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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. The expressions for the electromagnetic forces, including

forces Nikolaev and two new dynamic electromagnetic forces.
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AHHOTauusA. PaboTta nocesiLieHa pa3BuUTUIO KITaCCUYECKOM TEOPUM SNEKTPOMArHUTHOrO
nona (OMI1). Metogom geaykuum nocTpoeHbl TeH3opbl AMI 1 nonyyeHa nonHas cuctema
ypaBHeHun O3MI1, onuckiBaowass ero BpalleHne n gedopmMaumio B NCEBOOEBKINOBOM
npoctpaHcTBe MuHkoBcKoro. Kpome m3BecTHbIX ypaBHeHUn Makceenna, cuctema cooepxuT
yeTblpe HOBbIX ypaBHeHust OMI1. [NokaszaHa duandeckass CywHOCTb Kanubposku JlopeHua.
lMonyyeHbl HOBble BOMHOBble YypaBHeHUs J3MI1. 3anucaHbl BblpaXeHuss ONA  HOBbIX
KOMMOHEHTOB HanpshKeHHOCTEN CUMMETpUYHOM Yactu OMI1. [llonyyeHbl BbipaXeHus ans
3IEKTPOMarHUTHbIX CUIl, B TOM 4ucrne gnga cunbl Hukonaesa v ABYX HOBbIX AMHAMUYECKUX

ONEKTPOMarHMTHbIX CUI.
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TEH30pbl, BOJTHOBbIE YpaBHEHUA, Kanvl6p0|3|<a J'IopeHu,a, ANEeKTPOMarHnTHble CUJlbl, CUIa

Hukonaesa.
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Jlntepatypa

1 BBepeHune

OCHOBbI COBPEMEHHOWN KJ1TaCCUYECKOM 3NeKTPOAUHAMUKMA MOCTPOEHbl WUHAYKTUBHbBIM
METOAOM Ha OCHOBe 0000LWeHNa pe3ynbTaTtoB ONbITOB, PasfMyHbIX LOMYLWEHUAX W
TeopeTUYECKNX KOHCTPYKUMNAX, obecneynBarolLmx CBA3b MexXay OTAeNbHbIMU YacTMN TEOPUN.
TeopeTnyeckorn 6a3on aNeKTpoaAMHAMUKM SABMSAKTCA ypaBHeHMst MakcBenna, n3 KoTopbIX
cnenyloT BCe ee OCHOBHbIE BbIBOADI.

OrnekTpoMarHuTHoe none (BMIM) B anekTpoanHamMuke onucbiBaeTcs
aHTUCUMMETPUYHBIM 4-TEH30pPOM M3 KOTOPOro crnegyet cuctema ypaBHeHun Makcsenna.
KomrnoHeHTamu 3TOro 4-teHs3opa HABNAIOTCA MNPOU3BOAHbIE CKanApHOroO M BEKTOPHOro
noteHunanos OMI1, KOMOMHaUUK KOTOPLIX onpeaeneHbl Kak KOMMOHEHTbl 3NEeKTPUYECKOro u
MarHUTHOro nosnsl. ATOT aHTUCUMMETPUYHLIN 4-TEH30p M credylwme n3 Hero ypaBHEHUS
Makceenna onucbiBatoT BpaweHne Ml B nceBaoeBKNNMOOBOM NpocTpaHcTBE MUHKOBCKOrO.

AHTUCMMMETPUYHOMY TeH3opy OMIT MOXHO OAHO3HAYHO COMOCTaBUTb CUMMETPUYHbIN
4-TeH30p, ONUCbIBaKOLWMIA 4YeTblipexmepHble gedopmauum OMIT B  nceBOoOeBKNMOOBOM
npoctpaHcTtBe MwuHkoBCKOro. KoOMMOHEHTamMu 3TOro CUMMETPUYHOrO 4-TeH3opa Takke
ABNAOTCA NPOM3BOAHbIE CKansipHOro M BEKTOpPHOro noteHumanos OMI1, HO B kOMBUHaUUSAX,
OTNNYHbIX OT KOMOMHAUUM aHTUCUMMETPUYHOro TeHsopa OMI1. U3 atoro cummeTpuyHoro 4-
TEH30pa CcrneayrT ypaBHeHna paedopmaumm ISMI1, gononHsawWMEe CUCTEMY YpaBHEHWUN
Makceenna.

AHTUCUMMETPUYHBIA U CUMMETPUYHBbIN 4-TeH3opbl OMI npeacraesnsoT cobon OBe
COCTaBHble 4Yactn 4-TeH3opa OMI obuiero Buga, M3 KOTOPOro Takke CneaylT ypaBHEHUS
OMI1. Takum obpasom, MOMHyK TeopeTUdeckyto 6Gasy aNeKTPoAMHAMUKM MOXHO MOCTPOUTb
AeOYKTUBHbIM MeTO4OM Ha OcHoBe 4-TeH3opa OMI1 obuwiero Bnga, KOMNOHEHTaMM KOTOPOro

ABNAOTCA NPOU3BOAHBLIE CKansipHOro M BeKTopHoro noteHuyuwanos OMI1. 3T1oT TeH3op 3SMI



obLiero Buaa MOXHO MOMNYyYMTb KOBApMAHTHbIM AvddepeHUMpoBaHMEM YeTbiPEXMEPHOrO

BEKTOp-noTeHumana dMrl1 Aﬂ.

PaboTta nocesiweHa MNOCTPOEHUO AOeOYKTUBHbIM MeTogoM TeopeTudeckon 6asbl
SNEeKTPoANHaMMKM  BKITlovawwen TeH3opbl IMI, nonHyio cuctemy ypasHeHun JIMI,
onucblBawLyto BpalwleHus u  gedopmauum IOMIT B nceBOOEBKNNMOOBOM MPOCTPAHCTBE
MwuHkoBckoro. N3 cummeTpudHoro 4-teHsopa OMI1 cnenyoT HOBble BMAbl HANPS)KEHHOCTEWN
OMI, HoBbIM BMO BOMHOBOrO  ypaBHeHna OMI1, onucbiBalowWwero nonepeyHble
SNEeKTPOMarHUTHble BOSHbI U HOBbIN BUA OUHAMUYECKUX SMEKTPOMarHuUTHbIX cun. [lokasaHa

(*)I/I3I/I‘-I€CKaFI CYLWWHOCTb KaJ'II/I6pOBO‘-IHOFO yCrioBu4 J'IopeHLl,a.

2 TeH30pbl 3NIeKTPOMarHMTHOro nons
B HacTosienn pabote reomeTpusi MNpOCTpaHCTBa-BPEMEHM MNpPUHMMAETCs B Buae

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

komnoHeHTbl R (ct,i-R). OMI noHnmaeTcs kak none YeTbpEXMEPHOro BEKTOP-MOTeHuuana

AMM A, (p/c,i-A), rae ¢ n A ckansipHbIA 1 BEKTOPHBLIA NoTeHumansl SMI B €BKNMAOBLIM
npoctpaHctBe. Takum obpa3omMm, MpMHUMAETCA akcuomMa O  CyWecTBOBaHMM B
NnceBOOEBKNMAOBOM MNPOCTPAHCTBE-BPEMEHN MOMSA 3NEKTPOMArHUTHONO BEKTOP-MOTEHUMana
Aﬂ (p/c,i-A). Ha ocHoBe 3TOM akCMOMbI, AEAYKTMBHBIM METOIOM HaxoaaTca TeH3opbl MM
cnenyowme n3 HUX ypaBHeHust apmxkeHus SMI.

Tensop F,, HanpspkeHHocTer OMI1 obwero Buaa nonyyYuM  KOBapUaHTHbLIM
A depeHumMpoBaHemM BekTop-noteHunana A
F.=0A,=0A (plciA)lox,(c-ti-Xx,)
roe X,- KoopauHatbl B €BKMWAOBOM MpocTpaHCTBe. B maTpuyHOM npencraBneHun 3ToT

TEeH30p HaI'IpFI)KeHHOCTeIZ OMTI1 B nceBOOEBKIMAOBOM NPoOCTpaHCTBE MwHkOBCKOro nmeeT BuA;:

izé‘tgo LioA, li-atAy LioA,
(o C C C
1. (1)

S0 0,A, A, OA

— — C
Fo=0A,= §
~Sho,e 0A 0,A O,A
Liew oA oA an
c

3T10T TeH3op sBnsieTcs 6a3oBbiM TeH3opom IMI1. Ero MOXHO npeacTtaBuTb B BMAE CyMMbI

CYMMMETPUYHOIO M aHTUCMMMETPUYHOIO TEH30POB HanpsXXeHHocTen AMI:

F.=0A,=F, +F

vl —

1 1
S@A,+0A)+2(OA,-0,A) (2)



Takum 06pas3om, CUMMETPUYHBIN U AaHTUCUMMETPUYHBIN TeH30pbl AMIT ABNAOTCA COCTaBHbIMU
yactamm 6aszoBoro TeHzopa OMIT (1), n noaTomy Kaxgas U3 ITUX COCTaBHbIX YacTeu
onucbiBaeT TONMbKO 4acTb cBouctB  OMIl. MMmeHHO no3aToMy, nNpPUMEHSEMbIN B
aNeKTpoANHaAMMKE aAHTUCUMMETPUYHBIA  TEH30p, ONUCbIBAaeT Tonbko cBoncTBa JIMIT,
CBA3aHHble C ero BpalleHnem B npocTpaHcTBe MWHKOBCKOrO M He OnucbiBaeT CBOWCTB,
CBSA3aHHbIX C Aedopmaumen nons.

CUMMETPUYHBIN TEH30p HanpsbkeHHocTen OMIT B mMaTpMyHOM NpeacTaBfeHUn UMeeT

BUA;
1 1. 1. 1.
2F8t¢ EI '(atAx _ax(p) EI ’(atAy _6y(p) EI '(a[Az _azgo) (3)
1 1 EI(atAx_axq)) ZaxAx (axAy+ayAx) (axAz+aZAx)
Fun =5 @A, +0,A,=2-| ¢
JH@A-0,0)  (0.A+0,A) 20, A, @,A, +0,A)
1i~((’?[AZ—6Z(/7) (0,A, +0,A) (6,A, +0,A)) 20,A,
C

OTOT TEH30p OnUCbIBaeT uJeTblpexmepHble agedopmauun OSOMI1. B  cyuwectBylowen
3NEKTPOANHAMUKE TEOPUS YeTbIpEXMEPHbIX Aedopmauunin nonsa oTCcyTcTByeT. ATO NPMBOAMT K
ee OrpaHU4YeHHOCTU, Tak Kak aedopmaumnam OMIT cOOTBETCTBYIOT CBOM 3NEKTPOMArHUTHbIE
CUnbl U 3Heprus gedopMaumm, KOTopble 40 HACTOSALLIErO BpEMEHU B HEWN HE YYUTbIBASIUCh.
[OunaroHanbHble 4neHbl TeH3opa (3) onUCbIBalOT OOBLEMHYK  YEeTbIPEXMEPHYHO
aedopmaunio pacwmpenuns/cxatna MMM, OctanbHble KOMMOHEHTbI CUMMETPUYHOIO TEH30pa

(3) onucbiBaloT YeTblpexmepHble gedopmaumn casura IMI. Cymma guaroHanbHbIX YSIEHOB
CMMMETpUYHOro TeHaopa (3) Spur=0,¢/c’>+V-A aensieTcs cneaom TeHaopos (1) u (3) u nx

MHBapMaHTOM. DTO BblpaXkeHMe Takke COOTBETCTBYET BblpaXKeHuto Ansi kanubpoku JlopeHua
npu Spur=0. M3 aToro cnegyeT, YTO NpUMEHeHMe KanubpoBku JlopeHua, T.e. UCKMYeHue

AnaroHanbHbIX YNIEHOB CUMMETPMYHOro TeH3opa (3) u3 ypaBHeHun OMI1, usndeckn
O3Ha4yaeT UCKMIYEHNE N3 HUX onucaHna obbemMHOn yeTbipexmepHon gedopmaummn 3MI. B
39TOM U1 3aKntovaeTcs uamyeckasi CyLHOCTb kKannbposku JlopeHua.

AHTUCUMMETPUYHLIA TEH30p HanpshkeHHocTen OMI1 B mMaTpuMyHOM npeacTaBreHumn

MMeeT Bna:

0 Ei‘(atAx+6x(p) 1i~(6‘Ay+6y¢)) 1i-(@lAZ+6Z(p)
c c c

1 (4)
_EI'(atAx+ax(p) 0 (axAy_ayAx) (6xAz_azAx)

1 1
F[v,u] :E(avAﬂ _avAv =E.

JA) 0, ©@,A, -0

A)

MYy

“Lii@A +0,0) -(@,A -0
C

@A 0.0) SOA-0A) —(0,A -0.A) 0

oy

OTOT aHTUCMMMETPUYHBIN TEH30P ABMSETCH KNAacCUYEeCKMM TEH30pOM HanpsbkeHHocTen SMI,
NPUMEHSIEMbIM B 3anekTpogMHamuke. M3 BblpaxeHus (2) BUMAHO, YTO aHTUCUMMETPUYHBLIN

TEH30p ABNSAETCS TOMbKO YacTblo 6a30Boro TeH3opa OMI (1) n NOaTOMy OH NPUHLMMIMANBHO
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He MOXeT oTpaxaTb Bcex csovcTB IMI. 3anuwem aHTUCUMMETPUYHBIN TeH3op SMI1 (4) c
MOMOLLIbI0 0603Ha4YEeHMI HAaNPSXKEHHOCTEN anekTpudeckoro E n marHuTHoro nonst B, koTopble
B 3MeKTpoAUHAMUKE BblpaXalTcs 4Yepe3 KOMOMHAUMW MPOM3BOAOHLIX CKaNspHOrO ¢ W

BekTopHOro A noteHunanos OMI1 (B cucteme CW) B BuAae:
E=-Vp-0,A

B:VXAZ(ayAz_asz)x—i_(azA(_axAz)y—"(axAy_ayAx)z
Torga knaccuyeckum aHTUCUMMETPUYHbIM TeH3op OMI1 (4) umeeT Bua (KOadpPULMEHT V2

OnyLueH):

0 Lioa+o,0 Li@A+0,0) tii@A 0.0 o -lig -lig -Lig
C C C C c C (5)
20 @A +0,0) 0 @A-0,A) @A-0A) | |TFE O B -B,
Fou= =
[vul
Tetiea 0,0 ~@A-0,A) 0, @A-0.A) | |ZiE, -B 0 B,
Li0A 100 ~OA-0A) ~(O,A-0.A) 0 Lie s, -8 0

AHanormyHbiM 06pa3oM MOXHO 3anucatb W CUMMETPUYHbIA TeHzop JMIT (3).
lMockonbKy KOMNOHEHTLI TEH30pa (3) MMEIOT apyrne KOMOMHaLMKN NPOM3BOAHBIX @ U A, BBEOEM
ANs HOBbIX KOMOMHaLUMI NPOM3BOAHbIX creaytoLmne 0603HavYeHns:

K=0A-Vop

L=V®A=(0,A +0,A), +(0,A +0,A), +(0,A +0,A),

G =i26tgo+V-A:i28tgp+6xAx +0,A, +0,A,
C (¥

u

Torga cMMMeTpUYHBIN TEH30P (3) MOXHO 3anucaTtb B BUAe (KoapuumeHT V2 onyLieH):

2%51(0 1i~(6tAx—5Xgo) 1i~((’3tA/—8yg0) 1i~((’9IAZ—5Z(p) 2G, i~1Kx i~}Ky 1i-KZ
1 c C c c 1 C C C (6)
El(atAx_ax¢) ZaxAx (ax&_'—ayAx) (axAz +61Ax) i EKX ZGX Lz I—y
Fow = =
" %i~(5lp\(—6y(p) (6xAy+5yA() 20,A, (6yAZ +82Ay) i~%Ky L, 2G L,
JOA-00)  @ATOA)  OATOA) 20 KoL L,

Taknum obpasom, pasnoxeHue (2) 6asoBoro 4-teH3opa OMI1 (1) mMoxHO 3anucaTb B BUAE:

ve itk ite Bl [0 he he b
C C C c c C
i~1KX 2-G, L, L, 1 —i-E, 0 B, -B,
— — — C C
Fu=0A,=Fu)+Fy;= 2.1 +E. 1. (7)
i-=K, L, 2:G, L, —-i-E, -B, 0 B,
c C
i-EKZ L, L, 2-G, 1i'EZ B, -B, 0
c C

Tpu HoBble KOMBVHaLUMK NPoM3BOAHbLIX NoTeHuuanos AMI1 G, L, K umetoT TouHO Takoe
u3nyeckoe 3HavyeHne, Kak 1 KoMOGnHaLMM NPon3BOAHbIX, COOTBETCTBYHOLLUX INEKTPUYECKOMY
E » marHutHOoMy nosnto B, T.e. ABNAOTCS CUNOBbIMKU Xapaktepuctukamm OMI. Bce aTn nsatb

dusunyecknx cunosbix nonen Gy, L, K, E, B aBnsaioTca KOMNOHEHTamMu eOMHOro mnons
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nponssogHbix OMI1, onucbiBaemoro 6a3oBbiM TEH30pOM (1) M Hepa3pbIBHO CBA3aHbl APYr C

Apyrom Yepes Bektop-noteHuuan A . lpu 9TOM HanpsbkeHHoctw nonen Gy, L, K, E, B

XapaKkTepuayloT cnegytowime cunbi:

Gy - cunbl 06bEMHON YeTbipexmepHor Aedopmaunm paclumpenus/cxatns SMIT;

K - cunbl npocTtpaHCcTBEHHO-BpeMeHHoW aedopmaunm casura MM,

L — cunbl npocTpaHCTBEHHO-YrnoBon gedopmaumu casura SMIT,

E — cunbl npocTpaHCTBEHHO-BPEMEHHOIO BpaweHmst M,

B — cunbl NpOCTpaHCTBEHHO-YIMOBOro BpaLleHus OMI.
BblpaxeHusi, onucbiBalowMe B3aUMOAENCTBUS ITUX IIIEKTPOMArHUTHLIX CUMOBBIX MOMen C
9NEeKTpMYEeCKUMM 3apsgamMmmn u Tokamm, ByayT paccMmoTpeHbl B rnaese 4. Kaxgon M3 aTux cun
COOTBETCTBYET CBOW BWA  9ONEKTPOMarHUTHOM  3Heprum  B3aumogenctena OMIT ¢

ANEKTpn4eCKMMmn 3apagamMm N TOKkamn.

3 YpaBHeHus ABUXKEHUA INEeKTPOMarHUTHOro nons
YpaBHeHus asmxeHna OMI1 Hangem n3 TeH3opoB HanpsikeHHocTen IMIT (1), (3) n (4),
KaK ypaBHEHUS CBA3N MeXAY UX KOMMOHEHTaMW.

3 6a3oBoro TeH3opa OMI1 (1) cneaytoT ypaBHeHUsa asmxeHna MM B noTeHumnanax:

1 1

c_zan(o—AgD:plgo (8) C_zattA—AAz,uo-J )
1 1

at(cz dp+V-A)=0 (10) V(—C2 O0p+V-A)=0 (11)

YpaBHeHns (8) un (9) sasnswTca wu3BecTHbiMM [1 c. 207] KnaccMyecKMMU BOJSTHOBbIMU
ypaBHeHnamun Hanambepa gna noteHuymanos OMI1. [na mx nonyvyeHns B CyLLECTBYHOLLEN
9NeKTpoANHaMMUKe Mcnonb3yeTcs kanubposoyHoe ycrnosue JlopeHua. B gaHHOM cnyyae aTu
ypaBHeHnsa ©6e3 OONONHUTENbLHBLIX YCNOBUA aBTOMaTUYeCcKn crnegyroT n3 6a3oBoro TeH3opa
OMIT (1), uTo yKasbiBaeT Ha uUx pyHaameHTanbHOCTL B Teopun IMI. YpasHeHusa (10) n (11)
ABNAIOTCA HOBbIMU, Y UX MOXHO TPaKTOBaTb, KakK ypaBHEHUs1 coxpaHeHns SMI.

N3 cummeTpuryHoro teHsopa (3) cnenytoT ypaBHeHusa aswxkeHus OMI1 B noTeHuymnanax,

onncbiBawWne €ro 4eTblpexmMmepHyro ,qecbopmau,mo:

2C—128n(p+6tV-A—Ago=p/80 (12)
1 1
— 0 A==0Vp-V(V-A)-AA = 1, -] (13)
c c

YpaBHeHus (12) n (13) MOXHO 3anucaTtb, UCMONb3ya HOBble 0603HAYEHNA HaNPSAXKEHHOCTEN

OMI1 B BUAE:



ZC%@th +V-K=plg,

CizatK—VG—V(@L:,uo -J
rae VeL=(©,L,+o,L)),+(©,L, +0,L,), +(0,L,+0,L,),
OTN ypaBHEHUS ABNAOTCA HOBbIMU U B CYLLIECTBYIOLLIEN 3NEKTPOANHAMUKE HEN3BECTHbI.
N3 aHTucMmmeTpuyHOoro TeH3opa (4) criegyT ypaBHeHus ABwxeHus MM,
onucblBarLLMe ero BpalleHne B NCeBO0eBKNNO0BOM NPOCTPaHCTBE:
-0V-A-Ap=plg, (14)
1

1
?8HA+?8IV¢+VXVXA=,UO-J (15)
OTM ypaBHeHUs xopowo u3BecTHbl. OHWM BXOOAT B cucTeMy YypaBHeHun Makceenna.
YpaBHeHue (14) aBnsieTcs 3anucbto 3akoHa Maycca ana OMIT:
V-E=plg,

YpaBHeHue (15) aBnsetcs ypaBHeHneM Amnepa-Makceenna:
1
—C—ZatE+VxB =y J

EcTecTtBeHHO, 4TO npu crioxeHun ypaBHeHun (12) n (14), (13) n (15), coOTBETCTBEHHO,
nonyymm ypasHeHust (8) n (9). Cnoxm ypaBHeHus (8) u (10), nonyyum ypaBHeHue (12).
CnoxuB ypaBHeHus (9) n (11), nonyynm ypaBHeHue (15). Bbiuta u3 ypaBHeHnsa (8) ypaBHeHUne
(10), nony4nm ypasHeHue (14). Bbiuta n3 ypasHeHus (9) ypasHeHue (11), nony4ymMm ypaBHeHue
(13). Taknum obpasom, ypaBHeHus (8) — (15) B3anmocBsa3aHbl U NpeacTaBnAlT cOO0M MorHy
CaMOCOrnacoBaHHyl0 CUCTEMY YypaBHeHun gBmxeHna OMIT B  nceBOOEBKNMOOBOM
npocTtpaHcTBe MuHkoBckoro. B aTton HoBon cucteme ypaBHeHus (8), (9), (14) n (15) nssecTHbl
n3 cyuwecteywowen teopum IMI. YpasHeHusa (10) — (13) ABRAIOTCA HOBbIMW YpaBHEHUSMMU
9NEeKTPOaUHAMUKMN.

B cuctemy ypaBHeHun MakcBenna, kpome ypaBHeHun (14) mn (15), BxogaTt ABa
AnddepeHumarnbHbIX TOXOeCTBa:

V-B=0 wn 0B+VxE=0

OTn TOXOEeCcTBa aBTOMATMYECKM CNedylT M3  M3BECTHOro TEH30PHOro ToxaecTBa BbsHKM

Fey+Fon=F

. ik TFxa [3, ¢70] pna TeHaopa BTOPOro paHra, 3anucaHHoro [Ans

il
aHTUCMMMETPUYHOro TeH3opa (4). AHanorumyHble auddepeHumanbHble TOXOECTBa MOXHO
3anucaTb U Anst cummeTpuyHoro TeHsopa (3). Kpome Toro, nockornbKy KOMMNOHEHTbI TEH30POB

(3) u (4) cBsaAsaHbl Mexagy cobon, TO ANs HUMX MOXHO 3anucaTb AuddepeHumanbHble
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TOXOEeCTBa, aHanornyHble N3BECTHLIM B TEOPUM YNpPYyroctTu Toxaectsam benbtpamu [3, ¢.98].
34ecb 3TN TOXAECTBA He NMPUBOASATCS, Kak He npeAcTaBnstowme husndeckoro nHTepeca.
YpaBHeHus (8) n (9) aBnATCA KIaCCUY4EeCKMMU BOSTHOBLIMU ypaBHeHUsAMK [Janambepa
N B CyLLECTBYIOLEN 3NEeKTPOANHAMUKE TPAKTYIOTCHA KaK YypaBHEHUSA 3rIeKTPOMAarHUTHbIX BOJSIH.
OpHako BOMHbI, ONUCbIBAaEMbIE 3TUMW YPaBHEHUAMUN, HE COAEPXKAT KOMMOHEHTbI MarHUTHOMO
nond, N NO3TOMY OHM HE MOTYT OMUCbIBaTb ANEKTPOMArHUTHbIE BOSHbI, NPUMEHSeMble AN
paguoceasn. Kpome Toro, ypaBHeHne (9) He MOXeT O0ObSACHUTb KOPMYCKYNSApHbIE CBOMCTBA U
MOMEHT MMMYyrbCa 3MEeKTPOMAarHUTHbIX BOSH. BonHbl, onucbiBaeMble ypaBHeHueM (8) ans
CKanapHOro noTteHumMana B HacTosLlee BpeMsi CUMTaloTCs Hemandecknmmn. YpaBHeHnsa (8) un
(9) MOXHO TpakToBaTb, Kak onncaHue TeH30pHbIX BonH OMI. Torga ypaBHeHue (8) angd
CKanspHOro noTeHumana camMoCTOATENbHO HE MMeEeT CMbICia M ero HyXHO paccmaTpuBaTb
COBMECTHO C ypaBHeHMeM (9), Kak onnucaHme eguMHOro TEH30pHOro BOSTHOBOIO npoLecca.
YpaBHeHue (13), cnegyroulee n3 CMMMETPUYHOIro TeH3opa (4), no bopme npeacTasnseT
cobON 3MEeKTPOMarHUTHLIN aHanor ypaBHEHUs OBWXEHUS obLiero Bmaa M3OTPOMHOWM YNpYrou
cpeabl [2 c.125], onucbiBatowero pacrnpocTpaHeHne MeXaHUYEeCKMX BOSIH B CXKMMaEMbIX
NMHENHO-YNPYIMX N30TPOMHbIX TBEPAOBIX U XUOKUX cpefax. OTO BOSIHOBOE ypaBHEHME MOXHO
3anucaTtb B BMAE HEOOQHOPOLHOrO0 BOJSIHOBOrO ypaBHEHMS, fieBasi YaCTb KOTOPOro siBfsieTcs

BO”HOBOl;I, TOorga ero npaBad 4actb 6y,D,eT onunucbliBatb NCTOYHUK BOJIH.
1 1 1
C—ZGRA—V(V-A)—AA:;JO-J+C—28th0=,u0-J—C—28tEP (16)

N3 aToro YpaBHEHUA crnenyeT, 4To nepemeHHbM BO BpemMeHun rpagneHT CKandpHoro
noTeHunana wnn nepemMeHHoe noTeHuUunaribHoe 3JIeKTpu4yecKkoe Tnorne EP BO36y>KD,aeT B

NPOCTpPaHCTBE nonepevHbie BOJIHbl BEKTOPHOIo noTeHuuana s1uaa:

CizanA—V(VA)—AA:O a7
Knaccmyeckum um3anydyaTenem SfeKTPOMarHUTHbIX BOJSH, MNPUMEHSIEMbIX B PaaMOCBA3N,
ABMAKTCA pasBepHyTble B MPOCTPAHCTBE OOKMaAKM 3MEKTPMYECKOro KoHAeHcaTtopa, Mexay
KOTOpPbIMM CYyLLECTBYeT NepeMeHHoe MnoTeHuManoHoe anektpuyeckoe norne E, B Buge
nepeMeHHOro BO BpEMEHM rpaneHTa CKansapHoro noTeHumana, BblpaXxeHne KoToporo CTouT B
npaBoM YacTu BOSTHOBOro ypaBHeHust (16). Takum obpas3om, 3TOT KracCUYeCKU M3nydaTesb
3NEKTPOMAarHUTHbIX BOSTH MU3fy4YaeT B NPOCTPAHCTBO NOMnepeyHble 3NeKTPOMarHUTHbIE BOSIHbI,
OonucbiBaeMble O4HOPOLHbIM BOMHOBLIM ypaBHeHMeM (17). OToO ypaBHEHME MOXHO 3anucaTtb B

BUAE:

CizanA—vvaA—zAA:o (18)



B nepBbI uneH 3TOro ypaBHEHUS BXOOAUT MEpeMeHHOe BUXPEBOEe JrfeKkTpudeckoe none, a
BTOPOM YfieH ABNSAETCA POTOPOM MarHUTHOro nons. Takum oBpas3oM, BOSHbI, ONUCLIBAEMbIE
ypaBHeHueMm (17), cogepxaTt BUXpeBOe 3NeKTpUYeckoe U MarHUTHOe nore, YTo COOTBeTCTBYeT
npeactaBneHnam o6 3nekTPOMarHUTHbIX BOSMHax, MpPUMEHsSEeMbIX B paguoceBasn. U3
ypaBHeHna (18) BUOHO, YTO B ONUCbIBAEMOWN UM 3MEKTPOMarHUTHOW BOJSTHE 3NEKTPUYECKOoe U
MarHMTHOEe none cABUHYTbl NO ase Ha T1/2. OcobeHHOCTbIO BOSIHOBOrO ypaBHeHus (18)
ABNAETCA HanMyne B HEM «3aMKHYTOW» MPOCTPAHCTBEHHOW YacTu, B BUAEe OBOWHOro potopa
BEKTOPHOro noteHumana A, T.e. OHO COAEPXNUT OBONHYIO LIMPKYNSALMIO UMW BpaLLeHne BeKTopa
A N0 3aMKHYTOMY KOHTYPY, YTO, BO3MOXHO, OTpa)kaeT KOpPMyCKyNnspHble CBOMCTBA U MOMEHT
UMNynbca 9fIEKTPOMAarHUTHOM BOJSHbI, ONUCLIBAEMON 3TUM YypaBHeHMeM. Takum obpasom,
BOMNHoBoe ypaBHeHue (18) 6onee cooTBeTCTBYET PU3NHECKOMY OMUCAHUIO ANEKTPOMAarHUTHbIX
BOJIH, MPUMEHSIEMbIX B PaAMOCBSA3M, YEM BOSTHOBOE ypaBHeHue (9).

Baas gmeepreHumio ot obenx yacten ypaBHeHusa (16), NONy4Mm BOSTHOBOE ypaBHEHue

0514 NpoAoJibHbIX CKanApHbIX BOJTH AUBEPreHUnn BEKTOPHOIro noTeHumnana A:

L (VA AV A = (V-I-Lov-E,) (19)
2¢C 2 c
3710 BONMHOBOE ypaBHeEHMe MOXHO 3anncaTtb B OQHOPOAHOM BUAE:
1

N3 ypaBHeHus (20) crnepyeT, YTO NPOAOSibHblE CKansipHble BOMHbI AuBepreHuun A MMetoT

CKOpPOCTb B J2 ObicTpee ckopocTu ceeTa. Kak BuOHO n3 ypaBHeHUs (19), MCTOYHUKOM I3TUX

BOJIH ABNAETCA nepemMeHHaa BO BpEMEHU NMINOTHOCTb 3JIEKTPUYECKNX 3apAaoB.

4 aﬂeKTpOMarHI/ITHbIe cunbl
nOﬂy‘-II/IM BblpaXXeHNA OnA 3JTIEKTPOMarHUTHbIX CUn B3aMMOLENCTBUSA CUSOBLIX MOMen

Gy, L, K, E, B c anekTpuyeckumu 3apsgamum U Tokamu. OTU BblpaXeHUss Hangem B BUAe
ckansapHoro npousseaeHns TeHsopos M1 (3) n (4) Ha 4-BekTop nnoTHocTH Toka J,(C- p,i-J).

3anuwem KOMMOHEHTDI ANEKTPOMarH1UTHbIX cus, cnegyrowmnx n3 aHTUCMMMETPUYHOIO TEH30Pa

(4) B BUOE maTpuLbl:

0 EEX J, 1Ey J, 1EZ-JZ (21)
c c c
m:i 1B -p 0 I-B,-J, -i-B,-J, :3-(1~E-J,E~p,—BxJ)
2 i-E,-p —i-B,-J, 0 i-B,-J, 2 ¢
| Ez 1% | By"]x =1 Bx'\]y 0

Takum, obpa3om, N3 aHTUCUMMETPUYHOIO TeH3opa (4) crniegyeT Tpu Buaa Cur, B TOM 4ucre

cvnbl KynoHa n Amnepa.



AHanorMyHo 3anuemM KOMMOHEHTbI QNEeKTpOMarHnTHbIX cun, cnegyrvowmx un3

CYMMETPUYHOro TeH3opa (4) B BMAe mMatpuubi:

2:¢c-G,-p —EKX-JX —EKY-Jy —EK,JZ
1| i i i 1 1 (22)
S(v,l):? i-K,-p 2:1-G,-J, |.LZ.Jy |.LvaZ :E.(ZC.G‘.py_,K.‘],K.p.‘Z.G.J‘L®‘])
; ; ; ; c
i-K,-p i-L,-J, 2i-G,-J3, i-L,-J,
i-K, p i-L,-J, i-L-Jd, 2:i-G, -,

M3 cummeTpuyHoro TeH3opa (3) crnegyeT nATb BMAOB cusl. O4eBMAOHO, YTO MOCKOSNbKY

HanpsbkeHHocT OMIM K n E, L n B cogepxaT OOWHAKOBbIE KOMMOHEHTbI MPOU3BOAHBLIX

noteHumanos OMIT n ceBasaHbl Mexagy cobon, TO 3TU CUMbl MOXHO CYMTaTb YCIMOBHbLIMMU, a

peanbHO AENCTBYIOWMMM B npupoge cunamu Oyayt ux cymmbl. [lokaxkem 3TO Ha npumepe

cvnbl KynoHa. B anektpoanHamuke cuna KyrnoHa 3anucbliBaeTcs Yepes noteHumansl B Buae:
Sk =p-E=p-(-Vo-0,A)

Mpwn aTOM BTOpON YneH 0,A, CTOALLMIA B CKOBKax, 0BbIMHO OTBpackIBaloT, NPUHUMAS:

Sk =p-E=p-(-Vo)
lMoHATHO, YTO Takoe oTbpackiBaHMe 0,A He sABNAeTCs KOpPPEKTHbIM. PeanbHon cunon Kyrnoxa,

AENCTBYIOLLIEN B Npupoae, SBMAsSeTCs cyMmma cun, obycrnoBneHHblx nonsmu E n K:

1 1 1 1
Sc=5p BT p K=2p (Vo0 A+ = p-(-Vo+0A) = p-(-V9)
AHanNoOrMYHbIN BbIBOA MOXHO caenaTtb U Ans cunsl AMnepa.

lMockonbKy CUMMETPUYHBLIN (3) M aHTUCUMMETPUYHLIN (4) TEeH30pbl B CyMMe

npeacTaBnAT TeH3op (1), TO peanbHO OENCTBYHOLWIME B NPUPOLE SNEKTPOMAarHUTHbIE CUMbl
MOMyYMM CKamnspHbIM YMHOXeHMEM TeHsopa (1) Ha 4-BekTop nnotHoctn Toka J,(C-p,i-J).
3anuwem KOMNOHEHTbI CUA, CreayoLlme n3 3Toro NpomM3BeeHns B BUAE MaTpuLbl:

1 1 1 1
7(61¢))p _7(8(Ax)"]x _7(a(Ay)"]x _7(61Az)"]x
C Cc Cc c

S=(@0,A,)d, =| 1"0@p 1-OA) I, 0OA)I, 10A) I |23 0) p (V) p-t(0,8):3,(V-A) 3, 0,A)I,
—i-(@,p)-p 1-(@,A)I, P-(0,A)d, i-(@,A)I, | C ¢
~i:0,0)p 1-@,A), i-(0,A)3, i-(2,A),

OkoH4aTenbHO nony4vynm BblipaXeHnAa Ona natu BMAOB 3JTEKTPOMArHUTHbIX CUI, Ll,eIZCTByPOLLI,MX

Ha 3NeKkTpuveckne 3apaabl N TOKU:

1
1) S, ==(0,p) p - AMHaMMYeckasa ckanspHas cura o6beMHOro paclumpeHuns/cxaTms;
C
2) S, =(-V@)- p - cuna KynoHa;
3) S, = —l(atA)'J - OMHaMMn4YecKkas ckansipHas curna NIMHEeNHOro pacwmnpeHus/cxaTus;
C

4) S,=(0,A))-J, - cymma cunbl AMnepa v cunbl Hukonaesa
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5) S, =(V-A)-J - cuna Hukonaesa
MoHATHO, YTO cuny AMnepa MOXHO 3anucaTb, kak pa3HocTb cun S, =S, —-S; .

Cunbl 1, 3, U 5 4BNAKOTCA HOBbIMW 3NEKTPOMArHUTHbIMKM cunamu. Cuna 5
aKcnepuMeHTanbHO obHapyxeHa n uccnegosaHa Hukonaesbim [.B. [5], HO Ao HacTodwero
BPEMEHWN He Mpu3HaHa B CBA3M C ee HeJOCTaTOYHbIM TeopeTudeckum obocHoBaHuem. Cuna
HukonaeBa aBToMaTtnyecku cnegyeT ns cuMmeTpudHoro teHsopa OMI1 (6). Cuna Amnepa un
cvna HukonaeBa npeacTaBnaAloT coOOOM eOuHYH0 TPEXMEPHYHK TeH30pHyto cuny. Cunbl 1 1 3
Manbl, TaKk Kak UMelT koaddpuumeHT 1/c 1 4o HacTosALWero BpemMeHn He 6binn n3BecTHbl. OHM
ABNATCA OUHAMUYECKMMM CUNamMnm M 3aBUCAT OT CKOPOCTU W3MEHEHWUS CKanspHOro wu
BEKTOPHOrO MOTeHUManoB BO BpeMeHW. M3 BblpaxeHus gns cunel 1 cnegyet, 4to npwm
BO3pacTaHMM CKansgpHOro noTeHuMana BO BPEMEHM B HEKOTOpoW obnactv npocTpaHcTBa C
ANEeKTpUYeCKMMN 3apsgamMn, npoucxogut obbemMHoe cxXaTue W NOoBblWeHWEe MAO0THOCTU
3apsigoB B aTon obnacTtu. Npu aTtom cuna o6bLEMHOro CxxaTust HanpasreHa NpoTUB OENCTBUS
cunbl KynoHa. 3Otn cunbl nposBnAT ceba B BbICOKOAMHAMMUYHbBIX 3NIEKTPOMArHUTHbIX
npoueccax. [lpumepom uX NPOSABNEHUS ABNAKTCA 3neKkTpoanHammnyeckne dekThl,
HabnogaeMble B Buae CcaMOyCUINMBalOLLErocs  KYMYNATUMBHOIO  npouecca B3pbIBHOMO
06beMHOro cxatnsa matepuana MULLEHU 0O CBEPXMSOTHOCTEN NPW BO3AENCTBUN HA MULLEHb
MMMYNbLCHOTO 3NEKTPOHHOMO Myyka AnuTenbHocTbio 10 cekyHabl [6], @ 3aTeM B3pbIBHOTO

paspyweHna MmmueHn nocre OKOH4YaHu4d AencTeus nMmnyrnbca.

5 3akno4yeHue
MpMeHeHne  OedyKTMBHOTO  MeToda W akCMOMbl O CyLIeCTBOBaHMM B

ncesaooeBKINMMAOBOM TMPOCTPaHCTBE-BPpEMEHU NONA JJIEKTPOMArHATHOINO BEKTOP-NnoTeHuuana

A, N03BONUIIO NOMyYnTh 4-TeH3opbl IMI 1 crneaytoLLyo U3 HUX MOSHYH CUCTEMY YPaBHEHWI

OMI, BkntovatoLLyto ypaBHeHust MakcBenna.

Mony4eHbl TpU HOBbIE KOMMNOHEHTHLI Gy, L, K HanpsxeHHocTen AMI1, oTpaxatowmx ero
yeTbIpexMepHy gedopmaumio. TN TPU HOBble KOMMOHEHTbl OMI1 MOXHO TpakToBaTb Kak
KOMMOHEHTbI TPEX HOBbIX CUMOBbIX NOSier, A0ONOSNHAKLWMX cunosble nond E n B.

MonyyeHa duandeckan WHTepnpeTaums kanubpoBku JlopeHua, 3aknovarlascs B
NCKINKYEHNN N3 paccMOoTpeHns obbemHon gedopmarimm SMI.

N3 TeH3opoB OMI1 crneayoT BOMHOBLIE YpaBHEHUS, ONUCLIBAOLWNE TEH30PHbLIE BOJSHbI
(8) 1 (9), nonepeyHble BonHbI (17) BekTOopHOro noteHuynana OMI n npogonbHble ckansipHble

BONHbI (20) AnBepreHunn BEKTOPHOro noteHumana.
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N3 Tensopa OMIT (1) nonyyeHo BbipaXeHue Ans NATU 9NEeKTPOMarHUTHbIX CUil, B TOM
yucne cun KynoHa, Amnepa 1 Hukonaesa n gByx HOBbIX JMHAMUYECKUX CUT.

MpeacTaBneHHoe OOMOSTHEHUE K ANeKTpoAMHaMKKe OTKpbIBAeT HOBYO 0bnacTb Teopun
OMI1, onucbiBaloWwyd AWHAMUYECKME  MPOLIECCHI, CBSI3@HHbIE C  YeTblpeXmMepHOoun

aedopmauunen nons.
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