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ITanzsekTpoAMHAMHKA (BO3MOKHOE PAa3BUTHE KJIACCHYECKOM 3J1eKTPOANHAMMKH)
[v Haymenko B.C. u B.W. |

B pesybrare npoekra, Hadaroro B 2006 roxy, Oblia BBIIyIIEHa cepHst U3 AeCATH BbITyckoB V (Apmasup,2006r.),

V2 (Apmasup, 2010r.), V 3(Apmasup, 2012r.),V4 (Apmasup, 2014r.), V5 (Apmasup, 2015r.), V 6(Apmasup, 2017r.),

V 7(Apmasup, 2018r.), V 8(Apmasup, 2018r.) , V9 (Apmasup, 2019r.) , V10 (Apmasup, 2019r.) paGor aBTopa.

B 3THX paboTax paccMaTpHUBANUCh PA3IHYHbIC IOIXOAB! PA3BUTUSA TEOPHH EKTPOANHAMHKY, IOTPEOHOCTH B KOTOPOIA, IO
MHCHUIO MHOTHX HCCIIETIoBaTeNeH yxe JaBHO Haszpena. B HacTosmmel paboTe IpeACTaBIeH MPOESKT TEOPHHU HIEKTPOINHAMUKY,
copmymupoBaHHOi aBTOpoM B Beimyckax V7, V8, V9, V10. Oxumaercs, 9To TeOpHs MPUMEHUMA KaK sl HEIPEPHIBHO
pacrpeeneHHbIX 3apsiioB U TOKOB, TaK U JUIsl OJMHOUHBIX JIBIKYIIHXCS C IIOCTOSIHHOM CKOPOCTBIO 3apsaoB. O:KMIAETCs, uTO
TEOpHs HPOSBUT ceOs PH ONUCAHUH SIEKTPOANHAMUKY CIUIOIIHON CPeIbl, HAIPUMEpP, Ta30BOH CpeIbl MM IUIa3Mbl, B KOTOPBIX
BHXpEBOE WIIH TYpOYIEHTHOE IBIKEHIS YACTHII CPEIBI 3aIAK0TCS TIONeM CKopocTelt v(¢,r) . Kak u Teopms Makcpera, Hama
Teopusl OIMCHIBAET AEKTPOCTATHKY, MAT HUTOCTATHKY, IIOKA3bIBAET, UTO AIEKTPOMArHUTHOE 110JI€ 0€3 HCTOYHUKOB €CTh
3IEKTPOMarHUTHBIC BOIHBL K ToMy e 0Ha 00BsACHAET paboTy YHUIIOIIPHOTO TeHePaToOpa, KaueCTBEHHO O0BSICHACT SKCIIEPHUMEHTEI
HukonaeBa 1 uM mogoOHbIe. XOTS €CTh U OTIHYUA OT TeOPHU MaKcBellIa, KOTOpbIe TO3BOJLAT OATBEPIUTD HAILY TEOPHIO UITH
OIIPOBEPTHYTH €€.

[onsaTa “/lBmwxenne nons”, “CKOpOCTh JBIKEHUS OIS HOBBIC MOHATHS KaK I MAaTeMaTHIECKOW AUCIUILINHBI ““Teopus moms”,
TaK U Ul HU3HIECKOU TeOpUH “DIEKTPOANHAMUKA

V5,V6,V7,V8,V9: CkarmsipHOe moje Bexropnoe none

[MosicHeHKE K OHATHIO 35 (1 + At,; + 5) = (p(t,;) 36 :E(t + At,; + 5) = E(z‘,;)
JIBHIKEHMS TIOJIS.

3aKOH COXpaHEHHS OIS
CKOpOCTh IBWKCHHS TTOJIS

0 - S 0— - — —
—@+(s-V)p=0 —B -V)B=0
atfp s -V)e o +(vg-V)

1) PaccmatpuBaeTcst 3nmeKTpOMarHUTHOE moje () = E ,B,b,e },
KOMIIOHEHTHI Kotoporo E (v, ¢, 7) — snexrpuueckoe none, B(v,t,7) — MardurHOE MOJE,

e(v,t,r) — ckanspHoe 3nekrpuyeckoe noie, b (v,7,7) — CKaIspHOE MarHUTHOE MOJIE ABUKYTCS CO CKOPOCTIMU



VE,VB,Ve, Vb COOTBETCTBEHHO, U JI1 KOTOPBIX UMEECT MECTO

EEH;EE).E:o, 2§+(;B~€).§=0, 2e+(;g.§).e=0, 2b+(;,,.€).b=0.
ot ot ot ot

W3 nocnenuux GopMys HaX0IAT VE,VB,Ve,Vp / cM. V5 /, cunTas, 9to Uil CKaISIPHBIX

T0JIe IMEEeT MECTO \_ze ™ \_)E ,\_/b ™ \_)B .

1 2
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X
Ver=|-0B, 0t 0B, /0y OB, /02| [ |0B,/0x OB,/dy OB, [g==x - | Vex =T o=
~0B./0t 0B,/dy 0B./oz| |0B./ox 0B./dy 0B./éz (T;-V)Bx
OB,/ox 0B /ot 0B,/oz| |0B./ox 0B./oy oB./oF —(aBy/at)z
VBy:aBy/ax —6By/6t 6By/6z / 6By/6x 6By/8y 5By/6z= Ay ’ VB'VZW’
OB./ox —0B,/dt 0OB./dz| |0B./dx @B./dy OB./éz (T’-V)By
t
0B,/ox OB, /oy 0B, /& |0B,/ox OB,/oy 0OB.J& _(eB. 1a1)
— 4
vy =|0B, /0x OB, /0y — 0B, /&) / |0, /0x 0B, /dy 0B,/0s==5 - | Va: S SBeD =
OB./ox 0B,/oy —0B./di| |0B./ox 0B./dy 0B./oz (T;-V)BZ

Kommnonentsl E, B,e,b 371€KTPOMATHUTHOIO MO () = E B,b,e } B 00IIeM CITydae ABIKYTCS C Pa3HBIMHU CKOPOCTSAMU.

XOTs HE HCKIIIOUEHO, YTO NPH HEKOTOPHIX YCIOBMAX N0JA E, B, e, b NBUKYTCS KaK OJHO LEJIOE C OAHON M TOM xke

CKOPOCTBIO vo(v,t,r): VQ =VE =VB =Ve =Vjp, HalNpumep:

a) TI0J1s1, CO34aBa€MbI€ OTMHOYHBIM JIBIDKYIIIAMCS C MTOCTOSTHHOM CKOPOCTBIO Vg4 3apsiiOM = VE =VB =Ve =V)p =VQ = Vg

6) moms 0e3 UCTOYHHKOB = VE =VB =Ve =Vp =VQ =C , TJIe C - CKOPOCTh CBETA.

IToseBsie IEpeMeHHbBIE E(;, t, }_’) R E(;, t ,}_’) R e(;, t ,}_’) R b(;, t ,}_’) 3aBHCST OT CKOPOCTH V -[BIDKCHUSI MAaTEPHH B TOUKE
HaOJIIOICHHS, KOTOPAst OTOXAECTBIACTCSL CO CKOPOCTHIO TIePEeMEILeHHst 00beMHOM IUIOTHOCTH SHEPTUU () , BXOMISIIEH B
3aKOH COXpAaHeHHUsl SHEPIHH B CIUIONIHOM cpene 0w / Ot + divS=0 ; S=w-v - BEKTOp YMOBa (BEKTOp IUIOTHOCTH  TIOTOKA
sHepruu). EcIm Marepust CyLIeCTBYET TOJIBKO B BHAE NIEKTPOMATHUTHOTO TIOJIS, TO 3aKOH COXPAHEHUs JHEpUulL

win Q={E, B ebj: 0wq /0t +divS g=0wg |t +dif( g va)=0 ,

O(wg +op + o, + )/ 0t +(~0g -divvE —@g -divve — @, -div ve — o, - div vp) +
+div(@g - VE+@p - VBE+ @, Ve + @y Vv5) =0 = 0w /0t+divS g=Aq =0 =

= v=vo=So/wg=YSy/Yw, . tie w dY/dt+(vy -V)Y=0 =
Y Y

= Oy /0t —wy -divvy +div(wy -vy) =0 = dwy /0t +divSy =Ay, Y ="E","B","¢","b"

wp=E* /87,0y =B /87,0, =¢* /87, w, =b* /87 .

Bo3M0xHO pa3BoeHHE TEOPUH:

) mamepus, 3a0aHHAA NO yciosuro 3a0a4u
mamepuailbHas cpeoa = -
3a0aHHAsA mamepus + mamepusi 3. MAcH. NoJi, onpeaeﬂﬂeMaﬂ ucmovyHukamu p u j

Hpe):[HaraeTc;I TMOoAyMaTb O BBE€JICHHU HOBOI'O 3aKOHA COXPAaHECHHS DHEPIrUu:
TpaZ[I/ILII/IOHHHﬁ 3aKOH COXpPaHECHUS DHEPIrUu: 3aKkoH COXpaHECHHUS DJHEPTUU B TEOPUU HaH&]’ICKTpO,HI/IHaMI/IKai

dw/ 0t +divS=0 dw/ot+(v-V)o=0 , S=w-v

2) [ns 3apsipa: q(;,t, r_’) = q((_), t, ;) .
J1JI IIIIOTHOCTH 3apsiia U TOKa! p(;, t, ;) = p(a, t, ;) s }(\_z,t,;) = }(6,1‘,;) —v- p((_),t,;) .
3) Uexomins E(vt,r)=EO,tr+v-t), ewtr)=e(0,t,r+v-t),
B, t,r) = B(O,t,r +v-1), b(v,t,r)=b(0,t,r +v-1)
crenyer  vEW,6,r)=vE(0,4,r)=v(t,r) , vE(,1,r) =vE(0,4,r)—v(t,r) ,

Ve, t,7)=ve(0,6,7)=v(t,7) 5 vo(v,t,7) = v (0,£,7) —v(t,r) .



4) 3aKOH COXPAaHCHWSI MICKTPUYECKOTO 3apsi/ia, 3alUCAHHBIN B BUAE ypaBHCHHS
HenpepsBHOCTH :  0p(0,2,7)/ 0t +divj(0,t,r)=0 .

ap(v,t,r) ap(0,1,r)
ot

+divj(v,t,r) =
2 Jjw.t,r)

+ div§(6,t,;) —y- p((),t,;)} = —diva- p(6,t,;)}: LOO

Hpe):[HaraeTc;I TMoAyMaTb O BBEJICHHUU HOBOI'O 3aKOHA COXPaHCHU 3apsaa:
TpaI[I/ILII/IOHHHﬁ 3aKOH COXpaHECHUA 3apsaa: 3akoH COXpaHEHUs 3apsAaa B TCOPUN HaHSHCK’I‘pO,HI/IHaMI/IKaZ

dp /ot +divj=0 oplot+(v-V)p=0 , j=p-v

5) Ilpu OTCYTCTBHM MCTOYHHKOB WIH HAa OUEHb OOIBIIOM PACCTOSIHHHU OT JIOKAJIbHOH 00IacTH, B KOTOPOIl COCPETOTOUCHBI
UCTOYHHKH, 3JIEKTPOMAarHUTHOE Toje Q= {E ,B,b, e} JIBHKETCS C TIOCTOSIHHOM CKOPOCTBIO, PABHOM CKOPOCTH CBETA.

CaMo JBIDKCHHE JIEKTPOMArHUTHOTO TIOJISI B 3TOM CIIydae NPEACTaBIsieT Co00i BOMHY, (ha3oBasi CKOPOCTH KOTOPOH
paBHa ckopocTu cBeta. / cM. V9 /

6) Cucrema ypaBHEHUIl TEOPUH MEKTPOINHAMUKH:

Et,r) = [ p(v.t,r')- (f_jg -dv' —l_-ig(i,t,;)xﬁ(i,t,;) +l_-$b($,t,;).b($,t,;)
‘r—r' ¢ ¢
B(v,t,r) = é.j;(;,t,?)x G :’3) v’ +é.;5(;,t,;)x EMw,t,r) +é.;g(;,t,;).e(;,t,;)
r—r

emt.) = L (o) Bt
C

bty =L Gty L2
¢ ‘r—r

1 _ —_ _ —_— _
dV'+—-vEW,t,r)- E(v,t,r)
c

%f(;,t,;) + () V) Bty =0

aﬁe(i, tr)+ (Ee(;, t,7) .5).6»(5, t,r)=0
t

a —_ — (— — — J— —_ = — —

EB(v,t,r) + (vg(v,t,r) -V)- B(v,t,r)=0

gb(;, tr)+ (5;,(5, 1,r) E)h(?,t, r)=0
t

- S mamepus S 3a0annan mamepus + S mamepus oM. nos
V =V namepus = = =
mamepus @ 3a0annan mamepus + w.wamepuﬂ oM. nons
@340 ; pus V3ao 7 pus. + @, pust om. nos " V vamepust om. noas
@3, +o

IM. nOJA
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- EX0,t,r) - BX0,t,r) - 20,6,r) - b2(0,t,r) -
. + (,,r).VE_i_ (,,r).vB-i—e(,,r).vg-i— (,,r)vvb

5 siamepus " V3 yame
= 8z _ _ 8 8t 87 - CKOpOCTb
E2(0,1,r) B*(0,t,r) €*(0,1,r) b*(0,1,r)
D 300annan Mmamepust ( 8 + 8 + 8 + 87 )
JBIDKCHUA MaTepI/IaJILHOfI CpEapl.
3ameuaHwe:
E*(0.t,r) = B*(O.t,r) = (O0tr) = b2(0.11) -
“VE + VB + Ve + Vb
N N_T _ 8 87 8r 8r
149 (0, t, }") =V umamepusi om. nonsi = - = 2 - - 2 - - 2 - - CKOpOCTh
EX0un) B0 E0Ln b 000
8w 87 87 87

JIBIDKCHHS. MATEPUH 3M. IOJIST () = E,E,b,e } .

vaW,t,r) =va (Vuamepus ,t,¥) =va(0,£,7) =V yamepus =va (0,¢,7)—v - ckopocTb 5M. OIS Q = E B,b,e }
OTHOCHTENHHO MATEPUAIILHOMN CPeIbL.

7) Cuna, neifcTByrommas Ha 3aps:

J?=q{f+[;_;3x§]+ﬁ‘b} \Y f=q-{E+[v_vB xB]+v_vb-b+v_ve-e} V f=q EWtr)
C

c c c c




§1 0O euxenus nonsi. CKOPOCTH ABUKEHHUs MOJISL.

B mareparype, Kak B HAy4HOI, Tak U B IapaHay4HOH, BCTPEUalOTCs BBIPAKEHUs  ““ mose gBwkercs ,
3JEKTPUUECKOE MOJIE IBIKETCA “, * MarHUTHOE MOJIE ABMKETCS , “ CKOpOCTh ABMXKEHHA IO “, “ CKOpOCTb
JIBIDKEHHUS 3JIEKTPUYECKOr0 MOJs “, “ CKOPOCTh ABMKEHUS MarHUTHOro noiist . [lpuuem Takue BhIpaeHust
yHOTpeONsA0TCs JOBOJIBHO JABHO, YyTh JIM He co BpeMeH PDapajies, HarpuMep B Bompoce ‘“3HA4uT JIU TO, YTO IPH
HepeMelIeHUY IOCTOSIHHOI'O MarHuTa B IPOCTPAHCTBE HepeMelaeTcs “‘ero MaruutHoe none?”. Ho kakoil cMblca
BKJIQJIBIBAETCS B 9TH BhIpaXeHUsA? TOYHO MOHATHS “ mOJIe IBMDKETCS “, “ CKOPOCTh JIBMDKEHHMS MOJIL “  He
onpenenAores. ToJbKo B caMOM IPOCTOM CIIy4dae JBHKEHHUS C HOCTOSHHON CKOPOCTBIO JJIEKTPUUYECKH 3aPSIKEHHOIO
I HAMarHU4eHHOT' o TeJla U3 001X COOOPaXKEHUM NPUHUMAIOT TO, YTO CKOPOCTb ABMXKEHHS 3IEKTPUUECKOrO MO
WM MarHUTHOTO OJI1 PaBHA CKOPOCTH JBH)KEHHMs Tea. A €CJM, HapUMep, JBHXKYTCS C Pa3HBIMU IIOCTOSHHBIMU
CKOPOCTSMHU JIBa 3apsDKEHHBIX WM HAMarHW4eHHbIX Teaa. KakoBa B 3TOM Cilyd4ae CKOPOCTb JIBHXKEHHUS
3JIEKTPUUECKOT0 WIX MarHUTHOI'O MO ?

ITpobnema BKIIOUEHUS B HAYYHbIH 0OUXO0J MOHATHS ABUKEHUS MOJIS HEMJIOXO OonKcaHa B kaure Muctouenko 1. JL. [2]:
“Mul 8ps10 U UMeeM COMHEHUEe 8 MOM, UMO BCAKOMY Gelyecmey npucyuje Mexanuieckoe ogusicenue. Hexomopule 6uobl
O0BUICCHULL MOJICHO ‘YyCmpaHums ' 8bl60pom cucmemvl omcuema. I1onio ke, co2naACHO MOALKO YMO PACCMOMPEHHBIM
onpeoenenusm, O0NIHCHO ObIMb MAK Jice UMMAHEHMHO HPUCYIe MEXAHUYECKOe 08UICEHUe, NPUYeM NPUHYUNUATLHO
HeyCmpanumoe 8b160pOM UHEPYUATLHOT cucmemsl omcdema. Mexanuueckue 08UdlICCHUS 6eUjeC8EHHbIX Mel WUPOKO U
21y60Ko uzyuensvl cospementoti uzuxoti. Kunemamuka, OuHaMuKa 6 mom yucne persmusucmeras .... Mexanuueckue
Jrce dgudicenus noaetl c1oeHo He cyujecmeyiom. To ecmb koeda Qu3uKy 2060pAm 0 Noe, MO €20 08UICCHU
cocmagnam Kaxk 6vl 0cooblll HeMexaHudyecKuil Knacc. JNeKmpoOUHaMUKA TUllb 0080JIbHO POOKO 0208apusaemcs o
€OUHCMBEHHOU BNOJIHE MEXAHUYECKOU XAPAKMEPUCMUKE INEKMPOMASHUMHO20 OIS - CKOPOCMU PACHPOCHPAHEHUs.
9NIEKMPOMASHUMHOU 60IHbL. IMeHHO 80MIHbI, KaK KOHKPEmHOl 0co00U opmbl noas. 3a 60HOU maxdice NPUsHAemcs
Hanuque mexanuiecko2o umnyavea. CKopocms u UMHYIbC MASHUMHO20 U NeKMPULECKO20 OIS 6He KOHKPEMHO20
Cyuas NeKmpoMazHUmMHOU 60.IHbL, KAK NPAGUNO, He UCHONL3VIOMCA. ...

Haubonee HariaaAHO BO3MOMKHOE IPUMEHEHHE MOHATUS “‘/IBIKEHUE 0" MOXKHO YBUJETh HA IPUMEPE MarHUTHOIO
HOJIA.

“ [euoicenue nojis OmHocumensHo 3apsaoa nopodicoaem 6 npuHyune me Jice SA6J1eHUs, Ymo U 08UdICeHUe 3apso0d
OMHOCUMENLHO NOTA, C MOU UL KOIUYECBEHHOU pasHuyell, Komopdas onpeoeinaemcsi bojiee CIONCHLIM XapaKmepom
0BUDICCHUSL HECMAYUOHAPHBIX Nofell. M36ecmuo, 4mo Ha 3aps0, OBUNACYWULICS OMHO CUMENbHO MASHUMHO20 NOJ,
Oeticmgyem cuna Jlopenya. B cuny npuHyuna ommocumenbHocmu ciedyem, ymo u noie, 08Uncyueecs OmHOCUMenbHO
sapsada, npouseedem cuny Jlopenya* / [2] §1.3 crp. 41 /.

ITo HameMy MHEHUIO UHTEPECHO PAaCCMOTPETh TaKOE MPOCTOE E€CTECTBEHHOE 00001meHue cuibl JlopeHna:

113

B NCO 3apshkeHHas 4acTUIIa ABKXKETCS CO CKOPOCThIO Vv , @ MATHUTHOE TIOJIE CO CKOPOCThIO V3. Toraa cuina,
JISHCTBYIOIIAs HA YaCTHUILY: f=q-(v-vp)®B

KoHeuHo, Takasi MepCcreKTHBA BO3MOXKHA TOJIBKO JIMIIb TPH HAJWYUH JOCTATOYHO YOCAUTEIBHBIX JOBOIOB B MOJB3Y
CYILIECTBOBAHUSI MOHATHS ““IBIDKEHUE BEKTOPHOT'O MOJIS” U €T0 XapaKTePUCTUKU “‘CKOPOCTH IBIKCHHSI BEKTOPHOT'O
nonsi”.  ABTOp HAcTOsIIEH pabOTHI MPHUILET K BBIBOAY O BO3MOXKHOCTH HAXOXKICHHSI MTHOBEHHON CKOPOCTH JIBUYKCHHS
BEKTOPHOT'O MOJISI B TOYKE, TIPOBOJIS CICAYIOLINE PACCYKIACHHUS.

[Mo-Bumumomy, Muctouenko . JI. mepBbIM MPEANPUHSI MOMBITKY HAa KOHKPETHOM IpPHMepe MOCYUTATh CKOPOCTh
IBOKeHHs moisl. B [2] maetcst onpeziesieHre MrHOBEHHON CKOPOCTH ABMXKEHUSI MOJIST B TOYKE.

o' nocbl1 MHUCI0YEHKO 0 CKOPOCTH ABWKEHHS TOJIS:
“MTHOBEHHOI CKOPOCTBIO ABHXKEHUS 11011 B B Touke O B MOMEHT ¢,

.
e

/ Habmonenust O 1o Touku O , B KOTOPOH 0OHApY»KeH BEKTOp B , B TOUHOCTU
PpaBHBII TOMY, KOTOpBL 6bL1 B Touke HabmoaeHus O B MOMEHT t, .”

/em. [2] §1.3 crp. 38 /.

. Ar
Ha3bIBAETCS NPEJE] OTHOLICHUS: Vjp = lim TB[M/ cl., rme Arg
At—0 t

OIPEJICIICHO, KaK PACCTOSIHUEC B MOMCHT BPEMCHHU [ = tO + At OT TOYKHU

v

Crenys 3ToMy 001LIEMY, ECTECTBEHHOMY PacCyKJIEHUIO, IOMBbITAEMCS IOIYYUTh (GOPMYIIbI MTHOBEHHOH CKOPOCTH
JIBHKEHMS CKAJIIPHOI'O OJI U BEKTOPHOI'O MOJIS B TOUKE.

Paccmorpum ckasipaoe moine Paccmorpum BekTopHOe monie B = B(t,r) = B(t,x, y,z)

p=0t,r)=p,x,y,2). ITpousBoaHast 10 BpeMEHU BEKTOPHOI (yHKIUM
ITpousBoaHas 1o BpeMeHU (QyHKIUU B= E(t, ,_,) - E(t, X, ,2)
o =oltr)=olt.x.y.2): 0B AB _ . BU+ALr)-B(,r)

— = lim li
ot At—0 At A0 At

_5-




t+AL ) -t r
(/)t:—:hmA_(p:lim (p( + ,}") (/’(7”)
Ot AM—0 At A0 At

A@ = (t +At,r)—@(t,r) - NpUpAlICHKE CKATAPHOM

GyHKIIH.
W3 noceuta MUCIOYEHKO O CKOPOCTH JABMKEHHUS M1OJIs

Q(t+ALr+38)=0(t,r)

P +ALF+8)—(t+ At r) =—@(t+ At,r) + o, 7)
e+ At 7 +8)— (e + A7) = (@Gt + At ) - (6,7 )
QU+ AL +8) =@t +AL,r)  p(t+ALr)=g(t,r)

5 5
QU+ AL r+8)—p(t+At,r)  p(t+ALr)=g(t,r)
9 Vs - At

AB= E(z +At, ;) fE(t, ;) - IPHPALIEHUE BEKTOPHOU
byHKIMY.

W3 nockita MHUCIOYEHKO O CKOPOCTH ABIDKEHHMS OIS

= B(+At,r+96)=B(tr)

= E(t+At,;+5) :E(HAt,?ﬂ—AE =

= E(t+At,;+5)—§(t+At,;) =-AB =

B(t+At,r+8)—B(t+At,r) —AB

1) 1)
- B(t+At,r+8)-B(t+At,r)  AB
9 Vs - At

/ Yurem: t,x,y,z — HE3aBUCHMBbIC IIEPEMECHHBIE;

E:A;:;g-At; O=vs5-At; 5§50 =>At—>0,;

es E;'cosax+}'cosa),+/;~cosaz —
- Ay - _
Ar Ar Ar
lim 8&r+0)—9(t,r) _dp  npoussoonan

550 ) ds  no nanpaénenuio 8
dp - =S

L —(es - Vyp=

dé

a—w-cosax+a—¢-cosav+a—¢-cosaz /

X oy ’ z

— lim lim ot+ At r+0)—p(t+At,r) _

50 At—0 o
S=v-At
=—lim lim (/)(t-i-At,}")—(/)(t,}’):
50 gtag vs - At
—y.At
= lim (0(1,}""1‘5)—(0(1, I") —
50 o

L i UFALD =) ey

Vs A0 At
o lm@Ertd)-etr) 1. Ap |
50 o) Vs Ar—0 At
dpt,r) 1 dg(t,r)
ds Vs ot
oy, = OPW) doltsr)
ot dé

== 2es Dy = v :_(a_‘/’ d_‘/’j.;g

ot ds

/ Yurem: t,x,y,z — He3aBUCHMBbIE IIEPEMEHHBIC;

S=Ar=vs-At; §=Ar=vz-As
0—>0 =>At—>0;
es E;-cosax +;-cosay +%-cosa2 =
Ax - Ay = Az —
=—-i+— j+—-k
Ar Ar Ar
lim B(t,r+6)-B(t,r) dB npoussoonas nona

50 S B no nanpasnenuro &

U
|

dB_ - —— OB B B
—==(es-V)B=—-cosa,+——-cosa, +——-cosa,
ds Ox oy 0z

98 (s V)B=
dé

=(es V) By -i+(esV)-B,-j+(es V) B, -k/

o [aB(t, r)  dB(.r)

B(t+At,r+8)— Bt +At,r)

= lim lim
550 At—0 )
S=v-At
=—1im lim
§0A>0 v At
S=v-At
— lim Bt.r+6)-B@t,r) 1 limﬁ = /1991 /
50 o) Vs A0 At
- dE(E?) _ 1 8B - 0B(t,r) _ . dE(E?)

= Kasvruku ykasvieaiom na
ot ds

YCIOBHOCMb 8bIPAINCEHUS.

IIpeanonaraem:

Q0JIHCHO cywecmeosams maxkoe Hanpaenienue,

umo 6eKmopol oB/ot u dB/ds ™ um TN -

—> U1 KOMIIOHEHT BEKTOpa B umeem:

0B, dB, 08B, dB, 0B, dB,
=—Vs —; =V = ——=—V5 —
ot do ot do ot do

/ Yureno:

i B.(t, r +5) - B.(t, ;) _dB,. npou3eoonas ¢ —yuu
50 o

ds B, no nanpasnenuio §
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Yoz
.................... /
[aE dB]
= vy =— | —/—=
ot ds
B, dB - =
= véz—(a—x/ _xJ— ~ /(e5 -V)B,
ot 4§
OB, dB, -
Vs = ——/—=|=———/(es -V)B,
ot ds ot ’
B, dB B, - —=
Vs =— a—Z/—_Z :_8 = /(es -V)B,
ot ds ot
Torpa:
—%:w.(E,sﬁ)Bx:(C,sﬁ)Bx
0B, - = - = - - = =
-——=vs-(es-V)B,=(vs -V)B, ;= —B=—(vg-V)-B
ot ’ ’ ot
~Ze vy e I8~ (OB
ai i i
—B=—v,-(es -V)B=—(v3-V)-B
ot
— — af
V) B=-—B8
(vs-V) Py

3aKOH COXPAHCHHUHA BEKTOPHOI' O MOJIfl.

Dopmyry EE +(vs-V)-B=0 HHTEPIPETHPYEM KaK
Ot

BerBogp1] : CxaysipHOE Tone BexropHoe none TenszopHoe mone
[osicHeHus K
TIOHSATHIO JIBIKCHUE | o3¢ 4 A, 7 +8) = @(t,7) B(t+At,r +8) = B(t,r) F*(t+At,r+8)=F*(t,r)
TOJISI
3aKOH COXpaHEHH o - S 0= - S5 O rik , (o o \pik
oms 5(p+(w V)p=0 5B+(v,g-V)B:o ZF* 4 (v -V)F¥ =0
CKOpPOCTh JBIDKCHUS dp dp) - " 650,;) dE(t, ;) W
TOJISE =——/—=1les Vs =—|—F—/—=—
ot ds ot ds

0 0 0 0
Vi -a—xB_r + Vg -53'[ +vp, - —B, =

0— - —=.= 0 0 0 0
5B+(VB.V)B=O = VBX'aixB +VB},'5B},+VBZ'fB =——2~R8 =

Y oz’ a?
0 0 0 0
—B.+vy -—B_+ -—B. =——8B
VB ox z VB} P z VB2 oz z ot z
~@B. /ot OB, /3y 0B, /oz 0B,/0x —0B./ot OB,/ OB, /ox OB, /0y 0B, /ot
—0B, /ot 0B, /oy 0B,/0f 0B, /0x —0B, /ot 0B, /0 OB, /ox @B, /dy —0B,/dt
. _ 7832/81 8BZ/8y 832/82 . N _ BBZ/Bx —BBZ/BI BBZ/BZ . B aBz/ax aBz/ay _aBz/at (1)
B loB,/ax B, /oy oB,/od " |oB./ox 0B, /dy 0B, /oZ| " T Iap jax oB. /oy 0B, /éx
0B, /0x 0OB,/dy 0B, /oz 0B,/ox ©oB, /oy OB, /oz OB, /ox 0B, /dy 0B, /o
0B, /0x 0B,/0y OB,/o0z OB,/0x OB,/0y 0B,/o0z 0B, /ox 0B,/dy OB./dz
I[pyl"Oﬁ CHOCO6 HaXO0XXJICHNC KOMIIOHCHT CKOPOCTU ABMXKXCHHS BEKTOPHOI'O T10JIS:
. —(0B, /o) b= —(63},/&)z b= —(6B, /0ty
- - OB (t,r - Y 8B(,r) = ° 8B(tLr) =
(an(t,r)g+ ,( r)g+aBz(t,r)g 5 ( ( r).V)By ( ( r).V)BZ
ot ox o oy ot oz ot ot
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(0B dB) B, dB B, - —
vy — |2BAB\ [P BB G
ot ds ot  ds ot :
8B, dB, B, - _— o
v = ——/—=|=——2L/(es-V)B, ; vs = 9B, ;4B :7@/(e5.vwz .
ot ds ot ’ ot ds ot
V,=V-e, =Vv-cosa, =
_ 0B, /ot OB, /ot B -0B, /ot _ OB,/ ot B
(es-V)B, \/(GBAJZ [8By]2 (aB ]2 (cosaxg+cosay£+cosazg)Bx \/(GBAT [ﬁBy ]2 (83 ]2
—X | 4| +| == Ox oy 0z L+ —| +| ==
ot ot ot ot ot ot
B \/(anJZJr[aByJZJr(aBZJZ — 0B, /ot OB, (t,r)/ ot — (0B, /o1 )
W ) Tl ' B, ' - B,
ot ot ot (%3 +7yi +%E)Bx 0B, 2 5By 2 B, 2 (an 3 +7y£ +a££)3x
ot ox ot oy Ot Oz o + o + o ot Ox Ot 0y Ot Oz

3aMeyaHue.
E=E\+E>+...+E;

3Hast CKOPOCTh JIBIKEHHUSI BEKTOPHOT'O TOJIsI KaXKI0TO U3 CIIaraeMbIX, MOKHO HAUTU CKOPOCTD JIBIDKEHHS CYNEPIO3HLHU
BEKTOPHBIX HOJIEH.
0= ~ <©.\% 0= - S.z .04 - S\F . 0= - So.m
8—E+(VE-V)E:0 5 5El+(VE1'V)El:0 5 5E2+(VE7'V)E2:O S e 5 5En+(VE,,'V)En:O
t t t B t

aﬁa(;ﬁ)f:o = aﬁ@+fz+...+fn>+(;Evxaﬁﬁ...@):o
t t
o= - == 0= - = — o= - = =
—Ei+(ve-VYE1+—Ex+(e-V)E2+..+—Ey+(vE-V)E, =0
ot ot ot
L Os VB + (e V)E 41 (g, V) E2+ (e -V )E2f+ o4 1 (v, -V ) En+ (v -V )En =0

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

> Ave—vi) -V JEi=0

i=

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

ITpumepsr:

1) HaHpﬂ)I(eHHOCTL JJIEKTPUYIECKOTO T10JIA E , co31aBacMasi TOUCYHBIM 3apsIOM q , ABWKYIIUMCS CO CKOPOCTBIO

v (v<<c), paBma: F :q.m ;.

- - 3
‘r—v-t‘

EcrectBenHO 0kmaaTh, 9To “ CKOPOCTh ABMKEHHS VE 3JIEKTPHYECKOIO 10, C03JaBaeMoe TOUYeYHbIM

JABHIKYLMMCSI CO CKOPOCTBIO V 3apsiIoM, PAaBHA CKOPOCTH JABHIKYLErocsl 3apsiia V , ToecTb VE =V “.
- —2q3~v/|r—v~t| -
Pacuer o dopmynam (1) moaTBepKaacT 3T0: Vi = —F =7 ="
-2q°/ |r -V t|
2) HanpsbkeHHOCTh MarHUTHON MHIYKIHMs B | co31aBaeMasi TOYEYHBIM 3apsiIoM q,
- = 1 vx(r—v-t)
TBIDKYIIAMCS CO CKOPOCTBIO Vv (Vv <<C), paBHA B —_—. g ——
c

- - B
73]
EcrectBenHO 0kmIaTh, 9To “ CKOPOCTH ABM:KEHUSI V3 MArHUTHOIO IIOJIsI, CO3JaBaeMoe TOYeYHbIM

ABH:KYIHMCSI CO CKOPOCTBIO V 3apsiIOM, PABHA CKOPOCTH JBHIKYLIErocsi 3apsiia V , TO ecTb Vg =V “.
- vxr]-v)-(v-r)-v =
Pacuer no opmynam (1) moaTBepxaaeT 310 vy = % =v.
([vxr]-v)-(v-r)
3) MarHuTHasA HHIYKIXS DO IPIMOIMHEHHOTO OECKOHEYHOTO OCTOSHHOTO TOKA OIPEACIICTCS
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. 0 o

¢dopmymnoit B =-—-— , ({ = const, r — pacCTOSHUE OT HCCIIEyeMON TOUKH O TUHUM TOKa) , KOTOpas
T r

YCTAaHOBJIEHA KCICPUMEHTATBHO ¥ MOXKET ObITH BEIBEEHA IIPH ITIOMOIIH 3aKkoHa bro-Casapa.

_ I -
t
ITo dpopmymnam (1) mis mpsiMoro 6eckoreurnoro Toka / = I(¢) ckOpOCTh IBWKEHHUS MOJA: VB = ——-F .
4)  Ecnu cuuTaTh, 9TO SIEKTPHUECKOE TIOJE, CO3/[aBAEMOE TOUEUHBIM HCTOTHUKOM TIEPEMEHHOTO 3apsana ¢(f),
Z_9q) -
TakoBo E = -

-7, TO CKOPOCTb IBIDKCHHS 3IEKTPUIECKOro MO, ocuuTaHHas 1o ¢opmynam (1) pasHa
r

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

5) CKOpOCTB JBHXXCHUA CKaJIS[pHOFO TI10JIA 11O HaHpaBJ’IeHI/I}O rpaz[MeHTa 3TOro X¢e CKaJ'IFIpHOFO I10JIA:
_ —(8p/dt)-(9p/ox) —(0¢/t)-(0p/0y) —(0¢/0t)-(0p/0z)

1% = v =
Px 2 2 2 Py 2 2 2 Pz 2 2 2
aﬁj+aﬁ+%] %j+%+%] %j+%+%]
ox oy oz ox oy oz Ox oy oz
6) CKOPOCTh NBUKE€HUA OTECHIKAJIA, CO31aBa€MOro ZIBH)KyHlefICSI (;:const) 3ap$[>KeHHOI7I YaCTHUILICH:
pod_ a0 00 (G

- ;g (R |v-R - q-(rtve) -
= v¢~V)go:O:i+L3)—q£¢—3):03v¢:M+v
R ‘,_v. ,‘ ot R R R q
7) CKOPOCTBH ABIDKEHNUS CKaIIPHOTO MATHUTHOTO TIOJIS JIBHIK. (v = consf) 3aPSDK. HACTHLEH: vy =V
v-R)__db [ = 3g-(v-R?* ¢V - | 3-¢-0-R-R_ g
,,:LQQLJWV),,:OQ q(vs) EAN q(vs) A
¢R ot ¢ R ¢ R c-R c-R
§2 0O O ckajasipHOM MarHUTHOM moje. O CKAJISIPHOM 3/IEKTPHYECKOM IoJe.
O cucreme ypaBHeHHil TeOPHH 3JIEKTPOAMHAMHUKHU.

=0

MHorue TECOPETUICCKUE MapaJOKChl 1 OOJIBIIIOE THCIIO OKCIICPUMCHTOB MOXHO Ka4€CTBCHHO OOBSICHHTH C IIOMOIIIBKO HIACH
Huxkonaesa o CKaJIIPHOM MarHUTHOM IT10JI€

[TosicHeHNE K TOHATHIO CKAJISIPHOE MAarHUTHOE MOJIe
JIBmKymascss ¢o CKOPOCTBIO V 4acTHIA C 3apAIoM ( CO3JaeT MOJs:

DJICKTPHUYECKOE TTOIE

— qg - ;—;0 ;—\:-t
E=—3'R=q- ER
R o v
- 1 qg - = 1 r—ro 1 F—v-t 1 - =
- MAarHMTHOE I10JIe B= -73-[va]_7-q-[vx7773]:7-q-[vx7 — 3]:*'[VXE]
¢ R A
- CKASIPHOE MarHUTHOE I10JIE b:l.i}.(;.ﬁ):q.;.f;ro}fl r_i‘)t}:l(vf)
<k Forf ¢ o e

Ha nBwxynryrocs 3apshkeHHYIO YacTHUILy ACHCTBYET CHuia:

— — 1 _ — 1 _

f=q-E+q-—[vxBl+q-—-v-b
c c

MarxuuTHoe B3auMo/ielicTBUe ABYX ABHKYLIHXCSI 3JICKTPHYECKH 3aPS/KEHHbIX YaCTHI NOJYHHSAETCS TPeTheMy 3aKkoHy HbloToHa.

EcrecTBeHHO JIOIMYCTUTH CYIIECTBOBAHUE CKAJIIPHOI'O SJICKTPUIECKOTO ITOJIA.

[TosicHeHUE K TIOHATHIO CKaJIIPHOE DJIEKTPUICCKOE MOJIE

I[BI/DKyIIIaSICSI co CKOpOCTLIO v qacTtuia C Bapﬂ,HOM q co3aacT CKaﬂﬂpHOC SHCKTpH‘ICCKOC TI0JIC:
1 —= 1 - v r—vt
ez*'(V'B) zf.v.[q.fx

C C

- 3
[r=v

1=0

HOHpO6yCM HanuCcaTh YPaBHECHUS DJICKTPOANHAMUKHA JIJIA ,HBPI}KyILIEﬁCSI CO CKOPOCTBIO V 4YacTHUiel ¢ 3apsaa0oM q .




- = 1-=1- — - 1- = 1-
E=Eo——-vxB+—-v-b E=Eo——-vgxB+—-vp-b
C C C C
B=lixE+Llvee B=liexE+tve-e
C C C C
U B =L, B
C C
- — - r—v-t - — - r—v-t
p=L73 e Eo= (_ — 3) b:l~v15 e Eo= (_ — 3)
c ‘r—v-t‘ ¢ ‘r—v-t‘
, AHAIU3HPYs
KOTOpBI€ YBHUIUM, YTO
) E=Eo-L-vxB+ivb
c c
E:EO_l.;x{l.;xf+l.;.e}+l.;.{l.;f}
C C C C C
- = 1 - - = 1 - - 1 - - =
E=Eo—— vx[vxE]-— -vx(v-e)+— v (v-E)
C C C
- — 2
E=Eo+-5E
C
V)= = - = (r—v-1)
1——2 E=Ep npp  v<<c = E=Ey=q———3
¢ |r—v~t|
) B=lixE+live
C C
= 1= (= 1-=1- 1 - 1-=
B=—~v><{Eo——-v><B+—-v-b}+—~v-(—-v~B)
C C C C C
= (1-= 1 - -= 1= = 1 -
B=4—vxEo—— -vx[vxB]+—-vx(v-b); +—-0
c c? c? c?
— - — 2 _
B=Ll.xEo+ B
4 c
2 _ _ _ _ - (r—v-t
(1_V_ZJ B:l.vxEo v<<c = B=—vxEog=—-q-[vx (r _v 3)]
c ¢ ‘r—v-t‘
3) =13
C
_ - _ 2 2
e=l~v~{l~v><E+l~v~e} = ezv—2~e = (1—v—2j.e=0 = e=0
C C C C C
1 - —
4 b=—v-E
c
1 - (= 1- -
b=—v<Ey——-vxB+—-v-b
C C C
_ o 2
b:{l v Fo—— v [vxB]+ b}
c C C
| - — 2
b=—-v-Eo+5-b
¢ ¢
2 - 1-— 1 = (r-vt
(1_‘%).bzl.v.Eo mpu vV <<c = b=—-v-Eo=—-q-(V-H).
¢ ¢ ¢ ‘r—v-t‘

W3 TaxkuM 006pa3oM HANHCAHHOU CHCTEMBI YpaBHEHHUIT 3I€KTPOAMHAMUKH JULT ABIDKYIIEHCS CO CKOPOCTBIO V YaCTHIIBI
€ 3apsAfoM ( TOIy4yarOoTCs BBIPKEHHUS JUI “HaNpsbKEHHOCTeH” momneit:
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Ipn v<<c =

. — - — - = - (r-v-t
v g 15 F L 2;124, e=0 , b=L3Fy =L 2D
- - P ¢ c |‘ ¢ ¢

E=Eo=gq-
|r—v~t| r—v-t

)

- — 3
p—w4

Tak 4TO UMEET CMBICT paccMaTpuBaTh JJIEKTPOMArHUTHOE TI0JIE, KaK €MUHOE LETI0C Q= {E,B, e,b} , COCTOAIIEEC U3 KOMITOHCHT:

CKAJIIPHOE BJIEKTPUYECKOE T10JIE€ €, CKAISIPHOC MArHUTHOE MOJIE b 5

KOTOpPBI€ NIBIXKYTCA COOTBETCTBEHHO CO CKOPOCTSIMU VE =V, VB =V, Ve =V, Vp =V .

DJICKTPUIECKOEC T10J1€ E , MarHuTHOEC MOJIE B .

Cucrema ypaBHCHI/Iﬁ TEOPUHU DIIEKTPOAUHAMUKHA IJIST HETIPEPBIBHO PACTIPEACIICHHBIX 3apsAI0B U TOKOB:

E=[p(t,r) (’ ’) V' - 1.;Bx§+l.;h.b
‘r—r ¢
B=— J'j(vtr)xu dv' +1 vExEJrl-;g-e
‘r—r ¢
U
c
1 _ —
b=—]j- r=r) dV'+=-vp - E
c ‘r—r c

§3 O VYpasHenuss MakcBesia, ¢ yderoM HoHsATHS “CKOPOCTh ABHKEHHS 10/151”
HonsaTue “CropocTu ABHKeHHU 10J151” B (popMain3Me TeOPUH JeKTpoiuHAaMUKH MakcBeJjuia.

B HacTosA1IeC BpEMs O6HICHpI/IBHaHHOI71, O(l)HHI/IﬂJ'H)HOfI Teopneﬁ QJICKTPOAMHAMUKU SABJIACTCS KIIAaCCUYCCKast
QJICKTPOAUHAMUKA,B OCHOBY, KOTOpOﬁ I1OJIOKCHBI YPABHCHUSA Makcseia.

I/IZ[GSI BBCCTHU B IJICKTPOAUHAMHUKY IMOHATUC “I_IBI/I)KeHI/Ie mons’”’ noapasyMmeBacT IJId SJICKTPUYUCCKOI'O IOJIA U
MarduTHOI O 1ojii, paCCManI/IBaTI) B JIIOOOH TOUYKE IIPOCTPAHCTBA B JIF000H MOMEHT BpeMeHI/I Hapsaay €

HaINpsDKEHHOCTSAMHU oJIei EuB COOTBETCTBYIOLIME UM MI'HOBEHHbIE CKOPOCTH VE U Vg JIBIKEHUH MOJeH .
Krnaccuueckas aneKTpoJHaMHKa ONKMCHIBAETCSA ypaBHEHHSIMU MakcBesuia
VYuureiBas (2) , 3anuiem
- o— o —
(vg-V)B=——B (VE V) E=-——FE .
ot ot

Tor/:[a YPpaBHCHU Makcaeia B BaKyyMe:

VYpaBHenuss Makcseina B cucreMe enunu ['aycca

OObIYHAs 3aIHCh

3anuch 4epe3 CKOPOCTh ABMIKCHUS I10JIS

divf=4o7rop ,

divB =0 :

riE=-1. 28 |
c Ot

rot B=— 7+l-gf
c c Ot

divf=4o7rop ,
divB =0 :

— 1 — — —
rotE=—-(vs-V)-B
c

rot 5= 516, V) E
C C

ypaBHeHI/Iﬂ Makcseria HWHBapraHTHbI OTHOCUTEJIBHO npeo6pa3OBaHM171 HopeHua.
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EcrecrBeHHO OXHAaTh, YTO YpaBHCHUSL

rotle-(\_/g %)1_3
¢ (*)

— 4 — 1 — — —
I’OfB:i'j—*'(VE -V)-E
c c

Tak xe OynyT JIopeHIl - ”HBapHAHTHBIL.

ABTOp NIPOBEPUII HHBAPUAHTHOCTh OTHOCUTENILHO NpeoOdpa3oBanuii JIopeHa eCcTH ypaBHEHU:

— — — — 4 1 — —
rot, E=—-(vg-V)-B_; rOth:—ﬂ-‘jx_—‘(VB V) E,
c c c
- 1 - = —= 4 1 - <
rot, E=—-(vs-V)-B ; rOtyB:—ﬂ-‘jy_—‘(VB‘V)‘Ey
c c c
- 1 - = — 4 1 - =
rot, E=—-(vg-V)-B,; rotZB:—n~jZ——~(vB‘V)~EZ
c c c

BbIsCHUIIOCH, YTO AJISl TOTO, YTO0BI ypaBHeHHs ( * ) ObLIM HHBAPHAHTHBI OTHOCUTE/ILHO Pe0Opa30BaHMii
JlopeHua, He00X01UMO NOTPeGOBATh, YTOOBI IPH Nepexoje B APYIYI0 HHEPUHAIBHYIO CHCTEMY 0TCYeTa

CKOPOCTH JIBH/KEHHIT JJIeKTpHueckoro £ u marmntnoro B moseii npeo0pa3oBLIBATHCE 10 PeIATABUCTCKOMY
3aKOHY CJIOKEHHSI CKOPOCTeM:

e T A AT
l-v, -Vic l-vy -Vic

,ove, V1=V el . v, NIV

Ve = 1-v, -V/c? ’ Yo = l-v, -V/c? ’

L v 1=V et B N B A

Ve T 1-v, -V/c? , Ve = l—v, Vit

M KpPOMe TOr0 BBIIOJIHSIJIOCH YCJIOBHE PABEHCTBA CKOPOCTel IBH/KEHHU 3JIEKTPHYECKOr0 M MAarHUTHOI' O MOJIeii:
VE =VB .

PaBeHCTBO VE = Vp BHOIHE O0OBACHUMO, TaK KaK 10 COBPEMEHHBIM HPEICTABIEHUSM, B OCHOBY KOTOPbIX I1OOKEHBI
ypaBHeHus: MakcBeia,

= — . ik
snektpueckoe noe £ 1 marautHoe none B npeacrasisior co6oit eaunoe snexrpomarnutHoe none £

0 —E, —-E, -E.
E. 0 -B. B,

Fik — X z y
E, B. 0 -B,
E. -B, B, 0

XOI[ paCCY)KZ[eHI/Iﬁ IIPOAEMOHCTPUPYEM Ha CaMOM JICTKOM I10 TPOMO3AKOCTH BBIYUCIICHUN npuMepe — NPOBEPKU
HWHBAPUAHTHOCTH OTHOCHUTECIIBHO r[peo6pa303aH1/H71 .HopeHua YpaBHCHUL

R 1 — R
rott E'=—-(v's-V')-B! .
c
T B =TI
rot. E'=—-(v'3-V")-B]
c
0 0 1 S - - 0
E -2 F == (Vi —+V5, —+V5.—)-B'
ayr z azv ¥ ( B ’ V By ’ VB 52') )
V V
o BB B -TB 15 vae. , 6 , 0
- - =—- g, —(—+—5)+vp, —+vg,—} B
oy B oz B c p Ox ot > oy oz
rie B =41 Viier
(ﬁEz—gEy) y (ﬁBx+ﬁBy+ng _r QBA +
0 0z oy




1 0 V o 0 0
+—{vy — 4V, ——+V, - f—+V, -f—} B,
¢ {B,\ax B,\czat By ﬂay Bz ﬂaz}
(QEZ—QE},)+K-divE=K-iBY+VB-*QBY+
Oy oz c c Ox c Ox -
1., v o 0 0., ., 50 , ,0
+—{v, — (v, —=v, —=—v, —)+ —+v, f—
c Bxc2( oo oy BZ@Z) Byﬂ@y BZﬂ@Z} !
! ! .V.
(QEZ—QE.)ZK-QBX+VBXQBX—VI;X73V“£BX—
oy oz ' ¢ ox ¢ Ox c Ox
_V,BI'V'VB}’E _V;x'V'VBng ;}ﬂi +V;Zﬁ£B
c’ o c’ oz " ¢ o " ¢ oz
V) v, Vv
(EEZ_EE}}): K B,\_ Bx - Bx EBA'F
0 0z c c c ox
N _V;x V Vs, B ;v -EB + _V;x Vp. ﬂv;'z EB
e c o o c Joz
Ecmm
V V'B) V'Bx V VB) _VBX
c c c’ ¢
N7 !
_va . vBy_*_ﬁh :vBy (**)
c c c
v;?x‘V‘sz vl’?z sz
¢’ c ¢’

rotxl_*?:l(x_/s -6)-8}(
c

— 1 = — - 1 - =
Or rot. E'=—-(v'3 -V")- B! npumum K rot E =—(vp -V )- B_ T.e. nokasanm iHBAPHAHTHOCTH
C C

-1 - =
ypasuenus rot  E=—-(vg -V )-B_.
C

W3 (**) yuureisas, 4to 3 =m IOJTy4aeM

VBx = =

Vy = Vz
I_VBx‘V/Cz T l—v, -Vic’ ’ i l1-v, -V/c’

Pemenus ypaBHeHuit Makcsema:

F=-1 %0 grade =1 (v, VYA-V .o ; B=rotd .
c ot c
_ p(r',t—‘r—r'/c) __ 1 }(7,t—‘;—7/0)
o(r.) = - AV A(r,y==-] S dv' -
‘r—r' c ‘r—r'
CkopocTu ABUXKEHUH nosiel BeruucisoTes no popmynam (1).
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Bbli11e n310’)K€HHOE 3TO TOJIBKO MPUKHIKA, TPOOHBIH 1ap BO3MOXKHOIO MTPUMEHEHHS B 3JIEKTPOANHAMUKE TIOHSTHUS
“JIByoKeHHE OIS,
Bo3moxHbI#, cienys ['epiy, BapraHT pa3BUTHH TEOPUH JIEKTPOJUHAMHUKH:

divE=4-m-p
divB=0 ,
rotE=—l-i§=—l-{(;—;B).§}.§,
c dt c
rotﬁzﬂ-;z+1-iE:4—ﬂ-(;_;E).p+{1.(;_;E),§}_E
c c dt c c
f=q-E+(q/c)-(v—vs)®B

HamoMHuM, 9TO K paBEHCTBY VE = VB = VF IPHIILIN U3 TpeOOBAHKS HHBAPUAHTHOCTH YpaBHEHHI MakcBeluia OTHOCHTEIIBHO
npeobpasoBanuii Jlopenna. A MOmKHO OBITH TaK: caMa CHCTEMa ypaBHEHHIT OIpe/ieieT HHBAPHAHTHOCTh ypaBHEHHH. [lo MHeHuIo
aBTOpA, 3TO SABIAETCA JAOBOJAOM B MOJIB3Y TOTO, YTO B CHCTEMY YPABHEHHH SIEKTPOIHMHAMUKH CIICTyeT J0OaBUTH 3aKOHBI

COXpaHEeHHs BEKTOPHBIX nojeit E , B:

2BeGr VB0l 5
%[7 B o LRk y(vp V) F* =0
S E+(r V) E=0 ot

ypaBHCHI/ISI DJICKTPOAVHAMUKHU B CUCTEMC CAMHHIL Faycca

Dopma 1 Dopma 2
divE=4~7r~p R divE=4-7-p
divB=0 , divB =0 ,
riE=-L. 2% | ol E=L.(br-¥)-B
c ot c
rot8=75.1L.0%, ot B= 5L V) E
c c Ot c c
ZB+(r-V)-B=0 ) ZB+(r-V)-B=0 ,
ot ot
8= - =.= o= - =.—=
LE+(r-V)E=0 LE+(r-V)E=0
ot ot

Cuia Jloperna

O606uieHue cuibl JlopeHna

- cina Jloperna:
]?:q-f+(q/c)-;®§

- MJIOTHOCTH CHJIBL:
f=p-E+(/c)-j®B
f=p-E+(1/c)-p-v®B

- cHuia.
F=q-E+(q/c)-(v—vr)®B
- INIOTHOCTH CUJIBI:
f=pE+(/c)-(j-js)®B
f=p-E+l/c)-p-(v-vr)®B

Pemrenns cuctemsl ypaBHCHI/Iﬁ DJICKTPOAMHAMHUKU:

E=—l-§2—gmd¢ , B=rotd ,

c ot

af — — —
S E+r V) E=0

3§+(5F V)-B=0
ot

NP Ll e )

1|

= (1) = vr

av', Z(E,t):l-j
C

Joe=lr=r]/e)

1|

dav'

3Hast HCTOUHMKN: pacmpesernerue 4-10koB j' =(c-p, j)=(c: P,y J y,J2)» pelllas CHCTeMy YPaBHEHHI, HAXOIUM OIS 1

CKOPOCTH uX niBwkeHua FE=(E F

yo
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3ameuanue.

[IpoBenem paccyxaeHus WIS pPaBHOMEPHO ABIDKYILIETOCS 3apsiia / ;F :; E :;3 :; /
05 ~ =3 0= ~ ==

—B+(vrF-V)B=0 —E+ -VYE=0

PRI al tor V)

o - - S o, 10— - =, 10—

—rotA+ (vp - V)rotA=0 —(———A-gradp)+ V) (~——A-gradp)=0

Py (vr-V) at( oo e @)+ (vr-V)( oo e ?)

0— - S 0, 10— 0 10 - S~ - S
rot—A+ rot(vp -V)4=0 —(-——A4)—grad—¢——— -V)A—-grad(vr -V)p)=0
Py (vr-V) at( o )—gra prd cat(vF )A—grad(vr -V)p)
0= - === 10, - S - S 10 - == - =
rot{ —A+(vr V)4 =0 ———(—v4-V)A—grad(—vy -V)p———(F-V)A—-grad(vr -V)p) =0

ot cot cot
YT 10 - - S5 - g
rot{(—vA VYA +(vF .V)A}_O _,g((vp ~v4)-V)A—grad(vr —vy-V)) =0
- - =\-= t
ror{((vF =va)-V ) 4 }=0 e
;F:;A VF =V4 ; VF =Vyp
BLIBOZ[Z JUIL pPaBHOMEPHO JIBIDKYIIETOCS 3apsija: ;F :;A :;(p
(r =vi=va=vi=v, =y

§4 O CkopocTb ABHKEHHS M0JIsI, CO31aBAEMOI0 TeJI0M, IBUAKYIIMMCS € MOCTOSTHHOH CKOPOCTHIO.

ITpoBeneM paccyxaeHus:

HanpsokeHHOCTE SIEKTPHIECKOro o £, co3aBaeMast TOUEUHBIM 3apsyioM ¢ , IBHXKYIIMCS CO CKOPOCTBIO  V
(v <<c), paBHa
— (r=v-t)
E =g ——— 3
‘ r—v-t ‘
IMoxcrasisist 310 BeIpakeHue B hopmyiy (2), B pe3ylbTare JOBOIBHO IPOMO3IKUX BBIYMCIICHHUM, BBIBEIEM

VE — CKOPOCTb ABMXXCHUS JJICKTPUIECCKOIrO ITOJIA EI VE =V , YTO UHTYUTUBHO U 0KHUJIaJI0Ch.

CKOpOCTB ABUKCHUA JJICKTPUYECCKOIo Mo VE, CO3AaBACMOro TOYCYHBIM ABHKYIIUMCH CO CKOPOCTHIO V

3apsAaA0OM, paBHA CKOPOCTH ABUWKYIIECToCd 3apajaa v , TO €CTb VE = V.

PaCCMOTpI/IM MPOTSHKCHHOE, HE 00513aTeIBHO PaBHOMEPHO 3aPsLKEHHOE TEJI0, IBHAKYIIECECS CO CKOPOCThIO V. BBI6epeM
Ha 3TOM TCJIC ABC Mo0ObIe 0ECKOHEYHO MajIble OGJ’IaCTI/I, KOTOpBIC 6y}1€M CHuTaTh TOYKaMu. BI)I6paHHI>IC objacTu

CO3JAaI0T JJICKTPUUCCKHUEC ITOJISL El u EZ . Hﬂﬂ SJICKTPUHICCKOI'O I1OJI CIIPaBECAIMB IIPUHINII CYTIICPITIO3ULINH. HOSTOMy

aBe obJacTu cosnatot cymmaproe ose F = E1 + Ea.

U3z (1) cnemyer, 4to (;E g)Ez—agE
t
- o —
(VE1~V)~E1=—fE1'
ot
0
(VEz V)~E2=—fE2
- o —
Torna: (vg-V)- E=——F =
ot
(;E~§)-E=—%(E1+Ez) =
e V) E=-2E-2E =
ot ot

(ve-V)-E=(ve1-V)-Ei+(vi2-V)-E2 =
| Ve =V, Ve =V [

(ve V) E=(v-V)-Ei+(1v-V)-E2 =
(ve-V)-E=(v-V)-(E1+E>) =

- 15 -



(vi-V)-E=(v-V)-E =
VE =V
HuTerpupys 1no o0beMy BCEro Tela, MOITydHUM, YTO

MI'HOBCHHASl CKOPOCTH ABMKEHHUSA IJIEKTPHUIECKOI0 MO0JIsl, CO3AABACMOr0 NMPOTHKCHHBIM, 3apPAKEHHBIM TEJI0M,

ABHIKYIIHMMCSl € HEKOTOPOil CKOpPOCTHIO V << ¢, OyleT paBHAa CKOPOCTH JBHKEHHs TeJia.

VE

toT BBIBOJ IIOATBECPKIAACTCSL PACCYKACHUAMMU:

JInst 3apsKEHHOM, IBIDKYIIEHCS ¢ TOCTOSHHOM CKOPOCTBIO YaCTHUIIBI

— revit) = g vx(r-v) 1 - — 1 - — vir-vi) 1 - — 1 - —
E:q'i(, 2 )3 ,321.77( - 3):7-[VXE]:7'[VE><E]’ s:iif( - 3):*'(V'E):*'(VE'E)
‘ _ c _ c c _ c c
r V't‘ ‘r V't‘ ‘r V't‘
Q) (5.v)B--23 6 (n-v)s=-Zs
o a
5V ) [Lvex Bl = -2 Ve < E) oo V) Eove B =2 5 B
c ot ¢ ¢ o ¢

LGs V) pexEl=-L- L1exE] e ) By =2 L6p B
c c Ot c Ot

L Gs V) e xE) = -1 [oe x 2B s V(g By =L (62 F)
] c ot c ot

L 08V pex El=—L e x (cve -V - ) (s -V)-(z - E)= L3 (—ve V) - E
C C
VY B =L (r V) (- B)

Q= Q= a|= 0=

7-(VB-5)-[5,;&]:1-[(;5-5)-(55XE)
C

= VB =VE = Vs =VE

BriBo: = VB=VE=Vg=V

OanHOYHAasi ABHKYLIASICS C IOCTOSIHHON CKOPOCTBIO YacTULa (3apsil) co3JaeT B Ji000H ToOYKe NPOCTPAHCTBA
3J1eKTPHYECKOe, MATHUTHOE, CKAJISIPHOE 110JI5l, MTHOBEHHbI¢ CKOPOCTH IBH:KEHHSI KOTOPBIX 0OMHAKOBBI.

ITpumepsr:
1) HampsykeHHOCTB IEKTPHUECKOro moms £ | co3aBacMas TOUEUHBIM 3apsIoM q,

JBIKYIIUMCS CO CKOPOCTRIO Vv (V<<c), paBHa: [ = r=ven

- - 3
‘r—v-t‘

EcrectBenHO 0kmaaTh, 4To “ CKOPOCTh ABMKEHUS VE 3JIEKTPHYECKOIO 10, C03JaBaeMoe TOUYeYHbIM

JABHIKYLIMMCSI CO CKOPOCTBIO V 3apsiIoM, PAaBHA CKOPOCTH JABHKYLLErocsl 3apsiia V , ToecTb VE =V “.

- —2q3~v/‘r—v-t‘ -
Pacuer o dopmynam (1) moaTBepKaacT 3T0: Vi = — T =7 =V
-2q7/ ‘r -V t‘
2) HanpsbkeHHOCTb MarHUTHON MHAYKIHS B , co3naBaemast TOYeIHbIM 3apsaom ¢ ,
- — 1 yx(r-v-i)
ABIDKYIMCSL CO CKOPOCTBIO Vv (v <<C), paBHa B=_.4.——~ " .
¢

- - 3
‘r—v-t‘

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

JABHIKYLIIMMCSI CO CKOPOCTBIO V 3apsiioM, PpAaBHA CKOPOCTH JABH:KYLIErocsi 3apsiia V , TO ecTb Vg =V “.

Pacuer o popmynam (1) noarBepxaaer 3o v B = w =y
([vxr]-v)-(v-r)

3) CkopocTh JBUKEHHUS CKAISPHOTO MATHUTHOIO TI0JIs1, CO3/1aBAEMOT0 JIBIDKYLIEHCS € MOCTOSHHOM CKOPOCTBIO (v = const)

Sapﬂ)I(CHHOﬁ ‘IaCTHHCﬁ PpaBHA CKOPOCTH ABIDKCHUS YaCTULIBIL:

R Sy . _ - R 0 - [ 300 R)-R a-
p=L OB _ oD b F)=0 30 R gV 5 ) e RR, gy
c-R c~‘r—v~t3‘ ot c-R c-R c-R c-R

= vp=v.
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§ 5 O O nocrpoeHuHu HOBOIi TeOpHH 3JIeKTPOoANHAM HKH. IIpHHIUNIBL, I10/I05KeHHBbIE B B OCHOBY HOBOIi TeOpUH
3JIeKTPOAHHAMHKH.

Ha moBecTke JHA yKe JaBHO CTOHT BOIPOC, KOTOpBIi mocTaBml Huxonaes I'.B., o paspaborke, hopmynuposke “HoBoii,
HEIPOTUBOPEUNBON TEOPHH 3ICKTPOAUHAMUKY’, KOPPEKTHO OOBACHAIONMIE MHOTOUHCIICHHBIE SKCIEPUMEHTHI H YCTPAHAIOMICH
MIPOTHBOPEYHMsI KI1acCuueckoil Teopun MaxkcBeuta-Xesucaiiga-I'epua.
Ha ceronnsmHuil 1eHb BbICKA3aHBl UHTEPECHBIE UIIEU:
- uies O CKaJsIPHOM MarHUTHOM II0JI€, KOTOpas y»K€ HMEET MHOTO CTOPOHHUKOB;
- uies O JBIDKEHUSX mons. “‘/IBIDKeHHs MOoJst” — HOBOE MOHATHUE KaK I MaTeMaTHIECKOH TUCIMILTMHBL
“Teopus moms”, Tak ¥ U (PU3HIECKOH TeOpHH “DIEKTPOAUHAMHKA”.
- B V6, IpH IOCTPOEHUU TEOPHHU INEKTPOAMHAMHKY, INPEUIOKEHO B [ anmiaeeBoM NPOCTPAHCTBE-BPEMEHU IIOJEBBIE
HepEeMEHHBIE PACCMATPHUBATh, KAK 3aBHCSIINE OT CKOPOCTH JIBIDKEHUSI MATEPHAIILHOMN CPEIbl.
Hogy1o Teopuio 3/1eKTpOAMHAMHKH Npesaraercs c(opMy/IMpoBaTh Ha OCHOBE MOHSATHIl “JJIeKTpHYecKoe moJe”,
“MarnuTHoe noJie”, “CkaJjisipHoe MarHUTHOe 1oJie” , “CkajsipHoe dJIeKTpudecKoe noJie”, “JIus:kenue nouasn”, “Ckopocrthb
JABMKCHMSI 110151, HA OCHOBE H/eH 0 3aBHCHMOCTH N0JIEBbIX N1EPEM EHHBIX OT CKOPOCTH IBHIKCHHSI MATEPHAIBHOIl cpelbl.

0  § 6 3akoH coxpaHeHHsl IHEPruHU 1JIs 371eKTPOMAT HUTHOI' O I10JISl.

y oo . =
3aKOH COXpaHEHHs SHEPIHU B CILIOLIHOM cpeze 8_ +divS=0 ,
t

rame o - 00bEMHAs IIOTHOCTD OHEPTruu Cpeabl,

S=®-v - Bexrop YMOBa (BEKTOp IUIOTHOCTHU MOTOKA SHEPTHH),

V - CKOPOCTb IEPEMEIICHUA 00BEMHOI ITIOTHOCTH () B Z[aHHOﬁ TOYKE.

B namm YpaBHCHUS SJICKTPOAUHAMUKNA BXOAUT CKOPOCTH MaTepPIaJ'ILHOﬁ Cpebl V(t, }") . EcrectBenno OTOXICCTBUTH €€
CO CKOPOCTBIO IIEPEMCIICHUST 00BEMHOII ITIOTHOCTH 3HEPruu @ B Z[aHHOﬁ TOYKE, B ,HaHHLIﬁ MOMCHT BPEMCHU.
B camom O6HICM Cj1ydace MarepualibHast Cpeia MOXKET IPEACTABIIATh co0oit COBOKYITHOCTDb Pa3JIMIHbIX YAaCTHUIl 1 TOJICH.

IIpoBenem paccyxaeHus.

~|

Bexroproe mone Cxkansiproe nojie b

L7+(r¥) 70 Lhafor V) p-0

.}}z?.() b-{§b+<;y-€)-b}=b-6

~—

—_ 67 (— J—
Y A<y +lyr v
{61? b

— +ly-V)—=0
ot 2 2

o 2 C 2 Pl 2 o 2

o —_—= ———+ly-V])—=0

ot 2 +(vy V) 0 ot (Y )
ISOpHZ B o B 1 Y2 ISOpH: B o B 1 bz
Vi@ F=o-v-F+V.0)F | oy =T Vi@ F)=0-(V-F)+V.0)F | o =T
div(®-F) = @ -divF +(grad ®)- F — - div(®-F) =@ -divF +(grad ®)- F - -

— - — = Sy =y - vy ) — g Sy =y - vy
div(®-F) =& -divF + (F -V)® _ di @ - F) =@ - divF + (F -V)® A i
— _ — = .di - = . — L= =y -divy
(F-V)® = div(® - F)— ®-divF Ay = oy -divvy (F-V)® = div(®-F)- & -divF v =% ¥
o Y? v - vt - ob: b - b -

—_—— jv(— - ——di = ——+div(—- ——-d =0
or 3 TAM ) = diver =0 o 2 ) s divey
0 . - = 0 . - .=
a—wy +div(wy -vy)—woy -divwy =0 Ewb +div(wy, -ve) -, -divvy =0
t
0 .o .= 0 .o .=
a—wy+dzvSy—wy-dzvvy:O Ewb +divSy -y, -divvy =0
t
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a —
— oy +divSy = A,
o Y Y Y

0 s
awy +divSy =Ay

Wy - IUIOTHOCTb SHEPIUM MATEPUATLHOM CPe/pl
Sy =wy vy - aHamor Bekropa YMoBa

AY = KOJIUYECTBO INIOTHOCTU DHEPTUHU , KOTOPOE

a —
—w, +divSy =A, ;
o b b b

a —
—w, +divSy =A
o b b b

@), - TIOTHOCTb SHEPTHU MAaTEPUAIBHOM Cpeibl
S» =@y -vp - aHamor BekTOpa YMOBa

Ah = KOJIUYECTBO IUIOTHOCTU DHEPTUHU , KOTOPOE

puOBLIO/ yOBIIO 32 €AUHUITY BpEMEHH B JAHHOH TOUYKE
IPOCTPAHCTBA B JAHHBIH MOMEHT BPEMEHHU B CIEICTBHU
IPHOBLIH/yOBLIH “KOIHYECTBA’ CKOPOCTH ABIDKCHHS

BEKTOPHOT'O MOJIS Y B I[aHHOfI TOYKE NPOCTPAHCTBA B

IpHOBLIO/YOBLIO 32 IMHUITY BPEMEHH B JAHHOH TOUKE
HPOCTPAHCTBA B JAHHBI MOMEHT BPEMEHH B CIIEICTBUH
HpHOBLTH YOBLIH “KOJTHMYECTBA” CKOPOCTH JBIKCHUS
CKQJIIPHOTO MOJIs b B JAaHHOIT TOYKE MPOCTPAHCTBA B

JaHHBII MOMEHT.
/| Y=E,B,e,b /

JaHHBI MOMEHT.

PaCCMOTpI/IM cnyqaﬁ, Koraa B obactu TIPOCTPAHCTBA MAaTEPUA CYLIECTBYET TOJIBKO B BUAC DJIEKTPOMATrHUTHOTO ITOJIA Q= {E, B, e,b}

JIyist 1MeKTPOMArHUTHOTO oSt () = {E, E, e, b}:
P _
— Y oy +divY. Sy =Y. Ay,
o'y Y Y
Y = llEll7 llBll7 llell7 llbll

E(QE + g+, +w,)+

+div(wg - VE+@g - VB+®, Ve + @) V) =
=wg -div vVE+wp -div ve +

+o,-divve+ o, -div vy ;

an o
= —+divS o=A
ot Q Q

E* B> & b?
O =0p+0g+0,+0y=—+—+—+—
e £ 5 Y7 8r 87 8z 8«
Soa=Sg+Sp+Sc+Sp =

=Wg"VE t0p VB +®, Ve +Wp " Vp =

E

=— Vg +7-vB +—Ve+—

2
Ag =Ap+Az +A, +A, =

Vb

E? - B2 2 b2

=g -div vE +@p -div vp +

+ 0, divve+w, -div vp .
Ecan B 00/1acTH NPOCTPaHCTBa MaTepHst

CylIeCTBYET TOJIbKO B BU/1€ JICKTPOMArHUTHOT O
moJifl, TO €CTECTBEHHO CYUTATh, YTO

Ag =Ap+Az+A, +A, =0

Do

Torma +divS =A(, 3anuceBaeTcs B BHIE

0w

+divS 0=0.

YpaBHEHUE HENIPEPBIBHOCTHA

So=0p VE+®p -VB+®, Ve + @) -V - aHATOT

BEKTOpa YmoBa (BeKTOp IIJIOTHOCTH IIOTOKA 3Heprnn)

ng - oy - div ;Y +div(wy ;Y) =0, rae Y="E""B","e","p"
t

I[HSI JIEKTPUYECKOT'O IT0JIAA, paCCMaTPUBAEMOI'0 KaK MaT€puaibHas cpena,
3aKOH COXPaHCHUA JHEPTUH

0 2 2 _ 2 _ P _
——+div(7'VE):T'diVVE nin 50)5 +divSE :AE .

ot 2
J111st SMEKTPUYECKOrO CKAISIPHOTO TIOJIsl 3aKOH COXPAHEHHUSI SHEPTHH
e? e? - e’ - 0 =
——+div(—vg)=—-divve wm —o,+divS.=A, .
or 2 2 2 ot
JIJ1si MATHUTHOTO TIOJIS 3aKOH COXPAHEHUS DHEPTUH
o B? B? B? -

— a —
——+div(—vg)=—-divvp wm —wz+divSpe =A
o 2 2 2 o’ ?
JIyisl MATHUTHOTO CKaJSIPHOTO MOJISL 3aKOH COXPAHEHHS SHEPTUN
o b2 2 _ 2 _ P _
——+div(—vp )=—-divvy wmm —@, +divSy =A,,
2 2 o " b

ot 2
e
2 2
2 — E° - - E _ _
wE:E—; SE=—VE =05 -VE; Ay =—-divvg =wy -divvg
8r 2 2
2
e < - - e - .-
we:S ; Se Ve =0, Ve, AEZT'leVg:we'leVg
T
2 2
2 - B° - - E - -
a)B—B— B=——'VB=0g VB, Ay =——-divvg =g -divvp
8r 2 2
2
b= 5 b - - b - -
Wp = b=—Vb =0y Vb, Ay =—-divvy =, -divvp
Sz’ b > b=, b

W3 ypaBHEeHUI 31€KTPOAUHAMUKH BHIIHO, 4TO 101 E, B, e,b BIUSAIOT
Ipyr Ha apyra. [Tosromy B 00mmeM cirydae He MOXXEM MOJIOKHUTh
Ap=0,Ap=0,A,=0,A,=0,

9TOOB! IOIYYHTH YPABHCHUS HEIPEPHIBHOCTH

aiwy +diV§Y :0’ Y:"E","B","e","b" .
t

Ecau B 00/1aCTH IPOCTPaHCTBA MaTEPHsl CYLIECTBYET TOJILKO B BH/€ 3JIeKTPOMArHUTHOIO nojs Q = {E , B, e,b}, TO 3aKOH

COXpaHCHHUSA DHEPIrUU I SJICEKTPOMArHUTHOTO ITIOJIA 3aIIMCBIBAETCA B BUAC YPABHEHHUS HETIPEPBIBHOCTHU !

(3609

+divS =0 .

a —
EZUJY +divy (wy -vy) =0
Y Y
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- Yy
Y

0 T o < = e - - _Sa
— >y +divd Sy =0 & —wg+divSa=0= wg=2 0y ,Sa=2.8Sr =wg-va = va=—1= )
oy 7 ot Y 7 oo Loy
Y
f— — E2 B2 2 b2
Tax Kak Ayt 3MeKTPOMAarHUTHOTO ot () = {E, B, e, b}: Op=——, 05 =—,0, =L w, =——>TO
87 8z’ ¢ 8x 87
E* - B*- & - b -
§ —VE+—Vp+— Ve +—"Vp —
- o —
va=—=38y/Y oy = 87 T T T < MOXET # CKOPOCTH CBeTa C >
o E* B* e* b?
Q v Y LT BT e 0

+—+

8t 8r 87m 8«
CKOpOCTI) II0OTOKa 3HCpFI/II/I 3J'ICKTpOMal"HI/lTHOI‘O IoJId VQ lTpI/IHI/IMaeM 3a CKOpPOCTb JBWKCHUA 3J'ICKI‘pOMaFHHTHOrO
monst Q) = {E, B, e,b}.

YuutsiBas BBIIICU3JIO)KEHHOE, €CTECTBEHHO NOHMMATH CKOPOCTh ABMXKEHUA MaTECPUU TaK:

CKOPOCThb NBMXKCHUS MAaTECpUN

S same @, *V mamepus ow y —
] opust Mamepusi Mamepusi R
V mamepus = = 5 — " +divS =0

Mmamepusi
w.uamepuﬂ w.uamepuﬂ at

I[OHyCTI/IM, YTO BO BCEX TOYKAX IMPOCTPAHCTBA U3BECTHA CKOPOCTH ABMXKECHUSA MAaTCPUU U 6e3 yd€Tra 3TOro ABWKEHUA

MaTE€PHU  PACCYUTAHO IEKTPOMATHUTHOE mojie Q) = {E , B, e,b}. Torma ckopocTb IBIKCHHSA OOIIEH MaTepHu

_ 2 _ 2 _ 2 _ 2 _
. ] < S yamepus + ——VE+——VB+—— Ve +— Vb
- S obwas mamepus S mamepus + Sa ? 8 87 87 8t
Vobwas mamepus = = = ) P P 2
woﬁmaﬂ Mamepus w.wamepuﬂ +0q E B e b

w.wamepuﬂ + S + S +§ +§

Boo6ue eciii MOXXHO IPECTABUTH MATEPHIO B BUJIE JIBYX IIOTOKOB 00wWas mamepus = mamepus 1+ mamepus 2 , TO

- S obwas pus S D

_1 +S pus _2 w.wamepuﬂil "V mamepus _1 +w.wamepuﬂ72 "V mamepus _2

Vobwas mamepus = =

[0 [0 p 71+60 2 [0 p 71+60 pusi_ 2

obwas op

PuA _

[ cynepnosumun QO = Q) +C), IBYX IEKTPOMATHATHBIX MOJIEH () = {E 1, B1, el,bl} nQ,= {Ez, B, ez,bz} HUMEET MECTO

- - Soﬁmaﬂ mamepus So1+Sa 2 D) Vol +0q) "V,
Voowas mamepus = VQ = = =

woﬁmaﬂ mamepus Dy + Ogp Dy + Ogp
2 2 2 2 2 2 2 2
EZ - B*- ¢*- b°- E2 - B2 - et - 2 -
—VEl+— VBl +— Vel +—Vp1 |+ *VE2 +——VBy +——"Ver +——Vp)
87 87 87 87 87 87 87

2 2 2 2 2 2 2 2
E, B, € by E, B, € b,

— |+
8t 8n 8r 8« 87 87z 8r 8«

HpeZUIaFaCTCfI TMOoJAyMaTb O BBE€JICHUU HOBOI'O 3aKOHA COXPAHCHHUS DHEPTUU:

TpaZ[I/II_II/IOHHHﬁ 3aKOH COXPaHCHUS SHEPTUU: 3aKkoH COXpaHECHUA SHEPTrUn B TECOPUN HaHSHCKTpO,HI/IHaMI/IKaZ

dw /ot +divS=0 ow/ot+(v-Vio=0 , S=w-v

§7 O Cucrema ypaBHeHHil HOBOIH TeOPHH 3IeKTPOAUHAMHKH.
PaccmaTpuBaeTcs 371€KTpOMarHuTHOE moje () =1\E, B, b,e (, WMEIOIIEe KOMIOHEHTHI

E (v,t,7) — anexrpuueckoe more,
B(v,t,r) — wmareauTHOE MoTIE,
e(v,t,r) — CKaISIPHOE IEKTPHIECKOE TIOJIe,

b (v,t,r) — cKamSIpHOE MATHUTHOE II0JIE, KOTOpBIC B O0IIEM CIIydae JBIKYTCS C Pa3HBIMU CKOPOCTSIMIL.

He nckimodeHo, 4To Npu HEKOTOPBIX YCIOBUAX 10J E, B, e, b OBIKYTCS KaK OJHO LIEJI0€ C OAHOI U TOM e CKOPOCTBIO vo(v,t,7):

=
* ==
=

VQ =VE =VB =Ve =Vp, HAIPUMEP: a) TI0JIA, CO3/1aBA€MbIEC OTUHOYHBIM JABIKYIIIUMCH C MMOCTOSTHHOM CKOPOCTBIO 3apsAaOoM

0) mosst Oe3 UCTOYHHKOB.
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CucreMa ypaBHEHHH TEOpPUH IEKTPOAMHAMUKY B I anuneeeom npocmpancmee gpemenu.

E(,t,r) = [ pr,t,r')- (r=r) dv' - vB(v ()X Bt F) + L5t 7) - b(ntsr)
o ¢
B(v,t,r)—f I](v,t,r)x = ) -dV'+ v15(v,t,r)><E(v,t,r)+l vg(vtr) e(v,t,r)
r—r'

emt.) = L V(o) Bt )
C

(r

‘r_r‘

bty =[Gty L=y L
C

LE0un + betr) ) B0 =0
t

£ B0+ a0 ) Bt =0

vE(V V)'E(;,l,;); rne p(v,t,r')zp(O,t,r') s j(v,t,r’):j(O,t,r’)—v-j(O,t,r’)

aﬁe(;, 07+ (e 7))ot =0 5
t

gb(;,t,;) +($,,($,z,?) E)h(;,z,?) =0 .
t

- EX0,t,r) - B2(0,t,r) - €X0,t,r) — bX0,t,7) -
a)’) .v;) . + ( 9 ,r)'vE+ ( 9 ,r)'vB+e ( 9 3r).v€+ ( 9 ,r)'vb
i - 5 8z = /A = 82”, _ 81 - CKOpOCTb
E~(0,¢ B~(0,t 0,2 b~(0,¢
D3adannas mamepus +( ( — r) + ( — r) + £ ( >~ r) + ( > r) )
’ o 8w 8w 8w 8
JIBIDKCHISI MaTepUalIbHOW  CpEJpl.

E(v,t,r) jp(v,t,r )-

B(v t r) =— j](v,t,r)x

D

r=r) r) AV — 7VB
‘r—r

7r)~dV’+

‘l"—l"

IpuBenem nosicHEHHS K 000CHOBAHUIO (HOPMYIL:

(v, t,1)x B(vt,r) + L vo(v,1,7) - b(v,1,7)
C

P

1 - - - == - 1- - = - -
— - VEW,t, ) x E(W,t,1) +—-ve(v,t,7) - e(v,t,r)
c c

L - ¢usnveckas pemaumna. L(v,r,t) - 3uauenne dusmdeckoii Benmmunusl L B 4-Touxe (r,¢) , B KOTOPO# MaTephanbHas

cpeaa Z[BI/DKCTCSI co CKOpOCTLIO V.

Ecm L(v r ) # LO,r,6), 10 LOvi,r1,t)=L(va—vi,ra,t) , L(va,r2,t)=L(vi—va2,r1,t)
rae V1 — CKOpPOCTH JIBIDKCHUSI MATEPUH B 4-TOUKE (r1 t), ;2 — CKOpOCTb ABIDKEHMS MaTepuH B 4-TOUKE (}_’2,t).
2)

Pacemorpum Cucremy Otcuera, B Kotopoit Touka M (¢, 7)

JIBUKETCSL CO CKOPOCTBIO V, & Bee ocTanbhble Touku M '(¢,r")

TIPOCTPAHCTBA ITOKOSATCA.

r=ro-v -t - paamyc-BEKTOp TOUKu M

r'=r'o - Paziuyc-BEKTOP TOUKH M

r— r:ro—vt r'o

Pacemorpum Cucremy Otcuera, B Koropoit Touka M (¢,7)

NOKOSITCs, a Bee octanbhble Touku M '(¢,r")  mpocrpancTsa

ABHIKYTCS CO CKOPOCTEIO — V.
F=r0 - PagHyc-BeKTOp TOUKH M
r'=r'o+v-t - pammyc-Bekrop Toukd M’

r—r —ro—(ro+v t)—ro—v t—ro

3)

PaCCMOTpI/IM cnyqaﬁ, Korga B CUCTEME
OTCYCTAa BCC TOYKHU IMPOCTPAHCTBA
IIOKOSATCA.

PaCCMOTpI/IM JABE CUCTEMBI OTCUETA.

Onna CO - B KoTOpO# TOuKa M JBIKETCS CO CKOPOCTBIO V, & BCE OCTAIIBHBIE TOYKH
MIPOCTPAHCTBA TTOKOSITCSL.

Ilpyrast CO - B KoTOpoii Touka M MOKOUTCS, & CO CKOPOCTBIO — V IBUIKYTCS BCE
OCTaJIbHBIE TOYKU IPOCTPAHCTBA.
CuuraeMm, YT0 “HanpsizkeHHOCTH” noJieil B Touke M B 060ux CO 01UHAKOBBI.

3HCKTpI/I'-ICCKOC I0JIE U MAarHUTHOC
T10JI€, CO3JaBa€MbIC HCITPECPLIBHO
PpacnpeaACICHHbIMU TOKOSAIIIUMUCS
3apsiaaMi 1 TOKaMu:

E(t.r)=[ plery- L) —_rz
r—r'

-dv’

Halinem o1meKTpHYECKOe TIOJIE ¥ MATHATHOE TOJIE B MOMEHT BpeMerH ¢ , B Touke M (1),

HBHX(ymCﬁCﬂ CO CKOpPOCTBIO —V .

Pacemorpum CO, B koTOpo#i Touka M MOKOHTCSI, @ CO CKOPOCTBIO — V' JIBHIKYTCS BCE
OCTaJIbHbIE TOYKH IIPOCTPAHCTBA.
Torna B popmynax ciesa:

pt,r")y = p(0,t,7") = p(v,t,7"),  j(t.r") = jO,1,7) —v- p(0,0,) = j(v,t,r") .
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- — 1 .- = (; _}T/) “HaIpsHKEHHOCTH” ToNIel B Touke M:
B(t.r)=—-Jjtr)yx——z-dr" | _ N N S N Gt N S N Gt B
c r_r,| E(t,M)=E(t,r)=E(v,t,r) = [ p,t,r") - —5-dV" = [ p(0,4,r") - ——%-dV
I r'| I r'|
e T
B(th) :B(t,}”) :B(V,t,}”) :_'I ](O,t,}” )—v~p(0,t,r ) X_—__«jdV =
¢ r—r'
= [ j@.t.r)- (“jg v’
o7
Pemiennst cucremsl ypaBHeHI/Iﬁ SJICKTPOAMHAMUKHU TMIPEUIaracTcs HaXOAUTh I10 CXEME:
1) \_)E :=(_); \_)3 :=(_); \_/e :=(_) ; \_/;7 :=(_) ; 2) E:z(_) ; E:z(_); Z:z(_) ; B:=6
3) mpumaguM & JOCTATOYHO MAajoe 3HAUCHHE.
v
- - - 5 +72 5 +Biz 5 +i +£
» - = Suﬁma}l mamepus S.uameplm +Sa w.uameplm Vamepun 154 VE 154 VB 14 ve T v
V = Vobwas mamepus = = = 5 0 > 5
w{)ﬁma}l Mamepust w.uameplm + g ® + i Bf i L
,’l’lﬂ)n(’,pllﬂ
8 8r 8n 87
v
E”PE’):E b} E”PE’)ZE ﬁ enpet):e 5 bnpet):b
v
oA T o, ;9t57 S "o oy D o N 1 i;atay x ;_7 '
E@,t,r)=Eo(v,1,7) =J.p(73)~(r—r )AV' 3 B(v,4,r) = Bo(v,4,7) :f-jj( ) X gy
‘r -r " ¢ ‘r —r
L) = e (ht.) = R O s py e
e(v,t,r)y=e,(v,t,r)=0 ; b(v,t,r):bo(v,t,r):f-f]( ! )7(3 )-dV’
C ‘7" _ rl

v

ECut.r)=Fo— L35 x B opes + 271 - b
C C

— — 1 — —
b(V,t,/"):bO +—veg-E nped >
C

npeo’

E(;,t,?)ZEO +1;E XE nped >
C

— — l — —
e(V,t,/") =€, +—-vz-B nped
Cc

v

Cxkopoct ; E, ; B, ;g s ;;, TBYDKEHHI nonef?lf s E ,e, b BBIYUCIISTIOTCSL HUCXOJS H3:
EE+(;E.§).E=0 ; ve Ty ﬁe+($e-€)-e:o
ot ot
0 B ¥) B0 : Mvs: Lpiiny.w
—B+((vg-V)-B=0 ; Vb VB —b+(vp-V)-b=0
ot ot
v
(‘E—Enpm <¢ )&( ‘B—Bnpm <e¢ )& ( ‘b—bnpm <¢ )& ( ‘e—enpm <¢ )
HET
v -
Paccunranu E; ]_3;e; b; \_/E ;\_/3 ;\_/g;\_/b
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§8 [ OcHoBHBbIE NO10:XEHHSI HOBOIl TEOPUHU JIEKTPOAHMHAMHKH.
1) PaccMaTpuBaeTCs MEKTPOMATHUTHOE MOJE () = E B,be }, KOMIIOHEHTEI KOTOPOTO
E (;, t, }_’) — JJICKTPUYECKOE I10JE, E(\_/,t,;) — MAarHMTHOE TI0JIe,
e(\_/, t, }_’) — CKaJSIPHOE AMEKTpHIecKoe mone, b (\_/, t, }_’) — CKaSIPHOE MarHUTHOE MOJIe

JABIXYTCS CO CKOPOCTSAMU VE,VB,Ve,Vp COOTBECTCTBCHHO, U I KOTOPBIX UMEET MECTO
£E+(35 V)E=0, £E+($B “V)-B=0, EH(CE V)e=0, Em(;b V) b=0-
ot ot ot ot

W3 mocnenanx (bopMyn HAXOMIT VE,VB,Ve,Vp / cM. V5/, cuntas, 4TO JUIsl CKAISIPHBIX TOJIEH HMEET MECTO
ve Mve v Mg .

IToneBsie IepeMeHHbBIE E (v t, r) B (v t r) e(v t r) b(v t r) 3aBUCST OT CKOPOCTH V ~ABHKCHHSI MAaTEPHH B TOUKE

HaOJII0 ICHHS, KOTOPAs OTOXAECTBISAETCS CO CKOPOCTHIO IePEMELICHNsT 0OBEMHOM INIOTHOCTH SHEPIUH (0 , BXOJSIIEH B 3aKOH
COXpaHeHHs SHEPrUH B CIUIOIHOM cpeie 0w / Ot +divS=0 ; S=®-v - Bekrop YMoBa (BEKTOp IIOTHOCTH MOTOKA SHEPTUH).
Ecin Matepust CyIecTByeT TOJIBKO B BUJE SIEKTPOMArHUTHOTO OIS, TO 3AKOH COXPAHEHUs IHeP2UL

win Q={E, B,e,bl: dwg /0t +divS g=0wq /0t +div( g -va) =0,

O(wp + wp + 0, + )/ 0t + (g -div vE —@g -divvg — 0, - div ve — @, - div vp) +
+ div(@g - VE+@p VB + @, Ve + @y -vp) =0 = 0wq/0t+divS o=Ag =0 =

= v=va=Solwg=YSy/Yay,, te s dY/dt+(vy V) ¥Y=0 =
Y Y

= Oy /0t —wy -div vy +div(wy -vy) =0 = dwy /0t +divSy =Ay, Y ="E""B","¢","b"
wgp=E* /87,05 =B* /87, 0,=¢" 187, w, =b* /87
2) Jns zapsna: q(;, t, r_’) = q((_), t, ;) . Jlnd II0THOCTH 3apsa/a U TOKa: p(;, t, r_’) = p(a, t, ;) , }(\_/,t,;) = }(6,1‘,;) —v- p((_),t,;) .
3) Hexomins E(v,t,r)=E0,t,r—v-t), ev,t,r)=e(0,t,r—v-t),
Bv,t,r)=B(0,t,r —v-t), b(v,t,r)=b(0,t,r—v-1)
crenyer  ve W4, 1) =ve(0,6,7)=v(t,r) , va(tr)=ve(0,6,r)—v(t,r) ,
Ve t,) =ve (0,6, )=t 7) 5 v (v t,r) = v (0,1,F) = W(t,7) .
4) 3aKOH COXpaHCHI/ISI SHCI(TpI/I‘ICCKOFO 3apsaaa, 3aHHCﬁHHLIﬁ B BUJIC YpaBHCHUSA
HenpepsiBHOCTH :  0p(0,¢,7)/ 0t +divj(0,t,7)=0 .

w ap((a),, +dwf 0.0,7) = v- p(Otr)} —dwfv (0, tr)} {0

5) HpI/I OTCYTCTBHUU UCTOYHUKOB WIN Ha OYCHb OOJBIIIOM pacCToAHUU OT JIOKAJIBHOM 06.11210TI/I7 B KOTOpOI/I COCPENOTOYCHBI

+div j(v,t,r) =

HCTOYHUKH, 3IeKTpoMarHuTHoe none QQ =\E, B, b, e IBIXKETCA C IIOCTOSHHOH CKOPOCTBIO, PABHOM CKOPOCTH CBETA.
Camo ABIDKCHUE 3IEKTPOMArHUTHOr'O TIOJI B 3TOM ClIydae MpeJCTaBisieT co00i BONHY, (ha3oBas CKOPOCTH KOTOPOI paBHA
CKOpOCTH cBeTa. / cM. V9 /

6) Cucrema ypaBHeHuUil TEOPUH IEKTPOIUHAMUKU:

Ewt,r) = [ pt,r')- (f_rg AV =L L )X By L et r) - b r)
C C

1

‘r—r

r—r' - - —- = = == == == -
B(v,t,r)—f Ij(vtr)xu dv' +1 vE(v,t,r)xE(v,t,r)+l-vg(v,t,r)-e(v,t,r) E(V,t,")=;‘VB(VJ,”)‘B(VJJ)
c

‘V—V
b(G,z,?):l.j}(;,t]) S ) dV'+— vew,t,r)- E(n,t,7)
c ‘r—r'
LEGan+ fein V) Eoan=0 ge(;, 1)+ (e (. 7) 9 ) e, = 0
P A ) 8.~ = F o~ = =\, - -
EB(v,t,r)-#(vB(v,t,r)-V)-B(v,t,r):O 5 5b(v,t,r)+ v (v,t,7) -V )-b(v,t,r) =0

7) Cuina, neifcTByroImas Ha 3aps:

><B]_*_v vh } szq.{E_'_[v—ch XB]+V_Vb'b+v_cve'e}
4

c

f=q {E+[
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§9
Cucrema ypaBHEHHI HOBOI1 TEOPUH 3JIEKTPOINHAMUKHI:

EGt 20y - )X Bt

)= [ pO,t,r)

l-;g(;,t
‘r—r" ¢
g dav' +1
=

B(v,t,r) == j](v t,r )><

1) B(v,t,7)
(r- *)

=

—_ —_ l —_ _
e(v,t,r)y=—-vp(v,t
c

dv'+ ) Emyt,r) >

vE(v

bo,t,r) =~ [708,7)
C
%E(;,t,;) + (et V) Bty =0
a — — (— = — P — —
a—e(v, t,r)+ (Ve(V, t,r) ~V)~e(v, t,r)y=0
t

a —_ — (— — — J— —_ = — —
EB(v,t,r) + (vg(v,t,r) -V)- B(v,t,r)=0

gb(;,t,;) + (5;,(5,:,;) E)h(;,z,?) -0

PaccmoTpuM  Gornee moapoOHo.

—_ 1 _ —_
) +—-vp(v,t
c

[J ®opmMbl cHCTEMBbI YPABHEHHI HOBOH TEOPHH JJIEKTPOMHAMHKH.

) -b(n,t,r)

—_ —_ —_ = —_ 1 _ = —_ —_ —_
vE(v,t,r)x EW,t,r)+—-ve(v,t,r)-e(v,t,r)
c

e p(vt,r) = p(0,6,7) 5 j,t,r) = j(0, 1,7 =v- (0,4, r)

ypaBHCHI/Iﬂ C UICTOYHHUKaMH

YpaBHeHus1 63 UCTOUHUKOB

—- - = =7 - = - - = I - = = 1- - = 1 = -
E(v,t,r):_[p(v,t,r’)-(r r3)-dV'—l-vaB+l-vb-b+l-vb-b E=——vpx[VEXE]+— vy -(vE -E)——vpx{v.-e}
‘;_rr C c c C2 C2 C2
- — 1 —- (=7 _ 1 — I - = = 1- - 1 - -
B(v,t,r) =~ [ j(v,t.r")x A+ LB LT e B=——vex[vexBl+—vE (Vb -b)+—-vEx(vp -b)
c ‘r—r' c c c c c
- - — — 1 - — 1 —
e(v,t,r)=l-vB-B e:_z'vB'{;ExE}"l'_z'vB'{;g'e}
c c c
bt r)—fj/(v,t,r)( v+ E Lo
‘,_, b=——vE -[vexBl+—vE-(vs-b)
c c
CF+(Ge V) E=0 O F i (vr V) E=0 :
= v ; SE+(EV)E=0
OB (vs-V)B=0 0 (s V) B0
a +(vp-V)-B=0 > EB+(VB-V)-B:0 ;
0 = 2 Coo_
—e+(ve-V])e=0 5 il V)e= :
ot ( ) ate+(vg V)e 0 ;
(V) b=0 O e (or V) h=0
at 5 +(Vh'v)' =
ITpoBeneM paccyxaeHus:
1Y)
E(\: r)—_[p(v (r r) dV' — ;B><B+l Vp - b+l vy b=
‘r—r' ¢ ¢
=J.p(t,}7)~@~dV’—— v _[](Vtr)x ( ) -dV'+ 1~\_JE><E+1~\_/e-e +
|r—r’| r—r| c c
1= |1 =~ = = -
+—-vp - —-J.j(v,t,r’)-(r rz-dV'+ vE-E
E 7
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= - 1 - - = 1= 1 - 1- 1- =
EWw,t,r)+—-vpx{—vEXE}+—-vp x{—-ve-e}——-vb-{—-vE-E}:
c c c c c

:jp(E,t,F)-(_r;_rS)-dV' lvgx_[—[j(vtr)x( )]dV+ w,j Gntr L_rz)-dV’
r—r' ¢ r—r' ‘r—r"
- 1 - = = 1 - - 1 - - =
E(t,r)+—2-vBx[vExE]+—2-vBx{ve-e}——z-vb-(vE-E):
c c c
—_[p(vtr) ( ) -dv’ —L vgx_[[](vtr)x (r= )] dv' +— Vb - _[(j(vt ) (r :3)).dV'
r—r' c’ r—r' ‘r—r'
2)
Bty =[Gt x L=y LB+ LS e
c ‘r—r" c c
(r F) (r F)

B(v,t,r)—f j](v,t,r)x dV’+f v x jp(v,t,r) -dV'—— vB><B+l vp b +1 {l;gﬁ}

c

‘F—F

‘F—F

E(;,t,;)—l';EX{—l';BX§+l';b'b}—l';g'{l';g'ﬁ} - j](vtr)x (r r) dV’+f vEx jp(v,t,r) ( r) -dV'
c c c c c ‘r—r" ‘r—r"

BO.t,7) + v X[ x B =37 x (i )= ve- (5 B) = [ 7 x (r=r) dV]+f vex([ p(ntr'): 1)y,
c c c c ‘r—r’ ‘r—r’
3)
17 —_
e(vtr)—— -B
c
e(;al,;)—* j(v r)><( ) dV' + 1';E><E+l~;e-e
r—r‘ ¢ ¢
ewtr)-Lovs- 1.;Exg}_1.;3.{1.;8.e}zz.;B. LT i W
S -7
- 1 1 - _ - Sy
i E el e e D)
¢ ¢ ‘r—r'
4)
b(;,t,;)=l-j}(;,t,7).("’3).dyr+l.;E.g
¢ — ¢
b(;,l,;)=l'j;(;’t’; (,r r3) av'+ IP(V 1) (r )dV' vB><B-¢—l vb-b
¢ r—r‘ ‘r—r‘ c

b(;,z,;)—l-;E-{—l-;gx§+l-;h-b}:l-j}(;,z]).(’_’Z.dV'+1-;E- jp(@,t,?).(’_’z.dV'
c c c c B c )

‘r—r ‘r—r'

b(;,z,;)+i2~;f-[;BXE]—%;E-(;h~b) =1~j}(;,z,7).(f:’3 AL [pt.r')- {’:’3 dv'ts
¢ ¢ ¢ ‘r—r" ¢ ‘r—r'
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Momyunnu

VpaBHeHus anekrpoauHaMukd.  Tabmuma la ©°  Tabnuna 1. Ta6numa la.

- - 1 - 1- = 1= 1 - 1 - - =
EWw,t,r)+—-vpx{—-vExXE}+—-vp x{—-vg-e}——-vb-{l-vE-E}:
c c c c c

( r) dV'—— Bx_[— [](vtr)x( )]dV +1 “Vp - _[— (j(vt ) (r r)

r—r| r—r' |r—r

—_fp(vtr) ) dv'

5

E(G,t,?ﬂ%-ﬁx[;BXE]—%-;Ex(G,,-b)—%-ig-(ig-ﬁ)=1-[j}(;,t,7)x (r=r) dV]+— vex ([ p(v,t,r')- (r=r) -dV")
c C C C

‘r—r" ‘r—r"

et )= va - fex B L vs fevef= L s A [Ty x-S ap
C C

¢ ‘V—V!‘

b(v,t,r)+12~vE~[vB><B]—12~vE~(w,~b)=1~jj(v,t,r')~(r_r3) v+ L. [p(t,r")- (’_I) v’
c c c 7y c

Ecim npeanosoxurs, uro onst E, B, e,b nBmwkyTcs Kak 0HO LENOE ¢ OHONU M TO e CKOPOCTHIO

va (;, t, }_’) =vE (;, t, }_’) =vp (;, t, ;) =vp (;, t, ;) =V, (;, t, ;) , TO CHCTeMbl ypaBHeHHH Tabimma la 3amumercs B BUze:

VYpaBuenus 1ekrpoauHamMuky. Tabmuna la @ Tabnuna2a mpu v =VE =VB =Vp =V, Ta6nuna 2a

E(;,t,}’)+l-;g x{l-;g xf}+l-;g x{l-;g-e}—l-;g-{l-;Q-E}Z
c c c c c c

( r) dV——va_[—[j(vtr)x( )]dV+1VQ j—(j(vtr) (r r)

r—r| r—r' |r—r

=[Pty ——= e

Bn,t,7) + —va x[va x Bl-—vo x(va b))~ = va - (va - B) = - [ 70, ) x L ar 14 L S x (] pone, ) L2
c c C c C

>-dv’)
‘r—r" ‘r—r’

- - 1 - - 1 - I T
@(V,[,V)—T'VQ~{;QXE}—T'VQ'{;Q'€}:7'VQ' jj(v,t,r')x Er j}-dV'

c c c ‘r—r'
T v N P DRl
b(v,t,r)+7~vgz-[VQXB]—TWQ'(VQ'[?):*'jj(",l,”')'(, ,3"”/"*'*"’9' jp(v,t,r')~€ 73"”/'

¢ ¢ ¢ ‘r—r" ¢ ‘r—r"
VuuTHIBas, 4TO \_zgx[\_zng]—\_/Q~(\_zg~1_E)=—v92~1_5 ; \_)QX[\_)QXE]—\_/Q'(\_/Q'E)Z—VQZ'E‘ R

aTaKkKe 4T VO x{ va-e }=0, va x (;Q -b)=0, cucreMa ypaBHEHUH 3CKTPOJNHAMHUKH IPUHAMAET BHIL:

Or 3T0# cHCTeMbI ypaBHEHHH 3nekTpoauHamukd (Tabnmia 2a) NpuxoauM K clefayromel cucreMe ypapHeHuit (Tabmuma 2b).

Cucrema ypaBHeHuUil. Tabmuma 2b

[1 Yomtr) RO r)]E(vt r) =
C

:_[p(;,t,?)-(_r;l) dv'—-— VQ(V t, r) _[j(v t, r)>< (r= ) AV’ +L VQ(V t, r) _[j(vt )
c?

r—r r—r' |r—r

[1 VQ(VZV)}B( ,,,)7, Ij(vtr)x( ) dV'+f vg(vtr) Ip(vtr) ( )-dV'
¢

‘V*V
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2 _ o - o _ -
@—VQ%%H}WmH—1~thWT( D av s L S [ pear) L2y
‘ ‘ - =
2 -
’t’ - 1 - - - _._ — -
12200 oy = LSty [T x L)
: : -

e |00 =00 <v-pO.17)

E(v r)+( ).E(;,z,;) =0
75(;, +(;Q<v V) Ber) =0 ;
e(v t r) +(vg(v,t, )~e(;,t,;) =0;

b(v,t,r)+( Q(i,t,?)ﬁ).b(;,t,i):o .

va,t,r)y=va(0,t,r)—v.

B oTcyTCTBHE HCTOYHHKOB p(;, t,}_’) = p(a, t,;) =0 ; ;(;, t, }_’) = ;(6, t,;) —v- p(a, t,;) =0-v-0=0 =
Cucrema ypaBHEHHH 3I€KTPOIMHAMUKH
(1 Yol >] =1
v Q(v,t,r) - - =
1- B(v,t,r)=0 , =
[ j = |va|=c
v Q(V -
(1 J e(v,t,r)=0
[1 v Q(V L r)j b(v,t,r) =0
VuureiBasi, 4To j(v, t, r) = j(O, t, }_’) —;~p(6, t, ;) ,
p(v.t,r)=p(0,1,r),
vEW 6, ) =vE(0,6,1)=v(t,r) , ve(,t,r) =vE(0,6,r) = v(t,r)
Vo t,1) = v (0,6,7)=v(t,7) Ve t,r) =ve(0,6,r)=v(t,7) ,
u3 Tabnump! 2b momydaeM CHCTeMY ypaBHEHHIT snekTpoauHaMuku (Tabmuma 2c).
Cucrema ypaBHEHHH JICKTPOIMHAMUKH Tab6nuna 2¢
(1 v Q(V )]E(V,t,r) -
C
Ot r—r r—r
=[ v Q( r)] tr)+— W(t,r) jj(o,t,r)x =) gy L () [ 0,1, ). 3)~dV’
‘r—r" ‘r—r"
[1 vaGut ”jB( r) = [1 Y Q(O"’”jB(o,t,n—l-v(t,r>xjp(o,t,r'>- =)
C C ‘r —
[1 VQ(VZ il ] b(wt,r) = [1 VQ(O ]b(O,t,r)—1.v(t,r)~jp(0,t,r')~( ) av'
c c F
2 S
(1V (vt r)] (,t,7) = (1 Y 9(0’ r)] O7) e [T <L)y
¢ ‘rfr'

%f(;,t,;) + (oG V) Emor =0

gb(;,t,;) + (;Q(;,t,;) ﬁ)h(;,t,i) =0 ;
t

%E@,t,;) +(a(.r) V) BE.Lr) =0

aﬁe(;,t,;) +(a@.r) V) e =0.
t
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§ 10 O Cucrema ypaBHeHHUii HOBOIi TeOpHH 3J1eKTPOAHMHAMHKH 0e3 HCTOYHUKOB. JJIEKTPOMAarHHUTHbIE BOIHBL
W3 cucremsl ypaBHCHI/II/I JJICKTPOAUHAMUKHU C HCO6XO,HI/IMOCTI>IO CJIIEAYET, YTO, TOJIBLKO INPU OTCYTCTBUU UCTOYHUKOB UJIM HA

04Y€Hb 00JIbILIOM PAaCCTOAHUH OT JIOKAJIbHOI 00JacTH B KOTOpOl/l COCPEAOTOYCHBI HCTOYHUKH, TTOJIA E B b € MOryT

JIBUTaThCs KaK €IMHOE MEKTPOMAarHUTHOE 1oje () = {E ,B,b, e} C OIMHAKOBOI CKOPOCTBIO V() :

VQ =VE =VB =Ve =Vp /cM. cucreMy ypaBaenuii (1), cm. V7, cm. V8 /.
VYuuThIBasI, YTO B OTCYTCTBUU HCTOYHUKOB nMeeT Mecto /cM. V7, V8 /

\_/Qx[\_zng]—\_/Q~(\_zg~1_E)=—v92~1_5 R \_)QX[\_)QXE]—\_/Q'(\_/Q'E)Z—VQZ'E‘ N

CHCTeMa YPaBHEHUH AIIEKTPOANHAMUKY IPUHUMAET BUL
2 T 2 T
voa(v,t,r voa(v,t,r voo(vtr - voa,t,r -
1- ¥E(vtr) 0, [1- ¥B(vtr) 0> 1—% e(v,t,r)=0 > 1—% b(v,t,r)=0 -
& & c c
SIcHO, 9TO CKOPOCTH IBIKEHMS SIEKTPOMATHUTHOTO TIOJS 110 a0CONFOTHO BETIMUHHE, PaBHA CKOPOCTH CBETA Vo =C
VQ =VE =VB =Ve=Vvp=c=c-m=c-(i-cosa, + j-cosa,+k-cosc,)
HanpaBneHHe JIBIDKEHUSA TOJIS 3/1AHO €/IMHIHBIM BEKTOPOM
m=i-mg+j-m, +k- m, =i-cosq,+j-cosa, +k- cosa,
C HATIPABIIAOMIUME KOCHHYCAMH COS(L ., COS Ly, COSL, +

HpI/I OTCYTCTBHUH UCTOYHMKOB 3aKOHbI COXPAaHEHHUSA MOJII IMPUMYT BUJT

LE0ur+lc9) Eoan =0 = ZEour+efn V) Eean =0
ge(;,t,m(; V)t =0 = Leun+eln-V) e =0
%E(;,t,;) +(E -5)-5(5,@?) =0 = %E(;,t,;)-# c.(Z ﬁ)i(;,t,;) =0

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

Wupopmanys K pa3MbIIUICHUIO.

Paccyxnennst must o £ :

%E(;,t,;)+(z.€).a;,t,;) -0 = jif+(; V) LE=0 =

2 ot
62* - o _ 62, o _
- —2E+(C'V)'(—C'V =0 372E—(C'V E=0 =
ot ot
P = L, =p= - 1 o' = d* = =
= —E-c"\m-V] E=0 - —E-—F5FE=0 =
or? ( 2 o dm*

1=~ - [~ =p=~-. - - 1 P =~ - d* =~ - -
= —Z—ZE(v,t,r)—(m ~V)z EW,t,r)=0 = ——EW,t,r)-—5 E(v,t,r) =0
c” ot ¢ ot dm
d S . - -
3nech d_ =\m -V - npousBonmas 110 HAIPABIEHUIO M =1-COS O + j-cos o, +k-cosa, .
m )

2 — — — N\ — — —
— (m V) (m V)(m -V) - BTOpas IPOU3BOJIHAS [0 HATIPABICHUIO /71

dm
Hama teopust Teopust MakcBesna
2 E @+ V) Bt =0 L% Fun-v? Fan=0
o 7 ” 2o e
o - - (£33 .- 1 % — - BN
- . . = 2 —
o e(v,1, r)+(c V) e(v,t,r)=0 = a—zB(t,r)—V B(t,r) =0
a 3 (;,t,;) 4 (E 6)5 (; *) -0 IIpumep pemeHus: MI0CKasi MOHOXPOMATHIECKAs BOJTHA
t E:Eo-cos(kx-x+kv-y+kz-z—co-t)
o - - o - o )
Eb(‘hhrﬁ'(c ~V)~b(v,t,r) =0 B=By -cos(kx x+k, - y+k, -z—co-t)

Hrwxe YBUIUM, YTO PEHICHUSA OTHUX ypaBHCHI/Iﬁ TAKHUEC XKE,

4 BOJIHOBO# Bektop Kk = (@./¢)-n .
KaK U PELICHHsS. BOJIHOBBIX YPAaBHCHUH B TCOPHI

Makcsea. N - €A. BEKTOP B HAMIPaBJICHNUHN PACIIPOCTPAHEHUS BOJIHBI.
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PaccmotpuMm ciyyait, korja 31eKTpoMarHUTHOE 1oje (2 = {E ,B, e,b} 063 HCTOYHUKOB JIBIDKETCSA KaK

TUIOCKAss MOHOXpOMAaTU4CCKast BOJIHA C BOTHOBBIM BEKTOPOM % = (CO/C) ; .
E=Eo ~cos(w~t—%~}_’)=fo ~cos(w~t—kx x—k, - y—k, ~z)
B=Bo -cos(%-i_f—co-t):ﬁo -cos(co-t—kx x—k,y—k, -z)

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

b=b, -cos(w-t—%-;):bo -cos(co-t—kx x—k,-y—k, -z)

Jlns monst E lgf(;,t,;)-# (% ~€)E(;,l,;) =0 =
c

l; 0" cos(a) t—k,-x— ky~y—kz~z)}—(z~§){Eo~cos(a)~t—kx~x—ky~y—kz~z)}=6
C
2—(mx-kx+mv-kv+mz-kz):O:>Q—Q(mx-nx+mv-nv+mz-nz)203
c s c c s

(m, -n, +my,n, +m, n)=1 = mn=1 = m(tr)n=1

Il10cKast MOHOXPOMATHYECKAST YIEKTPOMATHHTHASI BOJIHA PACIPOCT PAHSIETCS TAKHM 00Pa3oM , YTO elHHUYHbIE BEKTOPbI
CKOPOCTH ABUKEHHUA IJI. MATHHUTHOMH BOJIH])I U e]1. BEKTOP HamnpaBJICHUSA pacnpOCTpaﬂemm 3JL. MHFHMTHOM BOJIHbI
Y/I0BJIETBOPSIOT YCJIOBUIO m(t r) n=1. MoKHO IPeINONOKATE, UTO m(t,r)=n = m=n

To ecTh IPUXOAUM K MBICJIH, YTO CKOPOCTb ABHKEHHS 3JI. MATHUTHOTO 110151 IPH PACNIPOCTPAHEHUH ILIOCKOM
MOHOXPOMATHYECKOl BOJIHbI paBHa ()a30BO¥i CKOPOCTH 3J1. MATHUTHOI BOJIHBI.

Hama teopus Teopust Makcsesa
3aKOH COXpaHEHHs MO, JBUKYIETOCS BonnoBoe ypaBHeHHe.
C TOCTOSHHOM CKOPOCTBIO C=C-M . 1

L= oo =
—&(t,r)=V° &(t,r)=0
2 eenrvefn V)ewn=0 or

Pemenne: mo6ast GyHKIUS BHOA

1 0, - (< - =
. Zew ) +m-V)Ewr) =0 - ~
oo (n )z ) = flot—k, -x—k, -y—k, -z)=
PeIHE:HI/Ie: mobas GpyHKIHSA BUA iy @ oo
£r) = Xy,
® ® ®
=f(a)~t——~mx~x——~my~y——~mz~zj . - o -
c c c BOJIHOBO# BeKTop kK =—-1 .
- — c

C=C-m - CKOPOCTb IBWXCHUS I1OJIA -
— N - €11. BEKTOP HAIIPaBJICHUA PAaCIPOCTPAHCHUA BOJIHBI.

¢ =const, ¢ =const ,

m - €11. BEKTOP HallPaBJICHUA 10 KOTOPOMY IBWKETCA MOJIE.

[0
Cc= ; - CKOPOCTb BOJIHBI, (1)a3013a51 CKOpPOCTb.

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

BrIBOA: IPH OTCYTCTBHHM HCTOYHHKOB HJIHM HA 04YeHb 00./1bIIOM PACCTOSIHUH OT JIOKAJIbHOIi 00,1aCTH, B KOTOPOIi
€OCpeaoTO4YeHbl HCTOYHHKH, DJIEKTPOMATrHUTHOE 1oje Q) = {E ,B.,b, e} JABUIKETCS € TIOCTOSIHHOM CKOPOCTBIO, PABHOI CKOPOCTH
cpera. CaMo JBHIKEHHE 3J1. MATHUTHOTO 1oJ1st () = {E ,B,b, e} npejacrasiisier co00ii BoIHY, (hazoBasi CKOPOCTh KOTOPO¥

PaBHa CKOPOCTH cBeTa. J/IBH:KeHHe 110151 M PacPOCTPaHeHHe BOJIHbI IPOMCXOAAT B 0/JHOM HANPaBJICHHH M ABJIsACT C000ii
emmbm npouecc. KopOTKO' ABHZKEHHE JJ1. MarH. NoJst 0e3 HMCTOUHMKOB €CTh JJ1. MATHUTHAs! BOJIHA.

VQ =VE =VB =Ve=Vp =C=C-M=C-N=C- (z cosa, +] cosa,, +k-cosa 2)-

§11 DJIEKTPOAMHAMMKA OJMHOYHOIO JBIKYIIErocs ¢ MOCTOSTHHOI CKOPOCTHIO 3apsa.

Cucrema ypaBHCHI/Iﬁ TCOPUHU DJICKTPOJUHAMUKY .

E@,t,r) = [ p(vt,r') -~ (r=r) r) ar -1 vB(v ()X B, F) + Lo ta7) - b(ntsr)
C

r—r
(r=r)

E(;, r) =— I](v,t,r Y X ———=
‘r—r

1 —_ = — - = — — —
-dV'+ vE(v r)xE(v,t,r)+l-vg(v,t,r)-e(v,t,r) 5
¢

emt.) = L Ts(ntr) Bt
C
(r=r)

|

b(v.t r)—f iy v+t VE(v tr)-E(rys tae pt,r)=p(0,t,r") , jv,t,r) = j(0,t,r")=v- j(0,2,r)

‘V—V
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gf(;,t,;) Ve V) EGery =0 ge(;, 1)+ et 7) V) e(rt, 1) = 0 5
t

SBan+fuan V) Been =00 Saeun+ o) bean =0

B CUITy CHMMETPUN UL OTMHOYHOT'O IBUXKYIIETOCS C MTOCTOSTHHOM CKOPOCTBIO Vg4 3apsAna ¢ moJjaracM, 9To IOJsd E, B, e, b

JIBIKYTCSL KAK OJIHO LIENIOE C OJIHOU M TOM xke ckopocThio v (V,t,7) :

va,t,1) = veWt,r) = vet,r) = vi(,t,7) = ve(V,1,7)

Toryia OT CUCTEMBI ypaBHeHH 3nekTpojuHamuku Tabnuua la npuxomum K cucteme ypauenuiit  / cm. §9 /.

Cucrema ypaBHEHHH C y4eTOM Vo (;,t,}_’) =g (;,t,}_’) =V (;,t,}_’) = (;,t,}_’) = Ve (;,t,}_’)

2000 1 1) \— —
[1—” Q(c‘;’t’r)]E(v,t,r) =
S P i B ey B I ) PO e L S e B P W e B
r—r' ¢ r—r' ¢ |r—r'

2 N\ S Y o I
[lv Q(VZ’Z’F)JB(V,Z,V)l-J-j(v,t,r')x (r r)-dV'Jrl-vg(v,t,r)xj'p(v,t,r')-(r r)-dV'
c c ¢ ;
r—r

— —'3 3
‘V*V

2 _ o S o _ S
- Yewnr) b(v,t,r):l'jj(v,t,r')-(r r)-dV'+1-vg(v,t,r)-jp(v,t,r')-(r 7 ay
3 c " =P c " =P

|

r—r r—r"
2 o Y

> 1 - Il = = = == = - ,
I—L‘;F) e(v,t,r):—z-vg(v,t,r)-_[j(v,t,r)xEr—_r:-dV

C C }"—}"I|
--------------- : e \}@,t,;):;@,t,;)_;.p@,t,;) . Yot =va@.60)-v.
LB+ batan) ) Eeen -0 Loty + o) V) et =0
t
0=~ =~ [~ = =\ =~ - ) 0, =~ = ([ =~ =35\, -.-
EB(v,t,r) +(vg(v,t,r) -V)- B(v,t,r)=0 ; Eb(v,t,r) +WwaW,t,r)-V)-b(v,t,r)=0

Bo03M0XHO pa3BOCHIE TEOPUH:

Mamepust, 3a0AHHASL NO YCL0BUIO 3A0a4U
MamepuanvHas cpeda = —

3a0aHHAsA mamepus + mamepusi 3. MAcH. NoJi, onpebeﬂﬂeMaﬂ UCMOYHUKamMUu p u ]

IIpeanoureHne oTAaeTCs HUKHEMY, 00J1ee CJI0KHOMY BADHAHTY .

| B MamepuanvbHas cpeda = mamepusi, 3a0AHHASL N0 YCI0BUI0 3A0ayU e eem

I‘IaCTI/ILIa, Mo ast 3HCKFpH‘ICCKI/Iﬁ 3apsax ¢, IOBWXKETCA C TTOCTOSTHHOM CKOpPOCTBIO Vg4 B IPOCTPAHCTBE, B Ka)KHOﬁ TOYKE

KOTOpPOIro B 000 MOMEHT BPEMEHU U3BECTHO ABIDKEHUE MAaTEPUN ( IJIOTHOCTD DHEPrum @ " CKOPOCTH JABWKCHUSL

Mmamepust

MATEPUH V amepun =V 5 @ yamepus * Y Mamepun = S mamepus - BeKTOp YMOB2 ).

PaCCMOTpI/IM CHUTyalunro, Korjaa NIBMKCHNE MaTepI/IaJ'II)HOﬁ Cpeabl B TOYKaX HaGJ’IIO[[CHI/I}I TIOJIEBBIX IEPEMEHHBIX OTCYTCTBYET

V = Vusencmuas mamepus = 0.

Cucrema ypaBHEHHH C y4eTOM ;Q(;,t,;)E;E(;,t,;):;g(;,t,;):;b(;,t,;):;g(;,t,;) ; v=0 ;
2000 ¢ ) \— —
[1—” Q(coz’t’r)]E(O,t,r) -
P R P R e B () PO N Y W I (R A P it B
r—r' ¢ r—r' ¢ |r—r'|
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2 R o S - _ SR
1222080 156 = L 50,0« L L @, < [ p(0,67) - L) Ly
2 3 3
¢ ¢ 7" ¢ ‘;_7‘

‘;—r
2 o) (o o o
[1—”1“2””)]1)(0,;,0—1.jj(0,t,r').(’ Ig~dV'+l~vg(0,t,r)~jp(0,t,r')~(f 13)~dV’
¢ ¢ ‘r—r" ¢ ‘r—r

2 s _ o _ o
[1_Lg’t”’)}e(o’,’r) :LZ.VQ (0’,’,,).."]'(0’,’,,'))(5”__”3).01[/'
C

¢ r—r'

rne  j(0,4,7)=vq - p(0,1,7)
0= - [ o~ = =\m= - 8~ = o= =\ o=
EE(O,t,r) + (vg(O,t,r) -V)- E,t,r)=0; ae(o,t,i’) + (VQ(O,t,r) -V)- e(0,t,r)=0;

gﬁ(a,t,;) + (0,67 ) BO.LH) =0 gb(a,t,;) +(a(0.6.7) - V)-b(0.,7) =0

B CUITy CHMMETPUN UL OTMHOYHOT'O IBAXKYIIETOCSA C MTOCTOSTHHOM CKOPOCTBIO Vg4 3apsAna ¢ moJjaracM, 9To Iojs E, B, e, b

IBIDKYTCSL KaK OJ[HO LIETI0E C OHON U TOi 3&Ke CKOpOCThi0 v (V,1,7) =Vq :

VQ(V,t7r):Vq 5

Va,t,r) = vEW L F) = ve(,6,7) = ve(nt, 1) = ve(V,1,7) = Vg .

V4uuteIBas 910 H 7(6, t, }_’) = ;q ~p(6, t, ;) , TIOIydaeM

Cucrema ypaBHEHHH C yIETOM ;:6; ;Q(a,t,}_’):;q ; v=0 ; 7(6,t,}_’):;q ~p(6,t,;)
2 \_ _ o T _ o - _ _ _ _ o
[1—‘);]E(O,t,r)=jp(0,t,r')-(r 13)-dV'—iz-vqxjp(o,t,r')-vqx r f3)-dV'+i2-v,,-jp(o,t,r')-vq-(f jg-dV'
c ‘r_rr‘ c ‘r—r‘ c ‘r—r"

¢ ‘r—r' ‘r—r'

2 _ _ _ o
1—”2‘*].b(0,t,r)—l.jv,,~p(0,t,r').(’ ’g
c c L
=

.dV'+l‘;q ~jp(6,l])‘ (f_fg -dv’
c ‘r—r"

2 \_ _ _ Ot N (o _ _ S
(—V;’]B(o,t,r)=1-jvqx‘W-dV'+1-vqxjp(O,t,r')-(r D ay
c c

2 N b N T
v ™~ I - - p(o,t,}")(}"—}") '
(l——zq]-e(o,t,r):—z-vq-jvq X_—_3dV
c c |},_},I|

%E(é,l,;) + <;Q(67t7;) 6)E(Bal‘a;) =0 ge(aa[a;) +(;Q(6a[a;) 6)6(6,[,;) =0;

gﬁ(a,t,;) + (0,67 ) BO.LH) =0 gb(a,t,;) +(a(0.6.7) - V)-b(0.,7) =0

YuursiBas, 4T0 ;q x[;q xfo] —;q -(;q ‘Eo ):—vQ2 -Eo , Eo :Ip(6,t,7)- r _:3 -dV' 3anuiem

U
r—r

Cucrema ypaBHeHU

2 o . _ _ . _ - 2 o
(l —ZZ]E(o,t,r) = Eo(0.t) =5y X[ < Eo0, )]+ =53y (- BoOut.r) = [I—ZZ]Eow,t,r)

2 0\ _ _ _ _ _ _ _
[1 —v;jB(O,t,r) L S X Bo @)+ L3y x BoO,tr) = 2+ L5y x Bo(0,t,7)
C C C C

2 _ o _ o _ - _
{1—”2‘*].1;(0,;,0 L, B+ L5 Eo@nr) =215, Bo(0,,r)
C C C C
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0T -
xw-dl/’:%-vq-(-vquo(O,t,r)ZO.
c c |},_},I| c

%E((),z,?) + (69(6,5,;) ﬁ)f((),z,;) =0; ge(a,t,;) + (59(6,&) .5).e(6,t,2) =0;

gﬁ@%a+cmamy€)§@%a=o; gh@%b+ﬁh@¢Jy§)m&gbzo

OKOHYATENBHO:
(; ) ’ ;_;Q't .
E(0,¢,7) = Eo(0,1,7) = [ p(0,1,7")- dV' =g —2
‘r—r' ‘r—vq»t‘
§(6atar):g'%';qxfo(6atar):g'% Vg X Ip(oatar) (r r) 2 ! ';q 4 (r Vq t)
c 1-vy/c c 1=V, /c* ‘r r ¢ 1- v/ ‘r Vg t‘
- 2 1 - = = 2 1 r—r 2 1 - (r—vg -t
b(Oatar):f'ﬁ'vq'EO(Oatar):f'zi Vq Ip(Otr) ( ) - 2 2'vq'q,( ‘73)
c 1-vyl/c c 1-v q/c r—r c 1-viy/c ‘r—vq-t‘

— 1 — — JR
e(O,t,r):—z-vq “(vgxEo(0,¢,r)=0
c

[pu memnenHo ABwKyLIeHcs yacTuie ( vy << c)

Fevgt = - - g (r-v,- - - 0
EQ@.t,r) =g ——20 L B(O,t,r):zvqxfl}r%w;) S b =2, M ; e(0,6,1)=0 .
r—vg- t‘ ¢ ‘r—vq-t ¢ ‘r Vg - t‘

BujaHo, 4T0 BeJIMYMHA MATHUTHOIO 110JI B /IBA Pa3a NPEBOCXOAUT 0:KHAAeMOe 3HAYCHHU e, YTO MOKeT CJY:KMTh OCHOBAaHHEM
AJ1s1 IPOBEPKH TEOPHH.

II. - mamepuanvHas cpeda = 3a0aHHAS Mamepus + Mamepus 3. MAzH. NOJid, ONPeOenieMas UCOYHUKAMU P U ] ----

— — g2 B 2 B2
§6 = amasnexrpomarmutHoro nons Q =1\E, B, e, by(: Op =——, 05 =—, 0, =—, @) =— > TO
87 87 ¢ 8« 87
E* - +32 - +e2 - +b2 -
< ——VE+—— VB ——Ve+—Vp
- _Sa_ Sy / _8r 8r 8r 8r
va = =X Sy /Yoy = P
wQ E B e b

87 87 81 81

CKOpOCTL TIOTOKA DHEPIruM IEKTPOMArHUTHOTO ITOJII NPUHUMAEM 3a CKOPOCTh V() JABWXCHUSA DJIEKTPOMArHUTHOTO

moist Q) = {E, E, e,b}.

I‘IaCTI/ILIa, Mo ast 3HCKFpH‘ICCKI/Iﬁ 3apsax ¢, IOBWXKETCA C TTOCTOSTHHOM CKOpPOCTBIO V4 B IIPOCTPAHCTBE, B Ka)K,HOﬁ TOYKE

KOTOPOro B JIF060H MOMCHT BDEMCHH U3BECTHO ABIDKCHHEC MATCPHH ( ILIOTHOCTD SHEPIMA O 50 cmpan mamepus ¥ CKOPOCTB

JBIDKCHUA MATCPUN Vusencmnas mamepus s Oysencmnan mamepun * Y usencmnan mamepus = S usencmnan mamepus - BEKTOp YMOBa ).
Cama JBIDKYIIAsICA 3apsHKCHHAA YacTHIla B Ka)K,HOﬁ TOYKE IIPOCTPAaHCTBA, B 000 MOMEHT BPEMEHHU CO30ACT ABIXKYIIECECH

JNEKTPOMArHUTHOE mone QQ = {E , B, e, b}, KOTOpOe 00yCIIaBIMBAET JBIKEHNE MAaTEPUH MONs ( TIIOTHOCTB SHEPTUH (D M
CKOPOCTh ABIKCHISI MATEPHH V() , (Og *VQ =S Q - BEKTOp YMOBa ).

Ot JIBa IOTOKAa MaT€pun 06yCJ'IaBJ'II/IBaIOT JBWKECHUE MAaTEPUU CO CKOPOCTBIO V

- S S op 1+5 P 2 @y z00cmuasn Mamepus "V useecmnas, mamepus +0q - VQ
V=—= — — = =
w @ pust _1 to opust _ 2 Oyseecmuan vamepusn +0q
E* - +32 - +e2 - +b2 -
*VE+—"VB Y —Vh
- E2 BZ 62 b2 8 3 ] e 3
T T T T
Dyssecmuan mamepus Vuseecmnas mamepus +( -t Tt ) ( ) ) ) ) )
87 8n 87 8 EX B? % b

_ 87 87 81 81
2 2 2 2
o +(7+B e” b )

useecmuas mamepus 8

87 QSH
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2 2 2 2

@ yz00cmuasn Mamepus " Y ussecmnas mamepus + (g ‘VE + g *VB + g Ve +——Vp )

E* B* & b’
Dyseecmuan mamepus +( 87 + 87 g 8 )
=/ B CHIy CHMMETPHH CUHTAEM, YTO IIPH JABIDKCHUH TOJIBKO OHOH YaCTHIIBI B IPOCTPAHCTBE = VE =VB =Ve =V)p =VQ /=
_ 2 B 2 2 b 2
B Dyseecmnan mamepus Vuseecmnan mamepus + ( g + g + g + g ) va
2 B 2 e 2 b 2
Dyssecmuan mamepus +( 87 + g +— 87 + g )

_ EZ BZ 62 bZ
Dyseecmuan mamepus Vussecmnas mamepus +( 8 + 8 + s + s ) Vg
EZ BZ 62 bZ
Dyseecmuan Mmamepust +( 3 871' g 87 )

PaccmarpuBaem ciyuaii, Korjaa ABHKEHHE MATEPHH B IIPOCTPAHCTBE 00YCI0BJICHO TOJILKO OJHON YacTHIeid,

o o - Dyseecmuasn mamepusi =0
KOTOpast UM€EET JJICKTPUYECKHH 3apsii ¢ U JBHIKETCH C NOCTOSAHHOM CKOPOCTBIO Vg4, T.€. - -

Vuseecmuan mamepus = 0

E* B* % bp*_ - E* B? ¢* b*_ -
- T L T T TR P P e P 1
_ n  8n 8m _ 8z n 8n 8m o
Torna V mamepus =V = E2 Bz 62 b2 = E2 Bz 62 b2 =vVa =Vyq cee
(ot tt) (oAt s )
87 8m 872 872 8t 8n 8m 8rm

VpaBHEHUST HMEKTPOAMHAMUKH JUIS 9ACTHI[BI, HMEIOIIEH dIeKTPUUCCKHIA 3apsiy ¢ , ABIDKYIUEHCS C OCTOSIHHOM CKOPOCTBIO Vg
(cm. 8§89 Tabmuma2b) :

Cucrema ypaBHEHHH.
2 T P - )
voa(v; 4T ( I
1—% E(Vuamepug,t,r)_ J‘p(V uamepuﬂ,t }") —13 dV B

¢ P

_ N I AR I S -
——2'VQ (V.uamepuﬂ,t, r)xJ.j(vamepuﬂ,t,}"I) X_—_S'dVI +—2'VQ (V,uamepuﬂ,t, }") 'J.‘](V,uamepuﬂ,t,}"l) (_—_3)
C ot C | o
r—r r—r

-dv’

2 = D
via(v, 1) |5 o 1 = - - r—r l r—r
[1 - 7( uamzepu}t )}B(V‘uamepw’,t, V) =—" J‘](V‘uamepuﬂytyr’) X E 3) -dV' + VQ(V wamepus V) Ip(v wamepust, by I ) ( ) v’
c

c ‘ ;

=

, - -
‘1””1€u}t’t’ '
lszpr)b(vtr)**fj(vtr) =) r) v VQ(V”)IP("”) = r) v
¢ V*V’ }"*V’
, - -
via(va ,1,1) 1 G —r)
1—% E(VuamEpuﬂ,t }")—_ VQ(Vuamepuﬂ:t }") .[](v”“meP””’t r)><
c C

_____________ rie ‘ TV samepusn, t,7) = j(0,2,7) = Vaamepus - (0, ¢, 7) v (Vaamepun » 1,7) = v (0,£,7) =V yamepus -

9+ - - Fo- - S\ o PO T - - - =\ =~ -
EE(VMIHHE[JM ., V) + (VQ (V‘wamepuﬂ ., V) . V) E(V‘wamepuﬂ ., V) =0 EB(VMIHHE[JM ., V) + (VQ(VMamepuﬂ ., V) . V) B(V‘wamepuﬂ ., V) =0

o - - - - o) - - o, - - - o -
- e(VMamepmz S, F) + VQ(VMamepmz .1, F) . V) . e(VMamepmz S, F) =0; Eb(v,wameplm .2, r) +Wva (V,wameplm .1, r) V] b(v,wameplm .1, r) =0

ot

VYuuteiBas, 9To

V ymamepus =V =VQ =Vq U KaK CICACTBUEC:

JOsiamepuns ) = J(0,1,7) =V samepun - p(0,1,7) = (0,1, r) vep(0,,7) = vy - P(O t,r)- Vq p(0,£,r)=0

vg(vuamgpuﬂ,t r)—vg(v t, r)—VQ(O t, r) v”amgpuﬂ —VQ(O t, r) v—vq —vq =0 S

n3 CUCTEMbI ypaBHCHI/Iﬁ JJICKTPOAWHAMHUKHU TOJTy4acM
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I[.]Iﬂ OJIMHOYHOT'0 IBMXXYIIETOCS CO CKOPOCTBIO ;q 3apsaa.
t eR 02 eR
(1- M) E(,t,r) = [ pnt,r) 2 r=r) ) AV =S5 - E@.n =%
r—r' R R
| - = 02 o —
AR TR By P Gt S A=2) Bty =0
R
0. - —
(- m“”)lw Bt D a0 (=) butn =0
¢ ‘r—r
2 S
viawtr)| - 1 = - = =~ = (r—-r , 0%) - —
=220 G = L San)- [0 ar = | (122 Lo =0
C C r—r' c
! ) -
- - r—r , - - =
=— v [0x——5-dV'"=0 — = (r=vg-t) .
‘ |r—r'| E=Eo=q-——73
|r—v~t|
—_ —_ J— —_ —_ f— ___ t J— —_
e vo=vq . R=r—-vg-t ; Eozq-(_r_v—q) B=0;
|r—vq-t| e=0 ;
b=0
111. BoiBoasbl.
VO,VI0 = va(,t,r)=va(0,t,r)—v

B npesmILyIux pacCy K IeHUAX MCXOIWIH U3 TOTO, YTO B CHITY
CUMMETPHH TIPU IBIKEHHH C TIOCTOSHHON CKOPOCTBIO ;q
YaCTHIBI, IMEIOIIEN 3apsin ¢ :
a) CKOPOCTb JBIKEHHS. MATEPHAIIBHOM CPEIBI B TOUKAX
HAOJIFOICHUST TOJIEBBIX EPEMEHHBIX ;(t, }_’) =0 ;
6) va(t,r) =
=vEW 1) = Vet r) = ve (0, 1,7) = ve(n,1,7)
va(0,1,r) =
=v£(0,4,7) =v5(0,t,7) = v5(0,£,) = ve(0,£,7) = vy
T.

€. ;Q(a7t7’_’):;q 5

Torpma ucxons u3 V9, V10 = ;Q(;,t,}_") = ;Q(a, t,}_’) =

=vg—0=v, M
U
Ilpu MenneHHO ABIKYyIIeHes gacTHIe ( vy << c)
t
E(t,r)=EQO,1,r)=q- %-
r—vg- t‘
E(t,r):ﬁ@,t,r):% v 7q fr Vg 1)
¢ ‘r v t‘
b(t,r):b(6,t,r):z v 77& Vg 1)
¢ ‘r v t‘

e(t,r)y=e(0,t,r)=0 .
BujaHo, 4T0 BeJIMMMHA MATHMTHOIO NOJIsSI B /IBa pa3a
MPEBOCXOIMT 0KNIaeMOoe 3HAYeHHE.

Ho ectb u apyroii myTh - HCXOJUM U3 TOTO, YTO B CUIIY CHMMETPHU
npu JBWXKCHUU C HOCTOHHHOﬁ CKOPOCTBIO ;q qacTuiel, I/IMCIOHICﬁ
3apsan q :
a) ;Q (;, t,}_’) =

=vEWt,7) = vt 1) = v (vt 1) = ve(V,1,7)

va (6, t, ;_’) =

=ve(0,6,7) =v5(0,4,7) = vy (0,1,r) = v (0,1,7) = v,

va(0,6,r)=vy ;

6) CKOPOCTH IBUXKECHUSA MaTCpHaHLHOﬁ Cp€pl B TOUKaAxX

T. €.

HaOmoieHmsT MONeBbIX epeMeHHEIX V(2,7) =va(0,4,7)=vy;
T. €. SJIEKTPOMArHUTHOE TOJIE SIBISICTCS MATEPUAIIBHOM CPEIOH,

KOTOpasA BJIUACT HA 3HAYCHUA TIOJIEBBIX IIEPEMEHHBIX, T. €.
Ha CaMO 3JIEKTPOMAarHuTHOE MOJIE.

Torma ucxons u3 V9, V10 = ;Q(;,t,}_") = ;Q(a, t,}_’) =

=y —vg=0 11
U
IIpu mennenHo z[BH)IcymeﬁcsI gacture ( vy << c)
r— Vq t .
E(t r)= E(vq,t ry=q-—————~
‘r V. t‘

B(t,r) = B(vg,t,r) =0 ;
b(t,r) = b(vg,t,r) = 0

e(t,r) = e(vg,t,r) = 0
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BoiBoa:

Y0exaeHHOCTb B IPABHJILHOCTH Pe3yJIbTAaTOB ONbITOB ( yiKe MPOBEJCHHbIX U HOBBIX) 10 H3MEPEHUI0 3HAYCHUS
MATrHUTHOTO 110151, CO3/1aBAeMO ABHKYILEHCSI C HOCTOSIHHOM CKOPOCTBIO 3JIEKTPUYECKH 3aPSLKEHHON YacTHLbI,
NO3BOJIMT OTBETHTH Ha Bornpoc “B IlamdiekTpoanHaMuKe 3J1eKTPOMarHUTHOE 1oJ1e onpeae/siercs ToJIbKO
HCTOYHHKAMM MJIM HAPsIly ¢ HCTOYHMKAMH elle H CAMHM 3JIEKTPOMATHUTHBIM noJieM? Onpeaensiercs: Ju
ABUKYLIAsicsl MAaTepUHaJIbHAsI cpeJa, B KOTOPOi M3MepsIlOTCSl 3HAYEHHsl I0JIeBbIX IIepeMeHHbIX

3JIEKTPOMATHUTHOIO 10JIsl, B TOM YHCJIe H CAMHUM 3JIeKTPOMATHUTHBIM nojem?” .
§ 12 O IlpumeHeHHe HOBOIi TeOpHH /151 00bsICHEHHs] PA0OThI YHHIIOJISIPHOI'O IBUIATeJIsI.
o - —
o) =const =0 B0
B(0,t,r) = const = B

v(a)=wxa
v,lB 3 E(;,t )_1 v(tr)xB
. c 1-v?/c?
S _ - B(O0,1,7)
B, t,r)=—22"2
/._ ___________ L__________/ M@mw (ke 1-v?/c?

a) Ecmm guck He Bpammaercs:

Bt = [ ptr)- E=) - o p(0..7) < BOLT) + v 0..7)-BO.4.7) = 0= -OxBO.07) + 1 0-b(0,0) =0
r_r c c c

(r=r"

r—r‘

(Otr)—f [ (0.0, .dV'+1.65(6,t,;)xf(6,z,;)+l.;e(6,z,;).e(6,z,;)=§+1.6x6+1.6.0=§ -
C C 4 C

- MartHuTHas 110JIC IIOCTOAHHOTO MarHura,

@.t.7) = L 55(0.0,7) - BO.LY =L 0B =0 :
C

o | =

r—r 1- - - —- 11 ==
NG r3)-dV’+f-vE(O,t,r)-E(O tr)=—-0+--0-0=0 -
C C

b.1.7) =~ [ 0.0,
C

0) JluCK Bpamiaercst - - - - - - = - = - = = = = - - - - - .o -

E(v,t,r) Jp(v (r r)
r—r'

:jp(6,t,7)-Lr2-dV'—l-{5;;(6,@?)—C(r,?)}xE(C,t,F)Jrl-{Gb@,t})—C(t,F)}-b(C,t,F) =
Y Cc Cc

U
r—r

dV’—— ve(,t,r) x B(v,1,r) 41 Vp(,t,r) - b(v,t,r) =
C

=02 v BOL LD+ D= DO = 2 X B ) = V) BT
c c c B
(r=r)

l"—l"

B(v,t,r) =~ jj(v £,1') x dv'+ l.EE(E,z,;)x E(v,t,r) +l.$e($,z,;).e($,z,;) =
C C

:l-j{}(6,t,7)—C-p(6,t,2)}er2-dV'+l-{GE(6,r,?)—C(t,;)}xE(C,t,F)Jrl- ve(a,t,}_’)—;(t,;)}-e(;,t,}_’) =
Cc - Cc Cc

U
r—r

== [1(0,t,7")=v-0 V(t, 1) (< E(,t,7) +—- 0= v(t,r) (- e(v,t,7) =
~[fio b=y L ) = -ven)

r—r'
— 1 _ —_ [ —_ 1 —_ _ _ _
=B——-v(t,r)xE(v,t,r)y——-v(t,r)-e(v,t,r) ;

c c
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(r=1)

‘V—V

b(vtr)—f [t v’ +1 vEW,t,r) E(v,t,7) =

:l ({0 v p.sr}- L= .dm%.{;E(a,t,;)_;(t,;)}.f(;,t,;) _

[
V_V‘

- L@ -vo ) ay sk L e n b B =L e B
C ’ C C

‘r_r‘

Eo.t.r) = Lot Py x Bt ) =L 307 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

:>E(vt =
= Clv/c

== B(0,1,7)
= Bt r)=—77F7—=
( ) 1-v?/c?

= e(;, t,r)=0

= bv,t,r)=0

Ilpu v<<c = E(;,t,r)=l~;(t,;)XE(6,fa;):l“:(h;)xg
c c
lpu v<<c = Bt,r)=B(0,1,r)=B.
DAC B kourype A4'0'0 :

=R
wd B _oR-B
2-c

#0.

O/C = §E(v t, r) dr—j; [v(t r)><B(O t r)] dr— [[a)xa]xB] da=

0 2-c

a=0

§ 13 0 DuiekTpoMarHuTHOe moJ1e, co3gaBaeMoe cdepoii nepeMeHHOro 3apsiia, paccMoTpeHHoe B Hopoli Teopuu.

AGcTpakuyst: NOKOSIIUICS B TOUKE #, OAMHOYHBIN mepemeHHsli 3apsn ¢ (?).

B,t,r) = f_l‘{(O,t,r) p(t,7) - v(tr)} - r) AV + i-;ExE+é-;exe=
(r— T»

r—r0|

- 1
+—v ><E+— vgxe—
c

-1 {q(r 1) vt 7)) vt P
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= / Ha 6oubrrom pacCcTosdaHur OT TIEPEMEHHOTO 3apsAaaa |I" - I"0| —> 0 , TI03TOMY HNEPBBIM CJIara€MbIM npeHeﬁperaeM /

L xEGn ;
C
— _ — _ _ T 1 - _
TS SRR Vi S| B Gk LUy
=i

b(v,t,r) = é-j{}(t,;) —p(t,r)- ;/,(t])}. (f_f}) :

’
‘V—V

1 —_ J—
dV'+—.-vg -E =
c

o | =

=/ Ha 0oJbIIOM PacCTOSHUM OT MEPEMEHHOTO 3apsijia |r - r0| —> 00 , MO3TOMY IEPBBIM ClIaraeMbIM IpeHedperaem /
L R
=—ve,r)-E(v,t,r)
c

Bt = [p@.t) L= v - L5y B e Ly, b = gy L220)
g e =

A L
C C

’

r—r‘ ‘F—FO

= / Ha 6o:smom PacCTOAHUU OT IIEPEMEHHOIO 3apsaaa |}" - }’0| —> 0 TIO3TOMY NEPBBIM CJIATa€MbIM npeHe6peraeM /

1- = 1-
=——-vgxXB+—-vp b ;
c c
—_ _ l —_ J—
e(v,t,r)y=—-vg-B
c
B cuity cummerpun = Vg ™ VB ™ Ve ™ Vb ™MELB.

Ha Gounbimx pacCToAHUAX OT NMEPEMEHHOIO 3apsifia: VE =VpB =Ve =Vp =C — CKOpOCnib ceema .

Ha 6oubirom PacCTOAHUU OT NEPEMEHHOIO 3apsaa:

Eir) =2 opxB+t oy b=—0+L5 =15, 0
C C C C

- - 1 = 1
e(v,t,ry=—-vg-B=—-
c c

B(v,t,7) =~vexE=0;
c
1_ —
b=—-vg-E
c
e e 1 -
EW,t,ry=—-vp-b EWw,t,ry=—-vp-b=—-c-b
c c c
_ _ l, — _ _ l, —
e(v,t,r)=—-vp-B=0 e(v,t,ry=—-vp-B=0
C C
—_ = — 1 — — — PR — 1 — — —
B, t,r) =—-vexE=0; B, t,r) =—-ve xE=0;
c c
- - 1 - = - - 1- = 1-=
b(v,t,r)y=—-vg -E b(v,t,r)y=—-vg -E=—-c-E
c c c
OF+(eV)E=0 ;: ZB+(s-V)B=0 ; O (e Vye=0 : Lha(w-V)b=0
g vE-V)-E = - ve-V)-B= il e V)e=0 ; — V)b=0.
Ot ¢ Ot ? o Ot

B urore JUIL OTMHOYHOT'O MOKOAUIETOCA 3apsaaa HepeMeHHOﬁ BCIIMYUHBI:

Ha 6oubrrom PacCTOAHUU OT NEPEMEHHOIO 3apsA/ia PaCIIPOCTPAHIIOTCA B IPOCTPAHCTBE CO CKOPOCTBIO CBETA
DJICKTPUIECKOC U CKAIAPHOC MAarHUTHOE MOJIA.

O:xupnaem, uro cgepa nepeMeHHOro 3apsiia siBJIsIeTCs] HCTOYHUKOM

Mopenbo 4aCTHIbI UMEIOLTHI IEPEMEHHBIH AIEKTPHYECKH 3apsiz
cpepa ——p SBJIETCA cepa, Ha KOTOPYIO MOJACTC HEePEMEHHOE HATIPSIKCHHE.
CKAJISIPHOT0 MATHUTHOTO MOJISI.
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CxeMa onbITa
Coepa

HCTOYHUK IEPEMEHHOTO Vewmurens  —® Ocnumwiorpad

BBICOKOT O HAIIPSKCHUS

Kretka ®apages

O)KI/IZ[aCM YBUACTH Ha OCHUJJIOTPpAMME TIEPEMCHHYIO COCTABJISIOIYTO,
O6yCHOBIICHHyIO TICPEMCHHBIM CKAJIIPHBIM MAarHUTHBIM II0JIEM.

§14 O BsiBoasl. 3akiar04enue.

Ha ceropnsamiamii neHsn:
- HaKOIMJIOCH JOBOJIBHO OOJIBIIOE YHCIIO SKCIIEPUMEHTOB HE 0OBSICHIUMBIX TEOPUEH EKTPOMHAMHUKHI
Makcaea.
- CYIIECTBYeT OOJBIIOE KOJMYECTBO paboT, MOCBSIICHHBIX KPUTUKE TEOPUH IESKTPOIHHAMHUKN MakcBeuia,
YKa3bIBaIOLIMX HA OrPAaHUYCHHOCTH 00acTH npuMeHeHus Teopud Makcsesnia. [To cnoBam Hukonaesa I'.B.
9KCIIEPUMEHTAIFHOTO U KPUTHYECKOI'0 TEOPETHUECKOr0 MaTepHala yKe JOCTATOUHO IS TOTO, YTOOBI
MPUCTYIUTH K pa3pab0TKe HOBOH TEOPHHU NEKTPOJMHAMUKH.
Mo MHEHHMIO aBTOpa, TEOPHS HICKTPOIMHAMUKH, pacCMOTpeHHast 37ech uB V7, V8, V9 morna Gbl HOSBUTHCS 1 BO BpEMEHa
Makcenna. B camom zerne, “maTeMarnka’ Hamel TEOpHX IMPOIIE MATEMAaTHYECKOTO anmapara Teopuu Maxkcsema. Vges o
MIPOJOJILHOM cHiie ObUIa BhICKa3aHa emfe AMnepom. Haria teopusi, kak 1 Teopuss MakcBeluia, TOBOPHUT O CYLIECTBOBAaHUU
JNIEKTPOMArHUTHBIX BOJH. Tak 4To, €ciiv Obl Hallla TEOPHS MOSIBIIIACh HEMHOTO paHblle TeOPHU MaKcBeIIa Wi BMECTO Hee, TO OHa
MOTJ1a OBl MOOIIPUTH IKCIIEPUMEHTATOPOB HA MPOBEJICHUE OIBITOB 10 00OHAPYKEHHIO JICKTPOMATHUTHBIX BOJIH.
Hamu BO3MOXXHO, yraJaHbl ypaBHEHHsI HOBOM TE€OPHH EKTPOJUHAMUKH , B KOTOPOW HE YHOTPEOJSIOTCS TOHATHS OTSHIAI,
BEKTOP-TIOTEHINAN, CIPAaBETUBbIC KaK Ul HENPEPHIBHO PACHPEICICHHBIX 3apsI0B U TOKOB, TaK U U1 OXMHOYHOTO
JIBIDKYIIETOCS C TTIOCTOSTHHOM CKOPOCTBIO AJIEKTPHUYECKOrO 3apsiaa. B HOBOI Teopun ecTh OTIMYMS U BECbMa CYIIECTBEHHBIE OT
Teopun MakcBeiia, KOTOpbIe IOMOTYT ITOJTBEPIUTH HAIy TEOPHIO MUIN ONPOBEPTHYTH €e. TeM caMbIM, TPOBEPSST BHICKA3bIBAHHE
E. Buraepa “o HemocTIKHMMOH 3(()eKTHBHOCTH MaTEMATUKH B €CTECTBCHHBIX Haykax ™ . Tema pa3BuUTHSA TeopHU
JIEKTPOJMHAMUKH OCTA€TCS OTKPBITON IS HCCICIOBAHMS.
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