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O10 mocnenHsas paboTa aBTOpa mpoekTa. PaboTa ABIsLeTCs IPpOJOKEHHEM KHUTH
[ Haymerko FO.B. “O HEeKOTOpBIX MPEMIOKEHMSIX B deKTpoauHamuke”, V 6, Apmasup, 2017r. |
Ha moBecTke JHA yKe JaBHO CTOHMT BOIPOC, KOTopbIi nocTaBmwi Hukonaes I'.B., o paspaborke, popmymuposke “HoBoii, HempoTuso-
peunBOil TEOPUH HMEKTPOAUHAMUKH, KOPPEKTHO OOBACHAIONIENH MHOTOUYHCIIEHHBIE SKCIIEPUMEHTBI U YCTPAHSIOIIEl NpoTHBOpeYns
KJ1accuueckoit reopun Makcpenna-Xesucaitna-I epua.
Ha ceropnsiHuit 1eHb BEICKA3aHbl JBE HHTEPECHBIE UACH:
- uges Huxonaesa I'.B. 0 ckansipHOM MarHUTHOM I10JIe, KOTOpast YK€ UMEET MHOTO CTOPOHHHKOB;
- uaes MUCIOYCHKO O JIBIDKCHUSAX MO,  “J|BHKEHUS IMOJIs” — HOBOE MOHATHE KaK JUII MATEMaTHYCCKOM TUCIIMILTAHBI
“Teopus moms”, Tak ¥ U (PU3HIECKOH TEOpHH “DIEKTPOAUHAMHKA .
B [13], npu noctpoeHuu TEOPUH IEKTPOAUHAMUKH, HPEUIOKEHO B ['anmiieeBoM NpOCTpaHCTBE-BPEMEHH IONIEBbIE IEPEMEHHbIE
paccMarpuBarh, KaK 3aBUCAILNE OT CKOPOCTHU ABMKEHUs MAaTePUATIbHON Cpebl.
Hmxereps: Coserckoro Coro3a, Korjia 3aX0AWIN B TYIHK IIPH PEIICHHN KaKOi THO0 TEXHUYECKOH 3aJ[auH, YacTO MIPUMEHSIIN
CIIeAYIOIIe METOIbI: METOA “Hay4HOTO ThIKa” , METOJ Iepedopa BapUaHTOB.
IIpu yrageiBaHuy ypaBHEHUH “UCTUHHON’ TE€OPHUHU 31E€KTPOJHUHAMUKY IIPEATAracTcs UCIOIb30BaTh 3TOT OIBIT:
- paccMaTpHBAIOTCS TCOPUH, CHOPMYINPOBAHHBIC Ha OCHOBE MOHATHI “CKaisipHOE Hote”, /I BroKeHue moms” ;
Ha OCHOBE 3aBHCHUMOCTH MOJIEBBIX IEPEMEHHBIX OT CKOPOCTH JBIXKEHHUS MaTEPUAIIbHOM Cpebl.
- Cpeiu BO3MOXKHBIX BAPHAHTOB BHIOMpaeM ‘‘caMble KpacuBbIE” ;
- HamboJee “KpacHBYIO” TEOPHIO, HaJIesCh Ha CIIPaBEUIMBOCTG BhICKa3biBaHUA E. Burnepa “o HemocTmkuMon
3(eKTUBHOCTH MaTEeMAaTUKH B €CTECTBCHHBIX HayKaX~ , IOABEPracM 3KCIEPHMEHTATbHOU POBEpKE.

B pabore paccMaTpuBaroTCs BapHAHTHI CUCTEMBI YPaBHEHUH TEOPUH NEKTPOAMHAMUKY, B KOTOPBIX YYHTHIBAIOTCS IOHATHSL
“Crastproe none”, “CKOpOCTb ABIDKCHUS IO, KOTOPbIE MOTIIM OBI MOJOMTH [T Pa3BUTHA TCOPHUH KIIACCHIECKON
3NeKTpoaHaMUKH. OCHOBHOH pe3ynbTaT paboThl — PACCMOTPEHHE CICAYIONINX HHTYUTUBHO IIOHATHBIX CHCTEM ypPaBHEHHH
JNEKTPOTUHAMHKU:

1) Bnusnue nojueit Apyr Ha Apyra HOCPEACTBOM MX ABIDKEHHUS. 2) Ilonesble nepeMeHHbIE 3aBUCAT OT CKOPOCTU
JIBIDKCHHS MaTE€PHAIBHOM cpeibl
1 1 = == v, 7t - -
E(t,r) = [ pler)- =) vaB+— Vo b V. Em =00 0 L0y
‘r—r" ¢ &8 ot
V-B(,r,t)=0 ;
B(tr)—f j{](tr) p(tr)vB(tr)} (=) r) dV'+ = vExE - -
c i 0B(v,r,t)
‘F r VxEWw,rt)=——"">=,
Ot
o) 1 VxBTS -Vt = it Foour
b(t,r) =— j ()= p(t,r) - v (t,r) |- av'+—-vg-E VX B(v,r,t) =V b(v,r,t) = py j(v,7,t) +
/ c —_—-- .
T LSu OEQirY)
- - — _ 2
O s(ve V) E=0 ¢ o
Ot T T T
OB s(vs-V) B=0 J@r0)=j0,r.0=v-p(0,r,0)
i P70 = p(0,7,1)
a—b +(vp-V)-b=0 JIBIkeHue MaTepI/IaHLHOI/I Cpenpl 3a4aeTCs MOJIEM
it
e CKOpOCTE# v-v(r 1.
]?:q-bj+(q/c)-;®§+(q/c)-;-b — cuna Jlopenya — Huxonaesa - - - - ——
— - - - — - - fv,r,t)=q,r,t)- E(v,r,t)=
F=qg-E+(q/c)-(v=va)®B+(q/c)-(v—va)-b — obobwenue oL o - - — -
cunvt Jlopenya — Huxonaesa =qv,r,0): [E(O’ 7, 0)+vxB(0,r,0)+v-b(0,r, t)J

COZ[Cp)KaHI/IC pa60TI>I OTPaXXaeT TOJIBKO MHEHUE aBTOpA. HpOCMOTp HC CJIIOKHBIX BBIKJIAI0OK BOCIIOJIHUAT HEIOCTAaTOK TCKCTOBBIX
paCCy}KZ[CHHﬁ. Hpez[nonarae'r(:ﬂ pasmeneHue pa6OTI>I B I/IHTCpHCTC, qTo 06yCJIOBI/I.]IO €€ CTHJIb U3JI0KCHU.
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IMoaxoabl K pa3BUTUIO TEOPUH FJIEKTPOAUHAMUKH.
Haymenko 10.B.

Ilo Unumepnemy 6Opooum npuzpax HOGOU meopuu 1eKmpOOUHAMUKU.

I'mtasal.

MMoaxon k TCOPHUH JICKTPOAUHAMHUKH CO CKAIAPHBIM IIOJIEM, C YIETOM CKOPOCTH IBHKCHUSA IMOJIHA.

§ 1 Beenenne

ITo namemy MHeHmO uzen “ DnexrpoauHaMuka Maxcsemna” , “Mnes Hukonaepa o ckamsipHom none” , “Mnes MucroueHko o
JIBIDKCHIIX MO OMPENEILIIOT Ha CETOAHANIHHI IeHb HHTEpPECHbIE ¢ (PHI0codCKOi TOUKU 3pEHNUS BapHAHTHI Pa3BUTHA TEOPUH
NEKTPOTUHAMHKU.

[TosicHeHHE K TIOHATHIO CKAJISIPHOC MArHUTHOC I10JIC. Cuna .HOpCHI_Ia—HI/IKOHaCBa.

I[BI/DKyIIIaSICSI CO CKOpPOCTBIO V 4acrtuna c 3apsa oM q CO3acT MOJIA:

- DJEKTPUYECKOE [OIe Ez%-ﬁ:q. r—ro3:q' r—v-t3
R ‘r—ro‘ ‘F—V't‘
7_1 - =1 = r-r 1 - r—v-t
- Mar"uTHOE ToJie B:—-i-[va]:—-q-[vxio]:,.q.[vxi]
¢ R? c - 3 c - - 3
‘i’—ro‘ ‘r—v-t‘
- CKaIPHOE MAarHUTHOE IOJe b:l%(;ﬁ):lq;";ﬁg:lq;;‘)g
¢ R ¢ ‘l’—ro‘ ¢ ‘r—v-t‘

Ha nBmwkymiyrocs 3apsokeHHYIO YacTHUIly ACHCTBYET CHuia:
— — 1 _ — 1 _
f=q-E+q-—[vxBl+q-—-v-b
c c

MarHuTHOe B3auMo/eiicTBUE IBYX IBUKYIIUXCS JIeKTPHYECKH 3aPSIsKeHHbIX YaCTHL OAYHHSCT S TPeTheMy 3aKOHY
HbloToHA.

“JIBYDKEHHS 1OJIs1” — HOBOE TIOHATHE KaK JUIsl MAaTEeMaTHYeCKOH AUCHUILIHHBL “Teopwus mojis”, Tak u i (PU3HUECKON TEOpHU
“OneKkTpoauHAMHKA”.

Onpenenenmue: (2]
o' “MTHOBEHHOI CKOPOCTBIO JBIXKEHHSA Moisi B B Touke O B MOMEHT f

. Ar
HAa3bIBAaeTCs OpesieNl OTHOLIEHUs: vy = lim —Bmlc].,
At—>0 At

P
S reAr rae Arp ONpeAeNneHo, Kak PacCTOSHUE B MOMEHT BpPEeMEHM ! ={; + Al OT TOUKU

Habmonenust O 1o Touku O , B KOTOpOH 0OHapy»keH BEKTOp B , B TOUHOCTU
”

™

PaBHBIH TOMY, KOTOpBLI ObLI B Touke HabmoneHus O B MOMEHT 1 .
/em. [2] §1.3 crp. 38 /.

[81,[19] ,[10]: | CxanspHoe mone Bexropnoe none TenzopHoe mone
Omnpenenenne

TOHATHS o(t+At,r +8) = p(t,r) B(t + At,r +8) = B(t,r) F*@+At,r+8)=F*(t,r)
JIBIKCHHS

oJIst

3aKoH o - Sy 0= . ~ S\B O pik | (o o\ pik
COXpaHEHHSI 5‘p+(vé'v)‘p‘o 53+(VB'V)B=0 EF +(vr -V)F* =0
CkopocTh _ op do) - " [65([,;) 5D ]

JIBIDKCHUS Vs =—| —/—=|"é€s vy = | ———— ——=—

oSt ot ds ot do
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[12]= 0

—§+(;B ~§)§=0 =
ot

~0B, /ot OB, /0y OB, /oz
~0B, /0t 0B,/dy 0B,/0z
_|-0B. /ot

0B. /8y 0B./0z|

"5 =3B_/ox 0B, /oy OB, /éz
OB, /ox 0B, /3y OB, /0z
OB./ox 0B./dy 0B./éz

3aMeyaHue.

E=Ei+E2+..+Eq

vBy_

) ) ) )

. —B,+vp, -—B, +vp. -—B, =——B,

ax B gy B T Ty

) ) ) )

] ~§By + Vg ~5B}, +Vvp. .c’Tsz = _EB}' =

) ) ) )

—B_+vg, -—B_+ -—B. =-—8

ox z VB} : T VB oz z ot z
oB./ox —0B,/ot OB, /éz OB, /ox CB.I3y —aB. ot
0B, /ox —0B, /0t 0B, /0 OB, /ox oB,/dy —0B,/dt
_|0B./ox —0B_ /ot OB./0z| leB./ox @B.1oy -oB. /o
0B./ox OB, /oy 0OB./&Z| " * T 1o /ox oB, /oy 0B, /o=
0B, /ox 0OB,/dy OB, /0z oB,/ox 0B, /0y 0B, /éz
OB./ox 0B./dy 0B./oz oB./ox 0B./dy 0B./éz

3Has CKOPOCTH JABMKEHUSI BEKTOPHOT'O TIOJIST KAXKJI0TO M3 ClIara€MbIX, MOXKHO HaWTH CKOPOCTb ABMXKCHUS CYIICPIIO3ULINU

BEKTOPHBIX IOJIEH.

QE+(5E-€)E:0 ; 3E1+($El “V)Ei1=0 ; ﬁfﬁ(ib “V)E2=0 ;
ot ot ot ;

OB+ (os, V) Ea=0
ot

%EH;E-%)E:O - g(fl+fz+..,+f,,)+(;E.6)@1@”..,@"):0

O s VVE + L Er b (s V) Er ot L Eut (v5 V) En =0
ot ot ot

(1

L Os VB + (e -V )E [+ 1 (g, V) E2+ (e -V )E2j+ o4 1 (v, -V ) En+ (v -V )Ea =0

{(;E 71_/51) v }El +{(1_/E 71_/52) 6} Ez+...+{(;5 71_/5,,) 6} En=0

n

i=1

{ve—ve)V [Ei =0

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

i=1

IMpumepsr:

1) HampskeHHOCTB 3EKTpHUecKoro momst £ | cossaBacmas ToUeUHBIM 3apsaoM q,

JBIDKYIIIMMCSL CO CKOPOCTBI0 Vv (Vv <<c), paBHa:

E =g

- 3
|r=vt]

EcrectBenHO 0kmaaTh, 9To “ CKOPOCTh ABMKEHHS VL 3JIEKTPHYECKOIO0 10, C03JaBaeMoe TOUYeYHbIM

ABH:KYIHMCS CO CKOPOCTBIO V 3apsiIoM, PABHA CKOPOCTH JBUKYLIErocsl 3apsiia V , ToecTb Vg =V .

Pacuer o dopmynam (1) moaTBEpKAaeT 3TO:

VE =

—2q3.§/|;—§.t| _
=V

~2¢* r=v-{ -

cm. [10] .

2) HanpsbkeHHOCTb MarHUTHON MHAYKIMS B , co3naBaemast TOYeYHbIM 3apsaomMm ¢ ,

IBIDKYIIAMCSL CO CKOPOCTBIO v (Vv <<cC), paBHa B = _. q

1
c

x|

- 3
|r=vt]

EcrectBenHO 0kHIaTh, 9To “ CKOPOCTH ABM:KEHUSI V3 MArHUTHOIO IIOJIsI, CO3JaBaeMoe TOYeYHbIM

ABH:KYIHMCSI CO CKOPOCTBIO V 3apsiIOM, PABHA CKOPOCTH JBHIKYLIErocsi 3apsiia V , TO ecTb vg =V “.

Pacuer no hopmynam (1) moaTBepxaaeT 310 vy =

([vz<r]~v)~(v-r)~v _5

(vx7]-v)-(v-r)

3) MaruutHas HUHAYKIOUS TOJIL HpﬂMOHHHCﬁHOFO 0ECKOHEYHOTO MOCTOSHHOIO TOKA ONpeEACIACTCA

Ho

1
¢dopmyoit B = 2— -— , (I = const, r — pacCTOSHUE OT UCCIETYEMOI TOUKH IO JIMHHU TOKa) , KOTOpas

r
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YCTAHOBJICHA SKCIICPUMCHTAIBHO U MOXXECT OBITH BBIBC/ICHA IIPH ITIOMOIIH 3aKOHA EHO—CaBapa.

'

ITo popmynam (1) st npsimoro Geckoreunoro Toka I = I(¢) cKOpoCTb IBWKEHHUSI TIOJIS: ; B = 7t ; . eM. [10], cp. [2]

4) Ecan CUUTATh, YTO IJICKTPHUICCKOC I10JIC, CO31aBACMOC TOUCYHBIM HCTOYHUKOM IICPEMCHHOI'O 3apsijia q(t) 5

J— t -
TakoBo E = @

r

- ' O-q,0) 1’ 1q) -

VE = 3 5 =— r.
—2-¢°()/r 2 g

*7, TO CKOPOCTD IBWKECHHUS 3ICKTPUYCCKOTO I0JIA, IOCUNTAHHAA 1O (bopMynaM (1) paBHa

I/IZ[CSI BBCCTHU B TCOPHIO DJICKTPOAUHAMUKHA ITOHATUC “ﬂBI/DKﬁHI/Ie nons” noApasymMeBacT I SJICKTPHUYICCKOI'O I10JII U MAarHUTHOI'O

T10J11, pacCMaTpUBaTh B mOo00I TOUKe TIPOCTPAHCTBA B 000 MOMEHT BpPEMCHH Hapsay C HAIPsSKCHHOCTAMU noneit £ u

B COOTBETCTBYIOIIINE UM MI'HOBEHHBIE CKOPOCTU VE U VB Z[BI/DKCHI/Iﬁ TIOJICH.

[12]: YpaBHeHus MakcBeia B cucreMe eanHmI [ aycca

QObIuHas 3aIIUCh 3anuch 4epe3 CKOPOCTH ABMHKCHUSI ITOJIS

dvE=4-7-p divE=4-7-p
divB=0 , divB=0 ,
—_ A — — 1 - p— —
rtE=—2. 2% | rot E=—-(vg-V)-B ,
c Ot c
— —_ — — 4 —_ 1 _ J— p—
rotB=47r-j+l-gE rotB:—”-j—f-(vE -V)-E
c c ot c c

ITo COBPEMCHHBIM ITPEACTABICHUAM IJICKTPUICCKOC I10JIC En MarduTHOC I10JIC B TIPpEACTAaBIAIOT coboit C€ANHOC

ik
DJICKTPOMArHUuTHOEC MOJIC F.

0 -E, -E, -E

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

E. -B, B 0

z y X

@

B pa6ore [10] u3 TpeGoBaHNSI HHBADHAHTHOCTH YpaBHeHHii MakcBell1a OTHOCHTEILHO peodpasoBanuii Jlopenua

NpuxXoJauM K PaBEHCTBY VE =VB =VF .

9T0 fABJIsAETCS J0BOJOM B 10JIb3Y TOr0, YTO B CHCTEMY YPaBHEHHIi

JJIEKTPOAMHAMHUKH CJIelyeT J00aBHTh 3aKOHbI COXPAHEHUsI BEKTOPHBIX noJieil £ , B :

ZB+(r-V) B=0 6 . - —
Y _ _ e Firer V) Fi=0
ZE+(r-V)-E=0 ot

ot

KOTOpble HHBAPUAHTHBI OTHOCUTEJILHO Npeodpa3oBanuii JlopeHna, 1 paccMaTpUBaTh VF , KAK CKOPOCTH ABHKEHUS

JJIEKTPOMATHUTHOI'O MOJIA.

ypaBHCHI/ISI DJICKTPOJAVMHAMUKHU B CUCTEMC CAMHNILL Faycca

/om. [12],[13]/

dopma 1: OObIYHAs 3aITHCh

(I)opMa 2: 3anuch 4epe3 CKOPOCTH ABYOKCHUS 3JI. MATH. OJISA

divE:4~7r~p )
divB=0
ot E=—1. 03 ,
c Ot
r0t§=4ﬂ ;+lgf >
ot

c c

ZB+(r-V)-B=0 5
ot

LE+(r-V)E=0
ot

divE=4-7-p
divB=0

— 1 — — —

rot E=—-(vr-V)-B s
C

rorB=22.5-L.6p 9)E .
c c

67 — — —

—B+(vr-V)-B=0 5

ot

A

LE+(r-V)E=0 .
ot

Cuia Jloperna

0606uieHue cuibl JlopeHna

F:q-E+(q/c)-;®§

F=q-E+(q/c)-(v—vr)®B
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Perrenus cucTemsl ypaBHCHI/Iﬁ DJICKTPOAMHAMHUKH:

_ 1 86— p(r', t—‘r r'|/c) _ 1 ;(r',t—‘;—y/c)
E=—7-5A—grad(p , B=rotd , o(r,H)= j—- Ary=—] ——————
C

c

‘ r—r

=
af — — —
LE+(r-V)E=0 .
a_ > ) = vr
ZB+(vr V) B=
ot

3Hast UCTOUYHMKHU: paclpeelieHue 4-TOKOB | f= (c-p, ;) =(c PsjysJy J.), pemas cucTeMy ypaBHEHHIA,

HAXOJIUM IIOJIS ¥ CKOPOCTH WX HBmkenns E=(E,,E,,E.) ; B=(B,,B,,B,) ; vFi =(Vg,Vp,, VR ) -

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

1)

[13] HexoTopsle momx0/p! K Pa3BUTHIO TEOPUH 3IEKTPOANHAMIKH.
VpaBuenust B cucreme enunun [aycca. K yxxe U3BECTHBIM YpaBHEHHSIM JJICKTPOAWHAMHKH Npeuiaraercst Jo0aBUTh
3aKOHBI COXPAHEHHS 3JIEKTPUIECKOT0, MATHUTHOTO, CKAJIPHOTO MOJIEH, CUNTAsl, YTO PaBEHCTBA CKOPOCTei

JABW:KeHMs IoJiel VE =VB, VE=Vg =V, ecTh3akoH. Cuia, IeiicTByONIas Ha He 003aTeIbHO
JABUKYLIYIOCS 3apsDKCHHYIO YacTHITY, Ipe/ICTaBIsIeT coboii 0boduenne cibl JlopeHra.

JNEKTPOMATHUTHOE TIOJIE: F = < Fi* > , K&K | DIeKTpOMArHUTHOE IONE () — < F b> - <E, B, b> , KaK COBOKYITHOCTh
COBOKYIHOCTB 3JICKTPUHECCKOrO T0JI E, JIIEKTPHIECKOTO MO E , MACHATHOTO TIOJISI B , CKAISIPHOTO TIoJIst b .
MArHMTHOTO oyt B,
div E=4p . dvE=dr-p-12p,
divB=0 , N c ot
P divB=0 R
rot E= —l < B , . 16—
c ot rot E=——-—B
c ot
4r 1 —= 1 00—
rotB——(/—vF p)+ng rot B—gradb = —(1—VQ p)+——E
c Ot c Ot
§§+(;F'§)'E=O Pemenns %§+(;Q.§).§=O Pemenns
t
§E+(;F.§).E=o CHCTEMBI §E+(;Q.§).E=0 CHCTEMBI
t t
-t cm. [13 - =
P [13] §b+(VQ-V)-b:O yp-it om. [13].
t
Cuna Jlopenna: F= q- E+(q/c) v®B
Cuna Jlopenna-Hukomnaesa: F= q- E+(q/c) v®B+ (g/c)-v- v-b

O606uienue cuibl Jlopenna-Hukonaesa: F= q- E+(q/c) . (; - ;Q) ®B+ (q/¢)- (; - ;Q) -b

He cmoTps Ha TO, 9TO TOUHBIE PEMICHUS NPEIOKEHHBIX BAPUAHTOB CHCTEMBI YPAaBHEHHMH JICKTPOANHAMUKH
MOJTYYUTh 3aTPYJHUTEIIFHO WA HEBO3MOXKHO HMEET CMBICI, UCTIONb3YS YHCICHHBIE, TPHOIKESHHBIE METO/IbI,
IIBITATHCSI PEIIaTh MPUKIIAJHBIC 33]1a4H, TIPOBEPSSl HOBBIC IPEIJIOKECHHUs, HOBBIC moaxoasl / cM. [13] /

4r 4 10— 4 10—
3ameyanne: —— (j—VQ ) B ypaBHEHHUSIX rotB—— (G-va- p)+7 EE H rotB— gmdb_f G-va-p)+——E
c c

ot
03HA4YacT 4TO IIpU O6Z[yBaHI/II/I DJICKTPHUYCCKOT'O 3apsia SJICKTPOMArHUTHBIM I10JIEM, OH 6yHCT BO3Z[CI/ICTBOB3.TI> Ha
MAarauTHYIO KOMIIOHCHTY J3JICKTPOMArHUTHOI'O I1OJIA.

3ameuaHue:
F rpssonon cspess-ns =€ E+(e1€)-(v=va) ®B+(e/¢):(v=va)-b
JlBa cmocoba paccy)lc,ueHHﬁ
1) F=e E+(e/c) (v VQ)®B+(e/c) (v VQ) -b 2) F=e E+(e/c) (v VQ)®B+(e/c) (v VQ) -b
1o E monmvaem E=E o exmpocmamiry + E suxpesoe (Ui E monmvaem E=E exmpocmamirs

F=eE+(elc)(v—va)®B+(e/c) (v—va)-b=
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ITo HamieMy MHEHHUIO TaKoii c1ocod
paccy:keHMil nepcneKTHBHee crocoda 2.

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

= (Eonemam ——2@B- 2. 0)+ £y 0B+ S v b=
C C C C
— — e- — e -
:e'(Ea,Lcmam —Esupr)+ZV®B+Z'V'b, rae

- vQ - vVa
Esuxpeeoe =——®B—:b
Cc Cc

TO. F=e-(Eeman — Eaup )+ v®B+S-v-b =
C C

— e — e -
=e-E+—v®B+—-v-b, tne
c c

E = E3.7A3Kmp0(3mal7lu‘t + E(fuxpe(fl)g
— — e — e -
F=e-E+—v®B+—-v-b -Cuna JlopeHua-Hukonaesa
c c

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

— - e-_—= e - - e - - = e - - =
Cuna Jlopenuna-Hukomaesa F:e-E+—v®B+—-v-b:e-E+—2-v><(VQ XE)+—2'V'(VQ'E)
c c

C C

O6o6menvne cust Jlopenma-Hukonaesa F= e-E+i2-(;—;Q)><(;Q xf)+i2-(;2 —;Q)'(;Q E)
c c

Ecin B3aHMOH€ﬁCTByIOT JABC 9aCTHUIIbI:

Cuna Jlopenna-Huxonaesa

O6006menue cunbl Jlopenna-Hukonaesa

— — e - - e -
Faci=ey El+—2va®Bi+—=-vy-b =
c c
— ey, - - —
262'E1+—2'V2><(VQI><E1)+
c
e — — — - -
2
+—2'V2'(VQ1'E1). /VQIZVI/
— — e - — e -
Fica=e Ex+—L-vi®By+—Lvi b, =
c c
— e - - —
:el'E2+—2'V1X(V92XE2)+

C

e, - -  — - _
+—;-V1-(VQz-E1). / vas=va/
c

_ — e - - — e, - -
Foci=e,-El +—2(v2-va)®B1+—=-(v2 —va1)-b, =
c c

- e - - _ _
62'E1+—i'(V2—VQI)><(VQl><E1)+
c
e, - - - = - -
+—2-(vz—vm)-(v91-E1). /[ var=w1/
_ — e - - — e - -
Firea=e - E2+—(vi—v02)®B2+—-(vi—va2)-b, =
c c

- e - = - —
:el'E2+—;'(V1—V92)X(V92XE2)+
c
e, — - - = - -
+—2-(v1—VQ2)-(VQ2-E2). ! va,=va/
c

Ecan BSaHMOHCﬁCTByIOT JB€ 4aCTULbI, KOTOPBIC NBWKYTCA C ONUHAKOBBIMUA CKOPOCTAMU: VQy =VQ = V2 =VI = V.

Cuna Jlopenna-Huxonaesa

O6006menue cunbl Jlopenna-Hukonaesa

— — e - — e -
Farci=ey El+—2>va®Bi+—=-vy-b =
c c
— e - - —
262'E1+—2'V2><(VQI><E1)+
c
e — — —
2
+—2'V2'(VQ1'E1):
— e - - — er — — —
262-E1+—§-v><(v><E1)+—i-v-(v-E1):
c c

e - - - - - -
:_—23-{:2&1+v><[v><r261]+v-(v-r261)}.
|I’2e1

_ - e - - — e, - -
FZH262-E1+—2(v2—VQ1)®B1+—2-(v2—VQ1)-b1:
c c
— e - - _ —
262-E1+—2-(v2—vgl)><(vgl><E1)+

c

e, — - - =
+—(va—va))-(va -E1) =

c

ey E1+ 2 (v x(vxED)+ 2 (v=1)-(v-E1) =
C Cc

— e -es -
=e,-Ei 21—23-(1’2«1)

|I’142
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— - e - _—= e - — - e - - - e - -
Fie2=¢ -Ex +—Lv ®Br+—L.y b, = Fieo=¢-Ex +—1(v1 -va2)® B2 +—1-(v1 -va3)-by =
c c c c

— e - - —
:el'E2+—;'V1X(VQ2XE2)+ e - e _
¢ :el-E2+—1(v—v)®Bz+—1-(v—v)-b2:el-Ezz
e - - = c c
- Gan E2) = e o
¢ :el'E2:_1—23'(1’241):—F2e1
e e - - - - - —
:_1—23-{;%2 +v><[v><l’1e2]+V'(V'}"le2)}:—F2e1 |r2”1
|I’1e2

Ecan JIBE DJI. 3apPSKEHHBIC YaCTHULIBI IBIKYTCA C OMUHAKOBBIMHA Ecmun JIBE DJI. 3apSIKE€HHBIC YaCTHULIBI IBIKYTCA C OAUHAKOBBIMUA

CKOPOCTSIMH, TO MEXy HUIMH JeHcTByeT cuia JlopeHma B CKOPOCTSIMH, TO MEX/[y HIMH HE ICHCTBYET MarHUTHAs 4acTh
ITOJIHOM 00BEME. crutel Jloperma!!
3)
Wadopmanus u3 kauru [13]:
e - eV
IIpuHEMast, 9TO UL PABHOMEPHO ABIDKYIIErocst ( v << ¢ ) 3apsfa e MOTCHIMAN () =-— M BEKTOp-OTeHmHan A4 =——,
R c-R

PacCUYUTBIBAIOTCS BBIPAXKECHUA I CICAYIOIIUX BEIUYNH:

— e eR  — — - - p —4 1 9= 1 0 e e-(v-R)-v

= = £ —e-(r—v- T O L N B Iy dh il W 7 B
E grad gradR s e-(r vt)/‘r v t‘ 5 PPy B at(c-R) 2R
E:E(¢)+E(A) :e~R_e~(v~R)~v :

R R
L o CeR _ 3 e (oR
B=rotd=rot LY 2V [V®R]; b=—divd = —divZY =0 (v-R)
c'R c-R3 c'R C'R3

JlaBHO CyIIeCTBYeT MHEHHUE O JKeIaTebHOCTH (POPMYIUPOBKH TCOPUH EKTPOAUHAMUKH 0e€3 IPHMEHEHNUS
norsaTusa “MarautHoe none” (Ammep, Hukonaes, npyrue uccnegosareny). I1oka Takoil IPOeKT He pealn30BaH.

TompKko TUITE TSI OMUHOYHOTO 3apszia IBUXKYIIETr0ocCs C TTOCTOSTHHOU CKOPOCTBIO V MOXHO oboiitrcs 6e3 TIPUMEHEHUA
TEpMMHA “‘MarHUTHOE™.
Fevi o 1= - - -
EEE—— B=—- va X Ea.vekmpo('mamuxa B} b=—- va - Ea.vekmpo('mamuxa , TOC va =v,
Cc Cc

E anexmpocmamuxa = { * —_ 3’
v

MOHMMAasl MArHUTHBIC IOJSI B W b KaK BCIIOMOTATCIIBHBIC TIOHSTHS.
§ 3 IlepcnekTHBHBIN, 10 MHEHHIO aBTOPA, MOAXO0/ K PA3BUTHIO TEOPUH 31eKTPOIUHAMHKH.

n. 1 Ilpuiaoxenne

Teopust snekTpoanHamMuku MakcBesuia:
YpaBHEHMS: Pemenns: Cuna Jlopenna:
divE =4np ; _ p(?,t—\;—ﬁ/c) _
= o(rt) = [——==—"—aV">
leB = O ‘r —7
_ _ B I (AT e 1S B - -
rotE = _lgB A(r,t) :7_[ ,‘7,'111[/ > f = qnpoﬁua}macmuua E+
c ot ¢ ‘V -r q
5 i - —
}"OIE_4—7T-;+l£E E——l 22_ vado B rotd +M‘Vnpoﬁumwcmuua ®B
c c ot c ot grace -

1)

TMOTCHIHAIbHAA YaCTh JJICKTPUICCKOT O MOJISL

_ _ p(?,t—\;—ﬁ/c) p(?,t—\;—ﬁ/c) _ o ! ap(ﬁ,t—‘;—ﬁ\/c) P
E:—gradgo(r,t):—gradj —— dV':j —— -(r—r')dV'+7-I -— 72-dV'
‘r—r ‘r—r' ¢ ot ‘r—r'
BUXPEBAs YaCTh HIEKTPUYECKOTO OIS
_ _ Jt=lr=r/c) o)t —lr=rlic)
E=_l.2,4=_i.ﬁl —‘70”/'):—%'[ ‘ -,l,-dV'
c Ot c Ot ¢ ‘r—r' c ot ‘r—r'
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. o 7’,[— -y o '\iil’t_i_il A 7!’t_7_7! 3
E =—gradp(r,t)— lgA:Ip(r ‘r : C).(r—r’).dV’—Lz.j o1 ﬂr ) .717 dV'+l.jOp(V ﬂr ) UL
c ot ‘;—r' c ot ‘r—r' c ot 7
2) L.
_ P P— Gt =|r =7
B =rotA = rot f_[ /(r ,‘r ! 14 =l_[ rotu V'=
c ‘r—r' c ‘r—r'
}(?at_‘;_? — — — = — .
rot — =/Vx(@-F)=®-(VxF)+(V-Q)xF /=
‘r—r’
= (Vx j(r, t—‘r r‘/c))+(V X (, t—‘r ’
\r—r -1

S e [0 e it

‘r_r,‘

0 ju(rst=|r=r"
/

3 xj(r’,t—‘r—r’

@}(7,;—‘?—?

FICA e e W
. _

‘r—r'

7,3
‘I’—I’

zaja(r',t—‘r—r"/c). 3 —‘r—r" _ lhaja(r',t—‘r—r"/c).xp_x};/
o’ ot P c c ot ‘;—r'
L a}@,:-\?-? il }(7,:—\;—7 r—r")
—__ . X
- - - 3
¢ ‘r—r' ot ‘r—r' ‘r—r'
| }(7,:—‘?—7 - 1 a}(ﬁ,z—‘;—ﬁ o
,..[ - . = x(r=r)) |-dV'.
c ‘ 7 c ‘* ] ot
r—r r—r
— - ;(;,l—;—; ;(7,1—;—; a/(r t—r—r/c) _
B =rotd =rot|*] ,‘ pi=Lig | B yi- zj ! - x(r=r"]-dv’
c ‘r—r’ ¢ ‘r—r' ‘r—r o
BeBonn.l : U3 ypaBHeHHI I MakcBeiia BRITEKAIOT CICAYIOIINE BRIPQKEHISA I E u E :
— pGa—f-rlio _ PR opGa—lr—rlie) = =
E=] ‘ - .(r—r').dV'—iz.j . L s Lj 1 L
‘r_rr C ot ‘r-r’ 4 ot ‘r_rr
_ r,g—\r—rilc r—r i?,t—;—? _
=l =iy = P 20|
B:f'[ — av'- = [——- 2 x(r—r)]-dv’
¢ ‘r—r ¢ ‘r—r' t
KoHeIr I1. 1

n. 2 PaccMoTpuM BapuaHT 37€KTPOAMHAMUKU.

3ajava: 3a0aHbl HCTOYHUKH O (1, 1) ; ;(t, }_’) . Haifru anexrprnyeckoe, MarHUTHOE, CKAISIPHOE HOJIS: E(t, r); E(t, }_’) ;b(t, }_’) .

Teopusi. YpaBHeHHUS 3JeKTPOAMHAMHUKH.

(CpaBnu ¢ BbIBOJIOM 11.1)

(r )

r—r"

E@t,r)= | p(t, 7

O F (e-V)E=0 :
ot

dV'—f vB(t r)xB(t r)+f vb(t r)-b(t,r)
B(t r)—f I{(tr) p(tr) vB(tr)} (r
b(t, r)—f j{(m) (') w,(tr)}

OB (sV)E=0
ot

-dV'+

IQAJVEQQ
=

(r=r)

‘V—V

-dV'+

.;E(z,;) CE(t,r)

3b+(;b-§)-b=0
ot

TaGnuna 1.
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C C

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

F:e~E+£(\_z—\_/B)®1_3+£~(1_z—1_zb)~b — 00o6menue cunsl Jlopenna - Hukonaesa
c c

Pemenus HaxXOoOATCA IO CXEME!

Dve=0; vp:=0; vp:=0; 2) npugagum & OCTATOYHO MAJIOE 3HAYEHUE.

v
— — N - — _ 0 Ty _ (T
E(t,r) = Ex(t,r) = | (’rg “(r=rdv's B(t,r) = Bi(t,r) :l-j%l/u b(t,r):bl(t,r):l-IW-dV’
‘r_rr C ‘V—V’ C ‘V—V’
v
VEnpeo =VE 5 VBupeo =VB 5 Vbnpeo =Vb , Enpet):E 5 Bnpet):B 5 bnpg,):b
v
P S S - (r=r ;. - L= = = (=7
Battr) = = [unter) ey xS ear s b ==L fuer) par) ) ar
C ‘r_rr‘ [« ‘}"—}",
v
- - 1 - = 1 - =, = = = 1 - = - 1 - =
E(t,r)= Ex——vBXB upeo +—Vb b 05> B(t,r) = Bi+Br+—-vEXE mpeo 5 b(t,r)=b +by+—vE -E npes
c c c c
v
Cxkopoct \_/E , \_/ B, \_/;, JBYDKEHUHN TOJIeH E s E 1 b BBUUCIAIOTCS UCXOIS U3:
CFv(rV)E=0 + ZBrGsV)B=0 1 Zhi(m-V)b=0
ot ot ot

/\

< (‘VE_VEnpe() ‘Sé‘

HET

) &( ‘VB — VBnpeo

<g¢ )& ( ‘Vb_vbnpe{) <g¢ )

—

n3 PaccmorpuM  Goiee moapo6HO.

-

Paccumramn E; B; b; vg ;vB ;Vvp

ypaBHCHI/Iﬂ C UICTOYHHUKaMH

ypaBHCHI/Iﬂ 0€e3 HCTOYHHUKOB

E(t,r) = [ p(t.r')- (r_r; =Ly xB+ L5, b
‘?—7 ¢ ¢
B =L [Tary <L ay LS xE
C ’ C
r—r‘

rae ‘73 ([a;) = ;([a?) - p([a;) ';B ([a?)
=) L E

r—r" c

b(t,r) = l.j J(t,r)
C

tne Ju(t,r)= j(t,r)— plt,r)-vu(t,r')

O F (e V) E=0:
ot

R
s V)-B=0 —b+(w-V)-b=0,
a BT V) Tat V)

E(t,7) = ——= v x[ve xE]+— v (v - E)
C C

— — 1 — — — 1 — —

B(t,r):——z-vE x[vp ><B]+—2-vE -(vb-b)
C C

_ 1 - - — 1 - -
D7) == Vi (o5 X B = v (0 D)
c c

O Fs(ve-V)E=0:
ot

0= - =.-—= 0 - =
—B .V)-B=0 ;5 —b+(-V)b=0,
ot ts ) ot s )
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ITpoBeneM paccyxaeHus:

1)
(r r) , 1
E@t,r)= jp(tr) Y = va3+7 Vb=
‘F F
_J'p(t (r r) a’V'—l VB ><{— _[J (tr)>< (r=r’) dV'+l VE ><E}+— V- {— _[J (t (r r) dV'+l.;E.E}
|r—r| |r—r| |r—r| ¢
B+ vsx{ Lo xE L5y (L p By =
C C C C
= [ p(t,r) (r ) av' -1 va_[—[JB(t )x( )]dV+ V- j— (To(t,r) G r))dV
r—r" r—r‘ ‘r—r"
— 1 —_ —_ — 1 —_ —_ —
E(t,r)+—2-vB x[VE xE]——z-vb-(vE-E):
C C
(oL - LS [T s L ar S [ ey Ly ar
r—r" ¢ r—r" ¢ ‘r—r"

2) ———

(r—1" 1
B(tr)—f jJB(tr)x — -dV'+—-vExE

C

F—F
B(tr)—f [s(.r")x (r r) dV'+l viex1 [ ple.r)- - r) dV’—— vexB4Lovs b

r—r' ‘r—r ¢

E(t,;)—l-;gx —l-;BX§+1-;b-b =1-J‘j}3(t,?)>< ( ) dV'+f VE X Jp(tr) (r r) -dV'
S : : F b

1 - - = 1- - N

T'VEX[VBXB]—T'VEX(V[;-b)=l'[-[.]3(t,r’)>< Er j3)-dV’]+ vEx(jp(tr) (r r)

c C c F—F" ‘F—F"

AV

e Jp(t,r) = j(t,r) = plt,r) v (6, r)

3)
b(;,;)=l~j3h(z,7)~( ")y 5 E
c ‘r—r'
bie.r) = [Tbte. G ’} TN P W Gt W LBl
r—r r—r

b(,,;)_l.;E.{-l.;mel.;h.b}=l.jjh(,,?).<’—’3.dV'+l.;E. [, L0y
c c c c o c T

’
‘r—r

b(t, r)+ VE [vaB]—— vE-(vb - b)—— [T5(t.7) (’ ’) dV'+ .;E. [pt.r)- - ’) vt
r—r

rie Jo(t,r)= j(t,r) = p(t,r)-vo(t,r')
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VYpaBHeHus anexrpoauHaMukd.  Tabmuma 2 ¢ Tabmuna 1. Ta6numa 2.

dV'—

(r=r')
A0
r—r

= 1 - - = 1- - = =
E(t,r)+—-ve x[ve x E]=—-vs - (ve - E) = [ p(t,r")
C C

L e x[ [Ta )% Er__r;)~dV’]+ v ([I(tr (V ) dv'y
C Y C

‘V_V‘ ‘V_V‘

rae ._73([,?)Z}([,P)—p([,P)';B([,P) s j},([,?)Z}([,P)—p([,P)ﬂ:},([,P)

E(t,7)+i2-;Ex[;BXE]—iz-EEx(;,,-b)=1-[j73(t,7)x Er_j;-dV’]+i-;5x(Ip(t,7)-(f_iz-dV’) ,
¢ ¢ ¢ r—r' ¢ ‘r—r’
b(t, ,)+L vE - [VBxB]—i vE - (v - b)—f [ 757" - - ’2 Av'+=-ve [ plt,r)- =) gl
E &

O Fi e V) E=0 CBiesv)B=0 Lbi(wm-V)b=0.
ot ot ot

n.4 B §1oroii paborer u B padorax [12], [13] mpuBoasTCS JOBOMBI B MOJIB3Y TOrO, YTO JUIS TEOPUH MAKCBEILIA BBIIOJHIETCS

PaBEHCTBO VE =V = V) =V . PaccMorpuM, kakoit Bu OymayT UMeTh ypaBHEHHS a1ekTpoauHaMuku (Tabmmmer 1,2) mpu
MPEOI0KEHHHU, YTO CKOPOCTH ABIKEHMS N0JIEH IEKTPUIECKOT0, MArHUTHOT'0, CKAJIIPHOTO MArHUTHOTO OJMHAKOBBI, TO

€CTh, YTO VE =VpB =Vp =V(Q €CTb3aKOH A SJICKTPOMATrHUTHOTO IIOJIA.

'

(r=r’
= =
r—r

J— 1 — — J— 1 — — J— J—
E@t,r)+—vax[vaxE]-—-va-(va-E)=[p(tr) dv' -
C C

’

,CLZ.;Q [ .[j([, )% Er 1’:;) dv'] +CL2.;Q ( .[j([, ) (jj’g dv'y , The J@t,r) = jt,r) - p(t,r) - va(t,r')

I’*I" ‘I’*I’

B(t r)+— VQx[VQxB]—— va(vQ b)_, [J‘J(t (r r) dV]+f VQX(_[p(t (r r) V) -
‘r—r‘ ‘r—r
b(t, r)+— va - [mxB]—— va - (va- b)—f [J@.r) Lr=r) dV'+f va 1 [ p(t,r)- - 3~a’V' :
=i =

e J(tr) = j(t.r) - p(t.r) -va(t,r)

- R T A 2 = - 5 - = T
Buano, uto vo x[va xE]-va-(va-E)=-vo" -E. Mbl JoraasiBaemcs, yragsiBaem, 4ro vo L B | /(va,B) = +E

- — - - — ) —
- €CTh 3aKOH [IJISI 9JIEKTPOMArHuTHOro motsi. Ipu atom Heodsarensno, uro £ 1 B. Torma va x[va xB]=-v," - B.

f— ‘— - —_— —_—
—E~v92 vax[vaxE] B
N > ;Q ;Q
—va-(va-E) a =

- — , —
vax[vaxB]l=-vy B
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— 1 - — — 1 - — —
E(t,r)+—2-VQ x[vaxE]-—va -(va-E)=
c c

= [p(t.r)- (=1 v -1 - va x [[J(t,r)x (r= )] AV’ +—-va- [(J@r) - (- )) av' .
‘r—r" c? ‘r—r ‘r—r‘
E(t,;)+%-;gx[;gx§]=l.‘[[§(t,7)x Er ) 1 Vij(p(tr) (r ) dav' -
¢ ¢ ‘r—r" ‘r—r‘
(1— )b—f [ - )~dV’ va - [(pt.r) L= ’)) v’ rie  J(tr) = jt.r) - pt.r) va(tr)
‘r—r’ ‘r—r
(1——) E(t,r)= [ p(t,r) (r ! dV'—i vox[ [T =) dV]+— vo-([J(tr) (r ) V')
‘r—r‘ ‘r—r‘ ‘r—r"
L B U Gt I | r=r) .. T = ) = o) varlir
(-2 Bt.,r) == [[J(t.r) x——=]-dV'+ vgx(jp(tr) dv'y s rne J(t,r") = jit,r) - pt,r')-va(t,r) .
¢ ¢ r—r" ‘r—r‘
_Ya_ _1 r=r) (r=r) e J(t,r) = j(t,r) - p(t,r') - valt,r) .
It )b(t ) jJ(z = (VQ [ pt.r)- dv'y , J&r) - ple, )
& -
B wurore Ta6auna 3.
OT CUCTEMBI ypaBHCHHI?I SHCKTPOHI/IHB.MI/IKI/IZ
E(t,r) = [ p(t,r')- (r_r2 =Ly xB+ L5,
\?—? ¢ ¢
B =L [Tae <= LB L e T = ) - per) vs(tr)
C r_rr C
b(t,;)=l~ jJ,,(z,r')~( ) dV'+—-vg E > rie  Ju(t,r) = j(t,r) — pt,r) ve(t,r) ;
C /
r—r
%EHCEE).E:o; %EHGB-%)-E:o; §b+(;b'§)-b=0-
IIPY BBITIOJIHEHNH YCJIOBHI ; E= ; B :;;, E;Q s ;Q 1B s 4(;9 E):;z/z MIPUXOJUM K CHCTEME YpPaBHEHUIM:
(1_—) E(f}") J‘p(t}") (}" }") —LVQX[J.J([}") I") dV]+7v (J'J(t (I" I") dV)
‘r—r' ‘r—r‘ ‘r—r
(1— )B(tr) fJ’[J(tr) G r;)]-dV’ lmx(jp(tr) (r=r) V")
r—r" ‘r—r"
(1——) b, r)—f [ (=) AV + -(;g-jp(t]).(f_’}) dv’
‘V—V" ‘r—r"

(e UV T P 0, . T T N N
%E+(ng~V)~E=O; %B‘F(VQ'V)'B:O ; Eb'l-(VQ'V)'b:O, rne  J(t, )= jt,r)—p(t,r)-va(tr)

HJIH TO ’Ke caMoe:

(1- VQ(’ n? 20D ) E(t,r) = [ pe. ) (r ) dV'—— va(t,r)x[ [ jtr)yx——2 (r=r) V-
A &
r=r) e L =)
—va(t,r)x[ | plt.r)- vg(tr)x‘ ‘ V]+ va - ([ jt.r) ‘ 7‘3 dv’)
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vo(t,r , r , r— ,
(1- M) B(t, r)—f j[](t ) x = 3)] av' - j[p(t ) valt,r') x (r= 3)] av'+ vg(t r)x(jp(tr) ( dV)
F—F‘ ‘F—F
t - - o -
(-t ) ), )—ajj(t,r'»! ar' =2 [lp(e.r) va () LGS T LGt [ per) -
‘r—r‘ ‘r—r ‘r—r'
O Fs(a-V)E=0: ZBi(a-V)B=0 ; 3b+(;g-§)-b=0.
ot ot ot
0O603Hayvas,
E1(t,;)=‘|‘p(t,7)-fr;j3)-dV’ ;B j](tr)x =) gy bt r)—f [ia.ry- =) gy
r—r" ‘r—r ‘r—r"
1 (r- 3 ;. = .,
Ba(t,r) = jva(tr) Pty x——=-dV' 5 by, r)——f [va(.r)- p@.r')- -av
F—F’ ‘r—r"
3alMIIEeM CUCTEMY ypaBHEHHM
- 1- = 1- 1- = 1-
Ei——vaxBi+—-va-bj——vaxB2+—-va-b,
é 4 [ [ c +
ot l—vgz/c2
- 1- = 1- 1- = 1-
_ _ |Ei——vaxBi+—va-bj——vaxBx+—-va-b, B A(E)
+(va-V) ¢ ¢ < ¢ =0 = vg=—
1-vq“/c A(E)
BitBrtlvoxE Bit B+l vaxE,
P 1 2 C'VQ 1 o 1+ 2+;'VQX1 _ At(B)
f—22+(VQ'V)—22:O:>VQ
ot 1-vy/c l-vy'/c A(B)
1 - = 1 - =
P bl+b2+z'(VQ'El) o bl+b2+z'(VQ'El)
N 4 (va-V) =0
ot l—vgz/c2 l—vgz/c2
PaccuureiBas Ha TO, YTO HaXOIs U3 3T0ﬁ CHUCTEMbI ypaBHCHI/Iﬁ ;Q , MOXCEM BBIYHCIHUTH I1OJIA
- 1- = 1- 1- = 1- _ o o
_ _ Ei-——wvaxBi+—va-b-—-vaxBy+—-va-b Bl+Bz+l-vaE1 _ b1+b2+l.(vg.E1)
E(t,r) = ¢ ¢ £ £ Bt,r)=——— < ——— |, B(lty)=——C

I_VQZ/CZ 1-v,2 /2 1-vy’ /c?

HCI/ISBCCTHO, 4To0 U3 HOCHCHHCﬁ CHUCTEMbI ypaBHeHI/Iﬁ MOXHO HaBCpHsKa HaWTH TaKOE VQ ‘ HO3TOMy CJIIEAYET BO3AEPKATHCA OT

TNPU3HAHUA YHUBEPCAJIBHOCTU YCIOBUA VE =V =Vp =V(Q, a CJIEAOBATEIIBHO OT IPU3HAHUSA CHIPABENIINBOCTHA CUCTEMBI

ypaBuenuii Tabmuist 3. X 0TS B HEKOTOPBIX CIIy4asx BO3MOXKHO, YTO VE =VB =Vp =VQ.

Bo3MoikHO, cyHmiecTBYeT CBSI3b MeXKAy 3aKOHOM COXpaHEHHs 3apsia +divj(r,t)=0 n paBeHCTBOM CKOpoOCTEil

op(r,1)
ot

NBHKEHHMSI IOJIEH VE =Vp =Vp =VQ:

PaccMoTpuM NpoCcTPaHCTBEHHYIO 00J1aCTh, B KOTOPO# HAXOASITCS 3JEKTPHYECKHE 3apsiibl H TOKH. 3apsiibl U TOKH
B 3TO¥ 00J1acTH (OPMUPYIOT N0JIS 3JIeKTPHYeCcKOoe, MATHUTHOE, CKAJISIPHOe MATHUTHOE B Ka:KJ10# TOYKe MpocTpaHcTBa( KaKk
BHYTPH 00/1aCTH, TaK U BHe ee ).

Ecim B k210l ToYKe 00/1aCTH BBINOJIHSAETCS 32aKOH COXPAHEHHsI 3aps/a, TO B KAK/10M TOYKe NPOCTPaHCTBA( KaK BHYTPH
00./12CTH, TAK U BHE €€ ) BBIIOJIHSIETCS 3AKOH PABEHCTBA CKOPOCTeii ABHKEHHUs 10J1eii 3JIeKTPHYeCKOro, MAarHUTHOI O,
CKAJAPHOI0 MATHUTHOTO VE = VB = V) =V H CIPaBeJUBbI 3aKOHBI 3JIeKTpoAuHaMuKH — Tabiuna 3. Ecau xors 0b1 B
0JHOJ TOYKe 00/1aCTH He BbINOJHSAETCS 3AKOH COXPAHEHHUsI 3aps/a, TO B IPOCTPAHCTBE He 00513aTeJIbHO CIPaBelJIMBO

PaBEHCTBO VE =VB =Vp =VQ.
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n.5  YacrHelil cmydail:  HET HCTOYHUKOB.

Ecnu nctounukoB HET, TO YPaBHCHU DJICKTPOJAMHAMUKU TAKOBBI!

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

Vg -V -
b VE
> -E-cosa-ey,

_ Vpvg . -
———2-E-s1na-evx[vxE]+
c c
- = 1- = 1- 1- = 1- 1 - - =1 - -
B(t,r)y=—-vExE=—vEx[-—-vgxB+—-vp -b]= ——VE x[vp xB]+—VvE x(v) -b)
C C C C c2 c2

-1 - =1
b(t,r)=—vE-E=—-vy-E-cosa
c c
C HE0OXOIMMOCTHIO HOTydaeM
-a=Z(vpE)=2; B=/(.B) == ;
2 2
- Vb =VE =VB

- CB00OIHOE (HET UCTOYHMKOB) 3J1. MATHMTHOE 1one () = <E, B, b> JIBIDKETCS CO CKOPOCTBIO CBETa
VE=VB =Vp =VQ =C , V,=Vp=Vp=cC

3ameuaHue: Kowmmonenrst E, B, b HecBoG0AHOrO (€CTh UCTOYHUKHU) 3I1. MATHUTHOTO

ooyt Q = <E, B, b> MOT'YT JABHUTAThCS C JIOOBIMH CKOPOCTMH  VE, VB, Vi

CB060THOE (HET HCTOYHHMKOB) JIIEKTPOMArHUTHOE mojie () = <E, B, b> JIBIKETCSI CO CKOPOCTBIO CBETA

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

n. 6 YacTHblii cayuaii.

HpI/IHI/IMaeM, qTO I OTUHOYHOT'O ,HBI/DKYH.ICFOC?I CO CKOPOCTBIO v 3apsija UMEET MECTO:
Ve r) =ve(t,r) = ve(t,r) =valt,r)=v , ve(t,r—v-t)=vat,r—v-1) = vp(t,r —v-1) = va(t,r—v-1) = v

Torma (cm. m.3)

I[HSI OJIMHOYHOT'O JABIKYIIETOCS CO CKOPOCTBIO vy 3apsia.

Vo (l r? — e [v®R] vQ(z )

E_ v(tr) . e(v R)
E(t ——, Q ;
VEGN=5 s -0 Fen - <IEE -

1- b(t,r) = ,
( —==—)-b(t,r) = e

re vo=v. R=r—-v-t

2 2
. . Yo N\ T Th_n . v = = = Vo> - = - -
3ameuaHue: €Clii UCTOYHHKOB HET, TO: (l—c—z)-E(t,r) =0; (1_6%).30,0 =0 ; (1_2722).[,(5’,’) -0 = va=c-

n.7 YacTHbli crydail. AGCTpaKuys: TOKOSIIMKCS B TOYKE 7, ONMHOYHBIN mepeMennbIii 3apsan (1) .

Tabmuma 1 =

By =2 [l - o ws e gy L E -

‘F—F

-{q(t,ro>-v—q(t,ro>-va(t,ro>}x(r°3)+c vexE =

1
c
‘r—ro

=/ wactnna mokoutcs = V=0 ; TonbKo onHa yacTuua B Np-Be = ecrecTBeHHO, uto0 VB (,70)=0 n
HapyIeH 3aKOH COXpaHEHMs 3apsiia = HeBepHo, uto VE (4, 7)) =vp(t,r)=vp(t,r)=va(t,r) ,

B CUJTy CHMMETPUH Sve My My, METM (}_’—;0) /=
:l-;E(t,r_)xE(t,r_)za.

b(t, r)—f jf(tr) plt,r)- w:(tr)} (r=r) dV'+l vE - E_l {q(t,ro)~v—q(t,ro)~vl:(t,r0)}~(r_r03)+1~vE~E=

c
‘V—V ‘V—VO

= / wacruua nokourcss => v =0, TOJBKO OJIHA YACTHUIIA B [IP-BE = €CTECTBEHHO, uT0 V5 (¢,70) =0 ¥ HapylIeH 3aK0H

COXpaHEHus 3apsfa = HEBEPHO 1_)5 = 1_/3 = 1_/;7 = \_/Q ; B CHJIy CHMMETPHU :>;E ™ ;3 ™ ;b MET (}_’—;0) /=
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1- - = - 1= - = - 1= - = - - - - (r-r
=—vet,r)-EW,r)——-vp(t,ro)-Eo(t,r)=—-vE(t,r)-E(t,7), rae Eo(t,r)=q(t,r0)-f—_°3)§
c c c r—r0|
B = [pery Ly - L5 B Ly b= ) L) LS kB LS, e
‘r—r" c c =1, c c
S s S S

:q(t,ro)-(_—_og——z-vgx[vExE]+—2-vb-(vE-E):

r—r0| ¢

= / HapyICH 3aKOH COXpaHEHHs 3apsiia = HEBEPHO VE =VB =Vj =VQ, B CUIIy CHMMETPUH = VE ™ VB ™ Vb ™ME/ =

— (r—r 1 - - = 1 - - = — (r=ry) v t,r_-v t,r_ —=
) L) L e x BV v (v By = gty ) ) 20D VD) T
r—r0| ¢ ¢ r—r0| ¢
o= - =.= . 8= ~ =.3 -
—E+(g-V)-E=0 ; —B+(ws-V)-B=0 5 —b+(-V)-b=0.
ot ot ot
B HUTOre Uik OAMHOYHOT'O ITOKOAMIICTOCA 3apsiaa HCpeMeHHOﬁ BCIIMYWHBI.
v (tr) ve(tr)  — - - (r=r0) - - 1 - - — - oy~ - o
(l—b—zE)-E(t,r)=q(t,ro)-(_—_3); B(t,r)=—ve(t,r) xE(t,r) =0 ; b(t,r)=i~VE(t,r).E(z,r) ;
¢ r—ro| ¢ ¢
O Fv(e-V)E=0 : ZBi(s-V)B=0 ; ﬁb+($b.§).b:o.
ot ot ot

O:xugaem, 4To cdepa nepeMeHHOro 3apsiAa siBJIAETCA HCTOYHHMKOM

Mozenbto 4acTHIbI UIMEIOMIMHI IIEPEMEHHBII AIIEKTPUUECKUIA 3apsiz
chepa ——p SBJIAETCA cepa, Ha KOTOPYIO MOJaeTCs IEePEMEHHOE HANPSDKEHHE.
CKAJISIPHOTO MATHUTHOTO I10JISI.

Cxema onbiTa
Cdepa !

Ocuunnorpad
HCTOYHIK ITePeMEHHOrO
BBICOKOT'0 HAPSKCHHS

Oxunaem YBUACTH Ha OCHAIIIOTpaMME IIEPEMCHHYIO COCTaBIIAIOITYIO,
06yCJ'IOBJ'ICHHyIO TIEPEMCHHBIM CKAJIPHBIM MarHUTHBIM ITOJIEM.
HpOBeZ[eHI/IC OIIbITa O4YE€Hb TPYTOEMKO.

n.8 BeiBoa. Bosmosicno, yzadamnvl ypasnenusn Hogout meopuu nexkmpoounamuku (Taonuyal, Tabnuya2), 6e3 ynompeonenus
HOHAMUI HOMEHYUATl, 8eKMOP-NOMEHYUATI, CRPAGEOIUBbIE KAK 01 HENPEPLIGHO PACHPEOeTIeHHbIX 3aP006 U
MOK08, MAK U 011 OOUHOYHO20 OBUMNCYIYE20CA C NOCHIOAHHOU CKOPOCHbIO 1. 3apAda.

BI/II[HO, 4TO MPEAJIOKCHHAs CUCTEMA ypaBHCHI/Iﬁ OIHMCHIBACT YaCTHBIC CIIydaun:
- HCTIPEPBIBHO PACIIPEACICHHBIX 3apsiI0B U TOKOB;

- OJWUHOYHOI'O ABWXYHICTOCA C TTOCTOSTHHOM CKOPOCTBIO 3apsja;

- DJICKTPOCTAaTHUKH, MAIrHUTOCTATHUKHU,

- KOrja, B OTCyTCTBHM UCTOYHHUKOB, I10JIC ABMIKCTCS CO CKOPOCTHIO CBETA.
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§ 4 BoiBoawbl riaBsl 1.

IIpuBeneHHbIe 31eCh Pe3yJbTAThl H NPEIJI0KCHHUS:

- q)OpMyHI:I 3aKOHOB COXpPaHCHUS CKAISIPHOT'O ITOJISI, BEKTOPHOI'O I10JIsI, TEH30PHOI'O IOJIA.

- (I)opMyna pacyucTa CKOpOCTU ABMXKCHHA 10 3aJaHHOMY HAIIPABJICHUIO CKAJIIPHOTO ITOJIA.

- q)OpMyHI:I pacyeTa KOMIOHCHT CKOPOCTH ABMKCHUSI BEKTOPHOI'O ITOJII.

- q)OpMyHI:I pacyeTa CKOPOCTH ABMXKCHUS CKAJLIPHOTO MAarHUTHOT'O IIOJISI, HCTOYHUKOM KOTOPOT'O SABJISICTCS
TIOKOsAIIasICA a6CTpaKTHa$[ TOYCYHasA YaCTUlla, UMCIOLIast HCpeMeHHLIi;I SHGICI‘pI/I‘ICCKI/Iﬁ 3apsna.
Dmnueckoi MOIEIBIO Takoi HaCcTHUIbI ABJIACTCS C(I)epa NIEPEMCHHOT'O SJICKTPUUCCKOTO 3apsiaa.

- HpCZ[HO)KCHI/IC I[O6aBI/ITI> B YpaBHCHUS MakcBeiia 3aKOHbI COXpaHCHUS IJICKTPHUICCKOr'O I0JII U MAarHUTHOTO ITOJIS.

3amnuch ypaBHCHI/Iﬁ Makcseinia Uepe3 CKOPOCTh ABMIKCHUS SJICKTPOMATHUTHOI'O IIOJIT VF =VE = VB .
- HOZ[XOI[ K pa3BUTHUIO TCOPUH DJICKTPOAUHAMUKU ( JJ1. 3apsn, 06I[yBaCMI:II>1 DJICKTPOMAIHUTHBIM II0JIEM, BOSHCﬁCTByCT
Ha MarouTHYIO KOMIIOHCHTY 3JICKTPOMArHUTHOI'O IOJISI — MaronuTHOC I10JI€ )
- HOZ[XOI[ K pa3BUTHUIO IJICKTPOAMHAMUKH, 06’I>€HI/IH$[IOILII/Iﬁ
- UJCHK0 O CKAJLIPHOM MAariuTHOM II0JIC, UACK0 O ABMKCHUSX I10JIS,
- UJICK0 O 3aKOHC PAaBCHCTBA WJIM HEPABCHCTBA CKOpOCTCﬁ JABWIKCHUS JICKTPHUYICCKOI'O I10JIsI, MAarHUTHOI'O IMOJIA,

CKaJSIPHOTO MAarHUTHOTO MOJSA: VQ =VE =VB =Vp WIH VE ZVB #Vp ,
- uaeto 0 0000IeHnH BeIpaxkeHust st cuibl JlopeHua-Hukonaesa

00001menne MarauTHOH yacTu cunbl Jlopenna F), = q. (1_/ - 1_19) oB+L. (1_/ - 1_19) b .
c c

TOBOPSAT 0 TEHACHUHHU Pa3BUTHS TEOPHH 3JIEKTPOAUHAMUKH, HauboJiee APKO BLIPA’KCHHOI B TEOPHSIX:

YpaBHeHMS 3JIEKTPOAUHAMUKH HEKOTOPBIX TEOPHIi.

1) cMm. §3 Tabnuma 1, Tabmuma 2. 2) ow. [13] §8 o
o _ (r ) 1 1 DIEeKTPOMAarHUTHOE TI0JIe Q:<Ff" s b>:<E, B,b>, KaK COBOKYITHOCTh
E(t,r)=‘[p(t,r’)-7 dV'— va3+7 v b — _
‘r—r" ¢ aJeKTpuyeckoro noist £, maraurHoro moist B, ckassipHoro mosst b .
1 (r—r ) R 1o
B(tr)— IJB(tr)x dV'+—-vExE divE =4r- p——-—b
C
r—r c Ot
1 - = 1 divB=0
_ _ e o
b(t,r) == [Jo(t,r) ——2 - dV' +—-vg - E - 5 —
) cj[( e CVE rotE:—l EB
c Ot
o— - — — — 4 - 1 0—=
=z . E=0 ; tB— db=—-(j - +——F
atE+(vE V) E=0; ro gra (j-va-p) T
O B4y V) B=0: Lhr(m V)b= ﬁh’-%-E:
53+(VB.V).B=0, 5b+(w,-V)-b_0, o (va-V)
rae JB(I‘,}”/)=j(l‘,}”/)—p(l‘,}”/)'VB(l‘,}”/), %E'*'(;Q'g)'gzo
To(t.r) = j(t.r) = p(tr') - v (t,7) o - -
—b+(va-V)b=0
ot
F=q-E+(q/c)v®B+(qlc)-v-b F=q-E+(q/c)-v®B+(glc)-v-b
F=q-E+(q/c)-(v—vB)®B+(q/c)-(v—vp)-b F=q-E+(q/c)-(v=va)®B+(q/c)-(v—va)-b

Pe3ynbraTsl 3KCHIEPUMEHTOB ONPEAEIIAT IIyTH PAa3BUTHS TEOPUH NMEKTPOIHMHAMUKHY CBSI3AHHBIE C TIOHATUSIMHU
BIDKEHUS 11071 ”, “CKOpOCTB IBIDKECHHS OIS, CBA3aHHbIC ¢ Heeil 0000ImeHNs BpIpaxxeHus st bl Jlopenia — Hukomaesa.

B cBoe BpEM: MOSIBIICHUC DJICMCHTA U TAHUS Bounbra ChITpaJIO 60III>H_IyIO POJIb B UCCJIICAOBAHNH DJICKTPHUICCTBA. B HaCTOsICC BPEMSL

HY’K€H HaJIeKHbIH, SKOHOMUYHBIN HCTOUYHUK CKAIAPHOIO MarHUTHOTO nojsl. Ilo HameMy MHEHUIO TaKOE yCTPOICTBO
YK€ €CTh — 3TO TOPOMJAJIbHASI KATYIIKA.

IKCIepUM eHTbI MOKAKYT, MOMKeT JiM, cepa (eMKOCTh) IepeMEHHOI0 3apsiia CIY:KUTh B Ka4eCTBe MCTOYHHMKA
NepeMEHHOr0 CKaJISPHOIO 110151

KOHel| TJIaBhI 1
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F'masBa?2
HO)_IXO)_I K T€OPHUH JICKTPOAUHAMHUKH CO CKAISAPHBIM NMMOJIE€EM € 3aBUCALIMMHA OT
CKOPOCTH NBHKCHUSA MaTepHaJ’lLHOﬁ Cpeabl MOJE€BbIMHA NMEPEMEHHBIMU.

Haywmenko 10.B.

Tlo Uumepnemy 6pooum npuspak HOBOU meopuu 21eKmpoOUHAMUKH.

MBbI paccMOTpENU NOAXO0bl K TEOPUH NIEKTPOJAUHAMHUKH C 3aBUCAIMMU OT CKOPOCTH JIBIKEHHS MaTepHaIbHON CPEJIbl ONEBBIMU
NEpEMEHHBIMU B [alnieeBOM MPOCTPAHCTBE-BPEMEHH, M3NOKEHHLIMAB §9uB § 10 pabots [13], ¢ KOTOPOI KenaTenbHo
03HAaKOMMTBCS.  [IpooImKuM 3Ty TeMy, NPeNIOKUB CIELYIOHIYIO TEOPUIO.

§ 5. Teopusi 31eKTPOJHHAMHKH €O CKAISIPHBIM MOJIEM € 3aBUCSIIIIAMH OT CKOPOCTH JBHKEHUSI
MaTepUaIbHOI cpe/ibl 0JIEBBLIMHU IIepeMeHHbIMH.

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

aroit obmactn. Ecmn X nexomopas ¢usuueckasn senuuuna, mo X = X (;, }_’, t).
Ipu mepexoge ot ’COx UCO': r'=r—-V -t ,t'=t, X'V, r',t"Y=X(-V,r=V-t,t), e V - ornocur. CKOPOCTb.

2) ypaBHeHI/Iﬂ TEOPUHU DJICKTPOAUHAMUKHN CO CKaJIIPHBIM MAarHUTHBIM MOJIEM B Tanuneesom npocmpancmee 6pemenu.

V-E(v,r,t) =M—éb(\_z,;,t) . VXEM, 1) __0B(,r1) ,
£-& ot ot
V-B,rt)=0 ; V x B(v,r,t) =V b(v,r,1) = WO}(V,;,,H%‘.% ,
4 t

v, 7,1 | - paccMaTpuBaeM, Kak He3aBHCHMBIC TTlepeMeHHbIe, Bxogsume B E(v,r,t), B(v,r,t), p(v,r,t), j(v,r,t).

IIpu 5TOM MOHUMAETCSI, YTO TMOJIE CKOpOocTel Vv = V(7,1) 3a1aeT IBIKCHIEC MaTePUAbHOMN CPeibl.
3) IlnorHocrw 3apsinamutoka.  j(v,r,t) = j(0,r,£)—v-p(0,7,t) - mmorHOCTH TOKA,

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

V,7,t | - paccMaTprBaeM, Kak He3aBHCHMBIC [IEpEMeHHbIe, BXomsuue B p(v, 7, 1), j(v,r,t).

op(0, r, 1)

4) 3aKOH COXpaHCHWS 3apsija: 5— + div;(a, }_’, 1)=0
t
Ho ne gpaxm, umo M +div ;(;, ;, t) | obpawaemcs 6 Honb
t
GO B L O B S X R < L B T MY A B
t t t

= —divly- p(0, 7, 1)}=—\p(0, 1) divv+v-grad p(0, 1)} = —p(0, 7,1)-divv—v- grad p(0,r,1)

- — — — — —
% +divj(v,r,t)= —div§ -p(0,r, t)}: —p(0,r,t)-divv—v-grad p(0,r,t)

t
3akon coxpanenus an. 3apsa0a BLINOIHAEMCA 8 YHACMHOM Clydae V= ;(}_’, )= 0, mo ecme

npu omcymemeuu 0sudiceruss mamepuu!! B [4] coobwaemcs 06 sxcnepumenmax,

6 KOMOPbIX 603MOINCHO HApYULaemcs 3aKOH COXPAHERUS DNIEKMPUUECKO2CO 3apﬂda.

5) cuna Jlopenna-Hukonaesa: 7(;, }_’, t)= q(;, }_’, t)- {E(;, ;, 1)+ [; X E(;, ;, 1] +v ~b(;, }_’, t)}
6) ypaBHEHUs DIEKTPOAMHAMUKA MHBAPUAHTHBI OTHOCHUTENBHO peobpa3zoBanuii ames.

7) KOMMEHTapHil: V - CKOPOCTb MaTepHalbHO Cpe/ibl B TOUKe C KoopauHaramu (7,7).

g(v,r,t) - 3apsJ BEIMIMHOW ¢ HAXOISILIMICS B 4-TOUKe ¢ KoopauHatamu (7,t) , ABWKYIIMHCS CO CKOPOCTBIO V .
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V- Em ) =LWD 0SSy wm div By =200 0 55y
&-& ot &8 o
grad(div-EGv, 7.0 = grad 28"~ 9 grad b(v. 7 1)
& ot
v?2 E(;, 1_’, t)+rot rotf(;, 1_’, t)=grad M —grad g b(;, ;, t)

B(v,r,1)

v Ear, mmt{_
ot

V2 Em.r g_aim@(;,;, f)=
t

50

v? E(v r t)—i{gmdb(v r )+ g ](v 7, t)+

éﬂ

0 25, 0} _

1 - - 0, -
= grad p(v,r,t)—grad —b(v,r,t) .
} ¢S ot

grad p(v,r,t)— grad aﬁ b(v,r1t) .
t

$°So

50

grad p(v, r,t)

grad p(v, r,t)— grad aﬁ b(v,r, 1)
t

grad p(v,r,t)— grad gb(;, rt).
t

B i) = _aiz(;, 7. 1) - grad p(v, 7, 1)
t

Eu 0% = - - = = o, - - 0—-- 1
Z———FEW,r,t) -V EW,r,t)= grad —b(v,r,t) + —jv,r,t)—
T B0 =V E 0 = grad S b0 0ty L 070

2 _
O B0V EGr0= g2 0.0~
c? ot ot &-&
TaK KaK ;, }_’,t - PaCCMATPHMBAEM KaK HE3aBHCHMBIE TIEPEMEHHBIE 1

2 - -
§,u -a—{—iA(v r,t)— grad(p(v r t)} {—QA(V, r,t)—grad o(v, r,t)}:
¢t atl o ot

= Hug -
¢ HEOOXOIMMOCTHIO TTOTydaeM:

2
5“5 A, t) = V2 AW, 1) = g - J (.18
C

0 — 1
A

grad p(;, }_’, 1)

2 _
5“2 A7)~ VEAD,7,1) = utty - (0,70)
C

:> bl
éu (p(v r t) \v4 (p(V r t) — p(v,r,t) éu (p(o r t) v (p(O,r,t) P(O,r,t)
%o %o
rae j(V,r,t):j(o,r,t)—V'p(O,r,t) > p(v,r,l)Z,D(O,r,t)-
U3 paBencTBa p(;, ;, t) = p(6, ;, t) HenaeM BBIBOJ, YTO (p(;,;,t) = (p(6,;,t) 1

I

IMosicHeHme.

6-5(\_},;,0 =0 wm div E(;,;,r) =0
grad[div-E(;, r, 1)]=0
V2 B(v,r,t)+rot rotB(v,r,t)=0 .

V2B, r,0)+ rot{ grad b(v, r,0)+ iy - j(v, 1)+ 5—‘2‘
Cc

TaK KakK v, r, t| - paccMaTpuBacM KaK HE3aBU

v? B(v r t)+{rotgmdb(v rot)+ g rot](v 7, t)+
v? B(v rot)+ g rot](v 7, t)+

2 __ — -
é—‘u-a—zB(V,r,t)—VzB(v,r,t) = up -rot j(v,r,t)

a —_— =
—E(,r,t);=0
ot
CHMBIE [IEPEMEHHBIE, TO

G 0 mtf(;,F,z)} _3
ot
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TaK Kak v,r,t | - paccMaTpuBaeM, Kak He3aBUCUMbIe Tiepemennsie u | B(v,r,t) =rot A(v,r,t)| ,To
I I

) o o -
%.%rot{ﬂ(v,r,z)}—vz {rotA(v, r t)}: g -rot j(v,r,1)
c” ot
2 -
rot{é—'u a—A(V )=V A@,r t)} g - rot j(v,r,1)
c? o’

2 _ __ — -
O G-V AR = taty F) = é—gs—zA(O,r,t)—VzA(O,r,t):uuo-j(O,r,t),
c t

éﬂ

e j(v,r,) = j(O,r,0)=v- p(0,r,0).

III. TlosicHeHue.

VxE(,r0) == 22000 ot B, 7,0 = - 28000
ot ot
rot rot E(\_z,}_’, t) :—mtM
ot
= 27T 0o ===
graddivE(v,r,t) =V E(,r,t) = % rot B(v,r,t) -
grad M—éb(;,;,t) —sz(;,;,t) == 0 {HHO ](V r t)+iufE(v r,t) +gradb(v r t)}
E-& ot ot
éu p,r 0 0~ -
E(vrt) v? E(vrt)—— rad ———= — jw,r,t)
e I
&u & - - p(v,r,t) 0 —---
V2 E(,rt) = —grad F2 - — j(v,r,t
{Cz pw: v,rt)=-g £g, My at]( )
— — 0 — - - _ -
TaKk KaKk | V, 7, | - paccMarpHBacM Kak He3aBHCHMBIC riepemMeHHbie u |E(v,r,t) = o AW, r,t)—grad p(v,r,t)| , 1O
t

52 o——-— - v,r,t 0 - -
{i";atz—Vz}(—atA(v,r,t)—grad(p(v,r,t)J —gr dpé é:o) oy 0'51("’“0

0 00—~ - - ( 5y ) 0 .
{i’? at—Vz}(atA(v,r,t)+grad(p(v,r,t)J grad p§ ' + pp 0-5 Jv,r,t)

C HCO6X0,HI/IMOCTI)IO TI0J1y9HUM

fu o - 0~ - T e
{ -V A(v,r,t)=uuo~51(v,r,t) = ?'E—V A(O,r,t)=uuo~51(0,r,t)

JEPY
2 L - - ) o __
é:l; %—V P(v,r,t) = Q1) = %'%—Vz o(0,7,t) = pO.r1) 5
¢ ot 5 '50 c- Ot g . go
T.K. P(;,;,t) = p(6,;,t) , TO (p(;, }_f, t) = (p(67 }_,7 )
IV. TlosicHeHmue.
VXB(V r,t) = Vb(V r,t) = lJlJoJ(V r f)+ cu % = rotB(v ryt)— gmdb(v r t) Uiy - j(v r t)+ St %
! t
rot{ rot B(v.r.)~ grad b(v.r.0)|= m’{“uo jor f)+ 5# 6E(;H)}
t

., OECr)

rotrotB(v r t) rotgradb(v rot) = Uil - rotj(v r t)+ 5
t

rotrot B(v.rat) = iy -rot j(v.r.1) +iﬂ aé{m@(;,;,z)}
t

graddsz(v r,t)— v?2 B(v r t) My - rot](v r,t) +§—H aat{ iB(v,r,t)}
?
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2
5’; 88 B(v r,f)—V? B(v rot) = Uil rot](v r,t)— graddsz(v r,t)
c

o= -~ === === =
%-7B(v,r,t)—V2B(v,r,t) = Hiy 'rOt](varat)_O

TaK KaKk v,7,t | - paccMarpuBaeM Kak He3aBHCUMBIC nepemeHnsie U | B(v,r,t) =rot A(v,r,t) | ,T0
I I

2 — — —
5—’; . %{rot/l(v,r,t)}— v? {rot A(v,r,t)}: Uy -rot j(v,r,t)

éﬂa AW, 1 )= V2 AW, r0) = ppty - J (0,1 0) = 5‘2‘8 A, 7, 1) = V2 A0, 7, ) = gy - (0,7, 1) .
l l

V. IlosicHeHnme.

§,u % I rotB(v r,t)— gradb(v rot) = Uity - j(V r t)+ 1 %
t t

8E(v, r,t)
ot

VxB(v r t) Vb(v r,t) = /,l/,loj(v r t)+
TSN TN U BT
divyot B(v,r,t) — grad b(v,r,t){= divy uply - j(v,r,t) + =5

c
—dlvgradb(v rot)= Uity le](v r t)+ §,u 9 {dlvE(v r t)}

-v? b(v rt) Ly - dzvj(v rt)+§fu 8{ (v,r,t)7£

= 3 £z P b(v,r,t)}

2
~§—b(v r,t)— Vzb(v rot)= Uiy - lej(V r,t)+

&L o
C

§-g ot

2 __ __ _ _ __
o b) =V b= - div ) iy = P
t t

e e %Y
ESERNEL “~\t

2 - - _ - —
2 '%b(v,r,[) —Vzb(v,r,t): HHo '{gp(vara[) + divj(vara[)}

TakK KakKk v, r, t| - paccMaTpuBac€M KaK HE3aBUCHUMBIC IEPEMEHHBIC, TO

ap(0, 7, 1)
ot

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

op(v, 1)
ot

Ho ne gpaxm, umo +div j(v,r,t) | obpawaemcs é o

oplr.t) (;’t LD 4 v o,y = 22020 (O’ O 4 i 0,70~ p(0,7,0) v} = {6p (g’t 28 4 aivi@,r, t)}—div lo@.r,0)v}=

— _div {p(('), 7, 0)-vi==p(0, ,1)-divy—v-grad p(0, 1)

2 _ _ 2
= §,u s b(v, ,t) v? b(vrt)— — il - dlv{ (O,r,t)~v(r,t)} = 6—”'2[ a—b(O, r,t)— v? b(O rt) 0
? c

Pemenns ypaBHenuii

6# o’

6# 82

b(v, ) = V2 b(v,r 1) = —pipty - dzv{ (6,?,1).;}, b(O, 7,)=V2b(0,r,f)=0 H3BECTHBL:

b(v,r, ) = = L2 div,, { O,7t=|r=r|/ ) v =|r = r|/c)} av'
4r |r r|

0e3 yueTa 3ama3gbIBaHus

- - div, (0,7, 1) v(r',t - - - -

b(v, r,t):—/yW0 _[ D { ( r_) A )}-dV’ = e@obwem cayuyae b(v,r,t)#b(0,r,t)=0

4r |r 7
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B maGopaTropHoOii cucTeMe 0TcYeTa B OOIACTHL, Ti¢ OTCYTCTBYET JBIDKCHHE MaTepur (7, t) = (), CKaISIPHOE MaTHATHOS
nose b(0,7,t) MOKET pacpoCTPaHATHCS TOIBKO B BHe BouH. Ho Tak kak must monst b(0, 7,¢) HCTOYHMKOB HET ( B OTCYTCTBUA
NIBIKEHUS] MATEPUH BBITIONHSETCS 3aKOH COXPAHEHHS MMEKTPUYECKOTO 3apsijia) , TO BO3MOXKHO cumtath, uto b(0,7,1) =0.
B naGoparopHoii cucTeMe oTcdYeTa B 0GNACTH, TAE €CTh ABWKEHHE MaTtepu v(7,¢) # 0, CKaISIPHOC MarHUTHOE
none b(V, 7, ) MOXET NMeTh HCTOYHHKI: — LIl ~div{p(0, r,t)-v(r,t )} 1. IIpu stom B oGmiem ciyuae HapyIIaeTCs 3aKOH
COXPAHCHHS MEKTPHYECKOr0 3apsi/ia 3aIiCaHHbIN B BUJIC YPaBHEHHS HEIIPEPBIBHOCTH
op(0,r,t P - -
- - 9POLD | 450,70 =0 v=0
op(v,r,t) ==
———=+div j(v,r,t) = =
ot op(0,7,1)

~ +div {}(6, )= p(0,7,£) - v(r, t)}: —div{p@, 7, 6)-v(r, t)}, v£0

VI. Ilosicuennue.

Inasa 1, §3, 0.1 = U3 ypaBnenuii MakcBesuia BBITEKAIOT CIIEyIONINE BoIpaxkenus i E u B :

71!7p(ﬂ’ti‘r:r’ (r=r) V' + fap(r i e gy Bg GO 1 e
5-‘;'7}" c or 5-‘;'7}" c ot ‘,,r'
E=ﬁ'jj(r"t_‘r_r"/?X(r_r') A J. 8J(V t_‘r_r‘/c)x(;_?)}dV' (cuctema Maycea)

ot

c ‘r—r'

‘V—V

bes ygera 3ana3msiBanmsa.  (CH)

_ = . oy ) — )t ,

P p(r's0) G- 7y ayH #O‘I 0je) 1 3o /J /Jo Jl(r )% (V3 ") v (CH)
4r-€ - éjorfr "’*”' r—r'

a) Hamwmem BBIPAXKCHUS UL E u B B paMKax KOHIETIINA 3aBUCUMOCTH ITOJIEBBIX IEPEMEHHBIX OT CKOPOCTHU NBUXKCHUS

MaTepHaHLHOﬁ Cpe€apl, NPUYIEM IJIsT YMEHBIICHUSA TPOMO3AKOCTH 3aITUCH - 6e3 y4€ra 3ara3/ibIBaHuA

p(0,7,1)
7 ot ‘r -7

.(;7;){”,7#'#0,{ 5;(6,;51). L
47r~§~§0‘r7r' ar

EQO,r,1)=]

B(Ort)*u Ho J‘](Or t) (: r) .av'

‘ r—r'

I 0= 0,0 =v-p0,r,8); p,r,t)=pO,r,8) . jO,r,0) = jv,r,0)+v(r0)- p(0,r,0) |

paccyxmenne 1: paccyxieHune 2, KOTOPOMY OTAaeM IPEATIOUTCHHE:
B0 = [—PYTD Gy E((),;,z):j—p(wr_’”_ - (r=r)dV' -
Az & fo‘r—r‘ 4r-E- Gl
T, i F )+ V(- p0.7 0] R any o, 7,0+ 90 p (0,70} R
ot ‘r—r' ot |r—r'|
= B, t) =B S0 | {p(” t)} L
=
T B0 -t 7 3.0 ot FORGC)
s R T G CRa e W -
; J-{ - =P } i {p(vr t)}(r r)
|7” 7’| —B(v r, t)+ v(r 1) x _[ —
il
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Ilo xpaiineii mepe, npu V(r,t) = v = const , BBIIOJIHAIOTCA:

E©,r,1) = Err, ) - 2H0 5 a{p(v’r"’)}. v | BO.ry =BG+ ” Ho vxj btr.f- 1) v’
4z ot ‘rfr’ |r ;3

EGrt) = B0, 5.1+ 1240 o opO,r'0) L a Bo.r.1) = BO.r.1)— Mt ;X.[ {P((_),r_’,t)}'(;—17) dV
4r o ‘rfr' 4r |;_}7|

b) noscuenne V.= b(\_z,}_’,t):—

iy div, {p(0,7",0)-v(r' 1)

}-dV’ = b0,r,)=0

|r 7
v=v(r,1) ITo xpaiiHeit mepe, eciau ;(}_’, ) = ; = const , TO
b(0,r,t)=0 b(0,r,6)=0
- - - - di t t d,
b(v, 7. £) = b(0, 1) - ”“0 o v 0.7 GURG )} b(v, r,1) = b(Ort)— b [ B {p(or t)}
|r r| r— r|
) (p((),?,t)— Lo gy = /p(;,;,t)=p(6,;,t)/— ”f” D ay' = (v, r.t) :‘ o(,r,1)=(0,r t)‘
f§r§ ‘r—r =]
d)  IlpoBezmeM paccCyxACHHS, aHATOTHYHBIC “PACCYKACHHUAM 2” B IYHKTE a).
A0,r,1) =2t ” Eh j JOID gy Z ) Gty = JO70) v pO,10) 1=E 5 j(,v’r';’)-dV%”'”O-j V() PO
‘ ‘ Ar ‘r—r' Ar ‘r—r'
- - - My - 0,r',t - - - t
= A0, 1)+ R S0 ] POID). AV’ = A, 1)+ - prg -E-Eg -————(r 1) | PO} v =
4r |r r’| 4r 5 &o |r r|
e R N NI eI RS
—A(V,}",t)-’r,u ,UO'é'éo'V'(/)(V,}’,t)—A(V,}’,t)"F 2 'V'(/)(V,}",t)—A(V,}",t)"F 2 'V'(/)(V,}",t) =
c c
Z((_), ;, t) :Z(\_z,;, t)+u—f~;~¢(;, }_’, )= A(v r,t) = A(O r ,), K 5 Sy (p(v r,t)| 1o KpaiiHeii Mepe, ecnu V(r,t) = const
c
e) Bwurore:
o kpaiineii mepe, mpu ;:;(}_’, t)=const  BBIIOJHAIOTCA:
0,7,
EG,r0) = E(ort)+vj””° 2lp@.r.0f 1 V' = E(Ort)+u§ 26 o070},
4r ot |r r| ot
e = 0,
B(v,r,t):B(o,r,t)_vxj“ Ho {P( r_ f)_}3(r ) -dV' =B(0,r,1)- £ ‘f V% E emamuca (0,7, 1) »
Fr J
b(v,r,t) =b(0,r, t)— v-[ grad, {p(o r t)} dv', e b(0,r,0)=0
1
VIL.  Pesyabrarn §6.
iy TP R A S e F I R Y
) _261_2 (V,I",l) (v,r,t)—/,t,LtO-](v,r,t) , TIIe ](V,}",t)—](O,}",t)—V'p(O,r,t)
c
2 ___ - —__
SO0, r )=V A0, 7, 1) = pty 1O, 71)
c” ot
0? - - _—
5# T =, ), ) =V 2, 1, )V, 7, £) = pé ’5’ ) , tie p(v,r,t)=p(0,r,1)
0
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65 _5t ~ -
5” <p(0 r,0)=V2p(0,r,1)= £O.1Y , tie p(0,r,1) = p(v,r,t) -
2 o2 &8
U3 paBeHcTBa p(;, ;, t) = p(6, ;,t) JIeJIaeM BBIBOJI, YTO ‘ (p(;,;,t) = (p(ﬁ,;,t) "
2 __ __ _ __
O bt~ V2 b, 1) = — gty - divip(0,m,0) ¥ )]
3) c t
2 __ __
6—”;~6—2b(0,r,1) —V2b(0,7,1)=0
C t

4) Pemenus, npuBeIeHHBIX 37€Ch, YpaBHEHUH U3BECTHBI!!

5) (p(;,}_’,t) :(p(a,}_’,t) | , A(v r,t)= A(O 7, t)— é V- (p(O r,t) , No KpaiiHell Mepe, eciu v = const
c?

6) Ilo kpaiiHeii Mepe, €CiIM Cpefia ABIKETCS ¢ HOCTOSHHOM CKOpocThio v = V(7,t) = const , To / em. Hosicrenme VL. /

E@,r,0)=E0,r,0)+v-| B :o {P(gf:f)} | 1 | -dV' = E(0,r t)+—§ %{;-(p(@,i,t)},
r—r

o - ool
B(v,r,t):B(o,r,t)—“4“°.vxj bo( |r )}r(r ) av' =B, .0~ X ‘5 % E emamea (0,751 5
T - c
r—r

b(v, 1y 1) = b(ort)—““o [ grad, {p(0. 7,0 ——aV" , tze bO,7.0)=0

|}" r

§7 3ameuannue.

JIns cBeeHUsI IPUBOJITCS YPABHEHHS TEOPUH, KOTOPBIE aBTOP BPEMEHHO OTBEPT, IIOCUUTAB UX W30BITOYHBIMHE, OTJaB IPEAIOYTECHUS
yPaBHEHHSIM TEOPHH, PACCMOTPEHHOM Bhmie B § 1, § 2.

1) ypaBHeHHs TEOPHH ONEKTPO/IMHAMHKH CO CKAIAPHBIM MArHUTHBIM TIONIEM B T'anuneesom npocmpancmee epemeni.

== t
V.E- pOurD) 2t VxE@,rt) = M
£-& ot ot
§~1_3(\_/,}_’,t):0 ; VxB(vrt) Vb(vrt) ,u,uoj(vrt)+§’u %
t

a) Vo -E(,r.t)==b0,r,1) b) Vi E(r.t)=—b(v,r1)

Vo x E(v,r,t) = =B(0,r,t) Vyx E(v,r,t) = =B(v,r,1)

V., B,r,t)=0 V., B,r,t)=0

Vo x B~V b, 0) = LB, 1) Vo x B, 0) = Vi b t) =2 B, 0)

c ?
3) - 6) - cm. §5

IosicHeHue.
a) V,-E(rt)=-b0,r,t) b) Vy-E(,r,t)==b(v,r,t)

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

V. -B(v,r,t)=0 V., B(v,r,t)=0

VB r0- 5 55 B & 56

v v, 7 1) — V- b(v r,t)==>-E(0,r,t) v, xB(v,r,t)— V- b(v r,t)==—-E(v,r,t)
c? c?
al) rot, B(v.7.1) - grad, -b(v,1,t) = 2 E@,7.1) - bY) rot, B(v,r1) — grad, -b(v,r,1) = 2 E v, r.0)
C C
o __ £ o rot, rot, B(v,r,1)— rot, grad, b(v,r,t) = 5/21 -rot, E(v,r,1)
rot, rot, B(v,r,t) —rot, grad, b(v,r,t) = —’I; -rot, E(0,7,t) ¢
C
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- D 25 ~ ~ —_ - = —_ - = — —_ - =
grad, {dlvv B(v,r,t)}—Vv B(v,r,1)=0=0 . grad, {a’ivV B(v,r,t)}— VfB(v,r,t)—O = 5—/21 {— B(V,r,t)} .
grad,(0)=V 2B(v,r,t)=0 ¢
-V,’B(v,r,)=0.
V,2B(v,r,1)=0.

, Apmasup, 2018

grad, (0)—V >B(v,r,t) = —i“ B(v,r,1)
~V,?B(v,rt) = —5—“ B(v,r,1)-

V 2B _if;.ﬁ(;,;,t) 0.
C

a2) rot, E(v,r,t) = —B(0,r,1)

b2) rot, E(v,r,t) = —B(v,r,1)

rot, rot, E(;,I_’,l‘) = —rot, E((_),;,t) rot, rot, E(v,r,t)=-rot, B(v,1,1)

_ _ _ _ _ . . 27 T
gmdv{diva(v,r,t)}—VVZE(v,r,t) -0 . grad , {dzvv E(v,r,t)}—Vv E(,r,t)=
grad, b(0,7,0) -V, "EGr 7o) =0 _ _{5_5.5(;, F0+V, 50T, 0}
- — - - c
0-V,2E(v,r,t)=0 o o c o
JR— _ —gmdvb(v,r,t)—szE(v, r,t) = __,u E(v r,t)— v, -b(v,r,t).
V, E(v,r,t)=0

v, E(vrt)—éﬂ E(vrt) 0

a3)  rot, B 1) - grad, b, 1) = 2 E(0,7.1)
C

b3)  rot, B(v,r.1) — grad, b(v,r.0) = 2 E (v 7o0)
C

div, rot, B(v,r,t)—div,grad, b(v,r,t) = i’; -div, E0,r,1)

div, rot, B(v,r,t) - div,grad, b(v,r,t) = 5’2‘ : {— b(@,;,t)}
C
~V,2b(,r,) =0

h70 =0 ~V,%b(v,r 1) = —i“ b(v,7,1)
V., 2b(v,r,t) =0

v, b(vrt)—é:—u b(vrt)—

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

0=0

a5)  div, B(v,r,1)=0

grad, {divv E(;,;,t)}z gmdv(_)

\% v2 E(;, ;, t)+rot, rot, E(;, 1_’, t)= 0
v 2BGr0) 4 ot {f_g‘f(a, . g} _5
C

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

a5)  div, B(v,r,)=0
grad, {divv 1_3(\_/,1_’, t)} =grad, 0
\% v2 E(;, ;, t)+rot, rot, E(;, 1_’, t)= 0
V 2B r0) 4 rot, {%‘EG, r.0)+ grad, (o7, g} _
Cc
V. B rt) + %i;. bot, EGr.r)|+0 =0

V,2B(v,r,0)+ 5—“ EBGrn)=0

vvzé(i,?,t)—i“ -B(v,r,1)=0

a6)  div, E(v,r,1) =—b(0,r,1)

grad, {divv E(;, ;, t)}: gmd‘,b(a, }_’, t)
sz E(;, }_’, t)+rot, rot, E(;, }_’, )= 0

b6)  div, E(v,r,1) =—=b(v, 1)

grad, {divvf(;, 1_’, t)}: —gmd‘,b(;, 1_’, t)

V 2E®v,r,0)+rot, rot, E(v,r,t) = —grad b(v,r,1)

V 2E(v,r,t)+rot,B(0,r,t)=0 vff@,?,z)—@‘ EW,r,0) =V -b(v,r,1) = —grad ,b(v, r, 1)
V 2E(v,r,t)=0. —--
v EGor=0 v, 2E® rt)—é—'u E(v,r,)=0.

C
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B urore:
a)

YpaBHeHUA: Bo3moxHBIE pemeHns:

Bo3moxxHbIE peHICHUA

V 2E(m =0 Vpassenns E@,r,t) = EQ,r,0)+[vx B(0,r,0]+v-b(0,r,1) | E(v,r,t)=E(0,r,t)

- - 2T N B éu

V 2BGr) =0 Jammaca | 2070 =BOnD X E(0,7,0)] B, 1) = B, 1 1)
S éﬂ " R

V., 2b(v,r,0) =0 b(v, 7, ) = b(0, r, 1) =2 v E(0, 7, 1) BTy = bO.T0)

Bo3moxHBI apyrue peI_IIeHI/IS[.

Mposepxa: V2 E(v,r,0)=0= V> {E(o, 7, 8)+[vx B(0, 7, )]+ v-b(0,r, t)}: 0=

= ( 0 +682+882){E(o,?,t)+[5xﬁ(6,2,1)+5-b(6,21)]}:
v

V.2 Bv,r,t)=0= V, {B(Ort)f— [vxE(Ort)]}

(L+i+7){3(o r z)—f—“ [vx E(0, z)]}zf
ov 0

0 v,
V,2b(v,r,1)=0= { b(0,r,t)— 2 5.3(6, r, t)} =
0

4 i
Bvx vaz ﬁvzz

(

){b(o =2 5“ v-E(0,r t)}:f

e [vxBl, =v,-B.-v. B,; [CXE]_V:VZ-BX—VX-BZ; [vxB]. =v.-B,-v, -B.] .

y y

b)

YpaBHEeHUA:

Bo3MoxxHBIC peuicHu: BosMmoxxHbIE pCHIeHI/ISI'

vjf(;,r,,)_@_ﬁz‘,f(;’;’,):a EGrrt)=EQ.r.1)=0 | E(.r.0)= EQ@.7.1)-ch S VS ”) Jau

Cc
VB0~ B B6r0=0 | BT =BG =0 +_[:x3(0”)] ety +V>@
& NET
v, b(vrt)— b(v,r,1) =0 b ) = b0, 1 1) =0 | = - - - (vx+v,,+vz)~\/5_

B(v,r,t)=B(0,r,t)-ch

\/av (+v+v)\/a

——[—xE(O, ,t)] sh

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

Hemuoro HeoObruex q)OpMa.HI/ISM paCCMOTpCHHOﬁ TEOpUH, KOTOPasi Ka4YECTBEHHO OIIMCHIBAECT BBIBO/IBI KJTACCHYCCKOM
JJICKTPOANHAMUKHA. Harme OXHUIAHUEC 3aKIIF0YACTCS B TOM, YTO €CJIU BEPHO yYraJlanbl YPaBHEHUA JJICKTPOJAMHAMUKU C 3aBUCAIIUMU
OT CKOPOCTH NBWKCHUA MaTepHaHLHOﬁ CpEpl NOJIEBBIMU IIEPEMEHHBIMU, TO U3 HUX TOJDKHBL OBITH TIOJTY4YCHBI WIIH, B KpaﬁHeM

. 2 n Y2 n - n

ClIydae UM He JOJDKHBI IPOTHBOPEUNTH, pelleHus ypasHenuit: V ~ E(v,r,£) =0 , sz B(v,r,t)=0, Vv2b(v r,t)=0
Hanpumep, npu JBIKEHUHU TBEPIOTO TENA — ITO PEIIEHHS:

EW,r,t)=E,r,t)+[vxB(0,r,1)], B(v r,t)= B(O r,t)— é‘u [vxE(O 0], b(v r,t) = b(O r,t)— é‘u V- E(O r,t),
KOTOpBIE COOTBETCTBYIOT 3MEKTPOJAMHAMUKE JIBIDKEHUS TBEPIOTO TeNd. B MOSCHEHMH MOKA3aHO, YTO 3TO TaK U ECTh.
A eciy cOBepIIaeTcsl BUXPEBOE, TYpOYJIEHTHOE JBWKEHUE B CIUIONIHOM cpee? Hanpumep, B rasoBoit. Kakosa anekTpoauHaMuKa
TypOYJIEHTHOTO WM BUXPEBOTO JBWKEHUS, 3a1aBAEMOTO TI0JIEM CKopocTelt v = v(r,t) , B ra3oBoli cpente, B mwiazme? Byayr nu B
9TOM CITydae CIpaBeUTHBEI ypaBHeHwus Jlammaca: sz E(v,r,t)y=0 , sz B(v,r,t)=0, V 2b(;,;,t) =0 ?

OO0s13aTeNIbHO JIM IIPaBBIEe YACTH 3THX YPABHCHUH JOIDKHBI OBITH HYICBBIMHU?
Cozeprxanue 3T0oro maparpada ciemyeT paccMaTpUBaTh, KaK BO3MOXKHBIH 3a1e Ha Oyaymiee.
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§ 8 BoiBoabI IJIaBbI 2.

“ITogxomasl K pa3BUTHIO TEOPHUU MIEKTPOANHAMUKY

, Apmasup, 2018

PaccMoTpeHHBIN TOIX0A K “HUCTHHHON TEOPHH JIEKTPOJMHAMUKN KadeCTBEHHO ONHCHIBAET BBIBOABI KIACCHYECKOM

JJICKTPOANHAMUKHA.

ITox IBIKEHHEM MaTEPHAIIBHOM CPEJIbl, 381aBaEMbIM TOJIEM CKOpocTeil v = V(7,1) , IOHNMAeM Kak JIBIKCHHE

TBEPAOTO TEIa ( JBIDKEHUE KOHTYpa, CTEPKHI, .

J]IO60I‘0 MaTepUuaIbHOTO OGBCKTH JABWOKCHUC HaGHIOL[aTeJIﬂ ) TaK W JBH)KCHHC

CIUTOIIHOM cpelbl (HaIpuMep, IBIDKEHHE Ta30BOH CpCZ[I;I) MoxHO TOnPo6OBaTh OIUCATH HMEKTPOJUHAMUKY TypOyIEHTHOTO HIIH

BHUXPEBOTO NBWKCHUSA, 3aJaBA€MOr'0 TI0JIEM CKOpOCTeI/I V= V(}" t) s B ra3oBoi cpene.

Her nmwxeHus MaTepu,
T.€. TI0JIE CKOPOCTEH v = v(r t)= 0

Ectp nBmxeHne matepuuy,
KOTOPOE 3a7aeTCsl T0JeM CKOpOCTel v = v(r, 1)

1) BBITIOJTHACTCS 3aKOH COXPAaHECHUS 3J1. 3apsiaa
op(0,r,t) = -
—p(a %0 4 divj©, 7,0 =0

t

2) it CKalspHOTO MarHWTHOTO Tonist b = b(6, }_’, 1)

2 __ __
5—‘2‘-6—2b(0,r,z)—v2 b(0,r,1)=0,

1) He moxeM roBopHTh 0 3aKOHE COXpaHeHus 3apsija !

w +div(v,r,0) = —div{C - p(0, 7, z)}:
t

=—p(0,r,t)-divv—v-grad p(0,r,1)

2) st CKalspHOTO MarHuTHoro mons b = b(v, r,t)

2 -
é,u 9 b(v r,t)— v? b(v r, 1) =—Hy - dzv{_~p(0, r,t)}

EcTb uctouHnKu Y CKaIIsIpHOrO MarHUTHOT'O moJis!

T.C.CKaJIIPHOE TI0JIE MOXKET CYIIECTBOBATH TOJIBKO B
BUAE BOJIHBI, Y HETO HET UCTOYHUKOB.

TecHO B3anMOCBS3aHBI - BHIIIOTHEHNE 3aKOHA COXPAaHEHUS MIEKTPHIECKOT0 3apsijia, CYIIECTBOBAHIE CKAJSIPHOTO MarHUTHOTO TTOJIH,
JIBIDKEHHE MaTepuaabHOH cpepl. O CBSI3U BHITIOJHEHHS 3aKOHA COXPAHEHMS 3JIEKTPUYECKOT0 3apsaaa U
CYIIECTBOBAHHUH CKAJSIPHOIO MarHUTHOTO TIOJISl M3BECTHO / CM. HaIlpuMep, y aBTopa 3roii padorst [9], [11], [13] /.

CkansipHOe MarHUTHOE IOJIE PACCMATPUBACTCS B TEOPHHU O3 IPOTHBOPEUHIA, CBSI3aHHBIX C HAPYILICHUEM 3aKOHA COXPAHCHUS

3JIeKTpUdecKoro 3apsaaa. CkajisipHOe MATHUTHOE 110J1e CYIeCTBYeT TOJILKO B TOUKaX NPOCTPAHCTBA, B KOTOPBIX

ABHIKETCS] MATEPHAJILHASI CPe/ia ¢ HEKOTOPOii CKOPOCTHIO: 6 oowem ciyuae b(v,r,t) =b(0,r,t)=0.

B teopuu nocryanpyercs: ;(;, }_’, )= ;(6, }_’, t)— v p(a, ;, ) - IUIOTHOCTH TOKa,

p(v,r,t) = p(0,r,t) - IIOTHOCTH 3aps/a HE 3ABUCUT OT CKOPOCTH ABHMKEHHS MAaT. CPEJIbI.

Uz p(v,r,t)= p(0,7,t) cnemyer BBIONHEHHE PABEHCTBA JUTSl TIOTEHIIMATIOB (p(;,;, 1) = (p(6,;,t)

SIBasierest s nocrynar p(v,r,t) = p(0,7,t) , npornsopeuammii CTO, 3aKOHOM HPUPOBI — IPEICTOUT BHIICHUTD B

9KCIIEPUMEHTAX. OTOT NMOCTYNAT NPHBOJAUT K HApYIIEHUIO 3aKOHA COXPAHEHHS NIEKTPUUECKOTO 3apsijia, 3alIHCAaHHOTO B BUJIE
YPaBHEHUsI HEIPEPHIBHOCTH.

orn | PY @ =0 , v=0
R/EA\CLELI) +div j(v,r,t) = o _
ot op(0,r,

p ) +div{;(0,r,t) —p(O,r,t)~v}= —div{p(O,r,t) ~v} ,v#0
MOXHO cKa3aTb, 4T0 CYIIECTBOBAHHE CKAIAPHOIO MArHATHOTO TOJIs, HAPYIICHHE 3aKOHA COXPAHEHHA DNEKTPHICCKOro 3apszia

3aJar0TCA IIOJIEM CKOpOCTCI/I V= V(r t) JBIDKCHHUA MaTCpI/IaIILHOI/I Cpeabt (HBI/DKCHI/IS[ TBEPAOTO TEIIA, Ta3oBOi Cpepl, MIa3Mbl, )
3akoH COXpaHECHUA JJIEKTPUYECKOr0 3apsjia HE UMEET CTPOrOTro AOKa3aTEIbCTBA. EZ[I/IHCTBCHHOC J0Ka3aTeJIbCTBO 3aKOHA COXPAaHECHUA
3apsaa - €ro OmbITHAas MPOBEpPKa. HO, Haripumep, B [4] coo6mae'rc;1 00 OKCHEPUMEHTAX, B KOTOPBIX BO3MOXKHO HAPYIIAETCA 3aKOH
COXPpaHECHUA DJIEKTPUICCKOrO 3apsaa. C TIOMOIIBI0 TOAX0/a, OCHOBAHHOT'O HA 3aBUCUMOCTH MOJIEBBIX IIEPEMEHHBIX OT CKOPOCTH
JBIDKCHUSA MaTE€pUU, MOKHO XOTA OBI (bOpMaHLHO TIOHSATE:

- CYIIECTBOBAHUE CKATIAPHOTO MAaTrHUTHOI'O MOJISI, BXOIAIICTO B BBIPAXKCHUE 1A CUIIbI .HOpeHI_Ia—HI/IKOHaCBa

T 10 =g [, 7, 0) +[vx By, 7, 0]+ v-b(v, 7,1)|

- BO3MOXHOCTb HAPYIICHUSA 3aKOHA COXPAHCHUSA IJIEKTPUYCCKOTO 3apsa/ia U YCIOBUA €0 HAPYIICHUA.

KOHEII TJIaBhI 2

§ 9. 3axuouenue.

ITo namemy MHeHmO uien “ DnexrpoauHamuka Maxcsemna” , “Mnes Hukonaepa o ckamsipHom none” , “Mnes MucroueHko o
JBIDKEHMAX NN, “Maes o 3aBHCHMOCTH MOJIEBBIX ITEPEMEHHBIX OT CKOPOCTH ABIKEHUA MaTePUAIbHON CPebl” ONPEIEIISIOT

HA CETOJHAIIHKUI JEHb MHTEPECHBIE ¢ PUIIOCOPCKOM TOUKU 3pSHHS BADUAHTHI PA3BUTHS TEOPHU IIEKTPOITUHAMUKH.
PaccmaTpuBaetcs moaxozn yuera B TEOPUH MEKTPOANHAMUKY NOHATUH “CkanstpHoe none”, “CKOpoCTb ABIKEHHS HOJIS.
PaccmatpuBaetcss B I anuineeBoM IpOCTPAHCTBE-BPEMEHH TEOPHS IEKTPOJWHAMUKY CO CKAIIPHBIM MOJIEM C 3aBHCSIIIMHU OT
CKOPOCTH JBWKEHHS MAaTEPHAIBHOI CPEBI IIOJIEBBIMH IEPEMEHHBIMH. PHCKHEM Ha3BaTh TEOPHH, PACCMOTPEHHBIE 37IECH,
KaHIMaTaMU B IiepcrieKTHBHbIE. PaboTa siBisiercst npomomkenneM kuurd [13]. [To HameMy MHEHHIO TTOJXO/IbI, H3JI0KEHHBIC B
kuure [13] u B 3T0it paboTe NO3BOJSIIOT HA CErOTHAIIHUI JIeHb, HECMOTPSI Ha X BO3MOXKHYIO CIIOPHOCTb JIY4IlIe YBUACTD IPOOIIEMyY
pa3BUTHS TEOPUH JICKTPOAUHAMHKH. BpeMms OKaXeT, CAeNaloTCs JIM CKa3KH, IIPOYUTAHHBIC YMTATENEM B 3TOH pabore

u pabore [13], ObuIBIO.

KOHeI[ paboThI
28



Konusa xuurn Haymenko FO.B. “Ilomxozpl K pa3BUTHIO TEOPUH EKTPOAUHAMUKY , Apmasup, 2018

Jluteparypa.

[1] Huxomaes I'.B. “DnexrpoauHamuka GH3MIECKOro Bakyyma”, Tomck 2004r.

[2] Mucrouenko U. “Ilocnennss taitna 6ora”, Cankr-IletepOypr, 2009r.

[3] WBanoB A.I.  “HeBuxpeBas amekrpoauHamMuka ( DaeKrpoMarHuTHbIE BOTHBI Tecisl )”, Mocksa, 2009r.

[4] @©.®. Menge, A.C. lyOpoBuH “ANbTepHATUBHAS HACOTIOTHS MEKTpoauHaMuky” , Mocksa, 2016

[S] K.E. Tamm “OcHoBbl Teopun snexrpudectsa’, M., Hayka I'm. pen. ¢u3. mat nut-per, 1976r.

[6] Haymenko 10.B. "Emunast Teopust BEeKTOPHBIX TONEH (OT 31EKTpOAMHAMUKYE MakcBeIlla K eAUHOM TeOpHH o)
M. ®I'VII "BHTHUI" onucanue u.m. Ne 722006000202006r.

[7]1 Haymenxo I0.B. «EnuHas Teopus BEKTOPHBIX Moneii», V , Apmasnp, 2006r.
[8] Haymenxko FO.B. “Pa3Burue monsaTwii moms, paGoThl, MOMEHTA HMITyIIbca” , V2, Apmasup, 2010r.
[9] Haymenko 10.B. «Bo3MoxHOE pa3BUTHE KIACCHUCCKIX MEXAHUKA M HIEKTPOAUHAMUKE», V3, Apmasup, 2012r.
[10] Haymenko FO.B. “O ckopoctu ABwkeHHs Mot , V4, Apmasnp, 2014r.
[11] Haymenko }O.B. “Bo3moxHOe pa3BuTHe KaccHuecKoi anekTpoauHamukn”, Lambert Academic Publishing, 2014r.
[12] Haymenko }O.B. “3amerku o ckopocTu aABuwkeHus nois, nocrynatax CTO”, V5, Apmasup, 2015r.
[13] Haymenko FO.B. “O HeKOTOpBIX MpeLI0KEHUAX B 2NEKTPOAUHAMUKE”, V6, Apmasup, 2017r.

C paboTamu aBTOpa MOXXKHO 03HAKOMHUThCS Ha caiite www.etvp.narod.ru .

Conep:xanue

I'maBal
[lonxox K TEOpHUM NIEKTPOAMHAMUKH CO CKAJSIPHBIM IIOJIEM, C YUETOM CKOpPOCTH JBHKEHUS MOJIS.

§ 1 Baenmenue. 4

§ 2 HexoTopble NOIXOABI K Pa3BUTHIO TEOPHHU EKTPOIUHAMUKY. JlomonHeHue K padote [11]. 7

§ 3 IlepcneKTUBHBII, 0 MHEHHIO aBTOpA, MOAXOJ K Pa3BUTHIO TEOPUH IEKTPOJHHAMUKU. 9

§ 4 BrBoms! riasb | 18

F'nasa 2

[lonxox k TeopuH 3NEKTPOJUHAMUKH CO CKATSIPHBIM MOJIEM C 3aBUCAIIUMH OT

CKOPOCTH ABMKEHUsI MaTEpUAIbHON CPEbl MOJIEBBIMU IEPEMEHHBIMH.

§ 5 Toaxo K TEOPUH INEKTPOJIMHAMHUKH CO CKAISIPHBIM MOJIEM € 3ABUCSIIIUMH OT CKOPOCTH JIBHMKEHHS
MaTepHalIbHON CpeJibl OJEBBIMU EPEMEHHBIMH. 19

§ 6 Toscuenus. 20

§7 3ameuanue. 25

§ 8 BbIBOABI TIaBbl 2. 28

§9. 3akmouenwe. 28
JIureparypa. 29

006 aBTOpe: B 1977r. 3akoHunI U3HKO-MaTeMaTHYECKUI (BaKynbTeT ApMaBHPCKOro [ 0CyapcTBEHHOTO
HeJarormeckoro MHCTuTyTa. B 2006r. npeoxkuwn CBOi BapHaHT €AMHON TEOPHHU MOJIS.
B 2012r. - 2018r. paccMoTpen psj; BapUaHTOB Pa3BUTHS TEOPUH NEKTPOJHHAMHKU

Poccust, Kpacnonapckuii kpaii, r. ApMmaBup, yi. A3oBckasd 9, k. 45

mail-to: naumenko_ju@mail.ru ; http:// www.etvp.narod.ru ; http:// www.maxetp.narod.ru

12 mapra 2018 . Haywmenko 10.B.

29



Konmst xaurn Haymenxko H0.B.  “Iloaxofpl K pa3BUTHIO TEOPHH IEKTPOAMHAMHUKK” , Apmasup, 2018




Konusa xuurn Haymenko FO.B. “Ilomxozpl K pa3BUTHIO TEOPUH EKTPOAUHAMUKY , Apmasup, 2018

Haymenko IOpuii BukropoBu4

HOI[XO[[I)I K Pa3BUTHUI0O TCOPHUH JICKTPOAUHAMUKH

IMopmucano B nedars 22.03.2018 r. ®opmat Gymaru 60x84/16.
Bymara odpcernas. [Tewars odpcernas. Yeu. m. . 2. Yo m3n. . 2,25.
3aka3 428y. Tupax 10 3x3. OOIIECTBO C OrpaHUIEHHOH OTBETCTBEHHOCTEIO
«Pemakmyst razeTsl «ApMaBHPCKUH coOeceTHHUKY TTOopa3iesieHne ApMaBHPCKast THIIOTPags.
WHH 2372001512. Poccusi, Kpacanomapckwuit xpaif, 352900 r. Apmasup, yi. Komcomonsckas, 123. Tem. (86137) 3-22-27.

ISBN 978-5-93750-317-6

9117859371503176

31



32

Konusa xuurn Haymenko FO.B. “Ilomxozpl K pa3BUTHIO TEOPUH EKTPOAUHAMUKY , Apmasup, 2018

Hayrerio K-8,

Ensas TROPHA BRKTORHEIX TR,

/

Hvwoeos VB

0 0RO TH RIS T

Haywemo 10.B.

Modxoow k passumuso meopuu
anexmpoounawuxu.

Haymenco 10.B. Haymenco 10.B.
Paseumue nowsmuii nonx, pasoms Boxmoscoe passumue Kaaccuneckux
somenma uwnyea. MexanuKu u exmpoounauxu.

Haymeno I0B.

Haymenso 10.B.

0 nexomopuix npednoncenusx s

3amemxu o ckopocmu deusicenus,
noan, nocmyaamax CTO.

arexmpoounaure.

¥Oput Brmroposes Hayuerxo
Haynaemo Fpt Brawaponi

i j Byt rsmsn ame e cromD
ot azymmTers ATTIH 1977r Bosno:kHoe pasBITHe K1accIMecKoil
Faga  Bousr momamsscingm

e Tea a0 — “Erpm A reopin SIEKTP O EHAMITRKIT
berTopO e

b LAMBERT
M Aicadenic Publis hing
973650609763



