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I. Bne,n;eHHe. Cornacn.o BhlBo,n;aM Teop1rn: TJir0Temrn 8:itH1IITeirna 

( B .n:am,neitIIIeM OTO) cym;ecTByIOT rrpe.n;em.Hhle 3Ha'tlemrn ,n;JIJI Mace 

6eJihlX KapmmoB H HeitTpOHHhlX 3Be3.n;. .Ii:JIJI pa3HhlX Mo,n;eJieit BeJIH

qnHa KpHTM'tleCKOH MaCChl MKp. ~ 1.5 + 3M0 (cM., HarrpHMep, [1]). 
EcJIM 3Be3.n;a C Maccoll 6om,IIIe MKp.' B xo.n;e CBOeit 3B0JIIOIJ;HH He H3-

6aBHTCSI OT H3JIHIIIKa MaCChl, TO II0CJie HC'tleprraHHJI 3arracoB JI.n;epHoro 

ropIO'tlero HaCTYII~T KaTaCTpOq>H'tleCKOe cmaTHe (rpaBHTaIJ;HOHHhlfi KOJI

Jiarrc ), B pe3yJibTaTe K0Toporo o6pa3yeTCJI 'tlepHaJI ,n:1,1pa [2,3]. qepHhle 

,n:1,1p1,1 o6HapymMBaIOT ce6JI 3q>q>eKTaMH co6cTBeHHoro rpaBHTa:o;noHoro 

II0JIJI. ITo3TOMY, HeCM0TpJI Ha HHTeHCHBHhle H ,ll;JIHTeJII,Hhle II0HCKH, 

MCII0Jib3YIOIUMe rrpe,n:eJII,Hhle B03M0}l{H0CTH C0BpeMeHHhlX 3I{CilepnMeH

TaJII,HhlX ycrnirnnoK, JIHIIIb JieTOM 1994' ro.n:a rroJIBHJioc1, coo6ruenne o 

Ha6JIIO,ll;eHHJIX B JI.n;pe 'raJiaKTMRH M82 ofrI,eRTa C Maccoit 2 + 3 -108 M0, 
KOT0phlit C 60Jib11Ieit nepOJITHO,CTbIO M0)I{eT 61,1TI, 0T0)I{,ll;eCTBJieH C 'tlep- . 

Hoft ,n:1,1poit. 3aMeTHM, 't!T0 3a HcTeR1IIHe · 2b · JieT rrocTyrrrino HecROJibKo 

coo6m;eHnit 06 o6HapymeHMH 'tlepm,1x .n;1,1p, o,riHaRo B xo.n;e .zia.iThHeiilIIHX 

Ha6JI10.n;e1rnit oHH He rro,n:TBepm.n:annc1,. Bo3MO}l{HO,B CBJI3H c 3THM cion'-r 

o6paTMTI, BHHMaHMe Ha oco6eHHOCTI, pa3pa6oTaHHOro JioryHOBhlM C 

C0Tpy.n;HHKaMH He3llH1IITeitHOBCI{Oro BapHaHTa TeopHH rpaBMTaIJ;HH -

B o6JiaCTH, 6JIH3KOll I{ ropH30HTY co6hlTHll, ClliaTHe 0CTaHaBJIHBaeTCJI H 

CMeHJieTCJI pac~HpeHHeM ( CM., HaIIpHMep, [4]). flpH'tIHHa I{OJIJI8.IICa B 

TOM, 't!T0 CHJihl TJir0TeHHJI, C03,ll;aBaeMhle HeRoTopoit Maccoit Bem;ecTBa·, 

rrpeB0CX0,Z:W:T yrrpyrne CHJihl,. B03HHRaIOm;He B xo.n;e C)I{aTHJI. B Te0pHH ' . . 
JioryHOBa B6JIH3H lIIDap:o;IIIHJII,,ll;OBCROll cq>ephl B03HHRaIOT 0TTaJIRHBa-

TeJII,Hhle CHJihl, I{0T0phle rrpeIIJITCTBYIOT o6pa30BaHHIO 'tlepHhlX .D:hlP, H9 

HeK0Topoe BpeMJI - BpeMSI CMeHbl C}Karnsi_pacnmpeHHeM :-• 061,eRT o6Ha

pymnBaeT CBOllCTBa, aHaJI0rH't!Hhle CB~itcrnaM 'tlepHrifi .n;Hphl. Bo~6m;e 
' . ' ' ' . ' . ' . ·• ',' .• 

rOBopJI, cym;eCTll0DaHHe 'tlepHhlX .n;1,1p H HX CBOllCTBa MoryT CJIY)I{HTI, 

peIIIa~m;HM q>aR~opoM rrpn o:o;eHRe lliH3Hecrroco6HocTH Toit HJIH HHOit 

TeopHH rpaBHTaIJ;HH. 

TeH3opno-cRami:pHaJI TeopHJI TJiroTeHHJI Mop,n:aH~-Bpa.Hca-.II:nl{I{e 

(TeopH~ 0:B,Z:O -W~Ha H3 iiaH6onee rrorrynsip~x am.TepHaniBHhlX R OTO, 

HO DII0JIHe
0

»rn:3HeCIIOC06HhlX (B ,CMhl~Jie 3RCIIepHMeHTaJibH0ro o60CHOBa

HHJI) rpaBHTaIJ;H9HHhlx,Teopn~. B. 3~0:it_ Teopnn rpaBHTaIJ;HOHH~e no.ire, 

II0MHM0 .n;eCJITH R0MII0HeHT_ MeTpH'tleCR0ro, Tell30pa, xapaRTepH3yeTCJI 



TaK)I{e rpaBHTa:[J;li0HHhlM CKaJIJip0M y = y( X ), nopo.>K.n;aeMhlM CBepTKOii: 

T TeH30pa 3HeprHH-HMnym,ca Bem;ecTBa H HerpaBHTaUHOHHhlX noJieM 

yv B C00TBeTCTBHH C 
µ ' 

V µ 81rT 
µY = 3- 2( (Ll) 

CKaMP y( X) BMecTe C r; reHepHpyeT MeTp1rny cornaCH0 

av·= 81r TV+ l V yv _ (YµYv _ [JV (VaY
0 

_ 1 (Yo Yo:) . (1.2) 
µ y µ y µ . ' y2 µ y . 2 y2 

(3.n:ecI. rpe11ecKHe HH.n;eKChl npo6eraIOT .3Ha11emm 0,1,2,3; G~-TeH3op 

8:ii:HIIITeHHa, V µ-CHMB0JI K0BapHaHTH0ro ;:i:mpcpepeHUHpOBaHHJI no xi<, 

(-6e3pa3MepHaJI KOHCTaHTa TeopHH). Bo3;:i:eifcTnHe MeTpHKH H~ Beme~ 

cTB0 TaKoe .>Ke, .KaK H B OTO. IloTeHUHaJI 6e3Macconoro cKaJIJipHoro 

noJIJI y( X) o6hl1IHO Bhl6HpaIOT TaK, 1IT06hl acHMnT0TH"t!eCKH ( Ha 60JII,IIIHX 

paCC'{0JIHHJIX OT liCT01IHHKa). Bhln0JIHJIJICJI HI.IOTOHOBCKHH 3aK0H TJirOTe-

HJIJI. L(JIJI 3TOro' Heo6XO.ll:HMO noJI0.>KHTI, . 

2(2 - () X-+00 _ 

y(x) ---+ Yo - --G(:--3.---~2( ~) (1.3) 

[loJieBhle ypaBHeHHJI 11BL( M0.>KH0 n0JIY1IIITI, He3aBIICIIMhlM BapI.H

ponaHlleM .n:eifcTBIDI 

W = J [- 1!1r ( R + (Y:;µ) +Am] F9d4
x (1.4) 

no 9µv H y(x): JierKO 3aMeTHTI., qTo B 1IaCTH0M CJiy11ae y-+ YO, (-+ oo, 

.n:e:iiCTBHe (1.4) npenpam;aeTCJI B 3MHIIITeHH0BCKOe, a ypaBHeHHJI (1.2) 

.:.... B ypaBHCHIIJI OTO. (Ilonpo6Hoe H3Jio.>KeHHe ocHon TeopHH MB)l 

M0}l{H0 HaMTH B opHnrnaJII.HhlX pa6ornx [5-7] H B KHHre Ban:H6epra 

[8]). 
,UonoJIHHTeJII.Hoe no cpanHeHHIO c OTO cKaJIJipHoe _. noJie TeopHH 

MB.I( He Mo.>KeT ~e oKa3aTI. BJIIIJIHHJI KaK Ha ycToif11HnocT1, panHo

necHhlX peJIJITMBHCTCKHX 3Be3.n:HhlX MO)];eJieH, TaK H Ha 3BOJIIOUHIO ca

MorpaBHTHpyrom;HX 061,eKTOB C MaccaMH, rrpeBhllllaIOm;HMH KpllTHqe

cKyIO. Bonpoc o cym;ecTB0BaHHH 11epHhlX ;:i:1,1p B Teop11H 11BL( D:HC

KyTHponaJicJI B pa6oTax [9,10]. Coo6pa.>KeHIIJI TopHa H L(HKJia [9] o 

2 
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HCll36e.>KHOCTII I{0JIJianca Bhl3BaJIII "cnpane;:i:JIIIBhlC B03pa.>KeHIIJI MaTcy,m,1 

[10]. Bcc1,Ma o6cTOJITeJII.Ha•.ir pa6oia Hap11a11 He np11B0D:HT K 0.n:H03Ha11-

H0MY 3aKJII01IeHHIO o He1136e.>KHOCTH K0JIJianca n TeopHH 11:SL(. Eo

Jiec TOro, pc3yJII.TaThl HapHaH [11] HY.>K.ll:aIOTCJI B YT0"t!HeHHH, TaK KaK 

IICII0JII.3JIOT OIIIJI6o~rnoe rrpe.n:noJI0.>KeHJie 06 YHIIBepcaJII.H0CTII .O)];HOM 

II3 K0HCTaHT BHeIIIHero peIIIeHIIJI, Toi::,.n:a KaK 0Ha JIBJIJieTCJI II0CT0JIHH0M 

IIHTerpHponaHIIJI, rrapaMeTpH3Hpyromeif IICT0"t!HHK (rro.n:po6Hee 06 3T0M 

CM. B [}2]) . 
B HaCTOJIIUeH pa6oTe ccpopMyJIHpOBaHa npeMeHHaJI 3a.n:a11a Te0pHII 

MB.I(, 11To.c o.n:Hon: cTopoHhl,II03BoJIJieT HccJie.n;OBaTi; ycTon:~rnBOCTI. pa

BHonecHhlX 3BC3)];HhlX MO)];eJieM 0TH0CIITeJII.H0 pa.n:11aJII.HhlX n:yJI1,cau11n:. 

a C npyroii:--ycTaHOBll~b 0~~6eHHOCTII .n:11Ha:M1riui: M0L{eJieM C MaccaMll, 

60JII,llIHMII Kp11Tll1ICCKOli (pa31{CJihl 2 II 3). IJonyTIIO o6cymD:aIOTCJI B0-

rrpochl 06 aHaJiore TeopeMhl BHpKrocpa ( 3aMeqaHHe 1 ), o Macce cTaT11-

11ecKor~ 061,eKTa (3aM~1I~HHe 2); a TaK.>Ke 06 HHTerpHpyeM0CTII BaKyyM

HhlX npeMeHHhlX ;ypanHeHHH: n 11acTH0M,CJiyqae OTO (pa3.n;eJI 4). On..1e

TIIM, 1IT0 pC3JJibTaThl pa6oThl MoryT 6hlTI, cymecTB~HHO HCII0JII.30BaHI,I 

B rrpe.n;JIO)KCHHOM He.n;aBH0 0)];HHM II3 aBTOp0B (B.H.Il.) cxeMe KBaH

T0BaHHJI rpaBIITaUHH, B KOTopon: BHaqaJie p_a3peIIIaIOTCJI Bee CBJI311 Ha 

KJiaCCH"t!CCK0M yp:o:irne, a 3aTeM npoBOAIITC51 KBaHT0BaHIIC 0CTaBIIIIIXCJI 

II0CJI(' pe.n:yKUHH CT~neHen: cno60l{hl [13,14]. 

2. BpeMeHHhle ypaBHeHHJI Teop:u::u: 11:B,Zl;. PaCCMOTpHM ccpe

p11qecK1I-CHMMCTpHqHoe,npocTpaHCTB0-~_peMJI. C. MeTpHKOH: 

ds2 = e20(r,t) dt2 _: e2f1(r,t) dr 2 - R2(r, t), d02• (2.1) 
I 

8To Bhlpa.>KCHHC noJiy11eH0 npeo6pa30BaHIICM Koop.n;HHaT 113 HaHo6mero 

Bhlpa.>KCHHJI IIpH HaJIH"t!Hll ccpep111ICCKOH CIIMMeTpHH. O.l{HO H3 l{0IIV-., . 
CTHMhlX n paccMaTpHnaeM0M CJiyqae npeo6pa~onaHHii: K00pD:HHaT IIC-

noJII,30BaHo '.n:JIJI Toro, qT061,1 o6paTHTI. n HYJII. HCD:HaroHaJII.HYIO K0M

rroHeHTY 9tr, _ BTopoe HcnoJII.3yeM .n;JIJI 06pam;eH11JI n HYJII. pa.n:11aJII.Hoii: 

KOMnOHCHThl. 4-cKOpOCTH Ur, n1,16pan TCM caMhlM conyTCTBYK>IllYIO .ll:BH

.>KCHHIO ncmecTBa CHCTCMY 0TcqeTa, qTo nacT 

Jl _ { t O o O} . _ ·t; t u - u , , , , a - -u u (2.2) 

:1 



{L_ 

( TO';IKa 03HatiaeT tiaCTHYIO npol:13BOLI:HYIO no npeMeHl:I). Tio,n:CTaBl:IM 

(2.1) 1:1 (2.2) B ypanHemm (1.1) 1:1 (1.2). Tor.n:a 

e-'• [ ! + ~ (J _ a + 2:)] -e-
2
P [ ~' +; ( d _ ~' + 2

:)] 

81r (E - 3P) 
y (3 - 2() '' (2.3) 

_20 R R . · ii . · 2R 1 [ . ( . ) ( . )] 
e R R + 2(3 + y (3 +·R + R2-

. [2R". R' (R' ) y" y' (2R' )] e-2/J -+- --2(3' +-+- --(3' + (2.4) 
.R RR,. y y R, 

,_L (e-2°'il2 + e-2/Jy'2) = 81r E' 
2y2 ' y 

· 20 [2k · R ·(R ·)' ii ii ('2il ·)] 1 e- · R + R · R - 2o: + y + y R .- o: + R2 -

2/3 [R' (R! · ') y' ( , 2R')] · e- R R + 2o: + y o: + R - (2.5) 

( ( -, 2o ·2 +· -2/3 '2) _ 81rp , - e y e y - --
2y2 ' ' ; ' y ' 

2R' , ( 2R ii) · ··( 2R' y') ii' ily' --o: -+- -(3 -+- +--(-=0, 
R R y R y y · y2 (2.6) 

_20 [ ·· · 2 . . · R R ( · :- • ) ii ii ( · · R)] 
e (3 + (3 -·o:(3+ R + R (3 - o: + y + y (3 - o: +.R -

e-2/3 o:" + o:'2 _ o:' (3' + _ +-. (o:' _ (3') + 1!._+ [ 
R" R'' II 

R R y 
(2.7) 

y' (o:'' - (3' + R')] -~ (e-2°'il2 - e-2f3y'2) = - 81r p. 
y R 2y2 y 
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i. 

f1 

Pa.n:1:1 noJIHOThl l:13JIO)I{emm np1:1ne.n:eM BhlpameH1:1e LI:JUI CI<aJUipHOil 

Kpl:1Bl:13Hhl 

R = l61r(( E - 3P) _ _5._ (e_20 ·2 _ e-2/3 '2) = 
y(3 - 2() y2 y . y 

' ' 

[ .. . (. )] 2 ·· ·2 · · • · 2R R R· •· · 
-2e- 0 f3+f3. -a(3+-+- --2&+2(3 + 

R R R · 
' ' ' 

(2.8) 

2e-2/J o:" + o: 2 - 0:
1(31 + -- +·-· --+ 20:1 

- 2/3' - -[ 
, 2R" .R' (R' . . )] 2 

R R R R2 • 

3,n:ec1, 1IITp1:1x 03HatiaeT npo1:13Bo,UHy10 no r; E 1:1 P-nJIOTHOCTb 3Hepr1:11:1 

1:1 ,n:anJiemrn nemecTna coo:rBeTcTBeHHO. 

3aMetiaH1:1e 1. B OTO ,n:JUI n:s;enrnero Ha6mo.n:aTeJUI Macca 
' \ - ~ 

Komtmrypau;1:11:1, nemecTBo KoTopon .n:n1:1)I{eTcJI n pa,n:1:1aJibHOM 

HanpaBJieHl:11:1 ( 'ITO He Hapy11IaeT ccpep1:1tieCKO~ Cl:IMMeTpl:11:1)' 

conna.n:aeT C Maccoll TaKOil )I{e ROH<pl:lrypau;1:11:1 B COCTOJIHl:11:1 

cTaT1:1tiecKoro panHonec1:1JI ( TeopeMa B1:1pKrocpa). B Teop1:11:1 

I1B,[( n o6m:eM cJiytiae aHaJior1:1~Hoe yTBepm.n:eH1:1e He cnpa-

\ ne,UJil:IBO, nOCKOJII,KY ii -=I= 0. O,UHaKO npan.n:ono.n:o6HhlM Ka

meTCJI ripe,[(ndJIO)I{eH1:1e, CorJiaCHO KOTOJ)OMY BpeMeHHhle 1:13-

MeHeHl:IJI cKaJUipH0to nomi rrpo1:1cxo,LVIT 3a npe1iJI,cpanH1:1Moe 

C KOCMOJIOI'l:l'CleCKl:IM. ' Tor,n:a,' paccMaTp~BaJI LI:1:1HaM1:1Ky ll'.30-

Jil:l'poBaHHOro ofri.eKTa,u;eJiecoo6pa3HO rroJiaraT1,_ ii = 0. EcJI1:1 

l:ICXO.l(l:ITI, 1:13 noro rrpe.n;noJI0)l{eHHJI, To' 'HeTpy,zurn '.l(OKa3aT1,, 

'ITO TeopeMa B1:1pKrocpa odaeTCJI B c1:1.ri:e 1:1 B Teop1:11:1 I1B,[(. 

,[(eiicTBl:ITeJil,HO, IIYCTI, ii = 0. B o6JiaCTl:I rrpo·cTj>aHCTBa BHe 

nem;ecTBa HeT Heo6xo.n;1:1MOCTI:1 06pam;aT1, B HYJII, ur. I1crroJII,-

. ;ye~ ,ocrnBIIIl:IIlCJI · rrpo1:13BOJI B. Bhl6ope K<)Op~HaT ;~ T~ro, 

'IT06hl, nR~,. · r 2eµ(r,~) o6paTl:ITb B HYJII, µ(r, t)., Tor.(]:~ BMeCT0 

ypaBHeHl:IJI (2.6) l:IM'.~eM 

,. (2 y')'' (3 -+- =0. 
r y 
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BHe pacirpe,n;eJiemrn Mace II3 (2.3) IIOJIY'IIIM 

y' = .!:...ef3-a 
r2 

Y111In.rnan rrocJie,IUiee, II3 ( 2. 9) rrpH /3 =/=- 0 rroJiy111IM y = 
-cef3-a /2r' 'ITO IIplIBO,lUIT K Heq>II31I'1eCKOH acJIMIITOTIIKe 

· r-oo - - · 
y -+ 0. · CJie.n;oBaTem,Ho, Heo6xo,LUIMO rroJIOllilITI. f3 = 0. 
K~61IHIIPYR ypaBHeHJIR CIICIITeMhl IIOCJie IIO,llCTaHOBKII ii = 
0, f3 = 0, rrpH,n;eM K ypaBHeHIIIO 

c perneHJieM 

2 / 
o:" + o:' ( o:' - /3' + - + '#_) = 0 

r y 

e
0 = (]!_) ~ f(t), n = const. 
· Yo 

EcJIII BBeCTII dT = f ( t) dt; TO ' 

e~dt -- (]!_)nf(t)dt=e 0 dT, 
Yo -- · 

'ITO ,n;aeT ci -:-- 0. TaKIIM o6pa3oM, ecJI1I,paccMaTp1IBaR II30JIII

poBaHHYIO caMorpaBIITHpyrom:yro KOHq>Hryp~UIIIO; rrpe~e6pe111, 

BpeMeH_Hoir _3aBIICIIMOCTI,IO rpaB1ITaU1IOHHoro CKaJIRpa (ii = 
0), TO BHe pacrrpe,n;eJieHIIR Mace_ B COOTBeTCTBIIII c ypaBHeHII

RMII 3a,n;a111I HeO~XO,lUIMO IIOJiaraTI, 0: = o:(r), (3 = f3(r), T.e, 

rpaBIITaUIIOHHOe IIOJie OKa3hlBaeTCR TaKIIM }I{~, KaK y, CTaT~-: _ 

11eCKoi1: Komtmrypa:a;HII. 

O6hl'1HO rrplI peIIIeHIIII 3a,n;a-q BHYTPII pacrrpe,n;eJiemrJI Mace' y,zio6Ho 

IICIIOJII,30BaTb ypaBHeHIIR' rlI,llpO,LUIHaMIIKII, . CJie,n;yrom:ne II3 \7 vT; == 0, 
II ,3aKOH coxpaHeiIJIR 'IIICJia 6ap1IOHOB v7 µ( nu1j) = 0 ~ll-WIOTH0CTb 'III

CJia 6ap1IOHOB). KoM61IHIIPYJI 3TII COOTHOIIIeHIIJI C TepMO,lllIHcl._MII'IeCKIIM 

dE = (E + P)dn/n + nTds, C"<IIITM Bem:ecTBo JI,n;eaJII.Hoft }l{II,llKOCTI.IO c 

TV = (E + P)u UV - Pov µ µ µ 

6 

l. 

p 

a ero .ll:BJI}l{eHJie II303HTpOIIII'1HhlM ( S 

CJiyqae IIOJIYlIHM 

const), B paccMaTpHBaeMOM 

E . - n 2 
E + p = -:;; = -(/3 + _!!:_), 

P' R -
- - I 

E + p ~ -0:. 

(2.10) 

(2.11) 

C:u:cTeMy ypanHeHIIH (2.3)-(2.11) Heo6xo.n:mrn .n:onoJIHIITI. ypaBHCH:U:eM 

C()CTOIIHIIJI Bell(eCTBa. 

3. KompopMHo-rrpeo6pa30BaHHhle ypaBHeHHJI. lIIIOKIIHr ( CM. 

B [5] l:I [15}) II BCJie~ 3a HMM )llIKKe [16] o6paTIIJll:I BH:U:MaH:U:C Ha q>a1q 

yrrpom:eH:U:JI ypaBHCH:U:M Teop:u::u: I1B.ll II0CJIC KOHq>OJ>MHhlX npeo6pa-

30BaH:U:H MeTp:u:11ecKoro TCH3opa. Orrpe,n;eJieHHhlM Bhl6op KOHq>op:r-rnoro 

cpaKTOpa II03B0JIReT ycTaHOB:U:TI, B3a:U:MHYIO CBJI3I, MClliLJ:Y peIIICHl:IRMl:I 

ypaBHCH:U:M I1B)l :u: OTO [15,17]. B paccMaTp:u:BaCMOM cJiyqac rrepeii

,n:eM B KOHq>OpMHO-COOTBeTcTnyromee npocTpaHCTBO ¼ TaK, '1T06hl 

- ,(1 (1 y 
9µv = e 9µv, /e = -

Yo 
(3.1) 

Tor.n:a ,n:JIR cKaJIRpHoft Kp:U:B:U:3Hhl :u:MeeM 

- 3 
eun = R - 3\71pµ - 2aµaµ, 

a CCJIII y11eCTl, ypaBHeH:U:e ( 1. 1) l:I ( 3 .1)' IIOJIY'I:U:M 

uR _ n 3 ,j 247rT e-u 
e - + 2a µa - 3 - 2( Yo 

IIOLJ:CTan:u:n IIOCJICLJ:Hee Il (1.4) LJ:JIR LJ:CMCTBl:IJI B npocTpaHCTDC ¼,Haii.rie11 

W = .I [-1~07!' R(.g,,v) + ~µVJ/l + e-2u ( A~1 - 2(3 3~ 2() )] M d'1x, -

(3.2) 
r.n:c 

- if; =. ✓ 3 ~ 2( a (3.3) 

7 



a .C00TBeTCTBYIOlll;lie .YPaBHemrn rrpn:o6peTaIOT BM,n 

c;v = 81r Tv e-2u + ., . . ;,v _ !15v ., . • 1,0: 
µ µ 'l-'µ'1-' 2 µ'1-'a'f' ' Yo 

8 T -2u n·µ_ 1re 
vµa -

Yo(3 - 2() 

(3.4) 

(3.5) 

(q~pT~Ha,n c!iMB0JI0M oaHaqaei; rrpn:Ha,nrrelliHocr1, R V4, a MH,neRchl c 

q~p;oii orrycRalOT II0Cpe,nCTB0M 9µv), YpaBHemrn (3.4) M0lliH0 paCCMa~ 

rpn:naTI, RaR 3llHIIITeHHOBCRMe C ,n0II0JIHMTeJII,HhlM MCT0qHMR0M B BM,n(' 

"reHaopa 3Heprm1-n:Mrryrr1,ca" cRaJIJipHoro rroJIJI 81rrJ = .yo( 1/Jµ'li/1 
-

½t;1/Ja1/Jo:), rrpn: 1/; = canst M ( - 0 3TH ypanHemrn rrpenpamaIOTCJI 

n ypanHeHMJI OTO. 3arrn:IIIeM rerrep1, cn:creMy ypanHeHn:ii: paccMarpn:

naeMoii: aa,naqn: (2.3)-(2.6)° (ypanHeHMe (2. 7) JIBJIJieTcJI n:x arrre6pan:qe

CRMM crre,nCTBMeM) B ROH<pOpMHO-COOTBeTcny10meM rrpocrpaHCTBe ¼ c 

MeTpMROH ( 3.1), or6poCMB qepry: 

a ( . R2 (3-o,) a ( 'R2 o,-(3) - 81re-2u ( E - 3P) R2 a+/3 -a e --a e ----'--~ e 
8t 8r - Yo(3 - 2c;) ' 

(3.6) 

_ 2°' [R (k ·)] _2/J [2R" R' (R' ')] e R R + 213 . - e -_ · R + R R '-- 213 + 1 

L _ 81re-
2
u ( *) 

R2 - E+E, 
Yo 

(3.7) 

_
2°' [2R R (R ·)] _213 [R' (R' ')] e R + R R -. 2a - e R ·. R + 2a + 

__!_ = 81re-2u (P + P*)' 
R2 Yo 

(3.8) 

R' _ a'R .:_ 13· R' = . (3 - 2() aa' 
R R R 4 . (3.9) 

3,nec1, 

* P* Yoe
2
u 3 - 2( ( -2a . 2 + -2/3 ,2) 

E = = -- · e a e a 
81r · 4 . 

(3.10) 

" ..... " " i 
- 3!p(peKTHBHbie IIJI0TH0CTM 3HeprMM · M ,n;anJieHMe CRaJIJipHoro II0JIJI, 

paccMaTpMnaeMoro RaR HerpaBMTa:U:MOHHhlll MCTQqHMR, rropom.n;aIOIUMH 

8 

) 
·l 
' I 

~ 
·~ 

./ 

Merpn:Ry. YMHOlliMM ypanHeHn:e (3.7) Ha R'R2 , a (3.8) Ha.RR2 H 

CJI0lliHM rrepnhlii: peayrr1,rar c rroMHollieHHMM Ha 2R2 Re-2°' ypanHeHHeM 

(3.9), a H3 nroporo BhlqTeM rioMH0llieHHoe Ha 2R-2'R'e-2°' T0)Ke (3.9). 

B HTore rrorryqHM ypanHeHIDI 

, 41re~2u ( *)R2R' 3 - 2( -2aR2R'. , m = E + E -
4 

e aa , 
Yo 

m = 4
1re-

2
u (P +P*)R2 R + 3 

-
2

( e-2flR2 R'aa';' ' (3.11) 
· Yo A · . 

m - R · (1 + e-2°' R2 _:__ e-2fJR'2} · 
2. . . . . . ' 

3KBHBaJieHTHhle (3.7)-(3.9), ,n;o6ann:n R R0T0phlM ROH<pOpMHo-rrpeo6pa-

30BaHHhle (2.8) n: (2.11 ), . 

_E·_ (· 2R) 3 
E + P - - /3 + R + 2a, (3.12) 

P' a' 
--=-a'+-
E+P _ _ 2' 

a TaR)I{e ypanHeHHe co CT0JIHHJI nemecTBa' II0JIYlIHM II0JIHYIO CHCTeMy 

,n;JIJI peIIIeHIDI npeMeHHoii: aa,n;alln: reopn:n: 11B,n. (3aMeTn:M, qro co-

0TH0IIIeHn:JI (3.12) M0)I{H0 IIOJiylln:Tj:, HeIIocpe,D;CTBeHHO H3 0lleBH,n;H0f0 

ycrronIDI paneHcrna HYJIIO Ronapn:aHTHOii: ,n;HBepreH:u;n:n: rrpanoii: llaCTH 

ypanHeHIDI (3.4)) , 
' 

' 
3aMellaHn:e 2. Yp~nHeHIDI (3.11) rrpenpa:m;aI<?TCJI n ypa-

nHeHRJI O~TO, 'ec~ (_~ o'o' n: :q '=:=-' 'canst. BHe pacrrpe,n;e-
' ; • , '1c , -~ • - ·-, - , • • • - , • , l ~ . . , ~ . • -

JieHIDI Mace neJIHlln:Ha m CTaH0BHTCJI R0HCTaHTOll n: n:MeeT 

cMhlCJI rrorrHoii: Macchl paccMarpn:naeMoro ~frI,eRT~ ( CM., H~

rrpn:Mep, [18]}':: B B·aRyy1tHOM crryllae Teopn:n: 11B,n m He JIB

JIJI,eTCJI R0HCTaHTOit ;II3-,3.a t,I06anoR, q6ycrronJieHHhlX. npeMeH-
i, • · -' ' I. , ; '-~" • ' ... • • i \, .J , , " , •',: -, -~,. l J' '! :, , _I • , ,. , ·.,1, 

.HhlMH rrp,on;ino.n;HMMH · rpan.nrn:u:noHHoro cRaJIJipa. Boo6me 
(f,, ' I •• •. •. 1._~ "'_4LL:,\\j .. _:,.L,;_ :. ·. -',, ·! .... ~··•·:, --- _,; ·:,,_ .- ·1c~. :-.:· •• ·-. 

ronopJI, norrpoc o Macce n reopn:H 11B,n ,n;ocraT0lIH0._GJioa<eH, 
- ..:: . ,,\_ .. 

0,n;HaRo B cranme M0)I{H0 II0JIYlIMTI,')];0B0Jil,H0 rrpoCThle Bhlpa-

' llieHIDI, orrp e,n;eJIJIIOIU~~ ilac~Y:~ · B~ac~:s:ocrn, RaR rroRaaaHo n 
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i. 
I 

pa6oTe [12], B Roop,n:1rnaTaX RpHBH3Hhl 

ds2 = e2v c2dt2 - e2>.dr2 - r 2d02 
' . 

rroJIHaJI Macca 

47r Jr, , [ 1 - ( ] 
M = ~2 r2ev+>. E+ 

2 
_ (3P dr. (3.13) 

0 

B OTO (( -:--+ ·oo) 3T0 BLipBmeHHe coBrra,n:aeT c H3BecTHOH 

cpopMynon ToJIMaHa. OTMeTHM, "t!To B Roop,LUIHaTax RpH

BH3Hhl B CTaTHRe ypaB11;eHHJI TeopHH MB,ll; BHYTPM pacrrpe-

,n:eJieHHJI Mace M0)KH0 rrpe,n:cTaBHTI, n DH,Ue 

U
1 

_:_ 41rx;2(E + Ee), 

P' u + 41rxr3(P + pc) 
E + P = - r(r - 2u) 

x' ·vx 1 
X = ----;:-Jr(r-2u)' 

V' - vP' = - 81rr
3(E - 3P) 

P (3 - 2()Jr(r:...; 2u)' 
' . . . 

c _E-3P_ · Y ~( P' . (x') 
E = - 3 - 2( ~ 81rr2 V l - -:;: E +.P + 2x ' 

c v r:-Tu ( P' ( x' 2) 
p = _81rr2 V 1 - -:;: E + p + 2x - :;:- ' 

HeTpy,UHo· rroJiy"tIHTh cpopMyny ,UJIJI Macc1,1 B TOM me" crn

TH"tlec~oM CJiy"tlae TeopH~ MB,ll;, eCJIH HC~OJII,3YIOTCJI o,tiHopo

,UHhle R00p,UHHaThl 

ds2 = e20 c2 dt2 - e2
f3 [ dR2 + R 2 d02] • · 

,ll;enc;BnTeJih_Ho; RaK :rioRa3aHo B [19] ( cTp, 82), HHTerpn

ponaHHe ROM6HHaD;HH DaRyyMHhlX ypaBHeHHH 3T0ro CJzy"tlaJI 
. ' , 

rrpHB0,UHT R 
ea+{J B l 

X =·-2R2 + xo' (3.14) 

10 

r,n:e 

B = canst, 
81r 

x=-:;;, 
81rG(3 - 2(). 

Xo = 2(2 - () . 

C ,n:pyro:ti: cTopoHhl,DHYTPH pacrrpe,n:eneHHJI Mace RaR anre6pa

H"tleCR0C CJICJJ:CTBHC II0JieBhlX ypaBHeHHH HMeeM 

[ R' ( c:0
) l : 2R' p,•+38, (3.15) 

"t!T0 II0CJIC HHTerpnponaHHJI. ,n:aeT 

( 
o+{J) 1 

1
R, 

R3 e X = 2 . R3 c
0 +3

fJ PdR. 
R=R, o 

ITocROJihRY, RaR 3TO cne,n:yeT H3 (3.14), rrpoH3BO,UHclJI R3 ( e 0 +,3 / \)' 

Ha rpaHHD;C R = Rs CCTh · (B/2R2
)', TO 

U, 

B = 2 J R3e
0 +3fJPdR. 

0 

H~Tpy,n:HO II0Ra3aTh, "t!T0 

rJ2G2M 2 

B=----
2xo 

(3.16) 

COCTaBHB H3 nnipameHHH (15) H (16) pa60Thl [19] ROM6HHaD;HIO 

e0 -J:f3 / a H Tpe6yJI Ha 6oJibllIHX. paccTOJIHHJIX OT H_CT0"t!HHKcl Bhl

IIOJIHCHHC 3aROHa TJir0TCHHJI HhIOTOHa. 

TaRHM o6pa30M, ,UJIJI DhlpalliCHHH B 0,UHOp0,UHhlX KOOp,UH

HaTaX MaCChl H30JIHponaHHoro o6'1>CKTa n CTaTH"t!CCK0M cny"tlaC' 

TeopHH MB,ll; HMeeM 

R, 

M2 = l61r(3 - 2() J R3 a+3fJ PdR 
1J2G(2 - ()' . e ' 

(3.17) 

0 

"t!T0 B rrpe,UCJIC TJ -4 1, ( --+ 00 C0DIIa,UaCT C <pOpMyJio:fi, II0Jiy

"t!CHHO:ti: AnaKJIHOM [20] ,UJIJI aHaJiorH"t!Horo cJiy"tlaJI OTO. 
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4. BaKyyMHLie ypaBHeHHH OTO. O6cym.n;emuo lIHTerp11pye
MOCTll BpeMeHHLIX ypaBHeHlIH Teop1111 MB,n: 6y.n;eT rrocBnrn:ena cJie,n:yro
rn:an pa6oTa. 3.n;ec1, orpaHlltJlIMCH pacCMOTpeHlleM CBOHCTB BaKyyMHLIX 
ypaBHeHllll Bpe,MeHHOH 3a,n:aq11 OTO:. 

,' .. , 

[
R (R ·)] · [2R" . R' (R' )] 1 · e-20 R R+2/3 -e-2fJ R+ R R-2/3' +R2 =0,(4.l) 

_20 [2R R (R ·)] _2fJ [R' (R' ')] 1 ( ) e R + R R - 2a • -e .·. R R + 2a + R 2 = 0, 4.2 

2 [·· ,. · .R R(· )]· e- 0 /3 + /3(/3- a)+ R + R /3 - a -

e-2/J [a"+ a'(a' - /3')+ ~,+!(a' - /3')] = 0, · ( 4.3) 

R' R -R' 
R - a' R - /3 R = O. ( 4.4) 

CJie.n;yH cxeMe pa3.n;eJia 3, MO)KHO Il()l{a3aTb, tJTO ypaBHeHlIH ( 4.1)' 
( 4.2), ( 4.4) 31{BlIBaJieHTHLI CJie.n;yrorn:11M .ll:BYM 

:t [R'(l+e-2oi?,2-e-2fJR'2)] =0, 

! [R ( 1 + e~20 R2 - e-2fJ R'
2
)] = 0,. 

• 

l{OTOpLie HBJIHIOTCH .n:mp<pepeH:a;llaJII,HLIMll CJie.n;CTBlIHMll COOTHOIIIeHlIH 

, 2M =·R ( 1 + e-2o i?,2 - e-2{3 R'2) (4.5) 
,'• 

lI II03TOMY paBHOClIJibHLI eMy. ,UJIH Toro, tJT06LI BLIHCHlITI, CTaTyc3pa
BHeHlIH (4.3),BLipa3lIM R" 113 (4.1) lI R' 113 (4.4), rrp11paBHHB pe3yJibTaT 
11x .n:11cpcpepen:a;11poBaHHH no t 11 r cooTBeTCTBenno, 1111eeM 

' ' ' • I . 
-2o ·· · · · R -2{3 I/ I I I R l 

[ 
. 2] [ 12] 

e /3 + /3(/3 - a) - R2 - e a + a ( a ~ /3) - ,R2 ~ R2 = 0. 

12 

CKJia.n;LIBaH· 3TO ypaBHeHlle c. rro.n;eJieHHOll Ha ,n:Ba cyMMOll ( 4.1) lI ( 4.2), 
IIOJIYtJlIM ypaBHeHlle ( 4.3). TaKlIM o6pa30M, ClICTeMa ypaBHeHHli ( 4.1)
( 4.4) 31{BlIBaJieHTHa .ll:BYM ypaBHeHHHM-" ,n:HHaMUtJeCl{OMy" ypaBHeHlIIO 
( 4.4) lI ypaBHeHHIO "CBH3H" ( 4.5). IIocJie,n:HeMy MO)I{HO rrpHIIHCaTb rrpo
CTOH reoMeTp11qecmn CMLICJI: "<pa30BOe rrpocTpaHCTBo'1 ,n:aHHOll ,n:HHa

MlltJeCROll ClIClITeMLI eCTb r11rrep60JI?ll.ll: 

21
:_ + f? - 1

2 = 1, 1 = e-0 R, fJ...:.. e-:-fl R', (4.6) 

tJTO .n;orrycKaeT .n;Ba Bap11aHTa rrapaMe.Tp113a:a;1111, ecJm BMecTo 3-x ne113-
BeCTHLIX O:', /3, R BBeCTH ,n:Be He3aBlIClIMLie rrepeMeHHLie.. · 

I-11n Bap11anT: IlycT1, 0 < R $ 2M; BBe,n:eM x(r, t) 11 '!fa(r, t) rnK, 

tJT06LI i 

2
: = cosh2 X, , = sinh x cosh 'If;, fJ = sinh X sinh 'If; . (4.7) 

Ilp11 3TOM, 

2M o_ 
e -R - - . .,, 

- cos 
4M x fJ = _ 4M x1 

4 8 
cash 'If; cash 3 x' e sinh 'If; cash 3 x '· · ( · ) 

ypaBHen11e CBH3ll o6parn:aeTCH B TO)I{.ll:eCTBO, a ( 4.4) .ziaeT 

h 2 3"h 2 · . , _ cos X +. sm X . , _ [(l h ·'·), • + (1 · h ·'·): i] _ 0 · X h · . h XX n cos 'f' X n sm 'f' x - . ~x~x . . ·. 
IIocJie.n;nee rro,n:cTaHOBKOH 

1 2 . 
w = f(x) = lnjtanhxl- 2tanh x = 

1 ·1 . R I 1 ( R) 2 ln l - 2M - 2 l - 2M (4.9) 

o6parn:aeTCH B 

r;/ - (lncosh'lj;)\~-:-- (lnsinh'lj;)·w1= 0. (4.10) 

YpaBHeHlle (4.10) C0BIIa,n:aeT C lICX0.n;HLIM (4.4);ecJIH rrpoH3BeCTH 3a-

MeHy 
a -+ a = ln cash VJ, /3 -+ /3 = ln sinh VJ . 
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Jierno BHJJ:€TI,, "CITO 3JJ:€Cl, 'lj;· = 'lj;(r, t)-rrpo'H3BOJibHaJI cpyHRIUrn, mmaH 

He orpaHH"Cie1rna11 ypaniieHHJIMH 8iiHIIITeiiHa. TaRJIM o6pa3oM, MO)I{HO 

C"C!HTaTb o6ocHOBaHHhlM 

, Ilpe.n:Jio)l{eHHe. PeIIIeHHe CHCTeMhl BaRyyMHhlX ypanHeHMii 

8iiHIIITeiiHa, COOTBeTCTBYlOllJ;HX HaiI6oJiee o6m;eMy BH.n:y ccpe

pH"C!eCRH-CHMMeTpH"C!eCROii MeTpHRH,CBO.Zl:HTCJI I{ peIIIeHHIO JIH

, HeiiHoro ypaBHeHHJI (4.10) C rrpoH3BOJII,HO-q>HRCHpOBaHHOii 

cpyHKIJ;Heii 'Ip= 'lj;(r, t). 

HccJie.n:onaHHe COOTHOIIIeHHJI' ( 4.9) IIpHBO.Zl:HT I{ BhlBOJJ:Y O TOM, "CITO 

o6JiaCTH .n:orrycTHMhlX 3Ha"CieHH:ti w(r, t) < -½ COOTBeTCTBYIOT .n:na pe-

IIIeHHJI ypaBHeHHH 8iiHIIITeiiHa . . 

R1(w) '2, 2M(l + 2w) '2 R2(w). · 

II-oii napHaHT. IlycTb R '2, 2M > 0. Bne.n:eM 0(r, t) H 1/J(r, t) TaR, 

"9:T06hl 

2M', · · ·• · · · 
- = cos 20; 1 = e-°' R = sin0 sinh 'lj;, 8 = e-/3 R' = sin0 cosh 'lj;. 
R '· •. . . . . . .· .. 

· . . (4:11) 

IlpH 3TOM 

R = 2M ,e°' = 4M _0_· _. e/3 = 4M 0' 
cos 20 sinh 1/J cos 30' cosh 'ljJ cos 20 

H ypa:sHeHHe ( 4.4) .n:aeT 

• cos 20 - 3 sin 20 • [ • ] 0'-
0

. 
0 

00'- (Insinh'lj;)'0+(Incdsh'lj;)·0' =0. (4.12) 
COS Sln · 

Ilo.n:cTaHOBRoii 

w = f(0) = In 1tan01 + ½tan
2
0 ~½[In ( 2!-1) + ( 2!-1)] 

IIpHBO~M (4.12) R BHJJ:Y . 

w' - (In sinh 'lj; )' w - (In cosh 'lj; )·w' = 0. 

14 

B 3TOM cJiy-qae .n:JIJI JII06oro 3Ha"CieHHJI w cymecTnyeT e.n:HHCTBeHHhlii 

1wpeH1, R = R(w) ypaBHCHHJI (4.13) H Im)I{.Zl:oMy peIIIeHHIO 0(t,r) ypa

BHeHmI (4.14) rrpH JII06oii 3a.n:aHHOH cpyHRUHM 1/J(r, t) COOTBeTCTByeT 

e.n:HHCTBCHHOe peIIIeHHC R(r, t), a(r, t), f3(r, t) ypaBHCHHii 8:tiHIIITeiiHa. 

TaRHM o6pa3oM, Haii.n:eHhl rrpeo6pa3oBaHHJI, JIHHeapH3YIOIUHe ypa

BHeHHJI 8:tiHIIITCiiHa, IIOCJie -qero OHH CBO.n:JITCJI R JIHHeiiHOMY rHrrep6o

JIH"C!eCROMY ypaBHCHHIO 2-ro rropJI.n:Ra (4.10) HJIH (4.14). IlORa3aHO, 

"CITO peIIIeHHJI BaRyyMHhlX ypanHeHHH 8iiHIIITeiiHa, COOTBCTCTBYIOIU~X 

ueHTpaJII,HO-CHMMeTpH"C!HOH MeTpHRC o6m:ero BH.n:a, 3aBHCJIT OT O.ll:HOll 

rrpoH3BOJII,HOH cpyHRUHH 1/J(r, t) HOT 2-x rrpOH3BOJll,HhlX cpyHRUHH 0.ll:HOro 

apryMeHTa C1(t) H 'C2(r), ROTOphle orrpe.n:eJIJIIOT rrpOH3BOJI MHO)I{CCTBa 

pcIIICHHH JIHHeiiHoro ypanHeHHJI ( 4.10) HJIH ( 4.14) rrpH 3aJ::{aHHhlX 1.h(r. t). 
AnTOphl 6Jiaro.n:apHhl y-qacTHHRaM ceMHHapa Racpe.n:phl TeopeTH"Cie

cRoii q>H3HRH EpenaHcRoro rocy.n:apcTBeHHoro yHHnepcHTeTa 3a o6cy)l{

.n:eHHJI. .I(noe H3 Hae (B.B.II. H r.r.A.) pa6oTaJIH rrpH -qacTH"CIHoii 

rro.n:.n:ep)l{Re rpaHTa RY6000 Me)I{.Zl:yHapo.n:Horo Hay"CIHoro cpoH.n:a ( q>OH.ll 

Copoca). 
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' 
ApyTiomrn r.r. H 'AP· 
BpeMeHHaSI 3aAaiia B TeH30pHO-CKaJISipHOH 
TeOpHH TSIIOTeHHSI :A:opAaHa .;._ BpaHca - )];HKKe . 

P2-94-528 

. . Cq,opMy;rnpoBaHa BpeMeHHasr 3a~a1m B Te~rnopHo-cKa.rrsrpHoii-reop1111 Tsrro- , . 
TeHHSI :A:opAaHa:..... Bpal{ca - )];HKKe: IloKa3aHo, 11To B KOHq>opMHo-cooTBeTCT- · 
Byron:i;eM rrpoCTpaHCTBe ypaBHeHHSI' rrpo6JieMhI 1u,ie10T TaKOH )Ke BRA, KaK H 
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The spherically-symmetric and time-depended problem in Jordan - Brans . 
- Dicke tensor-scalar theory of gravity is formulated. It is shown that the form 
of problem equations in the conformally corresponding space is the sanie as 
Einstein equations on~ with additional source, which arecomponents of the 
«energy-momentum» tensor of the scalar field. The questi~n of the realizability 
of the Birkhoff theorem in JBD theory is discussed. Simultaneously the formula· 
for the total mass of the isolated static body as a function of the matter pressure 
distribution is obtained. Also the integrability:of the time-depended vacuum 
Einstein equations is eonsidered. . 

Th~ investigation has been performed at the Bogoliubov· Laboratory of 
· Theoretical Physics, JI.NR. · ·· · · 
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