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CTpem.uos B.H. P2 - 11115 
HeltOTOpble BOnpOCbl cneUHSllbHOit TeOpllll OTHOCHTenbHOCTH 

(PenHTHBIICTCKSB aneKTpOAHHSMHKS) 

06CY*A8~TCB H3BeCTH8H npo6neMa onpeaeneHHH aaeprHH H HMnynbca 

aneKTpoMaraaTBoro nonH aneKTpoHa B sonpoc o aapHAe ABB*ymerocH 

npOBOllHBit8 C TOitOM. LlaeTCH KOB8pB8BTBoe pemeaae YK838HHblX sonpOCOB. 

npa 3TOM BCflOnbayeTCH TSKOit Bbi60p aneMeHT8 06'beMa, KOTOpblll !jlaKTH

'IeCKB 6a3HpyeTCH 88 BBeAeHHOM paaee onpeaeneHHH penHTHBHCTCKOll AnHHbl. 

C TO'IKH apeHBH aToro onpeaeneHHH aaanH3Hpy~TCH TSK*e !jlopMYnbi anH 
noTeHuHanos llHeaapa-BHxepTa. PaccMaTpHaaeTCH Teaaop aaeprHH-HMnynbca 

AnH CHCTeMbl 38pHAOB H TOKOB. YK83biB8eTCH H8 HeTO'IHOCTH B OAHOM 

aneMeHTapHOM BbiBOAe COOTHOmeHHB 3KBHBaneHTHOCTH M8CCbl H 3HeprHH. 

Pa6oTa Bbmonaeaa a Jla6opaTOPHH BbiCOKHX aaeprHll OH HH. 

CooGaaene ocn.e..-aenoro ncTBTYT& uep11wx accne.ao.&aal. )lyfiaa 1977 

Strel'tsov V.N. I P2 - 11115 
Some Problems of Speci._l Relativily (Relativistic 
Electrodynamics) 

The known problem of definition of the electromagnetic 
energy and momentum of charged particles and of a charge in 
a moving current-carrying conductor is discussed. A covariant 
solution of these problems is presented. The volume element has 
been chosen basing on the earlier introduced concept of a rela
tMstic length. Equations for Lienard-Wiechert's potentials are also 
analysed from the point of view of this concept. The energy
momentum tensor for a system of charges and currents is consi
dered. It is pointed to the inaccuracy in a well-known elementary 
derivation of the formula for equivalence of energy and mass. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 
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1. 3HEPFH.Jl H HMIIYJibC 3JIEKTPOMAFHHTHOFO 
IIOJI.Jl 3AP .JIJ(A 

KaK H3BeCTHO, 4-HMnynhc 3neKTpoMarHHTHoro nom1 

onpe,~tenJieTcJI HHTerpanoM 

Gi =fTikdVk, /1/ 

r,~te Tik - TeH3op 3HepruH-HMnynhca 3neKTpoMarHHTHoro 

nonJI 

1 T "' F n Fn - --o. F F' 
i k it t k 4 1 k rn n mn /2/ 

F ik - TeH30P HanpJIJKeHHOCTeii 3neKTpoMarHHTHoro nonJI, 
a dVk - 4-seKTOp 6eCKOHe'IHO Manoro 06'beMa, KOTOphiH, 

B 'laCTHOCTH, MOJKeT HMeTb BH,Il 

r,~te 

dV (-Ldx dx dx 
k i 2 3 4 

.Lctx dx dx , _!dx dx dx , _l:_dx dx dx ), 
i 134i 124i 12 3 

/3/ 

x
1

=X, x
2 

=Y, x3 =Z, x4 =iCt. 

B csoe speMJI B CBJI3H c rHnoTe1oii A6paraMa o6 
3neKTpOMarHHTHOM npOHCXOJK,IleHHH MaCChi 3neKTpOHa ,lln11 

4-HMnynhca /1/ 6binH nony'leHhl 4lopMynhl /eM., Hanp., 
111 I 

4 a 1 = 3 m{3cy, 
2 

c- 2 f3 
"' = m c (1 + --) y 

3 
/4/ 

3 



r)J.e ffi=&0/c
2 

, (i; 0 
- 3JieKTpOCTaTHqecKaJI 3HeprHJI B CHC

TeMe llOKOJI 3JieKTpOHa, Y'"" (1- {12 )-fh, a f3 C ~ V x - CKOpOCTb 

)J.BH)I(eHHH 3JieKTpOHa. fipH 3TOM CJie,nyeT OTMeTHTb, qTO 

llpH HX BbiBO)J.e HCll0Jib30BaJiaCb, B qacTHOCTH, <!JopMyna 

nopeHI~esa coKpa~eHHH o6'beMa. 

QqeBH)J.HO, qTo llOJiyqeHHble TaKHM o6pa30M Bbipa)l(eHHH 

/4/ cy~eCTBeHHO OTJIHqaJIHCb OT H3BeCTHbiX peJIHTHBHCT

CKHX Bbipa)l(eHHH )J.JIH HMllYJibCa H 3HeprHH 

Pzm{3cy, 
1 

(;' 2 
~=me y /5/ 

)J.BH)I(y~eHCH MeXaHHqecKOH qacTHIJ;bl C MaCCOH llOKOH m • 

HH)I(e Mbl .u.eTaJibHO o6cy)J.HM c<!JopMynHposaHHYIO npo-

6JieMy. llpH 3TOM, KaK 06blqHO, CHaqana paCCMOTpHM 

)J.aHHbiH 3apH.IJ. B C06CTBeHHOH CHCTeMe OTCqeTa (K0 ), r.u.e 

OH llOKOHTCH (G 0 
"" 0). llOCKOJibKY )J.JIH llOKOHIIJ;erOCJI Japx-

)J.a MarHHTHOe none H 0 
= 0, TO KOMllOHeHTbl f<'ik H T ik 

6y)J.yT Ollpe)J.eJIHTbCH CJie)J.yiO~HMH Bbipa)l(eHHJIMH: 

Fo 
ik 

Tfk "' 

0 0 

0 0 

0 0 

iE~ iE 0 

y 

-E02+LEo 2 
X 2 

-EoEo 
X y 

-EoEo 
X z 

0 

0 - iE~ 

0 -iE 0 

y 
0 -iE 0 

z 
iE 0 

z 0 

-EoEo -EoEo 
X y X Z 

_ Eo2+1._Eo2 -EoEo 
y 2 y z 

-EoEo -Eo2+..!_Eo2 
y z z 2 

0 0 

0 

0 

0 

/6a,6/ 

_1._Eo2 
2 

llpHBJieKaH .u.anee YCJIOBHe c<!JepHqecKOH CHMM~TpHH 

Eo2=Eo2=E 0 2 =.1_E 0 2 
X y Z 3 

BMecTe c ycnosHeM, qTo 

fE E dx dx Alt=O 
xa xf3 a {:5 

a/={3 (a,{3z1,2,3), 

4 

Ha OCHOBaHHH 
-+ 

HMllYJibCa G0 

Tpe6oBaHHH paBeHCTBa 

6y)J.eM HMeTb 

HYJUO 

G 0 ,.,1._fE 02 dV 0 =0 
1 6 1 • 

Go ~ 1... fEo 2ctvo = 0 
2 6 2 • 

Go = .!_ f E o2dV o = 0. 
3 6 3 

KOMllOHeHT 

/7/ 

fiOCKOJibKY J)J.eCb llO)J.biHTerpaJibHble Bblpa)l(eHHJI cy

IIJ;eCTBeHHO llOJIO)I(HTeJibHbl, TO o6paiiJ;eHHe B HYJib HHTerpa

JIOB /7 I 6y.u.eT BOJMO)I(HO, ecnH TOJibKO 

dV 0 = dV0 = dV0 
= 0. 

1 2 3 
/8/ 

fiOCJie)J.Hee yCJIOBHe 6y)J.eT aBTOMaTHqecKH BblllOJIHeHO, eCJIH 

B K 0 - CHCTeMe 4- BeKTOp 3JieMeHTa (}6'beMa Mbl onpe)J.eJIHM 

C llOMOIIJ;biO Tpex 4-BeKTOpOB CJie)J.yiOIIJ;ero BH)J.a 

dx j (dx0
, 0,0,0), ox~ (0, dy0 

• 0, 0), Ax~ (0,0. dz 0 ,0 ). /8a/ 

<l>HJHqecKHH CMbiCJI TaKOrO Bblfiopa BeKTOpOB dx~ 1 

oX~ H 1\X~ CTaHeT HCHbiM, eCJIH Mbl o6paTHMCH K npo-

u;e.u.ype H3MepeHHH npOCTpaHCTBeHHbiX OTpe3KOB MeTO)J.OM 

noKan;HH. Tor.u.a oqeBH.IJ.HO, qTo Ka)I(.IJ.biH HJ yKaJaHHbiX 

BeKTOpOB MO)I(eT 6b1Tb npe)J.CTaBJieH B BH)J.e llOJiypa3HOCTH 

.IJ.BYX "CBeTOBbiX" 4- BeKTOpOB, OllHCbiBaiOIIJ;HX npou;eccbl 

pacnpOCTpaHeHHJI CBeTOBOrO CHrHaJia B)J.OJib COOTBeTCT

BYIOIIJ;ero HH<iJHHHTe 3HMaJibHOrO npOCTpaHCTBeHHOrO OTpe 3Ka 

a npHMOM H o6paTHOM HanpasneHHHX. HHbiMH cnosaMH, 

TaKOH Bbl6op BeKTOpOB dx i ' oX i H Ax i KaK pa3 COOT

BeTcTsyeT paccMaTpHsaeMoMy paHee onpe.u.eneHHIO penx

THBHCTCKOH )J.JIHHbl/1a/. 

llpHBJieKax cneu;HaJibHble npeo6pa3oBaHHH llopeHu;a .u.nx 

nepexo.u.a K HeKOTOpOH CHCTeMe K, KOTOpaB )J.BH)I(eTCJI 

B)J.OJib OCH 0°K ° K0
- CHC TeMbl CO CKOpOCTbiO V x ,. {3 C 

)J.JIJI <!JopMyJI npeo6pa30BaHHJI KOMllOHeHT dV i nonyqHM 

dV
1 
=-if3dV~y.dV2 ,dV~ 

dV 4,. dV4oY ' 

0, dV 3 =dV3 = 0, /9a/ 

/96/ 
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r,IJ,e 

dV 0 =- idV 0 =- idX0 dy 0 dZ 0
. 

4 

B paccMaTpuaaeMoM cne:uuaJihHOM cnyqae HMnynhc 

H 3Heprus .D.BH*Y~erocs Japs,IJ,a 6y,IJ,yT onpe,IJ,eJIRThCR aw

pa*eHHRMH 

G1 

(;' 
l9 

.!_ f T dV + f T dV 
c 11 1 14 4 

L( ( T dV + f T dV ). 
i 41 1 44 4 

/lOa/ 

/106/ 

BocnoJihJOBaowuch ,IJ,anee ~opMyJiaMH npeo6pa3oBauus ,IJ,JIR 

KOMnOHeHT TeH30pa 3HeprHH"HMnyJibCa T ik , 

T _ ( T o _ f3~o ) 2 
11 - 11 44 y • /lla/ 

T =T =if3( T0 -T 0 )y2, 
14 41 11 44 /116/ 

T = ( To _ (32 To ) 2 
44 44 11 y /llB/ 

C yqeTOM /9/ Jiei'KO HaH,IJ,eM, qTo 

G ~ .L f3 y ( To dV o = .L (3 &, o 
1 ~ . 44 4 c y /12a/ 

(;' = .l.y r To dVO =&,oy 0 

l9 i . 44 4 /126/ 

QqeBH,IJ,HO, qTo noJiyqeHHhle ~OPMYJIW /12/ COOTBeT

CTBYIOT o6wqHhlM peJIRTHBHCTCKHM ~OpMyJiaM npeo6pa30-

BaHHR ,IJ,JIR HMnyJihCa H 3HeprHH /5/, H OTJIHqaiOTCR OT 

HJBeCTHWX awpa*euuii /4/. TaKHM o6pa3oM, B paMKax 

paCCMaTpHBaeMOI'O nO,IJ,XO,IJ,a HeT HHKaKOH He06XO,IJ,HMOCTH 

B TOM, qTo6w npHnHCWBaTb 3JieKTpOHy ,IJ,OnOJIHHTeJibHYIO 

MeXaHHqecKyJO HHepTHYIO Macey, o6yCJIOBJieHHYIO, CKa*eM, 

Cy~eCTBOBaHHeM He3JieKTpuqecKHX CHJI - "uanps*eHHH 

llyauKape" 121 . 

CJie,IJ,yeT OTMeTHTb, qTo BOnpoc KOBapHaHTHOI'O onpe

,IJ,eJieHHR 3JieKTpOMarHHTHOI'O HMnyJihCa H 3HeprHH H CBS· 

3aHHWH C HHM BWBO,IJ, ~OPMYJI /12/ paCCMaTpHBaJICR pR,II,OM 

6 

(· 

" 

'3 4/ 
aoTopoa /eM., uanpuMep,' ' /. Heo6xo,IJ,HMO, o,IJ,HaKo, 

no,IJ,qepKHYTb, qTO O,II,HOI'O TOJibKO Tpe6oBaHHR KOBapHaHT· 

HOCTH ,II,JIR nonyqeHHR ~OpMyJI /12/ He,IJ,OCTaToquo, nOCKOJib" 

Ky, HanpHMep, H3BeCTHWe Bhipa*eHHR /4/ Ta~e Y.II.OBJieT

BOpRIOT yKaJaHHOMY Tpe6oBaHHIO, eCJIH yqeCTb, qTo B 3TOM 
/5' 

cnyqae G't ~ 0 ' . 
B CBJIJH CO CKaJaHHhlM Mhl XOTHM TaK*e KOCHYThCR 

pa60Tbl raM6bi 
161 

• B KOTOpOH, B qacTHOCTH, KpHTHKyeTCR 

o6~enpHHJITaR npo:Qe,IJ,ypa BhlqHcJieHHR 3HeprHH H HMnyJibCa 

3JieKTpOMarHHTHOI'O nOJIR JapJI,IJ,a B pa3JIHqHbiX CHCTeMaX 

oTcqeTa /K H K0 I, CBRJauuas c HHTerpupooauueM no npo

CTpaHCTBeHHbiM 06'beMaM npu t,. CoilSt. H t0 
.. COUSt. COOT· 

BeTCTBeHHO. fiOCKOJibKY, TaKHM o6pa30M, HHTerpHpOBaHHe 

npOH3BO,II,HTCR no pa3HWM I'HnepnooepXHOCTJIM, TO, KaK 

OTMeqaeT aBTOp, pe3yJibTaTbl BbJqucJieHHH ,IJ,O~Hhl OTHO" 

CHThCR K pa3JIHqHbiM COBOKynHOCTJIM ~HJHqecKHX C06biTHH, 

TOr,IJ,a KaK npeo6pa30BaHHR RopeH:Qa HMeJOT ,IJ,eJIO C O,II,HOH 

H TOR *e COBOKYllHOCTbiO C06biTHH *. 
Boo6~e. qTo KacaeTcs ow6opa /npocTpaucToeuuo-no

.D.06Hoii/ llOBepXHOCTH HHTerpHpOBaHHR npH BhlqHCJieHHH 

HHTerpaJia /1/, TO, Ka3aJIOCb 6w, ,IJ,eHCTBHTeJibHO TPY.D.HO 

I'OBOpHTb 0 KaKOU- JIH60 npe,IJ,noqTHTeJibHOH llOBepXHOCTH i5/ . 

0,IJ,HaKO 3,IJ,eCb CJie,IJ,yeT HMeTb B BH.D.Y TO, qTo BO BCeX 

cnyqaJix, KpoMe HHTerpupooaHHJI no noaepxuocTJIM, opTo

rouaJibHhiM MHpOBWM JIHHHJIM, HMllYJibC llOKOJI~erocR Ja· 

pJI,IJ,a OKaJwoaeTcJI OTJiuquwM oT uyns. 0TMeqeuuwii ~aKT 

npHBO,IJ,HT HaC K ~HJHqeCK9MY YCJIOBHIO, a Tpe6oBaHHe Bhl" 

nonueuus 3Toro ycnoBHJI /paaeucToa uyn10 HMnynhca no

KOJI~erocJI JapJI,IJ,a/ O,IJ,H03Haquo onpe,IJ,enseT ow6op nooepx

HOCTH HHTerpHpOBaHHR. Bwwe npu onpe,IJ,eJieHHH 3JieMeHTa 

llpOCTpaHCTBeHHOI'O 06'beMa Mbl HCXO,IJ,HJIH HMeHHO H3 yKa

JaHHOI'O Tpe6oBaHHR. 

2. 0 3AP.JIAE IIPOBOAHHKA C TOKOM 

PaccMoTpHM JJieMeHT nuueii:uoro npooo,IJ,HHKa, noKos

~erocs B K0 
-cucTeMe H uanpaoneuuoro no ocu 0°X0 

* HH*e /B KOH:Qe n.2/ Mhl noJICHHM CKa3aHHOe Ha npo
CTOM npHMepe. 

7 



no KOTOpOMy Te"'eT TOK C nnOTHOCTbiO j~ ='- j 0
_ • llyCTb 

npu 3TOM nnoTHOCTH OTPHU.aTenbHbiX H noKOJIID.HXCJI nono
)tanenbHbiX 3apJI.n;oB P!: H p: BHYTPH npoBO.IJ;HHKa o.n;u
HaKOBbl, a no3TOMY cyMMapHaJI nnoTHOCTb p 0

- 0. 
TaKHM o6pa30M, c TO'IKH 3peHHJI Ha6niD.n;aTenJI H3 

K 0 
- cucTeMbl npoBonoKa He 3apJI)I(eHa: 

~Qo =po~vo =O, /13/ 

r.n;e ~Q 0 
- JapJI.n;, a ~V0 

- o6neM paccMaTpHBaeMoro 
3neMeHTa npOBO.IJ;HHKa. 

llepeii.n;eM Tenepb B TaKyiO CHCTeMy OTC"'eTa K, OT· 
HOCHTenbHO KOTOpOB OTPHU.aTenbHbie 3apJI.D;bl, C03.IJ;aiOID.He 
TOK C nnOTHOCTbiO j~ , noKOJITCJI. Ha OCHOBaHHH <!>opMyn 
npeo6pa3oBaHHJI .IJ;nJI BenH"'HH p H j H C y'leTOM TOrO, 

o o ·o {3 o · 0 6 "'TO p+ =-p_ , J_ ,._ Cp_ y H .J_,. , y.n;eM HMeTb 

p ( o f3 ·o ) o -1 = p +- J y=p y ' 
- c - -

Po =-poy, 
+ -

j1=j+ =-{3Cp~ y, 

/14/ 

/15/ 

/16/ 

on<y.n;a c y'leToM Toro, 'ITO cyMMapHaJI nnoTHOCTb JapJI· 
.D;OB 

o/32 p=p +p =-p y ' 
+ - - /17/ 

3aKniO"'aeM, "'TO npOH3Be.n;eHHe 

p.t\V f,. 0 

He3aBHCHMO OT BH.IJ;a npeo6pa30BaHHJI npOCTpaHCTBeHHOrO 
o6neMa. 

Ha ocuoBaHHH Toro <!>aKTa, "'TO B K -cucTeMe nnoT
HOCTb 3apJI.D;OB p y)l(e He paBHa HyniD, 3a'laCTYJO .n;enaeTCJI 
BbiBo.n; /eM., uanpHMep, 17a/ I o noJIBneHHH 3apJI.n;a B .IJ;BH· 
)l(yllJ.eMCJI npOBO.IJ;HHKe C TOKOM. 

Cne.n;yeT, o.n;uaKo, no.n;qepKHYTb, 'ITO B paMKax cne
D.HanbHOii TeopHH OTHOCHTenbHOCTH 3apJI.D; JIBnJieTCJI HH· 

8 

'\ 

.,, 

... 

~ 

BapHaHTHOB BenH"'HHOB H He .IJ;O~eH H3MeHJITbCJI npH nepe • 
xo.n;e OT O.IJ;HOB CHCTeMbl OTC"'eTa K .n;pyroii. ll03TOMY 
BbiBO.IJ; 0 TOM, 'ITO HeBTpanbHbiB npOBO.IJ;HHK C TOKOM B pe • 
3ynbTa Te .IJ;BH)I(eHHJI 3apJI)I(aeTCJI, JIBnJieTCJI cne.n;CTBHeM 
HeKOBapHaHTHOrO onpe.n;eneHHJI BenH"'HHbl ~Q · 

C u.enbiO peweHHJI nocTaBneHHoro Bonpoca npoBe.n;eM 
Bbi"'Hcneuue 3apJI.n;a ~Q(t\ Q 0 

) B paMKax 'leTblpexMepuoro 
npe.n;cTaBneHHJI, onupaJICb ua <!>opMyny 

~Q = ji ~vi ' /18/ 

r.n;e j i (j a, icp) • 4-BeKTOp nnOTHOCTH TOKa, a ~Vi 
4-BeKTOp 3neMeHTa 06neMa, onpe.n;enJieMbiB B COOTBeTCTBHH 

c /3/. 
C y'leTOM nony"'eHHbiX BbiWe /n.1/ pe3ynbTaTOB 6y.n;eM 

nonara Tb, "'TO B COOTBeTCTBHH C /8/ B K
0 

• CHCTeMe t\ V~ = 0 , 
a n03TOMY ~ Q0 6y.n;eT .n;eiiCTBHTenbHO onpe.n;enJITbCJI 

Bblpa)l(eHHeM I 13/. 
O.n;HaKo c TO'IKH 3peHHJI K-cucTeMbl Ha ocHoBaHHH /9/ 

BenH'IHHa ~ V 1 y)l(e He 6y.n;eT paBHa uyn10, a 6y.D.eT onpe
.n;enJITbCJI Bblpa)l(eHHeM ~v 1 z-if3~ v~ y . B pe3ynbTaTe 
.D.nJI BenH"'HHbl ~Q uaii.n;eM 

~Q=j 1 ~v1 +j ~V =(-{3cp0 y)(-if3dV0 y) + 
4 4 - 4 

+(-icp0 f3
2
y)dV 0 y ""0. 

- 4 
/19/ 

TaKBM o6pa3oM, B nonHoM cornacuu c Tpe6oBaHBeM 
BHBapBaHTHOCTB 3apJI.n;a HMeeM, 'ITO C TO"'KB 3peHBJI 
K • CBCTeMbl .n;aHHbiB npOBO.IJ;HHK TaK)I(e 3JieKTpB'IeCKB HeBT • 

paneH *. 
Cne.n;yeT oTMeTBTb, "'TO paccMaTpHBaeMblii npBMep Mo

)l(eT cny)I(HTb npBHU.HnBanbHOB OCHOBOB KOCBeHHOrO onbiTa 
no npoBepKe <!>opMynbl npeo6pa3oBaHBJI npocTpaHCTBeHHoro 
o6neMa, nocKonbKY npu .n;pyroM onpe.n;eneHBB ~Vi 6y.n;eM 
BMeTb, 'ITO ,t\Q0 f. 0. 

.... 
* XOTJI, nOCKOnbKY Tenepb pz0, 6y.n;eM BMeTb divE =/0. 
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KocueMCJI Teneph <lJH3H'leCKoro CMhlcna <lJopMynhl /18/, 
KoTopaH a npocTeiirneM cnyqae o.nuoro npocTpaHCTaeuuoro 

H3MepeH~JI MO)KeT 6h1Th 3anucaua a au.ne 

aQ aQ 
~Q, -~X+--~t. /18 'I 

ax at 
B COOTBeTCTBHH C HalliHM DO,IJ.XO,IJ.OM B C06CTBeHHOH CHCTe

Me •OTC'leTa 6y.neM HMeTh ~ t 0 = 0 H 3apH,IJ. 3neMeHTa 

npOBO,IJ.HHKa 6y,IJ.eT onpe.nenHThCJI TOnhKO OpOH3Be,IJ.eHHeM 

nnoTHOCTH ua .nnuuy 3Toro 3neMeHTa. O.nuaKo a mo6oii 

HeC06CTBeHHOH CHCTeMe OTC'leTa, r,IJ.e npOBO,IJ.HHK ,IJ.BH

)KeTCJI, ~ t y)Ke He 6y,IJ.eT paBHO Hymo. Il03TOMY Teneph 

He06XO,IJ.HMO TaK)Ke y'lHTblBaTh H BTOpOii 'lneH, OTIHCblBaiD

UUIH H3Meueuue 3apH.na a <lJuKcupoaauuoii TO'lKe npocTpau

CTBa. 0'leBH,IJ.HO, 'ITO yKa3aHHhlH 'lneH JIBnJieTCJI Cyry6o 

penJITHBHCTCKHM H Y'lHThiBaeT OTHOCHTenhHOCTh O,IJ.HOBpe

MeHHOCTH / M0
"' 0, HO L\ t= 0 / * . 

Ilony'leHHhle Bhlrne pe3ynhTaThl ueo6xo.D.HMO y'lHThlBaTh 

TaK)Ke H a .npyrux no.no6HhlX cny'laJix, cKa)KeM, npH pac

CMOTpeHHH DOBe,IJ.eHHJI 3neKTpH'leCKH HeiiTpanhHOH paMKH 
;s; I C TOKOM /eM., Hanp., . 

3. TEH30P 3HEPFHH-HMIIYJibCA 
3JIEKTPHIJECKOH MATEPHH 

KaK H3BeCTHO, 3HeprHH B3aHMo.neiicTBHJI cucTeMhl Ja

PH.D.OB H TOKOB C BHelliHHM 3neKTpOMarHHTHhiM noneM, DO

Teuuuanhl KOToporo ¢ H A a . onpe.nenJIIDTCJI Bhlpa)KeHHeM 

5Jo=f(po¢o+j A )dVo, 
a a 

/20/ 

* IlpH 3TOM Ba)KHO OTMeTHTh, 'ITO npOH3BOnhHOe H3Me
HeHHe nHHHH /a a o6IUeM cnyqae - runepnoaepxuocTH/ 
HHTerpupoaaHHJI npu Bhl'lHcneHHH ua ocuoaaHHH /18 1

/ non
uoro JapH.na a K - cucTeMe, cKa)KeM, nepexo.n K npHMoii 
t ""const,, npuae.neT K HC'le3HOBeHHID BToporo 'lneua, a 
cne,IJ.OBaTenhHO, B KOHe'lHOM C'leTe - K OTMe'leHHOMY Ha
pyrneHHID Tpe6oaaHHJI penJITHBHCTCKOH HHBapHaHTHOCTH. 
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1 

l 

,, 
J 

r,IJ.e HH,IJ.eKC "0" yKa3biBaeT, 'ITO HCTIOnh3yeMaJI CHCTeMa 

OTC'leTa COBOa,IJ.aeT C CHCTeMOH OOKOH(K 0
) paCCMaTpHBae

MhiX OpOBO,IJ.HHKOB C 3apJI,IJ.aMH H TOKaMH. 
B paMKax 'leThlpexMepuoro npe.ncTaaneHHJI pa'BeHCTBO 

/20/ MO)KeT 6hiTh nepenucauo a au.ne 

p o , r (j o A o + A o j o _ 8 jO A o ) ctvo 
4 4 4 4 4 44 k k 4 ' 

/21/ 

r.ne 0 ik - CHMBOn KpoHeKepa, HnH 

po "'fS o dV o 
4 44 4. 

/21a/ 

Bae.neuuaH TaKHM o6pa30M aenH'lHHa 844 MO)KeT 6h1Th 

HCTOnKOBaHa KaK nnoTHOCTh 3HeprHH B e,IJ.HHHUe 06beMa. 

liOnhllie TOrO, ee MO)KHO C'lHTaTb KOMDOHeHTOH /CHMMeT

pH'lHOro/ TeH30pa 3HeprHH-HMnynhCa 3neKTpH'leCKOH Ma-

TepHH, HMeiDIUero BH.D. 

Sik= jiAk+Aijk- 0ikjfAf. /22/ 

Teu3op S ik MO)KHO Bhipa3HTh TOnhKO qepe3 4-nnoT

HOCTh TOKa, ecnH aocnonh30BaThCJI perneHHeM ueo.nuopo.n

uoro aonuoaoro ypaaueHHJI .nnH noTeuuuana A i . B HBHO 

KOBapHaHTHOH <lJopMe 3TO perneHHe 6blnO B CBOe BpeMJI 
~ r I /91 uau.neuo eprnoTueM eM., uanp., /: 

1 j . 
A . = -- f _!.._ ct n . 

I 477 2 R2 
/23/ 

r.ne R 2 ~ (Rk Rk) - Kaa.npaT paccTOJIHHJI Me)K.IJ.Y <lJHKCHpo

aauuoii TO'lKOH H 3neMeHTOM 3apH,IJ.a /TOKa/, a d Q -

3neMeHT 4- o6beMa. 
Ha OCHOBaHHH /22/ nerKO nony'lHTh JIBHbtH BH,IJ. .npyrHX 

cocTaBnHIDIUHX TeH3opa S ik . TaK, uanpuMep, .nnH ero 
KOMDOHeHTS 11 H 8 41 , OOHCblBaiDIUHX DOTOKH X -KOMTIOHeHThl 

HMnynbca H 3HeprHH, uaii.neM 

S 11 = .it At - j2A2 - j3A3 - j4 A 4 

84t= 8 t4"'j4A1+j1A4. 

/ 

/24/ 
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06pa3yeM Tenepb AHBepreHUBIO Sik · llpH 3TOM nony-

'IBM 

asik . ajk . 
--.--= F J +A.-:--+J 

ax ik k 1 ax 
aAk aji ajk 

--+A (------). 1251 
ax k: axk ax. 

k k k 1 

JlerKO BHAeTb, 'ITO Ha OCHOBaHHH ypaBHeHHJI HenpepbiBHO

CTH H ycnOBHJI JlopeHn;a ,lJ.llJI llOTeHn;HallOB BTOpOB H TpeTHB 

qneHbl B npasoii qacTH 1251 acqe JalOT. 

B cnyqae BblnonHeHBJI cneAYIOIUero paseHCTBa 

rot ki j = 0, 1261 

KOTOpoe, CKa)l(eM, HMeeT MeCTO AllJI 6e3BHXpeBbiX TOKOB *, 
cnpasa OCTaHeTCJI TOllbKO H3BeCTHOe Bblpa)l(eHHe, Ha3bl

saeMOe nnoTHOCTblO canbl JlopeHn;a. 

TaKHM o6pa30M, cneAYIOIUee H3BeCTHoe paseHCTBO 

aTik . -ax- .. Fik Jk 127 I 
k 

Mbl CMO)I(eM npeACTaBHTb B 4JopMe 

aRik _ O, 
axk 

rAe Rik "'Tik -Sik. 

1281 

B JaKnroqeuHe OTMeTHM, 'ITO B caMoM o6In;eM cnyqae 

Is COOTBeTCTBHB C Tpe6oBaHHeM KOBapHaHTHOCTHI paBeH

CTBO l21al AOll*HO 6b1Tb 3aMeHeHO 4JopMynoii 

po • f go dVo 
4 4k k 1291 

"' 06CY)I(AeHHeM 3TOro Bonpoca J1 o6JI3aH r .H.A4JaHaCbe
By. 3AeCb cne.n.yeT TaK)I(e OTMeTHTb, 'ITO B cnyqae BblllOn
HeHHJI 1261 Hanp.st)l(eHHOCTH 6YAYT llOA'IHHJITbC.JI CB060,D.HOMY 
sonHOBOMY ypasHeHHIO. TaKoMy )l(e ypasHeHHIO 6YAYT no.n.
'IHHJITbCJI H KOMDOHCHTbl jk . llOCKOllbKY npH 3TOM CaMH 
3apJI,D.bl He MOryT nepeMein;aTbC.JI CO CKOpOCTbiO CBeTa, 
TO OTMe'leHHbiB liJaKT cneAyeT TpaKTOBaTb KaK TO, 'ITO 
llllOTHOCTL 3apJIAOB ITOKOBI MO)I(eT MeHJITbC.JI OT TO'IKH 
K TO'IKe CO CBeTOBOB CKOpOCTbiO. AreHTOM, Bbl3biBaiOIUBM 
3TO H3MeHeHHe, JIBllJieTCJI 3lleKTpOMarHHTHaJI BOnHa. 

12 

XoTJI npH 3TOM B o6w;eM S.fa = 0 paseHCTBO 111 see )l(e 

6yAeT HMeTb MecTo, ecna Is cooTBeTCTBHH c 181 I npHHJITb, 

'ITO dVO = 0. 
a 

4. IIOTE~HAJTbl JIHEHAPA-BHXEPTA 
H KOHaEIIaH.JI P EJI.JITHBHCTCKOH /l,JIHHbl 

PaccMoTpHM Bblpa)l(eHHe AnJI 4-noTeH.o;Hana JlaeHapa

BaxepTa 

e u i 
A.:-----. 

1 R u 
k k 

1301 

rAe u i - 4-cKopoCTb 3apJIAa e • a R i - 4-seKTop 

paCCTOJIHHJI OT TO'IKH HaXO)I(AeHHJI 3apJIAa (0) AO TO'IKH 

Ha6nroAeHHJI (P). 
llyCTb Aanee AllJI npoCTOTbl ABH)I(eHHe 3ap.stAa npoHCXO

AHT BAOnb oca OX I K-cacTeMal, a Hac, cKa)l(eM, HHTepe

cyroT JHa'leHHJI noTeHnaanos s onpeAeneHHoii TO'IKe Ha 

yKa3aHHOB OCH, T .e. 

e A 
, ---·---' X cp = R (1- {3) 

X 

~ 
R (1-{3) 

X 

A "'A .. o. 
y z 1311 

llpH 3TOM B C06CTBeHHOB CHCTeMe OTC'IeTa (K
0 

), rAe AaHHbiB 

3apJIA DOKOHTCJI, 6y,IJ.eM BMeTb 

c:f> 0 %_e_, A 0 zA 0 •A 0 ,.,0. 1321 
R 0 X y z 

X 

Ecna Tenepb Mbl socnon~aJyeMCJI 4JopMynaMH npeo6pa-

3osaHBJI AnJI noTeHn;Banos, To Haii,IJ.eM Bblpa)l(eHHe 

RXnR;(1+{J )y • 1331 

OllHCbiBaiOin;ee 3aKOH npeo6pa30BaHHJI paCCTOJIHHJI Me)I(,IJ.y 

TO'IKaMH 0 H P npH nepexo,IJ.e oT KIL K K -cHcTeMe. 

JlerKO BHAeTb, 'ITO TaKHM o6pa30M paBeHCTBO 1331 
OTllH'IaeTCJI OT npHBbi'IHOB 4JopMyllbl nopeHn;eBa COKpain;eHHJI. 

BMecTe c TeM o'leBHAHO, 'ITO R x ecTb He 'ITO HHoe, KaK 

BellH'IHHa XAB , KOTOpaJI BXO,IJ.HT KaK COCTaBHa.st 'laCTb B 

4JopMyny X -(X .f.B- X BA )/2,. onpe,D.enJIIOIUYIO co6oii noHJITHe 

penJITHBHCTCKOH AllHHbl /la;. 
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)J.anee Mbl XOTHM OfipaTHTb BHHMaHHe Ha CJie,IJ;yJOmee. 

Bo3bMeM Bblpa)l(eHHe ,IJ;JIJI TeH3opa 3JieKTpoMarHHTHoro 

llOJIJI /B CJiyqae OTCYTCTBHJI YCKopeHHJI/ 

F. = e (R. u - R u . ), 
lk (R . u .)3 I k k I 

J J 

/34/ 

COOTBeTCTBYJOII.\ee /30/. IloMeCTHM B TO'IKY HafiJIJO,IJ;eHHJI 

BTOpOB 3apJI,n e , 4- CKOpOCTb KOTOporo U k . Tor ,na )J.JIJI 

4-cHJibl Ki (P), C KOTOpoii: nepBbiB 3apg,n ,neHCTByeT Ha BTo

poii, fiy,neM HMeTb 

-
K. 

I 

- ee [ r - r_ 
= e F. u .. _ _:_--s Ri (u ku k )-- (Rku k)u 

1k k (R ~ u . ) 
J J 

/35/ i] . 

3.necb Mbl cneuHaJibHO no,nqepKHYJIH, 'ITO aeJIH'IHHa Ri 
JIBJIJieTCJI "3ana3,IJ;biBaJOmHM paccTOJIHHeM" R~et (P). 

C .npyroii cTopoHbi, "JanaJ,nbiBaJOmee paccTOJIHHe" Rr.et(O), 
I 

OT KOTOporo ,IJ;OJI)I(Ha 3aBHCeTb CHJia K i (0), OllHCbiBaJOmaJI 

,IJ;eHCTBHe BTOporo 3apJI,na Ha nepBbiH, flO OTHOilleHHJO K HC

XO,IJ;HOMY Bbipa)l(eHHJO )J.JIJI CHJibl /35/, fiy,neT, O'leBH,IJ;HO, 

npe,ncTaBJIJITb co6o10 "onepe)l(aJOmee paccTOJIHHe" Rtdv (P). 
Il03TOMY Ha OCHOBaHHH npHHUHfla paaeHCTBa ,neHCTBHJI 

H npOTHBO,IJ;eHCTBHJI Bblpa)l(eHHe ,IJ;JIJI CHJibl KaK llOJiypa3HOCTb 

BeJIH'IHH K. (P) H K .(0) 6y,neT JaBHceTb KaK OT R ~et, TaK 
I I I 

adv 
H oT R i . Ho TaKaJI JaBHCHMOCTb aaToMaTH'IeCKH HMeeT 

MeCTO, eCJIH OllHpaTbCJI Ha Hallly KOHUeflUHJO peJIJITHBHCT

CKOH ,IJ;JIHHbl. 

B CBJ13H CO CKa3aHHbiM JIJOfiOllbiTHO ofipaTHTb BHHMaHHe 

/eM., HanpHMep/
101 I Ha HJBeCTHYJO npoue.nypy aae.neHHJI 

aeKTopa Xi , nepneH,nHKYJIJipHoro npJIMOJIHHeiiHoii a HallleM 

cnyqae MHpoaoii JIHHHH JapJI,na e , Ha'IHHaJOmerocJI Ha 

3Toii MHpoaoii JIHHHH H KOH'IaJOmerocJI a MHpoaoii TO'IKe 

Ha6JIJO,IJ;eHHJI. B noKoJimeiicJI CHCTeMe K° KOMnoHeHTbl Xi 
paBHbi (X~. 0). HeTpy,nHo BH,neTb, 'ITO yKaJaHHblii aeKTop 

KaK pa3 onpe,neJIJieT co6010 BeJIH'IHHY, KOTOpyJO Mbl HaJbl

BaeM peJIJITHBHCTCKOB ,IJ;JIHHOH. )J.aJiee JierKO llOJiy'laeM 

2 2 
Xi xi = I X il = ( R ku k). X. =R. +ll .(Rku k). 

I 1 I 

X =- R ku k · /36/ 
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B pe3yJibTaTe ,IJ;JIJI A i H Fik 6y,neM HMeTb 

A eu. 1 :::!1- __ lc 

F 
ik 

IX I 

e 
-- ( u .X - u X ) *. 
I X 13 I k k i 

5. OE 0,4HOM 3JIEMEHTAPHOM BhiB0,4E 
COOTHOHIEHH.JI & "" mc2 

/37/ 

/38/ 

B pa6oTe 3HHillTeHHa/ll!, a TaK)I(e B pJI,ne MOHOrpacilHii 

H yqefiHHKOB /eM., HanpHMep, 
111 - 13 • 7 6 1 I npHBO,IJ;HTCJI 

3JieMeHTapHbiH BbiBO,IJ; COOTHOilleHHJI 3KBHBaJieHTHOB MaCChi 

H 3HeprHH, CBJI3aHHbiH, B 'laCTHOCTH, C ,IJ;OKa3aTeJibCTBOM 

TOrO, 'ITO 3HeprHH 3JieKTpOMarHHTHOrO H3Jiy'leHHJI /i, ,IJ;OJI)I(

Ha 6b1Tb npHnHcaHa HHepTHaJI Macca 5, I c 2 . )J,JIJI 3Toro 

paCCMaTpHBaeTCJI flOKOJimHBCJI TBep,IJ;biH flOJibiH UHJIHH,IJ;p, 

HMeJOIUHB BHYTPH CTeHKH O,IJ;HOrO H3 OCHOBaHHB (A) ycTpoii:

CTBO, flOCbiJiaJOIUee B CTOpOHY npOTHBOflOJIO>KHOrO OCHOBa

HHJI (B) onpe,neJieHHOe KOJIH'IeCTBO JIY'IHCTOB 3HeprHH &, 
TaK KaK ,naBJieHHe H3Jiy'leHHJI Ha CTeHKY paBHO flJIOTHOCTH 

HJJiy'laeMOH 3HeprHH, TO UHJIHH,!J;p flOJiyqaeT flO,IJ; ,neHCTBHeM 

H3Jiy'leHHJI CKOpOCTb, paBHYJO &/(Me), r,ne M - Macca 

UHJIHH,IJ;pa. 3a BpeMJI , flOTpefiHoe CBeTy ,IJ;JIJI npOXO)I(,IJ;eHHJI 

nyTH a,noJib UHJIHH,npa, paaHoe Uc /c TO'IHOCTbJO .no 'IJieHOB 

Bblllle nepaoro nopJI,nKa/, nocne,nHHii: nepeMemaeTcJI Ha 

paccToJIHHe x- &e /(Mc2 ) . 3aTeM nocne nornomeHHJI 

CBeTa UHJIHH,!J;p OCTaHaBJIHBaeTCJI. EcJIH 6bl CBeT He HMeJI 

MaCChi, TO nepeMemeHHe UHJIHH,npa 03Ha'laJIO 6bl CMeiUeHHe 

UeHTpa Mace 6e3 B03,IJ;eHCTBHJI BHelllHHX CHJI, 'ITO npOTHBO

pe'IHT ocHOBHbiM npHHUHnaM MexaHHKH. Cne.noaaTeJibHO, 

CBeTy HY)I(HO npHllHCaTb HeKOTOpyJO Macey (m). IlpH 3TOM 

*Cne,nyeT, BllpO'IeM, 3aMeTHTb, 'ITO Henocpe,nCTBeHHbiM 
Bbi'IHCJieHHeM F. , Hcxo,nJI H3 /37 I, He y,naeTcJI nony'IHTb 
cilopMyJiy /38/. Ik 
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~O~HO BWnOnHHTbCH cne~yiD~ee ycnOBHe Heno~B~HOCTH 

u,eHTpa Mace: 

Mx ·-me ,.. 0, 

OTKy~a H BWTeKaeT, qTo 

(;' 
l9 

ffi=2· 
c 1391 

XoTH nonyqeuHaH TaKHM o6pa30M ~opMyna 1391 caMa 

no ce6e npaBHnLHa, npuae~eHHLie BLiwe paccy:>K~eHHH co

~ep:>KaT oqeBH~HYIO HeTOqHOCTb 114- 161 .A HMeHHO: B HHX 

npe~nonaraeTCH, qTo B MOMeHT H3nyqeHHH CBeTa BeCb 

u,unuu~p npuo6peTaeT cKopocTL. Ho 3To 6wno 6w B03-

MO:>KHO TonLKO B TOM cnyqae, ecnu 6w B03My~euue I ~e
~OpMaiJ,HHI OT O~HOrO KOHIJ,a IJ,HnHH~pa pacnpOCTpaHHnOCb 

K ~pyrOMY ero KOHU.Y MrHOBeHHO. Ho, KaK MW 3HaeM, 

nocne~HHH ~aKT HaXO~HTCH B npOTHBOpeqHH C OCHOBHWM 

YTBep:>K~eHHeM Cneu,HanbHOH TeOpHH OTHOCHTCnbHOCTH 0 

TOM, qTo HHKaKoe B3aHMO~eHCTBHe He MO:>KeT nepeHOCHTb

CH CO CKOpOCTbiD, 6onLWCH CKOpOCTH CBeTa * . BMeCTe 

C TeM, Henb3H COrnaCHTbCH H C 3aMeqaHHeM/ 141o TOM, qTo B 

paCCMaTpHBaeMOM OnWTe cne~yeT TaK:>Ke yqHTWBaTb ~BH

:>KCHHe OCHOBaHHH B IJ,HnHH~pa HaBCTpeqy 3neKTpOMar

HHTHOMy HMnynLCy. 

TaKHM o6pa3oM; Mwcneuuw:H onwT 3:HHWTe:Hua ue

cTpor, a ycTpaHeHHe HeCTpOrOCTH, CBH3aHHOe C yqeTOM 

~C~OpMaiJ,HH IJ,HnHH~pa H nocne~yiO~HM BOCCTaHOBneHHeM ero 

~OpMW, nHWaCT OnLIT npOCTOTLI H HarnH~HOCTH. 
Ocuoauwe H npuae~euuwe awwe paccy)I(~CHHH ace :>Ke 

MO:>KHO 6y~eT COXpaHHTb, ecnH BMeCTO paCCMaTpHBaeMOrO 

MWCneHHOrO 3KCnepHMeHTa IB 6opHOBCKOH MO~H~HKaiJ,HHI 
HCnOnh30BaTL, HanpHMep, TaKOH OnWT, B KOTOpOM B MO

MCHT H3nyqeHHH cBeTa Teno A /Maccw M/2 I** uaxo

~TCH Ha paCCTOHHHH el ~ e[ 1 + ( M/2) c 2 I & ] - 1 OT neaoro 

KOHu,a u,unuu~pa /eM. pucyHoKI.ITpH 3TOM B pe3ynLTaTe 

*Ha caMOM ~ene CBeT ~OCTHrHeT ~pyroro KOHIJ,a IJ,H
nHH~a 3HaqHTenbHO paHLWe, qeM Ty~a ~OH~CT B03M~eHHC. 

** Mw cquTaeM, qTo Macca co6cTBeuuo u,unuu~pa Mana 
no cpaBHeHHIO C MaccaMH Ten A H B, TO~HHOH KOTOpWX 
MW TaK:>Ke npeue6peraeM. 
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H3nyqeHHH TOnhKO yKa3aHHOe Teno npH06peTaeT CKOpOCTb 

v .. 2&/(Mc) 

,..... ..-

A 
t, ----. B 

...._ 
~ 

llpe~naraeMaH nocTauoaKa onwTa y:>Ke ue Tpe6yeT 

yqeTa ~e~OpMaiJ,HH IJ,HnHH~pa, nOCKOnLKY CBeT H Teno A 
6y~yT ~OCTHraTb COOTBCTCTBYIO~HX OCHOBaHHH IJ,HnHH~pa 
O~HOBpeMeHHO. 
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PyKonucb nocmynuAa e U30ameAbCKUU omoeA 
30 HOJ16p.11 1977 zooa. 

HeT RH npo6eRoB B BameH 6H6RHOTeKe? 
Bbi MoJKeTe noJiy'IHTb no noqTe nepe'IHcJieHHble HHJKe KHHrH, 

eCJIH OHH He 6biJIH 3a.Ka3aHbl paHee . 

P1,2·7642 

,ll3-7991 

,ll1,2-8405 

P1,2-8529 

,ll6-8846 

,ll13-9164 

,ll1,2-9224 

,ll13-9287 

.ll7 - 9734 

,ll2 - 9788 

.ll-9920 

.ll9-10500 

,ll2-10533 
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2 p. 50 K. 

2 p. 05 K. 

2 p. 60 K. 

1 p. 90 K. 

4 p. 20 K. 

3 p. 60 K. 

Tpy.nw VIII MeJK.D;ysapo.nuoro cswno3ByYa 
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