAHUS 3KCIEPHMEHTAJbHBIX H TeOPeTHUeCKHX
Tpynos Papages; 2) nepuHox KOHCTPYHPOBAHHS MEXaHHYECKHX MO-
Ieseil 3JeKTPOMATHUTHOTO TOJIsi; 3) NOHCKH MaTeMaTHYeCKHX Me-
TOJIOB.
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B yxe cdopmynupoBaHHON Teopun MakcBessia passiMyaioT:
a) TMIOTETHUYECKHE NOJIOKEeHHs; 6) IosyueHHe ypaBHEHHI Ha OCHOBe
HCXOIHBIX, B 3HAUMTEJbHOH CTENEeHH THIOTETHUECKHX MOJIOXKEHHI,
B) rpyNny ypaBHEHHH, CBS3bIEAIOIINX H3BECTHBIE M3 OIbITA BEJHUHMHBL.

l'unoreTnyeckre mosiokeHHs1 B Teopud MakcBessa H MeToH IO-
AyueHHss MakcBesqsioM ypaBHEHHH NOJsI MOJABEPraJiuCh KPUTHKE CO
cropoHbl I'epna, Bonbumana, Ilyankape u MHOrux Apyrux (pu3HKOB
sropoit nonoBunbl XIX B. Pu3NKK OTKa3anuCh OT NONMbITOK HArJsif-
HOll MexaHUuecKOH HHTepnperauud ypaBHeHu#n Makcsensa. Ilocre-
MEeHHO BBISICHWJIOCH, YTO (Pu3HuecKasi CYIIHOCTb ypaBHeHuil Makc-
BEJIJIA, OMUCHIBAIOLIUX CTPYKTYPY 3/71€KTPOMArHUTHOTO NOJS, TJIyGOKO
M OPraHHYecKH CBsi3aHAa C ONBITHBIMH (paKTamu.

dinwrelin u Mudensn nucanu, 4to 3akoHel MakcBessia He CBsi-
3BIBAIOT, KaK 3TO MMeeT MecTo B 3aKoHe HbloTona, ABa LIMPOKO
paszesieHHbIX COOBITHS, XOHH He CBSI3BIBAIOT CJyuMBIleecsi 30eco C
ycioBusmu Tam. ITone 30ecy u Tenepes 3aBHCUT OT IOJIS B HEMOCpeS-
CTBEHHOM COCEJICTBE B MOMEHT, TOJIbKO UTO NpoTeKwui... Mayuenue
ypaBHeHH#i MakcBesasa ¢ MaTeMaTHYECKOH CTOPOHBI NOKa3bIBaer,
4TO M3 HUX MOXKHO clieJlaTb HOBBIE H JEHCTBHUTENbHO HEOXKHIAHHBIE
3aK/IO4eHHs, a BCIO TEOPHIO MOXHO HCHBITaThb Ha ropasfo GoJee
BLICOKOM YpOBHE, IIOTOMY UYTO TEOpPETHYeCKHe CJEeNCTBUS Tenepb
MMEIOT KOJIMYeCTBEeHHbI XapaKTep M OGOCHOBBIBAIOTCS Bcefl LENbIO
JIOTHYECKHX apryMeHTOB» [2].

[Tpusnanue ompepensioliell polu Cpelbl B 3JEKTPOMATrHHTHBIX
npoleccax, BBeIeHHE TOKAa CMELIeHHs KaK HCTOYHHKA MAarHUTHOrO
NoJist HapsAAy ¢ KOHBEKLIMOHHBIM TOKOM, KOHCTAaTallUsl KOHEUHOH CKO-
POCTH pacHpocTpaHEHHs 3JEKTPOMArHHTHHIX B3aUMONEHCTBHH —
OCHOBHHE 3JieMeHThl Teopun MakcBessa — GbIH ITPOAHATM3HPOBa-
Hbl H OCMBICJIEHbl C TOUKH 3DEHHsI TeOPHH OTHOcHTesNbHOcTH. Kpome
TOro, GblJia yCTpPaHeHa HENOCJEeN0BATENbHOCTh 3JEKTPOIHHAMHUKH
Makcsenna, Korga Hapsily C yTBEpXKJEHHEM O KOHEUHOH CKOPOCTH
pacnpocTpaHeHHs B3aHUMONEHCTBHH ONEPHPOBAJIH NOHSATHEM OJHO-
BPEMEHHOCTH, IpeAnoJaras CyLeCTBOBAHHE MTHOBEHHO pachpo-
CTPAHAIOLUXCS CHIHAJIOB.

OpHako 3amo/ro A0 BO3HUKHOBEHHS TEOPHH OTHOCHTENBHOCTH
TEOpHsi 3JIeKTPOMArHHUTHBIX siBjaeHuit Papames — Maxkcsensna mpo-
mjaa Bo Bropoii mosoBrHe XIX B. HIJHTENBHBIH NyThb yCOBEpLIEH-
ctBopanus. B 1890 r. I'epu ony6amukosan cratbio «O6 OCHOBHBIX
YPaBHEHHUSIX 3JIEKTPOJHHAMHKH AJS1 NOKOSILIUXCS Cpel», B KOTOPOM
ypaeHeHusiM MakcBessa npuiaH cuMMeTpuuHblil Bua. «B 1890 r.,—-
numer Jlays,— 'enpux Tepu (1857—1894) npupman 3akoHy HHAYK-
uun Papanes ¢opmy nuddepeHuuanbHOro ypaBHeHHs.. Tem ca-
MbBIM cHcTeMa YypaBHeHHii MakcBessa, B KOTOPOH MBI BMeCTE C
Tepuem yomaTtpuBaeM cylHOCTb Teopuu MakcBessa, npuHsjia Ta-
KON 3CcTeTHYeCKH COBEpIUEHHBII CHMMETPHUYHBIA BHI, KOTOPHIH, MpH-
HHMMasi BO BHHMaHHe BceoObeMJollee (DH3HUECKOE COMEpIKaHHE CH-
CTéMBI, IPUBJIEKAeT HAC MOUTH KaK OUEBHAHOCTH» [3].



OcHoBHble ypaBHeHHs MakcBessa MOryT ObiThb pasfefeHbl Ha
JgBe rpynnbl. [lepBasi rpynma OZHOPOLHBIX YPaBHEHMH CBSI3BIBAeT
9JIeKTPHYECKOe U MAarHUTHOE HOJIS OJHO C APYIHM:

. 1 0H
divH =0; rotE = — ——.
c ot
Bropas ke rpynna cBsi3bIBaeT moJisg OJHO C APYrHMM H C paclpene-
JIeHHeM 3JIEKTPUUECKHX 3apsi 0B H TOKOB B NPOCTPaHCTBE:

rotH = L2 + Ej; divE = 4mp.

c ot c

3necy E (4, x, y, 2) u H(, x, y, 2) — HanpSAKEHHOCTH 3JEKTpHUE-
CKOTO M MArHHUTHOro moJsel;p = p(f, X, Y, 2) — MJIOTHOCTb 3JIEKTPH-
yeckoro 3apsifa; j=j ({, X, y, 2) — BEKTOp IJIOTHOCTH 3JEKTpHUe-
CKOTO TOKa.

OGe 3Tu rpynnbl ypaBHEHHH HEMHBApPHAHTHHI NPH NepPexofe OT
OIHOH HHepLHAaNbHOH CHCTEMBI K IPYroidl OTHOCHTENbHO HpeoGpa3zo-
Banu#t [anunes. B 1900 r., uepe3 mecsATh JeT mocJje Toro, Kak I'epi
u XeBucaiij Npuyasd ypaBHeHHsIM MakcBessa CTPOHHYIO W MaTe-
MaTuyecku Gosee u3simuyio ¢dopmy, Jlapmop Hamen npeoGpasoBa-
HUE, 10 OTHOIIEHHIO K KOTOPOMY ypaBHeHHsi MakcBessia B BaKyyMme
SIBJISIIOTCST MHBAPDUAHTHBIMU. ODTH Ipeofpa3oBaHHs He3aBHCHMO
Obl1M TOJMyYeHbl TaKxke JIODEHLIOM M HOCST Tenepb Ha3BaHHE Ipe-
o6pasoBanuii Jlopenna.

CdopmynupoBaB OCHOBHbIE NOJIOXKEHHS 3JIEKTPOJHHAMHUKH IIO-
KOsIIUXCS cpel, I'epll NpHCTYmHJ K aHaNU3y SIBJEHHA B [BHXKY-
muxcs cpenax. ¥Yxe 7 mapra 1890 r. Mbl HaxonuMm B fHeBHHKe ['epua
3alUCb O €ro pPa3MbIIJEHHSIX OTHOCHTEJNbHO YPaBHEHHH 3JIeKTpO-
IHUHAMUKH B JIBHXyIuxcs cpenax. B tom xe rony Iepu myGuaukyer
ctatbio «O6 OCHOBHBIX YDaBHEHHSIX 3JEeKTPOJHUHAMUKH [JIsi IBHXKY-
IINXCS TeJ».

V3BecTHO, yTO ypaBHeHHs MakcBessia B MHTerpajbHOH ¢opme

@jaEndS 4 l-"—geﬁnds = SrothdS;
c c Ot

19 S RH, dS = — S rot, EdS

c ot

OTHOCATCA K HEMOJBHXKHOH B IIPOCTPAHCTBE NOBEPXHOCTH S (31ech
€ ¥ W — AMIJEeKTPHUeCKass U MAarHWTHas NPOHHLAEMOCTH; ¢ —-IpO-
BomuMocTb). I'epll Ke mpepmosiaraer, YTo B ABHXKYILEHCS CHCTEMeE
OTCYyeTa ypaBHEHHsl OCTAlOTCs CIPaBeAJHMBLIMH, HO OTHOCATCS K IIO-
BEPXHOCTH, JKECTKO CBSI3aHHOH C JABHXKYILUMHUCS TeJaMH.

To, uto nosepxHocTs S y I'epua kecTko CBf3aHa C YacTHLUAMH
IBUXKYIlefcd MaTepuH, BecbMa CYLIECTBEHHO, MOCKOJNBKY MOTOK
yepes HEMOABMKHBIH W MOTOK yepe3 ABUXKYIIMHACA KOHTYpD pasJiHy-
Hbl. V3MeHeHHe MOTOKa uepe3 NBHXKYIIMACS KOHTYp CKJIa[JbIBaeTcCs
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U3 H3MeHeHHs TI0TOKa, OOYCJIOBJEHHOTO 3aBHCHMOCTBIO IMOJSA OT
BpeMeHH, ¥ U3MeHEeHHs, BbI3BAHHOrO mepeMelleHHeM KoHtypa. IIpu
5TOM MpPEANOJIOXKEHHH HeTPYyAHO mepedTH K nuddepeHIaNbHON
¢opMe ypaBHenu#t I'epna:

rotH=—1-l
c |

ot E = ——l{%—? + rot[Bu]}; divD =p, divB =0,
c

6—0?+rot[Du]+udivD+J };

rie D=¢E; B=pH; J=0E; u— ckopoctb. 10 — ypaBHenus I'ep-
Ha AJs ABHXKYLIUXCS TeJI.

Kak ormerun JI. M. MaHpenbliTaM, MHBapHAHTHOCTb ypaBHe-
Huit Tepua otHocutesibHO mnpeo6pasoBanuit [I'anunes — HpioTona
cJeflyeT M3 CaMOro BHJa 3THX YpPaBHEHHH B HHTerpaJjibHOH GdopMme.
[ToBepXHOCTH IBUXKETCS BMECTe C TeJIOM, H €ClH MBI nepeMelliaeMcs
BMecTe C TeJOM, TO MOBEPXHOCTb OTHOCHTENBbHO HAC HEMOABHIKHA,
cJ1e[l0BaTeNbHO, B JI0GOH cHCTeMe OTCYeTa, KOTopas nepeMeliaercs
BMecTe ¢ TeJaMH, CMpaBelJIUBel OOblYHble ypaBHeHHss Makcesia.
Ecnu cucreMa KOOpAMHAT Bpaliaercsi, TO OTHOCHTEJIbHO HabJona-
TeJsl MO-MpeKHEMY BCe HEMOIBHIXKHO, U, CJIef0BaTe/]bHO, B MPOTHBO-
TMOJIOXKHOCTb YpaBHEHHSM MEXaHHKH ypaBHeHHsi ['epua MHBapHaHT-
Hbl OTHOCHTEJIbHO JIIOGOro BpallleHHss W JI060ro YCKOPEHHOro IBH-
JKEHHs1 paccMaTpuBaeMOH CHCTeMbl oTcyera. [epll HCXOZHT H3
NpeANoJIOXKeHHH, YTO HAMPSKEHHOCTH 3JEKTPHYECKOTO W MarHHT-
HOro moJiell He MEHSIOTCS NMpU NMepexoje K JAPYrod chcreMe oTcyera
(mpu sToM yc/I0BUHM ypaBHeHHs ['epla MHBAapHaHTHBI).

To, uro ypaBuenus 'epua ynaoieTBopsitoT GoJiee 06lieMy MpPHH-
LMY OTHOCHTEJIbHOCTH, YeM YyDaBHEHHsl KJaCCHUeCKOH MeXaHHKH,
HeJb3d pacCMaTPUBaTh B JAaHHOM cjyyae Kak GoJblloe mpeuMylle-
ctBo Teopun ['epua, Tak Kak npu GoJsee TLULATENbHOM PacCMOTPEHUH
ypasuenuii Iepua mbl BuauMm, uto B uieHe rot{Du] ckopocts u
NOJIXKHA ObITh OTHECEHA K NMPHBMJIErHPOBAaHHOH cucreMe (3¢dupy), H,
CieoBaTeNbHO, 3GHUpPY CAeLyeT MPUIHCATL Ty Ke CKOPOCTb, YTO H
Tesly, T. €. 3(Up IMONHOCTbIO yBJIeKaeTcs npu ABHkKeHuu. Ilpu stom
TeopHsi NMPHUXOAUT B IPOTHBOPEUHE C siBJIeHHeM abeppallUd U OIbl-
ToMm Duso.

Tepu mosaras, uto ecau 3¢UPY NPUMHCHIBATH CKOPOCThb, OTJIHY-
HYIO OT CKODOCTH [IBHKYLIHXCS TeJ, HJIM CUATATh €ro HEeMOJBUKHEBIM,
TO nojo6Has Teopusi Tpebyer elle 6oJiee NMPOHU3BOJNBHHIX T'HIOTE3,
yeM Teopusi moxsixkHOoro sdupa. ITo mytu nocrpoeHusi Teopuu He-
noasuxkHoro s¢upa nomea I'. Jlopenu. I'eproBckOMy MOXBHKHOMY
M IIOJIHOCTbIO yBJieKaeMoMmy 3¢upy JlopeHU NpoTHBoOMoCTaBisieT He-
NOJBHKHBIH OXHOPOAHBI M H30TPOMHBIA 3hup. ddup Jlopenua —
€[IMHCTBEHHBIH MAM3JEKTPUK B CTapOM, MaKCBEJJIOBCKOM CMBICJE;
Teslla e B OTJaHYMe OT 3dvpa NPEeNCTaBJAOT COOOH COBOKYIHOCTH
NO/IOXKUTENbHBIX W OTPHULATENbHBIX 3apsifioB. DTy HIEI0 DA3BHUBAJH
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BeGep, Puman, Knaysuyc; omgnako Mpd 3TOM OHHM JONYCKaJad B
OCHOBHOM MrHoBeHHOe nasnbHopelicTBHe. CorsacHo ke Makcpenny
u JlopeHuy, B3auMoJeHCTBHe 3apsiloB paclpoCTpaHsercs C KOHeu-
HOU CKOPOCTBIO.

Teopusi Jlopenua Ha mepBoM 3Tame CBOEro pas3BHUTHSI Oblia He-
coBMecTHMa ¢ onblTaMH Maiikeabcona — Mopan. ®uuukepalsbp,
a 3aTeM HE3aBUCHMO OT Hero JIopeHW NpeRnoJoXKHIH, YTO BCAKOE
TeJO COKpallaercsi B HaNpaBJeHHH €ro IBHXKEHHS H, B YaCTHOCTH,
B HampaBJieHHH ABHXKeHHs 3eMJH. IDTO MOJIOKEHHe yCTpaHseT Mmpo-
THBOpeune ¢ onmbltoM Mafikenbcona — Mopau. JlopeHn HCXOAMT U3
TOro, YTo 3(HUp ABJAETCH HOCHTENEM He TOJbKO JEKTPHUECKHX H
MarHUTHBIX, HO U BOOOIIe BceX CHJI, B TOM YHCJI€ U MOJIEKY/SIPHBIX,
CBOAMMBIX K cHyiaM 3JeKTpuueckuM. Korma Tesno IBHKETCS OTHOCH-
TeJbHO 3¢upa, TO 3pHUp MPOXOTUT CKBO3b TeJO, H 3TO, corsaacHo Jlo-
peHlly, OKa3blBaeT BJHAHHE Ha MOJIEKYJsIpHBIE B3aHMOJEHCTBUA,
a BMecTe C TeM Ha pa3Mepnl Tela B HalpaBJEHUH IBHXKEHHS.
[TospHee JlopeHu mucaJj, 4TO 3Ta TUMOTE3a Ha MEPBLI B3IV NMpeX-
CTaBJsIeTC HECOMHEHHO HECKOJIbKO CTpPaHHOH, HO 6e3 Hee TPYIHO
0GOHTHCh, €C/JIM HacTauBaTbh .HAa MpPEACTABJIEHHH O HEMNOABHIKHOM
a¢upe. Ho npu 3T70M BO3HHKA/JIM HOBBEIE TPYIHOCTH, KOTOpble HEJb3s
OBIJIO TMOJHOCTHKS YCTPAHUTD M C MOMOIIBIO JOMOJNHHUTENBHBIX NMPEeANo-
aoxenult. OxHa u3 TpyaHocrell (yKazana IlyaHkape) cOCTOMT B TOM,
YTO OJHHM JHIIb 3JIEKTPUUYECKHEe CHJIbl He NAal0T YCTOHYHUBOTO paBHO-
Becud. JIopeHI [/l ycTpaHEeHHS BO3MOXKHON HEYyCTOHUHBOCTH Mpen-
MOJIOKHJI, YTO 3JIEKTPOHBI CIJIOUIMBAIOTCS MMPU [BHXEHHH H UYTO He-
3JIeKTPOMArHUTHBIE CHJIBI TaKXe HM3MeHSIoTcsl Npu ABHXKeHuu. [ly-
aHKape He MOT TaKXe COIVIaCHTbCSl C TE€M, UTO ONBITHbIE 3HAYEHHSsI
BeIMYMH pa3HBIX MOPSNKOB MaJsocTH TpeOyloT B Teopuu JlopeHua
pas/uyHble O XapaKTepy TUIOTE3HI.

JlopeHu BBes MOHSATHE 06 HCTHMHHOM MOJie KaK COCTOSIHHHM He-
NOABUXKHOTO 3(Upa M HAPALY C 3THUM MOHSATHE 3(P(DEKTUBHOrO MOJS
IJs1 IBHXKYILEACS MarepHabHOH cHcTeMbl. [IpHHUHUN OTHOCHTENb-
HOCTH M BBeleHHble JIopeHIoM npeo6pa3oBaHUst CIpaBelJHBEl, CO-
raacHe Jlopenny, mns 3¢ dekTuBHOro moJas. ITO pasfelNeHHe Ha
HCTHHHOE M 3((EeKTHBHOE INOJsI HOCHJIO HCKYCCTBEHHBIH XapaKTep.

T. I1. KpaBey orMeTus1 B NpUMeYyaHUsiX K «Teopun 3JeKTPOHOB»
JlopeHua, uto «mjsi yuTaTessi, 3HAKOMOTO C TEOpHUeH OTHOCHTENb-
HocTH, GpocaeTcs B IJa3a, Kakie My4YHTe/bHble YCHJIHS NMPUXOZUTCSH
nesath afenTy CTapod TEOPHH [MJIs MCTOJKOBAaHHS KCIEPUMEHTAJb-
HbIX pe3yJbTAaTOB B e€e TEePMHHAX, U HACKOJbKO TeOpHus SBJEHUH
CTAaHOBHUTCS MPOLIE M €CTECTBEHHEE C TOUKU 3pPEeHHs1 NPHHLUMA OTHO-
curesabHoctd. Ho emte Gosiee moyunTesnbHO, Kak MHOro ObLIO chena-
HO 10 DiHINTeHHa, B YaCTHOCTH caMuM JIOpeHIOM, I HaX0XIeHHUs
BbIpaXKeHHUH, OCTAIOIKNXCS HHBAPHAHTHLIMH IIPH NMEpexoie OT OJHOH
MHEpUHAJbHOH CHCTEMBI K Apyroi» (4, crp. 466].

JunaMuueckasi TpakToBKa JIopeHla 1O CYlIecTBY cTa/KHBaJach
C Cepbe3HbIMH TPYIHOCTAMH; caMa Ke HUCXOAHas KOHUEeNuus, HCTO-
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pHYECKH CBfI3aHHasi CO CTPEeMJEHHEM K MeXaHHYeCKOH TpaKTOBKe
(u3MUeCKHX $SIBJEHHH, HYXK[aJdacb B pPadUKaJbHOM [EPECMOTpeE.

DKcHepHMEeHTH B O0GJMAacCTHU BJEKTPOLHHAMHUKH
ABuxymuxcs tea. B 1838 r. ®apaneit GesycnelmHo meitTancs
06HApYXHUTb MarHUTHOe MoJie [BHXKYLIMXCS 3apsixkKeHHBIX Tena. Ye-
pe3 35 smetr MakcBeas pa3paboTaj CXeMy HECJ0XKHOTO MO 3aMbICY,
HO TPYAHO BBHINOJHHMOIO KCEPUMEHTa, KOTOPHIA M03BOJMI Obl 00-
HapyXHTh MAarHUTHCe MoOJie JBHXKYLIMXCs 3apsiloB. Passurtue
9JIeKTPOLMHAMHUKH JBHXYIIUXCSA TeA, KaK MPEILBICTODHH TEOpPHH
OTHOCHTEJIbHOCTH, TECHO Mepemnseraercs C 3KCIePUMEHTaJbHBIMH
MCCIeIOBAaHUAMH, CBSI3aHHBIMH B MEPBYIO ouepelb ¢ HMeHaMu Makc-
Besia ¥ 'eabmroasua. B 1873 r. MakcBens mucaJi, YTO BBIABHUHYTOE
HM INpeanonoxeHne 06 SKBHBAJEHTHOCTH NBHKYLIErocs 3apsiKeH-
HOTO TeJla W 3JeKTPHYECKOIO TOKa MOXKHO OblJI0 Obl NMPOBEPHTb B
cnenytoueM omnsite: «Ha ocHoBanuu uccienoanuii B. Tomcona
MOXHO DDHHATb, YTO MOMelleHHAass B BO3LyXe Ha3JeKTPH30BaHHas
IJIOCKOCTh HAauyMHaeT TEPSATb CBOH 3apsj JUIIb TOrja, Koria Ha-
IPSAKEHHOCTb 3JIEKTPHUECKOTO MOJIsi Y ee MOBEPXHOCTH JOCTHUTHET
Beauuunsl E=210=130 CGSE. Ecau 3Ta mnaockocts ABUXKETCH B
caMoii cebe CO CKOPOCTbIO U, TO €€ MarHuUTHOe HeHcTBHE OY/er
2n0v/n=0,005 v (n=3-10'"=ckopoctu cBera)» [5, crp. 12].

MakcBes1 momcuuTal, YTo IJIOCKOCTb, 3apsiKeHHass A0 IOTeH-
nuajga npo6ost BO3AyXa U IepeMellalollasicsi Co CKOPOCTbIO
100 m/cex, o6Hapyxuna Obl MarHuTHOE MOJIe, He MPEBOCXOjsliee
UETBIPEXTHICUHOH JI0JM TOPU30IITaJbHOH COCTABJAOLIEH 3€MHCIO
MarHetruama. OH NMpenyioXua B NMOXOOGHOM ONBITE HCNOJb30BAaTh 3a-
pPS’KeHHbIH HeMmpoOBOASIIMH JHUCK M BpalllaTh ero B MJOCKOCTH Mar-
HHTHOTO MepHI1aHa BOKPYT ropu3oHTa bHON ocH. B 1876 r. Poynann
OCYLIECTBHJ 3TOT ONbIT B fabopatopuu ['enbMmrosbia. DOGOHUTOBHIN
nuck AuamerpoM 21 cu u tonmuHoi 0,5 cm BpaimaJcsi BOKpyr Bep-
THKaJIbHOH OCH MeXy [IBYMsS HEMNOJBHXXHBIMH TODH30HTaJbHbIMH
CTEKJISHHBIMH OUcKaMHu. BHyTpeHHHE CTOPOHBI CTEK/ISHHBIX JHUCKOB
4 o6e CTOPOHBI 360HHTOBOrO JAMCKa OBbLIH MO30J0YEHbl M MpeJCcTaB-
Jsnu coboil o6kaaaku KoHAeHcaTopa. Hax moBepXHOCTBIO CTeKJsH-
HOro nucka Oblja MOIBellleHa acTaTHyecKash CHCTeMa, COCTOsllast
M3 NIBYX MarHUTHHUX CTPeJNOK. BelHUnWHA OTKJIOHEHHS] CTPeJKH Oblyia
NpHONHU3HTENBHO PaBHA TEOPETHUECKH OXHJAAaeMOMY.

B 1885 r. Pentren KauecTBeHHO MOATBepIHs pe3ynbTaThl Poy-
JaHjia d MokKasaJj, YTO MAarHUTHOe MoJie BO3HMKAaeT W TOrAa, KOraa
3JIEKTPUYECTBO OTHOCHTEJNBHO MPOBOJHHUKA HAaXOIHUTCS B MOKOE, HO
JIBUXKETICSl BMeCTe ¢ MPOBOIHUKOM B NMPOCTpaHCTBE. Takoe ABHXKEHHE
aJieKTpuuecTBa [enbMroJibll Has3BaJl «3JeKTPUUECKOH KOHBEKIHeH>.

Jlexepy B Gousee mo3puux HccaenoBanuax (1889) we ymanmoco
0o6HapyXuTb HuKakKoro sddekra. Xumcren (1889) usmenus cxemy
Poynanpa. Oa mokasaJ, Yro OTKJOHEHHE CTPEJNKH B 3THX ONbITax
MPOUCXOIUT B COOTBETCTBHHM C NpaBH/IOM AMmepa u uTo 3TO OT-
KJOHEHHE MpPOIMOPLUHOHAJBHO CKOPOCTH BpallleHHss W MJIOTHOCTH
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IBMXKYILErocsl 3JeKTpuueckoro 3apsiza. OmnbiTel XuMmcTea MOJ-
BepIJHCh Cepbe3HOMY OGCYXKAEHHIO, HO 0COO0T0 BHHMAHHS MO TOH-
KOCTH aHaJid3a 3ac/]yXuBaeT obcyxaeHne Jfixenajbia. OH nucadg:
«XHUMCTe MOT MPOH3BOAMTL CBOUM NMPUGOPOM JIHIUb OTHOCHTEJNbHbBIE
H3MEepeHHs, a MeXLy TeM aGCOJIIOTHble U3MepEeHHs B 3THX ONbITax
HMeIOT OrpPOMHOe 3HayeHHe, MeXJIy IpOYUM, YyKe IOTOMY, 4TO
HapsAAy C 3JeKTPHYECKOH KOHBEKIlMeH NMpHU IBHXKEHHH MPOBOXHHKOB
B 3JIEKTPOCTATHYECKOM [I0JIe MOTYT BO3HHKAaTb H KOHJYKLHOHHBIE
TOKH, T. €. JIBUXKEHHs 3/JeKTPHUECTBA 110 CaMHM NpOBoAHHKaM. KoH-
IOYKIMOHHBIE TOKH TOXE€ MPOHU3BOAAT MAarHUTHble NEHCTBHS, HHYEM
He OTJIMYAIONIHECS OT MaTHHUTHBIX NEHCTBHE TOKOB KOHBEKIHOHHBIX»
[5, cTp. 15].

Onuitel Poynanna HenocpedCTBEHHO MOKAa3aJjH, YTO JBHMKEHHE
Ha3/eKTPU30BAHHEIX TeJ MPHUBONHT K MOSIBJIEHHIO MOJSA. DTH OMBITHI
B TO BPeMs M HECKOJIbKO MO3Ke HCTOJKOBBIBAJH Ha OCHOBE TEODHH
lFenbmrosbua, Hefimana, BeGepa, MakcBensna. IenbMrosbll npu-
3HaJ, YTO XOTS PE3yJbTaThl 3THX OMBITOB COOTBETCTBYIOT MpPEXMNO-
cblIKaM Teopuu BebGepa, HO UX MOXKHO BbIBecTH U3 Teopuu Maxkcses-
Jla, OTpulialollell HxeficTBue Ha paccrosHud. IIpuBOAST OUEHKY
Tenbmronbua, Po3enGeprep ormeuan: «XoTs, TakuM oGpa3oM, mpa-
BHJBHOCTb 3akoHa Be6Gepa ¢ KosHuecTBEHHOH CTOPOHBI He Oblia
OCMOpEHa, HO YXKe NPUBENEHHbIH TOJbKO UYTO OT3BIB [ejabMrosbiia
yKasbiBaeT Ha TO, UTO TENepb peub IJia yKe He CTOJIbKO O MpaBHJIb-
HOCTH BBIBOJIOB, BBITEKAIOUIHX H3 3TOr0 3aKOHA, CKOJBKO O APUHYU-
NUALbHOY O0ONYCTUMOCTU €20 UCXOOHbLX MpPednocoiAOK, 4TO Temnepb
KpUTHKA Obljla HanpaBJieHa BOoOlle NPOTHB BO3MOXKHOCTH, U He0O-
XOIMMOCTH, BO-TIEpBLIX, HENOCPEICTBEHHOr0 [NeHCTBUSI 3JeKTpHue-
CKHX CHJI Ha PacCTOSHHU H, BO-BTOPbIX, OJHOBDPEMEHHOIO TEUEHHS
JByX NPOTHBOMOJOXKHBIX MXKHIKOCTEH 110 OZHOMY MpPOBOXHHKY> [6].
Onbitel Poynanpga ObliM MepBBIMH HMCCIE€NOBAHUSIMH MarHHTHOTO
MOJI5i KOHBEKIIHOHHBIX TOKOB.

OnHoBpemenHo ¢ paGoroit XuMcTena MOsSBUJIACH COBMECTHasi pa-
6ora Poynanpma m XutuuhcoHa. B cBoux ombiTax OHM MPHHSIM J0-
CTaTOYHbLIE MEPHI K TOMY, 4TOOBI 3JIEKTPUUECKOE MOJIe MEXAY HHCKa-
MU ObLIIO OIHOPOIHBIM, UTO MO3BOJIHJIO Obl TOUHEE, YeM B MpPeIbIay-
IIMX OMbITax, PaccYUTaTb pacrnpeleseHue ABHXKYLIUXCS 3apsifoB.
DfixeHBaJbJ OTMeYaJ, YTO B 3THX ONbITaX ObLJIO O6palmeHo oco6oe
BHUMaHHe Ha TOYHOCTb HU3MepeHuil. Pa3HocTH nmoTeHuunana usMeps-
JIUCb 3jeKTpoMeTpoM Tomcona, Hjas oTcuera 06OpPOTOB Ha KaXKIOH
ocH ObLIM MMOMELUEHbl CUETYHKH.

Poynang u XHTYMHCOH BBIYMCJSIM M3 CBOMX OMBITOB OTHOIIEHHE
3JIEKTPOCTATHUECKUX aOCOJIOTHBIX €IMHHUIl K 3JeKTPOMarHHTHBIM H
MpU Pa3JIMYHBIX YCJIOBUSIX OMBITA MMOJNYYaJd 3HAYEHHS] CKOPOCTH CBe-
Ta, Jexanue B npefenax 2,26-10°0 g 3,78.10'° cm/cex. Psin pa6or,
BHIMOJIHEHHBIX KpeMbe, MpHBes K OTPULATETbHHIM pe3yJbTaTaM.
Cam Kpembe Ha OCHOBaHHM CBOMX OITBITOB YMOPHO OTPHIaJ BO3HHK-
HOBEHHe MarHUTHOTO IOJIS MPH JBHXKEHHH JIEKTPUUECKHX 3apsifoB.
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[lonoxutenbHble pe3y/bTaThl APYTrHX HCCAefOBaTeNell OH MPHUIH-
CbIBaJl pPa3/MYHbIM cayyaiiHbiM omu6kam. OgHako Kpembe mpunan-
JIEXKUT 3acjayra MpUMeHeHHss HOBOTO METOLA, COCTOSILIEr0 B TOM, 4TO
Hcc/efyeTcs MarHUTHOe I0Jie, CO3JaBaeMoe MpH BpallleHHH He IIo-
CTOSIHHOTO, a NepPeMEHHOro 3/JeKTPUYECKOro 3apsja.

DfixeHBaJbJl OTMeyYas IpeHmyliecTBO MeTofa Kpembe B TOM,
4TO YYBCTBHUTE/JbHAsi MAarHUTHasi CTpPejKa MOXKeT ObITb NMOMeLleHa
BIAJH OT BpallalOUIUXCcs MAHMCKOB M OTrpaxKieHa OT IOCTOPOHHMX
BJIMSITHUH.

ITennep, moab3ysicb merorom Kpembe, MOJYYHs MOJIOXKUTEIbHbIE
pesyabrathl. OH mnoBTopus onbT PoynaHfa ¢ TropH3OHTaJbHBIM
AUCKOM u HabJiofa/l OTKJIOHEHHs MOMELIeHHON HaX JHCKOM CTpel-
ku. B 1903 r. Kpembe u Ilenmep B coBMecTHO# paboTe MOATBEPAUIU
pe3yabratel Ilengepa.

ITepBble mpsiMble ¥ OYEHb TOYHBIE OMBITHI, KOTOpPble NMpPUBEIH K
KOJINYECTBEHHbIM pe3y/bTaTaM, HaXONSIIMMCSH B COIJIaCHH C Teo-
pueli, 6blK npousBefeds A. diixensBasabaoMm. PaGotel diixeHBasbaa
NpOU3BOAMINCL B TO BpeMsl, Korga onbiThl IleHmepa He Obliu elle
OonmyG/JIMKOBAaHbl, HO ObIIH H3BECTHB OTPHLATEJNbHbIE pPE3yJIbTAThI
onbiToB Jlexepa n Kpembe. DiixeHBaibJ OTMeYaer, YTo M Mocje Mo-
sBleHuss pa6or Ilenmepa OblIO Bce »Ke JKeJaTeJbHO IOBTOPEHHE
onbitoB Poynanja.

DiixeHBaJbJl MOJb30BAJCSA MJIOCKHM KOHIEHCATOPOM, COCTOSILINM
M3 JABYX BEpPTHKAJbHBIX MPOBOJSILINX IUCKOB, KOTOpble 3apsKaJuch
3JIEKTPUUECTBOM MPOTHBOMOJNOXKHOrO 3HaKa. OmuH uauM o6a JAucKa
BMecTe MOIJIM BPallaThCsl OKoJIo 0Omiefl ocH. MarHutHasi CTpeJiKa,
3allMLIeHHass OT MMOCTOPOHHHMX BJIHMSHHE, MOMeELLATach OKOJO Kpas
OJITHOTO M3 JHCKOB.

ComnocraBuB onbiThl Poynanna, Xumcrena, Poynanna u Xurtunu-
cona, Ilengepa co cBouMH, DifixeHBaJbJ MNHcaa: «3apsil, ABHXKY-
muiicss co ckopoctblo, jocruraiomel 150 m/cex, o6pasyer BOKpYr
ce6st MarHUTHOEe MOJe, KOTOPOe BO BCeX OTHOLIEHHSX, a HMEHHO IO
HanpaBJIeHHIO, 110 BeJMYMHE W MO PaclpefesieHHI0 B MPOCTPAHCTBE
U 10 CBOUM WHIYKIHOHHBIM JAEHCTBHUSM, SKBUBAJEHTHO MarHHTHOMY
MOJII0 TaJlbBaHHYECKOTO TOKa, YHMCJIEeHHAsi BEJHYMHA KOTOPOrO paBHa
laHHOfi BeJHUYHHE 3JIEKTPHUECKOH KOHBeKUMH» [D, cTp. 2]

¥Yxe B 1888 r. Penrren usyuas MarHuTHble HeHCTBHS OUIJIEKTPH-
KOB, IBHKYIIUXCS B 3JIEKTPOCTATHYECKOM IoJie. B ero ombltax AucK
W3 CTeKJa Wau 300HHTA BpallaJics BOKPYT BEPTHKAJbHOH OCH MEX-
Iy IBYMsI HENMOJBHXKHBIMH METAaJJIMYECKUMH OGKJIajJKaMH KOHJeHCa-
topa. ITpu mepemene 3apsima B oOK/J1aJKax KOHJeHCaTopa BO BpeMs
BpalleHUs1 IUCKa MarHUTHAasi CTPesKa, HaXOAMBIIAsics HaX BepXHei
obknaaxol, oTKaoHsAnack. HanpaB/ieHne OTK/IOHEHHSI CTPENKH COOT-
BETCTBOBAJIO MPENNOJIOXKEHHIO, YTO IBHKYILHECS 3apsiipl HLHIJIEKT-
pHKa 5KBHUBAJIEHTHBI JIEKTPHUECKMM TOKaM. KoCBeHHBIM MOATBEpK-
neHueM onbiToB Pentrena cayxuiu onbitol Ilennepa. IMenmep (1903)
nokasaJl, Y7o 360HUTOBBIH AHMCK, PaBHOMEDHO Bpalllasich B MepeMeH-
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HOM 3JIEKTpHYECKOM MoJie, BO3OYX/AaeT B cOCeIHeM MPOBOJIHHKE HH-
AYKIHOHHbIE TOKH.

OnbiTel PenTrena B ycoBepLIEHCTBOBAHHOH (OpMe IMOBTOPHII
OiixenBanbl. HaGuiomaemble B €ro ombITax OTKJIOHEHHSI CTDEJKH
MpelCcTaB/IsId pe3yabTaT Pa3HOCTH NEeHCTBUH [IBYX B3aHMHO NPOTH-
BOTIOJIOXKHBIX KOHBEKLMOHHBIX TOKOB, NMOCKOJIbKY 3apsifibl, MOSBJSIO-
lhecs Ha 00eHX CTOPOHAX MAMAJEKTPUKAa B MOJe KOHAEHCaTopa,
Bcerja HMeloT pasHble 3HaKH. KosuuecTBeHHble H3MepeHHs DiiXeH-
BaJibjJla HaXOIMJUCh B COTJIaCHH C TeOpHeH.

B nocsenymoniell cepud onbITOB DiXeHBAJbJ 3aCTaBHJ BPaillaTh-
cs 06a JAMCKa KOHJeHCaTopa BMECTe C COJEepPXKALIUMCs MeXAy HUMH
IM3JEKTPUKOM Kak OIHO LeJsoe. ITomOGHBIM 3KCIEPHUMEHT C Teope-
THYECKOH TOUKHM 3PEHHS] MMeJ CYIIeCTBEeHHOe 3HaueHHe. B ombITax
Poynanpa u DiixeHBaJbla ONMH IUCK 3apsiXKEHHOTO KOHIEHcaTopa
JBUTAJICS OTHOCHUTEJNbHO APYroro, HEMOABHIKHOTO AHCKA, HMEIOLLEro
3apsj, MPOTHBOMOJOXKHOTO 3HaKa, HJIU 3apsapl 000MX JUCKOB JBUI3-
JIACh COBMECTHO OTHOCHTEJILHO CPEJibl, HAXOASAIIEHCS MEXAY AUCKAMH.

B ombiTax c BpamaroluMcs AHIJIEKTPHKOM MOBEPXHOCTHHIE 3a-
pAAbl [M3JEKTPHKA JABUTAJNUCh OTHOCHTENbHO HEMOJBHXKHBIX 34psi-
[IOB Ha J¥cKax KoHjxeHcaTtopa.lIpu BpaleHHH IHCKOB KOHAEHCATOpa
BMecCTe C IOMEIleHHBIM MeX/Jy HUMHU JHJIEKTPUKOM OTHOCHTEJbHO-
ro nepeMeleHus: 3apsAA0B He ObLJIO; OJHAKO U B 3TOM CJyuae BO3HHU-
KaJlo MarHuTHOe noJsie. DHUXeHBajbjJ BIEpBble AOKa3aj Ha MPSIMOM
ONbITE CYLECTBOBAHME MATHUTHOIO ITOJIS TOKAa CMeELIeHHS.

Mgl BuauM, uto DHXeHBaJIbJ JaJ He TOJMBLKO COBepIlleHHO Gesyr-
pevyHoe 3KCMepHMEHTAaNbHOE [0Ka3aTeJbCTBO CYLIECTBOBAHHSI Mar-
HHUTHOTO I10J1s1 KOHBEKIIMIOHHLIX TOKOB, HO H IIPOU3BEJ BeCcbMa TOUHBIE
KOJIMYeCTBEHHBIe H3MepeHuA 3Toro nois. OnbiTel DiiXeHBaJbjla 1a/H
BO3MOXKHOCTb YCTAaHOBHUTb MOJIHYI0 3KBHBAJIEHTHOCTh KOHBEKIIMOH-
HBIX TOKOB TOKaM MPOBOIWUMOCTH, MOJATBEPAHIH 3KBHBaJEHTHOCTh
MarHUTHBIX MoJiefi TOKa MPOBOAMMOCTH, TOKa CMeIllleHusi, TOKa KOH-
ReKIMH M TOKa PeHTreHa; OHH e JMOJIXKHBI ObLIH NMOMOYb pPEIIUTb
BONPOC O TOM, KaKas M3 JBYX OCHOBHBHIX JODENSITHBHCTCKHX TEOPUH
9JIEKTPOAVHAMHUKH IBUXKYLIUXCS cpel — Teopusi ['epua unu teopus
JlopeHna — cOOTBETCTBYET HEHCTBHUTENbHOCTH.

Xox paccyxjaeHui#i GU3UKOB B TO BpeMsi OB NMPUMEPHO TAKHM:
ecau 3¢Up NMepeHoCHTCs BMecTe ¢ Bpailaiouiumcs auckoM (lepu),
TOK CMeIeHHs] B ABHXKYLIeMCS AHJEKTPHUKe JOJ/XKeH ObTh Ipornop-
UHOHAJIEH [UIJIEKTPUUECKOA MOCTOSIHHOM; ecau 2Ke 3(QUp HEmoABH-
xken (JIopeHI) U He MPUHUMAET yyacTHs BO BpalleHHH, TO, MOCKOJb-
Ky IH3JIeKTPHUECKas MOCTOsiHHAsi 3(Hpa paBHA e[UHHIE, TOK CMe-
LeHHs J0JIKeH OBbITb MPONOpPIHOHAJEH € — |, TaK KakK He06XOJHMO
BBIYECTh Ty YACTh TOKa CMeLIeHHst, KoTopasi o6ycJaoBiIMUBalach IPH-
pOM B TOM cJjydyae, ecJid Obl OH Y4acCTBOBaJ B JBHIKEHHH.

O6o3HauuM uepes *p=gE/4n niOTHOCTH 3apsifia Ha OOKJIafKax
e—1)E
KOHJleHcaTopa, yepe3 =+ p' = ——(—-E)—— MJIOTHOCTb 3apsifia, HaBe-

12



” ’ E
J€HHOTO B JH3JEKTPHKe, U Uepe3 p' = *+p+p = - JI0T-

HOCTb CBOOOJIHBIX 3apsAanoB. HepeMemaﬂ 3TH 3apdaAbl C MOCTOSIHHOM
CKOpPOCTBbIC U MmapaJijieJibHO IMJOCKOCTAM 00KJ1aJI0K KOHJAeHcaTopa,
nosyudyaemMm COOTBeTCTBYIOLIII/Iﬁ BKJIaJlT B MarduTHoe I10Jie

v eE
=A—=== ABp;
H=A Bp

4

H=—A2*=1F_ app;
c 4n
H+H =42E a0,
c 4m

rie A — Ko3pPUUHEHT MPONOPLHOHAIBHOCTH.

Bo3MOXHBI ciaenylolyue cJayyau:

a) JABMXKerTcsl OfHA OOGKJajKa KOHJeHcaTopa WK 06e OGKIaaKH
B OJHY WJIH NPOTHBONOJIOKHbBIE CTOPOHBI; COTJIaCHe TEOPHH C pe3yJb-
TaTaMH OMBITOB ODHXeHBaJjibla XOpOLIEE;

6) ABHXKeTCS AHMIJEKTPHK, a 0OK/IaIKH KOHAEHCATOpa HAXOMSATCS
B ITOKOE; OJHA CTOpPOHA AM3JNEKTpHKa maer Bkjaam H’y=App’ B Mar-
HUTHOe noJe, Apyras— Hy'=A,8p’ u H= (A, — A2)Bp/;

B) JABUXKeTCs OfHa oOKJIaaKa KOHIEeHCAaTopa BMeCTe C AUIJICKTpHU-
KOM: TOrmga

. Ed
H= (A A — 1B

3Ta QopMyJia NMOATBEpPK/AeHA ONbITaMH DiXeHBaJIbAA;
T) ABHXKETCS KOHJEHCATOP KaK LEJOe:

Ha+Ha = (A —A) B

CorsacHo Teopuu I'epiia, MarHUTHOTO MOJIsA He JAOJXKHO OBITh, HO MO-
caefHsAss GopMyJsia TaKxkKe MOATBEPAHIACH IKCIIEPUMEHTAJBHO.
OnbIThl DfiXxeHBasbla OKAa3a/joCh IPOILE BCEr0 HHTEPHPETHPO-
BaTb Ha ocHoBe Teopuu Jlopenua. Cam DiixeHBajbl Nucasa: <«Tak
KaK 3JIEKTPOMAarHUTHbIE SIBJIE€HHUSI MPEACTaBJSIIOT COGOH eXHHCTBEH-
HYI0, H3BECTHYIO B HACTOsilllee BpeMsi, CBSI3b MAaTe€pHH C MHPOBHIM
3(HpOM, TO €CTECTBEHHBIM SIBJISIETCH BOMPOC, He COMPOBOXKIAETCS
JIM JBUXKEHHE MAaTEepPHH B 3JEKTPOMArHUTHOM MOJie ABHXKEHHEM Ca-
moro 3¢upa. Bonpoc sToT, Kak yBHIUM HHXKe, pelliaeTcs B OTpHLA-
TEJbHOM CMBICJIE Ha OCHOBAHHHM HAIIHMX OMNBITOB C IH3JEKTPHKaMH,
JBHXKYIIUMHCS B 3JeKTpocTaTHuecKkoMm moge. C Apyro#l cTOpOHHI, B
00/1aCTH 4MCTO ONTHYECKHX SIBJEHHH TAKOH Ke OTBET Ha MOCTAaBJICH-
HbIH BOMPOC JaeTcst H3BECTHbIM onbiToM PH30 Hal CKOPOCTHIO pac-
NpPOCTpaHEeHHsl cBeTa B ABUXKYilleHics XKHUIKOCTH. Bce BMecTe B3sitoe
M03BOJIIET HaM C/eJaTh CJeAylolllee 3aK/JIIOUEHHEe: TO, YTO Mbl Ha3bl-
BaeM B HacTosillee BpeMs MHPOBHIM 3QHUPOM M UYTO MNPOHHKAeT
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co60ofi Bce MaTepHaJ/ibHble TeJIa, Mbl JOJKHbBI CUHTATh HENO/BHKHBIM
Jaxe BHYTPM CaMOil MaTepud, HaxoisleAcs B JIBHXKeHHH»
[5, ctp. 10—111].

B onbite BuibcoHa moJibiil IMAMHAP, MOMELIEHHBIA B MarHUTHOE
nosie, HampaBJieHHOe MapaJjiebHO OCH, BpalllaeTcss BOKPYT CBOeH
ocu. BHyTpu uwHIMHIpa BO3HMKaeT pafHaJbHO HalpaBJIEHHOE
3JIEKTPHYECKOe moJsie. B MeTa/uinueckoM UHJIHHADE MPHU 3TOM MPO-
HCXOMUT IMepeMellleHHe 3JeKTPOHOB MPOBOLMMOCTH K BHeIUHeH Mo-
BEPXHOCTH LHJIHHAPA. DJIEKTPOHBI MPOBOLUMOCTH MepeMellaloTcs 10
TeX Mop, MOKa 3apsil Ha BHELIHEeH MOBEPXHOCTH LHUJIMHIPA He CO34acT
roJie, KOTOpoe ypaBHOBeCHT cHiy JlopeHLa, AeACTBYIOILYIO Ha 3JIeK-

e
TPOHBI, HaXOJslIyecss B LHJIHH/Pe BellecTBa (F = —[vB]) . Mex-
c

1y BHelIHeH W BHYTPeHHeH MOBEPXHOCTSMH LHJIHHADPA BO3HHKAaeET
pPa3HOCTh NMOTEHLHAJa W NPU COEAMHEHHU HX MPOBOAHHKOM B HEM
NOHJET TOK.

Bu/ibCOH 3KCIEpPUMEHTAIbHO MONTBEPAHI, YTO Teopus I'epua, Huc-
XOAdlIasi U3 MOJHOTO YBJieueHHsi 3(Hpa, HE COOTBETCTBYeT AEHCT-
BUTeNbHOCTH. [Ipo6jemMa OTHOCHTENBHOCTH [BHKEHHS OKasajach
LIEHTPaJIbHOM B 3JIEKTPOAHMHAMHKE JBHXKYILIUXCS CPell, HO C OTKa3oM
OT MOJIHOTO YBJIeYeHHst 3hUpa HeJb3s ObJIO COXPAHUTb M NPHHIIHI
OTHOCHTEJILHOCTH B €ro KjaccuuecKoll ¢opme. JIopeHI momies mo my-
TH OTKa3a OT NPHHIHMNA OTHOCUTEJNbHOCTH, HO H 3TOT IyTb OKa3aJiCx
CJIO0XKHBIM M NPOTHBOPEYAIlUM MHOTMM 3KCIepMMEHTaJbHbIM JAaH-
HpIM. Heob6xomumo 6bl10 MOAMQUIMPORAThH rpynny npeo6pasoBa-
HHUHA KjiacCHYeCKOH (PM3MKH, YTOGbl pa3peluTb TPYAHOCTH 3JIEKTDPO-
JIMHAMMKH ABHXKYIIHUXCS TeJ.

2. OITHYECKHUE ABJIEHHA B JABHHRYIIHUXCA CPEJAX

12 OCHOBY ONTHKH ABUIKYIIUXCS TeJ, CTABUIYIO BAXXHOH BeXOH Ha IIy-
TH K CO3/1aHHI0 TEOPUH OTHOCHUTENbHOCTH, JIETJIM Teopuu abeppa-
LMK U Jonmnnep-addexra.

SIBnenne aGeppanuu cBeta ObLIO OGHADPYXKEHO AaHIVIMACKHM
actpoHomoM JIk. Bpannu. B koune XVII B. u B caMoMm HauaJe
XVIII B. MHOrHe acTpPOHOMBI 3aMETHJIM M3MEHEHHs] B IOJIOXKEHUH
3B€3/], MPOUCXOAMBILIHE C TOAUYHOH MEPHUOLUUYHOCTHIO M C aMILIUTY-
no#t okoso 40”. )K. IMTukap, P. T'yk u JIk. ®leMCTHL CKJIOHHBI Obl-
JIM MpUNHCATh 3TH H3MeHeHUs napaJsnaakcy, KaccuHu-mmaaummii n
Manbpenyn cripaBelJIMBO OCMapUBAaJH 3TH MOJOXKEHHUs, TaK KakK IpH
napajniakTHYecKOM CMeIlleHUH CBETUJIO yjaaJjsieTcss OT ameKkca mepe-
MellleHHs1 Habmojartessi, B TO BPeMs KakK MpH Hab/10jjaeMOM CMe-
LIEHUH CBETHJIO MPUOIMKAeTCsd K amekcy.

B 1725 r. C. MoJaiHe NMpeANpHHSA MOMBITKY MPOBEPUTH HCCJAENO-
Banusg I'yka. MoJsiHe yCcTaHOBMJI TeJNECKON MOYTH B BEPTHKaJIbHOM
MOJIOXKEHHH W HadaJj HaOJofeHus 3a 3Be3noit y [lpakona, mpuHsip
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