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B BrImyckax V7 - V14 npoekra aBTopa chopMynupoBaHa B ["anmieeBoM IpocTpaHCTBE-BPEMEHH
HOBasI TEOPHSI MNIEKTPOIMHAMUKH - ~TlaHanekrpomuHamuka’™:

VE, VB , Ve, Vb = CKOpPOCTH ABUKCHUSA COOTBCTCTBYIOIIUX ITOJIEBLIX NMEPEMEHHBIX!

E - OJICKTPHUYICCKOEC BEKTOPHOE IOJIC, B - maranTHOE BEKTOPHOC MOJIC,
€ - DICKTPUYCCKOEC CKAJIAPHOC MOJIC, b - marnutHOE CKaJIIpHOEC MOJIC.

V = Vyamepus - CKOPOCTb NBWKCHUA MAaTCPUU B TOYKC HaGJ’IIOIIeHI/ISI MOJIEBBIX IEPEMCHHBIX,

TCOpI/ISI CTPOUTCA B IMPECATIOJIOKEHUHN TOr0, YTO MOJIA E ’ B s € b ABUKYTCH, TO €CTh

2 N, a________
gE(v,t,r)+(vE(v,t,r)~V)~E(v,t,r):0 ; Ee(v,t,rh(ve(v,t,r)-v)~e(v,t,r)=0;
t

Ny U
aﬁB(v,t,r) + ( ve(v,t,r) -V ) Bv,t,r)=0 ; Eb(v, t,r)+ ( vy(v,t,1r)-V )~b(v,t,r) =0.
t
Cunraercs (cM. V4, V5), uT0 B mo00i TOUKe MPOCTPAHCTBA B JIIOO0H MOMEHT BPEMEHH:
NpH YCIOBUM He cranuoHapHocty £ / B/ e/ b cymecTByeT HampasieHHE, B KOTOPOM
neixercs none E / B/ e/ b . Tlpu oM Hanpasnenust aikerns noneii: v, T ve , vy ™ vg.

J1st cBOGOHOTO 3IEKTPOMArHUTHOTO MO (HET HCTOYHUKOB IOJIS): VE =VB =Ve =Vp =C.

VpaBaenus: T1aHA1eKTPOAUHAMUKI HeT HCTOYHUKOB C = CONSt
— - - — - = 1= —= - 1- - - - 1--1-
E(,t,r) =Eo(v,t,r) ——-vg x B(v,t,r)+—-vp -b(v,1,1) E=-—cxB+—-cb
c c c c
Tt T T I — 1= = 1=
B(v,t,r) = Bo(v,t,r)+ —-vEX E(,t,r) + —-ve -e(v,1,1) B=—rcxE+—c-e
c c c c
- L
e(VJJ):;‘VB‘B(VJv”) cuna, oeticmsyiouas e=.c
- - - - 1 - == - Ha 3aps0 q, 1 - =
- ~vg- b=—-c-E
b(v,t,r) bo(v,t,r)+c ve - E(v,t,r) dsudrcyupuiics co B
0=~ - (- =\=~ .- = cKOpoCMbIO v : £E+(7§)E—6
—E(v,t,r)+(vE~V)~E(V,t,r)=0 _ _ ot eV )e=
ot f=q-EWtr) 5
e 2%.(2.9)3=0
EB(VJ,FH'(VB -V )'B(VJ»V)=0 veE =vEW,L,F) ot ( )
—_ - —_ —_ a [ —
0o - - - = - - v =vp(W,t,r — ~)-:
_e(vytyr)Jr(ve.v).e(‘,’t’r)zo Vs _BE _) ate+(cV e=0
(Zt Ve =Ve(W,t,7) P (_ _
- (= =)~ - S Cpi(e¥)b=0
Eb(v,t,r) +(vb Y )~b(v,t,r)=0 ve =vp(V,t,F) ot
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Eo(n,t,7r) :jp(a,t,7)-(_r;_rz-dV' 5 Bo(vt,r) = 1-j{}(ﬁ,z,?)—§~p(6,t,;)}x r ‘_r3) v
= c &

eo(t,r)=0 bo(;,t,;)=l'f{}(ﬁ,tf)—;p((_),ta;)}'(r_r‘z'dV'
C Y
ryr—r

V(F-G)=(FeV)G+(G-oV)F+ Fx(V xG)+ Gx(V xF)
§O(F><6)= GeV xF— FeV xG §><(®1?)=®§ xF+ VO xF
Vx (FxG)= (GeV)F—(FeV)G+F (VeG)-G(VeF)

_ — — — _ — P G
V#(@F)=®@V eF + (VD)eF 5 rotrot F =Vx(VxF)=V (V eF) -V F U

Hccnenyem cinydaid CBOOOIHOrO 3JIEKTPOMArHUTHOTO TOJISL - 3JIEKTPOMAarHUTHBIN JIyd

(B OOBeme Tyua ¢ = ¢(t,x.y.z) =const ,

E‘ = ‘E(t, x.y.z)‘ —¢ ), HalpuUMep TOHKHH JIyd CBETa.

(*) rot E:—l~g§—£-di\)§ - £><graafb
c Ot c c
(**) rot E:l~gE+£~divE —Exgrade
c Ot c c 5 .
— . - . - _ L= = 1 rotB+gradb
vE="S. <. _c. divE=0=|""_
divE . rot B + . grad b . {rot B+gradb} |:r0tB:—gradb
divB=-S. rotE+£-grade =£-{—r0tE+grade} divB=0= cJ_:rotE+grade
c c c rot E = grad e
(*) grade:—l~g§+ S rotB = —rot E , ecnn divB=0
c Ot c
(*%) gradb:—l~gE+ S rotE = =—rot B, ecnn divE=0
c Ot c
= 10= ¢ - ¢ 1 6* = =2—
a) rotrot E =rot ——QB—E-divB - £><graalb = —26—2E—V E=
c Ot c c c” ot
— 10fc , = c .= 1d]c c
=—grad divE——g{E-divE }—rot(g-div8)+—g{Exgrade}—rot(EXgradb)
cot|c c cot|c c
= 1 0= ¢ —— 1 6* = =2=
6) rotrot B=rot —~gE+£-divE —Exgrade = —26—28—V B=
c Ot c c c” ot
- 1af|e, =1 c c = c
=—grad divB——-g C.divB +—~g £><graalb +r0t(£-divE)—rot(gxgrade)
c Ot|c c Ot|c c c

8) B-rot E—E-rot E:div(E-E):

10B 10E ¢~ , = c¢c—= , = = —
=——-g———-g——E-B-divB—E-E-divE—B-[Exgradb]—E-[Exgrade]
co 2 c¢co 2 c c c c
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UToOB! NPHHTH K ypaBHEHUSIM ——5E-V E=0, ——23—5 B=0 »

1 B E’ B g
(*1) —-2 —+— +dzv(E><B) 0 = 2a)+a’zvS 0, o=—+—, S=c-ExB

c ot 2 ot 2 2
TpeGyeTcsl BBINONHEHHUE YCIOBUH: divE=O divE=O E~[Exgradb]+E~[Exgrade]=O

l%{Exgmdb} rot(—Xgrade) 0, __[_Xgmde]_mt(_XgMdb) 0.
c

Cucrema ypaBHeHHH B L[Hd)d)epeHuHanLHon Q)opMe TEOpHHU HaHaIIeKTpO)Z[I/IHaMI/IKa cBoOomHOTO
JIEKTPOMArHUTHOTO TIONIS () = <E,§,e,b> JUIs ClTydyas 3JIEKTPOMATHUTHOIO JIyda c(t,X.y.z) =const

rot E=—l~g§—z~div§ —Exgradb= /divB=0 / :_l,QE —Exgradb
c Ot c c Ot c
rot E:l QE £.divE —Exgradez /divE=0/ =lgE —Exgrade
c Ot c c c Ot c
- ¢ = ¢ c ., =
divE=—-rotB + —-gradb=—-{rot B+ gradb}=0
c c c

divB=-S.rotE + E-grade =<, {—rotE+grade}=O
c

c c
gradez—l-gg+ £ rotB

c ot c
gradbz—l-gE+ S xrotE

c ot c
1 a2 2
— —[—xgrade] 0 = —e=0
¢t ot e or?
1 0% ¢ 0?
— —{—xgradb} 0 = —b=0
¢t ot e ot?

B=0: %H(Z-v )-e=0; %m(é-?)-b:o

LEe(cv)E=05 Zhe(cV):

divE =0 :>r01§=—gradb:> divrotgz—divgradb = V?bh=0
divB=0 = rothgrade = divrothdivgrade = V?e=0

2

10 (- c - 1 ¢ ¢
—_= db(— rot( = de)=0 — | Exgrade |+V?| “xgrade|=0+0
cat{cxgra } ro(cxgra e) 2 atz{ g } L & }

10]ec c 2 c _
——{—xgrade}+rot(—xgradb) 0 L. j—{gxgradb}+v {—xgradb} 0+0
i

c ot o2

Ipu paccMOTPEHNH IIEKTPOMArHUTHOTO mmofst (2 = <E ,B,e, b> 0e3 MCTOYHHMKOB, TO €CTh

CBOOOIHOr 0 ICKTPOMATHUTHOT'O TIOJISI, TPECTABIIAIONIET0 COO0H TOHKUI AJIEKTPOMAarHUTHBIN Iy, B
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Teopun IlaHsekTpoquHamuka moie 2= <E,B,e,b> PacIpoCTpaHsIeTCsT Tak:

- BEKTOPHBLIC KOMIIOHCHTLIL E N B YAOBJIETBOPAKOT CUCTEMaM ypaBHCHHfIZ

1 8= == =
—2—23 V B=0
c® ot

0

—B+( )

ot
/' V9 = / toects E pacnpocTpaHsioTCs Kak BOJHA M B PacipoCTpaHSIOTCS KaK BOJHA.

- CKaJIIpHBIC KOMIIOHCHTEI € , b YAOBJIETBOPAKOT CUCTEMaM ypaBHCHHfIZ

2 _
L2 eivie=o -
iz <:>—e+(c-grade )=0
Ve=0 b _ gt
1 & = —e+(c-V)e=0 = —e+dzv(c e)=0 —
— 57¢=0 o
- v S = 0‘ *2)
_ ——+ iv(c-—
2e+(c-V)-e=0 |
ot
2 _
LS ivih=0
2 atZ a —
_, = —b+(c-gradb )=O
V'b=0 0 - a _
2 = —b+( V)sz S | —b+div(c-b)=0 —
L9 oo ot ot
ol o b> B>
R ——+dzv(c —) 0 (*3)
SpileV)p=0 |2

/ V9 = / TO eCTb € MOXKET PaCHPOCTPAHATHCS Kak BOJHA B H MOXET PacpOCTPaHATHCS KaK BOJHA.

3aKOHBI COXPAHEHHS SHEPTUH JUTS SJIEKTPOMAarHUTHOrO Jiyda () = <E, B ,e, b> :
E? B2 2 _ 2 2 g2
92 —+— +div(c- E><B) 0; ge—+div(c-e—)=0 , gb—+div(c-b—)=0.
2 ot 2 2 2
B &2 P

Ot ot 2
2 2
(1) +(2) 1(3) = a[E+ ++2J+d1v[c ExB+c- St e b}:o.

o\ 2 2 2 2 2

VYpasaenus B quddepeHnranbaoi popme cBOOOIHOro IEKTPOMAarHUTHOTO MOJIS YIS CITydast JIyda
TIOXO0XH Ha ypaBHeHHs MaxcBemna. OnbeIT MaiikenbCoHa, OIBITH IO AU(PAKINH CBETA, OMBITHI MO
HHTEPEPEHINN CBETa IPOBOJIIIINCH C JTy9aMH CBETa. JTO KOCBEHHO CBUJIETEIBECTBYET B TIONIB3Y
ypaBHeHH# [laHAIEeKTPOIMHAMUKK UTS CBOOOTHOTO 3JIEKTPOMArHUTHOTO JTyda.
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