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THocsawaemes namsamu moux pooumenei
Haymenxo Banenmunvr Cepeeesnvt u Haymenko Bukmopa Heanosuua

Hp €AucCJI0OBUE aBTOpA.

B pesynbrare npoekra, Hadaroro B 2006 roxy, 6suta BeIymieHa cepust u3 BeimyckoB V, V2, V3, V4, V5, V6, V7 pabor
aBTOpa:

Haymenko 10.B. «Enunas TeopHst BEKTOPHBIX HOJEI», V', Apmasup, 2006r.

Haymenko }0.B. “Pa3Burue noHsATHii moist, paboTsl, MOMEHTA UMITyJIbca” , V2, Apmasnp, 2010r.
Haymenko 10.B. «Bo3MOXHOE pa3BUTHE KIACCUYECKUX MEXAHUKU U DIEKTPOIANHAMUKHY, V3, Apmasup, 2012r.
Haywmenko 10.B. “O ckopoctu mmwxenus noms” , V4, Apmasup, 2014r.
Haywmenko 10.B. “Bo3MokHOe pa3BuTHE KIacCHIeCKOH 3nmekrpoauHamuky”’, Lambert Academic Publishing, 2014r.
Haymenko 10.B. “3amerku o ckopocty aBuwkenus nois, nocryiaarax CTO”, V5, Apmasup, 2015r.
Haymenko 10.B. “O HeKOTOpbIX NpeUIoKEHUSX B AIEKTPOIUHAMUKE”, V6, Apmasup, 2017r.
Haymenko }0.B. “Tloaxozas! kK pa3BUTHIO TEOPUH 3JIEKTPOAMHAMUKHA ~, V7, Apmasup, 2018r.

O10 mocnexHss paboTa aBTOpa mpoekTa. PaboTa ABIsLeTCS IPOJOKEHHEM KHUTH
[ Haymerxo FO.B. “O HEeKOTOPBIX MPEATOKEHMSX B deKTpoanHamuke”, V 6, ApmaBup,
2017r. ]
Ha moBecTke HA yKe JaBHO CTOHT BOIpPOC, KOTOpHIi mocTaBml Huxonaes I'.B., o paspaborke, hopmymuposke “HoBoii,
HETPOTHUBO- PEYUBON TEOPUHU EKTPOJIUHAMUKH’, KOPPEKTHO OOBSACHSAIOIIEH MHOIOUUCIIEHHbIE SKCIIEPUMEHTBI U yCTpaHAtoei
MIPOTHBOPEUNS KJIacCHuecKoil Teopun Makcseiuta-XeBucaiina-I epma.
Ha ceronusmHuil 1eHb BbICKA3aHbl JBE HHTEPECHBIE UACH:
- uges Huxonaesa I'.B. 0 ckansipHOM MarHUTHOM I10J1€, KOTOpast y»K€ UMEET MHOT'O CTOPOHHHKOB;
- uges MHUCIOUEHKO O ABWKEHUIX oM. “‘/IBIKEHHSA 0JIA” — HOBOE MOHATHE KAk JUIl MATEMaTHUECKON JUCIIUTIINHBI

“Teopus moms”, Tak ¥ T (PU3HIECKOH TEOPHH “DIEKTPOAMHAMUKA .
B [13], npu nocTpoeHHU TEOPUH AIEKTPOAUHAMUKH, NPENIOKEHO B ['anuiieeBoM NPOCTPaHCTBE-BPEMEHH IOJIEBbIE
HEpEMEHHbIE PACCMaTpPUBATh, KaK 3aBUCAILNE OT CKOPOCTH ABWKEHHS MaT€PUAIBbHOM Cpepl.
Hmxereps: Coserckoro Coro3a, KOTr/a 3aXOIMIN B TYNUK IIPH PEIICHUN KaKOi JTHO0 TEXHUYECKOH 3a[auH, YacTO MPUMEHSIIN
CIIeIyIOI[Ue METOIBI: METOZ “‘HaydHOTO ThIKA' , METOJ Iepebopa BapHaHTOB.
[Ipu yragpiBaHuy ypaBHEHUH “UCTUHHON’ TE€OPHHU 371E€KTPOJUHAMUKY IIPEAIaraeTcs UCIOIb30BaTh 3TOT OIIBIT:

- paccMaTpHBAIOTCS TCOPUH, CHOPMYIHPOBAHHBIC HA OCHOBE MOHATHH “CKalsipHOE HoNe”, /] BroKeHHe Mo ;

Ha OCHOBE 3aBHCHUMOCTH IOJIEBBIX NIEPEMEHHBIX OT CKOPOCTH JBIKEHHUS MaTepUaIIbHON cpem,l.
- Cpeiu BO3MOJKHBIX BApPHAHTOB BHIOMpaeM ‘‘caMble KpacuBbIE™ ;
- HamboJee “KpacHBYIO” TEOPHIO, HaJIesCh Ha CIIPaBEUIMBOCTH BhICKaspiBaHUA E. BurHepa “o HemocTmkuMOH
3(eKTUBHOCTH MaTEeMAaTUKH B €CTECTBCHHBIX HayKaX~ , IOABEPracM 3KCIEPHMEHTATbHOU POBEpKE.

B pabore paccMaTpuBaroTCs BapHAHTHI CUCTEMBI YPaBHEHUH TEOPUX HIEKTPOAMHAMUKYL, B KOTOPBIX YYHTHIBAIOTCS IIOHATHSL
“Craistproe none”, “CKOpOCTb ABIDKEHUS ITOJ”, KOTOPbIE MOTIIM OBI MOJOMTH I Pa3BUTHA TCOPHUH KIIACCHIECKON
3MeKTpoaHAMUKH. OCHOBHOH pe3ynbTaT paboThl — PACCMOTPEHHE CICAYIONINX HHTYUTUBHO IIOHATHBIX CHCTEM ypaBHEHHH
NEKTPOTUHAMHKU:

1) Bnusnue nosueit Apyr Ha Apyra HOCPEACTBOM HMX ABIKEHHS. 2) IloneBble nepeMeHHbIE 3aBUCAT OT CKOPOCTU
JIBIDKCHHS MaTe€PHAIbHOM cpeibl
1 1 S 5o v, 7t - -
E(tr)—_[p(tr) (r ) dV' - VBXB+* Vo b V-E(v,r,t)zM—éb(v,r,t);
‘r - r" ¢ &8 ot
V-B(v,r,1)=0 ;
B(tr)—f j{](tr) p(tr)vB(tr)} (=) r) dV'+ = vEXE - -
c S 5o OB(v,r,t)
‘F r VxEWw,r,t)y=——"""=,
Ot
o) 15 B b = w o
bt,r) =~ J St = plt,r) V(1,7 av'+=-vi-E VX B(v,r,0) =V b(v,r,1) = ity j(v.r.1) +
/ c —_—-— .
T LSu OEQrY)
- - — _ 2
O F (e V) E=0 <
Ot ___ _ -
OB+ (s-V)-B=0 Jr0 = jO,r,0=v: p(0,1,1)
o p(v,r,t)= p(0,7,1)
a—b +(vp-V)-b=0 JIBIkeHue MaTepI/IaHLHOI/I Cpenpl 3a4aeTCs MOJIEM
it

CKOpOCTeH V= v(r t).

F,rt)=q,r,0) - E@rt)=
= g0, 7, 0)-[E©, 7,00+ vx BO, 7,0)+ v-b(0, 7,1)|
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F= q-E+(q/c)-\:®§+(q/c) v-b  —cuna Jlopenya — Huxonaesa
F=q-E+(qlc)-(v—va)®B+(q/c)-(v—va)-b — obobuenue

cunvt Jlopenya — Huxonaesa

COZ[Cp)KaHI/IC pa60TI>I OTpaXXaeT TOJIbKO MHEHUE aBTOpaA. HpOCMOTp HC CJIIOKHBIX BBIKJIAJIOK BOCIIOJIHUT HEIOCTAaTOK TCKCTOBBIX
paCCy}K,Z[CHHﬁ. Hpez[nonarae'rcsl pasmemeHue pa6OTI>I B I/IHTCpHCTC, 4qTo 06yCJ’IOBHJ'IO €€ CTUJIb U3JIOXKCHUA.

IToaxoaml K Pa3BUTHIO TCOPUH IJICKTPOAUHAMUKH.

Haymenko 10.B.

Ilo Unumepnemy 6pooum npuspax Ho8ou meopuu
9NEKMPOOUHAMUKU.

I'masal.
HO[IXO[I K TCOPHUH WICKTPOAUHAMUKH CO CKAJSAPHBIM IMOJEM, C YY€TOM CKOPOCTH ABHKCHUSA

moJis.

§ 1 Beenenne

ITo namemy MHeHmO unen “ DnexrpoauHamuka Maxcsemna” , “Mnest Hukonaesa o ckamsipHom none” , “Mnes MucroueHko o
JIBIDKCHIAX MO OIPENEIIIOT Ha CETONHANIHHIN ACHb HHTEPECHBIE ¢ (PHI0CcO(CKOM TOUKU 3pEHNS BapHAHTHI PA3BUTHAL
TEOPUH EKTPOJUHAMHUKU.

[TosicHeHMe K NOHATHIO CKasipHOE MarHuTHoe noste. Cmia Jlopenna-Hukomnaesa.

I[BI/DKyIIIaSICSI CO CKOpPOCTBIO V 4acrtuna c 3apsaaoM q CO34acT IIO0JIA:

1. amexTpuyeckoe mome E:%.ﬁ:q. r—ro3: . r—v-t3
R [r=ro| r=v-
2. MAarHUTHOE MoJie E—l 9 .1 ﬁ—l S - vt
: —;'F'[VX ]—;'Q'[VX7 - 3]—*'9'[ - 3]
‘r—ro‘ ‘r—v~t‘
- CKalspHOE MarHUTHOE ToJie b:7'%'(;'§):1'q';'r—7m)3:l'q vV t3
¢ R ‘r-ro‘ ¢ ‘F—V't‘

Ha nBrkyniyrocs 3apsokeHHYIO YaCTHUILy ASHCTBYET CHUIA:
— — 1 _ — 1 _
f=q-E+q-—[vxBl+q-—-v-b
c c

MarauTHoe B3auMo/JelicTBUe IBYX JABHKYIIHXCS JIeKTPHYECKH 3aPSIKeHHbIX YaCTHL OYHHSCT S TPeTheMy 3aKOHY
HbloToHA.

“JIBIDKEHHS 1OJIs1” — HOBOE TIOHATHE KaK JUIs MAaTeMaTHYeCKOH AUCHUILIHHBL “Teopus mois”, Tak v Ui (PU3HIECKON TEOpHU
“OneKkTpouHAMHKA”.

Onpenenenmue: (2]
o “MIHOBEHHOH CKOPOCTBIO ABMKEHUs 1o B B Touke O B MOMEHT ¢,

. Ar
Ha3bIBAeTCs Mpesie]l OTHOLIEHUs: vy = lim —B[M/ cl.,
At—>0 At

r
g _ ;+ A}_" rac AI’B OIPEaACICHO, KaK paCCTOSIHNEC B MOMCHT BpPEMCHHU t= [0 + At OT TOYKH

nHabmonenust O 1o Touku O , B KOTOpO# 0OHapY»KeH BEKTOp B , B TOUHOCTU
PaBHBII TOMY, KOTOpBI ObLI B Touke HabmoaeHus O B MOMEHT f, .”

/em. [2] §1.3 crp. 38 /.

\

[81,[19] ,[10]: Ckansproe momne Bexropnoe none TenzopHoe mone
Omnpenenenne
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TIOHSITHA Pt +At,r +8) = o(t,r) B(t+At,r +6) = B(t,r) F*@+At,r+8)=F*(t,r)
JIBIDKEHHS
T10JIA
3aKoH o - S 0= - S5 O ik, (o T \mik _
COXpaHeHHs E(p-%—(v(wV)(p—O EB+(VB-V)B=0 EF +(r-V)F*=0
CxkopocTh _ oo d _ T N e )
JIBYKCHS 5= —(—(p/—(fj-eg vy =— [M/ 4B, r)]
noJst ot ds ot ds
0 0 0 0
2B 2B, 2B =-Z
VBx ,x+vB} v T VB oz x ot x
1212 o= - == F) P
53+(VB~V)B=0 = Ve B, + Vg, ;B}+VBZ a—ZBy=—EBy =
0 0
—B_+vy, -—B, + —B. =-—28
VBx " z VB} : T VB oz z ot z
~@B. /ot OB, /3y 0B, /oz 0B, /0x —0B./ot OB, /of OB, /ox OB, /0y 0B, /ot
~0B, /0t 0B, /oy 0B, /0z 0B, /ox —0B, /ot 0B, /0 OB, /ox @B, /dy —0B,/dt
—-0B,/ot 0OB,/dy OB,/0z 0B,/ox —-0B,/ot OB, /oz 0B./ox OB./dy —0B. /ot
Vo = -y — ; _ z z z
%" |oB, /ox B, /dy 0B, /éz ® " |oB,/ox 0B,/dy 0B./oz| * VBT op jox oB. /oy 0B, /o
83},/8x 83},/8)/ 83},/82 6By/6x 6By/6y 6By/6z 0B, /ox 0B, /dy OB, /0
OB,/0x ©B,/0y OB,/o0z OB, /ox 0OB,/dy OB,/oz OB, /ox 0B,/dy OB,/éz
M
3ameuaHwue.

E=Ei+E2+...+E,

3Has CKOPOCTH ABIDKE€HHUA BEKTOPHOI'O MOJIST KAXJI0TO M3 ClIara€MbIX, MOXKHO HaWTH CKOPOCTH IBIKCHUSA CYNEPNO3UIUNA

BEKTOPHBIX HOJEN.

O E s VVE=0 : LFi+(on, V)E1=0 : LEr4 (s, -V)E2=0
ot ot ot ;

OB+ (os, V) Ea=0
ot

§E+(§E-§)E=o - g(fl+fz+...+a>+(;E.6)@1@”..,@”):0

O+ 0e N+ Lt (5 V) Eato 4 L En 4 (05 -V ) En =0
ot ot ot

L Os VB + (e V)E [+ 1 (g, V) E2+ (e -V )E2f+ o4 1 (v, -V ) En+ (v -V )Ea =0

{(\_’E —vg)-V }El +{(;E ~VE,) 6} Ez+"'+{(;5 -ve) Y

n

[ Ea=0

> Ave—vi) -V JEi=0

i=1

(;E 6)2 Ei= > (;E 6) Ei = Haxodum ve
i=1 i=1

IMpumepsr:

1)

2)

HarpspkeHHOCTB MIEKTPHYECKOT0 OIS FE, cosnasaemast TouedHsmM 3apsioM ¢ ,
- . = (r—=v-t)

JBIKYIIAMCS CO CKOPOCTBIO Vv (Vv <<c), paBHa: [F = g ——z -
o]

EcrectBenHO 0kmMaaTh, 4To “ CKOPOCTh ABMKEHHS VE 3JIEKTPHYECKOIO 105, CO3JaBaeMoe TOYeYHbIM

JABHIKYIIHMCS CO CKOPOCTBIO V' 3apsiioM, PABHA CKOPOCTH JBH:KYILErocsi 3apsiia V , To ecTb VE =V “.
- —2q3~v/|r—v~t| -
=v

Pacuer o dopmynam (1) moaTBepKacT 3T0: Vi = cm. [10] .

—2q3/|;—;.z| -

HaHpﬂ)I(eHHOCTL MAarHuTHOM HWHAYKIUS B , co31aBacMas TOYCYHBIM 3apsJI0OM q 5
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JBIKYIIMMCSL CO CKOPOCTBIO v (V<<(C), paBHa B—_.
c

1 yx@—v-1)
9 ———73
‘r—v-t‘

EcrectBenHO 0xmIaTh, 9To “ CKOPOCTH ABMKEHUSI V3 MArHUTHOIO II0JIs, CO3JaBaeMoe TOUYeYHbIM

JABHIKYLIMMCSI CO CKOPOCTBIO V 3apsiioM, PABHA CKOPOCTH JABHKYLIErocsi 3apsiia V , TO ecTb Vg =V .

Pacuer no dpopmynam (1) noarBepxaaer 3To v B = w =y
([vxr]-v)-(v-r)

3) MaruutHas HUHAYKIOUS TOJIL HpﬂMOHHHCﬁHOFO 0ECKOHEYHOTO MTOCTOSTHHOIO TOKA ONPEACIIACTCA

. Ho .
¢dopmynoit B = 2— -— , (I = const, r — pacCTOSHUE OT UCCIETYEMOI TOUKH 10 JIMHHU TOKa) , KOTOpas
Tor

YCTaHOBJIEHA OKCOEPUMEHTAIIBHO 1 MOXKET OBITH BBIBEICHA TIPU IIOMOIIH 3aKOHA BHO—CaBapa.
'

ITo popmynam (1) mist npsimoro Geckoreuroro Toka I = I(¢) cKOpoCTb IBWKEHHUSI TIOJIS: ; B = 7t ; . cMm. [10], cp.

(2]

4)  Ecnu CYMTaTh, 9TO IEKTPHYECKOE MONIE, CO3IABAEMOE TOUETHBIM HCTOYHIKOM TIepEMEHHOTO 3apsna ¢ (1),

= _q@) -
TakoBo E = 7", TO CKOPOCTb JIBHKEHUS IEKTPHIECKOrO M10J1s, NOCYHTAHHAS TI0 ¢opmynam (1) paBHa
r

- =’ O-q,0) 1’ 1q0) -
VE = =— T,
—2.¢3()/r° 2 q(t)

Vnes BBeCTH B TEOPUIO IEKTPOAMHAMUKH MOHATHE “‘/[BrbkeHne MO MOApa3syMeBaeT Ui JIEKTPHUECKOTO MO |
MAarHWTHOTO MOJISI, PACCMATpPHUBATh B OO0 TOYKE MPOCTPAHCTBA B JTIO00H MOMEHT BPEMEHU HapsLy C HAPSHKEHHOCTAMH

nonei £ u B COOTBETCTBYIOIINE MM MI'HOBEHHBIC CKOPOCTU VE U VB Z[BI/DKCHI/Iﬁ TIOJICH.

[12]: VYpaBHeHus MaxkcBeiia B cucreMe eauHuI ['aycca
OO0bIyHas 3aMTUCh 3anmch gepe3 CKOPOCTh JBIDKECHUS OIS
divE=4-7-p R divE=4-7-p
divB =0 , divB=0 ,

— 1 A — — 1 — — —
rotE:——-gB R rot E=—-(vg-V)-B ,

c Ot c

— —_ — — 4 — 1 —_ — —

rotB=47r-j+l-gE . rotB:—”-j—f-(vE -V)-E
c c ot ¢ ¢

ITo COBPEMEHHBIM MPEACTABICHUAM SJICKTPUIECKOE 1OJIE E v marautHOE none B TNIPEACTaBIISIOT coboii C€INHOC

ik
JJICKTPOMArHUTHOE T0JI€ F'".

0 -E, -E, -E

pi_|B 0 B B, @
E, B. 0 -B
E. -B, B, 0

z x

B pa6ore [10] u3 TpeGoBaHNSI HHBADUAHTHOCTH YpaBHeHHii MakcBell1a OTHOCHTE/IbHO Npeodpa3oBanuii JlopeHua
NPUXO0JUM K PaBEHCTBY VE = Vg = VF . JTO SIBJIsIETCS J0BOJOM B M0JIb3Y TOr0, YTO B CHCTEMY YPaBHEHHIi

3JIEKTPOAMHAMHKH CJIeyeT 106aBUTH 3aKOHbI COXPAHEHHs BEKTOPHbIX noJeid £ , B:

a — - J— —

~B+(vr-V)-B=0 0o -

A e —FreerV)F =0,

S E+(r-V)-E=0 or
ot

KOTOpbIe HHBAPHAHTHBI 0THOCHTEJILHO NpPeodpa3oBanuii JlopeHua, 1 paccMaTpuBaTh VF , KAK CKOPOCTD BHKEHHSI

3ﬂemp0MaFHl/lTHOFO 0JIsl.

VYpaBHEHUS 3JIE€KTPOJMHAMUKH B cucTeMe enuHuI ['aycca /em. [12],[13]/
®opma 1: OO6bryHAs 3amUCh ®opma 2: 3amuch 4epe3 CKOPOCTb JBIKEHHUS 1. MarH. Mo
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divE=4~7r~p R divE:4~7r~p

divB=0 , divB=0 :
— 1 6 — —
rot E=——-—B , rot E=—-(vr-V)-B s
c ot
r0t§=4—ﬂ-;+l-gf s rot B=— ;71-(\4 V)E >
> c Ot c
2 Bi(r V)B=0 > OB V) B=0 ,
ot ot
0= - =% 0= - =%
ZE+(r-V)E=0 . ZE+(r-V)E=0
ot ot
Cuna Jlopenna O6006menue cuisl Jloperna
F=q-E+(q/c)-v®B F=q-E+(q/c)-v-vrF)®B

Pemennst cucremsl ypaBHeHI/Iﬁ DJICKTPOAVUHAMUKU

_ 16— _ _ _ p(r',t—‘r—r"/c) _ 1 j(r',t—‘r—r"/c)

E=-——A-gradp , B=rotd , o(r,t)=|————=——dV' , A(r,)=—| ————=———dV’
E & A

af — — —

ZE+(vr -V)E=0 _

a > () = vr

ZB+(vr-V)-B=0

ot

3Has MCTOUHUKHM: paclpejeneHue 4-TokoB P = (c-p,j)=(cpsjx>JyJ-), Pelas cuCTeMy ypaBHEHHIA,

HaXOJIUM IIOJIS ¥ CKOPOCTH WX mBikenns E=(E,,E,,E.) ; B=(B,,B,,B.) ; vFi =(Vg,Vp,, V) -

§ 2 Hexoropble I0AX0AbI K PA3BUTUIO TEOPHH 3/1eKTPoAMHAMUKHY. JlononHeHue k padore [13] .

1)
[13] HexoTopsle momx0/p! K pa3BUTHIO TEOPUH 3IEKTPOANHAMHIKH.
VYpaBuenus B cucreme enunun [aycca. K yxxe U3BECTHBIM ypaBHEHHSIM JJICKTPOAMHAMHKH Npeuiaraercst Jo0aBUTh
3aKOHBI COXPAHEHHS 3JIEKTPUIECKOT0, MArHUTHOTO, CKAJIPHOTO MOJIEH, CINTAs, YTO PaBEHCTBA CKOpPOCTei

JABW:KeHMs oJIel Vg =Vg, VE=Vp =1V, ecTb3akoH. Cuia, IeiicTByomas Ha He 00513aTeIbHO
ABU:KYLIYIOCS 3apsDKCHHYIO YacTHITY, IpeJICTaBIIIeT co0oii 00001enne ciis! JlopeHiia.
DIEKTPOMArHUTHOE TIOJIE: 7 — < Fik > , K&K DJIEKTPOMArHUTHOE TIONE () — < F* ],> = <E, E ],> , KaK COBOKYITHOCTh

COBOKYITHOCTD SJIEKTPUIECKOTO OIS E, aJIeKTpudecKkoro nmoist E , MarauTHOrO mosist B, ckassipHOro mosst b .
MarHutHoro moimst B,

div E=4mp divE=dr-p-1p
divB=0 : N cot
_ A divB=0 s
rotE:—l-EB ) _ 1 6 —
c ot rot E=——-—RB s
c Ot
r0t§=4—ﬂ-(}—;p-p)+l-gf rotﬁ—gmdb=4—ﬂ-(}—;g-p)+l-gf
c c ot c c ot
§§+(;F.§).§=o Pemrenus §§+(;Q.§).§=o Permrennst
t t
§E+(;F .V)-E=0  CHCTeMBI §E+(;Q.§).E=o CHCTEMBI
t t
-it cm. [13 - =
p [13] aﬁm(m.v).b:o yp-ii o [13].
t
Cuna Jlopenna: 1?=q-f+(q/c)-;®§
Cuna Jloperna-Huxonaesa: F= q- E+(q/c) V® B+ (q/¢) b
O606uienne cuibl Jlopenna-Hukonaesa: F= q- E+(q/c) (v=va)®B+ (q/c)- (v=va)-b

He cMmoTps Ha TO, 9TO TOUHBIE PEMICHUS NMPEIOKEHHBIX BAPUAHTOB CHCTEMBI YPAaBHEHHMH JIEKTPOANHAMUKH
MOJTYYUTh 3aTPYJHUTEIIFHO WA HEBO3MOXKHO HMEET CMBICI, UCTIONb3Ysl YHCICHHBIE, TPHOIIKEHHBIE METO/IBI,
IIBITATHCSI PeIlIaTh IPUKIIAIHBIC 3a]1a4H, TIPOBEPSISl HOBBIC MPEAJIOKECHHUs, HOBBIE moaxoasl / cM. [13] /
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7

4r - - _ _ .
3ameuanne: —-(j— VQ - p) B ypaBHEHHSX r0t3=4i.(j_v9.p)+l.gE n

c c c ot
rotﬁ—gmdb=4—ﬂ-(}—;g-p)+l.gf
c c Ot

O3HA4acT 4To IIpHU “O6Z[yBaHI/II/I” DJIEKTPUYIECKOT0 3apsiaa 3JIEKTPOMArHUTHBIM IOJIEM, OH 6y,HCT BOSHCﬁCTBOBaTL Ha
MAarHuTHYXO KOMIIOHEHTY DJJIEKTPOMAarHWTHOTO II0JIA.

3ameuaHue:
=e-E+(e/c)-(v-va)®B+(e/c)-(v—va)-b

JlBa cioco0a paccyxieHHUH.
1) F=e-E+(e/c)-(v=va)®B+(e/c)-(v—-va)-b 2) F=e-E+(e/c)-(v—va)®B+(e/c)-(v—va)-b

oGoGuennas cura Jopenya — Huxoraesa

nox E monmmaem E = Ea.lflcmpncmamult + E(iuxpeeoe nox E nommmaem E= Ea.lflcmpncmamult

F=eE+(elc)(v—va)®B+(e/c) (v—va)-b=

- e- - e- e-_— e -
=e-Eonemam —voa®B——va -b+—vQ@®B+—-v-b=
c c c c

= e (Esnoman —~2®B-22.0)+ £y @B+ v b =
C C

ITo HamieMy MHEHHUIO TaKoii c1ocod c c

paccy:keHMil nepcneKTHBHee crocoda 2.
— — e- — e -
=e-(Esncmam —E qup. ) +—v®B+—-v-b, r1e
c c

- vQ - vVa
E(iuxpeeoe =——®B——b
Cc C

T.O. F :e'(falcmam _Eeuxp)"‘f;@g"'g';'b =
c c

— e — e -
=e-E+—v®B+—-v-b, rne
c c

E = Ea.lﬂcmpncmamult + E(iuxpem)e

— — - — e -
F=eE+—v®B+—-v-b -Cuna Jlopenua-Hukonaesa
c c

2) Cuna JlopeHua F:e-f+£;®§:e-f+%-;x(;g xf) .
¢ c

Cuna Jlopenua-Hukomaesa F=e E+$v®B+<vb :e-f+i2-;><(;g XE)+%';'(;Q E)
Cc C C c

O6o6menne cust Jlopenma-Hukonaesa F= e-E+i2-(;—;Q)x(;Q xf)+i2-(;z —;Q)'(;Q E)
c c

Ecan B3aHMOHCﬁCTBy}OT JIBC 4aCTHUIIBI:

Cuna Jlopenna-Huxonaesa O6006menue cunbl Jlopenna-Hukonaesa
= = e - _—= e - = - e - - - e - -
Foci=e,-Er +—2.9, ®B1+—2=-v2 by = Foci=e,-Er +—2(v2—va)®Bi +—2-(v2 -va1)-b =
c c c c
- €, - - — — e, - — — —
=ez-E1+—2-V2 x(var xE1)+ 262-E1+—2-(V2—VQ1)><(VQ1><E1)+
c c
e, - - = - - e, — - - = - -
+—v2-(var-E1). / va; =vi +—(va—vai)-(var-E1) . !/ va;=v1 /
c c
/ — — e - - = e - -
Fiea=e,-E2 +—(vi =va2)® By +—--(vi —vay)-b, =
c c

Flez:el-fz+e—1-;1®ﬁz+e—l-;1-b2:
. ec o c_ :el-Ez+e—£-(;1—;gz)x(;gzxfz)+
:el-E2+—;-v1x(VQ2xE2)+ _C ) o ) )
¢ +%'(V1—V92)'(VQZ'E2). ! vay=va/
c
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e, - - — - -
1
+—2-v1-(VQ2-E1). ! va, =va
c
Eciu B3auMOJCICTBYIOT JIBE YACTHIIBL, KOTOPBIE ABIIKYTCS C OJMHAKOBBIMH CKOPOCTAMH: YOy = Vo = V2 = V| = V.
Cuna Jlopenna-Huxonaesa O6006menue cunbl Jlopenna-Hukonaesa
- = e - _= e - = = e - - = e -~ -
2 2 2 2
Forci=ey E1+—=v2@®B1+—=-v2-b = Forci=ey, E1+—=(v2—va)®B1+—=-(v2—-va1)-b =
c c c c
— ey - - — — e - - - —
:ez-E1+—2-vz x(va1 xE1)+ 262'E1+—2'(V2—VQ1)X(VQ1XE1)+
c c
ey - ~ = ey, — - - =
2 2
+—2-vz-(v91-E1): +—2'(V2—VQI)'(VQI'E1):
c c
= e - - = ey — — = = e - - - = ey — - — =
:ez-E1+—§-v><(v><E1)+—§-v-(v-E1): :ez-E1+—§-(v—v)x(vxE1)+—§-(v—v)-(v-E1):
c c c c
e -e - - - - - - — e-ey, ~
=12 23-{:2e1+VX[VXI’2«1]+V'(V'1’2«1)}- =ey B =——7(r2e1)
|1’2e1 |I’H2

— — e - - — e - -
1 1
— = e - _—= e - Fie2=e - Ex+—(vi—va2)® B2 +—-(vi—vay)-b, =
F1ez:el-E2+—1-v1®Bz+—1-v1-b2: < ! c( 2) c ( 2)b;
c c

- e - - —
1
=e E» +—2-v1><(VQ2 xE2)+

c =, -E> +%(;—;)®§2 +%-(;—;)-b2:el-fzz

e, — -  —
1
+—2'V1'(VQ2'E2): - e e, - —
c :el'EZZ_—3'(I’2a1):—F2e1
. - - = - - - — r2-l1
e e
e |

=— {v_mz +v><[v><l"1e2]+V'(V'}"le2)}: —F e

|l’ 1«2
Ecinu 1Be 311, 3apsDKEHHBIC YaCTHIIBI JBIDKYTCS C ONMHAKOBBEIMKM  ECIH BE 11, 3apsDKSHHBIC YaCTHIIBI ABIDKYTCS C OIMHAKOBBIMH
CKOPOCTSIMH, TO ME&XTy HUMH JeHicTByeT cuna JIopeHna B CKOPOCTSIMH, TO M)XKy HIMH HE ACHCTBYET MAarHUTHAS 9aCTh
HOJTHOM 00BeMe. cuel Jloperma!!
3)

Wadopmanus u3 kauru [13] :
e-v

ITpuHHUMast, 9TO I PABHOMEPHO JBIXKymIerocs ( V << ¢ ) 3apsaja e NOTEHIHAl :% M BEKTOP-TIOTEHIHAT A =z
c-
PACCUMTHIBAIOTCS BEIPAKEHUS ISl CIIETYFOIMX BETHUMH:
— ‘R - - - -3 — () 1 0— 1 0 ev e-(v-R)-v
E((p):fgmd(pzfgmdize :e~(r7v~t)/‘r7v~t‘ , B = —A4=—— —(—— :—%
R 3 c ot c Ot ¢c-R ¢ R
E:E(w) +E(A) _ e R _e-(;-ﬁ)-; :
R} ¢t R
— — v Tv®R - ev e(v:-R
B:rotA:rotie v :76 [V®R] 5 b:—dl.VA:—dl.V—:¥
c-R c-R? c-R &

JlaBHO CcymIecTByeT MHEHHUE O JKEeJIATEILHOCTH (hOPMYITHPOBKHE TCOPHH MEKTPOINHAMUKN 0e3 IPUMCHEHH
noraTua “MarautHoe none” (Ammep, Hukonaes, npyrue uccnegosareny). I1oka Takoil IPOEKT He pealn30BaH.

TonbKko JIHIIB U OAUHOYHOTO 3aps/a JIBIKYIIET0Cs C IIOCTOSHHON CKOPOCTBIO V MOXKHO OOOHTHCH 03 IPUMEHEHHL
TEepMMHA “‘MarHUTHOE™.

B=—- va X Ea.vexmpocmamuka () b=—- va 'Ea.vexmpocmamuka , TOC va =v,
Cc Cc

- r—v-t
Ea.vexmpocmamuxa =q T - 3
[r=v-
MOHMMAas. MAarHUTHBIC IO B W b KaK BCIIOMOTATCIIBHBIC TIOHSTHS.

§ 3 IlepcneKTHBHBIN, 10 MHEHHIO aBTOPA, MOAXO/ K PA3BUTHIO TeOPUH 3J1eKTPOIUHAMHKH.

n. 1 Ipuiaoxenne
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TCOpI/ISI JJICKTPOAUHAMUKA MakcBena:

YpaBHEHUSA: Pemenns: Ca Jlopenmna:
divE =4mp ; p(rt — ‘r_; _
= o(r,0) = "
divB=0 I ‘r _
18— j(}" t— ‘r -7 . -
}’OtE =———8R A(V l) —*J. 77'111[/" f = qnpoﬁua}macmuua E+
c ot ‘V -r

4r - 10+ = - - - +
rot B="2. Jjt+——F E=—l-2A—grad(p 5 B=rotd. c
c c ot c ot

qnpoﬁua}macmuua - 7
—————— " Vnpobuas uacmuya ®B

1)

TMOTCHIHAIbHAA YaCTh JJICKTPUICCKOT' O MOJISL

_ ] Pt —|r 7 P —fr 7 L e O
E:—gradgo(r,t):—gradj —— :j — S ~(r—r')dV'+f~j -— 72~dV'
‘r—r ‘r—r' ¢ ot ‘r—r'
BUXPEBAs YaCTh IEKTPUIECKOTO MO
— _ Jt=lr=r|/e) aj(rt—|r—r'
OO W Ui PP O i s L N
c ot c o ¢ ‘r—r" ot ‘r—r'
MEKTPHIECKOE TI0NIe
_ p(r t—|r—7 6}(;t—r—r ap(;,t—;—;/c) e
E —gradgo(rt)—f A | i G-ryar -+ | L ars L -1 Ly
‘r—r ot ‘r r ¢ ot ‘r—r'
2) L.
_ 1 j(;,t ‘r—r’/c) 1 ;(p,t ‘r—r’/c)
B =rotA = rot ,J = "s=—| {rot = =
‘r r ‘r—r’
;(?at_‘;_? — — [ — — —
rot = =/Vx(@-F)=®-(VxF)+(V-®)xF /=
‘r—r’
1
- (V== )+ (Vo= ) 0= -
‘r—r ‘r r‘
| - SOy —— - §x}(7,t—‘;—7 }(7,t—‘;—7 (r—r')
=7,,-(V><j(r’,t—‘r—r’ }rig)xj(r’,t—‘r—r’ —= —— =
‘r—r ‘r—r" ‘r—r ‘r—r’
/6ja(7,t—‘;—7‘/c)zéja(ﬁ,t—‘;—ﬁ‘/c)' o -] __l'aja(ﬁ,t—‘;—ﬁ‘/c)'xp_xb/
o’ ot P c c ot ‘;—r'
L a}(7,z—|;—7|/c) il }(7,t—|;—7|/c)x(;—7)
=——-— _[ X — _]+ —
c |r—r'| ot |’”—7”'| |r—r'|
| }(7,1—‘?—7 -1 a}(ﬁ,z—‘;—ﬁ -
— — S| . x(r=r) |-dv' .
C ‘r_rr C ‘r_rr t
o -7 ==X G- A IR
B =rotA =rot lj ,‘ — =lj ‘ 3 -dV' - 12 _[ ! 5[ ‘ x(r=r]-dv’
c ‘r—r' ¢ ‘;—r’ ¢ ‘r—; o
BeiBonn.1 : M3 ypaBHeHuii MakcBesa BHITEKAOT CIIEAYIONINE BBIDAKEHHUS UL E u B :
— ptra=lr=rliey — _ aj(rt~|r—r' ap(rt—lr—rlle) _p
E:j%.(r—r').dy'—%.j ‘ L v+ l.j ‘ ‘ Ly
‘r_r! c ot ‘r-r c ot ‘r_r!
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/le) _ _
x(r—r"]-dv’

, 1 1 6;(?,t—‘;—7
e ciz.j* = ot

/]
‘V—V

E:l'J;(?’t_‘;J\/c)XG—?)

c

3

/]
‘V—V

KOHeII IT. 1

n. 2 PaccMOTpUM BapHaHT 3IEKTPOJUHAMHUKH.
3ajaua: 3anaubl HCTouHUKE O (f, ) 5 j(¢,r) . Halltn snekrpuyeckoe, MarHUTHOE, CKAISPHOE MOJIA:

E(t,r); B(t,r); b(t,r).

Teopusi. YpaBHeHus djieKTpoauHamMuku. (CpaBHHU ¢ BEIBOJOM I1.1) Ta6nuna 1.
(r—r

E(t,r) = [ plt.r)- .

‘r—r

) v =L S p < By + L Sa () -be,r)
c C

B(t,r) = é 1 G(t]) —p(t,r) -GB(t])}x fr _r;) AV + é Vet x E(t,7)
r—r'

_ 1 _ _ _ _ o 1 - _
.7y = T - piery vote. - =)y + =it (D)
r—r'
O Fv(e-VYE=0 : ZBi(s-V)E=0 3b+($b~§).b:o
ot 4 P i - a

— — - — e -
F=e-E+—v®B+—-v-b — cuna Jlopenna - Hukonaesa
c c

F:e~E+£(;—;3)®1_3+£~(\_z—\_zb)~b — 00obmenue cunsl Jlopenna - Hukonaesa
c c

Pemenus HaxoATCA IO CXEME:

“I1poeKT TeOpHH NEKTPOIHHAMUKH (anbTepHaTHBa Teopun Maxcsemnna)® Apmasup 2019
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1) 1_/5 ::(_); 1_/3 ::(_); 1_/;, ::(_) ; 2) mpugaguM & JOCTAaTOYHO Majoe 3HauCHHE.
v
E(t,r)zfﬂt,r):j’?(t’jg~(;—;)dV’; E(Z,V)ZENI,V?)ZL de[/" b, ,.) b, r)_i IL(V}V) av’
‘r—r’ ¢ ‘r—r ‘r 7
v
"| VEmpeo =VE  VBnpeo =VB 5 Vbnped =Vb , Ewpeo=E ; Bue =B | bnpet) =b
v
— —_ 1 — J— J— 7_7’ ) —
Ba(t,r) === [va(t.r)- p(t,r')x fr L)-dV’ ; bz(t,r)=— vy pler’y- (= )~dV’
¢ ‘r—r" ‘r—r

v

- - 1 - = 1 - - = = = - = - 1 - =
E(t,r)=Ei——-vBxBupeo+— Vb b 095 B(t,r)=B1+Ba+—-VEXE npeo 5 b(t,r)=b +by+—VE E npeo
C C C C

v

Ckopoctd VE , VB, Vp jBwkenuiinoneii E , B u b BBMUCISIOTCA HCXOJS U3

0= - = = o= - — — 0. - =
O (e V)YE=0 i ZB+os-V)B=0 : Zhi(w-V)b=0
aEre-v) a BTV al TV

< (‘VE —V Enpeo ‘SE ) &( ‘VB —VBnped

<e¢ )& ( ‘vb—vbnpgo

££)>

HET
I Paccunranu E; E; b; \_/E;\_/B ;\_’b
n3 PaccmorpuM  Goiee moapo6HO.
ypaBHCHI/ISI C UICTOYHHUKaAMHU ypaBHCHI/Iﬂ 663 HUCTOYHUKOB
_ (o - _ - - 1 - - — 1 - - =
E(t’r)sz(t’r')-(r r;-dV’—l-vaB+l-vb-b E(l,}"):——z'VBX[VEXE]+_2'Vb'(VE'E)
‘?—7 ¢ ¢ c c
- - - 1 - - = 1 - -~
B(, r)—* [T,y x-L= > dV’+f vexE » B(t.r) == Ve x[vs X B+ —vi (v -b)
‘I’—I’
e Jp(t,r) = j(t.r)— p(t,r') - va(t,r)
- - - 1 - - = 1 - -
b(tr)—f [Ja.r) - ’) AL e E b(t,r)==—vE [vaxBl=—-vE-(vp D)
r—r' ¢ ¢ ¢

e Ju(t,r') = (6. = p(e,r') - vo (t,r)
o= - = = o— - — —
ZE+(ve-V)E=0; < V) E=0:
o (ve-V) atE+(vE V) E=0
2B (s V) E=0 5 b -V)-b=0, OBl V) B=0 i Zhr(v-V)-b=0.
ot ot ot ot

ITpoBeneM paccyxaeHus:

1)
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E(t,r) = [ plt,r") (r ) V' - v}ng+l Vb=
r—r" ¢
= [ p(t, 7y (r=r) dV' - =g x{—jJ (t,7)x (=) AV L ><E}+— Vb {— [To(t,7) (r=r) AV’ + 1.;E.E}
|r—r’| |r—r’| |r—r’|

B+~ vpx{ S vp xEj=2 vy {2 ovp By =
C C C C

:Ip(t,ﬁ)-%-dlf'—l-;gle-[jg(t,7)x%]-dV'+l-;b-Il-(jb(t,7)-%)-dl/'
C C ' C C '

”_’" V—V‘ ‘r—r‘
— 1 — —_ — 1 — — —
E(t,r)+—2-vB x[VE XE]——Z'W)-(VE-E)Z

C C

= [ p(t.r) (r ) - P 2 P ) )]dV+ i [ (T, - r))dV

r—r" r—r‘ c? ‘r—r"
2) ——— S
B(t, r)—f [Tp(t.r")x= G r;)-dV'+l-§ExE

C
F—F

B(tr)—f jJ (t.r)x (r=r) dV’+f VE X jp(t (r ) dV'— 1 Vg ><B+l Vb
r—r‘ ‘r—r‘ ¢

E(tar)_l';EX{—i';BX§+l';b'b} — -[J (tr)x ( 3) dV’+l VE X Jp(tr) (F F) dv'
c c c ‘r—r" ‘r—r‘

B0,y + = v x[vs x Bl= 3 v x (i b) = ([T (07 gr-jg.dyr]%.;”qp(t,ﬁ),gr-ig,dyf),
C C

r_rr ’

‘F—F

e Jp(t,r) = j(t,r) = plt,r)-ve (L)

3)

b(tr) = [ 6.7
C

b(z,r)=l-th(z,r')-(’_’z.dV'+l.vE. jp(z,r').(’ ")y -t vaB+l vy b
¢ r—r ¢ r—r ¢

b(,’;)_l.;E.{_l.;BX§+l.;h.b}=l.jjh(,’?).( 3dV, e[ o
¢ ¢ ¢ ¢ r—r‘ ‘r—r‘

b(tr)+ Vg [vaB]—— v (Vb b)—— [To(e.r’ (’ ) dV’+7 ve [ p(e.r) (’ ").dV' ,
r—r'

‘r—r

e Jo(t,r)= j(t,r)—plt,r)-vu(t,r')
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VpaBHeHHS MeKTpoquHaMuky.  Tabmuma 2 ¢ Tabmuma 1. Tabumuma 2.
1
E(t, N+ va[vExE]—— v (ve -E) = plt,r) (r r)
c? r—r'
1 - _ L
-= va[jJB(tr)x ) AV w,.(ij(t,r').(_r _r;.dV')
¢

/ U
r—r r—r

e Jp(tr) = j(t,r)~ ptr) ve(t, ) Jutr) = j(tr) = pltr) - ve(t,r)

- — 1 - - =1 - - - = (=7 - - -7
B(t,r)+—2-vEx[vaB]——z-vEx(vb-b)=1-[jJB(t,r')x fr j3)-dV’]+l-vE><(Ip(t,r’)-(j 2ty
¢ ¢ ¢ r—r' ¢ ‘r—r’
b(z,;)+i2.35.[GBXE]—%.CE.(@,.I;):l.jib(z,ﬁ).E’_Iz.dV'Jrl.;E. jp(t,?).(f:’g.dV'
¢ ¢ ¢ ‘r—r‘ ¢ ‘r—r"

o= -~ = = o= - =. = o, ~ =
—FE+ V)-E=0 —B -V)-B=0 —b+ -V)-b=0.
Py (ve-V) Py +(vg-V) o (v -V)

n.4 B §1oroif pabotsr u B padorax [12], [13] mpuBoasTCs JOBOMBI B IONB3Y TOrO, 4TO JUIs TeOpUH MaKcBesuia
BBIIOJIHSIETCS

PaBEHCTBO VE =Vp =Vp =V . PaccmoTpuM, kakoii B OymayT UMeTh ypaBHeHUs anektpoauHaMuku (Tabmumst 1,2)
pu
MPENOI0KEHHHU, YTO CKOPOCTH ABIKEHMS NONEH IMEKTPUIECKOT0, MArHUTHOT'0, CKAJIIPHOTO MArHUTHOTO OJMHAKOBBI, TO

€CTh, UTO VE =VpB =Vp =V €CTb3aKOH A SJICKTPOMATrHUTHOTO IIOJIA.

E(r,r)+i2-59x[GQxE]—iZ-CQ-(GQ-E):jp(rf)-—(r_rg-dV'—
c c r—r'
~ L Saxt [T e L e ([T L vy, e
C I’—I’" C ‘r—r"

Jt,r) = j(t.r) - p(t.r) -va(t,r)

E(t,7)+iz-;gx[igxﬁ]—iz&gxdg-b)=1-[j§(t,7)x r= ) dV]+f vax ([ p(t,r)- (= r) V') -
¢ ¢ ¢ r—r’ ‘r—r
(r=1) r

B(t, r)+ v [VQxB]—— va-(va- b)—— [J@.r) .dV'+l.GQ. jp(t,?).(f_fz.dV' ,
C

| |
‘V—V

‘V—V

L o o . rae
J(l‘,}"/) = j(t,}”/) —p(t,}”/)'VQ(t,}”/)

- S , = - —
Buano, utro vo x[vaxE]-va-(va-E)=-vq" -E. Mbl goraapiBaemcs, yraasipaem, 4ro vo | B

- — T - —
, Z(va,B)=+ E €CTh 3aKOH /IUIS1 3JIEKTPOMATHHTHOTO 10J1st. [Ipu 3Tom HeobsizaTenbHo, utro £ 1 B. Torna

;Q x[;g XE]:—VQZ ‘B.
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E _E.VQZ + vax[vaxE] B
VO L e > ;Q ;Q
_ - -va-(va-E) ¢ —
va x[va x E] E _ _ , —
vax[vaxB]l=-vy B
J— 1 —_ —_ J— 1 —_ —_ J—
E(t,r)+—2-vg x[vo XE]——Z'VQ'(VQ'E):
C C
:jp(z]).(_r__rg.dV'—iz.;ng[j(t])x fr‘_r3)].dV'+i2.;g.j(3(z,7').(_r‘_rg).dV' .
|r - r'| ¢ r—r ¢ |r - r'|
5.7+ w0 xfin B = L 70A - av L oty L= v
¢ ‘F—F‘ ‘F—F
(1——) b—f [7a.r) Lr=r dV'+l va - [(pltr") G jz)le’a rie
‘r—r ‘r—r'
J(tr') = j(t.; ) = pt.r) - va(t,r)
2 | —
(1——) E(t, r)—jp(t (r ) dV’—— mx[jJ(tr) =r) dV]+— va-([J(r)- G r) v’y
‘r—r" ‘r—r‘ ‘r r
. - _
(1—%)-3(@;’)=l-j[J(t,r')>< (r= )] dV'-%—l VQx(jp(tr) (r= )-dV') > rae
¢ ¢ V—V‘ ‘V—V‘
J(t, ?) = j(t,r) - p(t.r) - va(t,r) .
(1——) b, r)—f [Ja.r) (=) dV’+7 (va [ p(t,r") NG Iz.dV’) , rie
‘r—r" ‘r—r"
J(tr') = j(tr) = p(t.r) - va(t.r) .
B urore Taoauua 3.
OT CUCTEMbI ypaBHCHHI?I SHCKTPO,HI/IHB.MI/IKI/I:
B =[ptery L) ar Ly x By b s
‘r—r" c c
- — 1 = = (r=r) ., 1 - = TN T TN e TN T T
B(t,r)==-[Jp(t,;r) x——FdV'+—-vexE rne  Jp(t,r')=j@t,r") = p(t,r)-ve(t,r') |
C r_rr C
bt =+ [Tote.r) (r=r) AV E e Jo(tr) = () = p(tr) ()
‘V—V
O (e-VYE=0; ZBi(s-V)E=0; ﬁb+($b§).b:o.
ot ot ot
IIPY BBITIOJTHEHUH YCJIOBHI ; E :; B :;;, E;Q s ;g 1B s 4&;;,5):7:/ 2 MIPUXOJUM K CHCTEME YPaBHEHUM:
(1——) E(t,r)= [ plt,r") (= rg iz.igx[ﬁ(t,?)x fr_jS).dV']+i2.§Q.(j5(t,?).€r_j3.dV')
|r—r’| ¢ ‘r—r" ¢ ‘r—r’
2 _ S
(122 B0,r) =+ {1707« C1av 2 vax [ p(er): =) gy
¢ ¢ r—r" ‘r—r"
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2 _ . o _ _
(1—”%>~b(t,r)=1~jJ(z,r'>~(,’ f?-dV'+1~(m~jp(z,r')~
c c ‘r—r" c

(r=r)
— 7!3
=

-dv')

§E+(GQ.€).E=0; %Eu;gﬁ).E:o; %m(;gﬁ).b:o, e J(t,r) = j(t,r)— p(t,r)-va(t,r)
t

WJIH TO Ke caMoe:

N2 (o _ _ _ T
(-2 = [ o)L= av = L Sam i [ C) av -
c S

[
‘V_V

L Sl [ pe ) vary <L vy LS ([T -0 vy
¢ r—r’| ¢ |r—r’|
N2 _ S . _ S _ _ _ P
(=220 By = L Gy« v - L) va L av e L Sa < ] per) L.

¢ ¢ ‘r—r’ ¢ ‘r—r’ ¢ ‘r—r’

N2 _ _ o L _ S _ _ _ S
a2 ey = L ey Sy = L) e ) LD v+ L o) [ ey L) vy

S = =i =

i ta V) E=0: LBiGa-v)B=0 : Lhi(va-V)b=0.
ot ot ot

0O603Hayvas,
B = [per)—Leay + B=LoGam <Ly o pan =2 ey
‘r—r’ ¢ ‘r—r’ ¢ ‘r—r’
_ - Gl _ _ o e O_7
Bz(t,r)=—7-J’vg(t,r’)-p(t,r’)>< Er jg-dV’ ’ bz(t,r):—l~jvg(t,r')~p(t,r')~(j 13~dV'
¢ r—r' ¢ ‘r—r'
3alMIIeM CHCTeMY ypaBHCHHH
- 1- = 1- 1 - = 1-
P Ei——-vaxBi+—-va-bj——vaxBx+—-va-b,
o c c c c +
ot l—sz/c2
- 1- = 1- 1 - = 1-
_ _ |Eir——vaxBi+—va-bj——vaxBr+—-va- b, _ K(E)
+(va-V) ¢ ¢ — ¢ =0 = vo=—"".
1-vq“/c A(E)
Bi+Ba+ - vaxE Bi+ Byt vaxE, <
P 1 2 E va 1 _ _ 1 2 ; va 1 _ At(B)
< c— tva - V)i————S—F—1=0 = va=—+
ot l-vy“/c l-vy /¢ A(B)
= 1 - =
P bl+b2+;-(VQ-E1) L bl+b2+;-(VQ-E1)
— +(va-V) =0
ot l—sz/c2 l—sz/c2

PaccuunTeiBast Ha TO, YTO HaXOIsd U3 3TO# CHUCTEMBI ypaBHeHI/Iﬁ VQ, MOXEM BBIYHCIIMTH I1OJIL

= 1 - = 1= I- = 1-= S — - =

_ _ Eir——wvaxBi+—va-bj——-vaxBr+—va-b, Bl+BZ+l'VQXE1

Et,r)= < < L L . B(t,y)=—- S,
I_VQZ/CZ 1-vg/c?

b +b, +l.(§Q.EI)
bt,r)=—C
1—v92/c2
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HCI/ISBCCTHO, 4qTo U3 HOCHCHHCﬁ CHCTEMbI ypaBHeHI/Iﬁ MOXXHO HaBEpPHIKa HaWTH TaKoe 1Z¢) ‘ HO3TOMy CJIIEAYET BO3AEPKATHCA OT

MIPU3HAHNS YHUBEPCATBHOCTH YCIOBHSA VE = VB = V) =V, a CIEA0BATEIbHO OT IPU3HAHUS CIIPABEAINBOCTH CHCTEMBI
ypaBHenuii Tabmuisl 3. X0Ts B HEKOTOPBIX CIIy4asx BO3MOXKHO, YTO VE =VB =Vp =VQ.

op(r,1)

Bo3M0:kHO, CymiecTBYeT CBfI3b Mes K1y 3AKOHOM COXPAaHEHHs 3apsiia 8— +divj(r,t)=0 n paBencrBoM
t

CKOpOCTeii IBUKEHHS OJIel VE =V =Vp =V

PaccMoTpuM NpoCcTPaHCTBEHHYIO 00J1aCTh, B KOTOPO# HAXOASITCS 3JEKTPHYECKHE 3apsiibl H TOKH. 3apsiibl U TOKH
B 3TO¥ 00JacTH (OPMHUPYIOT NOJIS 3J1eKTPHYecKoe, MATHUTHOE, CKAISPHOe MATHUTHOE B Ka:KJ10¥ TOUKe MpocTpaHcTBa(
KaK BHYTPH 00J1aCTH, TaK 1 BHe ee ).

Ecam B k210 To4Ke 00.1aCTH BbINOJIHSAETCS 3aKOH COXPAHEHHsI 3aps/ia, TO B KAK/10i TOYKe NPOCTpaHCeTBa( Kak
BHYTPH 00/1aCTH, TAK U BHE €€ ) BBIIOJIHSICTCSl 3AKOH PABEHCTBA CKOPOCTeii ABUKEHHUS 10JIeii 3JIeKTPHYeCcKoro,

MArHUTHOT0, CKAJSIPHOT0 MAaTHUTHOTOVE = VB = V) =V M CHpPaBelJINBbI 3aKOHbI 3JIeKTpoauHamMuku — Tadauua 3.
EcJin xoTs 0bI B 0/1HOi TOYKe 00,1aCTH He BbINOJIHSETCS 3AKOH COXPAHEeHHs 3apsiia, TO B IPOCTPAHCTBE He 00513aTeJIbHO

CHpaBe/NIMBO PABEHCTBO VE = VB =V) =V(Q).

n.5  YacrHeiil cmydail:  HET HCTOYHUKOB.

Ecim ucrouHnkoB HET, TO YPaBHEHUSA JJIICKTPOAUHAMUKA TAKOBBIL:

= 1- =1- 1 - - = 1- 1- =
E(t,r)y=——-vgxB+—-vp -b=——-vpx[—-VEXE]|+—-vp-(—VvE-E)=
c c c c c c

VoV - vy -V -
:—B—zE-E-sina-e;x[CxE]+b—2E'E'COSO"eV;,
C Cc
- — 1- = 1- 1- = 1- 1 - - 5, - -
B(t,r)=—-vEXE=—vEx[-—-vgxB+—-vp -b]= ——vEx[vp x Bl+—vE x (v -b)
c c c c c? ¢’

-1 - =1
b(t,r)=—vE-E=—-vy-E-cosa
c c
C HE0OXOIMMOCTHIO HOTydaeM
- =7 - =T
-a=4L(Weg,E)y=—; pB=4L(vs,B)=—
2 2
- Vb =VE =VB
- CBo6ozHOe (HeT HCTOYHHKOB) 3J1. MArHUTHOE moiie () = <E , B, b> JIBIDKETCSI CO CKOPOCTBIO CBETa

VE=VB=Vp=VQ=C , V,=Vp=Vp=cC

3amevaHue: Kowmrmonentst £, B, b HecBOGOAHOrO (€CTH MCTOYHMKM) 31. MATHHTHOTO

mons QQ = <E, B, b> MOTYT IBUTAThCS C MOOBIMH CKOPOCTAMH VE, VB, Vb

CB06OHOE (HET MCTOYHHUKOB) AIEKTPOMATHATHOE TIoJIe (2 = <E , B, b> JIBIDKETCSI CO CKOPOCTBIO CBETA

VE=VB=Vp=VQ =C , V,=Vgp=Vp=cC.

n. 6 YacTHblii cayuaii.
[IpuHNMaeM, 9TO VIS OAMHOYHOTO JBIDKYILETOCS CO CKOPOCTBIO v 3apsijia MMEET MECTO:
ve(t,r) =ve(t,r)=vp(t,r)=va(t,r)=v , ve(t,r—v-t)y=vp(t,r—v-t)=vp(t,r—v-t)=vao(t,r—-v-t)=v
Torma (cm. m.3)

JI1s OIMHOYHOTO ABIDKYIIETOCS CO CKOPOCTBIO v 3apsfa.

VQ(t ”) e-R v, (t r) — e [v®R] v, (t r) e- (v R)
1--222"0 ) E@ ——; Q = ; Q
( ) E(t,r) I’z (122 B(t,r) = s (1- )-b(t,r) = e

re vo =v .
R=r—v-t
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2
v - -
3ameuanue: ecnu uCTOUHUKOB HeT, T0: (1 —Lz) “E(t,r)=0; (1 ——) B(t,r)=0 ;
c

2
v - -
(1-=2)-b(t,r)=0 = va=c-
¢
n. 7 YacTHbli cirydail. AGCTpaKIus: MOKOSIIUIHCS B TOUKE 7, OIMHOYHEII epeMeHHbIH 3apsan (1) .
Tabmuma 1 =
(r ro)
—3
=

B(t,r) f‘[{;(tr) p(tr)vg(tr)} G )dV’ I-GEXE=

‘ {q(t 1) v=q(t.ry) - va(t, ro)}
r—r

1
— + EXE—
C C

=/ wuacruua nokourcs => Vv =0 ; TOJBKO OIHA YacTHIA B IP-BE = €CTECTBEHHO, 40 VB (£,70) =0 u
HapyIeH 3aKOH COXpaHEHMs 3apsiia = HeBepHo, uto VE (4, 7) =vp(t,r)=ve(t,r)=val(t,r) ,

B CUJTy CHMMETPUH v My Moy TTETM (;—;0) /=

L e xEw ) =0.
C

B, r)—f jf(zr) p(t,r") w,(tr)} (r=r) dV'+l vE-E=— {Lm 1) v—q(t.i) - vo(t, ro)} G ’°)+E.GE.E=

3
-7 |

‘V—VO

= / vacruua nokourcss => v =0, TOJBKO O/IHA YAaCTHI[A B IP-BE = €CTECTBEHHO, 4T0 Vp (¢,70) =0 u Hapymien
3aKOH

COXpaHEHUA 3apsaa = HEBEPHO VE = VB =Vp =VQ; B CUIy CUMMETPUN

Sve Mvs M MMEM (r=ro) /=

1= === 1= = == - = o - NN
=—ve(t,r)-EWt,r)——-vs(t,ro)-Eo(t,r)=—-vE(t,r)-E(t, 1), rie Eo(t,r)=q(t,ro) ——5
C C C

r—ro‘

L sxB+ L5, =

E(t,r) = [ plt,r') (r ) V' - va3+1 Vo b= q(t,ry)- (- 2

= i
:q(t,}"o)-—(_ _03 ——2'VBX[VEXE]+—2'W;'(VE'E):
r—ro‘ ¢

= / HapyIIeH 3aKOH COXPAaHEeHNS 3apsjia = HEBEPHO VE =Vp =Vp =V, B CHIYy CHMMETPHH = VE My My, T E
/ =

}_’ r_ 1 1 ¥, v t,r_-v t,r_ —
=q(t, ro)-(—_og——z-va[VExE]Jr— v - (vE -E) = q(t,ry)- G _°3+ A )25( ) -E(t,r)
pn c p-n) ¢
O Fe(s-V)Ez0 : ZBisv)yB=0 ; Lbi(m-V)b=0.
o o ot

B urore JUIL OTAMHOYHOT'O MOKOALIETOCA 3apsaaa nepeMeHHoﬁ BCJIMYHHBL:

vt,;-vt,}_’ - - - - - - _ _ - _
(I—Lf()) “E(t,r) = q(t,r0)- ( 03) ; B(t,r)=1-vE(t,r)xE(t,r)=0; bty =L et ) ELr)
c P },0‘ c c
OFe(r V) E=0 ; ZLB+(s-V)E=0 3b+($b~§).b:o.
ot ot ot
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Monenbro 9aCTHIBI HMEIOIINH TepEeMEHHbIH 3JIEKTPUIECKIH 3apsi
cpepa ——— SBJIETCA cepa, Ha KOTOPYIO MOJACTC IEePEeMEHHOE HANPSDKCHHE.
Ozxujgaem, 4ro cepa nepeMeHHOIo 3apsiia sIBJISIETCS] HCTOYHUKOM
CKAJISIPHOTO MATHUTHOTO MOJISL.
~U

i

Cxema onbiTa | |

Cdepa

Ocuuinorpad
VCTOYHIK IIePEeMEHHOrO
BBICOKOT'0 HAIPSKCHHS

Oxunaem YBUACTH Ha OCIHAIIIOTpaMME IIEPEMCHHYIO COCTaBIIAIOITYO,
06yCJ'IOBJ'ICHHyIO TIEPEMCHHBIM CKAJIPHBIM MarHUTHBIM ITOJIEM.
HpOBeZ[eHI/IC OIIbITa O4YCHb TPYTOECMKO.

n. 8 BeiBoa. Bosmosicno, yzadamnvl ypasnenusn Hogout meopuu nexkmpoounamuku (Taonuyal, Tadnuya2), o6e3
ynompeonenus

ROHAMUI NOMEHUUA, 6EKmop-nomenuyual, cnpaeebﬂuebte KaK ons Henpepbumopacnpe()eﬂeﬂublx 3ap}1008
u

MmoOKo6, maK u 0711 00UHOYHO20 Oeumymezom ¢ HOCMOAHHOIL CKOpOCmblo 1. 3ap}u)m

BI/IZ[HO, qTO HpeZ[HO)KCHHaﬂ cucrema ypaBHCHPII?I OIINCBHIBACT YaCTHHBIC CJ'Iy‘{aI/I:
- HelTpCpI)IBHO paCHpCHCJ'ICHHI)IX 3ap;1}1013 U TOKOB,

OONHOYHOT'O Z[BI/DK}’IIICFOCSI C HOCTOﬂHHOﬁ CKOpOCTLIO 3ap;1}1a;

- 3HCKTpOCTaTI/IKI/I, MarouTOCTaTUKH;

Korga, B OTCyTCTBI/II/I HUCTOYHHUKOB, IIOJIE ABMXKETCA CO CKOpOCTLIO CBETa.

§ 4 BoiBoanbl riaBsl 1.

IIpuBeneHHbIe 31eCh Pe3yJbTAThl H NPEIJI0KEHHUS:

- q)OpMyHI:I 3aKOHOB COXPAaHCHUS CKAISIPHOI'O IOJISI, BEKTOPHOI'O I1I0JIsI, TEH30PHOI'O IOJIA.

- (I)opMyna pacyera CKOPpOCTH ABWIKCHUS 110 3aITaHHOMY HAIIPAaBJICHUIO CKAISIPHOI'O ITOJIS.

- q)OpMyHI:I pacyeTa KOMIOHCHT CKOPOCTH ABMKCHUSI BEKTOPHOTO ITOJIA.

q)OpMyHI:I pacyeTa CKOPOCTH ABMXKCHUS CKAJLIPHOTO MAarHUTHOT'O MOJISI, ICTOYHUKOM KOTOPOT'O SABJIICTCS
TIOKOsAIIasICA a6CTpaKTHa$[ TOYCYHasA YaCTulla, UMCIoLIast HCpeMeHHLIi;I SHSICI‘pI/I‘ICCKI/Iﬁ 3apsna.

Duuueckoin MOIECIBIO Takoi HaCcTHUIbI ABJIACTCS C(I)epa TNICPEMCHHOI'O DJICKTPHUYICCKOTO 3apsia.

HpeZ[HO)KCHI/IC Z[O6aBI/ITI> B YpaBHCHUS MakcBeiia 3aKOHbI COXpPaHCHUS IJICKTPHUICCKOrO I0JIsI U MAarHuTHOTO ITOJIS.

3amnuch ypaBHeHHH MakcBelia yepe3 CKOPOCTh ABMKEHHS JIEKTPOMArHUTHOrO IO VF =VE = Vg .
IMoxxox K pa3sBUTHIO TEOPHH MEKTPOAUHAMUKH ( 3I1. 3aps[, 00 yBacMbIif 3IeKTPOMarHUTHBIM II0JEM, BO3ACHCTBYET
Ha MarHUTHYIO KOMIIOHEHTY 3JI€KTPOMAarHUTHOIO TOJIS1 — MarHUTHOE TI0JIE ).
- Ilomxox K pa3BUTHIO MEKTPOJIUHAMUKH, 00BEINHIIONT I
- UIEI0 O CKAJIPHOM MArHUTHOM IIOJIE, HJEI0 O ABIKEHHAX IO,
- HJEI0 O 3aKOHE PABEHCTBA MM HEPABEHCTBA CKOPOCTEH ABMKEHUS NIEKTPUIECKOTO MOJIsl, MAarHUTHOIO MOJ,
CKaJIPHOTO MarHUTHOIO MHOJNISI: VQ =VE =VB =Vp WIM VE #VB # V) ,
- Hzero 0 06o0mIeHnH BeIpaxkeHns i bl Jloperma-Hukonaesa

00o06menne MaruuTHOH yactu cuisl Jlopenna  F), = 1. (1_/ - 1_19) ®B+ 1. (1_/ - 1_19) b .
c c

TOBOPAT O TEHACHUHHU Pa3BUTHA TEOPHH 3JIEKTPOAMHAMUKH, HanboJiee APKO BLIPAKCHHOIi B TEOPHSIX:

YpaBHeHusI 3JIEKTPOAMHAMHKH HEKOTOPBIX TEOPHIi.

“I1poeKT TeOpHH NEKTPOIHHAMUKH (anbTepHaTHBa Teopun Maxcsemnna)® Apmasup 2019 18
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D oM §3 Tabmuma 1, Tabnuma 2. 2) om. [13] §8 o
(r r) 1 - — 1- DIEeKTPOMAarHUTHOE TI0JIe Q:<Ff’f , b>:<E, B,b>, KaK COBOKYITHOCTh
E(tr)—_[p(t dV' == -vpxB+=-vp-b — _
‘r—r" ¢ ¢ arekTpudeckoro noist £, marautHoro moist B, ckassipHoro mosst b .
( r) S 1 0
B(t, r)—f [J5(t. ") x——3-dV'+~-vExE divE=4r-p—~Lb
ey c c ot
- divB=0
b(tr)—f'fJ - G )a'V' £ E 1 6=
r—r' c rot E=——-—B
c Ot
8= - =.—= iz - - 1 6
=z . E=0 ; rot B—gradb == .(j—va-p)+——E
atE+(vE V) E=0; g . (J—-va-p) P
0 o T\ o, .~ < 8T Goe . TY.Ee
S B8 V) B=03 —bt(h-V)-b=0 . o Eta V) E=
te Tp(t,”) = j(t.7 )= plr) - ve(t,r) 5 §B+(VQ V)-B=0
J})(l‘,}”/)=j(l‘,}”/)—p(l‘,}”/)'\/b(l‘,}”/) 0 - g
—b+(va-V)b=0
ot
F=q-E+(q/c)v®B+(qlc) v-b F=q-E+(q/c)-v®B+(qlc)-v-b
F=q-E+(qlc)- (v=vg)®B+(q/c) (v—vp)-b F=q-E+(qlc)-(v=va)®B+(g/c)-(v—va)-b

Pe3ynpraThl SKCIIEPUMEHTOB ONIPEIEIIAT MyTH PA3BUTHSA TCOPHH IEKTPOIMHAMUKH CBSI3aHHBIC C TIOHATHAMU

*[IBmwkeHnst nost”, “CKOpoCTb IBIKEHHMS 1OJIs1”, CBI3aHHbIE ¢ ueei 0000menus Boipaxkenus st cubl Jlopenna — Hukonaesa.
B cBoe Bpemst nosiBIeHHE ANIeMEHTa MMTaHKsI BoJbTa chirpaiio OOMNBLIYIO POk B UCCIICAOBAHHUH JJIEKTpUYecTBa. B HacTosmee
BpeMs HyXX€H HaJIeKHbIH, SKOHOMUYHBIM HCTOYHUK CKAJSIPHOIO MarHUTHOTO 1oiis. [1o HarreMy MHEHHIO TakOe YCTPOHCTBO
YK€ €CTh — 3TO TOPOMJAJbHAS KaTyLIKA.

DKCIepHM eHTbI MOKAKYT, MOMKET JiM, cepa (eMKOCTh) IePeMEHHOI0 3apsiia CIY:KUTh B Ka4eCTBe MCTOYHHMKA
NepeMEeHHOr0 CKAJSIPHOTO 1OJIsl.

KoHel TJIaBbl 1

F'masBa?2

IMoaxon k TCOPHUH NICKTPOAMHAMHUKH CO CKAJAPHBIM IMOJIEM C 3aBUCAIUMHU OT
CKOPOCTH NBHKCHHUSA MaTepHaJ’lLHOﬁ Cpeabl MOJ€BbIMHA NMEPEMEHHBIMUA.

Haymenko 10.B.

To Uumepnemy 6pooum npuspak HOBOU meopuu 21eKmpoOUHAMUKH.

Mpeb1 PacCMOTPEIIU IIOAXO0Abl K TECOPHH DJICKTPOANHAMUKHA C 3aBUCAIIUMHU OT CKOPOCTH ABHMIKCHUS MaTepI/IaHLHOﬁ Cpeabl
TIOJICBBIMH

NEpEMEHHBIMU B [alIMIeEBOM MPOCTPAHCTBE-BPEMERH, M3NOKeHHLIMAB S 9 uB § 10 pabors [13], ¢ KOTOPOI KenaTenbHo
03HAaKOMMThCS.  [IpooImKuM 3Ty TeMy, HPeNIOKUB CIELYIOLIYI0 TEOPUIO.

§ 5. Teopusi 31eKTPOJHHAMHKH €O CKAISIPHBIM I10JIEM € 3aBUCSIIAMH OT CKOPOCTH JABHKEHHUSI
MaTepHAIbHOI cpelbl 0JeBbIMH IIepeMEeHHbIMH.

1) Bpems ogrOpomHO. CBOKCTBa IPOCTPAHCTBA B HEKOTOPOI 00IACTH 3aBUCAT OT CKOPOCTH ABIDKCHUS MaTePHUAIbHOU CPEbl B

10l obmactn. Ecimu X nexomopas ¢pusuueckas eenuuuna, mo X = X (v,r,t) .
Ipu mepexone or UICOx UCO': r'=r—V -t ,t'=t, X'(vV',r',t"Y= X(v=V,r=V -t,t) ,tne V - oTHOCHT. CKOPOCTE.

2) ypaBHeHI/ISI TCOPUHU IJICKTPOAUHAMUKHN CO CKAJIIPHBIM MAIHUTHBIM IIOJIEM B Tanuneesom npocmpancmee é6pemenu.
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g.E(;,;,t):M_Eb(;,;,t) . gXE(;,;,t):_aB(v,r,t) ,
& o ot
6.5(;,;,1‘):0; V x B(v,r,t) =V b(v,r,t) = lJ/'loj(Vrt)+§'u %
t

v, 7,1 | - paccMaTpuBaeM, Kak He3aBHCUMBIC TlepeMeHHbIe, Bxogsume B E(v,r,t), B(v,r,t), p(v,r,t), j(v,r,t).

ITpu 5TOM MOHUMAETCSL, YTO MOJIe CKopocTell v = V(7,) 3a1aer IBIKCHAEC MaTePUABHOMN CPe/bl.
3) IlnorHocrw 3apsina utoka.  j(v,r,t) = j(0,r,£)—v-p(0,7,t) - minoTHOCTH TOKA,

p(v,r,t) = p(0,7,t) - WIOTHOCTH 3aps/a HE 3ABUCUT OT CKOPOCTH [BIDKEHHUS MAT. CPEJIBL.

v, 7,1 | - paccMarprBaeM, KaK He3aBHCUMBbIC IepeMEeHHbIe, Bxomimue B p(v, 7, 1), j(v,7,t) .

PELD ¢ divj .7, =0

4) 3aKOH COXpaHEHHs 3apsija:

ot

Ho ne gpaxm, umo +div j(v,r,t) | obpawaemcs 6 Hob

op(v,r,1)

PP divj(v,r,t) = WJF div{}(a, r0)—v- p(0,r, t)}: {WJF divj(0,r, t)}— div{G - p(0, 7, t)}:

= —divly- p(0,7,0)}=—1p(0.7.0)-divy+ - grad p(0.7.0){=—p(0.,r.t)-divv—v- grad p(0.r.1)

a _5 _5t VR ~n ~ - - ~n
% +divj(v,r,t)= —div§ -p(0,r, t)}: —p(0,r,8)-divv—v-grad p(0,r,t)
t
3akou coxpanenus an. 3apsa0a BLINOIHAEMCA 6 YACMHOM Clydae V= ;(}_’, )= 0, mo ecm
npu omcymemeuu 0sucenuss mamepuu!! B [4] coobwaemcs 06 sxcnepumenmax,

6 KOMOopblX 603MOIHCHO Hapyuiaemcst 3AKOH COXpPAaAHeHrusl 3J1eKmpuiecKkoco 3ap;zda.

5) cua Jlopenna-Hukonaesa: 7(; ; )= q(; ; E {E(; ; t) +[;x§(; ; 1] +;-b(;, ;, t)}
6) ypaBHEHNS HICKTPOMHAMUKA HHBAPUAHTHEI OTHOCHTEIBHO NpeobpasoBannii ['ammies.

7) KOMMEHTapHii: V - CKOPOCTb MAaTEpHAIBHOI Cpe/ibl B TOUKE C KOOpJAWHATAMU (r 7).

q(;,;,t) - 3apsJ BeNMYMHON ¢ HaxoznsAmuiics B 4-TOUKe ¢ KOOpAUHATAMU (r, t) , IBIKYIIHICSA CO CKOPOCTBIO V .

§ 6 Mosicuenust.

I. TlosicHeHme

VEG =200 C4G Ty wm divE@m =200 04605
$& o & o
p(v rt) 0 - -
grad[div- E(v r,t)] = grad ———=—— grad b(v, r,t)
¢:& o

(vrt)

v? E(v r,t)+rot rotE(v r,t) = grad ——— P
$-So

o - -
d—>bv,r,t
gra Py (v,r,1)

OB(v,r,1)
ot

— - 1 - o --
VZE(v,r,t)+rot - = grad p(v,r,t)—grad —b(v,r,t) .
{ } ¢S ot

- - - 0 - - - 1 - - o, -
ViE v,r,t)——rot B(v,r,t) = rad p(v,r,t)—grad —b(v,r,t) .
(v,r,1) o (v,r,1) z Og pv,r,H)—g o (v,r,1)

V2EGr)-2 {gmd (v, )+ g - j,1, t)+ 5” 25, t)} = grad p(v,7,1)— gmdaﬁb(;,?,t)
ot t

50
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2 ___ . -
L B~V EG 7.0 = iy o O

TaK Kak | v, r,t

@az{a

=Hio - —
¢ HEOOXOUMOCTHIO TIOTydaeM:

2
5“5 A, t) = V2 A, 1) = pptg - (v, 78
C

- EW,r, )=V E@W,r,t)= gmdﬁb(;,F,z)wuo ﬁ}(ﬁ r,t)—
2 2
c® ot ot

- paccMaTpuBacM KaK HE3aBUCUMBIC IEPEMEHHBIE U

—a—A(v r,t)—grad go(v r t)} {—%Z(;, }_’, t)—grad go(;,}_’,t)}:

grad p(v,r,t)— grad gb(;, ).
* 0 at

grad p(v, r,t)
0

E(,r,t)= —?Z@, r.0)— grad (v, r,t)
t

(vrt)

grad p(v r,t)

2
5“5 AO,7,0) = V2 A, 7,0) = gty - (0, 7,1)
C

:> b
éu (p(v =V (p(v rt)= % %g‘ﬂ((),;,t)—vz(p((),;,t) = M

e j(v,r,0) = j(0,r,0)—v- p(0,r,t)

U3 paBencTBa p(;, ;, t) = p(6, ;, t) HenaeM BBIBOJ, UTO

II. TlosicHeHue.
V-B,r,t)=0 wm div B(v,r,t)=0
grad[div-B(v, r,t)] =0

V2 B(v,r,t)+rot rotB(v,r,t)=0 .

&-&
, p(v,r,t) = p(0,7,1).

or,)=0,r,0 | !

v? B(v r t)+rot{gradb(v r )+ g J(v 7, t)+ é‘u (;3 E(;,;,t)}:_

TaK Kak v, r,t

v? B(v r t)+{rotgmd b(v r )+ ppyg rot](v 7, t)+ §,u

v? B(vrt)+uu0 rot](vrt)+§‘u 8{ 9By

2 __ R R
é—g-;—zB(V,r,t)—VzB(v,r,t) = up -rot j(v,r,t)
c

TaK Kak v, r,t

N N N R
C—z-at—zrot{Z(v,r,t)}—V {rotA(v, 7, t)}— Wy -rot j(v,r,t)

5 ___
rot{éu ° A(v r )=V A, r t)} ity -rot j(v,1,1)
c? or?

e

- paccMarpuBaeM, Kak He3aBHCHMBIC [ICPEMCHHbBIE H | B(v,r,t)=rot A(v,r,t)

- pacCMaTpuBacM KaK HE3aBUCHUMBIC IEPEMEHHBIC, TO

o0 —=--
tE(v,r,t)} =
atro (v, r )}

, TO

o o 2 ___
- AW, )=V A7 0) = g - j(,r,1) = 10
c” ot

¢ ot
rae  j(v,r,1)
III. IlosicHeHme.
C - B _ - B
VXE(V,}’,t)Z—% win rotE(v,r,t)z—%
t t

21

A, 7, 1) =V 2 A0, . 0) = - j(0,7,1)

= ;(67;7t) _;' p(()?;?t) .

TIpoexT Teopuu 3MeKTPOANHAMUKY (aIbTepHaTHBA Teopuu Makcseina) Apmasup 2019



rot rot 1_5(\_/, }_", t)=—rot

OB(v,r,t)
ot

graddivE(, rit)—V2E(v, r.t) = _aﬁ rot Bv.r.t).
it

ara d{p(v,r,t) B

&u o
c* or?

su &’ 2
2 .—-V
{02 o’

S %o

}E

a - =
Eb(varat)
L E@,r0)- VE(vrt)——grdpé’é:’)— ;(;;t)
0
(;a;at) = —gmd%—ﬂﬂo g ;(;a;at)
50

|- 9286 fu 76+ 42 B i)
C

22

TaKk Kak | V,7,f | - paccMarpuBacM Kak HE3aBHCHMbIC IEPEMEHHBIC U E(;, ;, )= —622(;, ;, t)—grad (p(;, }_’, Hl , To
t
udt ( 8- -~ - - ) p(v.rt) 8~ -
= —-V ——A(v,r,t)—grad o(v,r,t rad ———= — jv,r,t
{czaﬂ 6t( )—grad (v,r.1) =g g, oatj( )
O (a”f o ) PO 0
= ——V — A, r,t) + grad o(v,r,t) | = grad ————=+ — jv,r,t
{8 o Py v,r,0)+grad (v,r,1) | = g £é uuoatj( )
¢ HEOOXOUMOCTHIO TTOYYHM
0 lges 0 - tu 0
2 VL A, i) = — jv,r,t) = V2L A0, 0,r,t
{Cz pYe (v,1,8) = Pty atj(vr) ERPY 07,0 = Kty = JO,r,1)
2 __ - 2 __ o
i’; % 2 (p(w,t):M - i’;.ai_v (p(O,r,t):M s
ot $-& ¢ or ¢-%
tx.  pM,rt)=p0,rt) ,T0 go(v,r,t) = ¢(6, }_’, t)
IV. TIosicHenue.
VxB(v r,t)— Vb(v r,t) = /,l/,loj(v r t)+ cu % = rotB(v ryt)— gradb(v rot) = Uity - j(v r t)+ 1 %
t t
rot{ rotE(;,;,t) 7gradb(;,;,t)}: rot{,u,uo ~;(;,;,t) +§—l;%
c t
rot rotB(v r t) rot gradb(v r,t) = ppy, -rot ](v r t)+ S -rot%
t
rotrot B(v.rat) = iy -rot j(v.r.1) +iﬂ aﬁ{m@(;,;,z)}
t
graddsz(v r,t)— v?2 B(v r t) Uiy - rot](v r t)+§—’u aat{ aatB(v,r,t)}
S 82B(vrt) V2B, 1) = y t ddivB(v,r,t
=] o ULy - 1o ](vr )— grad div (vr )
%-%EG,?,O—VZEG,EJ) = iy -rot j(.7.)~ 0
c t
TaK KaKk ;, }_’,t - paccMarpHBaeM KaKk HE3aBHCHMBIC [IPEMCHHbBIE H E(;, ;, t) =rot Z(;, }_’, 1| ,T0
I |
& - = —--= - - =
g—g-ﬁ{rotA(v,r,t)}— v? {rot A(v,r,t)}: Uy -rot j(v,r,t)
o?
éﬂa AW, )= V2 AW, r0) = ppty - J (0,1 0) = éﬂa A0, 7,6)=V2 A0, 7,1) = puag - 0, 7,1) .
12
V. TIlosicHenmue.
VxB(v r t) Vb(v r,t) = /,l/,loj(v r t)+ §,u % il rotB(v r,t)— gradb(v rot) = Uily - j(v r t)+ cu %
t t
“I1poeKT TeOpHH NEKTPOIHHAMUKH (anbTepHaTHBa Teopun Maxcsemnna)® Apmasup 2019 22
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div{rotg(;,;,t)7gradb(;,;,t)} dlv{,u,uo J(V r,t) + 5# 8E(;[rt)}

— div grad b(v,r,0)= upty - div j(v,r,1) + 5—‘2‘ : g {divE(;,P,t)}
4 t

o |pvrt) @, --

-v? b(v rot)= Uy - lej(V r t)+§—l; &{pf & ) a[b(v,r,t)}
&u & su 1
= b(v,r,t V2 b(v,r,t -div j(v,r,t)+ —p,r,t
626() (v,r,t)= pig - J()nggop()

2 - _ - — __
S b)Y b0 = i 7)o PO

2 __ - _ __ —
O b0y =V b mt) = .{ﬁp(v,r,,) + divj(v,r,z)}
o ot
TaK Kak ;, }_’,t - paccMarprBaeM Kak HE3aBHCHMBbIC IEPEMEHHBIE, TO

w +div ;(6, }_’, 1) =0 |- 3aKkoH coxpanenus 1. 3apsoa.

t
Ho ne gpaxm, umo w + div;(;, }_’, t) | obpawaemcs 6 Honb
t
w+div;(;,}_’, =P (g’ "0 s divlj©.7.0)- p(0.7.0)v)= {ap O.1D | givi@,r, t)}—div lo@.r,0)v}=
t t
= —div{p(0,,0)-v|=~p(0, r,0)-divv—v- grad p(0,7,1)
2 _ _ 2
= §,u s b(v r t) v? b(v rot)=—pily - dlv{ (O,r,t)~v(r,t)} = 6—”'2[ s—b(O, r,t)— v? b(O r,t)=0
? c

Pemenns ypaBHenuii

6# o’

2
b(v, ,t) v? b(v rot)=—ily dlv{p(O r,t)-v } §,u 9 b(O, ,t) v? b(O rt) (] H3BECTHBI:
&

b(vrt)——’u’uO _[dlv {p(Ort |r r|/c) v(rt |r r|/c)} dV'

6e3 y4€Ta 3ara3ibIBaHnusA

1

F-r
- - div, \p(0, 7', 1) - (' t - - — -
b(v,r,t):—’u‘uo-.[ Vr {p(| r_) U )}-dV’ = e6obwem ciyuae b(v,r,t)#=b(0,r,t)=0
r—r'

B naGoparopHoii cucTeMe oTCYeTa B OONACTH, TAE OTCYTCTBYET ABHXKEHHE MaTepun v(r,¢) = 0, CKaJIIPHOE MArHATHOE
nose b(0,7,1) MOXeT pacpoCTpaHATLCs TOIBKO B Bujie BosiH. Ho tak kak mst monst (0, 7,#) MCTOUHUKOB HET ( B OTCYTCTBHH
JIBIDKEHUS. MATEPUHM BBITIOIHAETCS 3aKOH COXPAHEHMSI JIEKTPUYECKOTO 3apsifia) , TO BO3MOXKHO cuutark, uro b(0,7,£)=0.

B naGoparopHoii cucTeme oTcueTa B 00IIACTH, T/ie €CTh ABIDKEHUE MaTepul v(r,¢) # 0, CKaIIPHOE MarHUTHOE

nose b(;, ;, 1) MOXET HMETb UCTOYHHUKH: — LifL -div{p(a, ;, E ;(;, t )} 1. TIIpu sTom B oGmIeM clyuae HAPYITACTCS 3aKOH

COXPAaHCHHS EKTPHYECKOTO 3apsi/ia 3aIiCaHHbIN B BU/IC YPaBHEHHS HEIPEPBIBHOCTH

op(0, 7t === -

20007 I L CUL N I y=0

p(v,r,1) . =

T+dl\/j(v,}’,t): 5 (6 - N

T N S o N Nt B
pa— +div {;(O, r,t)—p(0,r,1)-v(r, t)}: - dlv{p(O, r,t)-v(r, t)}, v#0

t

VI. Ilosicuennue.

Inasa 1, §3, 0.1 = U3 ypaBuenuii MakcBesiia BBITEKAIOT CIIEyIONIUE Boipaxenus i E u B :
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_ p(?,tf;fy _ 6p(r t—|r—r Y 6}(7,t7r 7
:1‘7 (rfr)dV' j ‘ il av'-£. ‘ = 1, .qy’ (cucrema
- ¢ ot - P 2 ot ey
E-lr—r §-r r
l'aycca)
_ j(}" t— ‘r—r‘/c) (r r) aj(r t— ‘r—r‘/c) S
CREN K s A G Par erens
¢ ‘r—r ‘r—r ot
I'aycca)
be3s ygera 3ana3msiBanmsa.  (CH)
- . = r,t r—r ,
7 p(r, f) - r)dV'J‘ o Ia,(r DL 5o # Ho j]( )% ( )dV (CH)
4r & - 50;’7;" ot "’*” r—r

a) Hanumem BBIpQXKCHUA UL E u B B paMKax KOHIETINA 3aBUCUMOCTH ITOJIEBBIX IIEPEMEHHBIX OT CKOPOCTH

JIBIDKCHHS
MarepHaNbHON Cpe/ibl, IPHYEM JUIS yMEHBIICHHUS TPOMO3KOCTH 3aIiCcH - 0e3 ydeTa 3ara3/IibIBaHus:

EQO,r,10)=]

p(o r [) (;7?){1!/17##0 J‘ 6/(0,;’,[)' 1 dv’
=13 4n

4r-&- 50‘1’ 7 ot ‘;*7

B(Ort) /‘t Ho J‘](O’r’t) (: r) .av'

‘ r—r'

I jrt)= 0,70 =v-p(0,r,6); pvrt)=p0,r,t) , jO,rt)=jv,rt)+v(rt)-p0,r,t) /

paccyxneHue 1: paccyxkzeHue 2, KOTOpOMY OTAAeM IPeANOYTEHUE:
— — — t _—— -
E(O,r,t):J'M (r—r')ydV' - E(O,r,t):jM (r—r)dV' -
47r~§~§0|r r| 47r-§~§0|r r|
et | 65(?,7,1%?(7,1)-p(a,p,t)}. IR an | 8{;’(;,}7,1‘)+1_1(}_’,t)~p(6,}7,t)}. L
ot ‘r—r' ot |;_,7|

_f@;inagz;@J}jaﬂx§7ﬁﬁw lde,
r—r

E((’),;,t)—“ o g 0. rn 4G f) /j|(3v rp =) V' =

B(0,r,f) =
|I" r

uuoIbw RS GO A A Ta
|’_” ’T|3 —B(v r,t)+

u%vvﬂj%w(?yr>w,
r—r

Ilo xpaiineii mepe, npu V(r,t) = Vv = const , BBINOJHAIOTCS:

— - - py — ¢ o) 1 , ——— = Sy - v O (r =7
EQ.r )= EGurt) — #4#0 'V'I {p(v r )}. V' BQ,r1) = B )+ ﬂ4ﬂo ~v><j {P(v,r,t)>3(r ') %
T T o

ot ‘r,r' |;_r,|
- - - — == Uiy — ¢ O (6,?,1 1 , ——- - — - . - 6,_’,t r—r'
B, ) = EQ,r, 1)+ = =0y | L Ly B(v,r.0) = B(0,r,1)— £ vx [ {p( : )} =r) ay
4 Ot ‘r,r’ 4 |;_7|
- - di 0,r' 1 t - -
b) noscuenne V.= b(v,r,1) = — 20 [ LV (0 r_) G )}dV’ = b0,r,)=0
4r |r 7'
v=v(r,1) To kpaiineii Mepe, ecim ;(;, t) = v= const , To
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b(0,r,t)=0 b(0,r,6)=0

b(v, 7, 1) = b(0, r, 1) ”“0 jd’v {p(o_r_t) . t)}dV’ b(v, 7, 1) = b(0, r, 1) ““0 -; jgmd .7 t)}dV’
‘I" I"‘ r— I"‘

c) (p((),?,t)— LU /p(;,;,t)=p(6,;,t)/— ! j”(” D gy - (p(vrt):‘(p(vrt) 00,7 t)‘

§-§

‘r—r

d IIpoBenem paccyICHHS, aHATOTHYHBIC “‘pacCYXICHHSIM 2 B KTE a).
p paccy. > paccy. oyH

A(Ort)f'uz"uo Ij(o’r’t) dv'=/ jov,rt) = j0,r,t)—v- p(0,r1) /—‘u Ho j‘j(v’r’t) dv’ +:“ Ho J‘V(r’t)gpg),r,t)

V' =
‘r—r ‘ —r ‘r—r'
= A, 1)+ 2 S - jM AV =A@, 1) + 1 g -E-Eg - (1) | PO
4r ‘r r‘ 4r 550 ‘r r‘
T Y T eV I T P I
=AW, r,0)+pu-po 8-S -v-v,r,t) = AW, r,0)+ —=-v-@(v,r, 1) = AW, r,t) +—=-v-p(v,r,1) =
c c

40,70 = A0+ 25 00,70y = A7 0) = 4O 1) #f Sp(r.r,0)| 10 Kpaiineii mepe, cemm
C

;(;,t) = const

e) B wurore:

Ho kpaiineii Mepe, npu v=v(r,t) = const BbHIIONHSIIOTCA:

EG,r0)=EQ,r0)+v j”:‘) {p(g’f’”}‘ ! ‘ 5 §{$-<p((6,?,t)},
r—r

o R e e - = -
B(.r) = BO.r.n-vx [ 220 . |r_ ﬁr(r r)'dV’=B(0,r,r)—“f VX E cnamina 0,7,1)
r—r' ¢

b(v r,t)= b(O r, t)— V- _[grad {p(O r' t)}‘ ! dV' , rne b(a,;,t):a

r— r‘
VIL.  Pesyasrarn §6.
éua2___ _ 270 _ Y Y _ - ~
1) _28_2A(v:r:t) \% A(v,r,t)—/,t,uo-](v,r,t) , Tae ](V,}",t)—](O,I’,t)—V'p(O,}’,t)
c t
5“66 A, 7,6)=V 2 A, 7,1) = g - jO, 7, 1)
- B o
2) §,u (p(v 7, t)(v r,t)—V? (p(v r, t)(v r,t)= LG} , rae p(v,r,t)=p(0,r,1)
¢-&o
05 5t ~ - -
§,u (p(O r,t)— v? (p(O rt)=——>-"= pO. 1,0 , tme p(0,r,0) = p(v,r,t) .
$-&o
W3 paBencrea p(;,;,t):p@,;,t) JIETIAEM BBIBOJI, YTO ‘ (p(;,;,t)=(p(6,;,t) !
& -- - - -
O bt~ V2 b, 0)= — gty - divip(0,m,0) ¥ )]
3) c” ot
S N W
==.—b(0,r,t) -V~ b(0,r,1)=0
b0 -V b0

4) Pemenus, npuBeIeHHBIX 371€Ch, YPaBHEHUH U3BECTHBI! !
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5) o(v,r,t) = (0, 7,1)

9

V- (p(O r,t) ,

A(v r,t)= A(O 7, t)— é
c?

no Kpatinei mepe, eciu v = COnst

6)

E(,r,t)=E(0,r,t)+v- j

Io kpaiiHeii Mepe, €CIIM Ccpefia ABIKETCS ¢ HOCTOSHHOI CKOpocThio v = V(7, 1) = const , To / em. Hosicuenne VI /

L E(Ort)+ﬂ§

ot

B(v,r.1) = B(0,r, 1)~ 20

uepy 070}
77:

{0, 7,00} (r=r7)

Zh-p@rnf.

‘r—r

[ RO

—3
1
-1

V- _[grad {p(O r' t)}

b(v, 1) = b(0, ,t)—””o

dV' =

BO,7, 0~ 2 S Eonamina 0.1.1)
C

dv', tae  b0,r,6)=0

1
I

§7 3ameuanmue.

I[IISI CBE€JICHUSA MPUBOJATCA YPaBHECHUSA TEOPUH, KOTOPBIE aBTOP BPEMEHHO OTBEPT, IIOCYUTAB UX HM30BITOYHBIML, OTaaB

TNPEANOYTEHUE

yPaBHEHHSIM TEOPHH, PACCMOTPeHHOMN Bhmie B § 1, § 2.

1) ypaBHeHHsS TEOPHH ONEKTPOIMHAMUKH CO CKATAPHBIM MArHHTHBIM 1I07IEM B T'anuneesom npocmpancmee epemeni.

ﬁ:w-éb(y,r,g; VxEG ) =—
&g o
V-B(v,r,t)=0 ;

OB (v, r, t)
ot

VxB(vrt) Vb(vrz) yyoj(v,,[)+5ﬂ M

ot

a) V., -E(v,r,t)=-b0,r1)

V., x E(v,r,t) = —B(0,r,1)

V. -Bv,r,t)=0

Vo x B, ro )=V -b(r,7,0) = LB, 7, 1)

3) - 6) - cm. §5 ‘

IMosicHeHue.
a) V., -E(v,r,t)=-b0,r1)

V., x E(v,r,t) = —B(0,r,1)

V. -Bv,r,t)=0

Vo x B, r, )=V -b(,7,0) = LB, 7, 1)
C

al) rot, B(vr.1)— grad, -b(v.r.0) = S EQ,r1) -
C

rot, rot, B(v r,t)—rot, grad, b(v r t) = §,u -rot, E(O r,t)
e

grad, {div, B(v.7.0)} -V, " B(v,r1) -0 =0 .
grad, (0)=V >B(v,r,{)=0
-V,’B(v,r,)=0.
V,2B(v,r,t)=0.

a2) rot, E(v,r,1) = -B(0,r,1)
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b) Vi E@,r,t)=—b(v,rt)
Vo x E(v,r,t) = =B(v,7,1)
V. -Bv,r,t)=0

VVxB(vrt) v, - b(vrt)—é E(vrt)
¢

b) V., E(v,r,t)=—b(v,r,t)
Vo x E(v,r,t) = =B(v,7,1)
V. -Bv,r,t)=0

Vo x B, r )=V b, 7,0) = L E v, 7, 0)
C

b1 rot, Bv.rt) - grad, b, 1) = 2 B (v 70)
C

rot, rot, E(;,;,t) —rot, grad, b(;,;,t) = 5,121 -rot, E(;,;,t)

C
gmdv{dfvvﬁ(;j,t)} V,2B(v,r 1)~ 0= 5“ { E(;,;,t)}.
grad,(0)-V *B(v,r,1) = —5—“ B(v,r,1)

~V 2 B(v,r,t) = - 5“ B(v,r1).
V. 2B _iz B =0
C

b2) rot, E(v,r,f) = —B(v,rt)
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rot, rot, E(;,;, t) =—rot, E(ﬁ,?, t) rot, rot, E(v,r,t)=—rot, B(v,r,1)
- — - T 2%

grad, {divvE(v,r,t)}—szE(v,r,t) -0 . grad , {dzvv E(v,r,t)}—Vv E(,r,t)=
erad, b(0.7.)~¥,“E(7.0) =0. _ _{5_5.5(;, R0+ BT, t)}
— —— - — c
0-V,E(,r,0)=0 o o 5

— _ —gmdvb(v,r,t)—VVZE(v, r,t) = ,u E(v r,t)— Vv b(v r,t).
V2 E(W,r,t)=0

v, E(vrt)—é’u E(vrt) 0

a3)  rot, Bv.r0) - grad, b(v, 1) = 2 F(0,7.0) b3)  rot, B(v,r.1) — grad, b(v.7.1) = < E (v r.0)
C C

div, rot, B(v,r,t)— div,grad, b(v,r,t) = 5‘; -div, E(0,r,1) div, rot, B(v,r,t)— div,grad, b(v,r,t) = 5‘; : {— b(;,;,t)}
C C

27, ~ - =
=V, b(v,r,t)=0 —szb(v,r,t) = —g—’u b(v r,t)
v, 2b(v,r,1)=0

Vv, 2b(v, 1) — 5“ b(,r1) =0

ad)  rot, E(v,r,t) = —B(0,r,1) b4)  rot, E(v,r,t) = —B(v,r,1)

div, rot, E(v,r,t) = —div, B(0,r,1)

div, rot, E(v,r,t) = —div, B(0,r,1)
0=0

0=0
as)  div, B(v,r,1)=0 as)  div, B(v,r,1)=0
grad, {divv E(;,;,t)}z gmdv(_) grad, {divv E(;,;,t)}z gmdv(_)

\% v2 E(;, ;, t)+rot, rot, E(;, }_’, )= 0 \% v2 E(;, ;, t)+rot, rot, E(;, }_’, )= 0

V.2 B r 1)+ ot {%‘f@, p g} i V.2 B r0) 4 ot {%‘E(;, r.1)+grad, - b(v, 7, g} _
C C

V,2B(v,r,0)=0

V. B(rt) + i‘; Arot, E(v.r.0)}+ 0=
V,”B(v,r t)+ s { E(;,;,t)}:7

vvzﬁ(i,?,t)— 5“ B(v,r,)=0

a6)  div, E(v,r,1) =—b(0,r,1) b6)  div, E(v,r,1) = —b(G, )
grad, {divv E(;, ;, t)}: gmd‘,b(a, }_’, 1)
\% Vz E(;, ;, t)+rot, rot, E(;, ;, )= 0

grad, {divvf(;,i_’, t)}: —gmd‘,b(;, }_’, t)
V 2E®v,r,0)+rot, rot, E(v,r,t) = —grad b(v,r,1)

Vv, E(vrt)+r0t BO,r,t)= 0 v, E(vrt)—é’u E(vrt) v, b(vrt)——grad b(vrt)

V2E(v,r0)=0. —--

v, E(vrt)—é—'u E(,rt) = O
¢’

B wurore:
a)

YpaBHEeHUA: Bo3moxkHBIE pemeHns: Bo3moxHBIE pemeHns:

v v2 E(;7 ;7 ) = 0 N r— EW,r,t)=EQ,r,t)+[vxB(0,r,0)]+v-b(0,r,t) E(v,r,t)=E(0,r,t)
o o)~ B2

\% v2 B(v,r,t)=0  Jlamnaca. BQv,r,0)=B(O0,r,0)= [v X E(O 0] E(; ;7 t) = E(a ;7 1)

- éﬂ - __ __

szb(v,r,t) -0 b(v r,t)= b(O rt)—=—-v- E(O r,t) b(v, 7, 1) = b(0, 7 1)

Bo3MoxHBI apyrue peI_IIeHI/ISL
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Mposepia: V., 2E(n7a1)=0= V,2{E(0,7.0) 4 [vx BO, 7.0)]+ v-b(0.7.1)|= 0 =

= ( 62+ az+aaz){E(o,?,t)+[CXE(6,F,t)+C-b(6,F,t)]}:
v

ov, ov ) .

V2B, r,0)=0= sz{B(O r 1)75—# v E(0,r z)]}

- (Lz+i2+ ){B(ort)—f“ [vxE(Ort)]}=7
Bvx va v,

V,2b(v,r,1)=0= sz{ b0, r 1)75—# v-E(0,r, t)} =

0 0 f,u - === =
= ( +——+ b(Ort - v»E(O,r,t}zO
avxz avyz szz ){ ) )

e [vxBl, =v,-B.-v. B,; [;XE]_VZVZ-Bx—Vx-BZ; [vxB]. =v.-B,-v, -B.] .

y y
b)

YpaBHEeHUA: BosmoxHBIE perreHus: BO3MOXKHbIE PELICHHS .

—-- éu —-- - ___ — - ___ ___ ) .
VVZE(VJ’:’) T E(w,r,t) =0 E(v,r,t)=E(0,r,t)=0 E(v,r,t):E(O,r,t).chM+
c

szé(;’a;af)—%‘é(;a;af)Zé B(v,r,t)=B(0,r,t)=0 +—[:><B(O )] h( Yy v Ve

c
g Jau v

2y, _SH - - __
V.7 b(v, 1) b(v,r,t) = b(v,r,t) =b(0,7,£) =0 E(;;t):l_f((_);t)fh (vx+vy+vz)~\/5_

\/5_ (+v+v)\/a

[ ><E(0 r,t)]-sh

b(v, r, t) = b(O, r,t)=0

Hemuoro HeoObrueH (bopMa.HI/I?)M paCCMOTpCHHOﬁ TEOPUHU, KOTOpPasA KAYCCTBEHHO OIMUCHIBACT BBIBO/IbI KJIACCUYCCKOM
JJICKTPOANHAMUKHA. Harme OXHUIAHUE 3aKITIOYACTCS B TOM, YTO €CJIU BEPHO yraJanbl YPaBHEHUS JJICKTPOIUHAMUKU C
3aBUCAIIAMHA OT CKOPOCTU OB ECHUA MaTCpI/IaJII)HOﬁ CpPEABI MOJIEBBIMU IIEPEMEHHBIMU, TO U3 HUX ITOJLKHBL OBITH TI0JIyY€HBI WIH,

. . 2 n 20 n
B KpaiHeM CiIydae UM He JOJDKHBI IPOTHBOPEUNTh, pemreHns ypasuenuit: V" E(v,7,t)=0 , V “B(v,r,t)=0 ,

Vfb(v, r,t) = 0 .Hanmpumep, npu ABIKEHUN TBEPIOTO TeJIa — 3TO PELICHHUS:

E(v,r,t)=E0,r,t) +[vx BO,r,t)], Bv,r1) :5(6,2:)—5“ < EO,r,1)],

b(v,r,t) = b(0,r,t)— 5” v-E0,r,1)
KOTOpbIE COOTBCTCTBy}OT NEKTPOIUHAMHUKE JBIDKECHHS TBEPHOTO TeNa. B MOsACHEHHH MOKa3aHo, YTO 3TO TaK U €CTb.
A €CIH COBEPIIACTCS BUXPEBOE, TYPOYJICHTHOS BIKEHHE B CrinomHoji cpene? Hanpuvep, B rasosoid.  Kaxosa
9JIEKTPOAMHAMHUKA TyPOYJICHTHOTO HJIH BUXPEBOrO ABWKCHHS, 331aBaEMOr0 M0JIeM CKopocTeil v = v(r 1) , BTa30BoO#i cpere, B
wiasme? Bynyr i B aToM ciydae crpaBeainBel ypasaenws Jlammaca: V,, ’E (v, r,t)= 0 , VvV, B(v, r,t)= 0 ,

, - _
V., b(v,r,t)=0 ?

OO0s13aTeNIbHO JIH IIPaBbIe YaCTH 3THX YPABHCHUH JOIDKHBI OBITH HYJICBBIMHU?
Cozeprxanue 3T0oro maparpada ciemyeT paccMaTpUBaTh, KaK BOSMOXHBIH 3a1e Ha Oyaymiee.

§ 8 BoiBoabI IJ1aBbI 2.

PaccMoTpeHHBIN TOAX0A K “UCTHHHON TEOPHU JIEKTPOJMHAMUKN KadeCTBEHHO ONHCHIBAET BBIBOABI KIIACCHIECKOMN
3JIEKTPOJMHAMUKH.

ITox IBIKEHHEM MaTEPHAIIBHOM CPEJIbl, 381aBaeMbIM T0JIEM CKOpocTeil v = W(7, ) , IOHNMAeM Kak JIBIKCHHE
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TBEPIOTO TEIa ( JBIDKECHUE KOHTYpa, CTEPKHS, . J'[IO60I‘0 MaTepUuaIbHOTO OGBCKTH JABWOKCHUC HaGHIOL[aTeJIﬂ ) TaK 1
JBIDKCHUC CILIOLITHOM Cpeabt (HaanMep, JBWKCHHUC Ta30BOM cpem)I) MO)KHO HOHpOGOBaTL OIIMCATh IJICKTPOANHAMUKY

Typ6y.]'ICHTHOFO WA BUXPEBOT'0O IBWXKEHHUSA, 3a1aBAa€MOr'0 II0JIEM CKOpOCTeI/I V= V(}" t) s B ra30Boi cpene.

Her nemwxeHus Marepnn, Ectb nBmxeHne MaTepus,
T.€. TI0JIE CKOpOCTeI/I v= v(r t) O KOTOPO€ 3a0a€TCA TIOJIEM CKOpOCTCﬁ ; = ;(;,t)
1) BBIMONHAETCSI 3aKOH COXPaHEHM 1. 3apsia 1) He moxeM roBOpHTh O 3aKOHE COXpaHeHus 3apsija !
T S POy == -
0., +divj(0,r,t)=0 M+ divj(v,r,t)= —dzv§ -p(0,r, t)}:
ot ot
2) it CKalsIpHOTO MarHWTHOrO oyt b = b(6, }_’, 1) = —p(a, }_’, t)-div vov- grad p(a, ;, t)
82 - - 2) I CKaIsIpHOro MarHUTHOoro monst b =b ;, ;,t
O b, 7,0~V b(0,7,0)=0, ) e r.1)
¢ R o V@70
T.e.CKaﬂﬂpHOC TI0JIe MOXKET CYIECTBOBATH TOJIBKO B c_2 ' a7b(v, ) =V by, r,t) = —ppq - divy- p(0, 7, 1)

BHIC BOJIHBI HCTO0 HCT UICTOYHHUKOB.
A Y Ecthb uctounmku Y CKaIIsIpHOTO MAarHUTHOT'O moJist!

TecHo B3aMMOCBSA3aHBI - BBIIOIHEHHE 3aKOHA COXPAHEHUs 3IEKTPHIECKOTO 3apsa, CYIECTBOBAHUE CKAIIPHOIO MarHUTHOIO
o,
JIBIDKEHHME MaTepuaabHOM cpelbl. O CBSI3H BBINOIHEHHS 3aKOHA COXPAaHEHHS MIEKTPUUECKOro 3apsijia U
CYIIECTBOBAHUHM CKaJIPHOI'0O MarHUTHOTO IO M3BECTHO / CM. HALIPHMeED, Y aBTopa 3Toi padotsr [9], [11], [13]/

CKa.IISIpHOC MarHuTHOE€ I0JIE paCCMAaTPUBACTC B TEOPUU 6e3 HpOTHBOpC‘IHﬁ, CBA3aHHBIX C HAPYIMICHUEM 3aKOHA COXPAaHCHUA
JJICKTPUIECKOTO 3apsaaa. Clca.lmpﬂoe MArHuTHOE 1oJIe CYylIEeCTBYET TOJILKO B TOYKAX IIPOCTPAHCTBA, B KOTOPBIX

JABHIKETCSI MATEPHAJILHASI CPe/ia ¢ HEKOTOPOii CKOPOCTHIO: 6 oowem cayuae b(v,r,t) =b(0,r,t)=0.
B teopuu mocrynupyercs: Jj,r,t)=j(0,r,t)—v-p(0,r,¢) - mIOTHOCTH TOKA,

p(v,r,t) = p(0,r,t) - IIOTHOCTH 3aps/a HE 3ABUCHT OT CKOPOCTH JBIDKEHHS MAT. CPEJIbI.

Uz p(v,r,t)= p(0,7,t) cnemyer BHIONHEHNE PABEHCTBA U TIOTEHIIUATIOB (p(;,;,t) = (p(6,;,t)

SIBasierest s mocrynar p(v,r,t) = p(0,7,t) , npornsopedamnmii CTO, 3aKOHOM NPHPOBI — IPEICTOUT BHICHUTD B

9KCIEPUMEHTAX. DTOT MOCTYNAT NPHUBOJAUT K HApYIIEHUIO 3aKOHA COXPAaHEHHS IEKTPUUECKOTO 3apsia, 3alIHCaHHOTO B BUJIE
YPaBHEHUsI HENIPEPHIBHOCTH.

orn | PY @ =0 , v=0
p;+divj(v,r,t) = ar _
ot 0p(0,7,t)

5 + dzv{_'(O,r,t) - p(0,r,1)- v}z —div{p(O,r,t) ~v} ,v#0
t
MOXHO CKa3aTh, 4TO CYLIECTBOBAHHE CKASIPHOTO MArHUTHOTO II0JIsI, HAPYILICHHE 3aKOHA COXPAHCHHS HICKTPUIECKOr0 3apsiia

3a/IaI0TCA TIONIEM CKOpOCTeH V= V(7',1) IBWKEHHS MATEPHANBHOM CPEMIbl (IBIKEHIS TBEP/IOTO TeNIa, TA30BOH CPEJIBI, TUIA3MBL .
)

3aKOH COXpaHEHHs MEKTPUUECKOTO 3apsa HE UIMEET CTPOTOro J0Ka3aTellbcTBa. EQMHCTBEHHOE JOKA3aTENbCTBO 3aKOHA
COXpaHEHHS 3apsAia - ero OmbITHas mpoBepka. Ho, Hampumep, B [4] coolmaeTcs 00 3KCIICpHMEHTaX, B KOTOPBIX BO3MOXXHO
HapyIIaeTcsl 3aKOH COXPaHEHMsI MEKTpUIecKoro 3apsiaa. C MOMOIIBIO OAX0/1a, OCHOBAHHOIO HAa 3aBUCHMOCTH MOJIEBBIX
HEePEeMEHHBIX OT CKOPOCTH JIBIDKCHHS MATEPUH, MOXKHO XOTS ObI ()OPMaIbHO MOHATH:

- CYMIECTBOBAHHE CKATAPHOTO MATHATHOTO MOJISL, BXOJSIIETO B BBIPAKEHHE /UL CHITbI Jlopenna-Huxonaesa

f(v r,t)=q- {E(V 7, t)+[v><B(v 7, t)]+v b(v r t)}

- BO3MOXHOCTb HAPYIICHUSA 3aKOHA COXPAHCHUS DJIEKTPUYCCKOTO 3apdaaa U YCIOBHUA €Tr0 HAPYIICHUS.

KOHEII TJIaBbI 2

§ 9. 3axuouenue.

ITo namemy MHeHmO uzen “ DnexrpoauHamuka Maxcsemna” , “Mnes Hukonaesa o ckamsipHom none” , “Mnes MucroueHko o
JBIDKEHMAX Mo, “Mes o 3aBHCHMOCTH MOJIEBBIX IEPEMEHHBIX OT CKOPOCTH ABIKEHUS MaTePUaIbHON Cpebl” ONPEIEIISIOT
Ha CETOJHAIIHHUI JeHb MHTEPECHBIE ¢ (PUIOCOPCKOM TOUKU 3PSHUS BapI/IaHTLI Pa3BUTHUA TEOPUH SIIEKTPOJUHAMUKU.
PaccmaTpuBaeTcs moaxoz ydera B TEOPUH MEKTPOANHAMUKY NOHATUH “CkansipHoe nmone”, “CKOpoCTb ABIKEHHS TOJIS.
PaccmaTpuBaeTcs B I anmuineeBoM IPOCTPAHCTBE-BPEMEHH TEOPHS IEKTPOJWHAMUKY CO CKAIPHBIM MOJIEM C 3aBHCSIIIMHU OT
CKOPOCTH JIBIKEHHSI MATEPHAIBHOI Cpe/Ibl TI0JIEBBIMH IEPEMEHHBIMH. PHCKHEM Ha3BaTh TEOPHH, PACCMOTPEHHBIE 37IECH,
KaHIMAaTaMU B riepcrekTiBHbIe. PaboTa sBisiercst npopoipkeHneM kuurd [13]. [o HameMy MHEHHIO 1TOJXO/IbI, H3JI0KEHHBIC B
kuure [13] u B 3T0it paboTe MO3BOJSIOT Ha CErOJHAIIHMIT IeHb, HECMOTpSI HAa X BO3MOKHYIO CIIOPHOCTD JIY4IlIe YBUJIETh
po0JaeMy pa3BUTUSL TCOPUH NEKTPOJAUHAMHUKU. Bpems moKakeT, COETAl0TCs JIN CKa3KH, IPOYUTAHHBIC YUTATENIEM B 9TOH
pabore

u pabore [13], ObuIBIO.

KOHel[ paboThI
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O HekoTOpOM (popMAaIM3Me TeOPUH FTEKTPOAUHAMUKH.
Haymenko 10.B.

B pesynbrate npoekra, Hagatoro B 2006 romy, ObLia BBINYIIEHA CEPHS U3 CEMHU

BeiyckoB V, V2, V3,V4, V5 V6, V7 pador asropa [5], [6], [7], [8],[10], [11],[12].
B 3THX paboTax paccMaTpHBANIUCh PAa3IHYHbIC BAPUAHTHI PA3BUTHA TEOPUU
JNEKTPOTHHAMHKU.

B Hacrosiiee Bpemst MHOrHe HCCIIEI0BATENH MOLIEPKUBAIOT TOUKY 3peHus Hukonaesa I'.B.
0 TOM, 4YTO Ha3pena HOTPeOHOCTh B pa3pabOTKe HOBOM TEOPHH MEKTPOINHAMHUKH,
KOPPEKTHO OOBSACHAIONMEH SKCIIEPIMEHTHI U I1apalOKChl, KOTOPhIE HE MOTYT OBITh IIOHATHI
B paMKaX COBPEMEHHOM KJI1aCCUYECKOH TEOPUH NMEKTPOAMHAMMKY - Teopur MakcBeua.

B pabote npenaraercs K pacCMOTPEHUIO (hopManu3M TeOpUH, CHOpMyYIHPOBaHHON Ha
OCHOBE HOHATHUH “DiekTpudeckoe noiue”, “MaraurHoe noine”, “CkanspHoe MarHUTHOE 110Je”
(em. [1]), “Crkansproe snexrpudeckoe nose” ( BBEACHO 31ech ), “/IBmkeHne nons”

( cM. [2], [8] ), Ha OCHOBE HEH O 3aBUCUMOCTH TIOJIEBBIX IEPEMEHHBIX OT CKOPOCTH
IBICKCHHS MaTepuansoit cpemsl (em. V 6 —[11], V7 —[12] ). ®opMann3m TeOpHH MOXKET
JIOIMyCKaTh HEKOTOpPbIE BapUALIUU B 3aBUCHMOCTH OT BUJIA BBIPAXKEHHUS ULl INIOTHOCTH
JNEKTPUUECKOTO 3apsi/ia U BUZIA BBIPAKEHHS ULl INIOTHOCTH MIEKTPUUECKOTO TOKA B
YPABHEHUSIX SIEKTPOJUHAMUKH.

Kaxwe 051 JOBOJIBI H PACCYKACHIU HE IIPUBOMIINCH B IIOIB3Y TEOPUH  3IEKTPOIUHAMHUKH,
KOTOpast TOJIyYNT BceoOlee IpU3HaHKe, B KOHCUHOM HTOTe BCE PABHO OKKETCS, UTO 3T
Teopus OyZeT CUMTAThCA yragaHHOH. Ilpemmaraemad 3meck Teopus yraJaHa, OTpaXxaeT
TOJIBKO MHCHHE aBTOpA, KOTOPBIH CUUTAeT e¢ MepCeKTHBHON. Iyt ee moHNMaHus
XKeJaTeIbHo, XOTA U He 0013aTeIbHO, 03HAKOMHUTECS C OITyOIMKOBAaHHBIME paHee paboTaMu
asropa V3 -[7], V4-[8], V5-[10], V6—[11], V7-[12] .

— OCHOBHBIE I0.I03KEHHS TEOPHH: —_—

1) Bpems ogroponHO. CBOMCTBa IPOCTPAHCTBA B HEKOTOPOI 00IACTH 3aBHCAT OT
CKOPOCTH JIBIDKCHHS MaTePHAIIBHOM cpenibl B aTol obnactu. Ecnmu X nexomopaa
Pusuueckan senuuuna, mo X = X(v,t,r).

ITpu nepexome or ACO x UCO':

r'=r-V-t, t'=t, X'(vV,t',r'"Y=X(-V,t,r =V -t),rne V - oTHOCHT. CKOPOCTB

2) PaccmarpuBaetcst JeKTpoMarauTHoe nose (= {E, B,b,e }, UMEIOIIee
koMroneHTsl E (v, ¢, 7) — aiekrprueckoe moie,

B(v,t,r) — marautHOe MOIIE,
b (v,t,r) — crasApHOE MarHUTHOE MOJIE,
e(v,t,r) — CKaISIPHOE IIEKTPUIECKOE IOJIE.

He uckioueHo, 9To Ipu HEKOTOPBIX YCIOBHSX, 8 BOSMOXKHO U Beera, nonst £, B,b,e

IBIDKYTCSL KaK OJHO IIEJI0e C OJHOM M TOif %e CKOpocThio va (V,1,7) .
[ToneBble IepeMeHHbIE, CKOPOCTD JBMKECHHS 3JIEKTPOMATHUTHOIO MO, IUIOTHOCTh
DNIEKTPAYECKOrO 3apsiia 3aBUCAT OT CKOPOCTH JIBIDKEHUS. MATEPHH v(t, r) -
DIeKTpUYECKUH 3aps]l BCEr1a HaXOAUTCA B SIEKTPOMArHUTHOM I0JIE, KAK MMHUMYM B
CBOEM COOCTBEHHOM. Bcerma mmeeT cMBICT TOBOPHTH O CKOPOCTH JIBIKCHHUS
3IEKTPOMATHHTHOTO MOMST Vg (;,t,;) =vo (6,t,;) - ;(t,;) B TOUYKE HaXOXKICHHUS
SIEKTPUYECKOTO 3aps/a.
3) IlnorHOCTH 3apsja U TOKa.

Jw,t,r) = j(v,t,r)—va (\_z, t }_’) . p(\_z, t, }_’) - IUIOTHOCTH OOOOIICHHOTO TOKA,
;(\_z, t, ;) = ;(6, t, ;) —v- p(a, t, ;) - IUIOTHOCTH TOKA,
p,t,r)=p(0,t,7) - IUIOTHOCTb 3JIEKTPUIECKOrO 3apsijia.

Jt,r) = jvt,r)=va W t,r)- p(v,t,r) =
= [0, 7,0 =¥ 1) p(0, 7, 0) |~ (0, 7, )= (1) p(0, 7, 1) | =
= j(0,¢,r) = v(t,r)- p(0,2,7) = J(0,1,7)
P, t,r)=p0,6,r) 3 jot,r) = j0.t,7)=v-p(0,8,7) 5 J(v,t,7) = J(0,1,7)
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31ech MOJ Vo MOHHMAaeM VvQ =

[
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V,t,r | - paccMarpuBaeM, Kak HE3aBUCUMBIE IEPEMEHHBIE, BXOIAIUE B p(v,1,7), j(v,t,r).

op(0,1,7)

4) 3aKOH COXPaHEHWsI ATEKTPHIECKOTO 3apsia: 5— +divj(0,t,r)=0
t

== —
Ho ne gpaxm, umo W+ div j(v,t,r) | obpawaemcs é HO® .
t

op(v,t,r)

+divj(t,7) = 2&LD
ot t

+divlj(0,6,7) v+ p(0,1,7)|=
- {w +divj (0,1, F)} - div{; - p(0, 1, F)}: —div{E (0,1, F)}

3akon coxpanenus an. 3apaoa evinonnsemcs 6 yacmuom caydae v =v(t,r) =0, mo ecmo
npu omcymemeuu osudicenust mamepuu!!  Ecmb coobwenus 06 skchepumenmax,

6 KOMOPbIX B03MOJICHO HAPYUIACMCS 3AKOH COXPAHEHUsl INeKMPUYEcKo20 3apsod.
p,t,r)=p(0,t,7) o3nauaem, umo omHOCUMENLHO OBUINCCHUA MAMEPUATILHON

cpedbt UH6aApUAHMEH He 3ap}u), a UuHeapuanmua nJIOMHOCMb IJIEKMPUUECKO20 3!1[”10!1.

Tak %e w +divI(vt,r) = —div{;g -p(0,¢, F)};: 0

5) VYpaBHEHUs TEOpHUH AIEKTPOAUHAMUKH B I anuneesom npocmpancniee pemenu.

Cucrema ypaBHEHHIH 31€KTPOANHAMUKU. Tabnuua 1
Bt = [ ooty L)y LS5 7 x Bt r) + 2 v (0,1, 7) b, t,7)
‘r—r' ¢ ¢
= = 1 (= - = r—r 1 - - = == -1 - - - - =
B(v,t,r):—-jJE(v,t,r’)x Er 13)-dV’+f-vE(v,t,r)><E(v,t,r)+f-vg(v,t,r)-e(v,t,r) 5
¢ P ¢ ¢
(r=r)

—3

l

bt = [Te(otr) -
C

r—r

1- -~ - == - .
dV'+—-ve,t,r)- E(v,t,r) >
c

et,) = = va () BsLT)
c

o=~ .\ [ ~.- 35\ =% ~.- .
EE(v,t,r)-%—(vE(v,t,r)-V)-E(v,t,r)=0,
R P N
EB(v,t,r) +(vg(v,t,r) -V)-B(v,t,r) =0,
Oyt e loot ) bot Ty = 0
a—b(v,t,r)+ vo(v,t,7) -V |-b(v,t,r) =0
t

ge@, 17+ (et 7) V) ey =0
t

rae
Jt,r) Jt,r)
JeWt,r) =| jt.r) =vEWLE) - pOutsr),  JeWt,r) =| jv,t,7) = ve(W,t,r) - p(v,t,7)
Wt ) —va(ntr) - p(v,t,r) Jtr) = vt r) - p(v,t,r)
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Or 3Toli cHCTeMb! ypaBHEHHH 3nekTponuHamuky (Tabmuma 1) mpuxoauM &
crenytonei cucreme ypaaenuii (Tabnuma la) /em. V7-[12] /

Cucrema ypaBHEHHH 1€KTPOANHAMUKU. Tabmuma la
— = — 1 — — — — — — — = —
E(v,t,r)+—2-vg(v,t,r)x[vE(v,t,r)xE(v,t,r)]—
c
1 - - - - - =- -\ 1 - - - - - - - -
——z-vb(v,t,r)-(vE(v,t,r)-E(v,t,r))+—2-[vB(v,t,r)xve(v,t,r)]-e(v,t,r):
c c
N - —
( r) dv'— vg(vtr) _[[JE(vtr)x( )]dV+
¢?

U I
r—r‘ r—r

(r=r)

U
r—r‘

=[putr) 3

+ivb(vtr)j(J(vtr) ——).dv’

B, t,7)+ Ve (0,t,7) < (1,7 % B 6]~ e (0,7 x (o0, 1,7) bt 7) |-
C
~ L vg(lti)-ﬁd,r,?)}:
C
1 [j i (r— ) (r— ")
= E(vtr)x dV]+ vE(vtr) (_[p(vtr)

r—r' r—r

-dV'y

D0, 7) + o (0, 1,7) [0 (01,7 % B, )] = Ve (01, 7) - (0 (5, 8,7) (3, 1,7) =
C C

(= r) dV+— vet,r) A [ p(ut,r )(r _rg.dV' ;

r—r' r—r

:—jJ v, t,r') -

1

et.r) == Vo) Pt x Bt vt st - e -
¢ C

1 - - = =5 T, (’_’_’7)

:T-VB(V,t,r)'IJE(v7t7r)X - 3

c r—r"

AV’

LB+ e V) Etn =03
%E(;,t +(vg(v,t,r) V) Bv,t,r)=0;
O piris 0
—b(v,t,r)+(vb(v t r) V) b(v,t,r)=0;

e(v ‘ r)+( g(E,z,Z)E).e(;,z,?):o .

C He00X01MMOCTBIO CJIe[yeT, YTO B OTCYTCTBHH HCTOYHHKOB IOJIsI
EW,t,r), Bvt,r), b(v,t,r), e(v,t,r) ABUKYTCS C OZHOM H TOIi e CKOPOCTHIO

VE =VB =Ve =Vp =VQ, Vo =C.
Bo3M0:kHO, CymiecTBYeT CBfI3b MesK1y 3AKOHOM COXPaHEHHs 3apsiia
op(v,r,t)
ot

VE =VB =Ve =Vp =VQ.

+divj(v,r,t)=0 u paBeHCTBOM CKOPOCTEii IBHKEHHSI NOJIEi

VuureiBasi, 4To ;(;, t, ;) = ;(6, t, ;) - p(a, t,;) ,
p,t,r)=p(0,t,7),  J(,8,1)=J(O0,1,7),

VEW 1) =vE O, 6,r)=v(t,r) , vEWt,r) =vE(0,0,r)~Wt,7)
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Ve t,r) = v (0,6,7) =Vt r) 5 Ve, t,r) = ve(0,6,7) = W(1,r)
u3 Tabmup! 1a momydaeM cucTeMy ypaBHeHHH anekTpoauHamukd (Tabmmma 1b).

Cucrema ypaBHEHHH NEKTPOJHHAMHKN. Tabmmma 1b
D) Et7) + - va (1, ) < [0 (r,1,7) < Byt 7)] —
c

1 - =--F-F--=- -1 -- - - - - - =

== vbW 1) WEW,L,r)- E,t,r) [+ — - [ve(v,t,r) xve(v,1,r)]-e(v,t,r) =

c c

=B @)+ v @t X000 < EQ.1,7)] -
C

e e
_?'vb(oatsr)'(VE(Oatsr)'E(Ostsr))+72'[VB(Ostsr)xvff(Oatar)]'e(oatar)+

— ()% [[T (0,1, x (r r)] AV’ ——v(t,r) [ (Je(0,0,7) - G r’g)dV’

‘rfr‘ ‘I’ v’

2) B(v,t,r)+L VEW,t,7)x [va(v,t,) x B(v,t,r)] - Ll [VE(v,t,F)X<Vb(V,t,F) b(V,t,r))]
C
-Lz-;e@,t,;)-(;B@,t,;)-ac,t,;)):

= BOL7) + e 0,67 X [V5(0,,7)% BO,4 - e 0,1, x (00,8, - 50,1, |-
C C

L @) (00 BO.LA)- L ([ p0.07)- (_r__rF Ay .
¢ ¢ r—7
3) Bt + v t7) [V (0t X Bt )]~ (.7 (06 (0.7 - b(,t,7) ) =
C C

= b(0,1,7) 4 vE(0,6,7) - [Vs(0,1,7) x BO,1,7)] -
C

—%-55(6,&)-(G;,(G,r,?)-b(6,t,?))—l§(t,;).jp(6,t,7). (_r‘_r') .
C c

r—r

4

=

e(vt r) S vB(vt r) vE(v,t,r)xE(vt r) S vB(vt r) (ve(v t r) e(v,t,r))
?

76(0 t r) 1 vB(O t r) vb(O t r)><E(0 t r)}fi vB(O t r) ve(O t r) e(O t r)}

_Lz;(ta;)_[jﬁ‘(aata7)x£r;_r3)dl/l 5
¢ r—r'|

o=~ - [ ~.-v35\= .- .

5) —E(v,t,r)+ vE(v,t,r)~V)~E(v,t,r)=0,

6) —B(v +(vg(v,t,r) )-E(;,t,;) =0;

7) —b(;,t,;)+(vb(v t,r)-V ).b(;,z,?) =0;

8) —e(v 1)+ et r) V) e, =0

Ecim ipenonoxuts, uro ons £, B,b,e nBwkyTcs Kak 0JIHO IIENOE ¢ OMHOW ¥ TOH xe

ckopocteio v (v, t,r)=vE (v, t,r)=vp(v,t,r) =vp(V,t,1) =Vv.(V,t,7) , TO CUCTEMBI
ypaBHenuii TabOnuia 1, Tabmuna la, Tabnuna 1b 3amumryTcs Kak CHCTEMBI YPaBHEHUMH
Tabnuma 2, Tabmuna 2a, Tabmuma 2b .

Monarast, vo(v,t,7) =vEW,t,r)=vp(W,t,r) =vy(V,t,r) = Ve (V,t,7) , nonydaem, 9ro
cucreMa ypasHeHu# (Tabnuma 1) npumer Bua cucteMs! ypasHeHui (Tabmuma 2).
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Cucrema ypaBHeHuUi SMEKTPOTHHAMHKH. Tabnuua 2
E(v,t,r) = Jp(v,t,r )- G r) dV'—l VQ(V,Z‘,F)XB(V,Z‘,F)‘F* VQ(v,t,r) b(v,t,r) 5
‘r - r'
(r=r')

aVV’+l vg(v,t,r)><E(v,t,r)+l vg(v,t,r) e(vtr) 5

B(v,t,r) =— IJ(v,t,r)x

‘F—F

v 1- ~ = =~ - .
S-dV'+—-vaW,t,r)-E(v,t,r) >
‘ c
r—r

b(o,t,r) =~ [Tt 1)
C

e(v,t,r) = l~;gz(;,t,;) “B(v,t,r) » THE ‘ Jt,1) = jv,t,7) —va(,t,7) p(v,t,7)
C

%E(G,z,?) + (EQ(;,z,;) ﬁ)f(;,t,;) =0; %E(E,t,?) + (GQ(E,t,?) .5). B(v,t,r)=0;
aﬁb(;,z,?) + (EQ(E,I,?) .5).1;(;,:,?) =0; aﬁe(;,t,;) + (;Q(E,z,?) .5). e(v,t,r)=0
t t

Or 370l cHCTeMb! ypaBHEHHH 3nekTponuHamuk (Tabmuma 2) npuxoauM K

crepyronei cucreme ypasuenuii (Tabnuma 2a). / xox paccyxaenuii cM. B [12] /
Cucrema ypaBHEHHH. Ta6nuna 2a
[1 VQ(Vtr)] W, ( ) aVV'—L vg(v,t,r) jJ(vtr)x (- r) -dV'+
¢ ‘r -7 ¢! ‘r -7
S
+—2-VQ(v,t,r)-_[J(v,t,r ) -(_—_3-dV
¢ r—r'

2~ =L o _ —
[l‘m(vz’t’r)}B(v,t,r)I-IJ(v,t,r')x - ) dV'+f vg(vt r) Ip(vt r) ( )-dV'
¢ ¢

‘r 7r"

(1 Lol Q(V”)Jb( t, )—f-ﬁ(;,t])-( r) dV’+f vav.t,r) [ pvtr)-- (r= )-dV’
c

‘r—r' r—r

2 S
[I—L‘;’t’}’)]( tr):— VQ(vtr) _[J(vtr)x( _r).dV’

c 3
r—r ‘

_______________ : e | T =500 ~va (i) pt )

%E(G,z,?) + (EQ(;,z,;) ﬁ)f(;,t,;) =0; %E(;,t,;) + (;Q(;,t,;) .5). B(v,t,r)=0;
0, - — (  ~ S\, . . O — = (- = =) - -
ab(v,t,r) + (vg(v,t,r) ~V)~b(v,t,r) =0; ae(v,t,r) + (vg(v,t,r) ~V)~e(v,t,r) =0.
BuHo, 9TO B OTCYTCTBUM HCTOIHUKOB OIS E,B,b,e IBIKYTCS C OJTHOW M TOH ke
CKOPOCTBIO VE =VB =Vp =Ve=va, PaBHOI CKOPOCTH CBeTa Vg =C .
VunrsiBasi, 910 ;(\_/, t, }_’) = ;(6, t, }_’) —;-p(a, t,;) ,

p(v.t,r) = p(0.t,r),

J,t,r)=J(0,1,7),

va,t,r)=va(0,t,r) = v(t,r)

u3 TaOmupl 2a momydaeM CHCTeMY ypaBHEHHH anekTpoauHamukd (Tabmmma 2b).

Cucrema ypaBHEHHMH 3JI€KTPOANHAMUKH Ta6muma 2b

[1 ”’(V )]E(V,t,r)=
C
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[1 VQ(O,t,r)JE(OJ P+ (1, 7) J‘J(Otr) =)y
r—r'|
V([ r)jj(() (l"— ) dv’
‘r—r‘
(1 "Q(V’t’r)]B(vt r) = ( VQ(OMJB(OJ’F)_
c C
(r r)
—— v(t r) _[P(O Z r) v’
r—r'
(I_VQ(VZZ’")] b(v )=( VQ(O V)] b(0,t,7) —
C
-2 v(t r)- [ p(0,2,r")- (_r 2 av
r—r"

=(1—&2”’”}(6,@;)—%.;(z,;).jj(('),z,?)x =) gy
C C

|
}"—}"|

,,,,,,,,,,,,,,,,,,,,,, e | 70,61 = 50.6.1)=va0.t.1)-pO..7)

L B0 +boman) T} =0 5 S B0+ b -¥)- Bun = 0;

aﬁb(;,t,;)+(;g(;,t,;) .5).1;(;,:,?) =0 ; aﬁe(;,l,;)+(;g(\:,l,;) .5).e(;,z,;) =0.
t t

VYuntsiBas, 4to }(6,[,;) = ;(6,1,;) 7;9 (6,[,;) . p(a,t,;) , TIOIy4aeM CHCTeMY ypaBHEHHIA

JEKTPOIUHAMUKHU. Ta6nuna 2¢
[1 4 Q(V )]E(V,t,r) =( 4 Q(O )]E(O,t,r)+
C C
F S [0 <L - LS % [ e, p@,67) - -
¢ ‘r - r" ¢ ‘r -7
v [y v L @) p@n S v
c i =

[1 ”’(Vz )] b(v,t,r)z[ ”’(0 )] b(O,t,r)—f v(t,r)- [ p(0.1,7)- (r=r) v
C C

V—V‘

"""" JITDy -
c C

( ) dV’+7 V(t F) JFQ(Ot}”) p(Otr)} (F F)

‘r—r" ‘r—r

-dV’

1 — — _— —
——-v(t,r)-| j(0,¢,7r)x
) [70.0.7)

%E(G,z,;w(;g(;,t,;)ﬁ)f(;,t,;)=o ; %E(;,t,;)+(;g(;,t,;)~€)~§(;,t,;):0;
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gb(;,t,;) +(o@.0n V)b =0 ; aﬁe(;,t,;) + (@) V) e =0
t

Wnu B apyroii 6071ee HArIATHON HopMe 3aIHCH:

Cucrema ypaBHEHHMH 3JI€KTPOAUHAMUKH Tabmuma 2d

[1 ”’(V )]E(V,t,r)=
C

=[1 vQ(Otr)JE(Otr)+ W, r)xBo(Otr)—f W(t,7) - by (0,,7)
C

,
[I—VQS)/ ]b(v

5 _ o -
[l_v Q(VJ’F)J v,t,r) = [ ; Q(O : F)J (O’t’r)_l'V(f,r)»Bo(v,t,r)
c C

K Q(o ] b0, =L () Bo(nitr)
C

Eo(0,6,r) = [ p(0,t,r )-(_r__rz-dV’;

U
r—r

Bo(0,,7) =+ [ 70,6,y x L) ap =
c

r—r’|
1 == = =7 .
:_.J'j(O,t,r')xEr__rS) _[{_Q(Otr) p(Ot )} U—jg'dVl;
¢ r—r' r— r|
b0(6,t,5):l-ﬁ@,t,?)-%-dlf’:
¢ r—r'|
1 (== = }_’—7 P ,
:—-J.j(o,t,l’)-f—_; _[{_Q(Otr) p(Otr)} (r=r) AV’
¢ r—r' r— r|
0(0,4,7)=0 ;
%E(;,t,;) +(o@.0n V) Eman =0 %E(;,t,;) + (@) V) Ber =0

gb(;,,,;) (oG )b =0 aﬁe(;,,,;) (o) V) et =0
t

Cucmembul ypasnenuii uz Taonuywt 2, uz Taonuys 2a, uz Tabnuywt 2b, uz Tabauywr 2c,
u3 Taonuyvt 2d 3x6usaneHmubl.

6) cuna JlopeHua-Hukonaesa:

ST =aoe D) -{E(;, P B b, a}
C C

7@,;):q(;,t,;y{f(;,t,;)ﬂv— T

5 bv,t, F)}

7) YpaBHEHUS JIEKTPOANHAMUKA WHBAPUAHTHBI OTHOCUTEIIBHO npeoGpawBaHHﬁ Tamnes.

8) 3aMevanms, KOMMEHTapHii:

-V - CKOPOCTb MaTepUaIbHOH Cpelibl B TOUKE € KOOpIHUHATaMU (r t).

q(v, t,r) - 3apsij BENMYMHOW ¢ HaxoIsuiuiics B 4-Touke ¢ koopaunaramu (£,7) ,
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Z[BI/DK}'HII/IﬁCSI CO CKOPOCTBIO V .

- Hocrymar p(v,t,7)= p(0,¢,7) upuBOIAT K HApYIIEHHMIO
3aKOHA COXPAHEHHMs IEKTPHIECKOTO 3apsi/Ia, 3aIMCAHHOrO B BUJIE YPABHEHUS
HETIPEPBIBHOCTH ISl OOIIETO CITy4asi, yIUTHIBAIONIETO ABWKEHNE MATEPHH.
- Hetpynno Hanwcarts ypaBHEHHUS SNEKTPOJAMHAMHUKH C IPYTUMH BHIPOKEHUSAMA
pw,t,r)= p(0,t,r)+v-j(0,t,r) ;

3 PaCcCMOTPEHHOI'O CIIEAYET, YTO, TOJBKO IPH OTCYTCTBUU UCTOYHHUKOB, I1OJIA E, B,b, e JABUIXXYTCA

Kak €JIMHOE 3JIE€KTPOMarHuTHOE mose Q= {E, B,b, e} C OJIMHAKOBOM CKOPOCTBIO V() ,

110 abCOITFIOTHON BEIMYNHE, PABHOH CKOPOCTH CBETA V(O =VE =VB =Ve =Vp, Vo =C.
MoXHO CKa3aTh, YTO HapyLICHHE 3aKOHA COXPAHEHUS 3JIEKTPUYECKOTO 3apsaaa

3ajaercs noneM ckopocteit v = V(¢,7) JBIKEHHS MATEPHANLHOM Cpeibl (IBIKEHMs

TBEPJIOTO TeJIa, Ta30BOM CPEJIbl, IUIA3MBL, . . .).

[Ipencrout orBeruts Ha Bonpoc: “Kakoil TOk n3MepsieT MUKpoaMIepMeTp

I=[jdS wm I=[JdS 7.

Oskunaercs, 4To TEOpHs IPUMEHNMa KaK Il HEMPEPBIBHO PACIIPEIENEHHBIX 3apsII0B U
TOKOB, TaK U JUISl OJUHOYHBIX JIBMKYIIUXCS C IOCTOSHHOW CKOPOCTBIO 3apsi/iOB.
OxXHmaeTcs, 94T0 TEOPHs, BO3MOXKHO, OOBSICHHT 3KcIepuMeHTH! Tecna.

O)I(I/I,Z[aeTCSI, YTO TEOPpUA IPOABUT ce0st TIpYA OMUCAHUU DJICKTPOJUHAMUKHN CILJIOIITHOM Cpeapl,
Hanpumep, ra3oBoi CpE€bI WIN IUIa3MBbI, B KOTOPBIX BUXPEBOE MU Typ6yJ'ICHTHOe

JIBIDKEHHS YaCTHL] CPEJIbl 3aJal0TCs MOJIEM CKOPOCTER v(t,7) .

¢ Ipuioxenue.

1. Knaccuueckas JJNEKTPOANHAMHUKA ONMUCBIBACTCS YPAaBHECHUAMUN Makcsemia.

Cucrema equnani CU: Cucrema eanann [aycca:
divE =2 , divE=4-7-p ,
divB :OO 7 divB=0 B )
rotE:—iT? , rotfz—%-z—f 7,
’”0t§=#0';+#0§0'% - rotgz%-;+%-%—lj

B 2006 . aBTOpOM 3T0# paboTHI ObLTa OMYONINKOBaHA eMHast TeopHs BeKTopHbIX mosneit (ETBIT),
pa3pabotanHast Ha OCHOBE 00001IeHHH MeKTpouHaMuky Makcsemna [5], [6], [7]:

n Bexropubix moseit: X1, X2, ++++++, X, , KOKIOMy U3 KOTOPEIX COTIOCTABIAETCS
CBOM 3apsia: 9x, 9x, ... 9x,
IUIOTHOCTB 3apsijia Px, Px, Px
L CO X,
U IUIOTHOCTh TOKA J X, Jx, Jx HpeIaracTcsl paccMaTpuBaTh Kak
X B

TIPOABJIICHUA OAHOT'0 €ANHOTO ITI0JIA, YAOBJIECTBOPAIOIIETO YPABHECHUSAM

divY = 2V PL
L

= - oL
rotY =3 py - j, D Ay ——
L L ot
rae ¥, L npurnMaroT 3Havenus u3 Habopa cumBonoB X, X,, --e-- X,
COOTBETCTBYIOIIUX BEKTOPHBIM MOJISIM X1, Xa, «ooee- L X

(V) - MaTpuma “3IeKTpHUYeCcKUX’ MOCTOSHHBIX,
- MaTpHUIA “MarHATHBIX  IOCTOSHHBIX,
& P s
(M) - Marpuna ‘“dNeKTPOJMHAMHYECKHX’ IIOCTOSHHBIX,

{p} - mmoTHOCTH 3apAnOB, {;} - IUIOTHOCTH TOKOB.

Marpupt (v), (W), (L) o0ycrnaBiuBarOT B3aUMOJCHCTBUE TOJICH

47 “I1poeKT TeOpHH NEKTPOIHHAMUKH (anbTepHaTHBa Teopun Maxcsemnna)® Apmasup 2019



X1, Xoy wooeee , Xu ZPYT € APYToM.
Hanpuvep, 91eMeHT Vy; MaTpuus! (V) TPaKTyeTcsi, KAK [OCTOSIHHASI, 00y CIIaBIHBAIOIIAs
Bo3elicteue nonsg L Hamone Y .

ITo ananoruu ¢ hopMaIH3MOM TEOPUH IEKTPOIMHAMUKH, H3T0XKECHHBIM B
sToli pabore ( cM. Tabmumal ) MOXKHO paccMOTPETH (POPMATU3M TEOPHHU BEKTOPHBIX U
CKaJIIPHBIX TIOJICH:

N BEKTOPHBIX TIOJIE: X1, X2, «oo--- , X n , V U3 KOTOPBIX COTIOCTABJISETCS
CKaIIPHOE II0JIe Sy, Sx, .. _Sx,
MAarHuTHOE I10JIE -0y, ,-Pyx,, --,—Dx, / —@Y:—ZAYLL /
L
CKALIPHOE MATHATHO® 10N Sy Sy, _Sx, I Sy =By -sL /
L
sapsn: 9x, 9x, ... 9x,
IUIOTHOCTH 3apsiaa Px, Px, Px
FPx, Fx,
U TUIOTHOCTH TOKA j j j
Jx, Jx, Jx,
MPE/JIaracTCsl PacCMaTpPUBaTh Kak IPOSBICHUS OJHOTO €IMHOTO MOJIS
Q= {} 1, X2, <o , Xn }, YIOBIIETBOPSIIOLIETO YPaBHEHUAM
Cucrema ypaBHEHHH €IMHON TEOPHU BEKTOPHBIX M CKAJISIPHBIX MOJIEH. Tabmuua 1c
L o
o S W G
Y(v,t,r) =Dy -JpL(v,t,r)- —— 5 dV =Yy -JJL(v,t,r)x ——dV'+
L ‘r - r" ¢ L ‘r -7

+l-z/1ﬂ -[;L(;,t,;)xZ(;,t,}_’)]+l-Zﬁn -(;L(;,t,}_’)-SL(;,t,}_’)) :
() ()

(r= ’2 v’ +%. > By .(;L(;,t,;) Lt,r) ) ;
L

|
‘V—V

—_ _ 1 j— _ -
sy(vt,r) = o 2ty '_[JL(VJ,V )
L

L0+ i) V)Tt =03

Gt + s, 7)Y )5y (a7 =0

ot
- GG
Jr(vt,r)y={- - - J_Y(_’ ’_) -
Jymt,r)=vy(v,t,7)- py(v,t,1)
rue - _ _ >
- - = MUAN
ToGur=| - - At
Jy,t,7)=vs, (v,t,7)- py(v,t,7)
rae ¥ , L npurmmarot 3HaueHns w3 Habopa cumBonoB X, X,, ----- X,
COOTBETCTBYIOIIUX BEKTOPHBIM MOJISIM }1, }2, ...... , X
1 CKaJSIPHBIM TIOJIM Sx, Sx, ... Sy

™, (W, AN, (B) - TOHITHO, KAKIE MATPHUIIBL.

Kak yacTHbIN Ciydaii T0ydaeM TEOPHIO JIEKTPOMArHUTHOro oyst (2 = {E, E,b,e} :
_Je{_ )4 _ PE _ P A ;E _ ;

R R R A R 7, {o}
(Ve ves| (1 O (pgg pgg) (01

(V)_(VBE VBB] (0 _J’ (#) (#BE #BB] (1 Oj’

R Il H Y RS AR v

“I1poeKT TeOpHH NEKTPOIHHAMUKH (anbTepHaTHBa Teopun Maxcsemnna)® Apmasup 2019

48

48



49

7 [Pt (r=1) -dv’ jJE(vzr)x( ) v’
{_}_ _[VEE VEB]' r—r‘ +l‘[:uEE :UEBJ‘ r—r
B - _ SR o SR
Vee VB jPB(VJ"")‘(,r 12 gyl € \HsE Hsp [T, x Er :’3) v
"’—"" r—r"

+l.(AEE AEBJ {VE(V t, r)xE(v t, r)} l
c

¢ \Agr ZAss) |ve(t,r)xB(v,t,r)

Bee ﬁEBJ {ve(v t, r) e(v t, r)}
Bse PBss) (vo(v.t, r) b(v t,r)

[1 j [prnt.r)- =) gy 1) lj]g(v,t,r)x (= ’) v’

0 -1 =l i
0
+l.(0 —IJ vE(vtr)xE(vtr) +l.(0 IJ ve(vtr) e(vtr)
c\1 0 vg(vtr)xB(vtr) c\l 0 v;,(vtr) b(vtr)

- (G 0

B e ) I

= ‘r—r‘ B J‘JE(v,t,r)x7 — AVt

0 \r—r’\

1 vB(vtr)xB(vtr) 1 v;,(vtr) b(vtr)
—vE(vtr)xE(vtr) C vg(vtr) e(vtr)

_[jE(;,t,?) —

2.av’
:1.(#55 tuEBj. rﬁ—r’i +1’(ﬁEE ﬁEB] Vg(vt}:) g(E[ N _
¢ \Hpe HMps _[jB(\:,[,;)' Er_r;)-dV' B Bes) \ve(,t,r)-B(v,t,r)
r—r'
S G,
_l.o 1 . IJE(V,t,F)._ _,3-dV +l.0 vg(vtr) E(vtr)
c\1 0 _|r—r| c 1 vs(v,t, 1) B(v,t,7)
0
O —_— —_—
1 - - = — t, ‘B t
=—. J‘JE(V,t,i"')' (r r3)'dV' +_ Vb(V }") (V }")
c ___r| ve(v t r) E(v t, r)
r—r
Jlianons ¥: - MarHUTHBIM HOJEM ABJIAETCA TIOJE — Dy =— ZZYLZ

L
- CKaJIPpHBIM MAarHUTHBIM IIOJIEM SABJIACTCA EY = Z ﬁYL St

o e D3
ol -

CI/IHa, HeﬁCTByIOHIaﬂ Ha JBWKYIIYIOCA CO CKOPOCTBIO V YacTHUIy C Ha60p0M

3apsI0B %Xl Ay, dx, }: f wpusiey z qy - [Y+zx(—®y)+z-3y],

F ey = .(E+§x(_55)+§.55]+q3 .(§+§X(_53)+§.;B]:
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P -[E+§x(—55)+%-55]+0:q-[f+zxﬁ+z-b] .

C C

II. B pa6ote aBropa [10] (BbImyck V5) noxydeHs! popMyIbl BEIYHUCICHUA CKOPOCTH
JIBIDKEHUSI BEKTOPHOT'O TIOJIA:

—0B. /0t OB,/dy 0B,/éz |6B./ox 0OB,/dy 0B, /éz
Vg, =|-0B, /ot 0B,/dy 0B,/0z| | |0B,/x OB,/dy oB,/dz==%
—0B./0t OB./dy ©0B./0z| |0B./ox oB./éy 0B./oz

0B, /ox —0B. /ot 0OB,/dz| |oB,/ox 0OB,/dy 0B, /oz
vy, =|0B,/ox —0B, /ot 0B,/dz | |0B,/ox OB,/dy OB,/oz|=—> -
0B./ox —0B./ot 0B./dz| |0B./ox 0OB./dy 0B./oz

0B,/ov 0B./oy —0B,/0l |0B./ox oB.ldy 0B.Je
vs. =|0B, /ox ©B,/dy —-@B,/dt| / |0B,/ox ©OB,/dy 0B,/oz=—%

0B./ox 0B./0y —0B./ol |0B./ox 0B./dy 0B./éz

B paborax aBropa [11], [12] (Bemmycku V6, V7) npuBeneHsI IPEMEpH pacueTa
o >1uM opmynam. [IpuBeznem emre omuH npumep.
Bsraucnum o 3tuM GopMynaM CKOpOCTb ABIDKEHHS MOJS ITIOCKOI MOHOXPOMATHIECKOH

sommsi B =By -cos %-;—a)-t):ﬁo -cos(kx x+k, - y+k, -z—a)-t),

[ .
raoe k=—-n - BOJIHOBOU BEKTOP, /1 - €[1. BEKTOP B HAIIPABJICHUU PACIPOCTPAHECHUS BOJIHbBI

Cc
111

VB,[:AX _ w.EOY.EOy.EOZ.k -k -sin (7 _ ) _o _c ,TIe 5_[1 1 1|=0
A By BBy kyky ok sintlkor-ot)-8 0 ko, L1

) _ﬁ_ a)-on-Eoy-EOZ-kx-kz-sin3(%-;—w-t)-§ _o _ ¢

PN By By, Bk ky ok osin’lkr—w-t)- 5k, on,

LA 0By By bykeksiler-od) 5w e = yaoy
BN Ey By By okyoky ok sintlkr—wt) 5 ko on v,
Jluteparypa.
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[3] Hdx. dxexkcon “Kmaccudeckas snexrpoamHamuka’, M.,“Mup”,1965r.
[4] Haymenko 10.B. "Equnast Teopus BEeKTOPHBIX IOJ€H (OT 3IEKTPOAMHAMUKI
MaxkcBenia K eIMHON TeOpHH 1oys)"
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[9] Haymenko }O.B. “Bo3mokHOE pa3BUTHE KIACCHIECKON 3IEKTPOANHAMUKH
Lambert Academic Publishing, 2014r.
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[11] Haymenko FO.B. “O HeKOTOpbIX MpeUIOKEHHX B 2IEKTPOAUHAMUKE”,
V6, Apmasup, 2017r.
[12] Haymenko FO.B. “Tlogxoms! kK pa3BUTHIO TEOPUH NMEKTPOAUHAMUKH ~,
V7, Apmasup, 2018r.
C paboramu aBTOpa MOXKHO O3HAKOMHTECS Ha caiite Www.etvp.narod.ru .

006 aBTOpe: B 1977r. 3ak0oH4MI (PU3HKO-MaTeMaTHYeCKUN (aKynbTeT ApMaBUPCKOro
l'ocynapcTBeHHOro neparoruueckoro uHCTuTyra. B 2006r. mpemnoxun cBoit BapHaHT

eauHoi Teopun noia. B 2012r. - 2018r. paccmotpen psili BAPUAHTOB Pa3BUTHS TEOPHU
NEKTPOTMHAMHKI

Poccust, Kpacnonapckuit kpaid, r. ApmaBup, yi. A3oBckasd 9, kB. 45
mail-to: naumenko_ju@mail.ru ; http:// www.etvp.narod.ru ; http:// www.maxetp.narod.ru

27 oxra6psa 2018 Haymenko 10.B.
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Komusa xuur Haymenko 10.B. V7, V8,V9 Apwmasup, 2018-2019

Ilpoexm meopuu 31eKmMpoOUHAMUKU

( aremepnamuesa meopuu Maxkceenna)
Haymenko 1O.B.
B pesysbrare npoekra, Hagatoro B 2006 roy, Oblia BBIMYIICHA ceprs U3 AeBsATH Bhiyc-koB V, V2, V3, V4 V5 V6,V7, V8
pabot aBTopa (CM. CIIMCOK JINTEPaTypBI).
B 91X paboTax paccMaTpUBAINCH PA3IMYHBIC TTOAXO/ABI PA3BUTHS TEOPHH SIEKTPOINHAMUKH, IOTPEGHOCTE B KOTOPOH 110 MHCHHIO
MHOTHX HCCJIEOBaTeNeH y)Ke JaBHO Ha3pena. B Hacrosieil paboTe B CKaTOM BHIE H3JIOXKEH MPOEKT TEOPHUH,
chopMyIHPOBAaHHOI Ha OCHOBE MOHATHH “DieKkTpudeckoe noie”, “MarautHoe none”, “CranspHoe MarHuTHOe none” , “CxamipHoe

aJIeKTpudecKoe none” , “J[BmwkeHne mons” , Ha OCHOBE HWIEH O 3aBHCHMOCTH ITOJIEBBIX IIEPEMEHHBIX OT CKOPOCTH JBIDKCHUS
MaTepHAIbHOMN Cpemsl .

J171st IOHVMAHUSI TEOPUH, SIBJISIONICHCS aJbTepPHATHBON Teopur MaKcBellIa, KelaTelbHO 03HAKOMHUTECS C OIyOINKOBAHHBIMA
panee paGotamu asropa V3 ,V4 V5 V6, V7,V8.

=== H3noxenune Teopuu: ——————
PaccmarpuBaeTcst 2n€KTpoMarHuTHOE 1one Q = E B,b,e }, UMEIoIee KOMIIOHEHTBI

E (;, t, }_’) — DJIEKTPUYECKOE T10JIe,
E(\_z, t, ;) — MarHuTHOE IoJe,
e(\_/, t, }_’) — CKaJBIPHOE EKTPHIECKOE IOJIE,
b (\_/, t, }_’) — CKaIsIPHOE MarHWUTHOE ITI0Je.
He HCKIFOYEHO, YTO [IPU HEKOTOPBIX YCIOBUSX ITOJIS E,B,e,b IBIDKYTCSL KaK OJIHO LEJIO€ C OJIHON U TOi e CKOPOCTHIO

vaW,t,r) 1 VQ =VE =VB =Ve =Vp

Cuctema ypaBHEHUI TEOPHHU NMEKTPOAUHAMUKY B I anuneegom npocmpancmee gpemenu.
YpaBHEeHHS 3JIEKTPOMHAMUKHE HHBAPUAHTHBI OTHOCHTENILHO TpeoOpa3oBanuii ["ammmes. (€8]

E@.t,r)= [ pv,t,r") (= r) dV’—— VBt X BOMF) + L s () - B F)
r—r' ¢
(r=r)

B(v,t,r)—f I](v,t,r)x -dV'+ 1 v15(v,t,r)><E(v,t,r)+l vg(vtr) e(v,t,r)

‘F—F

— — l — — - — = —

e(vt.r) = =-vp(v.1,r)- B, t,r)
c

r—r 1 - - - == - .
=)y LGy B
C

b7 == [ F.0.7)
C

=
L B0+ e V) Bt =0 L et et7) Vel =0

LB6m+ (o) ) Boar =05 Lo+ () F)-buen =0

Cuua, feficTByroIas Ha 3apsi:

T, t,7) = g t,1) L E@, 1, 1) +[2x B, t, )]+ 2 - b(v, 1, 7)
C C

F0ut,7) =gty 1) 3 Eyt,r) 4+ [ x B, 1, 7))+ 2 b(v,t,r) +
+ 27 ev,t,7)
[Tpu 3TOM yuuTBIBaEM ClIEAYIOIIEE:
3aKOHBI COXpaHCHI/Iﬂ BeKTOpHLIX 3aKOHBbI COXpaHCHI/Iﬂ CKa.HﬂpH])IX
D noneii E B noneit e, b:

0= - —. — o - =
—E+(Wve-V)-E=0 —e+(e-V)-e=0
ot ot

0o— - = = P -
ZB+(vs-V)-B=0 bty -V)b=0
ot ot
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B pa6ore aBTopa [9] (BblIyck V5) momydeHs! (HOpMyYIIbI BRIYHCICHUS CKOPDOCTH ABIKCHHS BEKTOPHOTO HOJIA:

~ 0B /0t 0B, /oy 0B,/ee| |0B,/ox 0B, /oy 0B.I2
Vo, =|~0B, /o1 OB, /dy 0B, /o2l | |0B,/ox OB, /dy 0B,/0z="x
—0B./ot 0B./dy 0B./dz| |0B./ox 0B./oy 0B, /oz
0B,/ox —oB,/or 0B,/e:| |[oB./ox 0B./oy aB.Joz|
Vo, =|0B,/0x ~0B, /0t 0B, /02| | |0B,/ox 0B, /oy 0B,/05=—"
OB./ox —-0B,/ot 0B,/dz| |0B./ox 0B./dy 0B./oz
0B,/ox OB,/oy —0B,/oi |0B./ox OB,./dy OB./oz
vg, =|0B,/0x OB,/dy —0B,/o / |0B,/0x OB, /dy OB,/dz=—=
0B,/0x 0B,/0y -0B,/ot| |0B,/ox ©B,/dy OB,/0z
Heomnpenenennoctn A, /A=0/0; A 5 /A=0/0; A,/A=0/0 noHMMaeM HCXOMs
U3 KOHKPETHOM CUTYAIlMH, HATIPUMED:
JUISL TIOCTOSSHHOTO TIOJIST A0 A, 0 0
— Vg =—E=—=0, vp,=-L=—=0, v="2=—=0
B =const A 0 A 0 A 0
JUISL 3] MarHWTHOM BOJIHBI A, 0 , 0 A, 0
Vg =—X=—=¢C, Vg =——=—=C,, Vpp=—==—=cC,
BT 0 T T A T BT A o
CunTaeM, YTo JUIsi CKAJISIPHBIX TOJIel HMEeT MeCTO ‘ ve M ve ,;,, Mo -

VE

J:

Ve

VB

J:

Ve

Oe , de - ob , db
Ve = — —/ — . Vp = — —/ =
ot dvg ot dvp

2) v=v(t,r) - CKOPOCTb MaTepHaIBHOMN CpelIbl B TOUKe ¢ KoopauHaramu (,7),

=

q(;, t,;) - 3apsij BENMUMHOM ¢ HAXOJsmiuiics B 4-Touke ¢ koopaunaramu (f,r) ,

JIBIDKYIIUIICS CO CKOPOCTBIO V .

3) [Monessie nepemennnie  E(v,t,7), B(v,t,r), e(v,t,r),b(v,t,r),
CKOPOCTH JIBIKEHUS KOMIIOHEHT 3JIEKTPOMATHUTHOTO OISt

VE(V,t,V), VB(V,t,F),Ve(V,t,F), Vb(v,t,r),

IWIOTHOCTE 9L 3apsina P(V,t,7), IIOTHOCTH 3. ToKa j(V,1,7)

3aBHCAT OT CKOPOCTH IABIDKCHIS. MATEPHH (7, 7) -
Boobme: ecmu X wexomopas gusueckan senwuna, mo X = X (v,1,r).
pu nepexogne or ACO x UCO', newxymeiics otnocurensuo ACO co ckopocnvio % ,
HMEET MECTO: 7=;—I7-t, t'=t, X’(\?,t’,r_’)=X(1_/—I7,t,;—;-t).
4) Uexomams EW,t,r)=E,t,r—v-t), eWv,t,r)=e(0,t,r—v-1),
B(v,t,r)=B(0,t,r—v-t), b(v,t,r)=b(0,t,r —v-t)
VEW L) =vEO,6,7) =6, r) 5 vE(,t,r)=vE(0,6,r)=w(1,r) ,

Ve, 1,7) =ve (0,8,1)=v(t,7) 5 vo(v,£,7) =vp (0, 8,7) = v(t,7) .
5) Jlns mmotHOCTeH 3apsAaa ¥ TOKa, ISt 3aps/ia MO0 HallleMy MHEHHUIO HMEET MECTO:

cresyer

;(;7t7;) = ;((_)7t’;) - ; . p(()’t’;)
p(v,1,7) = p(0,t,7)
q(v.1,r) =q(0,1,r)

- IINIOTHOCTH TOKa,
- IDIOTHOCTH DJIEKTPUYIECKOTO 3apsA/aa,

- DIEKTPHUYECKUIA 3apsi.

p,t,r)= p(0,t,7) o3nauaem, umo omHOCUMENLHO OBUINCCHUA MAMEPUALLHOI
Cpedbl UHGAPUAHMHA NIAOMHOCHIb IEKMPULECKO20 3apAod.

6) 3aKOH COXPAaHCHUSA SJIIEKTPUIECKOr0 3apsdana, 3allMCaHHBIN B BHU/IC YpPaBHCHUS
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HEMPEPLIBHOCTH : w + div}(é, t, ;) =0
t
0 _, t, r —- -
Ho ne gpaxm, umo y +div j(v,t,r) obpawaemcs 6 Hoab .
t

LT == - oL e - = < -\ = -

POED) | 4Gt 7y = 22O +dzv{7'(o, t,r)—v-p(0,1, r)}z —dzv{v~ 0(0,1, r)}

ot ot

3axon coxpanenus, INEKMPUECKO20 3apaoa, 3aNUCAHHbIL 8 6UOe YPAGHEHUs.
HenpepuiBHOCMIL, BLINONHAEMCSL 8 YACMHOM CIydae v=v(t,r) =0, mo ecmo npu
omcymemeuu 0gudcenus mamepuu!l  Imo mpebyem ocmviceHus.

Ectb COO6HICHI/I$[ 00 OKCHEPUMEHTAX, B KOTOPBIX BO3MOXKHO HAPYIIAE€TCA 3aKOH COXPaHCHUA
JJICKTPUIECKOTO 3apsaaa. MosxHO CKa3aTh, YTO HAPYIICHHUE 3aKOHA COXPAHCHUS DJIICKTPUICCKOrO 3apsAaa, 3allMCAHHOTO B BUIC

YPABHEHHSI HEMPEPHIBHOCTH, 3a/IA€TCS TIOJIEM CKOPOCTei V = V(,7) IBWKEHUs MaTEPUATBHON CPE/IBI (IBIDKEHHS TBEPJOTO TENa,

HaOJTI0 aTeNs, Ta30BOH CPEbL, IUIA3MB, . . .).

7) PemeHus cucteMsl ypaBHEHHH 3J€KTPOJUHAMIKY HAXOJAT I10 CXEME:

Dve=0; vg=0; ve:=0; vp:=0.
2) npugaguM & JAO0CTATOYHO MaJIo€ 3HAYCHHUEC.

|

E(,t,r) = E\(t,r) = j”f”’iﬁg).& —7)dV's

‘r—r'

BGot,r) = Bi(ot,r) =~ [LOLD) X U2 e
c

‘r—r'

b(;,t,;) - bl(;’t’;) - l.jw.d’/!
C [
r—r

e(v,t,r)=e,(v,t,7) =0

VEnpeo =VE 5 VBnpedo =VB ,

Venpeo =Ve 5 Vbnpeo =Vb
Enpet):E 5 Bnpet):B 5
€ npeo =e 5 b npeo =b

v
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4

I - 1 - = 1 -
E(V,t,r)=E1—*'VBXBH}?E()"'*'vb'bnpe();
c c
- - = 1 - — )
Bw,t,r)=Bi+—-vEXE npeo 3
c
- - 1 - — )
b(v,t,r) = bl +—VE-E npeo >
C

_ —_ l —_ J—
e(v,t,r)=e +—-VB B npeo
c

v

Ckopoctd VE, VB ,Ve ,Vp nBmkenuiinoned £ , B, e, b

BBIYHUCIIAKOTCS HCXOOSA H3:

CEs(pV)E=0 ; veMvr; ge+($g-€)-e:o
ot ot

%ﬁﬂigﬁ)-ﬁ:o s v Mg s %mdb-?)-b:o

N

<e )&( ‘ve —VBmped| S € ) & ( ‘w’ = Vb npeo| Ve = Ve nped

< (‘\:57\:5,,,.60 Se) >

HET

na

Paccumraim E ; Bie; b, VE ;VB ;Ve; Vb

8) U3 cucrembl ypaBHEHHH SJIEKTPOJUHAMUKH C HEOOXOJUMOCTBIO CIEIYET, YTO, TOJIBKO
IPH OTCYTCTBMH MCTOYHHKOB MJIM HA 04YeHb 00JIBIIIOM PACCTOSIHMH OT JIOKAJIbHOM

06J1aCTH B KOTOPOIi COCPeI0TOUeHbI HeTounuku, ot £, B,b, e moryr meuraTses

KakK €IUHOEC SJIEKTPOMAarHUTHOE moye ) = {E, B, b, 6} C OZ[HHaKOBOﬁ CKOPOCTBIO V() :

VQ =EVE =VB =Ve =Vp /cM. cucteMy ypaBHenwit (1), cm. V7, cm. V8 /.
VYuuThiBasi, 4YTO B OTCYTCTBUU HCTOYHUKOB UMeeT Mecto /cM. V7, V8 /

\_/Qx[\_zng]—\_/Q~(\_zg~1_E)=—v92~1_5 R \_/Qx[\_zgxl_ﬂ—\_/g~(\_/QJ_?):—VQZ-]_? N

cucrema ypaBHCHI/Iﬁ JJICKTPOAUHAMUKHA IPUHUMAET BUT

2 N\ _ 2 N ) _
1= 200D IEG =0 s (122200 [RG 2F
C
Va,t,r) ) - Vaw,t,r) ), -
l-——"—=le(,t,1)=0 > |1-——5"=1b(v,t,r)=0
C

HCHO, YTO CKOPOCTH ABMKEHUSA DIIEKTPOMAarHuTHOT' O MOJIA 10 a0COJTIOTHOM BCIIMYHHC,
paBHa CKOPOCTH CBETaA VQ =C
Va=VE=VE=ve=vy=c=c-m =c~(;'~cosax +7~cosay +%~cosaz) .
HaHpaBHCHI/IC JBIDKCHUS T10JIA 3aJaHO €MIMHUYHBIM BEKTOPOM
Z:;-mx +;-mv +%-mz :;-cosax +;-cosav +%-cosa2
C HaAIpaBJISIIOIIMMH KOCUHYCaMU cosa,., COs ay ,cosa .

HpI/I OTCYTCTBHUH UCTOYHMKOB 3aKOHbI COXPAaHEHHUSA MOJII IPUMYT BUJT

gf(;,t,;) +-¥) Eon =0 = gf(;,t,;) ve-lm V) E@n =0
t

ge(;,z,m(;.6).6(;,1,;):0 - §e<;,t,;)+c.(m V) e(wir) =0
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§§<;,t,;)+(z.€).§<;,t,;) —0 = gé(;,t,;)+c.(;ﬁ)@@,@ -0
t

gb(;, L+ (e V)b =0 = gb(;,t,;) vem V) b =0

Wupopmanys K pa3MbIIUICHUIO.

Paccyxnenus it ot E

LEoan ) Even =0 = 372@(5 V) L2E-0 =

ot
2 = _ _ 2 o\ _
N a—zE+(c~V)~(—c~V =0 3(3—2E—(C~V E=0 =
ot ot
2 _ _ 2 2 . _
= azE—cz(m VI E=0 iz 62 d2E=0 =
ot c” ot dm
1 o 1@ ’

=L Eeun-m -V Evir =0 = L Enn - Een) =0
c” ot c” ot dm
3nech

—= (m -V) - TPOM3BOJIHAS [0 HATIPABNICHUIO M =i-COS ., + j-cosa, +k-cosa, .

2

f—  — 2 f—  — f—  — —_—
— = (m ~V) = (m ~V)~ (m ~V) - BTOpas MPOM3BOJIHAS [0 HAIPaBICHHIO 771
dm

Wupopmanys K pa3MbIIUICHUIO.

J11s1 37eKTpOMArHUTHOTrO 1ojs QQ = {E ,B, e,b} 03 HCTOYHHUKOB IIOJTy4aeM aHAIOTH
BOJIHOBBIX ypaBHEHHUIl

18°—- - (m

1 %= d’
2 62E(v ,r)—

mﬁ)zf(;,t,;):B e azE(v ) — —E(v t,r)=0

2 vy — - - __ 42 _
L%B(v )—(m .V)z B(v,t,r)=0 WIIH i.%B(v ) L B(v r) -0
¢ t

2
¢
2 . _ _ 2 2 - -
12 jze(v r)—(m.V)z e(v,t,r)=0 WJIH 12 jzg(v r)— — e(v,t,r) =0
c
%%b(it,;)—(ﬁﬂz b(v,t,r)=0  wm 12 szb(v "= fb(v 1) =0
¢

Ot YPaBHEHUA NPUBEJICHBI TOJIBKO IJI1 CBEICHHUS U B Hanrei TCOPpHUU HE NIPUMCHAIOTCS.

Hama teopust Teopuss MakcBemna
a—E(v,t,r)+c-V "E(v,t,r)=0 T E(t M=-V2E(t,r)=0
C
- - > o
*e(v t r)+( ) e(v,t,r)=0 i.a—zz;(t,r)—v2 B(t,r)=0
t

2
c

- = [Ipumep pemenws:
—B(v r)+( ) B(v,t,r)=0 puMep p
IJIOCKast MOHOXpPOMAaTUYIECKasA BOJTHA
N T W E=Eo-coslk, -x+k, -y+k, z-0-1)
a—b(v,t,r)+(c~V)~b(v,t,r):O x X Ry YR
" - —
B=Bo -cos(kr X+k, - y+k, -z—co-t)
Hinxe yBuAnM, 4TO pEIIEHUs 3THX k )
ypaBHCHI/Iﬁ TaKHE K€, KaK 1 PEIICHUA
BOJIHOBBIX YpaBHEHUIl B TeopHu -
Makcsea. N - €4. BEKTOP B HAlIPaBJICHUHN PACTIPOCTPAHCHUA
BOJIHBI.

BOJIHOBOM BekTop Kk = (@./¢)-n .

PaccmotpuMm ciyuait, korja 31€KTpOMarHUTHOE 1oje (O = {E,E, e,b} 0€3 HCTOYHUKOB
JBIDKETCS KaK IUIOCKas MOHOXPOMATHUECKask BOJIHA C BOTHOBBIM BEKTOPOM k= (w/c) n.
E=Eo ~cos(w~t—%~}_’)=fo ~cos(w~t—kx x—k,y—k, ~z)

B=Bo -cos(%-;—co-t): Bo -cos(co-t—kx x—k,y—k, -z)

e=e¢, -cos(w-t—%-;): ey -cos(co-t—kx x—k,-y—k, -z)

b=b, -cos(w-t—%-;):bo -cos(co-t—kx x—k,-y—k, -z) .
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Jltst monst E : lgf(;,t,;)-%— (z ~€)E(;,l,;) =0 =
c ot

lg 0~cos(a)~t—kx~x—ky ~y—kz~z)}—(;~§){Eo~cos(w~t—kx~x—ky~y—kz ~z)}=6
c

o} 0 o
——@m -k, +m, -k, +m, k. )=0= ———(m,-n.+m,-n,+m,-n.)=0=
c T c c T
(my-nc+m,-n,+m,-n.)=1 = mn=1 = m(t,r)n=1

TL10cKast MOHOXPOMATHYECKAST JIEKTPOMATHUTHAS BOJHA PACIPOCTPAHSIETCS] TAKUM 06Pa30M , UTO eAMHUYHBIE BEKTOPBI
CKOPOCTH JABHKEHHS 3J1. MATHUTHON BOJIHBI 1

€1. BEKTOP Hanpap/ieHHsl PACHPOCTPAHEHHS 3J1. MITHUTHON BOJIHBI YIOBJIETBOPSIOT yeaoButo  m(t,r)-n=1.

Mo:KHO HPeANoIoKUTE, 4T0 m(t,r)=n = m=n . To ecTb NPUXOIUM K MbIC/IH,

YTO CKOPOCTb ABHKEHHS 3JI. MATHHTHOTO 110JIl IPH PACHPOCTPAHEHUHU ILJIOCKOM
MOHOXPOMATHYECKOl BOJIHbI paBHa ()a30BOii CKOPOCTH 3J1. MATHUTHOIi BOJIHBI.

Hama teopus Teopust Makcsesna
3aKOH COXpaHEHHs MO, JBUKYIETOCS BonHOBOE ypaBHEHHE.
o - - 2
C MOCTOSIHHOM CKOPOCTBIO C = C- 1M . 1 0 - - =
P 5 =V &) =0
252
c

%g(t,;) +e- (Z ﬁ)g(z,?) =0
Pemenne: mo6as GyHKIUS BHOA

1 0o - (- = - = Z
;.Eg(l,r)+(m~V)'§(l,r):O §(t,r):f(w-t—kx-x—ky-y—kz-Z):
Permerme: mo6as GpyHKIHSA BUA iy @ oo
£.r) = Zon X,y =,
® ® ®
=f(a)~t——~mx~x——~my~y——~mz~zj . - o -
c c c BOJIHOBOIT BekTop kK =—-1 .
c

N - €11. BEKTOP HaIlpaBJICHUA
pacupoOCTpaHCHUSI BOJIHBI.

C=C-m - CKOPOCTb IBWXCHUS I10JIA

¢ =const, ¢ =const ,

m - €11. BEKTOP HAMpaBJICHUS 110 KOTOPOMY
JABHXKECTCS IIOJIC.

[0
C= ; - CKOPOCTb BOJIHBI, (ba3013a;1 CKOpPOCTb.

3aMC'-IaCM, YTO €CIIN m=n , TO pPCHICHUA o0bonx ypaBHCHI/Iﬁ OJIMHAKOBBI.

BrIBOA: IPH OTCYTCTBHHM HCTOYHHKOB HJIHM HA 04YeHb 00./1bIIOM PACCTOSIHUH OT JIOKAJIbHOIi 00,1aCTH, B KOTOPOIi
coCpe10TOYeHbl MCTOYHHKH, 3JIeKTPOMATHUTHOeE 1nojte (Q = {E ,B.,b, e} JBHM2KETCS ¢ OCTOSIHHOI CKOPOCTHIO, PABHOI CKOPOCTH
cera. CaMo ABH:KeHHe 3JI. MATHUTHOTO nojst QQ = {E ,B,b, e} npeacTaBJIseT co0oii BOIHY, (pa30Basi CKOPOCTh KOTOPOi

PaBHa CKOPOCTH cBeTa. /IBH:KeHHe 110151 M PacPOCTPaHeHHe BOJIHbI IPOMCXOJAT B O/IHOM HANPAaBJICHHH U sIBJIsIET c000ii
eauHbli npouecc. Koporko: 1BHikeHHe 371. Mard. 1oJist 0e3 HCTOYHHKOB €CTh 3J1. MATHHTHAsI BOJIHA.

VQ =VE =VB =Ve=Vp=c=c-m=c-n=c-(i-cosa,+j-cosa,6 +k-cosa,).

B paborax aBropa V7, V8, V9, V10 cdopMyaupoBaHbI OCHOBHBIE OJIOKECHHIS HOBOI TEOPHH IEKTPOAUHAMIKU — TCOPHU
aJbTepHATUBHON Teopuu MakcBeina.

OskunaeTcs, 4To TEOpHs IPUMEHNMA KaK Il HENPEPBIBHO PACIIPEIEICHHBIX 3apsII0B U

TOKOB, TaK U JUISl OJUHOYHBIX JIBUKYIUXCS C IOCTOSHHOW CKOPOCTBIO 3apsi/iOB.

OxXmmaeTcs, 94T0 TEOpHs NPOSIBUT ceOsl PH ONUCAHUHU SIEKTPOJUHAMUKY CILIONIHON CpeJibl, HAIIPHMEp, Ta30BOM Cpeibl WK

IUIa3Mbl, B KOTOPBIX BUXPEBOE MU TYpOYIEHTHOE JBIDKECHUS YAaCTHIl CpPEJIBI 3aJA0TCA MOJIEM CKOPOCTEH v(t,7) .

Ha Texymuii MOMEHT BpeMeHH Hallla Teopusl, Kak U Teopus MaKcBelia, OIUCHIBAET JIMEKTPOCTATHKY M MarHUTOCTaTuky. Kak u
Teopust MakcBesuIa, OHa TOBOPHT O CYIIECTBO-BAHUH 3ICKTPOMArHUTHBIX BOIH. K ToMy ke 0Ha 00BsICHAET paboTy YHUIIOIIPHOTO
reHe-paTopa, KaueCTBEHHO O0BACHIET 3KCIepuMeHThl Hukonaesa. EcTh oTiiiums 1 BecbMa CyIIeCTBEHHBIE OT TeopHu MakcBelia,
KOTOpbIE IOMOTYT NMOATBEPIUTH HAIIly TEOPUIO HIIH OIPOBEPTHYTH €€.

¢ TIpmiaoxenne. OGbsicHeHHe Pad0OTHI YHUIIOJISIPHOT 0 TeHepaTropa.
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Ol

o) = comi =
o o(t) = const = w

E0,t,r)=0
E(ﬁ,t,f) =const =B

v(a)=wxa
vlB Z E(vt )_1 v(tr)xB
¢ 1-v2/c?
R __ B(O,1,7)
B L1, -
/I_ ___________ '.---------.% M@M}HW 6r) 1-v? /¢?

a) Ecnu guck He Bpammaercs:

E0,t,r) = [ p(0.1,7) - ” av- -;B@,t,;)xﬁ@,t,;)+l-;b<6,t,;>-b<6,t,;>=
C
r—r

00X BO7) + - 0-b(0,6,7) = 05
C

a

B0 =[50 x-Sy e LS 0,07 ) B @) + 2 ve(0,8,7) e, 1) =
C ’ C C
r—r

_ = 1 —
-0x0+—-0-0=B - MarHuTHas IOJI€ TIOCTOSHHOTO MArHAUTa;
c

=B+

o | =

c@ut.7) = L 5(0.0,7) - BO.LY =L 0B =0 :
C

| =

b@,t,7) =~ [ 707 Ly LS @) B @) -Lo+lo0-0-
C C C

U

0) JluMCK Bpampaercst - - - - - - - - = - = - - - - - - - - oo oo

Bt = [ pOat ) L=y =L 506t ) x Bt + L v t7) - bot,7) =
r—r ¢ ¢

(r r)

r—r

dV' - {_ V5 (0,2, 7)—v(t, ;)}x BOv,t,r)+

= [ p(0.2,r"-

L 5,,(6, t,7) —;(t,}_’)}-b(;, t,r) =
Cc
=0~ 50 B + L v )b =

= S U B~ )b )
c c

B = [0t )X L L (0,0, KB 4 7)) =
r—r'

:_j{_(o”)vp(o:r)} -dV'+

r—r’|
+ L B @0 VDR EG )+ e @07 -9 e t,7) =
Cc Cc

:—j{_(o”) vo} =) gy
-l
1 - -\ =- - 1§ - -1 - -
+Z-{6—v(t,r)}><E(v,t,r)+Z-{6—v(t,r)}-e(v,t,r)—
“B- L X EG L) W) ()
C C
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_ —_ l —_ —_ _ R —_ l —_ —_ —_ —_ —_ - _
e(v.1.7) = Vo () BOr) =+ (O.7) ~ (e, P B) =
C C

=L Bon
C
(r—r"

1 _ _ _ —_— _
-dV' + -vE(v,t,r)-E(v,t,r) =
‘rfr

b(vtr)ff jj(vtr)

L@ sepan L v L b @an ) B =

‘V—V

Y N L - = - |- - = -
=—. / "N_vy. . . LTI () . = = ——-" ) E L .
; j{J(o,t,r) v 0} 4y’ {6 v(t,r)} E(v,t,r) . v(t,r)- E(v,t,7)

Eo.t.r) = Lot Py x Bt ) =L 507 bt )
C C

B(r,t.7) = BO.1.7) — = v(t. X E(ro .7~ - 0(t.7) -0 1.7)
omyuunu: . ¢ ¢ =
e(v,t,r)=——-v(t,r)-B(v,t,7)

C

bt 7)== L5 E@t7)
C

Buasuo, uro v.lB , ;x[;xE]—;-(;-E):—vz-E , ;x[;xﬁ]:—vz-ﬁ.

1 v(t r)xB

Clv/c

= E(vtr)—
- - B(0,¢,7)

= BW,t,r)=—>"+
( ) 1-v?/c?

= e(;,t,r) =0

= bt,r)=0

pu v<<e = E(tr) == v(t,)x BOL7) =~ v(t,r)x B
C C
Ilpu v<<c = E(;,t,r)zﬁ(dt,;)zﬁ.
DIC B kourype 44'0'0 : SﬂC::’;E(;,t,;)-d;:

=R
wd- B oR-B
2-c

1F - == =-1,- %211= 1= -
= §—.[v(z,r)x3(o,z,r)].dr =[= [[a)xa]xB]~da = #0.
¢ 0 ¢ ' |a:0
3aMCTI/IM YTO, IIOYTH TAKOEC KE 06’I>$ICHCHI/IC pa60TI;I YHUDIOJBIPHOTO reHepaTopa JacT TCOpus:

YpaBHEHUS TEOPHH HICKTPOANHAMUKH CO CKAISPHBIM MarHUTHBIM
nonem B l'anuneesom npocmpancmee epemenu. | V71 §7 /
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=P pv,rt) 2, -~
V~E(v,r,t)=———b(v,r,t) 5
&8 ot
e PR
ot
V-B(v,r,t)=0 ;

VB0~ Vb0 =y )+ 2 SECE
c t

Vo -E(,r,0)==b(0,r,1) ;

V, x E(v,r,t) =—B(0,r,1) ;

V., B,rt)=0 ;

Vo xBO0 -V, b0 = LB, 70),
c

U3 ypaBHEHMH, KOTOpOH clexyer

Vpasuenus: / V7 §7 /| Bosmoxubie peurenus: /v71 §7/
V,2EMm,r0)=0 EW,r,t)=E(0,r,t)+[vxB(0,r,6)]+v-b(0,r,1)
V.2 BG ) =0 Bv,r,0) = B, 70) -2 [y EQ, 7, 1)
C
vV, 2b(v,r,t) = 0 b(v, r,t) =b(0, 7, 1)~ 5—‘2‘ v-E(0,7,)
C

Torma  DJIC B kourype 44’0’0 QﬂC:j;E(;,t,}_’)-dl_’:

- - == -1, % -1 351~ a)-az-B|a:R w-R*-B
=§[v(t,r)><B(O,t,r)]-dr=.[ [[a)xa]xB]-daz = #
0

2

0.

a=0

¢ Tlpmioxkenue. 3amedaHme.
ITo MHEHHMIO aBTOpPA, TEOPHsI ATEKTPOANHAMHUKH, PACCMOTPEHHas 37ech B V 7, V8, Moria Obl OSBUTHCS U BO BPEMEHA
Makcsemna. B camom gene, “mMatemarnka’ Halel TEOpHU HpOIEe MaTeMAaTHYECKOro anmnapara Teopun Makcsena. Maes o
IPOIONBHON crie ObLIa BBICKa3aHa emfe AmmepoM. Hamra Teoprs, kak u Teopust MaxcBeia, TOBOPHT O CYIIECTBOBAHHU
3IEKTPOMArHUTHBIX BOMH. Tak 4To, eciu OBl Hallla TEOPHs MOSBIIACH HEMHOTO PaHbIIIe TeOPUH MaKkcBellIa HiId BMECTO Hee, TO OHa
MorJia Obl HOOIIPHUTH SKCIEPUMEHTAaTOPOB Ha MIPOBECHHE OIBITOB [0 0OHAPYKEHHUIO 3IEKTPOMATHUTHBIX BOJIH.
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