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AHanor reopeMbi EHpKro<Pa llnii nenHHeiiHoii 311eKrpouHH8MHKH 

noK838HO, '!TO UeHTp811bH~HMMeTpH'!HOe perneHHe CHCTeMbl ypaBHeHHH 

3llHlllTei\Ha H ypaBHe!IHH HellHHeiiHOH 311eKTp01lHH8MHKR BHe BeiUeCTBa I!BllSI

eTCst craTH'!eCKRM. B qacrnocTH, 3ro OTHOCHTCH K ypaaHeHHHM MaKcaenna 
H ypaaHeHHstM EopHa-HR~enhua B rpaBHTBUHOHHOM none. 

Pa6ora BbJITOnHeHa B Jla6oparopHH reoperH'!eCKOii ~H3RKH OV!HH. 

Coo6meHMe 06benHHeHHOrO HHCTHTyTa HnepHNX HCCAeAOBaHHH 

~y6Ha 1976 

Isayev G.V. P2 - 10347 

Birkhoff Theorem Analogy for the Nonlinear 
Electrodynamics 

A central-symmetrical solution of the Einstein and 
nonlinear electrodynamics equations outside the matter 
is proved to be static.Specifically the affirmation con
cerns with the Maxwell and Born-Infeld equations in a 
gravitational field. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 
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1. BeeoeHue 

B nocne,IJ.HHe ro,IJ.hl B nuTepaType HHTencuuuo o6cy)K,IJ.a
eTCJI uonpoc o noue,IJ.enuu pa3nH'IHhiX noneii u paMKax o6I.Qeii 
TeOpHH OTHOCHTenhHOCTH. 3TH BOOpOCbl HHTepeCHbl, C O,!J.HOH 
CTOpOHbl, B CBJI3H C rpaBHTaiJ.HOHHbiM I<OnnanCOM H Tal< 
Ha3biBaeMhiMH "qepHbiMH ,IJ.blpaMH" /CM. 0630p /I/ H npHBe
,IJ.eHHble TaM CCblnKH/ H, C ,IJ.pyroif CTOpOHbl, B CBJI3H C ua
,IJ.e)K,!J.OH ua perynJipH3YIOI.QYIO ponh I<pHBH3Hbl npOCTpaHCTBa
BpeMeHH B I<BaHTOBOH TeOpHH nonJI /CM. 0630p / 2/ H npu
Be,IJ.eHHble TaM CChlnKH/. HapJI,IJ.Y C Mai<CBennoBCI<OH 3nei<Tpo
,IJ.HHaMHI<OH, HCXO,!J.JII.QeH H3 narpaH)KeBOH nnOTHOCTH f -F 11J" 11~ 
paccMaTpuuanucb paJnH"'Hble uenuueiiHLie o6o6I.QeHHJI. Ha
npuMep, Jiepe3HH u MapKOB 13< u CBJI3H co cna6hiMH BJau
MO,IJ.eiicTBHJIMH B npouecce rpauuTauuouuoro Konnanca,pac
cMa Tpuuanu uenuueiiuwe nonJI c narpau)Keuoii nnoTHOCTbiO 

11'' f 
BH,IJ.a f- <F F ) , r,IJ.e 

11'' 
e = ~!.. n=0,1,2, ... *.Ha ueo6-

2n + 1 

xo,IJ.HMOCTh paccwoTpeHHJI uenuueiinhiX noneii 6onee o6u_.ero 
BH,IJ.a B HCKpHBneHHOH MeTpHKe B CBJI3H C B03HHKHOBeHHeM 
B HenuueAHhiX TeO,HJIX cuepXCBeTOBblX CKOpOCTeH yKa3b1Ba
nu .6noxuuf.,ef / 4 , Hryeu Ban X~oey / 57 u ,IJ.pyrue /eM. 

ccwnKH B /. 

* 3To orpauuqeuue ua B03MO)f(Hble JHa'leHHJI f cne,IJ.yeT 
HJ ycnOBHJI nonO)KHTenbHOH onpe,IJ.eneHHOCTH DnOTHOCTH 
JHepruu T~ /eM. /3/ I. 
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B 3TOH pa6ore paccMorpeH Hau6onee o6muH: Knacc 

HenHHeHHbiX 6e3MaCCOBhiX BeKTOpHbiX noneH B paMKaX 

o6meH TeOpHH OTHOCHTenbHOCTH H ~OKa3aHO cne~yiOmee 
yraep)l(~eHue: 

B l(eHTpanbHO-CHMMeTpHqHOM cnyqae B nyCTOTe MeTpHKa 

H none JIBnJIIOTCJI CTaTuqeCKHMH. 

AHanorHqHoe YTBep)l(~eHHe B OTCfTCTBHe BHeWHHX noneH 

B o6meH TeOpHH OTHOCHTenbHOCTH HOCHT Ha3BaHHe TeopeMbl 

liupKro$a. 

2. BeKmopHoe noAe 

llpHHJIThl 0603HaqeHHJI: , p. - 06hlqHaJI npOH3BO~HaJI no 

x ~ ; 11 - KOBapuaHTHaJI npoH3BO~HaJI no x/-L. PaccMoTpHM 

HenuHeHHoe aeKTOpHoe none, onpe~enJieMoe narpaH)I(eaoH: 

nnoTHOCThiO caMoro o6mero BH~a: 

f = fl«<, I) ' /1/ 

r~e f - npOH3BOnhHaJI, O~HOKpaTHO ~H$$epeHUHpyeMaJI 
$yHKl(HJI ~BYX B03MO)I(HbiX He 3aBHCHMbiX HHBapHaHTOB BeK
ropHoro nonJI: 

cKanJipa 
1 J.LV 

K =- -4F J.LVF /2/ 

u ncea~ocKaJIJipa 

1 - 11v ap 
1=--V-g£ F F . 

8 J.LVVp 

3~ecb FJ.LV =Av,J.L-AJ.L,v-reHJop nonJI, £ J.Lvap - e~HHHqHbiH, 
a6coniOTHO aHTHCHMMeTpHqHbiH nceB~OTeH30p C KOBapHaHT

HbiMH KOMnOHeHTaMH V=g f J.LVap /no~p06HOCTH CM., Ha

npHMep, B 161 /. YpaaHeHHJI nonJI nonyqaeM, ucxo~JI H3 

npuuuuna HaHMeHbrnero ~eH:cTBHJI c narpaH)I(eaoH: nnor

HOCTbiO I 1/, a BH~e: 

-~ [v-=<_it_ . ~-ax v g JK JF 
J.LV 

af 
+--

JI 
)] = 0. 

JF J.LV /3/ 

4 

.. 

~ 

TeH30p 3He~rHH-HMnynhca nonyqaeTCJI no $opMyne runb-

6epni /eM. 61 I B CHMMerpuqHoM BH~e 

1 ~ 
-'lf-g TIL~' 
2 

a 
() g p.v 

(\;_::_-gfl >- ~[ a(vf-gi<l) 
a 

I; IIV--)1. 
X Jgr '~ 

linaropa~JI TOMY, 'ITO 'leTblpexnoTeHUHan All BXO~BT B 

narpaH)I(eBy DJIOTHOCTit f TOnltKO B BH,IJ;e KOM6HHaUHB 

F =A -A ~A -A rv v;r p.; v v,r p.,v 

/6/ 
/eM. /, 

f He 3aBHCHT OT CHMBOJIOB KpHCTO~eJIJI H, CJieJJ;OBaTeJIItHO, 

He 3aBHCHT OT npOH3BO)lHblX g p.v, f;. C yqeTOM :noro 

s:weew: 

T = _ gaa' af F F , + 
f'V JK pn vu 

1 af - a{3 ap 
+ 8 gp.v aiV- gt" aflapF F - gp.v fl . /4/ 

3. l.(eHmpaAI>HO- CUMM€1/IpU'IHI>UJ CAy'laU 

IlapaMeTpH3feM HHTepaan B BH,IJ;e /6/ 
2 v2 A 2 2 2 2 2 

dS = e dt - e dr - r (dO + sin Od¢ ) • /5/ 

A+v 
- -2- 2 

Tor.na vf-g = e r sinO, r~e aae.neHbl KoopJJ;HHaThl 

1 2 3 
(x 0

, x ,x ,x ) =(t, r, 0,¢) /ci<opocTit caeTa c= 1 I. 

B ueuTpanLHo-cHMMeTpH<IHOM cnyqae oTJIH'IHhl OT HYJIJI 

TOJihKO .nae I<OMnoueuTw Teu3opa nonJI: F01 =-F10 .B 3TOM 

CJiyqae nceB.IJ;OCKaJIJip I, a BMeCTe C HHM H BTOpOH 'IJieH 

B npaBOH 'laCTB /4/ TO)I(,IJ;eCTBeHHO o6pa~aiOTCJI B Hym •• 
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)].oa He o6pal.l.\al01.1.\HXCH TO:>K,IJ,eCTBeHHO B HYJIL ypaoHe

HHH llOJIH 131 B CJiyqae UeHTpaJibHOH CHMMeTpHH npHHHMalOT 

BH,IJ,: 

A+ v 
a -2- 2 aft 

--[e r ---] 
at aF 01 

A+V 

0 ' 

a -y-- 2 as: 
-- fe r -- ]= 0 0 

cJr aF 01 

40 Ypae1wHUJ1 3uHwmeuHa 

161 

B cnyqae UeHTpaJILHOH CHMMeTpHH HeJaBHCHMbie, He 

o6paiUaiOIUHeCH TO)I(,IJ,eCTBeHHO B HYJIL, KOMllOHeHTbl ypao

HeHHH 3HHlliTeHHa HMelOT BH,IJ,: 

-A v' 1 
-e (-- + -) + 

1 
') = 8rrkT 

1 

r r 2 r - I ' 

-A A' 1 1 0 
- e (- -- + --) + -- = 8rrkT 

-A A 
-e 

r 

r 2 2 o 
r r 

1 
8rrkT o o 

171 

181 

191 

lliTpHXOM 0603Ha'ieHa npOH3BO,IJ,HaH no pa,IJ,uycy, TO'IKOH -

npouJBO,IJ,HaH no opeMeHH lno,IJ,po6HOCTH CMo o /6/ I 0 

YpaoHeHHH .IJ.JIH T 2
2 

H T ~ Ia paccMaTpuoaeMoM cnyqae 2 3 ,) 
T2 ccT3/ CJie,IJ,ylOT H3 17-91 B CHJIY TO:>K,IJ,eCTB JibHHKHo BLI-

'IHCJIHH HY)I(Hble HaM KOMllOHeHTbl TeH30pa 3HeprHH- HM

nynLca no tl>opMyne /4/, HMeeM: 

, o . -(Aw) aft <F ) 2 -ft, 
'lo=e aK 01 1101 

6 

8 
I 

\ 
I 

1 -(Mv) aft <F ) 2 _ ft , 
T 1 = e aK 10 

1111 

T
1

= 0 0 . 
1121 

BLI'IHTaH 181 H3 171, c yqeTOM Toro, 'ITO T·o T' 
HMeeM * 

() I ' 

A'+v'=O, 

OTKy,IJ,a 

A + l' = f ( t) . 1131 

B cnyqae BLI6opa HHTepoana o BH.IJ.e 151 ocTaeTcH eiUe 

B03MO)I(HOCTb, He HapylllaH UeHTpaJibHOH CHMMeTpHH H BH,IJ,a 

151, CJJ.eJiaTL npeo6pa3oBaHue opeMeHH BH,IJ,a t ,f; (t ') 

jcM. I h/ 1. BLI6pao 

. f( I ')/2 
t ~ f e dt', 

r ,IJ,e f( t ') - tPYHKUHH H3 npaBOH 'iaCTH 1131, llOJIY'iHM 

A I I' -· () . 1141 

113 ypaoHeHHH 3iiHlliTeiiHa 191,1121 cne,IJ,yeT, 'ITO A=A(r). 
Tor,IJ,a H3 1141 BH.IJ.HO, 'ITO u ,,c t'(rl. CTaTH'iHOCTb MeTpHKH 

.IJ.OKaJaHao CTaTH'iHOCTb nonH Henocpe,IJ,CTBeHHO cne,IJ,yeT HJ 

161 H YCJIOBHH 1141. 
TaKHM o6paJoM, aHanor TeopeMbi JiupKrotl>a .IJ.OKaJaH. 

Ycnooue I 141 O'ieHb ynpoiUaeT Ja,IJ,a'iy u noJBOJIHeT TO'IHO 

pelliHTb CHCTeMy ypaBHeHHH 3HHlliTeHHa H paCCMaTpHBaeMO

ro llOJIH IB paMKaX UeHTpaJibHOH CHMMeTpuul. )l.eHCTBHTeJIL

HO, B CHJiy YCJIOBHH 1141 KOMllOHeHTbl MeTpH'IeCKOrO TeH

JOpa ooo6IUe He BOH.IJ.YT B ypaoHeHHH nonH 161. Tor,IJ,a HJ 

ypaBHeHHH llOJIH 161 MO)I(HO HaHTH HanpH:>KeHHOCTb nOJIH KaK 

* )l.JIH MaCCHBHbiX noJieH JiarpaH)I(eBa nJIOTHOCTb ft Ja
BHCHT TaK:>Ke OT 'iJieHa m2A All,, BCJie,IJ,CTBHe qero Hapy
lllaeTCH ycnooue Tg~ T I1 ,H no froB: npH'IHHe see ,IJ,aJILHeiimee 

,IJ,OKaJaTeJILCTBO ,IJ,JIH HHX He npOXO,IJ,HT. 
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IPYHKU.HJO TOJILKO Koop.n;HHa T. 3Ta JaBHCHMOCTL 6y.n;eT TaJcoii: 
)Ke, KaK B nnocKoM npocTpaHCTBe *. B TeH3op JHepruu
HMnynLca /10/, /11/ KOMDOHeHT.bl MeTpH"'eCKOrO TeH30pa 
TaK)Ke He aoii:.n;yT. Tor.n;a B npaaoii: qacTH ypaaHeHH.II /7/ 
Mhl nony"'HM HJBeCTHYJO 41YHKU.BJO pa.n;syca. Ilepenscaa /7 I 
B y,n;o6HOB ,D;JIJI peweHHJI 4JopMe, HMeeM ypaBHeHHe 

-A , 1 -A 1 o 
(e ) + - e = - - 8 muT 

0 
(r) . 

r r 

Ero peweuue: 

00 

2 0 -A const _ 8rrk f 1: T {~)d~. e = 1+ -- "' o r r y 

lh ycnoBH.II, 'ITO npu T p.v~ 0 MLI ,D;OJI)I(HbJ nony"'HTL peweuue 
Illaapu.wunL,n;a, Haxo.n;HM; const = - 2km . 

B qacTHOCTH, npu f= const· K ace Bh1WecKa3aHHoe OT
HOCHTC.II K MaKCBeJIJIOBCKOMy 3JleKTpOMarHHTHOWY ITOJIJO; 

_!!_-tl_ 
f<l 2n + l 

npu ot. = const· <K> , r.n;e n = 0,1,2, ... - K non.11w, pac-

CMOTpeHHLIM 1iepe3HHh1M H MapKOBLIM I 31, H npu 
f = 1 - (1 - K- I 2

) lh - K uenuueii:uoii: JJieKTpo.n;HHaMHKe liop
Ha- HH$eJILAa / 7/. 

B JaKJIJO"'euue 6naro.n;apro P .A.Acauoaa 3a MHoro"'HC
neHHLie o6cy)K.n;eHH.II, npo!lJ. H. A. lJ.epHHKoaa Ja none3Hh1e 
3aMe"'aHH.II H npo4J. )J;.H.linOXHHI.I,eBa 3a BHHMaHHe K pa6oTe. 

*B cnyqae peweHHJI Hop.n;cTpeMa- Peii:ccuepa JTOT pe
JYJILTaT H3BecTeH. HanpJI)KeHHOCTL JneKTPH"'ecKoro non.11 

const 
HMeeT BH,D; E r = Eo l = --;r· KOMDOHeHTbJ )l(e MeTpH"'eCKoro 

TeH30pa OTJIH"'HbJ OT CBOHX "nnOCKHX" 3Ha"'eHHB. 
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