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AcaROB P.A., l1caes r.B. P2 - 10575 
I 

none Eopna-11H4>enb.aa c BHelllHHMH HCTO'IHHK8MH ~ 
H rp8BHT8UHOHHOe o6o6meHHe 

PaCCMOTpeH sapHaHT reopHH Eopna-l1H<jlellb.aa c BHelllHHMH HCTO'IHHKaM 

(TOK8MH) B p8MK8X o6meil reopHH OTHOCHTenbHOCTH, B .ayxe COOTBeTCTBHR 

c aneKrpo.aHH8MHKOII Maxcsenna-flopenua. l!ccne.ayercR cTaTH'IeCKOe 

c<jlepH'IeCKH-CHMMeTpH'IHOe pellleHHe C TO'Ie'!HbiM HCTO'IHHKOM. noK838HO, 

'ITO OHO HMeeT cymecTBeHHYIO OC06eHHOCTb B MeCTe H8XOll<.[leHHR HCTO'I

HHK8, nocrpoeHo pemeHHe 6ea oco6eHHOCTeil nyTeM sse.aeHHR HeTO'Ie'!Horo 

HCTO'IHHKa. YrnepJK.aaeTCR, 'ITO s cornacosaHHoil reopHH cymecrsyJOT 

38Tp8BO'IHble M8CC8 H 38pM Henonesoro npOHCXOll<.[leHHR, 

Pa6ora BbmonHeHa s fla6opaTopHH TeopeTH'IeCKOH 4>H3HKH Ol1.Hl1. 

Coo61UeHRe 06'1oe.llRReHHOrO RHCTRTYTA a.uepRWX RCCneJIOB&HRi. ,lly6aa 1977 

Asanov R.A., Isaev G.V. n - 10575 

Born-Infeld Field Theory with External Sources 
and General Relativity 

We state that the external sources of a field are 
to be introduced into the Born-Infeld nonlinear electro
dynamics. A version of the Born-Infeld theory with exter
nal sources (currents) is considered in a flat space-time 
in analogy with the Maxwell-Lorentz electrodynamics. We 
conclude that in a consistent theory the bare mass and i 

charge of a nonfield origin should exi~t. 
The theory with external sources is formulated 

in the framework of general relativity. An analog of 
the Birkhoff theorem is proved, "The investigation o~ the 
spherically-symmetric static solution for a point source 
has revealed an essential singularity at the point of the' 
source. Solutions are found of the type of a "black 
hole" vith horizon and of the type of a naked singularity. 
A nonsingular self-consistent solution is obtained by 
introducing the extended source of charge and mass. 
Communication of tbe Joint Institute for Nuclear Research. Dubna 1977 
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HenHHeiiHa.ll TeopH.II M.JiopHa H JI.HHiiJenb,ua/1/ 6blna 

npe~no~eHa KaK B03MO~HOe o6o6~eHHe JneKTpO~HHaMHKH 

MaKcuenna Ha cnyqaii cHnbHbiX none:H. rpaBHTaUHOHHbie 

JliJiiJeKTbl npH JTOM He Y'IHTblBanHcb. C ~pyro:H cTopoHbi, 

cy~ecTuyeT HJBecTHoe pellieHHe Hop~cTpeMa-Pe:HccHepa, 
B KOTOpOM Y'ITeHO BilHJIHHe rpaBHTai.J;HH, HO CKOilb yro~HO 

CHilbHOe JneKTpOMarHHTHOe none OflHCblBaeTCJI ypaBHeHHJI• 

MH MaKcuenna. 

J~eCb paCCMOTpeHa TeOpH.II JiopHa-HHiiJenb~a C BHew

HHMH HCTO'IHHKaMH flOilJI B paMKaX o6~eH TeopHH OTHOCH

TenbHOCTH. BHal.fane paccMoTpeHa liJopMynHpouKa JTOH Teo

PHD C BHCWHHMH TOKaMH B flilOCKOM npOCTpaHCTBe·upeMe

HH. 0TMe1.faeTCJI, 'ITO y~e npH paCCMOTpeHHH JiopHOM H 

HHiiJenb~OM cTaTHl.fecKoro c4JepH1.fecKH- CHMMeTpH'IHOro pe

meHHJI B03HHKaeT He06XO.D,HMOCTb/3 / BBe.D,eHHJI BHeWHero 

HCTO'IHHKa flOilJI. B npOTHBHOM cnyqae HMenOCb 6bl ilHWb 

TPHBHanbHOe Hyneuoe peweHHe. YpauHeHH.II .D.BH~eHH.II Hc

TO'IHHKa Jap.II.D,a npHBO.D,JIT K He06XO~HMOCTH BBeCTH TaK~e 

Macey BHeWHero HCTO'IHHKa. 1103TOMY BbiBO.D. JiopHa H HH-

4Jenb.D,a /eM. TaK~e 12 •31 I o TOM, 'ITO u Hx TeopHH oTcyT

CTBYJOT BHeWHHe HCTO'IHHKH, TO eCTb MaCCa H Jap.II.D, HC

TO'IHHKOB flOilJI - 'IHCTO noneuoro npOHCXO~.D,eHHJI - ~On~eH 

6b1Tb JaMeHeH cne.D.yJO~HM: B cornacouaHHOH TeopHH cy

II.J;eCTBYJOT JaTpaBO'IHble Macca H Jap.R.IJ. nenoneuoro npoHc

xo~~eHB.II, KOTOpble He MOryT 6b1Tb npupaBHeHbl HYiliO. 

TeopB.II C BHeWHBMH HCTO'IHHKaMH CTpOHTCJI B .D,yxe 

cooTBeTCTBB.II JneKTPO.D.BHaMBKe MaKcuenna- JlopeHn;a. Bhl

BO.D. 0 KOHel.fHOCTB noneBOH 3HeprHB I.J;eHTpanbHO-CBMMeT

pH'IHOrO peweHBJI ypaBHeHBH JiopHa-HHiiJenb~a OCTaeTCJI 

cnpaue.D,nHBblM. OTMe'laeTc.ll, 'ITO npu uue.D,eHBB BHewHero 
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TO'Ie'IHOrO HCTO'IHHKa Hanpx~eHHOCTb nonx B TO'IKe rs0 
KOHe'IHa, HO pa3pbiBHa /"e~HK"/. 3TOT Kpyr BOnpOCOB 
paccMoTpeH TaK~e noToMy, 'ITO B nocne.u;Hee BpeMx nonx 
Tuna noneii EopHa- HH4Jenb.n;a B nnocKOM npocTpaHCTBe
BpeMeHH CTanH npHMeHHTbCH B CBH3H C .n;yanbHo-pe3o
HaHCHMMH MO.n;enHMH/4/ H CTOXaCTH'IeCKHMH npOCTpaHCT
BaMH /S/. 

B pa3.n;ene 2 .u;aHa 4JopMynupoBKa Teopuu EopHa-Hu-
4Jenb.u;a C BHelliHHMH HCTO'IHHKaMH B paMKaX o6meii TeOpHH 
oTHocuTenbHOCTH. B pa3.u;ene 3 .u;oKa3aH aHanor TeopeMbi 
EupKro4Ja. B pa3.u;ene 4 uccne.u;oBaHo TO'IHoe c4JepuqecKu
CHMMeTpH'IRoe pellleHHe CHCTeMM ypaBHeHHH 3HHlliTeHHa
EopHa- HH«Penb.u;a c TO'Ie'IHMM HCTO'IHHKOM. 3To pellleHue 
HBnHeTCH, C O)l;HOH CTOpOHbl, o6o6meHHeM pellleHHH EopHa
lfH4Jenb.n;a Ha cnyqaii CHnbHbiX rpaBHTaUHOHHMX noneii,- C 
.u;pyroii - B03MO~HbiM o6o6meHueM pellleHHH Hop.u;cTpeMa
PeiiccHepa Ha cnyqaii cunbHMX 3neKTpoMarHHTHMX noneii. 
B 3TOM pellleHHH K oco6eHHOCTH nonx Eopua- HH«PenL.u;a 
B TO'IKe r ~ 0 /"e~HK"/ .u;o6aBnxeTcx cymecTBeHHax oco-

6eHHOCTb MeTpHKH B TO'IKe r .0. KpoMe TOrO, B 3aBHCH
MOCTH OT COOTHOllleHHH napaMeTpOB, B pellleHHH cymecT
ByeT unu He cymecTByeT nceB.u;ooco6eHHOCTb Tuna "ropu-
30HT" /6/. )J.pyrHMH cnoBaMH, B 3aBHCHMOCTH OT COOTHO
llleHHH MaCCbl H 3apx.n;a 06beKTa pellleHHe OnHCbiBaeT "qep
HYIO .D;Mpy" HnH rony10 CHHrynxpHOCTb. 

B pa3.u;ene 5 noKaJauo, 'ITO ycTpaHHTb cuHrynxpHOCTb 
B Hyne, a TaK~e "ropH30HT" MO~HO nyTeM BBe.n;eHHH Ja
px~eHHOrO nMneBu.n;Horo /6e3 .u;aBneHux/ o6naKa BemecT
Ba pa.u;uyca He MeHbllle 'leM pa.u;uyc "ropH30HTa". Ilpu o.u;
HOM cPHKCHpOBaHHOM COOTHOllleHHH napaMeTpOB /COOTBeT
CTBYIOIUeM pellleHHIO 6e3 "ropu3oHTa"/ pa.u;uyc o6naKa 
BemecTBa Mo~eT 6MTb c.u;enaH KaK yro.u;Ho ManMM. IlocT
poeHue pellleHHH 6e3 OCOfieHHOCTeH C HCTO'IHHKOM KaK 
yro.n;Ho Manoro pa3Mepa BMecTe c aHanoroM TeopeMbi 
EupKro«Pa / 7 I .u;oKa3MBaeT, 'ITO B paccMaTpuBaeMoM qacT
HOM cnyqae none EopHa-HH«Penb.n;a npe.u;oTBpamaeT o6pa-
30BaHue "qepHoii .n;MpM" *. B nuTepaType HMeiOTCH yKa-

* 3.u;ecb ue y'IHTbiBaeTcx KBaHTOBblii 34l«PeKT po~.u;euux 
nal?. e +e- , p.+p.- H .u;p. B none Eopua-Hu4Jenb.n;a, KOTO-
PMH MO~eT H3MeHHTb KapTHHY. 
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JaHHJI Ha B03MO~HOCTb no.n;o6HOH CHTya.uyu B cnyqae CKa
nHpHOrO /B/ H BeKTOpHOrO Me30HHOro 19 noneii, O.D;HaKO, 
KaK JaMe'leHo M.A.MapKOBbiM 1101 , .u;oKaJaTenbCTBO .u;nx 
3THX noneii, BBH.D;y OTCYTCTBHH aHanora TeopeMbl bHpKrO-
4Ja, Tpe6yeT )l;HHaMH'IeCKOrO paCCMOTpeHHH. 

qacTuoe pellleuue 6e3 oco6euuocTeii ucnonbJyeTcx npu 
paccMoTpeHHH aonpoca o Macce ueHTpanbuo-cHMMeTpuq
uoro pellleHHH cucTeMbl ypaBHeHHii 3iiHlliTeiiHa- Eopua-Hu-
4Jenb.n;a. lloKa3aHO, 'ITO B paMKaX o6meii TeOpHH OTHOCH
TenbHOCTH u nonuax H noneaa.11 3Hepruu KoHe'IHbl. 

1. TeopuJt EopHa- HH(JeAr.oa 
C 6H€1UHUMU UCIII0'4HUKQMU 

Eopu a Hu«Penb.u; o6o6mana 3neKTpo.u;auaMBKY MaKe
senna, BBe.D;JI B TeOpBIO KOHCTaHTY (b) C pa3MepHOCTbiO 
uanp.llll<eHHOCTH nonJI H narpaH~&au 

b2 I 2 
f - - ( v' 1 +F -G -1), 

477 

J.n;ecb 

F._!_p Fllv, 
2b 2 Ill! 

G = -1 fvApF F 
8b2 f.LV Ap 

B, no onpe.u;eneHBIO. Ff.LI' - allAV -aVAil /BH.D;eKCLI nepe-
MeiUaiOTCJI C fiOMOIUbiO TeH30pa T/p.v C .n;&arouanbHLIMB 
KOMnOHeHTaMB + 1, -1, -1, - 1/. B npe.u;ene ManLIX HanpJI
lKeHHOCTeH 3TOT narpaHli<BaH nepexo.n;&T B MaKcaennoa 

__ 1_ F p.v 
1677 llV F . )J.anee Eopu B Hu«Penb.n; CTPOJIT Teop&IO, 

onapa.acL TonLKO ua caoii 'IBCTO noneaoi narpaHlK&aH, 
KaJanOCL fiLl, 6e3 BBe.n;eHBA /BHeWHBX/ BCTO'IHBKOB no
nA, a ua aapaauaoHHLii npauuan. O.u;uaKo yll<e npa pac
CMOTpeuaa .EopuoM a Hu4lenL.n;oM caoero ctlJep&'leCK&
c&MMeTp&'IHoro CTaT&'IeCKOI"O peweHBA ypaBHeHBi non.a 
no.aan.aeTCA ueo6xo.n;&MOCTL 131 ase.u;eua• auewuero ac
TO'IH&Ka 3ap.a.u;a, npaao.u;•mero K no•aneH&IO npaaui qacT& 
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.... 3 .... 
B ypaBHeHHH nom1 divD = 4rre 8 ( x) , 

.... E 
3.IJ.eCb D=--, 

vT+F' 
B npoTHBHOM cnyqae HMenocb Obi TOIIbKo TpHBuanbuoe 

uyneBoe peweuue loTCIO.IJ.a HMeeM _1_ I div D d 3x = e 
4rr 

3 d x = dx dy dz 1. Ilo3TOMY xoTenocb oopaTHTb BHHMauue 

Ha B03MO*HOCTb nocTpOeHHH TeOpHH B ,IJ.yXe nOIIHOrO co

OTBeTCTBHoll c 3IIeKTPO.IJ.HHaMIQ<OH MaKCBenna-Jiopeuu;a. B 

caMOM ,IJ.ene, .IJ.OOaBneuue K narpaH*Bauy TOIIbKO qneua, 

OnHCblBaiOJJ..{ero B3aHMO,IJ.eHCTBHe nOIIH C BHeWHHM TOKOM 

BH,I].a J~A~ , npH BapbHpOBaHHH ,l].eHCTBHH no KOOp,IJ.HHaTaM 

TOKa npuBeno Obi onHTb K TPHBuanbHOMY BhlBO.IJ.Y F~v == 0 . 
HTaK, ecnu ucxo.IJ.HTb no-npe*HeMy H3 Bapuau;uouuoro 

npHHI.{Hna, MO*HO 3anuca Tb ,IJ.eHCTBHe B BH,IJ.e: 

S=J f d 4x =- I[~-puaA +1L([i:F-G~-l)]d 4x,(c=l),JII 
a 4 TT 

3.IJ.eCb ua =dxa/ds - qeTwpexcKopocTb, ~ u p- nnoT

HOCTH MaCCbl H 3apH,IJ.a BHeWHero HCTO'IHHKa. IlpH BapbH

poBaHHH no A~ nonyqaroTCH ypaBHeHHH norn~H~--; 

a~p~v =4rrJv, p~v ~(Filv_Gc~vApFAp)(j1+F-G2 )-l, 
lr.IJ.e J~ ~ pU~ I, OTIIH'IaiOJJ..{HeCH OT OOpHOBCKHX npaBOH 

'laCTbiO. Coxpaueuue BHewuero TOKa avJ v =0 O'leBH,IJ.HO. 

Ilpu BapbupoBanuu no KOOP.IJ.HHaTaM TOKa nonytiaiOTCH o6hi'I

Hbie ypaBHeHHH .IJ.BH*eHHII MaKcBenna-Jiopeuu;a Bo BRew

HeM none 

du a a A A dx A 2 ~ v 
M ,...-- '"' - e F , u , u = -d - , ds = Tf dx dx . 

as A s ~v 

B TaKoii KapTHHe B03MO*HaH HHTepnpeTau;uH 6opua u Hu

tiJenb.IJ.a 3apH,I].a CTaTH'IeCKOrO IICTO'IHIIKa KaK IIMeiOJJ..{ero 

'IHCTO noneByiO npHpO.IJ.Y ocTaeTcH cnpaBe.IJ.IIHBoii. HMeuuo, 

ypaBueHHH nonH .IJ.aiOT divE = 4 rr p
0 

+4 rr J
0 

}1+F::.._-G 2 
, 3.IJ.eCb 

p
0

- BBe,IJ.eHHaJI nopHOM H HutiJeiib,I].OM niiOTHOCTb "CBO

OO,IJ.HblX" noneBbiX 3apH,IJ.OB. ,lJ;IIH ctiJepuqe CKH- CHMMeTpH'I-

/l:F
- 11 3 2 2 -/2 -

uoro peweHHH J 0 ~ eo (X), -G sZ (l+Z") , Z ,.,ry'b/e, 
n03TOMY 'IIIeH C Jo HC'Ie3aeT:} H OCTaeTCH, KaK y nopua, 

divJ! = 4rrp
0 

H -;f;-IdivEd x -Ip0d3 x =C. B HX peweHHH 
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IIMeeTCH, Ka3aiiOCb Obi, HeCyl.l.{eCTBeHHaH OCOOeHHOCTb: pa3-

pblBHOCTb 3IIeKTpH'IeCKOrO nOIIH B MeCTe HaXO*.IJ.eHHH BRew

Hero HCTO'IHHKa. KaK noKa3aHO HH*e, npH BBe,l].eHHH B 

TeOpHIO rpaBHTal{HOHHOrO B3aHMO,IJ.eHCTBHH 3TO npOHBIIH-

.eTCH B nOHBIIeHHH Cyl.l.{eCTBeHHOH OCOOeHHOCTH B MeTpHKe, 

KOTOpaH MO*eT ObiTb IIHKBH,IJ.HpOBaHa BBe,IJ.eHHeM HeToqeq

HOrO "pa3Ma3aHHOrO" BHeWHero HCTO'IHHKa. 

B npHBe,l].euuoii tiJopMynupoBKe, ecTeCTBeuuo, HeT B03-

MO*HOCTH HHTepnpeTHpOBaTb Macey KaK 'IHCTO noneByiO, 

nOCKOIIbKY B TeH30pe 3HeprHH-HMnyiibCa nOHBIIHeTCH ,1].0-

0aBKa ~ u ~ u v H K Bbi'IHcneuuoMy 6opHoM H HutlJenb.IJ.OM 

Juaqeuuro nonuoii 3Hepruu 1,24 e 2/r0 , r 
0 
=velb npuoaBHTCH 

3 
3a TpaBO'IHaH Mace a m 33T. =I~ d x . Bonpoc o noneBoii H 

uenoneBoii Macce BbiriiH.IJ.HT TaK *e, KaK B 3IIeKTPO.IJ.HHa

MHKe MaKCBenna-JiopeHu;a, 3a HCKIIIO'IeHHeM KOHe'IHOCTH 

3Ha'leHHH noneBoii 3HeprHH. CBH3aHHaH c 3THM BonpocoM 

"npooneMa 413" TO*e BhlriiH.IJ.HT auanorH'IHO cnyqaro 3IIeKT

PO.IJ.HHaMHKH MaKcBenna- Jlopeuu;a I coBpeMeuuoe cocTOHHHe 

npooneMbi ,IJ.auo B /II/ 1. EcTeCTBeHHO TaK*e, 'ITO ypaB

ueuuH .IJ.BH*eHHH I Jlopeuua/ nonyqaroTCH 3.IJ.eCb OTHIO.IJ.h 

He KaK CIIe,I].CTBHe ypaBHeHHH nOIIH, a B nOIIHOH auanorHH 

C 3IIeKTpO,IJ.HHaMHKOH. Ilaynu /l 2 / cnpaBe,I].IIHBO 3aMeTHII, 

'ITO tPH3H'IeCKHH CMbiCII ypaBHeHHH ,IJ.BH*eHHH Jlopeuu;a He 

COBCeM HCeH, eCIIH OHH npHMeHHIOTCH K 3IIeKTpOHY. nonee 

Y.IJ.OBIIeTBopuTenLuo Borrpoc o rronuoii Macce BhlriiH.IJ.HT 

IIpH BBe,l].eHHH rpaBHTal{HOHHOrO B3aHMO,IJ.eHCTBHH H HeTo

'le'IHOrO HCTO'IHHKa, 'ITO paCCMaTpHBaeTCH HH*e. 

2. tl>opMyAupoeKa meopuu EopHa-HH(JeAboa 
C 6H€WHUMU UCMO'lHUKQMU 6 paMKQX 06fii€U 
meopuu omHocumeAbHocmu 

Ooool.l.{euue narpaH)I(Haua 11/ ua cnyqaii PuMaHoBoii 

MeTpHKH npoH3BO.IJ.HTCH OObl'IHbiM oopa30M. BenH'IHHbi F u 

G rrpuoopeTaiOT BH.IJ.: 

1 a,; f3A F F 
F = - g g t:\ f3 ' 2b 2 <,A a 

G ,._1 ___ 1_ f af3yaF 
8b2 y:.g a/ ya · 
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C y'leTOM rpaBBTaU.BB nonHOe ,D.eHCTBBe BMeeT BB,D. 

- 4 a b 2 r.-;:---
S=Jfv/-gd x =f[l1*-p*u A+ --(y'1+F-G 2-1)

a 4rr 

- 1 R]-i l6 k v-gd4 77 x, 

3,D.eCL 11 * H p * - HHBapHaHTHLie nnOTHOCTB MaCChi H 

3neKTPH'IecKoro 3apJI.n.a, u a = ts ~ - 'leTLipexcKopoCTL 

/I3/ 
lno.n.po6uocTB _u §47 I, R - cKanJipHaJI KpHBB3Ha, k -
HhWTOHOBa rpaBBTaU.BOHHaJI nOCTOJIHHaJI. llpB BapLBpOBa
HHH no A a nonyqaroTcJI ypauHeHBJI nonJI 

r---
D pi1V =4rrJv, p11v%(F 11':.... _sJ__faf311vF }(v/1+F-G2)-I, 121 

11 _ V-g af3 

v v v 
r.IJ.e J ,. p *u ; coxpaHeHHe BHeWHero TOKa Dv J zO O'le-
BH.D.HO /3.n.ecL Dv - KouapaaHTHaJI npoH3BO.D.HaJI no xv /. 
llpH BapLHpOBaHHH no KOOp,D.HHaTaM TOKa nonyqaeM ypaB
HeHHJI ,D.BH)I(eHHJI MWO z-e Fa..\ u ..\ ' wa ,.,gaoul1 D ( u 0) -
KOHTpauapaaHTHaJI KOMnoHeHTa ueKTopa ycKope~HJI. Ha
KOHeu., npH BapLHpOBaHHH no gi1V nonyqaeM ypaBHeHHJI 
3HHWTeHHa C TeH30pOM 3HeprHH-HMnynLCa 

llV 1 ~aFv 2 v ~-2 G2 
T ""'11*Jl uv +- f a - + l> ~ ( y'1+F-G + -1).131 

4rr Jl+F-G"'E )l+F-G2 

Cyll\eCTBeHHoe oTnH'IHe no cpauHeHHIO c nnocKHM cnyqaeM 
COCTOHT B TOM, 'ITO Teneph ypaBHeHHJI ,D.BH)I(eHHJI B CHny 
TO)I(,D.eCTBa liLJIHKH JIBnJIIOTCJI cne,D.CTBHeM ypaBHeHHH 3iiu
WTeHHa C TeH30pOM 3HeprHH-HMnynLca 13/ H ypaBHeHHH 
nonJI .liopHa-HHclJenL.n.a /21. 06cy)I(,D.eHHe uonpoca o non
HOB Macce 3,D.ecL~ · TaK )l(e KaK a y .liopHa H HHclJenL.n.a, 
OCHOBRHO Ha TO'IHOM cclJepH'IeCKH·CHMMeTpH'IHOM peWeHHH 
noneBLIX ypauHeHHH. 
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... 

.., 

2. AHaAoz 111eopeM&r JiupKzo(Ja 

PaccMOTPBM cclJepuqecKB-cBMMeTpB'IHLIH cnyqaif. Tor
,D.a BHTepuan B TpB He3aBBCBMLIX ypaBHeHBJI 3HHWTeHHa 
npBHBMRIOT BB,D. (x0,x I ,X 2 ,X 3 ,., t ,r, (), cp): 

d 2 v(r,t)d 2 A(r,t)d 2 2(d(J2 . 2ll...t-L2.. 
s = e t - e r - r + stn v u.p J, 

-.\ 2 /2 0 e (1/r -..\'/r)-1r ,.,SrrkT
0

, 

-.\/2, /2 I e (1 r +v /r)-1 r =8rrkT
1 

, 

-.\. 
e (..\/fh=O 

141 

151 

161 

171 

IWTpBXOM 0603Ha'leHa npOH3BO,D.HaJI no r, TO'IKOH - npOB3-
BO,D.HaJI no t I. TaK KaK npu cclJepuqecKoil CBMMeTpuu 
OTnB'IHa OT HynJI TOnhKO KOMnOHeHTa FlO ( =E ) TeH30pa 
nonJI Ff-V, B3 131 BH.D.Ho, 'ITO BHe Bell(eCTBaz Tg = T

1
1 • 

Tor,D.a, BLI'IHTaJI 151 B3 161, nony'IHMA'+v'-0, To ecTL 
A+v-f(t). C.n.enaeM .n.anee npeo6pa3ouauue upeMeHB 
t- f exp [ f( t ')/2 1 dt ', KOTopoe, He MeHJIJI uu.n.a BHTepuana 
141, npBBO,D.HT K o6pall(eHHIO f(t) B Hynh /cM/6 / §1001. 
B pe3ynLTaTe c y'leTOM ypauueHHJI /7 I HMeeM: 

..\ • ..\(r), vzv(r),A+v=O. /8/ 
TaKHM o6pa30M, MeTpHKa B cclJepaqecKH-cHMMeTpH'IHOM 
cnyqae BHe Bell(eCTBa JIBnJieTCJI CTaTH'IeCKOH /B no,D.XO· 
.D.JIII\eii cacTeMe KOOP.D.HHa T I. AHanorH'IHoe YTBep)l(.n.euae 
B OTCYTCTBHe nonJI .liopHa - HHclJenL,D.a Ha3LIBaeTCJI TeO
peMOH .liHpKroclJa. 

4. PeweHue CUC111eMbl ypaeHeHUU 

3iiHJU111eiiHa-liopHa- HHt/JeA&oa 

C 1IIO'Ie'IHblM 8HeJUHUM UC1110'1HUKOM 

PeweHae ypaBHeHHH nonJI .liopHa-HHclJenL.n.a 12/ c To
'le'IHLIM HCTO'IHHKOM 

a 3 1o ! 1o 2 
-(yCgp 10),..4rreo(x),p10,.F /v1+F F /b 
ar 10 

HMeeT BH,D. 
10 e 4 -~ A+v 

E =oF --ll+(r/r
0
)] .e , 

r r2 
0 

ro,., ..je/b 19/ 
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H acne~cTBHe ycnoBHB /8/ coana~aeT c awpa~euueM ~nB 
nonB a nnocKoM npocTpaucTBe I 1 I. 3~ecb TaK ~e KaK H B 
nnocKoM cnyqae /pa3~en 1/, HMeeM ' 

DivE =477p , -
4
1 f DivE yyd 3 x =e, 

0 1T 

r~e 

DivE=-1- ~(y'yF 10 ), y =-1-(-g}, i=1,2,3. 
v':Y axl goo 

KaK BH~Ho H3 /9/ H /8/, none .6opua-H.u4Jenb~a a pac
CMaTpuaaeMOM cnyqae TaK~e BBnBeTCB CTaTuqeCKHM. B 
cTaTuqecKoM cnyqae o6cy~~aeMoe perneuue 61>mo uaB:
~euo B o6meM BH~e <l>urnepoM 1141 H HMeeT BH.D. 

v -A 2kM k 2 2 oo - 2 . 
e = e =1- _:::..ru_ + ~ B(r), B(r)=- f (v'1-K·4

-.; )de;. /10/ 
r r r 

0 r/ro 
3~ecb nocTOBHHaB HHTerpupoaauuB Mrp ecTb rpaau

Tau,uouuaB Macca cucTeMM /T .e. Macca, axo~BJ.UaB B Ja
KOH HbloToua unu B Bblpa~euue ~nB HHTepaana/, nony
qaromaBcB H3 ycnoBHB, qTo ua 6oni>UIHX paccTOBHHBX ~on
~eu awnonHBTbCB JaKou HbroToua. llpe~enw HHTerpupoaa
HHB B /10/ Bbi6paHbi TaK, qTo6bi npu r>>r(L perneuue 
/10/ nepexo~uno B perneuue Hop~cTpeMa- PeB:ccuepa. 
,l],eB:cTBHTeni>uo, HMeeM B(r) -l. B OTKnoueuuu B(r) 

r>>r0 r 

OT 1/r Ha paCCTOBHHBX r S r O KaK pa3 H JaKmoqaeTCB 
oTnuque /10/ oT perneHHB Hop~cTpeMa-PeB:ccuepa/puc.1/. 

~ =- 1,24y'be3 

0 r 

Puc. 1 

10 

·' I 

1 
1 

.._ v A ( v -A) rpaq>HKH e , e e o= e B 3aBHCHMOCTH OT COOTHOUieHHB 
napaMeTpoa cxeMaTuqecKH H3o6pa~eubl ua puc. 2-4, r~e 
aae~eubl cne~yromue o6oJuaqeuuB: 

r 
go 

-1 P0-----
= -(2keb) ] , /11/ 

rg 
a""~ [ 1+ 

2k 
~<:._ f [0+.;

4 l 12 
-.;

2
)d.;], ll=1-2keb, 

r --
g0y'r2b/ e 

~ 

{3 = 1,24~3 /1,24 - Juaqeuue 
00 ~ 2 . 

HHTerpana f(v'1+.;--.; )de; I. 
0 

KpHBble 1-5 COOTBeTCTBYIOT cne~yiOJ.UHM COOTHOUieHHBM 
napaMeTpoa: 

1. Mrp <a 

4. M x{3 rp 

2. M =a rp 

5. M >{3. rp 

3.{3>M >a rp 

Kpuable 1-3 ua puc. 3 ue npuae~euw, TaK KaKB~an~>
ueB:rneM 3TOT cnyqaB: ue ucnoni>JyeTCB. Ha puc. 2 r g -
ToqKa, B KOTopoB: e -A o6pamaeTCB B uynb BMecTe co 
caoeB: nepaoB: npoHJBo~uoB:. AuanoruquaB aenuquua B pe
rneuuu Hop~cTpeMa- PeB:ccuepa r .. v'"ke2 . go 

11.3 rpa4JHKOB BH~HO, qTo BO BCeX cnyqaBX HMeeTCB 
cymeCTBeHHaB OC06eHHOCTb B TOqKe r = 0 /a HMeHHO , 
lim e A -,/ 1 I. KpoMe Toro, B cooTBeTCTByromux cnyqaBx 
r~ 0 

/eM. rpa4JuKH/ uMeroTCB ncea~ooco6euuocTH Tuna "ropu-
30HT". TaKHM o6pa3oM, BBe~eHHB Toqequoro auernuero 
ucToquuKa B narpaH~HaH .6opua-H.ucllenb~a-3B:urnTeB:ua ue
~ocTaToquo ~nB nocTpoeHHB caMocornacoaauuoB: Teopuu, 
TaK KaK npH HanuqHH OCOfieHHOCTH B MeTpHKe HenpHMeHH· 
Mhl TeopeMbl raycca H CTOKCa, qTo He ll03BOnBeT onpe
~enHTb coxpaHBIOJ.UHecB HHTerpani>Hhle aenuquuw THna 3Hep
ruH-HMnyni>ca H yrnoaoro MOMeHTa. CTaTuqecKoe perne
HHe 6e3 OC06eHHOCTeH, KaK fiOKaJanH B qHCTO rpaBHTa· 
U.HOHHOM cnyqae OnneureB:Mep H CuaB:~epiiSI, Mo~eT 6MTb 

11 



e-A 

1 

A 1 

e> (2kb)-l 

- THna HopncTpeMa-PeAccHepa 

------~-- 4---' I 
I 

Puc. 2 

(M > 0 44 b-lk-312. 
rp ' J 

-- THna lllsapuwnnhna 

OOCTpOeHO nyTeM BBe~eHHR O~neBH~HOro /6e3 CTOpOHHHX 
cun/ o6naKa Bell.{ecTaa pa~uyca R; npu1.feM ~omKHo 6~Tb 
a~nonHeHo ycnoaue oo >eA > 1 npu r ~ R. Tor~a MO)KHO no
~o6paTb DnOTHOCTb BCII.{CCTBa BBe~eHHOrO HenoKanH30faH
HOrO HCTO"'HHKa TaK, A "'TO H npu 0< r < R 6y~eT oo>e > 1 
u, KpoMe Toro, lime -1. Pa~uyc o6naKa BeutecTaa R or-

r .. 0 

paHH"'CH CHH3y nu60 pa~yCOM c4lep~ ropH30HTa /r~e 
eA-+oo /, nu6o pa~HyCOM, Ha"'HHaR C KOTOporo, eA CTa-

HOBHTCR < 1. 113 rpa4IHKOB BH~Ho, "'TO npu Mr > 1,24v'be3 
/KpHB~e 5/ peweHHe llOXO)KC Ha IIIBapJUUHnb~O~O H llpH 

e .... 0 nepexo~HT B Hero. Ilpu Mr~ <1,24y'be3 /Kpua~e 1,2,3/ 

peweHHe noxo)Ke Ha peweHue Hop~cTpeMa- PeiiccHepa. B 
cnyqae )KC 

12 

M ""1,24y'be3 
rp /12/ 

r 

I 

i 

llORBnReTCR Ka"'CCTBCHHO HOBOe CBOHCTBO - peWCHHe or
paHH"'CHO B Hyne. Ecnu KpoMe paaeHcTBa /12/ awnon
HReTcR COOTHOWCHHC 

e...\ 

1 

e-A 

~ 

0 

1 

-I 
e<(2kb) 

I 

5 

~ 

Puc. 3 

Puc. 4 

/13/ 

e .. (2kb) -I 

(M ,. 0 44 b-Ik-3'2) 
rp ' 

e<(2kb)-I 

(M <0 44b-Ik-3/2) 
rp , 
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A /KpHBaJI 4, puc. 4/, TO ycnOBHe oo>e > 1 HMeeT MeCTO 
npu ecex r > 0. 3To noJBOnJieT ua,IJ,eJITbCJI, 'ITO u a npu
cyTCTBHH nonJI liopua- Hu<}lenb,IJ,a cTaTH'IecKoe peweuue 6e3 
oco6euuocTeii MO>KeT 6b1Tb nocTpoeuo nyTeM aae,IJ,eHHJI 
nbmeaH,IJ,Horo 3apJI>Keuuoro o6naKa 
ezo pa3Mep&z Mozym 6&11/lb e&z6paHbl 
HO KOHe"'HbiMU. PaCCMOTpHM , 3TOT 
no,IJ,po6uee. 

5. IIocmpoeHue cmamu"'ecKozo 
peweHUJI 6e3 oco6eHHocmeu 

aeJ.QecTaa, npu"'eM 
KaK yzocmo MaAbiMU, 
HHTepeCHbiH cnyqaii 

Bae,IJ,eM o6naKo 3apJI>Keuuoro aemecraa 6e3 cTopou
uux CHn pa3MepoM R .. ao(£«1, roxv'e7li), TO eCTb B 
o6nacTH, r,IJ,e none liopua-Hu<}lenb,IJ,a cunbHO OTKnouJieTCJI 
or MaKcaennoacKoro. Ilo,IJ,cTaBnJIJI so auewuee /sue ae
mecTaa/ peweuue /iO/ cooTuoweuue napaMeTpoa /12/ 
H pa3naraJI HHTerpan /10/ a PJI.IJ. TeB:nopa c TO'IHOCTbiD 
.IJ.O qneuoa nopJI,IJ,Ka f 

2 
, nony'IHM a6nH3H rpaHHUbi aemecr-

a a 
v ~ 2 

e "'e I = 1-2 keb(1+(r/r
0

))""' 1-2keb. 
R-r<< r0 

Ha rpauuue c BeJ.QeCTBOM ueo6xo,IJ,HMO cwHTb II 61 eA ,ev u 
_L (e v ). Bbi6epeM auyTpeuuee (r < f r

0 
) peweuue a BH.IJ.e ar 

v ~ 3 
e ~1- 2 keb, e ""'1-C

0
r . /14/ 

Tor,IJ,a e v H lr (e v) OKa3biBaiDTCJI CWHTbiMH /BA TO'IKe 
r,.a0 I aaToMaTH'IeCKH, a H3 yc~oBHJI cwHBKH e ua-

XO.IJ.HM napaMeTp C0 , C0 "' 2kb512 e -I £·3 . 3aMeTHM, 'ITO npu 
TaKO:\ Bbi60pe e v H eA KpOMe 3BKnH,IJ,OBOCTH B Hyne 
(lim e , 1) Bbmonueubl 6onee cunbHble ycnoBHJI L(eA), 
r-oO ar 
a v 

- (e ) I -> 0. 
ar r->0 

Teu3op 3Hepruu-uMnynbca /3/ a nblneBH.IJ.HOM 3apJI
>KeuuoM BeJ.QeCTBe B UeHTpanbHO-CHMMeTpH'IHOM CTaTH
'IeCKOM cnyqae HMeeT ,IJ,HarouanbHbiH BH.IJ. 

dia Tv~( *+~ ~ ~ ~) 
g ll ll 4rr ' 4rr' 4rr ' 4rr 

14 

I 

t 

u oTnuqaeTCJI OT TeH3opa 3Hepruu-uMnynbca sue ae
J.QecTBa TOnbKO ,IJ,06aaneHHeM nnOTHOCTH BeJ.QeCTBa /l* K 
KoMnoueuTe T 3 I ,IJ,nJI cny'laJI 3neKTpoMarHHTHoro nonJI 
cp. /22/ I. Bbi'IHTaJI O.IJ.HO ypaaueuue 3B:uwTeiiua /5/ 
H3 ,IJ,pyroro /6/ c TaKHM T~ , nony'IHM 

ll*= (Brrk)-lr-~A'+v')e~. 

Orcro,IJ,a, no,IJ,cTaBnJIJI A u v 
3C0 

H3 /14/, HaXO,II,HM /l*= -- r 
Brrk 

H3 ypaaueHHJI 3B:uwTeiiua ,IJ,nJI T: /6/ uaB:,IJ,eM nnoTHOCTb 

Co 
liopua- Hu<}lenb.IJ.a A1 = 

2
k- r . BH.IJ.HO, 'ITO 3Hepruu nonJI 

nnoTHOCTb aeJ.QeCTBa ll* H nnoTHOCTb 3Hepruu nonJI liop
ua- Hu<}lenb,IJ,a A 1 nono>KHTenbHO onpe,IJ,eneHbi, ue HMeror 
oco6euuocTeii H a TO'IKe r = 0 o6pamaroTcJI a uynb. 

B cnyqae 'leTo'le'IHoro HCTO'IHHKa qneu c nnoTHOCTbiD 
JaTpasoquoro JapJI,IJ,a J 

0 
B Bbipa>KeHHH Div E 

= 4rr p 
0 

+ 4rr J 
0 
F;F- G'2- y>Ke ue ucqe JaeT, xoT Jl ycnoaue 

1 -> 3 4; f DivE JY d x ,.e no-npe>KHeMy BbmonuHeTCH. OcTaeT-
CH B03MO>KHOCTb onpe,IJ,eneHHH nnOTHOCTH JapH,IJ,a B non
HOB auanoruu c MaKcaennoacKoii 3neKTPO.IJ.HHaMHKoii 

1 . -> J 
0 

= 
4 17 

Dt v D , /15/ 

r,IJ,e D-pi0 , i"'1,2,3; KaK BH.IJ.HOHJypasueuuB:nonH/2/, 

-4--JDivD y'yd 3x=JJ y'yd 3x,e. 
qrr 0 

qT06bl HaRTH DnOTHOCTb 3apH,IJ,a, Bblpa3HM C llOMOJ.QbiD 
/2/, /3/ io qepe).z A1 , a JaTeM, cornacuo /15/, nony'IHM 
r 2 J } 0 \ ~ r \p*\ =Ci r3 (l+C2r )(l+~r) -V2, r,IJ,e C 1, C2, C3 - no
no>KHTenbHbie KOHCTaHTbl. BH,IJ,HO, 'ITO nnOTHOCTb 3apH,II,a 
3HaKoonpe,IJ,eneua u HHTerpupyeMa; ycnoaue f p *y'y d 

3
x = e 

BblnonuHeTcH. HanpH>KeHHOCTb nonH a aemecTae E r = 

2 12 -I E 2 ~ 
• b[(l+C r) -1] O+Cl) H HH.IJ.YKUHH D = r _,. b[(l+C{) -1] 

4 r y'1-E2 /b2 
r 

TaK>Ke He HMeiDT oco6eHHOCTeH H npH r -> 0 CTpeMHTCH 
K uynro. /06pameuue a uynb npouJBO.IJ.HhiX /r Dr , 
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a arE r npH r-+ 0 He Tpe6yeTC.JI/. TaK KaK B nocTpoeH-

HOM pemeHHH OC06eHHOCTH OTCYTCTBYIOT, rpaBHTaD;HOH

HYJO Macey CHCTeMLI MO)I(HO Bbi'IHCJIHTb no 4lopMyJ1e /cM/6 / 
00 2 

/§100/ Mr ,. 417 J T 0 r dr. C yqeTOM Toro, 'ITO 3aTpa-
p 0 0 

BO'IHaJI llJIOTHOCTb MaCChi J1 * OTJIH'IHa OT HYJIJI JIHllib 

B o6JiaCTH r.sR, HMeeM 

R oo 2 
M -477fp.*r

2
dr+JA1 rdr. /16/ 

rp o o 

fiepBLIH HHTerpaJI B /16/ CCTb llOJIHaJI 3aTpaBO'IHa.JI Macca, 

BTopoii - nonHaJI noneBaJI Macca /T.e. c y'leTOM rpaBH

Tan;uoHHoro .n.e4leKTa Mace/. llo.n.cTaBJIJI.JI Haii.n.eHHLie Bbl-

pa)l(eHHJI .IJ,JIJI 11 * ( 11 *- r ) H A ! A 1 - r npH 0~ r ~ R -

2 J 4 2 
r A1 - l+(r/r0) -(r/r0 ) npu R<r<oc), nonyqaeM Mrp = 

-3 2· 
==1,24yibe (1+0(c )), TO eCTb C TO'IHOCTblO llOpJI.IJ,Ka c co-

OTHOllieHHe /12/. 3TO HaXO.IJ,HTCJI B paMKaX TOH TO'IHOCTH, 

KOTOpOH MLI orpaHH'IHJIHCb llpH ClliHBKe pellieHHJI Ha rpa

HHn;e o6naKa semecTBa. 

~ 

""' ... 
1 --

0 

16 

/ 
/ 

cr 
0 

e>.. 

ev 

r 

Puc. 5 

l 

TaKHM o6pa30M, B nocTpoeHHOM pemeHHH 6e3 oco-

6eHHOCTeii BH.IJ,Ha npupo.n.a llOJIHOH rpaBHTaD;HOHHOH MaCChi -

3TO llOJIHaJI 3a TpaBO'IHa.JI Macca llJIJOC llOJIHaJI 3HeprHJI llOJIJI 

:6opHa-l1H$eJib.IJ,a. llpHHUHll 3KBHBaJieHTHOCTH, TO eCTb 

paBeHCTBO HHepTHOH Ml1H = P 0 =f(-g)(T00 + t00
) dV/c nceB.n.o-

TeH3opoM t 00 
H3 161 §105/ H rpaBHTan;uoHHOii Mrp 

=417 f T 0r 2dr 
0 

BbreoObl 

MaCe, KOHe'IHO BblllOJIHJieTCJI. 

lloKa3aHO, 'ITO .IJ,JIJI KOppeKTHOH clJopMyJIHpOBKH TeopHH 

liopHa- HH4lenL.n.a Heo6xo.IJ.HMO BBeCTH BHelliHHe /Henone

Bble/ HCTO'IHHKH. bOJiee TOrO, BBe.IJ,eHHJI TO'Ie'IHbiX BHelli

HHX HCTO'IHHKOB He.IJ,OCTaTO'IHO, TaK KaK npH 3TOM HallpJI

)I(eHHOCTh nonJI liopHa - l1H$enL.n.a pa3phiBHa B MecTe Ha

XO)I(.IJ.eHHJI HCTO'IHHKa. Y'leT rpaBHTan;uoHHbiX 3$4leKTOB 

.n.o6aBJIJieT K 3TOH CHHryJIJipHOCTH CyuteCTBeHHYJO oco-

6eHHOCTb MeTpHKH B MeCTe HaXO)I(.IJ,eHHJI HCTO'IHHKa. fio

Jiy'leHHe cclJepH'Ie CKH ~ CHMMeTpH'IHhiX pellieHHH 6e 3 CHH

ryJIJipHOCTeH B03MO)I(H0 JIHllih B llpHCYTCTBHH HeJIOKaJIH-

30BaHHOrO BHelliHero HCTO'IHHKa. llpH O.IJ,HOM 4!HKCHpOBaH-

-- l 
HOM COOTHOWeHHH napaMeTpOB - M = 1,24 yibe 

3 
, e < (2 keb)-

pa3Mephi u Macca BHemHero HCTO'IHHKa MoryT see *e 

6hiTh Bb16paHbi CKOJib yro.n.Ho MaJibiMH /R<<r,, m3 aTp.<<M I, 
H CHHryJIJipHOCTH B c4!epH'IeCKH- CHMMeTpH'IHOM pemeHHH 

llpH 3TOM He llOJIBJIJIJOTCJI. 

TaKHM o6pa30M, B BOllpoce 06 HCTO'IHHKaX llOJIJI H 

ypaBHeHoJix .IJ.BH)I(eHHJI TeopHJI :6opHa-HH4lenL.n.a aHanoruq

Ha 3JieKTpO.IJ,HHaMHKe MaKCBeJIJia-JiopeHn;a. 3TO OTHOCHTCJI 

H K .n.pyrHM HeJIHHeHHbiM o6o6meHHJIM 3JieKTPO.IJ.HHaMHKH 

B .n.yxe :6opHa- l1H$eJib.IJ.a, HanpuMep, K Teopuu c narpaH

)I(HaHoM lllpe.n.~Hrepa, c$epuqecKH- CHMMeTpH'IHOe pewe

HUe .IJ,JIJI KOTOpOH C yqeTOM rpaBHTaD;HOHHbiX 3$4leKTOB 

6LIJIO Haii.n.eHo B /l 7 /. MeTpHKa, Haii.n.eHHaJI B/
17! CHHrynRp

Ha B TO 'IKe r "'0, 3Ha'IHT, H B 3TOM CJiyqae He06XO.IJ,HMO 

BBO.IJ,HTb HeJIOKaJIH30BaHHbiH BHelliHHH HCTO'IHHK. 

BbiBO.IJ. o KoHe'IHOCTH noneBoii 3HeprHH B Teopuu :6op

Ha-HH4lenL.n.a OCTaeTCJI 6e3 H3MeHeHHH H coxpaHJieTC.JI 

B paMKaX o6meii TeopHH OTHOCHTeJibHOCTH. 

17 



AcTpotlJuJuqeci<HH acnei<T Ja~aqu BhirnJI~HT cne~yro

IUHM o6paJoM. HaB:~euuoe peweuue onuchiaaeT rpaaHTa
UBOHHhiH I<onnanc ueuTpanLHO- CBMMeTpuquoro Tena a npu
cyTCTBHH nonJI Iiopua- HutlJenL~a H npu npeue6pe)I(BMOH 
ManocTB ~pyrux can /uanpuMep, ~aaneuuJI/. ,ll;oi<aJaH
HLIH BhiWe auanor TeopeMhi DHpi<rotlJa CBO~HT ~HHaMB

qeCI<HH cnyqaB: I< cTaTuqeci<oMy. B J<aqecTae napaMeTpoa 
pemeHHJI M H e BLI6upaeM Macey u JapJI~ 3Be3~hi. Be-

nuquua r0 ,.y'e7b xapai<TepuJyeT paccToJiuue, ua I<oTo
poM peweuue uaquuaeT OTI<JIOHJITLCJI oT peweuHJI Hop~
CTpeMa- PeHCCHepa. B JaBHCHMOCTH OT COOTHOWeHHJI MaC
Chi H JapJI~a JBeJ~hi, I<apTHHa I<onnanca BhirJIJI~HT aua
noruquo I<apTHHe lllaapuwunL~a una Hop~cTpeMa- PeB:c
cuepa cooTBeTCTBeuuo. Ecnu )l(e napaMeTphi M H e y~oa
neTaopJIIOT COOTHOWeHHJIM 

M "'1,24 J..2 v' be 3 , 
c 

/12/ 

c4 
M < 0,44 bk3/2 ' /13/ 

TO I<apTBHa C)l(a THJI I<aqeCTBeHHO MeHJieTCJI H "qepHaJI 
~hipa" ue o6paJyeTCJI. Tio~cTaBJIJIJI qucneuuhie JuaqeuuJI 
I<OHCTaHT / "b" BLI6upaeM I<ai< y Iiopua H HutlJenL~a 
b = 9,18-10 15 c.g.s. /, HMeeM 

37 
M < 0,23 • 10 rp , 

-14 3/2 M =4,2 ·10 (c.g.s.)e . 

llo~ 3TH COOTHOWeHHJI llO~na~aiOT peaJILHLie acTpOHOMH
qeCI<He 06'Lei<TLI, B qacTHOCTH, 3Be3~hi C MaCCaMB no
pJI~I<a COJIHequoB: MaCChi. 3TO COOTBeTCTByeT ~OBOJILHO 

60JILWOH llJIOTHOCTH 3Jiei<Tpuqeci<OrO 3apJI~a - 108 3Jiei<T
pOHOB ua 1 z aemecTBa. Cne~oaaTenLuo, npu nnoTHOCTH 
JapJI~a Tai<oro nopJI~I<a JBeJ~a c MaccoB: M-1 -:- 10 M" 
/H 3apJI~OM, CBJI3aHHhiM C MaCCOH COOTHOWeHBeM /12//, 

18 

MO)I(eT 6hiTL I<ai< yrO~HO MaJIOrO pa3Mepa B OCTaBaTL· 
cJI BB~BMOH. Pa~uyc :>Ke waapuwunL~OBCI<oro "ropuJou
Ta" /B OTCYTCTBBe llOJIJI Iiopua-HutenL~a/ ;:iJIJI 3Be3~hi 
c Tai<oB: MaccoB: r g = 2 kM/ c -10 KM. TinoTHOCTL 
semecTaa ~JIJI JBeJ~hi c MaccoB: M- M8 ~ocTuraeT Tai< 
Ha3hiBaeMOH I<pBTBqeCI<OH llJIOTHOCTB -1093 z/CM 3 /eM., 
uanpuMep, 1101 I nuwL npu pa~uyce JBel~bl R - 10·20 eM. 
CquTaeTCJI, qTo ~o Tai<BX nnoTHOCTeB: B coOTBeTCTBeuuo 
paccTOJIHBH npuMeHBMO I<naccuqeci<oe /uei<aauToaoe/ onu
cauue zpaeuma~uoHHozo nonJI. 

3aMeTBM, O~Hai<O, qTO yqeT I<BaHTOBOrO 34Jcl>ei<Ta po:>K
~eHBJI nap JapJI:>KeHHhiX qaCTBU B CBJILHOM none DOpHa
HutllenL~a /a ~yxe pa6oThii181 /, no-BB~BMOMY, npuae~eT 
I< 34Jcl>ei<TBBHOMY yMeHLWeHBIO llOJIHOrO 3apJI~a 3Be3~hi, 

TO ecTL nepexo~y c I<PBBOH f3,. M ua I<puayro f3 < M 
I puc. 4/, I<oTopaJI onuchiaaeT I<OJIJianc o6'Lei<Ta B o6paJo· 
aauue "qepuoB: ~hiphi". 3Ta cTopoua Ja~aqu Tpe6yeT oT
~enLuoro paccMoTpeHBJI. 

O~uu Bl aaTopoa ;r .H./ 6naro~apuT pyi<oao~cTBO 
OH.HH B JIT<l> Ja npe~ocTaaneuuhie ~JIJI pa60Thi BOJMo:>K
uocTB. 
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