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Abstract
It is shown that the electromagnetic field is completely described by an asymmetric tensor of

the second rank F, =9 A,, which is a four-dimensional derivative of the electromagnetic

potential This tensor can be decomposed into the canonical antisymmetric and the new symmetric
EMF tensor. From this tensor, in the form of its complete divergence, the EMF equations follow. One

of them is an electromagnetic analog of the Lame equation for an elastic medium. It is shown that the

longitudinal waves of the divergence of the vector potential propagate at a speed J2 greater than the
speed of light and do not have a magnetic component.
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AHHOTAIIUA

HOKa3aHO, 4TO OJJICKTPOMArHUTHOC IIOJIC ITIOJTHOCTHBIO OIIHMCBIBACTCAd HECUMMCTPUYHBIM

TEH30pOM  BTOpOro  pawra F, =0,A,, SBIIOMMMCI  YCTHIPEXMCPHOH  MPOM3BOAHOM

AIIEKTPOMAarHUTHOTO TMOTEHIMala. JTOT TEH30p MOMKHO pa3JIOKUTh HAa KaHOHWYECKUI
AHTUCUMMETPUYHBIN U HOBBIA cUMMETpHUHBIN TeH30pbl DMII. U3 3T0T0 TEH30pAa, B BUIE €T0 MOJHOM
JIMBEPreHImu, cienyotr ypasHeHuss OMIL. OgHo U3 HUX SBISIETCS 3JIEKTPOMArHUTHBIM aHAJIOTOM
ypaBHeHus Jlame st ynpyroit cpensl. [lokazaHo, 4TO MpOAOIBHBIE BOIHBI IUBEPTEHIINNA BEKTOPHOTO

noreHuualia pacrnpoCTpaHArOTCd CO CKOPOCTBIO B \/E 0oJIbIIIe CKOpPOCTH CBC€Ta U HC HUMCIOT
MarHUTHOM KOMIIOHEHTHI.

KiroueBnble cioBa: 9HeKTpOMaFHI/ITHOC ITOJIC, HCCI/IMMCTpI/I‘-IHLII\/'1 TCH30p, CHMMGTpPI‘-IHLIfI
TCH30pP, YPAaBHCHUA MaKCBCHHa, MMPOAOJIbHBIC BOJIHBI.
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HecuMMeTpUYHBIN M CHMMETPUYHbIH TEH30PbI 3JIEKTPOMATHUTHOTO MOJISI
YpaBHeHus 3JIEKTPOMATHUTHOIO M0Jisi 0€3 HCTOYHUKOB MOJIsI

YpaBHeHus1 3JIEKTPOMATHUTHOIO MOJISl ¢ UCTOYHHUKAMHU MOJIS

. 3akjro4yeHune

Jluteparypa

(SEENERIN

1. Beenenue

Teopernueckoil 0CHOBOH Ki1accu4ecKkoi TeopuHu 3aekTpoMarauTHoro nosst (OMII) ssnstores
ypaBHeHHsT MakcBesuia, 0000Iaronme IKCIIepUMEHTAIBHbBIE Pe3yJIbTaThl, MOTYyYCHHBIE K KOHITY 18
Beka. PazBurue kinaccuueckoit Teopun OMII npuBesio k ero onMcaHuio B BU1€ aHTUCUMMETPUYHOTO
TEH30pa BTOPOr'O paHra, U3 KOTOPOro CJIELYIOT ypaBHeHUs MakcBeiuia. OTU ypaBHEHHUs ChIIPAIX
KJIIOYEBYIO POJIb B Pa3BUTHH IPEJCTABICHUN TEOPETUUECKONW (PU3UKU U OKA3aJld CUIbHOE BIUSHHE
Ha CO3/IaHHME CIELUAJIbHOM TEOPUHM OTHOCUTEIBHOCTH M JIPYruX TEOpHil. Yke B Hadane XX Beka
KJIACCHYECKas DJICKTPOAMHAMMKA CUMTATIACh 3aBEPIICHHOW HAyKOW, M CBOE JAJIbHEUIICE Pa3BUTHE
teopust OMII nonyuuna B BUJie KBAaHTOBOM 3JIEKTpoAuHAMUKU. HecMOTps Ha 3TO, B KJIIACCHYECKOU
teopun OMII ocranuce oTnEIbHBIE HEACHBIE MECTA U CIIOPHBIE BoIIpockl. HanpumMep, okono cra net
cymiectByer mpobiema AOparama-MHHKOBCKOTO, KOTOpas 3aKJIIOYaeTCsl B OTCYTCTBHHM €IWHOTO
MHEHHS O MPAaBUIBHOM TE€H30p€e SHEprUu-uMItyibca B3aumoseiictsust OMII ¢ BemectBoM, 0 popme
3JIEKTPOMArHUTHOTO UMITYJIbCA B BEILIIECTBE U CYIIECTBOBAHUM 3JIEKTPOMArHUTHOM cuibl AGparama
[1-13]. Takoe mosoxkeHHe MPUBOAUT K HOMCKY HOBBIX TEH30pOB dHepruu-ummyibca IMIT [14-20].
B Hacrosimee Bpemst 6ubanorpadus mo 3toit mpodieme cocrasisier 6onee 300 pador [21]. dpyroit
npo0sieMoil  SABISETCS MEXaHHU3M IIEPEHOCAa MOMEHTAa 3JIEKTPOMArHUTHOTO HMMITYJbCA IJIOCKOM
3IEKTPOMArHUTHOM BOHOU [22-32]. TIpobiema 3akiroyaercs B TOM, YTO KAHOHHUYECKUE BOJHOBBIC
ypaBHeHusa OMII He onmchIBarOT 3TOT npouecc. J[o HeJaBHETO BpEMEHU B DJIEKTPOAUHAMUKE JJaXKe
OTCYTCTBOBAJIM BOJIHOBBIE ypaBHEHHs JUIsl 3Heprun u umnyiabca OMII. Takue ypaBHeHus,
CJIEIyIOIINE U3 HOBOTO TEH30pa SHEPTUHU-UMITYJIbCA U ONHUCHIBAIOIINE IEPEHOC MOMEHTA UMITYJIbCa
ANIEKTPOMArHUTHOW BOJIHOM, TOJTydeHbI aBTopoM B padote [20]. B kiaccuueckoit Teopun DMII He
BCEr/la BBINOJHAETCS TpeTUd 3akoH HplOTOHA mpu B3aMMOJEHCTBUM MPOM3BOJIBHO ABWKYIIMXCS
AIIEKTPUYECKUX 3apsiioB M HemapaieIbHBIX TOKOB. JTO MPHUBENIO K TMOSBIECHUIO TUIIOTE3BI O
CYIIECTBOBAHUH «CKAISIPHOTO (ITOTCHIMAIBLHOT0) MarHUTHOTO ToJist» [33], BBEJCHHE KOTOPOTO B
3IIEKTPOAMHAMUKY ITO3BOJIIET 00ECIIEUUTh BHIIIOJHEHNE TPEThEro 3akoHa HploTOHa BO Beex ciryyasix.

PeanpHOCTB CKaJIIpHOTO MAarHuTHOTO IIOJIA MOATBCPIKAACTCS B SKCIICPUMCHTAX I1I0 MNPOJOJIbBHOMY
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B3aUMOJICHCTBUIO  MOCTOSIHHBIX  TOKOB  [33-35].  CymiectByer mnpoOiieMa  MPOAOJBHBIX
ANICKTPOMArHUTHBIX BOJH B BakyyMme [36-42], koTopas 3akirodaeTrcss B TOM, YTO W3 ypaBHEHHI
MakcBemia  cineayeT  BO3MOXKHOCTh — CYIIECTBOBAaHMS — IPOJOJIBHBIX  BOJH  CKaJsIPHOTO
3JIEKTPOMArHUTHOIO IMOTEHIMala, HO SKCIEPUMEHTAJIbHO TaKUE BOJHBI OOHApYXWUTh, IOKAa HE
ynainocb. Haubonee sBHO HENOJHOTAa KJIACCUYECKOM 3JIEKTPOJMHAMUKU IPOSBISAETCS B TEOPHUH
11a3Mel. Jlo HacTosALIEro BpeMEHU OTCYTCTBYET IIOHUMAaHUE TOT0, KAKUE JIEKTPOMAarHUTHBIE CHUJIBI
YIEPKUBAIOT 3apsyKCHHbIE YacTULBl B LIAPOBOM MOJHHMM, a MpoOieMa JJIUTEIbHOIO yIepXKaHUs
IUIa3MBbl B CYLIECTBYIOIMX TEXHMYECKHUX YCTAHOBKAaX, HECMOTPs Ha IOIYBEKOBYI0 MHTEHCHBHYIO
paboty, naneka ot pemenusa. OTCyTCTBYET IOHUMaHUE IPUYMHBI CYLIECTBOBAHMSI TOPSIUUX TOUYEK B
Z-niiHYax, SIBJICHHUS] MArHUTHOT'O IMHAMO U Psi/ia APYTUX IEKTPOMArHUTHBIX IUIa3MEHHBIX SBJICHUI.
[Tepeuncnennslie npodsieMsl TpeOy0OT 0O0CHOBAaHHOTO BHUMAaHUS K OCHOBaM KJIaCCUYECKOH Teopuu
OMII u k camum ypaBHeHusIM MakcBeinia. Llenpro HacTosIIen cTaThy SBIISETCS PACCMOTPEHNUE OCHOB
kjaccuueckoi reopun OMII ¢ 1enbio ycTpaHeHus CylecTBYIOUINX B HEN IMCKYCCHOHHBIX BOIIPOCOB
U COMMKEHHS KJIACCHYECKON TEOPUH C KBAHTOBOH 3JIEKTPOIMHAMHUKOH.

OnHuM M3 OCHOBaHMM AJIA IOCTAHOBKM 3TOM 3a/Jayd CTaJ0 MHEHUE aBTOpa O TOM, 4TO
onucanne OMII ¢ noMomIbI0 KAHOHUYECKOTO aHTUCUMMETPUYHOTO TEH30Pa SIBJIIETCS HETIOIHBIM U
He oOecreuyuBarollMM MaTeMaTUYeCKyl0 KOPPEKTHOCTb BBeJeHUS HCTOUHMKOB OMII B ero
ypaBHeHUS. [[pyurHON TaKOrO MHEHHUS CTaJIo cCleayrouee. YpaBHeHHs: MakcBeia ¢ ICTOYHUKAMU
CIEIyIOT W3 KAaHOHHWYECKOro aHTUCUMMeETpu4Horo TteH3zopa OMII B Buje ueTbipexMepHOM
JUBEPreHIUN 110 OAHOMY M3 €r0 MHIEKCOB, KOTOPYIO NPUPABHUBAIOT K MCTOYHUKY IIOJIS B BUAE
YeTBIPEXMEPHON IIOTHOCTH Toka [43]. Ho aHTHCHMMETpPHYHBIA TEH30p BTOPOrO paHTra HMMEeT
JUBEPreHIUY [0 KAKJIOMY U3 MHAEKCOB. DTH JBE TUBEPreHIIMU UMEIOT MPOTHUBOIOJIOKHbBIE 3HAKH,
M03TOMY TOJIHAsl TMBEPIreHLNs aHTUCUMMETPUYHOTo TeH3opa OMII, kak ueTsipexmMepHOro poropa
paBHa HYJII0 M HE MOXET MMETh MCTOYHHMKA mnoiid. [loaromy, mpupaBHMBaHME TOJIBKO OJHOM W3
JUBEPreHIuN aHTUCUMMETPUYHOTO TeH30pa DMII kK nCTOUHUKY T0JI1 MATEMAaTHYECKH HEKOPPEKTHO.

OObIYHO aHTHCHMMETPHYHBIH TeH30p IMII 3anmceiBatoT B hopme £, ;

=0,A,-0,A,,Ie Ay
— YETBIPEXMEPHBIN 2JIEKTPOMAarHUTHBIN MoTeHuman. [IepBblil 4ieH 3TOro BeIpaXKeHUs, PEACTaBIsAET
cOOOM  4YeThIpEXMEpPHYI0 MPOU3BOJHYIO  3JEKTPOMAarHUTHOTO IOTEHIMala W  sBJISAETCA

HECHMMETPUYHBIM TEH30POM BTOPOTO paHra £, =0 A, . 1ot Ter30p DMII MOKHO 3anucath B BUIE
ero passioKeHHs Ha CHMMETPHYHBIN M aHTHCUMMETPUYHBIN TEH30pHl F,,=F,,/2+F,, /2. IlepBbiii

YJICH 2TOr'0 pasJIOKCHUA MPCACTABIIACT c000¥ KaHOHMYECKHH aHTI/ICI/IMMCTpI/I‘{HHﬁ TCH30p OMII

F

L] =8#Av—avA#, a BTOpOU WICH NPCACTABJIACT c000M HOBBIM CUMMCTPUYHBIN TCH30P OMII



F

oy =0,A,+0,A . Takum oOpazoM, motHbIM onucanueMm DMIT sBsieTcs HECUMMETPUYHBINA TEH30D

BTOpOTO panra £, =0, A, . W3 3T0ro TeH30pa, B BUJE €ro AMBEPreHINH, cleayroT ypasHenus OMII.

[Tockonpky mOnHAasT OUBEPreHLUs KAHOHMYECKOTO AHTHCHMMETPUYHOIO TEH30pa, Kak
YETBIPEXMEPHOIO pPOTOpa, TOKIECTBEHHO pPaBHA HYJO, TO ypaBHeHus OMII B Buzae mnosHoi

YCTBIPEXMEPHOI JHMBEPreHIMH, CICAYIOT U3 CHMMETPUYHOrO TeHsopa F,,=0,A, +0,A, . DrToi

JUBEPreHLMN CUMMETPUYHOIO TEH30pa U cienyeT npunucars ucrouHuku OMII B Buze 3apsaaoB u
TOKOB.

B nacrosiuei cratee OMII 1 ero MCTOUHUMKM paccMaTpuBalOTCs B Bakyyme. ['eomerpust
IPOCTPAHCTBA-BPEMEHH IPUHUMAETCS B BHUJE IICEBJOEBKINI0BA IPOCTPAHCTBA MHHKOBCKOIO B
dopme (ct, iX, iy, iZ) u KOBapuHaHTHbIE W KOHTPaBapMAHTHBIC HMHICKCHI MOXHO HE Pa3InYarh.
UYeThIpeXMEpHBIA AIIEKTPOMArHUTHBIN ToTeHIHan ompexaensercs kak A, (¢/C,iA), toe ¢ u A

CKaJISIpHBIN M BEKTOpHBbIN noTeHuuansl OMIIL. YeTsipexMepHasi IUIOTHOCTh TOKA ONPEEIIeTCs KaK

J,(p-c,1d), rae p u J WIOTHOCTB NEKTPUUESCKUX 3aPSA0B U INIOTHOCTH TOKA.

2. HecuMMeTpHYHBIi U CHMMETPUYHBI TEH30PbI 3JIEKTPOMATHUTHOIO MOJS
Hecummerpuunbiii Tenzop OMIL £, =0 A, NPEACTaBIAIOIMNA COOOH YETHIPEXMEPHYIO

NPOU3BOJHYIO DJICKTPOMAarHMTHOIO MOTCHIMANA, 3alIMIIeM B MAaTPUYHOM BUJIC.
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OTOT HECUMMETPUYHBIA TEH30pP MOXKHO PAa3OkKHUThb HA AaHTUCUMMETPUYHBIH W CHUMMETPHUYHBIN

12+ F

(v 2. AnrTHCHMMeTpHYHBIH TeH3op OMII Xopomwo wu3BecTeH B

TeH30pbl £, =F

anekTpoarHamuke [43] u 31ech ero NpUBOAUTH He OyeM. 3amuineM CUMMETpHYHbIH TeH30p DMIT

F

(V) B MaTpu4vHOM BHU/IC.
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Kanonnuecknii antucumMmeTpuaHbiid Tensop OMII £, ONHCBIBAET YETHIPEXMEPHOE BpAILECHHE
OMII. Torma mo aHamOrMM CO CIUIOLIHOW CPeIoi CHMMETPHYHBIH TeH30p £, OMNKMCHIBaeT

yeTeIpexMepHyIo nepopmanmio IMIL. UieHsl ero AuaroHaay OMUCHIBAIOT 00bEMHYIO Ae(pOopMaInio

paCH_II/IpeHI/ISI/ CXXaTusd :‘)MH, a OCTAJIbHBIC YICHBI OITMCBIBAIOT YE€TBIPEXMEPHEBIC z[e(bopMauI/m CABHTIA.

3. YPHBHeHI/Iﬂ JICKTPOMArHUTHOT O I10JIs1 0€3 HCTOYHHUKOB MO0JIs

3anuiemM YCTBIPCXMCPHBIC AUBCPIrCHIUN MO0 MHACKCAM L U V HCCUMMCTPUYIHOI'O TCH30pa

F,,=0,A, (KOBADHAHTHBIE U KOHTPABAPUAHTHBIE MHJIEKCHI MOXKHO HE Pa3/in4arh):

oF,=0,0,A,) n 0F,=0,0,A,) 3

u'ouv
33.1'II/IH_I€M 9THU YPaBHCHUS B Pa3BCPHYTOM BHE:

1 1

C_zatt¢_A¢:0 4) C_zattA_AAZO ®)
%1
1 1
8509 +V-A)=0 (6) —V(C—26t¢+V-A)=0 (7

VYpaBuenus (4) u (5) npeacTaBisiioOT cO00M KaHOHMYECKUE ypaBHEHHUs Makcpeia B KaIMOpPOBKE
Jlopenua 8,p/c*+V-A=0. Vpahenus (6) um (7) NpeacTaBisioT CcOGOH COOTBETCTBEHHO,
MPOU3BOJHBIE IO BpPEMEHU U MPOCTPAHCTBY KanuOpoBouHoro yciuoBus Jlopenua. Ilomnyro

JMBEPreHIINI0 HECUMMETPUYHOTO TeH30pa DMIT nonyuum, cioxuB ypaBaenus (4) u (6), a taxxke (5)

u (7):

2é8n¢+8tV-A—A(0:0 (8)
1 1
— 0 A-=0Vp-V(V-A)-AA=0 9
C C

3anuimemM YCTBIPEXMCPHBIC JUBCPICHIHWU IO MHACKCAM W WU V CHUMMETPUYHOTIO TEH30pa

F

oy =0, A, +O,A,. [Tockonbky TEH30D F

) SABJISICTCS CHMMETPUYHBIM, TO €T0 IUBECPTCHIIUU PABHBI.

2,0,A, +0,A,)=0,0,A, +0,A,)=0
3anucaB 3TH YpaBHEHMsI B Pa3BEpHYTOM BHJE, MOIY4YHM JBa ypaBHeHUs (8) u (9), MOIHOCTHIO
onuchiBaroue JBmkeHus OMIL. Otm nBa ypaBHEHMsI 3aMEHSAIOT KAHOHUYECKHE YpaBHEHHS
MakcBesia B IOTEHIIMAIAX .
V-(-Vp-0,A)=V-E=0

i(’ﬂttA+i2(’ﬂtV§0+V><V><A:—i26tE+V><B:0
C C

CZ



Jlns cratuyaeckoro cirydasi ypaBHeHue (8) ommchiBaeT 3akoH ["aycca [uist SJIeKTpU4ecKoro mois 6e3

UCTOUYHUKOB V -E =—A@ =0. YpaBuenue (9) MOKHO 3amucaTh B BUJIC:
0,A—2c*V(V-A)+C’VxVxA=-0Vgp (10)
DTO ypaBHEHHE SIBISICTCS JJIEKTPOMArHUTHBIM aHAJIOroM ypaBHeHus Jlame (MM AMHAMHUYECKOTO
ypaBHenusi HaBbe-CTOKCa), H3BECTHOTO B JIMHEHHOM TEOPHH YIIPYTOCTH U OMUCHIBAIOIIETO BOJIHOBOES
JIBIDKCHUE CIUIOIIHOM yrpyroi cpenpl [44]:
0,U—-0-V(V-U)+0; - VxVxU=G
rae U - BEKTOp CMEIICHHUs CPellbl, V1 — CKOPOCTh MPOJIOJIBHBIX BOJIH, V2 — CKOPOCTh MOTEPEYHBIX

BosiH, G — BHemHss cuna. CpaBHEHHE 3TOrO ypaBHEHHs ¢ ypaBHeHueM (10) mokasbIBaeT, yTo

CKOPOCTB IPOOJIBHBIX BOSH IMII B +/2 G0IIbIIIE CKOPOCTH TONEPEUHBIX BOJH, T.¢. CKOPOCTH CBETA.
[IpaBast uvacte ypaBHeHus (10) omnwuceiBaeT ucTOYHMK BoiH OMII B BHAE NEepeMEHHOIO
NOTEHLUAIBHOTIO 3JIEKTPUUYECKOr0 NoJsA. TakuM ncTouHUKOM BOH OMII city’kuT anexTpuuecKkuit
JIUIIOJNb B BUJIE Pa3BEPHYTHIX B IPOCTPAHCTBE OOKIIAI0K AIEKTPHUUECKOr0 KOHJIEHCaTopa. Y paBHEHHE
AJIEKTPOMAarHUTHOW BOJIHBI, U3JIy4aeMOM 3JEKTPUUECKUM JUIIOJIEM UMEET BUL:

L 0 A-V(V-A)-2A=0
C

YpaBHenue (8) MOXKHO 3amucaTh B BUJIE:
2
?att(p_Ago:V.(_atA) (11)

9T0 YpaBHCHHUE MOKHO HHTCPIPETUPOBATL, KAK BOJHOBOC YpPAaBHCHHUC IJiI CKaJIAPHOIO

SJICKTPOMArouTHOI'O0 MOTCHIIHMAJIA. W3 Hero CJICOYCT, UYTO BOJHBI CKAIAPHOI'0 JJICKTPOMArHUTHOI'O

NOTEHIMAIa PACIPOCTPAHSIOTCA CO CKOPOCTBIO B V2 menbure CKOPOCTH IONEpPEYHbIX BOJIH, T.€.
CKOPOCTH cBeTa. MICTOYHMKOM BOJIH CKaJIIPHOTO MOTEHIMAIIA CITYKUT JUBEPTEHINS N3MEHSIOIIErocs

BO BpEMCHHU BEKTOPHOT'O MOTCHIMAJIA U JUBCPIrCHUMA BUXPEBOT'O SJICKTPUUCCKOI'O ITOJIA.

4. YpaBHeHUsl 3JIEKTPOMATHUTHOTO MOJISI ¢ MCTOYHUKAMH MOJIA

[TockonbKy moNHas YeThIpeXMEpHasi IUBEPTeHIIUS CHMMETPHYHOTO TEH30pa MOKET OBITh HE
pPaBHOM HYJIO, MpUpaBHSAEM €€ K MCTOYHUKY OMII, T.e. K 4YeThIpeXMEpHOW IMIOTHOCTH TOKa
OuF

oy =J, wm 0,0,A +0,A,)=J,. 3aluiieM 35Ty IMOIHYI0 YCTBIPEXMEPHYIO JHUBEPTCHIIUIO

CUMMCTPUYIHOTO TCH30pa Fﬂv) C UCTOYHHKAMU B Pa3BCPHYTOM BUJIC:

ZC%GH(/H@IV-A—A(p:p/eO (12)



CizanA—Cizatv(p—V(v.A)—AAzyo.J (13)

Vpasuenue (12) B cTaTuke ONMUCHIBAET 3aKOH ['aycca Ui 3JEKTPHUUYCCKOTO TOJIS ¢ MCTOYHUKAMH

V-E=-A@p=ple, a ypaBHenue (13) 3aMeHseT ypaBHEHHE MOJHOIO TOKa Amrepa-Makcsea.

VYpaBuenue (13) MoxHO 3amucaTh B BUJIC:

16nA—(3'z81V¢J—2-V(V-A)+V><V><A=,uo-\] (14)

CZ

B st0ii popme 3anucu 4eTBEPTHIN WISH MPEACTaBIsAET COO0M pOTOP MArHUTHOTO MOJIs, @ TPETUH YICH

OMUCHIBACT TPAAUEHT CKaJSPHOTO MArHUTHOTO MOJsl, TUIIOTETUYECKU BBeAeHHOro HukonaeBbiM

[33]. O1oT wien obecrneyrBaeT BBIMOJIHEHHE B 3JCKTPOJIMHAMHUKE TPEThEro 3akoHa HeroToHa mpu

B3aUMOJICICTBUU  TNPOM3BOJBHBIM  00pa3oM  JBWXKYIIUXCS — JJICKTPUYECKUX  3apsJioB U

HemapaieIbHbIX TOKOB. [y craimoHapHOro ciydvas ypaBHeHue (14) MOXKHO 3amucaTh B BHIC

YpaBHEHUS, OMHCHIBAIOIIETO 3aKOH AMIIepa, HO B KOTOPOM MPHUCYTCTBYET CKAJIIPHOE MArHUTHOE
mosie Hukonaena:

—2-V(V-A)+VxVxA=p,-J (15)

BozbmeM poTop oT 06eux yacteit ypaBHeHus (13) ¥ mosryduM BOJIHOBOE ypaBHEHUE JIsl MATHUTHOTO

TOJISL:
1 1
C—Zﬁtt(VxA)—A(VxA) =, - (VxJ) mm C—ZénB—AB = U, - (VxJ)

VICTOYHUKOM 3TUX BOJIH SIBJISIETCS 3aMKHYTBIH KOHTYpP C 3JIEKTPUYECKUM TOKOM MJIM MarHUTHBIN
aunoib. BodpMeMm nuBepreHipo oT obeux uacteil ypaBHenus (14) W momydMMm ypaBHEHHE
IIPOJOJIBHBIX BOJIH AUBEPreHIIMYA BEKTOPHOIO OTEHIIAANA!

Clz8nV-A—C12atA(p—Z-A(V-A)z,uOV-J MM ZizattV-A—A(V-A) =u,V-J +0126tAgo

N3 sToro YpPaBHCHUSA CIICAYCT ClIeTaHHBIN paHee BBIBOA O TOM, YTO CKOPOCTb NPOJOJIbHBIX BOJIH OMII

B ~/2 Gombe CKOpocTH cBeTa. M3 3TOro ypaBHEHHUs TakXKe CJIEAYyeT, YTO B MPOJOJIbHBIX BOJTHAX

OMII OTCYTCTBYCT MAaroHuTHAasd KOMIIOHCHTA U UX MO’KHO HA3bIBATb JJICKTPOCKAJISIPHBIMUA BOJIHAMMU.

4. JakaoueHue

Takum O6p3.30M, moJHbIM onucanuem DOMII sBisgeTcs HCCHMMCTquHLIﬁ TCH30p BTOPOIo

panra F, =0,A, , SBISIOMMICS YETHIPEXMEPHON MPOM3BOJHON 3JIEKTPOMArHUTHOIO MOTEHIHANA.

OTOT TEH30pP MOYKHO PA3JIOKUTh Ha KAHOHWYECKHM aHTUCUMMETPHYHBIA U HOBBIM CUMMETPHUYHBII

teH3opbl OMII. U3 atoro TeH30pa, B BUAE €0 MOJHON AUBEPIrEeHIINH, CIEAYOT ypaBHeHHuss OMIL.



Kanonnueckuii ~ aHTUCUMMETPUYHBIM ~ TEH30p  DJIGKTPOMAarHUTHOTO  TOJISI  UMEET
YEThIPEXMEPHBIE JTUBEPIrE€HLIUHU C IPOTUBOMOIOKHBIMU 3HaKaMH 10 KayKJJOMY U3 HHJEKCOB, I03TOMY
BBEJICHHE MCTOYHMKA MOJsA B €ro JAMBEPreHLHIO TOJBKO IO OJHOMY H3 HHJEKCOB SBISETCA
HEKOppeKTHBIM. [loHas nuBepreHurst aHTHCHMMETPUYHOTO TEH30PA, KaK YETBIPEXMEPHOT0 pOTOpAa,
paBHa HyJtO0 U He umeeT uctounuka OMII. [lockonbKy el Hesb3sl MpUNUCcaTh UCTOYHUKH T10JISI, TO
UX HY)KHO IPUIINCATh K MOJHON YEThIPEXMEPHOIN TMBEPTEHLINN CUMMETPUYHOIO TEH30PA.

VYpaBaenus OMII, 3amenstomue ypaBHeHUs MakcBesuia, CIEAYIOT W3 CUMMETPHUYHOTO
ten3opa OMII. Iy ypaBHEHHS ONUCHIBAIOT ONIEPEYHBIE U TPO10IbHBIC BOJIHBI DOMII. O1HO U3 3THX

YPAaBHEHUHN SBIJIACTCS DJJICKTPOMAarHUTHBIM aHAJIOrOM YypaBHEHMs Jlame Ui ympyrom cCpensl.

T1pOIOIBHBIE BOJIHBEI HE HMEIOT MATHHTHOH KOMIIOHEHTBI H PACIIPOCTPAHSIIOTCS CO CKOPOCTBIO B ~/2
OoJblIe CKOPOCTH CBETA. B ypaBHeHue oI, 3aMeHsolIee ypaBHeHHEe AMiiepa-MakcBeia, BXOIUT
TUIIOTETUYECKOE  CKaSIpHOE MarHUTHOe Tose, npexackasanHoe HwukomaesbiMm B.UI. n

O6€CH€‘II/IB3.I-OH_IGG BBIIIOJIHCHUC TPCTHEI'O 3aKOHA HeroTona B QJICKTPOJUHAMHKCE.
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