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Abstract: The work is devoted to the development of the classical theory of
electromagnetic fields (EMF). By way of deduction, built tensors EMF and received the
complete system of equations EMF describing its rotation and deformation in pseudo-
Euclidean Minkowski space. In addition to the well-known Maxwell's equations, the system
contains four new equations EMF. Shows the physical essence of the calibration Lorentz.
Received new wave equation EMF. The equation for the new components of the intensities of
the symmetric part of the EMF. Get a new Lagrangian EMF. The expressions for the
electromagnetic forces, including forces Nikolaev and two new dynamic electromagnetic

forces.
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AHHOTauusa. PaboTa nocsslleHa pa3BUTUIO KNAacCUYECKON TeOPUN NEKTPOMarHMTHOro
nona (OMI1). Metogom geaykuum nocTpoeHbl TeH3opbl AMI 1 nonyyeHa nonHas cuctema
ypaBHeHun OMI1, onucbiBatowass ero BpalwieHve un pgedopmaumio B NCEBOOEBKINOOBOM
npoctpaHcTBe MuHkoBcKoro. Kpome mn3BecTHbIX ypaBHeHUN MakceBenna, cuctema cooepxuT
yeTblpe HOoBbIX ypaBHeHua 3MI1. [lokasaHa dm3myeckass CywHOCTb Kanubposku JlopeHua.
[MonyyeHbl HOBble BOSMHOBblE YypaBHeHUs OJOMI1. 3anucaHbl BblpaXeHUa AONs  HOBbIX
KOMMOHEHTOB HanpsXeHHOCTEN cUMMeTpuYHon 4Yactn OMI1. MonyyeH HOBbIM NarpaHxwnaH
OMIT. MNonyyeHbl BbipaXXeHust AN 3aNeKTPOMarHUTHbIX CUM, B TOM yucne ans cunel Hukonaesa

N ABYX HOBbIX AMHAMUYECKNX SJTEKTPOMArHUTHbLIX CUJ1.
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Jlntepatypa

1 BBepeHune

OCHOBbI COBPEMEHHOWN KJ1TaCCUYECKOM 3NeKTPOAUHAMUKMA MOCTPOEHbl WUHAYKTUBHbBIM
METOAOM Ha OCHOBe 0000LWeHNa pe3ynbTaTtoB ONbITOB, PasfMyHbIX LOMYLWEHUAX W
TEOPETUYECKNX KOHCTPYKLMSX, 0becneumBaoLmx CBsA3b MeXAy OTAENbHbIMU YAacTSIMU TEOPUN.
Takon meToq He NO3BOMSAET NOCTPOUTL 3aKOHYEHHYIO TEOPUIO, TAPAHTUPOBAHHYO OT HanMyus
B HEW «BenbIX NATEHY.

TeopeTnyeckon 6Ha3on anNekTpoaMHaAMUKM  SBRSAKOTCA  ypaBHeHust MakcBenna,
NOSTyYEHHbIE 3MMNUPUYECKMM MyTEM, U3 KOTOPbIX CregylT BCe €€ OCHOBHble BbIBOAbI.
YCcTaHOBNEHO, 4YTO ypaBHeHUA MakcBenna Takke crnefytoT U3 aHTUCUMMMETPUYHOro TeH30pa
anekTpoMmarHutHoro nons (OMI1), Hanpumep [1 c. 263], KaKk ypaBHEHUS1 CBA3M MeXay
KOMMOHEHTaMM 3TOro TeH3opa. ATOT (pakT NO3BOSISET MNOCTPOUTb OCHOBbLI 3NEKTPOANHAMMUKN
YMCTO AEeOYKTUBHBLIM METOLO0M.

KoMnoHeHTamMn 3TOro aHTUCMMMETPUYHOro TeH3opa OMI1 aBnalTCA NPoM3BOAHbLIE
CKansipHoOro u BEKTOpHoro noteHumanoB OMI1, komMOMHauMmM KOTOpbIX oOnpedeneHbl Kak
KOMMOHEHTbl 3MEKTPUYECKOrO U MarHUTHOroO nomns. OTOT aHTUCUMMETPUYHLIM 4-TEH30p U
cnegywwme u3  Hero ypaBHeHust MakcBenna onucbiBaloT BpaweHune OMIT B
nceBAoeBKNNO0BOM npocTpaHcTBe MUHKOBCKOrO.

AHTUCMMMETPUYHOMY TeH3opy OMIT MOXXHO OAHO3HAYHO COMOCTaBUTb CUMMETPUYHbIN
4-TeH30p, OMNUCbIBaKOLWMA YeTblpexMepHble gedopmaummn 3SMIT B nNceBAoOeBKNINOOBOM
npocTtpaHcTBe MwuHkoBCKOro. KOMMOHEHTamMu 3TOro CUMMETPUYHOrO 4-TeH3opa Takke
ABMAKTCA NPOM3BOAHbIE CKANSAPHOroO U BEKTOPHOro noteHumanos OMI1, HO B kOMOMHaUmSX,
OTNUYHBIX OT KOMOMHAUMA aHTUCUMMETPUYHOro TeHsopa AOMI1. U3 aTtoro cummeTpudHoro 4-
TEH30pa CcrneayrT ypaBHeHna aedopmaumm 3MI1, gononHsawwue cucteMmy ypaBHEHUN

MakcBenna.



AHTUCUMMETPUYHBIN U CUMMETPUYHBLIN 4-TeH3opbl OMI npeacraesnsoT cobon aBe
cocTaBHble YacTn 4-TeH3opa OMI1 obuwero Buaa, M3 KOTOPOro Takke CrneaylT ypaBHEHUS
OMI1. Takum obpasom, MOsHyK TeopeTUdeckyto 6Gasy aNeKTPoAMHAMUKM MOXHO MOCTPOUTb
AeOyKTUBHBIM MEeTOAOM Ha ocHoBe 4-TeH3opa OMIT obuwero Buga, KOMMNOHEHTaMU KOTOPOro
ABMAIOTCA NPOU3BOAHbIE CKANSAPHOro U BEKTOPHOro noteHuuanos AMI1. 3t1oT TeH3op OMI]
obwero BMaa MOXHO MOMYYMTb KOBAPWAHTHbIM AMPPEPEHLNPOBAHMEM YETbIPEXMEPHOIO
BeKkTop-noteHumnana MM A .

PaboTta nocesileHa MNOCTPOEHUO AeOyKTUBHBIM MeTogoM TeopeTudeckon 6asbl
SNEeKTPoANHaMMKM  BKITlovawwen TeH3opbl IMI, nonHyio cuctemy ypasHeHun JIMI,
onucbiBaLWyo BpaweHna u agedopmauum OMI1 B nceBOOEBKNMAOBOM MPOCTPaHCTBE
MwuHkoBckoro. N3 cummeTtpuydHoro 4-teHsopa OMI1 cnenyoT HOBble BMAbl HANPS)KEHHOCTEWN
OMI, HoBbIM BMO BOMHOBOrO ypaBHeHna OMI1, onucbiBaloWeEro nonepeyHble
9NEKTPOMAarHUTHbIE BOJSIHbI U HOBbIV BUA OMHAMUYECKUX 3NEKTPOMArHUTHbLIX CUM, HOBbIA BUA

narpanxuvaHa SMr1. NokasaHa msmnyeckas CyLHOCTb KannbpoBoYHOro ycnosus JlopeHua.

2 TeH30pbl 3NEKTPOMarHUTHOro nons
B HacToswen paboTe reomeTpmsa NpPOCTpPaHCTBA-BPEMEHW MNPUHUMAETCA B Buae

ncesaoeBKnMaoBa rNnpocTpaHcTBa MwuHKOBCKOrO. Pa)J,I/IyC-BeKTOp B 3TOM NPOCTpPaHCTBE NMEeET

komnoHeHTbl R (ct,i-R). OMI noHnmaeTcs kak none 4eTbipEXMEPHOro BEKTOp-NoTeHuMana

oMM Aﬂ(qo/c,i*A), roe @ u A ckansipHbIi U BEKTOPHbIA noTeHumansl AMI1 B eBKNMAOBbLIM

npocTpaHcTBe. Takum 00pa3oM, MNPUMHMMAETCs akcMomMa O  CylecTBOBaHMM B

ncesaooeBKINMMAOBOM TMPOCTPaHCTBE-BPEMEHU NONA JJIEKTPOMArHATHOINO BEKTOP-noTeHuuana

A, (plc,i-A). Ha ocHoBe 3TOIN akCMOMbI, AeAYKTUBHLIM METOAOM HaxoasaTcs TeH3opbl QM u

cnegyowme n3 Hux ypasHeHust asmxkerHns AMI. MNoa aewxkeHnamm MM noHnmaroTcsa nobbie

nameHeHna MM BO BpEMEHN N NPOCTPAHCTBE.

Tensop F,, HanpskeHHocTen OMIT obOwero Buaa nOMyYM  KOBapUaHTHbLIM
AndbdepeHumMpoBaHmemM BekTop-noteHumnana A .
F,=0,A,=0A (p/ciA)lox,(c-ti-X,)
roe X, - KoopauHatbl B €BKMMAOBOM MpocTpaHCcTBe. B maTpuyHOM npencraBneHun STOT

TeH30p HanpshkeHHocTen MM B NnceBAOEBKNMAOBOM NpocTpaHcTBe MUHKOBCKOro MMeeT BuA;:
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OTOT TeH3o0p sBnsieTca 6a3oBbiM TeH3opoM OMI1. Ero MOXHO npenctaBuTb B BUAE CYMMDb

CUMMETPUYHOIO N aHTUCMMMETPUYHOIO TEH30POB HanpsiXkeHHocTen SMIT:
1 1 2
Fo=0A, =Fu) +Fiuy =5 0A, +0,A) +50.A,~0,A,) 2)

Taknum o6pa3omM, CUMMETPUYHbBIN U @aHTUCUMMETPUYHBIN TEH30pbl AMIT ABNATCA COCTaBHbIMU
yactamn 6asoBoro TeHzopa IMIT (1), M nNoaToMy Kaxgas W3 3TUX COCTaBHbIX 4YacTeun
onucbiBaeT TOMbKO CBOK YacTb ceBouctB OMI1. VMeHHO noaTomMy, NpUMEHseMbIn B
3MeKTpoaANHAMNKE aHTUCUMMETPUYHLIM  TEH30p, OnuCbiBaeT TONbko cBoucTtBa JMI,
CBA3aHHbIE C €ro BpalleHnem B npocTpaHcTBe MWHKOBCKOrO M HE OnuCbiBaeT CBOWCTB,
CBSI3aHHbIX C Aedopmaumen nons.

CUMMETPUYHBIN TeH30p HanpsbkeHHocTen OMIT B MaTpuMyHOM NpeacTaBrieHun umeet

BUA!
1 1. 1. 1.
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OTOT TEH30p OnuUcbiBaeT uJeTblpexmepHble adedopmauun OSMIN. B cyuwectBylowen
9NEKTPOANHAMUKE TEOPUS YeTblpeXMEPHbIX Aedopmauunin nonsa oTCcyTcTByeT. ATO NPUBOAMUT K
ee OrpaHU4YeHHOCTU, Tak Kak aedopmaumnam OMIT COOTBETCTBYIOT CBOU 3NEKTPOMArHUTHbIE
CUnbl U 9Heprna gedopmMmauum, KoTopble 40 HACTOSLWEro BPEMEHN B HEN HE YYUTbIBANUCH.
[dunaroHanbHble 4neHbl TeH3opa (3) OnNUCbIBAalOT OOBLEMHYK  YeTbIPpEXMEPHYHO
aedopmaunto pacwmpenuns/cxatna MMM, OctanbHble KOMMOHEHTbI CUMMETPUYHOIO TEH30pa

(3) onucbiBatoT YeTbipexmepHble gedopmaumn casura OMI. Cymma guaroHanbHbIX YNIEHOB

cMMMeETpUYHOro TeHsopa (3) Tr=0,p/c* +V-A saBnsetcs crnegom TeH3opos (1) n (3) u ux

WHBApPUaHTOM. JTO BbIpa)XKeHMEe TakKe COOTBETCTBYET BbIpaXXeHuto Ans kanmbposku JlopeHua
npn Tr=0. N3 aToro cneayeTt, 4YTO NpUMEHeHne kanubpoBku JlopeHua, T.e. UCKMYeHue
AnaroHanbHbIX YfIEHOB CUMMETPUYHOro TeH3opa (3) u3 ypaBHeHun OMI1, usndeckn
O3Ha4YaeT UCKIYEHUEe U3 HUX OnucaHus obbeMHon 4veTbipexmepHon gedopmaumm SMI1. B
9TOM U 3aKno4vaeTcs usnyeckasi CyLHOCTb kanmbposku JlopeHua.

AHTUCUMMETPUYHLIA TEH30p HanpshkeHHocTen OMI1 B mMaTpuMyHOM npeacTaBreHuun

MMeeT Bna:
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OTOT aHTUCMMMETPUYHLIN TEH30P ABNSAETCS KNAacCUYECKMM TEH30POM HanpsihkeHHocTen SMIT,
NPYMEHAeMbIM B CyllecTBylOWEen anekTpoaMHamuke. W3 BbipaxeHus (2) BMOHO, 4TO
AHTUCMMMETPUYHBIN TEH30P ABMNSETCA TOMbKO YacTbio 6a3oBoro TeH3opa AMI1 (1) u noatomy
OH MPUHUMNUAanbHO He MOXeT oTpaxaTb Bcex cBonctB OMI1. 3anuwem aHTUCUMMMETPUYHBIN
TeH3op OMI1 (4) c nomoLbio 0603HAYEHNI HaNPsXKEHHOCTEN anekTpuveckoro E n marHutHoro
nona B, KkoTopble B 3nekKTpoAUHAMUKE BbIpaXalTcsd 4Yepe3 KOMOUHaUUM NPOWU3BOAHLIX
CKanapHoro ¢ n BektopHoro A noteHuumanos 3MI1 (B cucteme CU) B Buge:

E=-Vp-0,A
BZVXA:(ayAz _asz)x +(82A< _axAz)y +(8XAY _ay&)z

Torga knaccuyeckum aHTUCUMMMETPUYHbIM TeH3op OMI1 (4) nmeeT Buag (KO PUUNEHT V2

onyLieH):
0 Li@A +o,0) 1A +0,0) ti@A+0,0) o -lig -lig -lig
C C C C C C (5)
7%I(atAx+ax¢) 0 (axAyiayAx) (6><A1761A<) %IEX 0 Bz 7By
bl = =
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AHanormyHbiM 06pa3oM MOXHO 3anucatb U CUMMETPUYHbIA TeHsop JMIT (3).
[MocKkonbKy KOMMOHEHTLI TeH30pa (3) MetoT apyrme KoMorMHaunm NPon3BoaHbIX @ U A, BBEAEM

ANsi HOBbIX KOMOWHALMI NPOU3BOAHbLIX crieayolmne ob6o3HauyeHus:

K=0,A-Vgp
L=V®A=(0,A +0,A),+(0,A +3,A), +(0,A +3,A),
1

G at(erV-A=Ci28t(p+aXAX+ayAy+azAZ

“ 2

Torga cMMMeTpUYHbIN TEH30p (3) MOXHO 3anucaTbh B BUAe (KoadpduumeHT Y2 onyLieH):
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o %i-(a,ﬁ\/—ay(p) ©@,A +0,A) 20, A, @,A +8,A) i%Ky L, 26, L
%i'(aKAz_az(p) (0.A+0,A)  (0,A +0,A) 20,A, i%Kz L, L 26,

Takum obpasom, pasnoxeHue (2) 6asoBoro 4-teH3opa OMI1 (1) mMoxHO 3anucaTb B BUAE:
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Tpu HoBble KOMBVHaLUMK NPoM3BOAHbLIX NoTeHuunanos AMI1 G, L, K umetot TouHo Takoe
dunanyeckoe 3HavyeHne, kKak 1 KOMOUHaLMM NPON3BOAHbLIX, COOTBETCTBYHOLLNX INIEKTPUYECKOMY
E n marHutHOoMy nosto B, T.e. ABNAOTCA cUnoBbIMU xapaktepuctukammu SMI1. Bce aTn natb
dusnyecknx cunosbix nonen G, L, K, E, B aBnawoTca KOMNoHeHTamMn eauHOro mnons

npounssogHbix OMI1, onucbiBaemoro 6a3oBbIM TEH30pPOM (1) U HEpa3pbIBHO CBSA3aHbl APYr C

ApYyroMm 4epes3 BeKTOp-noTeHuunan Aﬂ. MNpu atom HanpskeHHoctn nonen Gy, L, K, E, B

XapakTepuayoT criegytoime cunbi:

Gy - cunbl 06bEMHOW YeTbipexMmepHor Aedopmaumm paclumpenus/cxatns SMIT;

K - cunbl npocTpaHCTBEHHO-BpeMeHHoM aecopmaunmn casura IMIT;

L — cunbl NpocTpaHCTBEHHO-YrnoBon gedopmaumm casura MM,

E — cunbl npocTpaHCTBEHHO-BpEeMeEHHOro BpaleHmst M,

B — cunbl NpoCTpaHCTBEHHO-YIMOBOro BpaLleHus OMI.
BblpaxeHus, onucbiBalone B3aUMOAEWCTBUS ITUX IMEKTPOMAarHUTHbIX CUMOBbLIX MONen c
ANEeKTPUYEeCKMMIN 3apsaamMum U Tokamu, ByayT paccMoTpeHbl B rnaese 4. Kaxgon ns atnx cun
COOTBETCTBYET CBOW BWA  9NEKTPOMarHUTHOM  3Heprum  B3aumogeunctsna OMIT ¢

ANEeKTPpU4eCKMMU 3apagamMmm N TOKaMn.

3 YpaBHeHUA ABMXEHUA 3NEeKTPOMarHUTHOro nons

Moo aBwxkeHnamm OJOMI1 noHuMmaroTcss noOble ero M3MEHEHUs1 BO BPEMEHU W
npocTpaHcTBe. YpaBHeHusa asmxeHnsa MM Hangem n3 TeH3opoB HanpsikeHHocTen OMIT (1),
(3) n (4), Kak ypaBHEHUA CBA3N MEXAY UX KOMIMOHEHTaMW.

N3 6a3oBoro TeH3opa OMI1 (1) cneaytoT ypaBHeHUs amxeHna MM B noTeHumnanax:

1 1

S0 Ap=ple; (8)  ZOA-BA=:] 9)
1 1

0509 +V - A)=0 (10)  V(50p+V-A)=0 (11)

YpaBHeHns (8) un (9) saBnsawTca u3BecTHbIMM [2 c. 207] KnaccMyYecKMMU BOJSTHOBbLIMU
ypaBHeHnamu [anambepa gna noteHumanos OMI1. [ns ux nonyyvyeHus B CyLleCcTBYHOLLEN
anekTpoanHamuke mncnonb3dyetca kannbposoyvHoe ycnosue JlopeHua. B gaHHom cnyyae atu

ypaBHeHus1 6e3 OOMONHUTENbHbIX YCIOBUA aBTOMaTU4ecku criegytoT n3 6asoBoro TeH3opa

6



OMIT (1), uTo yKasbiBaeT Ha uUx pyHaameHTanbHOCTb B Teopun IMI. YpasHeHusa (10) n (11)
ABMISAKOTCA HOBbIMU, U UX MOXHO TPaKTOBaTb, KaK ypaBHeHUst coxpaHeHns SMIT1.
N3 cummeTpuyHoro TeHsopa (3) cnenytoT ypaBHeHna aswxkeHnss AMI B noTeHumanax,

OnMChbIBaloOLLME EF0 YETbIPEXMEPHYIO AedhopMauuio;

2C—128n(p+8tV-A—qu:p/£O (12)
1 1
C—ZanA—C—Zatho—V(V-A)—AA:,uO-J (13)

YpaBHeHna (12) n (13) MoXHO 3anucaTb, MCMOMb3ys HOBble 0603HAYEHMS HANPSHKEHHOCTEN
OMI1 B BUAe:
1
20—28th +V-K=pl¢g,

CizatK—VG—V(@L =l J
rae veoL=(o,L,+o,L,), +(0,L,+0,L,), +(0,L, +0,L,),
OTn ypaBHEHMS ABNAOTCA HOBLIMM M B CYLLIECTBYIOLLEN INEKTPOANHAMUKE HEN3BECTHbI.
N3 aHTUCMMMeTpuyHOro TeH3opa (4) cneaylT ypaBHeHus aABuXkeHus OMI,
ONMCbIBaIOLLME Ero BpalleHMe B NCEBOOEBKINA0OBOM MPOCTPAHCTBE:!
-0,V-A-Ap=plg, (14)
1

1
?GnA+C—28tV¢+VxVxA=,uO-J (15)
OTN ypaBHEHUS XOPOLLO M3BECTHbl B anekTpogMHamumke. OHM BXOAAT B CUCTEMY YpPaBHEHWUN
MakcBenna. YpaBHeHue (14) sisnsieTcsa 3anucbio 3akoHa [Faycca gns SMI:
V-E=plg,

YpaBHeHue (15) aBnaetcs ypaBHeHneM Amnepa-Makcsenna:
1
—C—zﬁtE+Vx B=y,-J

EctectBeHHO, 4yTO nNpu crnoxeHun ypaBHeHun (12) n (14), (13) n (15), COOTBETCTBEHHO,
nonyuum ypasHeHus (8) u (9). Cnoxus ypasHeHus (8) u (10), nony4yum ypasHeHue (12).
Cnoxwus ypaBHeHus (9) n (11), nonydnm ypasHeHue (15). Bbiuta U3 ypaBHeHusa (8) ypaBHeHue
(10), nony4nm ypasHeHue (14). Bbiuta n3 ypasHeHunsa (9) ypasHeHue (11), nony4ymm ypaBHeHue
(13). Takum obpasom, ypaBHeHus (8) — (15) B3anmocssizaHbl U NpeacTaBNAlT COOON MOSHYHO
CaMOCOrnacoBaHHyl0 CUCTEMY YypaBHeHun gBmxeHnsa OMIT B  nceBOOEBKNMOOBOM

npocTtpaHcTBe MuHkoBckoro. B aTton HoBoun cucteme ypaBHeHus (8), (9), (14) n (15) nssecTHbl



n3 cyuwecteyowen teopum IMI. YpasHeHusa (10) — (13) ABRAIOTCA HOBBIMW YpaBHEHUSMMU
SNEeKTPOAUHAMUKMN.
B cuctemy ypaBHeHun MakcBenna, kpome ypaBHeHun (14) mn (15), BxogaTt ABa
AndpdepeHumarnbHbIX ToOXOecTsa:
V-B=0 un 0B+VxE=0
OTW TOXOEeCTBa aBTOMATMYECKM CNeaylT M3  U3BECTHOro TEH30PHOro ToxaecTBa BbsHKM

F’k,jl + Fjl,ik =F

, 1k TFia [3, ¢70] Ana TeH3opa BTOPOro paHra, 3anuMcaHHoro Ans
aHTUCUMMETPUYHOro TeH3opa (4). AHanornyHble auddepeHumnarnbHble TOXAeCTBa MOXHO
3anucaTb U 4ns CMMMeTPUYHOro TeHsopa (3). Kpome Toro, nocKonbKy KOMMNOHEHTbI TEH30POB
(3) u (4) cBsAsaHbl Mexagy cobon, TO ANs HUMX MOXHO 3anucaTb AuddepeHumarnbHble
TOXOECTBA, aHaNorMyHble U3BeCTHbIM B TEOPUM YNPYyrocTn Toxgectsam benbtpamu [4, c.98].
30ecb 3TN TOXAECTBA He NPUBOLSATCA, KaK He npeacTaBnsowme pusndeckoro nHTepeca.
YpaBHeHus (8) 1 (9) ABNSAOTCA KracCU4eckMMn BOSNMHOBLIMU ypaBHeHuaMU Janambepa
N B CyLLECTBYIOLEN 3NEeKTPOANHAMUKE TPAKTYIOTCHA KaK YypaBHEHUSA 3NEeKTPOMArHUTHbIX BOJSIH.
OpHako BOMHbI, ONUCbIBaeMble 3TUMW YPaBHEHUAMU, HE COAepXaT KOMMOHEHTbI MarHUTHOMO
nonisi, U NO3TOMY OHM HE MOryT OMUCbIBaTb 3NEKTPOMarHUTHbIE BOJSHbI, NMPUMEHSeMble N4
paguocsasn. Kpome Toro, ypaBHeHune (9) He MOXeT O0ObSACHUTL KOPMYCKYNApHbIE CBOMCTBA U
MOMEHT UMMYyrbCa 3MEeKTPOMAarHUTHbIX BOSH. BonHbI, onucbiBaeMble ypaBHeHueM (8) ans
CKanspHOro noTeHumMana B HacTosllee BpeMsi CHUTAOTCH HePM3nYeckummn. YpaBsHeHns (8) un
(9) MOXHO TpakToBaTb, Kak onuvcaHue TeH30pHbIX BonH OMI. Torga ypaBHeHue (8) angd
CKandpHoOro noTteHuuana camMoCTOSTENIbHO He MMEET CMbICMa U ero Hy>XHO paccMaTpuBaTb
COBMECTHO C ypaBHeHMeM (9), Kak onnucaHme eguMHoro TeH30pHOro BOSTHOBOIO npoLecca.
YpaBHeHue (13), cnegyrollee n3 CMUMMETPUYHOro TeH3opa (4), no bopme npeacraenseT
cObON 3NEKTPOMAarHUTHLIN aHanor ypaBHEHUs OBUXeHUS obLiero Bmaa M3OTPOMHOWM YNpYrou
cpeabl [5 €.125], onucbiBaloWEero pacrnpoCTpaHEeHME MEeXaHWYeCKMX BOSIH B CXMMaeMbIX
NIMHEHO-YNPYIMX N30TPOMHbIX TBEPABIX U XUOKUX cpefax. ITO BOSIHOBOE ypaBHEHME MOXHO
3anucaTtb B BMAe HEOOHOPOLHOro BOJSIHOBOrO ypaBHEHMWS, fieBasi YacTb KOTOPOro siBfsieTcs
BOJIHOBOW, TOrAda ero npasag 4yactb OygeTt onncbiBaTb MCTOYHWUK BOSH:
ia A-V(V-A)-AA=u -J+i6V¢:u -J—laE (16)
Cz tt 0 Cz t 0 Cz t—P
N3 aTOoro ypaBHeHUs crnegyeT, 4YTO MEPEMEHHbIN BO BPEMEHW T[PaAMEHT CKansdpHOro

noTeHunana wnn nepemMeHHoe noTeHuunaribHoe 3JIeKTpu4ecKkoe Tnorne EP BO36y)KL|,aeT B

NPOCTpPaHCTBE nonepeyHble BOJIHbl BEKTOPHOIo noteHuunana suaa.:



1
= 0,A-V(V-A)—AA=0 (17)
C
Knaccuueckum nanyyarteriem 3SJNIeKTPOMarHUTHbIX BOJIH, MNpUMEeHAeMblIX B pPaaANOCBA3N,
ABIMAKOTCA pa3BEepHYyTble B NMPOCTPaAHCTBE O6KJ'Ia,D,KVI ANEKTPUHECKOro KoHAaeHcaTtopa, Mexny

KOTOPpbIMKU CyLleCTBYET MNnepeMeHHOoe noTeHUunaribHoe 3JIeKTpnu4eckoe Trorne EP B Buae

nepeMeHHOro BO BpEMEHU rpagmneHTa cKanspHoro noTeHunana, BblpaXxeHme KOTOporo CTOuT B
npaBon 4acTu BOSIHOBOro ypaBHeHus (16). Takum obpa3om, 3TOT KracCU4ecKkui usnyyatenb
9NEKTPOMarHUTHbIX BOJSTH U3rly4yaeT B MPOCTPAHCTBO MonepeyHble aNeKTPOMarHUTHbIe BOSHbI,
onucbiBaemble O4HOPOAHbLIM BOMHOBLIM ypaBHeHueM (17). 3TO ypaBHEHME MOXHO 3anucaTtb B
BMuae:

C%GHA—VXVXA—ZAAzo (18)

B nepBbI uneH 3TOro ypaBHEHUSI BXOOAUT MEpeMeHHoe BUXPEBOE afeKkTpudeckoe nosne, a
BTOPOM YfeH SBNAETCA POTOPOM MarHUTHOro nong. Takum obpa3oM, BOSHbI, ONUCbIBAEMblE
ypaBHeHueMm (17), cogepxaTt BUXPEBOE NEeKTpUYeckoe U MarHUTHOe nore, YTo COOTBeTCTBYEeT
npeacraBneHnsaM o6 9neKkTpoMarHUTHbIX BOMHaX, MPUMEHSiEMbIX B paguocsasn. U3
ypaBHeHna (18) BUOHO, YTO B ONUCLIBAEMOWN UM 3MEKTPOMarHUTHOW BOJSTHE 3MEKTPUYECKOe U
MarHMTHOE none caBuHYTbl No dase Ha T1/2. OCoBEeHHOCTbI0 BOSTHOBOrO ypaBHeHus (18)
ABNAETCA HannMyne B HEM «3aMKHYTOW» MPOCTPAHCTBEHHOW YacTu, B BUAe OBOWHOro potopa
BEKTOPHOro noTeHumana A, T.e. OHO COOAEPXKUT ABOMHYIO LIMPKYIALMIO UN BpalleHne BeKkTopa
A N0 3aMKHYTOMY KOHTYPY, YTO, BO3MOXHO, OTpa)kaeT KOPMYCKYNspHble CBONCTBA U MOMEHT
UMMNynbca 9NEeKTPOMarHUTHON BOSHbI, ONUCLIBAEMOWN 3TUM YypaBHeHMeM. Takum obpasom,
BOMNHoBOe ypaBHeHue (18) 6onee cooTBeTCTBYET PU3NHECKOMY OMUCAHUIO SNEKTPOMAarHUTHbIX
BOJIH, NPUMEHSAEMbIX B paanocBs3un, YeM BOSTHOBOE ypaBHeHue (9).

Baag gueepreHumio ot 0benx yacten ypaBHeHus (16), NONy4MMm BOSTHOBOE ypaBHEHWe

Ona NpoaosibHbIX CKanApHbIX BOJTH ANBEPreHunmn BEKTOPHOro noteHuuana A:

L A -Av-A) =Ly a-Lov.E,) (19)
2C 2 c
3T0 BONHOBOE ypaBHEHNE MOXHO 3anncatb B O4HOPOOHOM BUOE.
1
5o (VA - AV-A) =0 (20)

N3 ypaBHeHus1 (20) crnepyeT, YTO NPOAOSIbHbIE CKansipHble BOMHbI AMBEPreHumMnM A UMetoT

CKOPOCTb B +/2 GbICTPEE CKOPOCTW CBETA UM Y HUX OTCYTCTBYET MarHUTHasi KOMMOHeHTa. Kak
BMOHO M3 ypaBHeHus (19), MCTOYHMKOM 3TUX BOSIH SIBNSIETCA MEepeMeHHasi BO BpPeEMEHWU

NNOTHOCTb 3J1EKTPUYECKNX 3apAanos.



M3 Tpex TeHsopos SMI1 (1), (5), (6) cnenyoT Tpu MHBapUaHTa UNn narpaHxvaHa
OMIT:
- N3 aHTUCUMMETPUYHOro TeH3zopa AMIT (5)
A, =E?—B% =(-0,A-Vp)* - (VxA)

- N3 CMMMeTpUYHoro TeH3opa AMIT (6)
A, =4G? K2+ L2 =41 (0,0) +4(V-A) — L (O A-Vp) +(VOA)
c c
- n3 6asoBoro TeH3opa IMI1 (1)

Ag =C—14(5t<0)2 +(V-A)* +C%(V¢)(5tA) +(0,A)(@,A) +(3,A)(0,A,)+(0,A)0.A)

B cywecTtsyowen KrnaccM4eckom W KBAHTOBOW 3feKTPOAMHAMUKE MPUMEHHAEeTCs

narpaHxuvad A, , cregylowun un3 aHTUCcUMMeTpuyHoro TeH3opa (5) 3MI. Opnako
NpMMeHeHne narpaHxvaHa A, B KBaHTOBOW 3NEKTPOAMHAMWUKE BbI3blBaeT TPYyOHOCTW, B

CBA3N C HEMOSIHOTOM KIlaCCUYECKOM ANEKTpoANHaAMUKKN, TIOCKOJIbKY 3TOT JlarpaHxuaH

OnuCbIBaeT TONbKO YacTb aosnitoumn IMI1. [ns ycTpaHeHnn aTux TPYAHOCTEN B narpaHxuaH

Ly, Pepmmn NCKYCCTBEHHO BBEN AOMOSHUTENMbBHbIA YNeH. B KBaHTOBOW 3neKkTpoAMHamMuKe, B

KayecTBe ypaBHeHWUn aBuxkeHus OMI1 npuHumatoTca ypaBHeHns MakceBenna B Kanubposke
NopeHua wnun KynoHa, T.e. nepexogAaT OT YypaBHeHun MakcBenna, cnegywowmx u3
aHTMCUMMeTpuYHoro TeHsopa OMI1 (4) k ypaBHeHusaM Janambepa (8) v (9) ons noTeHumanos
OMI, cnegywowmnx un3 6GasoBoro TeH3opa 3MIT (1). Opyrumm cnoBamu, C MNOMOLLLHO
NCKYCCTBEHHOIO npuemMa KanmbpoBkM nepexoaaT OT YacTHbIX ypaBHeHM aBmxeHna OMI1 (14)
n (15) Kk obwmmn ypaBHeHnam aswxkeHus (8) u (9). Ho ycnosusi Takoro nepexona, B Buae
kanubposok JlopeHua n KyrnoHa, camun SBASIOTCA MCTOMHWKOM JanbHENWMX TPyAHOCTEN B
KBAHTOBOW anekTpoauHamuke. Takum obpas3om, B KBAHTOBOM 3NeKTpoanHaMuKe Heobxoammo

NPUMEHATb NonHbIN narpaxxuvad A, SMI, cnegyrowmin n3 6aszosoro TeH3opa (1), NOCKONbKY

n3 Hero cneaytT ypaBHeHnsa Janambepa (8) n (9) ana noteHumanos OMI1 6e3 npMMmeHeHus

KaJ'II/I6p0BOK N OH He Tpe6yeT MCKYCCTBEHHOIo BBeaeHnda AOnoJIHUTENIbHbIX YJ1EHOB.

4 3neKTpOMaFHI/ITHbIe cunbl
|_|OJ'Iy'-II/IM BblpaXeHnAa OnAa aNeKTpoOMarHUTHbIX CUIl B3aUMOLENCTBUA CUSOBLIX MNOMEN

Gy, L, K, E, B c anekTpuyeckumu 3apsigamum U Tokamu. OTU BblpaXeHuss Hangem B BuAe
ckanAapHoro nponsseaeHns TeH3opos SMIT (3) v (4) Ha 4-ekTop nnoTHocTu Toka J,(C- p,i-J).

3anuwem KOMMOHEHTbI ANEKTPOMarH1UTHbIX cus, cneayrowmnx n3 aHTUCMMMETPUYHOIO TEH30pPa

(4) B BUOE maTpuLbl:
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o e, le g, le 1)
c c c
S[w]:%' i-E,-p 0 i-B,-J, —i-B,-J, :%.(%.E.J’E.p’_BXJ)
E,.p —iB,-J, 0 i-B,J,
i-E,-p i-B,-J, -i-B,-J, 0

Takum, obpasom, N3 aHTUCUMMETPUYHOIO TeH3opa (4) crneayeT Tpu BuAa Cun, B TOM 4ucre
cunbl KynoHa n Amnepa.
AHanorMyHo 3anuuiemM KOMMOHEHTbl 3fIEKTPOMAarHUTHbIX CWUM, Cchnegylwmux  u3

CUMMETPUYHOIO TeH3opa (4) B BuAe MmaTpuubl:

2:¢c-G,-p —EKXJX —EKY'JY —EKZn]Z
1 i ¢ © 'C 1 1 (22)
S(":“):E. I-Kx-p 2-|~GX-J>< I'Lz"]y |'Ly"]z :E-(2C~Gl~p,—fK~J,K~p~,2-G-J,L®J)
i i i i c
i-K,-p i-L-J, 2-i-G,-Jd, i-L,-J,
iK,-p i-L,-d,  i-Lo-J, 240G,

M3 cummeTpuyHoro TeH3opa (3) cneagyeT natb BuaoB cunl. O4eBMAOHO, YTO MOCKOSMbKY

HanpsbkeHHocTn OMIT K n E, L v B cogepxaT OAWMHAKOBbIE KOMMOHEHTbI MPOM3BOOHbLIX

noteHumanos AMIT n cBasaHbl Mexagy cobown, TO 3T CUMbl MOXHO CYMTaTb YCIOBHbLIMMU, a

peanbHO AENCTBYKOLWMMM B Npupoae cunamm Oyayt ux cymmbl. NMokaxem 3TO Ha npumepe

cunbl KynoHa. B anektpoanHamuke cuna KynoHa 3anuceiBaeTcst Yepes noteHumansl B BUAe:
Sk =p-E=p-(-Vo-0,A)

Mpwn aTom BTOPOW YneH 0,A, cTosWwmiA B ckobkax, 0bbl4HO oTEpackiBatoT, NPUHUMAS:

Sk =pE=p-(-Vo)
MoHATHO, YTO Takoe oTbpackiBaHMe 0,A He ABNAeTCs KOPPeKTHbIM. PeanbHoun cunon Kyrnoxa,

AEVNCTBYIOLLIEN B Npupoae, ABNAeTcsa cymma cun, obycnosneHHbix nonsmu E n K:
1 1 1 1
Sk =§-p-E+§-p-K=5-p-(—Vco—@tA)+§-p-(—V<0+é‘tA)=p-(—V<o)
AHanNOrM4yHbIN BbIBOA MOXHO caenaTtb 1 onga cunsl AMnepa.
lMockonbKy CUMMETPUYHBIA (3) M aHTUCUMMETPUYHbLIN (4) TEeH30pbl B CymMMe

npeacTasnsaloT TeH3op (1), TO peanbHO AEWCTBYKOLWME B NPUPOAE SMNEKTPOMAarHUTHbIE CUMbI

MOMyY M CKanspHbIM YMHOXEHMeM TeHsopa (1) Ha 4-BekTop nnoTHocTu Toka J,(C-p,i-J).
3annwemM KOMMOHEHTbI CU, CrieayroLLme 13 3TOro NPou3BeAeHNst B BUAE MaTpuLbl:

1 1 1 1
c@o)p =AY I — @A) I —(OA)I,

S=(@,A)3,=| 1@ P @A) I OA)I 10A) |2160) p.(-V) p-L0,A)0.(7-A)-3.0,A)3,
Si@0) e 14(0,A),  i-(0,A)9, i-@,A)3, | © c
S0, p 1(0,A)I,  B-@,A), i-(0,A),

OKOH‘-IaTeJ'IbHO I'IOJ'Iy‘-II/lM BblpaXeHnda ana nAatu BMOoB 3JTIEKTPOMArHUTHbIX CUI, ﬂ,eIZCTByPOLLMX

Ha 3NneKTpuveckmne 3apaabl N TOKU:
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1
1) S, ==(0,p) p - AMHaMMYecKasa ckanspHas cuna o6bemMHOro paclumpeHus/cxaTms;
c
2) S, =(-V@)- p - cuna KynoHa;
1 y
3) S; =—=(0,A)-J- AMHaMn4ecKasa ckanspHas cuna NMMHenHoro paclumpeHuns/cxaTus;
c

4) S, =(0,A)-J, - cymma cunbl Amnepa v cunbl Hukonaesa
5) S, =(V-A)-J - cuna HukonaeBa
MoHsATHO, YTO cuny AmMnepa MOXHO 3anucaTb, Kak pasHoCcTb cun S, =S, —S; .

Cunbl 1, 3, U 5 4BNAKOTCA HOBbIMW 3NEKTPOMArHUTHbIMKM cunamu. Cuna 5
aKcnepuMeHTanbHo obHapyxeHa n uccrnegosaHa HukonaesbiMm [.B. [6], HO 4O HacToswero
BPEMEHWN He Mpu3HaHa B CBA3M C €e HeJOCTaTOYHbIM TeopeTudeckum obocHoBaHuem. Cuna
Hvkonaesa aBToMaTtnyecku crnegyeT n3 cummeTpudHoro TeHsopa OMI1 (6). Cuna Amnepa u
cvna Hukonaesa npeacTaBnsloT cOO0N eanHyo TpexXmMepHy TeH30pHyt cuny. Cunbl 1 1 3
Marnbl, TaK Kak UMelT koadduumeHT 1/c n 0o HacTodawwero BpeMeHu He 6binn n3BecTHbl. OHM
ABNATCA OUHAMUYECKMMM CUNaMM U 3aBUCAT OT CKOPOCTU W3MEHEHUS CKanspHOro wu
BEKTOPHOro noTeHumanoB BO BpemeHu. M3 BbipaxeHus ana cunbl 1 cnegyet, 4Tto npwu
BO3pacTaHMM CKansipHOro noTeHuMana BO BPEMEHM B HEKOTOpon obnactm npocTpaHcTBa C
SNEeKTpUYeCKUMM 3apsgamu, NoSABNATCA CUMbl O6GbEMHOro CXaTus U NOBbILEHUSA MAOTHOCTU
3apsgoB B aTon obnacTtu. [Npu 3ToM cubl 06BEMHOMO CXXaTus HanpasneHbl NPOTUB AENCTBUSA
cun KynoHa. 3Ty cunbl NpoaBnAdT cebsi B BbICOKOAWHAMUYHBLIX 3fIEKTPOMArHUTHbIX
npoueccax, Tuna nnasMeHHoro dokyca. [lpumepoM UX NPOSABNEHUS  ABMSKOTCA
anekTpoanHamudeckne  adpekTbl, Habniogaemble B BMAE  CamMOyCUNMBAOLLErocs
KYMYNSTUBHOIO npouecca B3pPbIBHOTO OOBLEMHOIMO CXaTud MaTepuana MULEeHUM [0
CBEPXMNIOTHOCTEN NPU  BO3OEUCTBUMN HA MULIEHb WMMYNIbCHOrO 3fIEKTPOHHOrO ny4yka
anuTenbHocTbio 10 cekyHabl [7], a 3aTeM B3pbIBHOMO pa3pyLUEHWst MALLEHW NOCHE OKOHYaHWS

[EeNCTBMS 3NEKTPOHHOrO UMMyribCca.

5 3aknouyeHune
MpumMeHeHne  OefyKTMBHOTO  MeToda W aKCMOMbl O CyLLeCTBOBaHMM B

ncesaoeBKIMMAOBOM MPOCTPaHCTBE-BPEMEHUN MONA 3NEeKTPOMarHMTHOrO BEeKTOp-noTeHuuana

A , NO3BOMNIIO NOMY4MTL 4-TeH3opbl IMIT 1 crieayoLLyo U3 HUX MOSTHYIO CUCTEMY YPaBHEHWI

OMIT, BkntovatoLLyto ypaBHeHust Makceenna.
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MonyyeHbl Tpy HOBble KOMMOHEHTbI Gy, L, K HanpskeHHocTen SMI1, oTpaxatoLwwmx ero
yeTbIpexMepHy aedopmaumio. 3TN TPU HOBble KOMMNOHEHTbl OMI1 MOXHO TpakToBaTb Kak
KOMMOHEHTbI TPEX HOBbIX CUITOBbLIX NOMEN, JONONHALWMX curoBble nond E n B.

MonyyeHa duandeckas WHTepnpeTaumst kanudbposku JlopeHua, 3aknovarolasacs B
NCKINYEHNN N3 paccMOoTpeHns obbemHon gedopmarmm SMI.

N3 TeHsopoB OMI1 cnegytoT BOMHOBbLIE YpaBHEHUA, ONUCHLIBAOLLNE TEH30PHbIE BOJSHbI
(8) 1 (9), nonepeyHble BonHbI (17) BekTopHOro noteHuynana OMI n npogonbHble cKansipHble
BOSHbI (20) AnBEpreHunn BEKTOPHOro noteHumana.

MonyyeHbl Tpu narpaHxmnaHa SMI1 1 nokasaHo, YTO B KBAHTOBOW 3reKTpOAUHaAMUKE

HeobxoAMMO ucronb3oBaTh MONMHbIM narparxunad SMM L, crnepyowmn m3 TeHsopa (1),

NMOCKOSbKY M3 Hero crnefyoTt ypaBHeHus Hanambepa (8) n (9) ana noteHuwanos OMI1 6e3
NPUMEHEHNSA KanMBpPOBOK.
N3 TeH3opa OMIT (1) nonyyeHo BbipaeHne Ans NSATU SNEKTPOMarHUTHbIX CUil, B TOM
yucrne cun KynoHa, Amnepa n Hukonaesa v ABYX HOBbIX JUHAMNYECKUX CUTST.
MpeacTaBneHHoOe OOMOSTHEHUE K 3NEKTPOoAMHAMMKE OTKpbIBAET HOBYIO 0bOnacTb Teopun
OMI1, onucbiBalWyld AOMHAMUYECKME  MPOLECChbl, CBA3a@HHblE C  YeTblpeXMEpPHON

Aedopmauunen nons.
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