9T0 06CTOSATENBCTBO MOHUMAN 3eeMaH, KOTOPHIH B CBOEH CTaTbhe NMpPH-
BOJHT 3Ty (HOPMYJy, YKa3biBasi, UTO PeNSTHBHUCTCKUI BBIBOJ ObLI €My
coobuien JlopeHom.

Haxkouen, onbitel ®u30, Maijikenbcona—Mopau u 3eeMana ¢ Bo-
JO# OTHOCATCA K TPeTbeMy C/yyaio, a CJIeJ0BaTENbHO, OHH JOJKHBI
6b11u noaTBepauth hopmyay (III). [Tockonbky ®Pu3zo u MaiikenbCoH
He CTaBHJU cebe BONPOCA O BJIHUSHHUHM AMCNEPCHH H, €CTECTBEHHO, He
MOIJIM 3HaTh 0 ¢opMyJie JIopeHIa, OHY CUMTAJNH, YTO HX Pe3yJbTATHl
coraacyorcsi ¢ dopmynoi Ppenens. [To Bcell BepOATHOCTH, HX
YCTaHOBKH U He 06/ananu LOCTATOYHOH AJis BHISIBIEHHS JAHCIIEpCH-
OHHOT'O YJieHa TOYHOCTbIO. TpeGyeMoii TOUHOCTH OTBeuYasa YCTaHOBKA
3eeMaHa, KOTOPHII M NOATBEPJAHN CHpaBeNIuBOCTb (opmyss Jlo-
peHna.

ITockoabKy BCe NMpPHBEJEHHBIE PACUYETHl NPHBOASATCS C TOYHOCTBIO
TOJIbKO 10 YJI€HOB NEPBOro Nnopsijka, sce ¢popMyJbl COBNALAIOT C MO-
Jy4YeHHBIMH B KJaccHueckoi Teopuu JlopeHia, XoTsi, Kak yxe yno-
MHHAaJIOCh, B HX COJepKaHHE BKJanblBaeTcsi HOBHIl cMbica. OmHAKO
yeTKasl IIOCTAHOBKA BOMNpOca, KOTOpasi MO3BOJMWIA MaThb T1YGOKHit
aHa/M3 U BHISIBUTb Bce OCOOEHHOCTH paccMaTpuBaeMoil npoGieMHl,
cTaja BO3MOXHOH TONBKO B PaMKax TEODHH OTHOCHTE/IbHOCTH.

5. OT RJIIACCHYECKOM 3JIEKTPOJJHHAMHKH
K 3JIEKTPOAHHAMHKE 3HMHIITEHMHA —MHHKOBCKOI'O

Hcropuueckie KODHH PeNSTHBUCTCKOH 3JIE€KTPOJMHAMHKH, HemNo-
CPe/ICTBEHHO CBSI3aHHOH C 3JeKTPOJAMHAMHKOH JBHXKYIIHUXCSH Cpel
BOCXOJAT, ONHAKO, K 6oJjiee paHHEMY NepHOLY W CBSI3aHBl CO MHO-
TMMH acleKTaMH 3JIeKTPOJHHAMHKH B IeJIOM.

B yuenun o6 3j1eKTpUYECTBE U MarHeTH3Me, B OTJIHYHE OT MeXa-
HHMKH U ONTHKH, BaXKHble KauecTBEHHble IMIHPHUecKHe (HaKThl cTann
u3BecTHbl Jumb B XVIII B. K 3ToMy BpeMeHH HBIOTOHOBCKHEI METON
B 00/1aCTH MeXaHHKH OKasaJicsi BecbMa INIOAOTBOPHBIM. I[To-BHauMoO-
MY, NIepBYIO NONBITKY HCIIOJAb30BAaTh 3TOT METOX B 00JIACTH 3JIEKTpIi-
uvectBa caenan ®pankann (1751).

«Unen Ppanknuna, —numet f. I'. JopdmaH,— BCTpeTHIH, OA-
HAaKO, pe3KHe BO3Pa)KeHHs CO CTOPOHBI BCeX TeX, KTO CUMTaJs 3aBelo-
MO HEBO3MOXKHBLIM IPHIUCHIBATH 3JEKTPHYECKHM YacTHIAM «CKpBbI-
TYIO»... CIIOCOOHOCTb B3aMMOJEHCTBOBATh APYr C JPYrOM <«Ha pac-
cTosinuu». IIpoTuBHUKY Teopun PpaHK/AHHA OTYETJIHBO MOHHMAJH,
uto, x0T PpaHkIuH Kak 6yjTo nomesa no nyTu HbioToHa, 0TKas3aB-
LIMCh BHMKATh B MeXaHH3M B3aUMOJEHCTBHH MeX1y 3apsilaMH, OX-
HAKO OH BOBCe He NOOWJ/ICS ITOH LEHOIO0 TeX NeHCTBHTEJIbHO HeoClo-
DHUMBIX YCNEXOB, KOTOpPbHIX AOCTHTr HblOTOH B CBOefl TEOPHH TArOTe-
Hus ¥ B HeGecHoll MeXxaHHKe» [45].

Crenyst metony HbioTona, ®paHK/IMH Bce Xe NPHHAJ B KayecTse

paGoueil TUNIOTE3bl, YTO 3aPSAKEHHOE TEJO OKPYXKaeT «3JIeKTpHUecKas
atMocdepa.
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B 1759 r. ®. Onunyc (1724—1802) B Ttpyme «OnbiT Teopuu
3JIEKTPHYeCTBA M MAarHeTH3Ma» YKas3aJjl Ha 3aKOH 3JeKTPocTaTHue-
CKHX M MarHduTHHIX B3auMofeHcTBHH, a B 1785—1789 rr. KyJoHn c
IIOMOILbIO KPYTHJIbHBIX BECOB 3KCIEPUMEHTAJNbHO YCTAHOBMJ IIHPO-
KO M3BecTHHH «3aKoH KyJsona». XoTsd DmUHYC B TEOPHH 3JEKTpPO-
CTAaTHYECKHX M MAaTHUTHBIX B3aHMOJEHCTBHH H NOJIb30BAJCS HBIOTO-
HOBCKHM ()OpMaJIM3MOM, OH He OLOOPSAJ YyUeHHs], NOCTYJIHPYIOLIETO
JIeHCTBHE HA PAaCCTOSHHUH,

B 1811 r. ITyaccon (1781—1840) Ha oCHOBe KOJHMYECTBEHHBIX HC-
crenoBaHuii Ky/noHa NpHMeHHJ TeOpHIO TOTEHIMana, pPAas3BHUTYIO
paHblile JJs TATOTEHHS, K SIBJEHUSM 3JIEKTPHYECKHM. TeM caMbM
OBIIM 3aJ102KEHBI OCHOBBI 9JIEKTPOCTATHKHU. «JlefACTBUTENbHO,— MHUILIET
M. Jlays,— B 3akoHe KyJsioHa nM B 9KBHBaJIEHTHOM eMy nuddepeH-
nua/nbHOM ypaBHeHuH Jlamnaca — IlyaccoHa, a Takxe OIBITE, MOJ-
TBEPXK/JaolleM IIOCTOSIHCTBO IIOTEHIMAasa Ha IPOBOJHHKE, COMIep-
JKHTCS1 BCs JIEKTPOCTATHKA, NOCKOJbKY HNMJEKTPHKH He YYacCTBYIOT
B siBJeHusx» [46]. HoBbIM CyllecTBeHHBIM BKJIAAOM ObLIO OTKpPHITHE
I'. X. 9pcrena.

Otkpeitie dpcrenom (1820) akra OTK/IOHEHHS MAarHHUTHOMH
CTPEJKH HOCTYXKHJIO HCXOJAHBIM IIYHKTOM HAaKOIJIEHHUs 3HaHUH B 00-
JIACTH 3JIEKTPOMArHETH3MA.

B 1822 r. A. . Amnep (1775-—-1836) mokasa.n B3aumomefictBue
JIBYX Liellei TOKa U IPUHSAJ 5TO B3aUMOJAEHCTBHE KaK HCXOAHbIH MYHKT
JUIS CBOEro 3aKOHa 3JIeKTPOJHHAMHUKH.

Awmnep uaxonuJcsi moj 3HAYHTEJNbHBIM BJausHueM HbioTona u
ero cucreMbl. OTKpPHIB B3aUMOJEHCTBHE 3JEKTPHUECKHX TOKOB M
YCTaHOBHB €ro OCHOBHOH 3aKOH, AMIEp BO MHOTOM CTPEMHJICS K Me-
XaHUYeCKO#l MHTepIpeTalMH, XOTS XapaKTep OTKPHLITHIX M HHTepIpe-
THPOBAHHBIX MM $IBJICHMH HOCHJ $IBHO HEMEXaHMYEeCKHH Xapakrep.
[To mepe pasButus yueHusi 06 3JeKTPOMarHeTHsMe TeopHus Oblia
TmocTaB/ieHa Nepes 3ajayaMy, He pa3perraeMbIMH OOBIYHBIMH METO-
JaMH, IPUMEHSIEMbIMH IIPH H3Y1€HHH LEHTPaJbHBIX CHJ, NEeHCTBYIO-
MIMX MEXJYy MaTepHaJbHbIMH TOYKAMH H 3aBHUCSALIMX TOJBKO OT
paccrosinus. Yxe B 1832 r., uepes HeCKOJbKO MecslLeB Iocsae OT-
KDBITHSI 3JIeKTPOMAarHuTHOA MHAYKIHH, Papanelt nucam o KoHeuHOH
CKOPOCTH pAacHpOCTPaHEHHsI MarHeTHaMa M 3/JEKTPUYECKOH HH-
JYKIMH.

B Hos6pe 1837 r. ®apaneii pa3BuUBaeT B3TJIsAbl, UTO OOBIKHOBEH-
HOe HHAYKLUHOHHOE [efcTBHe NPOMCXONUT He HHAue, KaK uyepe3
HOCPEACTBO INPOMEXYTOYHOTO BelIeCTBA. <«YBaKeHHe, KOTOpoe s
nutaio K uMedam dnunyca (Epinus), Kapauauma, [Iyaccona (Pois-
son) W JPYrHX BLIJAIOLIMXCS JIOAeH, KOTOpble, KAK MHE KaxeTcsd,
BCE B CBOMX TEOPHSX HHAYKLIMIO DAacCMaTPHUBAIOT KaK JeHcTBHE Ha
PACCTOSIHHM ¥ IIPUTOM IO NPSIMBIM JIHHHSM, JOJTO€ BPeMSI MeIaJo
MHe NPHHSTH TOJBKO UTO H3JIOXKeHHoe MHeHue. IIpaBpa, s Bceraa
HCKaJ BO3MOXHOCTb, YTOOBl OKa3aTh MPAaBHJIbHOCTb IIPOTHBONOJIOXK-
HOTO MHEHHS, # BpeMsi OT BDEMEHH CTaBHJI TaKHe OMbITHI, KOTOpPbIE,
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Ka3ajocb MHe, JOJKHBE OBLIM NONACTh B LieJb; ..HO JIHIIb C HEJAaB-
HHX NOp, M He cpasy, ype3BblYaiiHas OOLIHOCTb BoOIpoca NoGynuiaa
MeHS K AaJibHeHleMy pacUIMpeHHI0O MOUX ONBITOB M ONYyGJMKOBAHHIO
MOHUX B3r/s0B. B Hacrosiliee BpeMsi i HoJiarairo, 4to OObIUHAS MH-
LyKLUHs BO Bcex Caydyasix NpeAcTaBiasieT COGOH HefCTBHE CMEXKHBIX
yacTul, 3akJiouaiolnieecs B HEKOTOPOro pOAa INOJSPHOCTH, a He
siBJIfeTcs NefCTBHEM YacTHL HJIM MacC Ha 3HAUUTENbHble PacCTosi-
uusi» {47].

B 1846 r. B. BeGep nomyctuia, uto cuja, AEHCTBYIOmAS MeXIy
JBYMsl 3apsilaMH, 3aBUCHT He TOJbKO OT PaCCTOSIHHS, HO H OT CKO-
poctu u yckopenus. Toku BebGep paccmaTpuBal KakK IBHKYIIHECS
3apsinbl. 3akoH BeGepa oxBaTblBaJ MHOroe M3 TOrO, 4TO OBLIO H3-
BeCTHO 006 3JeKTpHuyecTBe, HO, KaK 3aMmeTHJ Jlays, Bce TeopHH
Awmnepa, ®panua Hefimana, BeGepa crpajaiu TeM HeIOCTaTKOM,
4TO OHHM JONYCKa/JH MTHOBEHHOe JaJbHONEHCTBHE, U, IIOCKOJBKY
npeobnanamoliefi TeHJeHIWEH CTAHOBHJIOCh MpPH3HAHHE KOHEYHOH
CKOPOCTH pacCIpOCTPaAHEHHUS JEKTPUUECKHUX AeHCTBUH, OHH JIUIIAJIUCH
NoYBbl. XapaKTepHays 3TH Teopuu, MakcBess nucasn:

«B 3THX Teopusix cuia, JeficTBywIlas MeXAy ABYMs TelaMH,
paccMaTpUBaeTcs JIMIIb KaK 3aBUCALIAS OT COCTOSIHHS T€J M HX OT-
HOCHTEJNHOTO NOJIOXKEHHd, OKpyXKalollas cpefa He INPHHHUMAeETCS
BO BHHMaHHE. DTH TEOPHH AONYCKAaIOT 0oJiee HJIH MeHee SIBHBIM 06-
pasoM cylllecTBOBaHMe CYOCTaHIMH, YacTHLB KOTOPHIX o06Janaior
cnoco6HOCTbIO JeficTBOBaTh APYT Ha JApyra Ha paccrosHud. Haubo-
Jiee MoJIHasi pa3paboTKa TeopHil 3TOro poaa npuHamiaexkur B. Be-
Oepy, KOTOpBIfl BKJIIOYHJ B Hee KaK 3JIeKTPOCTaTHYeCKHe, TaK H
3JIeKTPOMArHUTHBIE sIBJIeHHS» [48].

B muceme ot 19 mapra 1845 r. k BeGepy I'aycc nucan o nefict-
BHH, paclnpocTpaHsiolleMcss BO BpeMeHH TaKUM XKe IyTeM, Kak pac-
HPOCTpaHsIeTCsl CBET, H O CBOEM HHTepece K Takoil Teopuu. DBouee
peabedHO 3Ta MBICJAL OblIa BbickadaHa Pumanom B 1858 r. Puman
CYMTal, YTO MY yAaJochb HAATH OGbSCHEHHE 3JeKTPOAMHAMHUYECKHX
JNEACTBUH raJbBaHUYECKHX TOKOB, MCXOASl M3 INPEANOJNOXKEHHS O HX
KOHEYHO! CKOPOCTH DPaclnpoCTPaHEeHHs.

B Teopun OJM3KOAEHCTBHSI B KauyecTBe CpeJpl, Nepepamolled
3JIEKTPHUYECKHE W MAarHUTHble NEHCTBHS, OB HCNOAb30BaH M MOJH-
¢unupoBaH 3¢up, BBeeHHbIH [tofireHcom n Ppenenem.

S¢dup xak NpoMexyrouyHas MaTepHaslbHas Cpena, aHaJOTHYHAsS
OGLIUHBIM YIPYTHM Te€JaM, COCTOSIIIUM H3 OTAENbHbIX YacTHI, CBS-
3aHHBIX CHJIaMM CIeIVIeHHSl, He MOT LE/JIHKOM YIOBJETBOPHUTb Tpe-
GOBAaHUSIM TEOPHH, NOCKOJIbKY HaJbHOAEHCTBHE Ha OoOJbLIMX pac-
CTOSIHMSIX CKPBITO H 3aMeHdeTcs JajbHOAeHCcTBHEM Ha OJM3KHUX pac-
CTOSIHUAX. DPHUp HaLo GBIO MBICIUTb KaK HENpepLbIBHYIO Cpeny,
YyXKIYI0O aTOMHCTHYECKOH CTPYKType, KOTOPasi 3amoJIHSIeT NMPOCTPaH-
cTBo 6e3 BcsiKHMX npomexyTkoB. Ho npu artom sdup aumasncsa tex
CBOMCTB, KOTOpHle IPHIOHUCHIBAIOTCH OObIYHBIM TesaaM. OgHako npu
BCeX 3aTpy/JHEHUSX, CB3aHHBIX C TPAKTOBKO# 3dupa, nnesa Papanes
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0 NMPOMEXYTOUHOH Cpefe JAJIs NMepesayd 3JIEKTPUYECKHX W MAaTHHT-
HBIX JeHCTBHI, 0Ka3ajach IJIOJOTBOPHOH.

Y Makcsenna unen Papanes nosyyuian jajbHedliee pasBHTHE
1 o6ocHoBaHue. MaKcBess o6paTua oco6oe BHHMaHHE HA JHHAMHKY
ajieKTpuuecKux spienuit, B 1855—1856 rr. MakcBes1 naj marema-
THYECKYI0 (POPMYJIHPOBKY CHJIOBBIX JHHHH M, Oaaromaps TIlaTelb-
HOMYy aHaJIM3y XapaKrepa CHJOBBIX JIHHHA 3JIEKTPHYECKOTO TOKa,
BbiBesl NU(GepeHIHalbHOe YpaBHEHHE /11 CTAaLHOHAapHOro INoJid,
COOTBETCTBEHHO KOTOPOMY KaXKjiasi JIHHHS ToKa o6pasyeT BHXpe-
BYIO JIMHHIO MarHutHoro noss. B 1862 r. Makcsesnsn BBeJ TOK CMe-
IIeHHsI, BOSHHKAIONUIUHA B AUJIEKTPUKE NPU M3MEHEHHH HaNpsikeH-
HOCTH 3JIEKTPHYECKOro IOJIs M JAIOLIHil BMecTe C TOKOM INPOBOJH-
MOCTH 3aMKHYTHI# ToK. B 1865 r. MakcBe/s1 BbIBeJ H3 CO3JaHHOH UM
TEOPUH MaTeMaTHuYeCcKOoe 3aK/loyeHHe 06 3JEKTPOMATHHTHBIX BOJI-
HaxX, PaclpoCTPAHSIOIUXCT CO CKOPOCTbIO cBeTa. lLleHTpasibHBIM
NyHKTOM 3JIEKTPOJHHAMHUKH CTajJa CHCTeMa MAaKCBe/NJOBHIX ypaB-
HEeHUH,

B nepuos, npeinecTBOBABUIMH CO3JaHUIO  JEKTPOAHHAMUKH
®apagess — Maxkceesnia, Kak 3TO OTMeTHUIH JDiHWITEHH 1 MHpeabn,
BbIpaXkKeHHs JIs CHJ OBIIM NPOCTBIMH; OHM BBHIPAXKaJINCh B OJHHA-
KOBOH (opme /s TATOTEHHS, 31eKTpUUecTBa U MarHerusma. Ho BBe-
JleHHe HOBBIX, HEBECOMBIX CYOCTAHLHH, COBEePIIEHHO He CBS3aHHBIX
C OCHOBHO# cy0OcTaHiuell — Maccoil, 6blJI0O CJAUIIKOM BBICOKOH leHOH
3a 3Ty HpPOCTOTY.

Bo Bropoii mosoBuHe XIX B. B (U3HKy ObliM BBEeJeHBHl HOBbIE
HZeH, OTKpbIBLLMe NyTb K HOBOMY B3TJAAY Ha INPHPOLY 3JEKTpPO-
MATHUTHBIX fIBJIEHHl, PE3KO OTJIHYABHIEMYCS OT MeXaHHCTHUECKOTO
MHDONOHUMAHHUSA. OTH HOBHlE UJEH NOJYUYHJIH U HOBYIO MaTeMaTHue
ckyio ¢opmy. Cucrema ypaBHeHu#i MakcBessa okKasajnacb OpraHu-
YeCKH CBSI3aHHOH C KPYrom HOBLIX MJefi U NpeicrabiaeHuil. «Pop-
MYJHDOBKA 3THX YPaBHEHMH SIBJeTCS CaMbIM BaXXHbIM COGBITHEM
co BpemeHu HploToHa He TOJMbKO BCJEACTBHE LIEHHOCTH HX COJEp-
()Ka]HI/Iﬂ, HO U NOTOMY, YTO OHA JnaeT o6pasel HOBOTO THIA 3aKOHOBY
49].

Pa6oruo YMoBa (1874) u IloitHTunra (1884) nomosiHHIM TEOpPHIO
MakcBensa yuenueM o HoToke sHepruu. Cucrema ypaBHeHuil Mak-
CBeJIJ1a NPU YIPOIIAIONIUX JOMYyIIEHHSIX O HEMOJABHKHOCTH BCEX Ma-
TepHANbHBIX TeJ, HAXOAAUIMXCA B NOJe, W IOCTOSIHCTBE BEJHUYHH,
XapaKTepH3YIOIUX CBOHCTBA Cpejbl, IO03BOJsJa pemiaTb MHOTHE
3ajayl, He 3aTparuBasi BOIPOCOB CTPYKTYpPHI NOJISI U 3aPsifiOB.

Jubdepenunanpuas ¢dopma 3aKOHOB 3JEKTPOJAMHAMHKH Obljia
OJHHMM M3 KDYyNHEHNIHX [NOCTHXXEHHUH HEe TOJbKO 3JEKTPOJMHAMHUKH,
HO ¥ (DU2HKH B 1eJoM. XOTs HHTerpasibHasi popMa 3aKOHOB JIEKTPO-
JHHAMHKH H SIBWJIACb MaTeMaTHYECKHUM BbIpAaXKEHMEM TeX K€ OIBIT-
HBEIX (DaKTOB, KOTOpHIE JieKaJH B OCHOBAaHHH HudepeHnHanbHbIX
3aKOHOB, 0JHAKO NOCJIeLHHE NO3BOJIHJH INy63Ke NMPOHUKHYTh B CYII-
HOCTb fIBJIEHUH M OJHO3HAYHO OMNpEJEJUTb JEKTPOMATHUTHOE IOJIE.
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ITockoabKy Tpu cocTaBJsiolue a06oro poropa (BUXpsi) CBsida-
HBl TOXKJECTBEHHBIM COOTHOILEHUEM

divrotE =0

W, CJI€JI0BAaTeNbHO, HE SIBJSIOTCS HE3aBUCHMBIMH JPYyr OT JpYyra,
yPaBHEHHSI C POTOPAaMHU HaNpPSI)KEHHOCTEH 3JeKTPHYECKOro U MAarHuT-
HOTO NOJIsi, NpeACTaBJAIOIHe CO60H 00061IeHHe 3aKOHa 3JIeKTpoMar-
HUTHOH MHAYKUHH U 3aKoHa Buo — CaBapa ajd Mar{utHoro InoJs
TOKa, HEJO0CTaTOYHBl AJIS ONpeJesNeHHs] ITHX NoJeH U He SBJSIOTCS

HE3aBUCHUMBbIMU JApPYr oT apyra. [nisi omucaHds NHoJsi HEOGXOJHMB
JBe Tapbl ypaBHeHHi

1 dB
rotE_——C—a—t—, (1
divB =0, 2
10D 4,
divD = 4mp. 4)

VpaBHeHHe (2) BbIpaKaeT ONBITHbIA (AKT OTCYTCTBHS MAarHHTHHIX
3aps/loB, aHAJOTMYHBIX 3apsifaM 3JEKTDHUECKHM, a ypaBHeHue (4)
aABssieTcss o6o6neHHeM 3akoHa KyJoHa.

W3 maremaTHueckKux cooOpaxkeHHHl 0Ka3ajochb LeJecoo6pasHbIM
BBECTH HOBble BEJMYMHbI, XapaKTepH3ylollue 3JeKTPOMAaTHUTHOE
nose TaKMM IIyTeM, 4TOOB Ka)k[ioe YPaBHEHHE COJepKaJjo JHLIb
OJIHO HEH3BECTHOe. ITH HOBblE BEJUYHHBI — JEKTPOMATHUTHbIE
MOTEHLHAJHI.

Uepes HaNpsi?KeHHOCTH TOJIeH BbIpaKeHbl HENOCPEACTBEHHO CHJIHI,
JeHfcTByIOlIMe Ha 3apsAbl M Ha TOKH, M HUX (QH3HYECKHH CMbICH
HarJasiHo omnpefesed. [loTeHuuansl Xe He MOryT ObITb NOJYYEHHI
HeNOCPeNCTBEHHO Kak pe3yJbTaT H3MepeHHs. Kpome Toro, mores-
LMaJbl ONpeleJeHsl C TOYHOCTbIO N0 TaK HasbiBaeMoro npeo6paso-
BaHus Kanu6poBkd. OnHako nmpeo6pa3oBaHus ypaBHeHHs MJIs IO-
TEHIMAJIOB IO3BOJSIOT JIETKO NEPEeXOJHUTb K UYeThIpeXMepHoi ¢op-
MYJIEDOBKE 3JIeKTPOLHHAMHKH.

Bekrop-noreHuuan A onpejensercs ypaBHeHHEM

B=pH=rotA;

BHOCS1 3TO ypaBHEHHe B ypaBHeHHe, BhIpaxamllee 3aKOH 3JIEKTPO-
MAarHuTHOH HHAYKLHH
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c ot
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HJIH

rot (E+ 1 6A> =

HpI/I 3TOM MBI MpeamnoJsaraeM 4To AHUIJIEKTpHUYECKasd NMPOHHULAEeMOCTb
U MarbHiuTHag INDPOHHLIAE€MOCTb OJHWHAKOBBI BO BCEM IPOCTPAHCTBE,
3aHHMaeMoOM MoJIeM, H YTO B IIOJI€ OTCYTCTBYIOT KaK IMOBEPXHOCTHLIE
3apsiibl, TaK U [MOBEPXHOCTHBIE TOKH. ypaBHGHI/IlO

rot( +i(%)=0

MO2KHO YyOOBJIETBOPUTDL, MoJaras

rae p — MPOU3BOJIBHBIA CKaJsp.

YpaBHenue MaxkcBessa, ycTaHaBJAUBAIoOUlee 3aBUCUMOCTb BHUXPS
MarHUTHOTO I10JISE OT MJIOTHOCTH TOKOB NMPOBOJHUMOCTH H TOKOB CMe-
IIeHUs
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Hcxons W3 TOro, YTo [Ba IMOJIs, ONMHUCHIBAEMble OJHHUMH M TeMH ¥Ke 3Ha-
YEHHUsIMH BEKTOPOB HAIPZKEHHOCTH I10J11, HO OTJIHYAIOUIHeCsA HEKOTOPbIMH
3HAUYEHHUSAMH IIOTEHIHAJIOB, MOTL'YT OBbITb TOXKIECTBEHHBIMU B CHJIy HEKOTO-
poro npousBoJia B ONpPEACJEHHH MOTEHIHAJIOB, Ha MNOTEHIHAJIbI A u ()
HAKJaapIBalOT JOMNOJHHUTEJbHOE YCJIOBHE — YCJIOBHE JIopeHua:
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Jloka3aTesIbCTBO MHBAPHAHTHOCTH 3TOH CHCTEMbI yPaBHEHHH 3HAUMTENIBHO
JIerye NpoBECTH, UeM A/t CHCTeMbl ypaBHeHHi MakcBesuia 1 MakcBesuia —
Jlopexua.
3anuueM nocsiefiHee ypaBHEHHe B BHAE
vzA L A =—E-pv,
cz o0 c

a ycJoBue JlopeHia — B BUIE

04, 9A, | 0A, | aip

ox oy ' 0z Ox,

b

rae x, = ict. IlocienneMy ypaBHEHHIO MOXKHO NDHAATb BHI

ecid Ay, Ay, A, paccvmaTpuBaTb Kak MPOCTPAHCTBEHHBIE KOMIOHEHTHI
@,, ®,, ®; yerpipexmepHoro norexuuana Oy, a i —Kak YeTBEPTYIO
ero komnoHeHTy @,.
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Amnanoruuno BBeIEM '-IeTpr€XM€prIﬁ TOK, T. €. K COCTaBJ/IAIOLIUM
IVIOTHOCTH TOKA JOGaBMM IJIOTHOCTb 3apana

Sy (PUx, PUy, PUz, iCP);
TOrJia ypaBHEHHE Hepa3pbIBHOCTH
. dp
div = =
ivpv+ Py 0

NPUMET BUJ

a ypaBHEHMs [UIs NOTEHLHAJNOB NPHMYT YeTbIpeXMEpHyo (opMy, M03BO-
JSIOLLYI0 GOJiee HArJISIAHO NPeJCTaBUTh MX KOBapHAHTHBIA XapakTep.

[No/mb3ysice dopmyiamu nepexoia, HaXOAMM H3MEHEHUs] BEKTOPAa TOKa
NpU Nepexofiec OT CHCTEMbl, B KOTOPOH 3apsll HaXOIHMTCS B COCTOSIHHH
NOKOS, K CHCTeMe, IO OTHOLICHHIO K KOTOPOH 3apsiii NBHXKETCH CO CKO-
POCTBIO V B HAaNpaBJEHHH OCH X:

. 20
sy — iBs, 0 0 sy + iBs)
S1 =—————) S, =53 S3=2S; S = ’
Vi—v?/c? V1—v¥/c?
TAK KakK
0 0 0 0 . v
S =8, =83 =0, s, =ipC, <B = —c—) ,
TO
Pgv
8§ = 0Uy = —————,
Vi—v?/c?
Sy = pvy =0,
Sy = pv, =0,
. ipoC
Sy, = IpCc = R .
VY 1—v?/c?
Orciofia nJjoTHoCTL 3apsiia
Po
p=————
Vi—w/ct

YBEJIMYMBAETCSl TIPH MEPEXOJie OT CHCTEMBI, MO OTHOIUEHHI0 K KOTOpOH
3apsill NOKOHTCS, K CHCTEMe, M0 OTHOLICHHIO K KOTOPOH 3apsill IBHXKeTCs.
3apsn xe B 3alaHHOM 3JIeMeHTe 0ObeMa OIUHAKOB /I OGEHX CHCTEM

dVy VI—v%/c2

de = pdV = Po Vi—?/c?

= pdV, = de°.
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[TocTpoennHe 4YeTHIpEXMEDHBIX HHBAPUAHTHBIX BBIPAXKEHHH MOXKHO
MPOHMSBOIMTL M M0 MeTOAy, NpelioKeHHOMY 3oMMmepdessioMm B 1910 r.
CorJslacHO 3JIEKTPOHHOA TEOpHH, 3apsfl 3JIEKTPOHA IIpH €ro nepexoje
M3 COCTOSIHMSI TOKOSI B COCTOSIHHE JIBUJKEHHsS OCTaeTcsl HEH3MEHHLIM;
CaMO KOJIMYECTBO 3JIEKTPHYECTBA €CTb HHBApHAaHT mpeoGpazoBanus Jlo-
penua. Ilockosbky o06GbeM, KOTOPEIH B COCTOSIHHH IIOKOSI HMEET pasmep
V, TpH DaBHOMEDHOM MPSMONMHEAHOM MBIDKEHHH CO CKOPOCTBIO U MpH-
HHMaeT 3HAYeHHe

V=V, V1=,
TO

0= Po
Vi—?/c

K TpexMepHEIM COCTaBJSIOILUM IIOTHOCTH TOKa PU./C, PU,/C, PU,/C NpU-
GaB/seM IUVIOTHOCTb 3apsia p.

U3 cpaBHeHHs] BOJIHOBBIX ypaBHeHuit ins Ay, A, A, 1 ¢ Jerko nocr-
POHTb YeTHIPEXMEpHBIH 3/eKTPOMATHUTHbIH rnoTeHuuas. IloTeHiHassl
HOCAT BCHOMOTATe/IbHbIH XapakTep M OT HHUX MOXKHO NEPEHTH K BEKTOpaM
noJ1st

H=rotA, E= —gradg — L92
4

at
Beonsi uerwipexmephblil notennuan @, GyleM HMeTb

g, 0% 00, L 0B 30 g 0D, 9O

ax,  O0xg Y oxy  ox | ° oxy  oxg
Ex=i(a®4~_a®,>, Ey“__.,raau_a@o)’
0xy Oxy dxy Oxy
Ez__:i(acpd_a¢>3>’
0x3 O0x,

WIH B yeTbipexMepHOH (opme [50]:

oD oo,
F\‘u — > 33 _ v
Xy axu

rae
0 H,— H,—iE,
—H, 0  H,—iF,
Hy—H, 0 —iE,
iEc iE, iE, 0
B lIe’l‘blpeXMepHOX‘/’I (pOpMP SJIEKTPOMArHUTHOE IOJI€ HeJb3d OMNHUCaTh

NMOCpeaCTBOM JABYX BEKTODOB; HANPAKEHHOCTH 3JEKTPHUCCKOTO H
MArHUTHOrO MOJig CJHBAIOTCS B TEH30p BTODPOJyO paHra.
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YpaBHeHuss MakcBesnsa B 4eTblpeXMepHOii (GOpMe HMEIOT BHI:

OF,, 4ns, OF,, OF,  OF, 0
ax, ¢ 0x, ox,, ox,

Jlopenn yxe B 1904 r. 6611 BecbMa GJH30K K TOMY, YTOOBI ycTa-
HOBHUTb KOBAaDHAHTHOCTb ypaBHEHHH 3JIEKTPDOHHOH TEOPHH OTHOCH-
TeJbHO YCTAHOBJIEHHOH HM Tpymnbl npeobpa3oBaHHi.

[Tyankape u DiHImTeiH He3aBUCHMO JAPYT OT APYyra JAaJi MOJHOe
JI0Ka3aTeJbCTBO KOBAPHAHTHOCTH YypPaBHEHUH 3J€KTPOMArHUTHOTO
N0JIE OTHOCHTeNbHO npeobpasoBanuit JlopeHua.

dhiiHwTelin 3anuchiBaeT ypaBHeHusi Makcsenna — Jlopenua a.s
BaKyyMa B NOKosilleHicsi cucreMe K M NPUMeHsIeT MOJydYeHHble MM
npeo6pa3oBaHyusl KOOpJAMHAT U BPeMEHM OT MOKosilelicd CHCTEMBl K
cucreme, Haxojslelcss B PABHOMEPHOM IIOCTYNATeIbHOM [IBUXKEHUH
OTHOCHTE/IbHO nepBoi. [IpuHUMN OTHOCHTENbHOCTH TpebyeT, YTOOBI
ypaBHeHusi MakcBesnna — JlopeHna a/s Bakyyma COXPaHSJIM CBOM
BUJI [IPH NEPEXOfie OT MOKOSIIENCSI CHCTEMBl K CUCTEME, ABMXKYILEeHCS
NPSIMOJIMHEHO U PaBHOMEPHO OTHOCHTENBHO MepPBOH.

Takum ob6pasom, nyreM npeo6pa3oBaHUs CUCTEMbl YpaBHEHHUH OT
MOKOSIIIENCS CHCTEMBI K ABMXKYIICHCSA M IyTEM 3alicH ypaBHEeHHUil B
JIBHXKyLIeHCcs CHCTEMe MOJNYYalOT JBe CHUCTEMbl YpaBHEHHUI, BBIpa-
JKAIOUIMX OAMH M TOT ke (PakT. V3 mosyueHHbIX ypaBHeHWH DiHII-
TeliH jeJaerT BBIBOJBI, YTO aCHMMETPHUS MeEXIY CJIydyaem ABHXKYIe-
rocs [pOBOJHMKA M MOKOSILIErocss Mariura, C OJHOH CTOPOHBI, U
cayyaeM JBHXXYINErocsi MarHuTa M IOKOSILLErocsi NPOBOJZHHKA, C
JpYyroii, ucuezaer. ITOT METOJ JO0Ka3aTeJbCTBa OblI TOCHOJCTBYIO-
wuM g0 pa6or MUHKOBCKOTO.

B npanbHeliinem 3oMMepdenb, OLeHUBAasi METOJ JOKa3aTeJbCTBa
Ditnmreiina, nucai: «I1yTe, XOTOpHIM 11es DHHIITEHH NPU OTKPHITHH
CrenyaJsbHON TeOpHH OTHocHTenbHocTH B 1905 r., Obl1 KpPyT M yTO-
muteseH. Uro6bl npoiitu ero, noTrpeboBaJicsa TIyOOKHH aHaJ/u3
TNOHATHH NPOCTPAHCTBA M BPEMEHH M HEKOTOPble OCTPOYMHeHIIHe
MBICJIEHHble dKcriepuMeHTHL. [1yTh, KOTOPHI MBI cOOMpaeMcst U36paTh,
O6yzer mMpok U yno6eH. Mbl 6ysneM HCXOAUTb H3 BCceob -
el TPUMEHUMOCTH YypaBHeHUH MakcBeana u or-
POMHOTO KCNepUMeHTaJbHOrO MaTepuaJaa, jgexa-
mero B MX OocHoBe. Ham nmyTb OKOHYMTCS TNOUTH
BHe3anHo npeoGpa3oBaHUusAMHU JlopeHna co BCceMH
UX PeNATUHBHCTCKHUMH caeACTBHAMHU» [39, crp. 293].

Mcxons w3 npuHUMIA OTHOCHTENBHOCTH, DHUHIUTEHH OTOXIECTB-
JISJ1 JIMHeliHble KOMOMHAIMM HaANpsiXK€HHOCTU MoJiell B MoKosiuiefcs
i ABMXKymelica cucremax. Ho mocsme toro kak MUHKOBCKME BBes
YeTbIpeXMepHbIAl GOpMasu3M AJ J0Ka3aTelbCTBA WHBAPHAHTHOCTH
OCHOBHBIX YpaBHEHHII MaKCBEJII-JOPEHI[OBCKON 3JIEKTPOJUHAMMKH,
OblJIO JOCTATOYHO, KAK MBIl BHUJEJIM, 10Ka3aTh, YTO 3TH YyPaBHEHHUS
MOXHO HamucaTb B 4YeThIpeXMepHOM TeH3opHOH ¢opme. PabGora
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MunkoBckoro «OCHOBHblE YpaBHEHMsI JEKTPOMATHUTHLIX SIBJEHHH
B ABMXKYIIMXCSl TeJax» HMeeT CJeRYIOIHe pasjesbl: BBEJEHUE,
ypaBHEeHUs: 3(upa, 3JeKTPOMAruUTHble sIBJEHHs, Mexalluka. ['oBops
o ponu JlopeHua u dfiHwTelina, MUHKOBCKUI YKa3biBaeT Ha TO, UTO
NPUHLUN OTHOCHTEJIbHOCTH B TOM CMBIC/IE, B KakoM OH cebe ero
MBICJIUT, IO CHX TOp ellle He cQOPMYJUPOBAH IJIS1 3JEKTPOAUHAMUKH
JBUXYLIUXCS CPeN.

[TIpeo6pasoBanusi ['anusesi, npuMeHEHHblE B 3JeKTPOJMHAMHUKE
JIBHXYIIUXCA CpeJi, He NPHBEJNHU K COTJIACHIO C IKCIEPUMEHTANbHEIMU
pesysnbraramu. Pa6ors I'epua, Omuns KoHa M Apyrux Juiib BCKPbI-
JY CyLIeCTBYIOLIME B 3JeKTPOAMHAMUKE TPYNHOCTH. YpaBHEHUS
9JIEKTPOHHOH TEOpPUU NPUHUMIMAJIBLHO IIO3BOJISAJIM OTBETHTb Ha OC-
HOBHble BONPOCH 3JEKTPOAMHAMUKH JIBUXKYLUIMXCH CPel, HO B TO
BpeMst JIopeHI elle He NPHAJ TEOPUH HeOOXOAHUMON (hOpMBL.

B 1905 r. diinmrelin He cTaBHJ nepesn coboii 3agavy MccienoBa-
HUS oOuiell CTPYKTYypbl ypaBHeHMil ABMXKYIIUXCSH CpPel, OTpaHNYH-
Basicb BONPOCAMH, OTHOCALIMMHCSA K OJHOMY 3JEKTPOHy. 3ajaua
3Ta Obla pewieHa MHHKOBCKHMM.

B cBoux BocnomuHaHuAXx o MunkoBckom Makc Bopu penbedno
XapaKTepU3YeT €ro KJjaccuueckylo pabory: «3/ecb MHPOBOH NOCTY-
JlaT NPUMEHsIETCS ¢ LeJbI0 YCTAHOBJIEHUS YPaBHEHUH 3JeKTpoMar-
HMTHOTO noJifg B JI060# ABMXyIlelica marepuu. B aToii paGore Gbun
pPasBUT BeCb apceHaJl PEJNATUBUCTCKOH MAaTeMaTHUKH, MOHATHS COO-
CTBEHHOT'O BpeMeHH, MacChl I10KOs, YeThIpeX-BeKTOpa U IIECTH-BEKTO-
pa ¥ T. M., KOTOPBIMH C Te€X NOP IOBCEJHEBHO NOJb3YeTCs KaiKIbli
(u3UK-TeOpeTUK. YpaBHEHUS MOJS NOJNYYaloTCs, UCXOAS M3 MPerno-
JIOXEHUS, YTO OHH CBOAATCS K M3BeCTHBIM ypaBHeHHSIM MakcBesa
IS OKOSILMXCS TeJl B TOYKE, KOTOpas MOKOUTCS B paccMmaTpHBae-
MOH cucreMe orcuera. TeM caMbiM OHU OmpejeJieHbl TOrja Ajs Jio-
GOf cucTeMbl OTCUETa, €CAM H3BeCTHAa CKOPOCTb paccMaTpuBaemci
TOUYKM B 3TOH cucreme» {35, crp. 300—301].

AHanu3 3HaueHMss BADHALUOHHBIX METOLOB B 3JIEKTPOJHMHAMHUKE
Mbl HaxoguM y M. Bopua. T'oBopsi o momu npuHuuna I'amuabroHna,
Bopu ans npumepa paccMarpuBaer JeKTPOAMHAMUKY. -

«Bapuauvonnnit npuHuun,— numer M. BopH,— uMeer uTo-TO
y6GenuTesibHOe B TOM OTHOLIEHHH, YTO OH KOHJEHCHPYET OrPOMHYIO
06/1acTh SIBJIEHUH B OJHOM KPaTKOM BBIPAXKEHHMHU, H 3TO LOCTOMHCTBO
3aTeM BO3BBILIAETCS, €CJIM OHO paccMaTpUBAeTCs rJ1asaMH MareMma-
THKa, KOTOPHI# H3yuyas TEOPUI0 OTHOCHTENBHOCTH M 3HaeT, uTo E n
H coBmecTHO 06pa3yloT Tak Ha3blBaeMblll IIECTH-BEKTOP, UMEIOLIHH
onpeje/eHHble TpaHCHOPMAaUMOHHble CBOHCTBA NpPH H3MEHEHHH CH-
cTeMbl KOODAMHAT, TO €CTb JIOPEHIOBbl NMpeoOpasoBaHHsi NPOCTPaH-
cTBa M BpeMedu. Tak Kak CyllecTByeT TOJIbKO JBa HHBAapHaHTa
E?2—H? y (EH)2 ¥ nockoJbKYy 3/]EKTPOAHHAMHMUECKOE JieHCTBHE
JIOJI’KHO OBITb MHBAapHAHTHBIM, OHO MOXeT ObITb TOJIbKO HX (YHK-
unei. [Ipu6GaBbTe K 3TOMY MOCTYJIaT O TOM, YTO pe3y/abTHpYOLIHe
ypaBHEHHsl JOJKHBI ObITb JHHEHHBIMH, B 3TOM Cjyyae JAeACTBH
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HOJIXKHO ObITb KBAaJpaTHYHOH (YyHKuHeH, ¥ Bbl MPUXOAUTE K Bhipa-
JKEHMIO, IPUBeJeHHOMY Bbiie» [51, cTp. 356).

W panbme BopH nucan: «IlocienoBaTenbHOCTh HCTOPHYECKUX
COOBITHH fICHO MOKa3blBaeT UCTHHHOE TMOJIOXKEHHE BapUALHOHHOTO
NPHUHIMIA: OH HAXONMTCS B KOHLE IJIMHHOM Lenmu paccyXIeHUi Kak
yIOBJIETBOPUTE/NbHAST U KpacuBasi KomnjeHcanusi pe3yJjbratoB. Bos-
MOXHO, OH JaxKe€ NMOMOTraJ HalTH 3TH pe3y/bTaThl (XOTH s B 3TOM
COMHEBAIOCh B C/lydae 3JeKTpoauHamuku). Ho oH wmano wumeer
OTHOIIEHHs] K 06pa30BaHUIO HOBbIX (hyHIaMeHTaJbHbIX HOHSATUH, KO-
TOpble SBJSIOTCS XapaKTEePHbIMM YepTaMH 3JeKTpoAMHaMuku» [S1].

O[HaKo KOHAeHCcauuss OrpoMHoOM 06JacTH SIBJEHHH B OJZHOM
KPaTKOM BbIpaXKeHUM HMeeT OOJbIIYI0 MO3HABATEJIbHYIO LEHHOCTb,
¥ 3TUM INIaBHBIM 06pasoM OOBSICHSETCS TO, UTO 3TH BapUalUOHHLIE
MeToZbl HAIJIY LIMPOKOe paclpoCTpaHEHHe B 3JeKTPOJUHAMMUKeE.

TpyaHo aymartb, 4To HCTOPHYECKHH NyTb PasBUTHS KjaaccHue-
CKOH 3JIEKTPOIXMHAMHUKY M CHCTeMbl ypaBHeHHNI MakcBenna, Kak
3aBepllleHMe OYeHb BAXKHOTO €€ 3Tana, MOT NOHTH MHAYe NpH ynrau-
HoM BbiGope ¢yHkuuu Jlarpanxka. OgHako B Tex ciayyasx, KOTAa 3a
OTIIpaBHble NYHKTHl IPH BbIBOJe OCHOBHBIX ypaBHeHMiHl OepyTcs Ba-
pHALHOHHBIE MPUHLMIbI, JOCTHraercs HauGosbuiasi o6mHOCTb [52].

Eme B 1903 r. lIBapumuiba BBeJ «3JEKTPOKHUHETHUYECKHH IO-
TeHuuan» L=q¢—VA, ucxolsi U3 KOTOPOTO MOJYYMJ YypaBHeHHUS
MakcBeJiia M ypaBHEHUS] JBUXKEHHs AJIsI SJIEeKTPOHA, BKJIOYAsl U Bbi-
paxenue Jas cuabl JlopeHuna. 3omMepdenbA B CBOeM H3J0XEHHH
NpUHLMNA HaumeHbllero JAedctusi llIBapummnapga nokasad, 4TO
3TOT NPUHIHUN JaeT BO3MOXKHOCTb OOBEAMHHMTb 3JIEKTPOAUHAMUKY
MakcBessia ¥ TeopHio 2JeKTpoHOB JlopeHna B eMHYIO YeThipexMep-
HYI0 MHBapuaHTHYIO Teopuio. OH naJ rayOoKuil aHajau3 NpUHIMIA U
MOAU(UIUPOBAN P €ro NOJOXKEHUH.
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