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/1/ 
DpHMeHHM paccMoTpeHHbre HaMH paHee HepenSITHBHCTCKHe rrpeo6pa-

30BaHHSI KOOp/lHHaT: 

' ( ) ' ' x = x-vt y1 , y = y , z = z, 
v 

t'=ty 1--2x 
c 

2 2 
r]le y 1 = 1 +V /2 c 1 K cny'la!O aneKTpO/lHHaMHKH. 

(I) 

Do aHanorHH C ]laHHbiMH 4JopMynaMH JlnH ITnOTHOCTeJ;i TOKa H 3apSI/la 6y

/l9M HM9Tb: 

j'=(j -vp)y1 ,j '=j ,j' =j ,p'=py -~j 
x x Y Y z z 1 c2·x 

( 2) 

qTO KacaeTCSI ¢opMyn rrpeo6pa30BaHHSI JlnSI HaiTpSI~9HHOCTeJ;i 3n9KTpOMar

HHTHOrO ITOnSI1 T0 1 Ka3anOCb 6bi 1 HCXO/lSI OITSITb-TaKH H3 aHanorHH C ljlopMyna

MH ( 1) 1 HaM cne]lyeT BOCITOnb30BaTbCSI Bb!pa~e,iHSIMH BH/la 

A'=(A -v¢)y ,A'=A ,A' =A , ¢'= ¢y -LA 
x x 1 y y z z t c2 x 

JlnH ITOT9HUHanOB1 a, OITHpaSICb Ha H3B9CTHb19 ¢opMynbi 

... 
E = _ l_ ~ - grad ¢ 

c at 
... ... 
H =rot A, 

Bb!B9CTH 3aTeM OTM9'19HHbie <flopMynbi IIpeo6pa30B8HHH /lml H8IIplDK9HHOCTeif. 
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OaHaKo oKaSbtBaeTcSI, 'ITo B aToM cny'lae HarrpS1)1(9HHOCTH aneKTpo-

MarHHTHoro rronSI aon)I(Hbi 6yayT rroa'IUHSITbCSI ycnoB:HIO E > H 
y,z z,y 

Tio9TOMY aaHHbitl: cny'lat!: ( H o6paTHbitl: eMy) t KaK '18CTHhie, Mbl paCCMOTpHM 

B rrp:Hno)l(eH:H:H. TioKa )l(e Mbi Bbt6epeM cneayroume ¢opMynhi rrpeo6pasoaa

HHA anSI H8IlpS1)1(9HHOCTet!:: 

E =E' 
X X E =(E' +~H' )y

1
,E =(E' -~H')y 1 , 

y Yc z z zcy 

( 5) 
H =H, 

X X , H =(H'-~E')y1 , H =(H' +~E')y1 , 
y YcZ Z Z C Y 

KOT0pbi9 He CTpanaJOT YK838HHbiM OI'paHH'I9HHeM, H rrpocnenHM 1 He IIpOTHBO

pe'IHT nH T8KOt!: Bbt6op Tpe60B8HHIO HHBapHaHTHOCTH ypaBHeHHt!: MaKCBenna: 

.... .... 

rotE=_ 1_ lJ!.. 
c at 

.... 
div H = 0 1 

.... .... 
.... 1 aE 1 . 

rot H = c dt + c J ' 

.... 
divE= P 

( 6) 

( 7) 

( 8) 

(9) 

(II pH ManbiX CKOpOCTSIX) OTHOCHTenbHO HepeliSITHBHCTCKHX rrpeo6p830B8HHt!: 

KoopnHHaT. 

nnSI TOI'0 1 'IT06bi cnenaTb 9T0 1 HaM Heo6xoa:HMO rrpe)Kne KOCHYTbCSI 

cneay10mero Borrpoca. 

PaccMOTpHM, HaiipHMep, ¢opMyny rrpeo6pasoBaHHSI IlpOH3BOnHot!: JE ~I a X, 

B HepenSITHBHCTCKOM 

aE: aE x v a Ex 
--=---y +2 --
ax' ax I C at ( 10) 

H ranMneeBcKoM 

4 _. 

'

1'1 
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,, 
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dE; aEx 

ax' ax 

rrpH6n:H)I(eHHSIX H 6yaeM paccy)l(naTb cnenyJOWHM o6pasoM. 

Konb cKopo B paMKax ranHneeBcKoro rrpM6n:H)I(eHHSI Mbi 

He TOnbKO 'lneHaMH IIOpSiaKa V 
21 C ~ l!: Bb!We ( HepenSITHBHC1 

2 2 
)l(eH:He) 1 HO H 'lneH8MH IIOpSiaKa V /c ITO Cp8BHeHHIO C 1

1 
TO 

BToporo cnaraeMoro rrpH rrepexoae oT ¢opMynhl (10) K (1 

CBSI3b!B8Tb C TeM, 'ITO ero OTHOIIIeH:He K IIepBOMy 'lneHy non> 

pSinKa V 
2lc 2 

• J1Hb!MH cnOB8MH 1 non)I(HO BbiiiOnHSITbCSI yCnOBI 

l aEx v aEx 
~~"'~a;-· 

8 Ka'leCTBe OTBeTa Ha B03MO)I(HOe BOSpa)l(eH:He 0 TOM
1 

'IT 

HHe IIpOH3BOaHot!: a Ex I a t B <fJopMyne ( 11) M0)1(9T 6b!Tf 

BhliTOnH9HHSI ycnOBHSI 

1 aEx a Ex ___ , __ 
c at ax 

rrp:HBeaeM cnenyromee paccy)l(aeH:He. 

PacCMOTpHM ¢opMyny rrpeo6pa30B8HHSI a E, I at, B ranHm 
X 

6nH)I(9H:HH! 

1 a E: 1 aE x v a E x 
---=---+---· 
c at' c at c ax 

• 
ToT ¢aKT1 'ITO B ¢opMyne ( 13) coxpaHSIJOTCSI o6a qneaa ( o6e rr 

aOn)l(eH 03H8'18Tb Torna, 'ITO OHH ITO IIOpSiaKy BenH'IHHbl paBHbl 

TaKHM o6pa3oM, Mbl OIIS1Tb-T8KH rrpHXOnHM K ycnOB:HIO ( 12) • 

Tioao6Hbie ycnOBHSI 1 O'leBHaHo, MOI'YT 6b!Tb BbiBeaeHbl H 

KOMilOHeHT HaiipSI)I(eHHOCTet!: E H H. 
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aKO OK83biB8eTC£1 0 'ITO B 8TOM CJiyqae H811p£1)KeHHOCTH aneKTpo-

oro 110JIH aoJI)KHbi 6yayT 110J:l'IHHHTbCH ycnoBHro E > H y,z z,y 

.[(8HHbiH CJiy'laH ( H oopaTHbiH eMy), KaK '18CTHbie 0 Mbl paCCMOTpHM 

eHHH. IToKa )Ke Mbi BbtoepeM cneayrowHe ¢opMyJihi 11peo6pa3oBa-

H811p51)KeHHOCTeH! 

E', E =(E' +~H' )y
1
,E =(E' -~H')y 1 , 

x y YC Z Z ZCY 

(5) 

H' , H =(H'-_::_E')y 1 , H =(H' +~E')y1 , 
x y ycz z z c y 

He CTpaaaroT YK838HHbiM orpaHH'IeHHeM 0 H 11pOCJie.[{HM 0 He 11pOTHBO

T8KOti BbiOOp Tpe6oBaHHIO HHBapHaHTHOCTH ypaBHeirntl MaKCBeJina: 

-> 
1 a 11 

-~-at 

0 • 

-> 

= l aE 1 -: 
c irt+"CJ· 

=p 

( 6) 

( 7) 

( 8) 

( 9) 

biX CKOpOCTHX) OTHOCHTeJibHO HepeJIHTHBHCTCKHX 11peoopa30BaHHti 

To 

Toro, 'ITOObl C.[leJiaTb 8T0 0 HaM HeOOXOJ:lHMO 11pe)K.[le KOCHyTbCSI 

ro Bo11poca. 

CMOTpHM, Ha11pHMep, ¢opMyJiy 11peo6pa30B8HHSI 11pOH3BO.[{HOtl JE ~I a X' 

HBHCTCKOM 

a EX v a Ex 
=---y + --

ax 1 ~ at ( 10) 

BCKOM 

4 

~ 

~~·) 

l \1 I ' 

i .\ 

:( . 

' ' I 
;I 

~1 I, 
II 

·~ 
\1 

1 
! 

.1• 

aE,; aEx 

ax' a)( ( 11) 

11pHoJIH)KeHHHX H 6yaeM paccy)KJ:laTb cneayromHM o6pa3oM. 

Konb cKopo B paMKax ranHneeacKoro 11pHoJIH)KeHHH Mbi 11peHe6peraeM 

He TOJibKO 'IJieHBMH 110pHJ:lKa V 
21 C ~ li Bbillle ( HepeJIHTHBHCTCKOe 11pHOJIH-

2 2 
)KeHHe), HO H 'IJieHaMH 110pHJ:lK8 v lc 110 cpaBHeHHID C 1, TO HC'Ie3HOBeHHe 

BToporo cnaraeMoro 11pH 11epexoae oT ¢opMyJihi (10) K ( 11) Mbl B11paBe 

CB£13biB8Tb C TeM, 'ITO ero OTHOllleHHe K 11epBOMy 'IJieHy J:lOJI)KHO Ob!Tb 110-

pH.[{Ka v 
2lc 2 

• HHbiMH cnoBaMH, J:lOJI)KHO Bbli10JIHHTbCH ycnoBHe 

l a Ex v a EX 
~""dt"' ~a~· ( 12) 

B Ka'leCTBe OTBeTa Ha B03MO)KHOe B03p8)KeHHe 0 TOM, 'ITO HC'Ie3HOBe-

HHe 11pOH3BO.[{HOtl a Ex I a t B ¢opMyne ( 11) MO)KeT obiTb cneacTBHeM 

Bbli10JIHeHH£1 YCJIOBH£1 

1 aEx a Ex ___ , __ 
c at ax 

11pHBeaeM cneayrowee paccy)KaeaHe. 

PacCMOTpHM ¢opMyny 11peo6pa30B8HH£1 a E, I at, B raJIHJieeBCKOM 11pH-
x 

oJIH)KeHHH: 

1 a E; 1 aE x v a Ex 
---=--+---· 
c at' c at c ax ( 13) 

• 
ToT ¢aKT, 'ITO B ¢opMyne ( 13) coxpaHHIOTC£1 ooa 'IJieHa ( ooe 11pOH3BO.[{Hbie). 

.[(QJI)KeH 03H8'18Tb Toraa, 'ITO OHH 110 110p51.[{Ky BeJIH'IHHbl paBHbl J:lpyr apyry. 

TaKHM oopaaoM, Mbi OI1HTb-TaKH 11pHXOJ:lHM K ycnoBHro ( 12). 

IToaooHbie ycnoBHH, o'leBHJ:lHo, MoryT ObiTb BhiBeaeHbi H anSI apyrHx 

KOMI1oHeHT Ha11pH)KeHaocTeil: E H H. 
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0nHp8SICb Ha nony'leHHbie peaynbT8Tbi1 paCCMOTpHM Tenepb B KB'IeCTBe 

npHMepa ypasaeHHe (7). ITpHMeHeHHe ¢opMyn npeo6paaosaHHA (1) H (5) 
B aTOM CJiy'lae npHBO~HT 

au~ any au~ 
(-- + -- + --)y ax' ay' az' I 

HBC K Bb!pa:lKeHHIO 

_ ....Y. ( aE~ 
c ay' 

aE'y+ 
az' 

I 
c 

au~ v 3 au 'x 
--)y +- ---0 . 
at' I 2c 4 at' 

3~ecb nepsoe cnaraeMoe B CK06Kax npe~cTaBnSieT co6o10 Hcxo~Hoe ypas

HeHHe (7) 1 BTOpoe - X -oByJO KOMllOHeHTy ypaBHeHHSI (6) B HOBOA CHCTeMe 

OT'IC~Ta. KpoMe Toro, noSIBJISieTcSI ~ononHHTenbHhiA 'IJieH ( nocne~HHA), Ko

TOpbiii, O~H8K0 1 Ha OCHOBBHHH YCIIOBHSI THna ( 12) MO:lKeT 6b!Tb OT6po!UeH KBK 

MBJiblH no OTHOllieHHIO K CBMOMy ne pBoMy 'IJieHy ( B CK06Kax) • 

AaanorH'IHbiM o6pa30M MO:lKeT 5b!Tb npoBepeHa HHB8pH8HTHOCTb H npO'IHX 

ypaBHeHHA MaKCBenna OTHOCHTeJibHO HepeJISITHBHCTCKHX npeo6pa30B8HHA KOOp-

llHHBT, 

Cne~yeT OTMeTHTb1 'ITO noll06Hbie ;>Ke peaynbTBThi Mhi nony'IHM, npHMe-

HHB K ypaBHeHHSIM MaKCBenna npeo6paaoBBHHSI ranHneSI H ¢opMyllhl ( 5) 

C y I = 1. 

qTO KacaeTCSI npouellypb! npeo6pa30B8HHSI Bb!pa;>KeHHSI ~JISI CHJibl nopeH

Ua B HepenSITHBHCTCKOM npH6JIH:lKeHHH 1 TO OHa npOBOilHTCSI npaKTH'IeCKH T8K 

:lKe, KaK H B penSITHBHCTCKOM cny'lae. B ranHneeBCKOM :lKe npH6nH:lKeHHH 

B _ npouecce ~OK838TeJibCTB8 HHBapH8HTHOCTH Mbl ~OJI)KHbl 6ylleM OT6pOCHTb 

qneHbi nopSI~Ka v
2 I c 

2 no cpaBHeHHJO c I • HanpHMep, nocne npeo5paao-

BBHHSI y-OBOil: KOMllOHeHTbl CHJibl nopeaua 

F' =e(E' +~H' -~H ') 
Y Y C X C Z 

6y~eM HMeTb cne~y10m:ee Bbipa:lKeHHe: 

e[E 
y 

v~ v vz 
I +--2 -+- H 

C C X 

v '+v ] 
_x __ H ' 

c z 

KOTOpoe, KBK nerKO BH~eTb 1 nocne OT6paCbiB8HHSI 'IJieHa V; v/c AeACTBH

TeJibHO nepexo~HT B Bblpa:lKeHHe ~JISI y -OBOA KOMllOHeHThl CHJibl nopeHua 

B HOBOA CHCTeMe OTC'I~Ta: 

1/ 1/ 
F =e(E +--LH --LH ). 

y y c X c z 

6 ,_. C .. ~-,--~-~~~ .. ·-·····--~----···--·---···---·----·-

f1pHIIO:lK9HHe 

HTaK, ecnH Mhi Bbi6epeM ¢opMynhl npeo6paaosaHHii ~ns 

B BHJle ( 3) 1 TO HB OCHOBBHHH ( 4) 6yJleM HM9Th JliiSI HBllJ 

E = E, ,E = E, y + _y_ H, ,E =E , 
y! -~H X X y ~ I c z z z c 

H =H' . H =(H'-~E')y, H =(H'+~E')y X X y y c z 1 z z c y 

HnH, B ranHneeBCKOM llpH6JIH:lK9HHH 1 

A, =A -v ¢, A, =A . A'= A ,¢'=¢, 
X X y y z z 

E ' =E . E '= E . E , =E 
X X y y z z 

H'.=H',H =H' -~E ' ,H =" , +~E ' 
X X y y z z z c y c 

B aTHX cny'laSix HHBapHaHTHOCTb ypaBHeHHii MaKcsenna 1 

6hiTb ~oKaaaaa c npHBJie'leHHeM ycnosHii THna ( 12). IT pH aToM 

CKOM npH5JIH;>KeHHH ypaBHeHHe ( 6) ynpoCTHTCSI H 6y~eT HMeTb E 

rotE = 0. 

JlnSI TOr0 1 'IT06b! npHHTH K CJIY'I8101 B KBKOM-TO CMb!Cl 

paccMoTpeHHOMy, Kor~a H ·> E , cne~yeT Bbi6paTb ¢opMym 
y,z z,y 

BBHHH ~JISI noTeHUHBJIOB B BH~e 

A ',A y 
X X I 

v 
--¢,A',A ,A ',A ,¢'=(¢-~A )y, 

z c X I c y y z 

'ITO ~aeT lliiSI HanpSI;>KeHHOCTeii:: 

E =E' ,E =(E'+LH')y, E ,(E '-~H ')y 
X X y y Cz 1 Z Z C yl 

H = H , H = H 'y - ~E ' , 
x x y ylcz 

H , H 'y 
z z 

+ ~ E, 
I C y 

ITpH aToM B ranHneescKoM npH5JIH;>KeHHH Tenepb, oqesH~Ho, MO;>KE 

rneao ypasaeaHe (8): 

rot ft = 0. 
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b HB IIOlly'IeHHbie pe3yllbT8Tbl 1 paCCMOTpHM Terrepb B KB'IeCTBe 

HeHHe (7). DpHMeHeHHe ¢opMyn rrpeo6pa3oBaHH~ (1) H (5) 

e IIpHBOAHT 

au~) 
+ -- y a z' 1 

HBC K Bb!pMKeHHlO 

_ ~ < aE~ 
c ay' 

aE'y+ 
az' 

l 
c 

aw 3 aw 
X V X 0 

--)y +---- . at, 1 2c 4 at, 

cnaraeMoe B CKOOK8X rrpeACT8Bl1ReT COOOlO HCXOAHOe ypaB

opoe - X -oBylO KOMIIOHeHTy ypaBHeHHR (6) B HOBO~ CHCTeMe 

e TOr0 1 IIORBllReTCR AOIIOllHHTellbHbl~ 'IlleH ( IIOClleAHH~) 1 K0-

1 H8 OCHOB8HHH ycnOBHR THII8 (12) MO)I(eT Ob!Tb OTOpOIIIeH K8K 

OIIIeHHIO K C8MOMY rrepBOMy 'IlleHy ( B CKOOK8X) • 

hiM Oop830M MO)I(eT Ob!Tb rrpoBepeHa HHB8pH8HTHOCTb H IIpO'IHX 

CBenna OTHOCHTellbHO HepenHTHBHCTCKHX rrpeoop830B8HH~ KOOp-

OTMeTHTh 1 'ITO IIOAOOHbie )l(e pe3yllbT8Tbl Mbl IIOllY'IHM 1 IIpHMe

eHHHM MaKCBenna rrpeo6p830B8HHH ranHneH H ¢opMyllbi ( 5) 

eTCH rrpoueaypbi IIpeoop830B8HHH Bblp8)1(eHHH AllH CHllbl nopeH

BHCTCKOM IIpHOllH)I(eHHH 1 TO OH8 IIpOBOAHTCH rrpaKTH'IeCKH T8K 

penRTHBHCTCKOM cnyqae. B ranHneeBCKOM )l(e npHonH)I(eHHH 

K838TellbCTBa HHB8pH8HTHOCTH Mbl AOll)I(Hbi oy)leM OTOpOCHTb 

v
2

/ c 
2 

rro cpaBHeHHlO c l • HanpHMep1 rrocne npeo6pa3o

KDMIIOHeHThl CHllhl nopeHU8 

"', 
Y + ---"'-- H , 

C X 
-~H ') 

c z 

cneay10ruee Bbipa)l(eHHe: 

V +V 
_x __ H ], 

c z 

BHAeTb 1 IIOCne OTOp8CbiB8HHH 'IlleHa V; v/c Ae~CTBH-

AHT B Bhlp8)1(eHHe AllH 

Me OTC'IeTa: 

y -OBO~ KOMIIOHeHTbl CHllbi nopeHUB 

v v 
+ -.L H - ......LH ). 

Y C X C Z 

6 
~ 

npHllO)!(eHHe 

l1TBK 1 eCllH Mbi BbioepeM ¢opMyllhl rrpeoop830B8HH~ Ami IIOTeHUH8llOB 

B BHAe (3) 1 TO Ha OCHOBBHHH (4) oyAeM HMeTb AnR H8IIpH)!(9HHOCTeA: 

E = E, ,E = E, y + ..Y... H, ,E =E , y! - ~H, 
X X y , 1 c z z z c y 

"="' . H =(H'-~E')y, H =(H'+~E')y. 
X X y y c z 1 z z c y 1 

l111H 1 B ranHneeBCKOM rrpHOllH)I(9HHH 1 

A' =A -v¢, A' =A , A' =A ,¢'=¢, 
X X y y z z 

E'=E ,E'=E, E' =E 
X X y y z Z 

H'=H' 
X' X 

H=H'-~E' 
y y c z 

H =H '+ ~E '. 
z z c y 

B aTHX cny'IaRx HHBapHaHTHOCTb ypaBHeHH~ MaKcBenna cHoBa MO)I(eT 

Qb!Tb AOK838H8 C IIpHBl19'I9HH9M YCllOBH~ THII8 ( 12) • flpH 3TOM B rallHlleeB

CKOM IlpHOllH)I(eHHH ypaBHeHHe ( 6) ynpOCTHTCR H oyAeT HMeTb BHA 

rotE = 0. 

,llng TOr0 1 'ITOObi rrpH~TH K Cl1Y'I8101 B KBKOM-TO CMbiClle oopaTHOMy 

paccMoTpeHHOMy 1 Koraa H '> E , cneayeT BbiopaTb ¢opMyllhi rrpeo6pa3o-
y,z z,y 

BBHH~ AllR IIOT9HUH8110B B BHAe 

A '=A y 
X X 1 

v 
--¢,A' =A ( fl.l) ,A '=A ,¢'=(¢-'!_A )y, 

Z C X 1 c y y z 

qTO aaeT AllR H8IIpH)I(eHHOCTe~: 

E = E' 
X X 

,E =(E'+LH')y, E =(E '-~H ')y y y cz 1 z z c y1 
( f1.2) 

H = H , H = H 'y - ~E ' , 
x x y ylcz 

H =H'y +~E' 
z z 1 c y 

flpH aTOM B ranHneeBcKOM rrpHollH)I(eHHH Terrepb 1 oqeBHAH0 1 MO)I(eT obiTb yrrpo

rneHo ypaBHeHHe (8): 

rotH= 0. ( f1.3) 
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EcTeCTBeHH0 1 'IT01 K8K H p8Hbllle1 TpeOOB8HHe HHB8pH8HTHOCTH Bb!p8-

)KeHHSI anSI CHnbJ nopeHU8 oyaeT YliOBneTsopeHo H B p8CCM8TpHB8eMbiX 'ISCT

.IIb!X cny'I8SJX. 
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