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K BOIMNPOCY O INPEOBPA3OBAHUU JJIEKTPOMAITHATHOIO
nons

N.H. Kykosa, B.C. Maabix

Adbreelickull eocydapecmeeHHsill yHusepcumem, 2. Madkon

MoapobHO obCyxaaloTca pasnuyHbie Cnocobbl NonyyYeHus npeobpas3oBaHuii Ans anekTpomar-
HWTHOrO Nons: M3 3akoHa npeobpa3oBaHWsl TEH30pPa 3NEKTPOMAarHWTHOrO Monsl U YeTbipexmep-
HbIX BEKTOPOB, U3 YyCNOBMA UHBAPUAHTHOCTU PENATUBUCTCKOrO ypaBHEHUA ABWXEHUA 3apsna B
none oTHocutenbHo npeobpasoBaHuii JlopeHua. K n3asectHoMy jokasaTenbCcTBy NpuGnmkKeHHo-
ro 3akoHa npeobpasoBaHMs ANEKTPUYECKOro nomns fo06aeBnseTcs BbiBOA 3akOHa npeobpasosa-
HWUA MarHUTHOro nons (Takke B HEPENATUBUCTCKOM NpubnvxeHWn). STuM 3anonHseTca Aupak-
Tnyeckasi 6peLlb B M3NOXEHUM 3NEKTPOMarHeTM3ma B pamkax Kypca obwiei dusumku, T.K. Gop-
Myna Ans npeobpas3oBaHUA MarHUTHOro Mons B CylecTByloWmx yyebHukax no obuiein dusmke
npuBoAuMTCS 6€3 fokasaTenbCcTaa.

B kypce “DieKTpuuecTBO U MAarHeTU3M” BbUABIACTCA B3aUMOCBSA3b 3JIEKTPUUECKOIO U MArHUTHOLO
nojeii, 00pazyrlLuX eIMHOE eKTPOMarHuTHOe none. B kypce “DnekTpoauHaMuKka” KOMIOHEHTbl BEKTOPOB

HanpsukEHHoCcTel anextpudueckoro B u marnuthoro H mosneid paccmartpuBarotes Kak KOMIOHEHTbI aHTH-
CUMMETPUUYHOIO 4-MEPHOTO TEH30pa 2-ro MOPAAKA-TEH30pa 3JIEKTPOMArHUTHOrO Nojd. BblacHsercs, uTto
ACJICHUE DJICKTPOMArHUTHOTO MOJIS Ha 3JEKTPUYECKOS U MATHUTHOE 3aBUCUT OT BHIOODPA CUCTEMbI OTCULTA, TO
€CTb, UMEET OTHOCUTEbHbLI XapakTep U PU3UUECKU UHTEPIPETUPOBATH KOMIIOHEHThI TEH30pa 3J1eKTpoMar-
HUTHOIO HOJISl 110 OTACIBHOCTUY MOYKHO TOJIBKO B paMKax ONpPEeASSICHHON WHEePLMAIBHON CUCTEMbl OTCUETA
(ACO). ITpu nepexoae ot oanoii UCO K(X, y, z) k apyroit UCO K'(x', y’, Z), ABWKyLUeiicd OTHOCUTENLHO

TIEPBOU BIOJTL OCH X €O CKOPOCTBIO V', KOMIIOHEHTHI HAMPSKEHHOCTEH 3JIEKTPHUECKOTO W MArHWTHOTO TIO-
neil npeoOpasyroTes cnenyroum odpasom [1, ¢. 90]:

E =E_; H =H_;
E =y[E, -pH.);  H,=y[H, +pE.) (1)
E=y[E.+pH,);  H.=y[H.-BE),
A WA 14
roe Y = (1 - ) , = —. 3aMeTuM, 4TO Mbl IOJb3YEMCSl rayCCOBOM CUCTEMON €uHUL, B KOTOPOM
C

& =U,=1,E=DuH=B.
OoOparHbie npeodpa3oBaHui BEKTOPOB EuH npu nepexoge K' — K nonyuatorcs uz (1) nepe-
cTaHoBKo# mTpuxa v 3amenolt B — —f3:

E, =E H, =H'
E, =y(E, +pH".) H, =y[H, -BE.) (1)
E.=y[E -pH") H. =y(H. + BE).

Tak xak ckopocTh V' manpapieHa mo ocw x, npeodpasosanus (1) MOXKHO MEpenucarh B BUJIE:
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E =E,; H =H

X

C=yE+lBR]) wy =y -|EE], "

. y(E+[ﬁF| . ; H;:y(FI—[BE:.

[Ipeobpazopanus noneit (1) MOKHO MOMYYUTH PA3TUUHBIMU CIIOCOOAMU U OOBIYHO ABTOPHI YUCOHUKOB
[PUAEPAKUBAIOTCS KAKOr0-TO OAHOro M3 Hux [1-4]. OrpaHuueHHOE KOJIMYECTBO YACOB, OTBEAEHHBIX HA U3Y-
UEHME KJIACCUYECKON 3EKTPOIMHAMMKM, HE MO3BOJISIET HOAPOOHO PacCMOTPETh BO3MOKHbIE BAPUAHTHI MO-
JyuyeHHsl 3TUX NpeoOpa3oBaHUil Ha 3aHATHAX, IO3TOMY AKLEHT CMELLAETCA B CTOPOHY CaMOCTOSITENbHON pa-
0O0Tbl CTYAEHTOB, XOTA Ha MEPBbIX 3TANAaX U3yUeHUs TEOPETUUECKON (PM3UKU CTYACHTY HEJIErKO OCBOMUTb TEX-
HUKY pacu&TOB U y4eCTb Pa3jiMyHble Pacu&THbIC HIOAHCHI, TeM OoJsiee, YTO B yueOHOM JuTepaType no 3/ek-
TPOAUHAMUKE OTCYTCTBYET €AUHCTBO B 0003HauUeHusAX. B HacTosieil craThe npeodpasoBanua nonei (1) mo-
Jy4aroTcsl HA OCHOBE YEThIPEX MCXOIHBIX MO3MLMHA. ABTOpbI MocneaoBaiu Mbicau A. Jlucrepsera, coriaacHo
KOTOpOIi 00JbliE HOJIb3bl OT PACCMOTPEHMS OAHOIO MPEAMETa C AECATH CTOPOH, YEM JECATH PA3IMUHBIX
NPEAMETOB C OJHOM CTOPOHBL.

1. Bocmonp3yeMcs 3akOHOM TIpeoOpa3oBaHms YeTHIPEXMEPHOTO TEH30pa BTOPOTO TIOPSIIKa TP Tiepe-
xoJe u3 oxnoit UCO k nmpyroit:

Fy = NNFy; Fpp = NN, Fy (1.1)

m
I

m
I

[of

31ech MPUMEHCHO TTPABUJI0O CYMMUPOBAHUA DUHMmTEHHa 0 ABYM HE3aBUCHMBLIM TMapaM WHIACKCOB awn B y

Kax bl W3 KOTOPBIX M3MeHseTcd oT O 1o 3:
3 3
apB — a B
NNFp =3 N ZAkFaB .
a=o =0

Jns ynoGeTBa 3amicy KOMTIOHEHTHI TEH30pa B cTapoi (HemoABWKHOMN) cucteMe otcueta K Hymepy-

JOTCA € TIOMOMIBIO TPEYECKWX WHAEKCOB, @ €T0 KOMITOHEHTHI B HOBOM (MoaBmkHOM) cucteme otcwera K' — ¢
TTOMOTIBIO JJATHHCKWX WHIEKCOB.
AHTHCUMMETPUYHBIN TEH30p 3TEKTPOMarHuTHOTO nonsd uMeeT BuA [ 1, ¢.89]:

EFVOO FO] FOZ F03H H 0 Ex Ey E:

:DFIO F, F, F13D: I E, 0 —H. H,
D20 F, F, F23D D_E H 0 _HD,

Yy z X
w Fyo Fiy Fz3ﬁ @E: _Hy H, 0 %

unekc O HymepyeT CTpokw, a niaeke [3 — cTonGip!.

Fo

(1.2)

Matpuupl npeodpazosanus /\ (marpuup! JopeHua), nozBosstouue nepeiitu ot cucrembl K k cucre-

me K’ (/\7 ) 1 0OpaTHO OT CUCTEMBI K' k cucteme K (/N\ia ), YAOBAETBOPSIOT YCAOBUAM
IAl=detA =1, AN, =9/

1 MOTYT ObITh JIETKO MOJy4YeHbl U3 npeodpa3oBanuii JlopeHua s koopauHar [1, ¢.26]

t:yB"+K2x'B x=y(x’+Vt'), y=y, z=z7";
o ¢ L (1.3)
t'=y§'_:_2x@ x'=y(x-rt), Y=y, 2=z

CITeTyIOTIM 00pazoMm:
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K Bonpocy o npeoGpazoBaHUU 3J€KTPOMAarHUTHOTO MOJIS S

BaxO ox’  ox’ o’
Eaxro axrl axlz axr3 |:|
Oox'  ax'  ax'  ox' [ HV VB 0 OE
dxa 10 F) 1 d 12 d 13 [] EVB y 0
AN =2 — Ox X X " ——
© o E%xz o’ ax’  ox’ D Oo 0 1 oD
Eaxro axrl axlz ax13 D EO 0 1@
0ox®  ox® ox ox’ [J
er axrl axIZ axr3
(1.4)
prro axlo axro axlo H
ox’  ox'  ox?  ax’ B
| Ekaxrl axll axrl axll |:| H y yB 0 OE
oo gt g0 9 o OOV v 000
/\a - - 1”2 2 ”2 200 [t
0x* be Ox 0x ax 0 0 1 0
0x’  ox' ox? E 0 0O o0 IE
[Bxl3 axr3 axl3
Bax() ox'  ox’ 6x3 H
C nomo1usto Matpul JlopeHua npeodpazopanus (1.3) 3anuceiBaOTCA KOpOUE
= /\‘;’x” ; X, = /N\iax;;
(L.5)
X” :/\i xa : x :A[:xa’

rne x°(ct,7) u x,(ct,~F) -KoHTpa- W KOBapHAHTHbIE KOMTIOHEHTEI YETHIPEXMEPHOTO PaIyC-BEKTOpA.
[MokaxeM, kKaK W3 TEH30PHOTO 3aKoHa Tipeodpazosanus (1.1) momyants GopMysr ipeodpaszosanms (1). Jlns
—_ [ 1 — AO AL

= E. . Cornacno (1.1), E, = Fj;, = N)N\[F

Boimumenm Bee 16 4IeHOB 3ToM CyMMBI, CHauama pasBopaynBas CyMMy TIO WHAEKCY O, TIpuaaBas eMy 3Hade-
aus 0,1,2,3. [oxydrm cymMMy W3 4eThIpEX UIEHOB, 3aTeM B KaXKIOM W3 HUX TIPOBEIEM CYMMHpOBaHHE TO
uHaekcy B

3
E, =Fy =N\NiF,, =;(/\°/\BF +NNSFp + NONSFyp + NNSF ) =
=0

pumMepa paccMOTPUM [PeoOpasoBaHue KOMIOHCHTb! [,

= (NNFy, + NN Fy, + /\00/\_21F02 + /\%/\_31F03) + (NNF, +
+ NN F, + Alo/\_lelz +/\10A_31F03 )+ (/\_20/\01on +/\_20/\11F21 +
FNNFy, + NN F) + (NN Fy + NNFy + NN Fy + ANNE).

JlMaroHaibHbIe KOMIIOHCHTbI TEH30Pa JICKTPOMATHUTHOTO [OJIs PaBHbl HYJ10 F, =0 (OHM BblAENEHbI KUP-

0 _
HBIM LIPUGTOM), KPOME TOro, OTJAUYHBI OT HyJNA TOJBKO LIECTh KOMIOHGHT Marpulbl A: /\0 =Y
— A0 — Al
=yB: N\, =yB: N\,
Hell cyMMe OHU MOIYEpPKHYThI). B pesynbraTe paccmaTpuBaeMas CyMMa 3HAYUTENbHO YIPOLIACTCS:

E =F,=NNF, +NNF,=yE_+y'B(-E,)=E_.y’(1- B>) = E_, uro coBnanaer c

- 2 _ 3
=y; N\, =1; N\, =1, (ocranbhble KOMIOHEHTBI /A PABHBL HYJIIO U B [OCIE-

(1). Jinst o6parHOTO TIpeodpazosanns (K' — K ), manpumep, koMmoHeHTE Hy, MOTywmM:
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~H.=F, = NNSF, = N(NSF, )+ N (NSFy) = NN Fy + NASF), =
=(~yB(E))+y(-H))=~y(BE, +H') O H.=y(BE,+H)).

M&1 rictross3oBany A1 BhiBosa (1) 3akoH mpeoOpa3oBaHWs ABAXK/IBI KOBAPHAHTHOTO TeH30pa. 3amnw-
v} Q|
eM aHaIOTVYHBIH 3aKOH JUTS JIBA/Ibl KOHTpaBapuanTHOTo Tersopa F F ,  TaKKe JUTI CMEIIaHHbIX TEH30-

pos F.P u FEZD:
FP® =NNF";  FP=NNFT,

ia r

FGD /\a/\k F!ID
I - (1.6)
Fuk = /\Ig/\kBFaB : EIDB} - /\?/\kBFaﬂg : FHEI /\1 /\BFDD

. aj al
Uro6s (1.6) nemonb30Bath s BeIBoAA (1) HEOOX0IMMO TIOTYYUTE ABHEIH BHL TEH30p0B [ s , F aﬂg n B -
JIig 3TOTO 3aMuIieM CBA3b KOMIOHEHT YETLIPEXMEPHOTO TEH30pa JIEKTPOMArHUTHOTO TIONS ¢ KOMITOHEHTa-

" a — = — =
MU uetbipéxmepHoro noresunana A =\p, A), A, =\@, — A) u ueripexmeproro paamyc-sexropa

x% = (ct, 17), X, = (ct, - 17), KOTOpas UMEET BU:

0A k a
Fp = oA =0,d, —0,4,; por = OAT _OAT _ 5o e g0 4o,
ox*  0xf Ox,  Oxg
5 (1.7)
0A a
b= A~ _OA, =0,4" -0%4,; F3=—L- oA =04, -0,4°.
ox* axﬁ ox, 0x”
ITocmoTpuMm, Kak oneparop 6 = 6_ npeobpaszyetcs npu nepexone ot oguoit UCO k apyroii:
X
0,20 =99 Rk 9 Ry =0 =00 _p 9 _ppy g
ox"  Ox" Ox ox" ox"  ox" ox" Ox

Cpasameas (1.8) ¢ (1.5) BUAMM, 4TO KOMTOHEHTHI omiepatopa O o TIOMUMHAIOTCS 3aKOHy MPpeoOpa3oBaHus

a
KOBApUaHTHOTO 4—MepHOFO BEKTOPA. AHaJTOT‘I/IqHO, KOMITOHCHTHI OorepaTtopa a — —— TNMOAYHHAKOTCA 3aKO-

Xa

a
Hy Npeodpa3oBaHUs KOHTPABAPUAHTHOIO 4-BeKTOPA. 3aM1caB KOMIOHECHTHI 4-BEKTOPOB 60‘ uo

5 =0 %Fi 0.0 0 a“=i=ai;—i;‘i;‘i (1.9)
ox” 3 ox ay oz ox, 0t ox Ody Oz

U, YYMTHIBAs CBA3b KOMIIOHEHT HANPHKEHHOCTEH diekrpuueckoro £ wn marnurworo M noneii ¢ 4-

notermmanom A% = (¢, 21), A, = ((b, - ;i)

__ 09 _o4, g =04 04,

B ) Ox  cOt oo 0z
E:—gmd(p—a_A - E :—%—%; H=rotA « H :aAX—%, (1.10)

cot g dy Ot 0z Ox

E :_%_% H. —ai—an

Y0z cor Ox Oy

TOoJYyYrM U3 COOTHOIICHWI (] 7) SIBHBIN BUO ABAXKIBI KOHTpAaBapHUaHTHOTO TEH30Pa 3JCKTPOMArHuTHOTO MOJIA

a ad
F _ aTake cmemanubix Tensopos Fob u Fg
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00 ~Ey By -E:[ Jo -E -Ey -E[ 0o B By E
poplfs O M My TE 0 M - y%F"Dszx 0 H. —HyQy
X, H. 0 -HO" 7 GE, -u, o w, 0" E -H 0 . O
0 )

. -Hy, Hy 0 He w, -m, o H. u, -, oP

all
3aMeTl/IM, YTO KOMIIOHEHTbI CMELIAHHbIX TEH30POB Faug u FHB JIETKO IOJIYYUTb TAaKKE C MOMOILLBIO METPH-

@ 0 0 0 E
i -1 0 0
= 0 “)KOHTIAPYS” WHAEKCAMU:

0 -1 0
0 0 -1

Faué :Faugyﬁ; FggD:Faagaﬁ-

4ecKoro Tensopa g, = &

Hcnonb3oBanue Hapsany ¢ (1.2) Boipaxenuid (1.11) ans BbiBoAa 3akoHOB mpeodpasoBaHus nosei (1)
3HAUUTENILHO pacluMpseT GAHK KOHKPETHBIX 3aJaHui, NO3BOJSIOLIMX OPOBEPUTb MATEMATUUYECKYIO MOAro-
TOBJICHHOCTb CTYICHTOB IPU U3YYCHUU PACCMATPUBACMBIX BOIPOCOB TEOPETUYECKON (DM3UKU M HAanU4ue Y
HUX HABBIKOB KOHKPETHbIX PACYETOB [0 pacCCMATPUBACMOMY MaTepUaly.

2. TomyurM mipeoOpasosanwe moiel (1), paccMarpuBass KOMTIOHSHTHI TEH30pa 3TEKTPOMArHATHOTO

TIOJTSt KaK TIPOM3BEICHHE COOTBETCTBYOMINX KOMIIOHSHT IBYX 4-BektopoB B, (B “Yu C g ( Cc* ):

—_ . ap — B. B — B. all _ pa
F,=B,Cy; F*=pC’; FF=B,CP; Fg'=B°C,. 2.1)

[of

KoMmoHeHTsl 4-MepHOTO BEKTOpa TpW MpeoOpa3oBaHWX KOOPAWHAT TIpeoOpasyroTcss Kak KOMTOHEHTHI 4-
MepHOTOo paanyc-Bektopa [1, ¢.30]:

B =N]B"; B, =N_B!;
o 2.2)
B = Nox®: B =NB,.

3ametnm, 910 W3 (2.1) m (2.2) Merko MOMyYHTh 3aKOH TipeoOpazoBanus 4-TeH3opa BToporo mopsaka (1.1):
F,; =B,Cy = N,B [N;C, =N,N;B/C, = N,\}F.

Iposens cymvmuposane B (2.2) n yauTbias ssabiit Bum Matpun /\ (1.4), nepenvimem (2.2) cremyro-
M obpasom [ 1, ¢.30]:

BO = y(BIO + ﬁBll)’ Bl — V(Bvl +,BB'O): BZ - BIZ , B3 - BI3; ( )
T I I I I — ! 23
Bo :y(Bo _ﬁBl)’ B, =y(Bl_BB0)’ Bz :BZa B3 —B3-
ObparHoe npeodpazopaHue noyyaercs u3 (2.3) nepecTaHoBKOMN ITpuXa U 3amMeHoll B — —f3.
VuuThIBas AHTUCHMMETPUUHOCTD TeH30pa dekTpomarnutHoro nons F,, = —F, , F, =0, sanu-

LIEM 3aKOH MPeo0pa30BaHUs LIECTU HEHYJIEBbIX €[0 KOMIIOHEHT U COOTBETCTBYIOLLMI 3aKOH NPeodpazoBaHus
3NEKTPOMArHUTHOI'O MOJIsL:
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“ _ o IIpeobpazopanue
ap Fog F F : F s KOMIIOHEHT
01 F,, F'O F F E.=E.
! ' 102 12 —
oo | VW =B ) |V 4 BETR) e g v+ BB | E, =y(E, + i)
v ! 103 13 - '
o | VW= BEL) | W™+ ) B g viF+gF B | E =yE -AH))
t_ ' 12 102 - ,
b | VFS =B, ) |y + g2 y%F’f_—BF'jﬂ y%”’fﬁBF'z H.=y(H. +pE)
" ! 13 103 - !
s | B AP+ B BB | B B | =y, - )
23 F, F'3 F'; F H =H!
3. [Nomyunm nipeodpazoanws (1) Ha ocHoBanWw cooTHomenwit (1.7), (1.9) w (2.3):
Faﬁ ZBGAﬁ —aﬁAa. 3.1
Hanpumep,

E =F, = aOAl _ale = )/2 (a:) - Barl)(All - ﬁA('))_ yz (61 - [36;))(14(') - BAI):
=y (1- B2 )0, 4 -0\ 4;) = Fy, = E.
AHAJIOTMYHO MOTY4aeM BCE KOMIOHEHThI TabnuLpl 1.

4. IlpeoGpazoeanust Toneit (1) Momy9r™M Ha OCHOBaHWY WHBAPWAHTHOCTH YPaBHEHWs JBWKEHWS 3aps-
KEHHOW YacTHIBl MACCOH M W 3apsa/oM ( B IEKTPOMArHHTHOM TOJIE:

o

dp' _ = . q.-5
—=qE +—=[UH], 4.1)
L c[ ]
KoTopoe B 4-mepHoit opme nveeT Bux [ 1, ¢.89]:
du' )
A D pry, 4.2)
s C
i i_dp._ u' i ,_dx'
UeThIpEXMepHbIe BEKTOPHI CHIIBI g = —— = MC——, UMIYJIbca P W CKOPOCTH WaCTHII U = ——
ds ds ds
AMEIOT BUL:
,_0_(fo) / R T j 0O
g = p =L, P u = , 4.3)
J Oe C %\/ v’ J
1 - EY E
c

=

J

2’ 2
U U
1- 5 c\/l— 5

mU

mc

2
=

- TI0JIHAs DHEp-

B Boipaskenusx (4.3) U 4 P = ———— - cKOPOCTb U UMIIYJIbC YACTHLIbI, € = ————
v’ v’
1 - 72 1 - e
C C

rus YacTHUbL 3amulieM 3aKOH npeobpasoBaHus 4-ektopa (2.3) mns 4-BekTopa cuibl € U OyaeM mo-

! 14

— 2\ 2 — >
TIpeKHEMY CUUTaTh, UTO )/ = (l - [3 ) 2, ﬁ =—,V - cxopocts cuctemsr K' oTHOCHTENBHO cHCTeMBI K,

a U — ckopocThb 4acTHLIbL:
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I I X |:| .X' U' |:|
N T
A
g'=g" a v’ v? (4.46)
c. 1= — call—= 5
c c
fi o S
g'=g" 0 v’ v (4.47)
c.|l— 5 c.|l— 5
C C
Hcronsiys hopmyisl ipeoOpaszoBanus ckopocteii [ 1, ¢.28]:
T R T O 1
¢ U c L ¢ L
i
npeobpasyem BbipaxeHue 4|1 — — KBuAy:
C
(4.6)
7} BE

[lonyunm Takxke COOTHOIIEHWE, KOTOPBIM BOCTOJbL3yeMCS B JIalbHEHIEM, MEpeMHOXKHB, HampuMep, Y-
KOMIIOHEHTBI CKOPOCTH yacTullbl B cuctemax K u K':

'(I—Bz) QLUB o1
UBHB ¢ pH_UBE
D 0 C

C C

4.7)

DEEI
<

C
[Moacrarus (4.6) B (4.4), noayunm

H<f +=(f ’*')>; (4.8a)
0 c

H (4.86)

D
H (4.88)
il

C yuérom (4.7) BeipaxkeHus (4.8) nepenuiueM B BUAC

il
H4Y
0

f. = VB = g f0> (4.92)

=y Ei . ny’ (4.96)
= @ . Qf (4.98)
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3anuiiem Bbipaxcenue st cuiibl JlopeHua, ACHCTBYIOWIEGH HA JBIKYLLYHOCS 3apPSDKSHHYIO 4acTuly B
3jeKTpoMarHuTHoM none [1, ¢.73]:

fo=qE +Lw,H -v.H));
C
— _ — q .
f —qE+Z[UH] - f =qE, +2(U:H.\’ ~U_H.); (4.10)
C

f.=gE. + W H, ~VH,).

Oto BhipakeHue A cuibl JlopeHua (4.10) nonyueHO u3 TpeOOBaHMA UHBAPUAHTHOCTU PEISTHBUCTCKOIO
ypaBHeHus ABuxkKeHuUsl (4.1) 1 MOTOMY KOBAapMAHTHO OTHOCUTENLHO mpeodpazoBaHuil JlopeHua, T.e. umeer
onuHakoBbiii B Bo Bcex MCO. Cuuras, uto BeipakeHue (4.10) onpenenser sua cuiel JIopeHua B cucteme
K, sannmem aHamornuHoe ypaBHeHUe B cricteMe K':

f\' :qE'x+1(U'y H':_U': H'y);
c
f'=qE'+%[U'l?'] = f'y:qE'ﬁ%(U'ZH'X-U'XH':); .11

f': = qE':+%(U'.\‘ H')’ _U'.\’ H',\’ ) :

[MoyauM 3akOHBI TipeoOpazoBaHus MojeH, g dero B (4.96) moacrasum (4.10) w (4.11), a 3atem ot
U' nepeiingm x U cornacho (4.5). ITonyuum:

' ' v . , U. ,
(Ey—yEy—yﬁt)+7"(yﬁ'?y+VH;—H:)+7(H.\.—H.\.)=0. (4.12)

PasencTrO (4.12) crpaBeTHBO TIPH MPOM3BOILHBIX cKOpocTax U (U.\,,U y,UZ) . losToMy Kaxmass ckoOKka 1o

OTIEJBHOCTH paBHa HYJ0. [lpupaBHUBAS KXKIYI0 CKOOKY HYJIO, TIOMYWYaeM 3aKOHBI TPeodpa3oBaHus st

KOMMOHeHT Hanpskénnocteti noneit H ,H_n E .

AmHayiorudHo, OACTaBIsAA B (4.98) BRIpakenust cuiel Jlopenta (4.10) w (4.11) u Takke 3aTeM Mepexo-
asor U' k U cornacho (4.5), nonyuum

] [ Ux 1 1 U [ —
(E.—YE.+VBH) +7(Hy +yBEL —yH ) +7y(Hx -H,)=0. (4.13)

TIpupaBHUBas KKILYIO CKOOKY HyJLIO, [0Jly4aeM 3aKOHbL IPeodpasoBaHust 1is koMmnoxewt nonei F_, H yH

H _. Tlocneanuii 3akoH npeodpa3zoBaHus sl X-KOMIOHEHTbI HANPSHKEHHOCTU dnekTpudeckoro nous £

nonyuum u3 (4.8a), Taroke noactapiss B Hero (4.10), (4.11) u ucnonb3ys Gopmysbl mpeodpa3oBaHUs CKOPO-
creii (4.5):

ﬂ%h%@: r+ By,

TZ€e YYTEHO, UTO (U'[U'I:I']) =0.
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K Bonpocy o npeoGpazoBaHUU 37EKTPOMArHUTHOT'O MOJISt 11

H By -t
< q = Vg q v, q v
qE-%—WJ¥—UJQ» + =qE. +1H' - H! = +
X U |:| ¥ U Y U
TN A-Pop e Aofp
o o ¢ g c O c O
+¢]B ; (v, gV) +ﬂE; UyB +qﬁ E' U;B
U U : U
¢ B-AH ¢ yg-PaH ¢ gl
O ¢ 0O c [ c [
VYMHOXKHUM 00€ 4aCTU PABEHCTBA HA B - BUX El/l COKpAaTHM Ha ¢
C
+uyH:_UZHy 1 :E_.'Y+U)/,H;_UZH;;_'_[;UJ;E;_'_[;U:E;‘
toc c v ey ey cy cy

(E,-E") +%<H: VL = BYE}) + U5 (<H, Y~ BUE) =0.

[pupaBrUBAs KakTylo CKOOKY HYJIO, MoMydaeM 3akoHbl mpeoGpasosanus kommonent £, H_, H . Ta-

KAM 00pa3oM, MBI TIQJTYIHITH 3aKOHBI TIPe0Opa3oBaHus TIOJeH W3 YCITOBHS MHBAPUAHTHOCTH PEISTHBACTCKOTO
YpaBHEHHS IBWKEHHSA OTHOCUTENBHO TTpeoOpazoBanuii JlopeHia.

5. B xypce o0melt (pHU3NKA paccMOTPERNe 3aeKTpudeckoro £ u marautaoro B moneit B pasanunbIx
NCO moyunTensHO TIPOBECTH CHavaja Oe3 TIPUBIICUCHHUS CIIEIHATbHON Teopwu oTHocuTenbHOCTH (CTO).
[penpapuTenbHBIE PE3YIGTATE MOYKHO TTOJTYIHTH YiKe UCXOS U3 TIpeodpasoBanmii [ awes:;
- =1 = T
r=r+Vt, t=t
W TIPSIMBIX CJIENICTBUH 3TUX MpeoOpa3zoBaHMiA;
— __ =1 7 - _ = ™ —_ Rl
o=0'+V ,a=a ,F=F". Y 4 vy
llocmanosxa 3aoauu. Ilycts mmeroTcs

nee UCO: K-cucteMa v IBWXKYIIASICA OTHOCH- VV

[
TelbHO Heé ¢ Manoil  ckopocrbio U
EK <<IE cncrema K'. B mekotopoif mpo-
e C V . X X!

CTpaHCTBEHHO-BpeMeHHOli Touke (7,1) K-

CHUCTEMb] U3BECTHbI 3HaueHus nojieid £ u B.
HyxHo HaiiTh 3Ha4YeHud NOJeH B TOH e Tou-

N !
ke (I ,t ) cucremsr K'. Ilycth B uccrnemye- VA Z

MO TOUKE B JAHHbIA MOMEHT BPEMEHU HAXOAMTCS YaCTULA MAcCOi m u 3apapoMm ¢ . Ha pucynke U - cko-
-, .
poctb yacTuibl B K-cucteme, U - B cucteme K'. Cuna, aelicTByromas Ha 4acTUILy CO CTOPOHBI 3JIEKTpoMar-

HuTHOrO nona B K-cucteme pasta [ = q@g +l[0’§]@ B K'-cucteme: F' :qQE’" +l[U'E']El T.k.
c c

F'=F, to E+—[0B]=E'+—[0'B']. 3axon mpeoGpasosanus >1eKTPOMAarHMTHOTO TMONA AOMKEH
C C

=3 !
HMETb OJUH U TOT K€ BUJ MPH JIOOBIX cKOpocTAX yacTuupl (U u U ). 3necs ynoOHee BCero MoJ0XUTh

=0 - 1 .
U' =0.Torna U =V . lonyyaem HepensTUBUCTCKUIA 3aKOH PEOOPA30BAHMS DIEKTPUUECKOIO HOJIs:

E’=E+l[17§]. (5.1)
C
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12 H.H. XKykosa, B.C. Manbix

IMpuBenénHoe 31ech mokazareabcTBO (opmyinsl (5.1) obuienspectHo. OHO MONHOCTBIO NPUBEICHO, HANPU-
Mep, B TpeTbeM Tome «Oduiero kypea ¢usukm»y II.B. CuByxuHa [5, ¢.274]. Tam xe yTBep:KAaeTcs, YTO «aHa-
JIOTUYHBIH 3aKOH [/l MArHUTHOT'O MOJISL HE MOXKET OblThb BbIBEJCH 0€3 UCIOJIb30BAHUA TSOPUU OTHOCHUTEIIb-
HOCTW». JDTO MHEHUE pa3fenserca APYruMuU aBTopamu (Hampumep, [6, ¢.183]). U, nelicTBuTenbHO, HU B OA-
HOM M3 M3BECTHbIX HAM UCTOYHHKOB HET HEPEIISITUBUCTCKOrO J0KA3aTeJIbCTBA 3aKOHA MpeodpazoBaHUs Mar-
HUTHOI'O MOJIA:

B =B-L1pE]. (5.2)
c
HokakeM oHaKoO, uTo (hopmyay (5.2) MokHO nonyuuts 6e3 npumenenus CTO.
[No-npesxHeMy onupaemcs Ha HbIOTOHOBCKOE NPSACTABICHUE O MPOCTPAHCTBE U BpeMeHu. [lycThb mose
B IIPOCTPAHCTBEHHO-BPEMEHHON Touke (7, « 7,1 ) BbI3BAHO NpPOJETAIOLICH HENOANEKY 3apsHKCHHOI
yacTuleil. M3BeCTHO, YTO MAarHUTHOE M 3JIEKTPHUECKOE MOJIe MENJIEHHO ABWKYIIErocs TOUEUHOro 3apsania
CBSI3aHbI MKy cO00H COOTHOLIEHHEM

B =—[0UE], (5.3).
C
KOTOPOC JOKA3LIBACTCA W3 3aKOHOB, OMPEACTAIONNX MArHUTHOC W SJICKTPUYCCKOE TOJA TOUCUHOTO 3apsaaa:

—»_ q . — _ -
B="L[07], E=LF 5,c213]
Ccr r

DI 1 — 171
B K'-cucteme popmymna (5.3) npumer sup: B' =—[U'E'].

o

Bocnonb30BaBmuch 3aKOHOM npeo6pa303aHHﬂ IJCKTPUICCKOTO MOJA 1 (bOpMy.]TOﬁ CIIOKECHHA CKO-

pocteii, nonyuaem B'= 1 % J — V)BE + l[ﬁé] %: l[UE] - l[VE] + iz [(U - V)[VE]] . Tlepseiii
g c c c

C C

YJCH B MOJYYCHHOM BBIPAKCHUH PABCH B , d TPETHUM HUJICHOM MOKHO H‘peHe6petn>, T.K. €0 3HAYCHUEC ABJIA-

N TR o
€TCs BEMUMHON 6mM0po2o TIOpAKA OTHOCHTENLHO Manoro otHomennss — . Octaéres B' = B——[VE]. B
C C

o6mem ciyuae monst B', B w E 0GpasyioTes MHOKECTBOM 3apsKeHHBIX qacTHII. OTIeNTbHOe MOJTe OT /-ToH
YaCTUTII obo3HaTaeM HHIEKCOM i CormacHo TIPUHIHTTY CYTIePTIO3UTIAH
- - -1 I R
r (- _ — _
B —zBi—zBi —z[VEi]—B —[VE].
C C
Takum o6pazom, popmyna (5.2) mokazana s TOGOTO IMEKTPOMArHUTHOTO TIOJIS.
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On transformation of electromagnetic field
I.N. Zhukova, V.S. Malikh
Different ways of transformation of electromagnetic field are discussed. The law of transformation of

electromagnetic field tensor and of the four-dimensional vector as well as conditions of invariant relativistic
charge motion equation relative to Lorenz transformation are considered.

Tpynbt ®OPA, N7, 2002 r. © 2002 duznueckoe O6wectso PA



