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B He)l.aBHeM UttKne pa6oT H.A. qepHHKOBa (1-3] 6blno IlOKa3a-
, ~·· 

HO, 'ITO B 3HHIIITettnoBCKOH Teoptttt rpaBttTaUHH C caMoro Ha'lana 

6bln IlOTepHH BaJKHbltt reoMeTptt'leCKHH o6beKT - ¢0HOBaH CB5I3HOCTb. 

B pe3ynhTaTe B KaHOHtt'leCKOH 06mett Teoptttt OTHOCttTenbHOCTH pe­

rneutte npo6neMbl noKantt3aUtttt ttMnynhcuo - 3HepreTtt'leCKttX xapaK-
. ·•:: 

TepttCTHK rpaBHTauttmmoro nonH oKa3anocb ueBO3MOJKHbIM. BBeneutte 

¢OHOBOH CB5I3HOCTH IlO3Bonttno rrocTpOttTb TeH3OpHyD TeopttD rpaBtt­

TaUHH 6e3 uenoKantt3yeMbIX ¢tt3tt'leCKHX OObeKTOB. 

B cnyqae nnocKoro ¢ouoBoro npocTpancTBa ypaBnenttH Teoptttt 

COBITa)l.aDT c ypaBIIeHHHMH 3ttHIIITettua. Ecim JKe ¢OHOBOe rrpocTpauc..: . 

TBO o6nanaeT neHyneBOH KpttBH3HOH, TO, Boo6me rOBOp5I, ypaBHe­

HHH, OITHCblBaDmtte rpaBttTaUttD, OTnH'laDTCH OT ypaBHeHHtt 3ttHIIITett­

ua. 

B pa6oTe (4] paccMaTpttBanocb c~epttqecKtt-cttMMeTptt'lnoe pe­

we1me rpaBttTaUHOHHblX ypaBHeHtttt Ha . ~OHe npocTpaHCTBa Jio6atJeB- . 

CKOl'O 
v2 2 2 2 2 2 r 2 2 2 

ds = c dt - dr - k sinh k ( de + sin e drp ) . ( 1) 

B HaCTOHmett pa6oTe ttccnenyDTCH HeKOTOpble crreumptt'leCKtte CBOH­

CTBa IlO)I.OOHblX pewe1mtt, B 'laCTHOCTH, onpenenHeTC5I xapaKTep pa­

)1.Hanbl!Or'O )I.BttJKeHtt51 ¢OTOHOB. YcTaHaBmrnaeTC51, 'ITO B03MOlKHbl Ba­

KYYMilble peweHHH )I.BYX THITOB, O)1.HH H3 KOTOpbIX nanoMttHaeT MeTptt­

KY illBapurnttnb)l.a B ¢opMe ~oKa; TO ecTb aHanor TeopeMbl EttpKrQ¢a 

ue HMeeT MeCTa. HMeeTC51 HeTpttBttanhHOe' peweHtte B a6conDTHO 

nycTOM npOCTpancTBe. 

B Ka'leCTBe narpauJKttaHa rpaBttTaUHOHHOT'O rron51 Bbl6ttpaeTC5I 

nnoTHOCTb 

f oinea;,~..;ni.in HKt'i"lrrYi' l 
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· mn r )le HeBUpOJK)leHHaSI MeTpttKa g OTTHCl,IBaeT rpaBttTal.{ttk> ( g 
lk 

o6paTHl,IH Kg TeH30p), pa = fa 
. I k mb mb 

fa - Tel130p aq>qJttHHOH )le­
mb 

q>opMal.{ttH, fa = flt - K03q>qJHL{tteHTl,I 
mb bm . 

qJOHOBOH CBSI3HOCTH, fa 
mb 

CHMBORl,I KpttcToq>qieRSI )lRSI g . 
. lk 

BapbttpoBaHtteM )leHCTBHSI 

S = Jig d
4

x 

no gmn nonyqaDTCSI ypaBHeHHSI rpaBttTal.{ttOHHoro TTORSI 

't'mn = 2 oS 
~= 

mn 
_,--. ma nb v = v -g g g (R 

·· · . ab 

V V / k 
+ R - R g g - 2G ) = 0. 

ba ·ik ab ab 

( 2) 

Btt.llHO, qTo nptt R = O tt3 ( 2) cne)lyDT ypanneHttSI 3HHWTei1na 
· (ab) · 

G = O.PaCCMOTpttM qJOHOBYD MeTpttKy (1). oy)leM HCKaTh cq>epttqec­
ab 

KH - CHMMeTpwquyv CTaTttqecKyD MeTpttKy 
2 2 2 2 2 2 2 . 2 2 ds = V dt - F dr - H (de+ sine d~ ), ( 3) 

Y.llOBReTBOpSIDmyv ypaBHeHHSIM (2), KOTop1,1e B HaweM cnyqae HMeDT 

BH)l 

R = R 
ij ij 

0 B (3) V, F, tt H SIBRSIDTCSI q>yHKL{HSIMH r_ ITonaraeM x = t, 
2 3 

X = 9, X = ~. 

1 
X = r, 

He)lnaroHaRhHUe KoMnoHeHTU KaK R , TaK HR paBHU nynv, 
lj lj 

. 2 
a )lllarottaRhHl,le Y.llOBReTBOpSIDT COOTHOWeHHSIM R = R sine H 

33 22 
V V 2 
R = R sine, ll OCTaDTCSI 33 22 TORhKO Tpll ypaBHeHttSI Ha Tptt Hett3-

BeCTHUe q>yHKL{llH V, F ll H: 

R = VV ~ + 2H _ Y._ + ~ VV = O, , ( , , ') ( ') 
oo F2 F H V dr F2 

( 4) 

,, ,, 
, , , ) 

Rl 1 = - ~ - 2
: + : ( ~ + 

2
: = - !2 •· (5) 

~ :-:~-t•" .. :~ ... -·· ---
::;.,--•··--"t·· ,2 .,.. 

./t,:f·": ·:: /\ ~ ... " 

.. 
l ! 
l' 
~ ; 

r 

R = 1 - - - V - = - 2 srnh (r/k). 1 d ( HH') . 2 
22 VF dr F 

~ ( 6) . 

d 
3)lec1,, o3uaqaeT dr· 

V • i 1 
YcROBHe rapMOIIHl!HOCTll V (Y-gg )= 0 HMeeT BH)l 

J . 

d (VH2
) dr . -;- = VF k sinh(2r/k) ( 7) 

H, KaK CRe)lyeT H3 o6mei1 TeopllH [ 5, 6], SIBRSieTCSI CRe)lCTBlleM 

ncex ypanHe1rni1 (4)-(6). Mu B0Cll0Rh3yeMCSI (7) H KOM6ttHal.{l-ieH 
2 ( )' ,, 

!_ H (R + ~ R ) ·= H~~ - H. 
2 11 . V2 oo VF 

BMeCTO (4)-(6) llMeeM 

0603Hal!HM 
HH' 

F2 

d 
dr 

,, 2 ,(VF), 
H - H/k = H VF ' " 

(V:
2

) = VF k sinh( 2r /k) , 

~ (v HH') = VF cosh( 2r/k) · 
dr F 

= a, 
2 

!!_ = (3, 
F2 

H, 

H 
= o, (VF) 

VF = w. 

Hcnon1,3ySI (11), 3armmeM (8)-(10) B BH.lle 
, 2 2 o + o - -rw = 1/k, 

13'+ (3w = k sinh(2r/k), 

a+ a~= cosh(2r/k), 

a = f3o-

(8) 

( 9) 

(10) 

( 11) 

(12) 

(13) 

(14) 

(15) 

ECRH nonaraTh w napaMeTpOM, TO ( 13) n ( 14) OKaJKyTcSI nn­

HeHHblMH ypaBHeHHSIMH H, CRe)lOBaTeRhHO, MoryT 6b1Th npottHTerptt­

pona111,1 6e3 Tpy.Jla. Ho ypaBHeime ( 12) - 3TO ypaBHeHHe PHKKaTH, 

KOTOpoe He HIITerpttpyeTCSI B KBa)lpaTypax. K cqaCThD, npaB1,1e qa-

3 



CTH ( 4) -( 6) TaKOBbl' 'HO MOJKeT 6b1Tb Hatt.n.euo '-IaCTHOe pewe1me 

CHCTeMbl (12)-(15), COOTBeTCTBYDmee cny'-IaD w = 0. B caMOM .n.e­
Re, nycTb w = 0. H3 (13), (14) MMeeM 

a= (k/2) (slnh(2r/k) + a/2), 

~ = (k
2
/2) (cosh(2r/k) + b/2), 

r.ne a H b - KOHCTaHTbl HHTerpi1poBaum:1. Pa3.n.emrn nepeMemme B 

(12), nony'-IaeM 

da = dr. 
1/k

2
- a2 

HHTerpupyH (16), npHXO.ll.HM K 

(k/2) lnl! ~:~I= r + r
0

, 

r.n.e ro - KOHCTaHTa HHTerpHpOBaHHH. 

06o3Ha'-IMM 
D = exp( r /k) . 

0 

H3 (17) HMeeM )I.Be BeTBM. nepBaH: 

BTOpaH: 

ak + 1 2 
ak _ 1 = D exp(2r/k), 

a< -(1/k); a> (1/k); 

1 + ak _ 
1 - ak -

-(1/k) 

2 
D exp(2r/k), 

< a< 1/k. 

B ri1nep60RH'-IeCKHX ¢YHKUMHX M3 (18) nony'-IaeTCH 

a
1
= (1/k) tanh- 1 ((r + r

0
)/k), 

a H3 (20) -

(16) 

( 17) 

(18) 

( 19) 

(20) 

(21) 

02 = (1/k) tanh((r + r
0
)/k). (22) 

KaK BM.ll.HM, (19) H (21) Y.ll.OBReTBOpHDTCH. OcTaeTCH no.n.o6paTb a 

Mb TaKHe, '-ITOObl Y.ll.OBReTBOpHTb (15). no.ncTaBRHH a, a M ~ n 

(15), nony'-IaeM 

4 

j 

l 
t 

J 
I 
I 

l 
l 
r 

a
1
= (k/2) (slnh(2r/k) slnh( 2r /k)) , . 0 . 

~
1
= (k/2) (cosh(2r/k) - cosh(2r

0
/k)), 

a
1
= (1/k) tanh- 1 ((r + r

0
)/k) 

)I.RH nepBOH BeTBH, M 

a 2= (k/2) (sinh(2r/k) + slnh(2r
0
/k)), 

~ = (k/2) (cosh(2~/k) + cosh(2r /k)), 
2 · 0 

a 2= (1/k) tanh((r + r
0
)/k) 

.llRH BTopott. HHTerpHpyH (11), nony'-IaeM OKOH'-IaTeRbHO 

r + r 
·O 

H
1
= P slnh k 

r + r 
0 H2= P cosh-~k--

2 p2 
F = -

1 k2 

2 p2 
F = -2 k2 

r + r 
slnh-~- 0 

k 
r - r 

slnh 0 

k 

r + r 
cosh--- 0 

k 
r - r 

cosh-- 0 ·~ r 

2 Q2 
V = 

1 2' 
F 

1 

2 

~=~ 
2 2 1 

F 
2 

r.ne PH Q ~ KOHCTaHTbl HHTerpupoBaHHH. Tpe6yH, '-ITOObl aCHMnTo-
v • 2 2 . 2 2 THKa g coBna.n.ana cg , uaxo.n.MM P = k exp(-2r /k), Q = c. 

mn mn 0 

06o3Ha'-IaH 

r - r 
slnh o 

r - r 
cosh--

/1. = exp(2r /k) 
1 0 

k 
r + r 

slnh k o 

/1. = exp(2r /k) 
2 0 

k 
r + r 

cosh-
k 

)I.Ba peweHHH (8)-(10) MOJKHO 3ani1caTb KaK 
·r + r 

0 

0 

ds 2= /1. c 2dt 2 -/\.- 1 dr2 
1 1 1 

2 . 2 0 2 exp( -2r /k) k srnh --- ctn , 
0 

(23) 

ds 2= /1. c 2dt 2 -/\.- 1 dr 2 
2 2 2 

r.ne d0
2
= d82+ ·s1n2e d~2. 

[ 4). 

2 2 exp(-2r /k) k cosh 
0 

k 

r + r o dQ2 • ( 24) 

k 
MeTpHKa (23) BnepBble 61,1na HaH)l.eua B 
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Pewemm (23) noxrntee na 'MeTpHKY <l>oKa 

·r - r r + r 
ds2= o c2dt2- o 

r+r r-r 
dr2- Cr+ r ) 2dn2 (25) 

0 
0 ' 0 

H nepexo.n.HT B Hee npH k ~ m. KaK H (25), (23) CHHry;rnpHO 

npH r = r 
0

• 

Ho BTOpoe pewenHe ( 24) npH k ~ m He HMeeT 3HHWTe~IHOB­

CKOro npe.n.eJia. COOTBe;CTBYIOUlee (24) peweHHe (22) B npe.n.eJie 

lim O = 0 npoTHBopeqHT (8). C .n.pyroft CTOpOHN, HMeHHO (24) 
r~ 2 

napywaeT aHaJior TeopeMN EHpKrapa. 

3aMeTHM, 

(24) OCTaeTCSl 

qTo npH r ~ O ( 23) npeBpamaeTcSI B ( 1) , 
0 

ds2= c2dt2- dr2- k2cosh2(r/k) dQ2 

KaK peweHHe B a6COJIDTHO nycTOM npocTpaHCTBe. 

HO 

Pa.n.HaJibHOe .llBH~eHHe ~OTOHa onpe.n.eJISieTCSl H3 YCJIOBHSI 

dS = dQ = O. JlJISI (23) HMeeM: 

Pa,nHaJibHaSI CKOpOCTb.~OTOHa r - r 

v = dr/dt = ±c exp(2r /k) 
1 · · 0 

sinh-- 0 

k 
r + r 

sinh _ 0 

k 
BpeMSI pa,nHaJibHOrO )lBH~eHHSl OT R .nor< R 

1 1 

exp(2R /k) - exp(2r /k) R - r 
-r = A ln 1 o + B 1 

1 exp( 2r /k) - exp( 2r /k) · 
+ 't'l • 

C 
0 

r.n.e B = exp(- 4r /k), A= k(l - B)/(2c), -r - BpeMSI, COOTBeT-
0 1 

CTByomee r = R. 
1 

JlJISI (24) COOTBeTCTBYDUlHe BeJIHqHHN 6y.n.yT: 

Pa.n.HaJibHaSI CKOpOCTb ~OTOHa r - r 

.. .v = dr/dt = ±c exp(2r /k) 
2 0 

cosh __ 0 
k. 

r + r 
cosh __ 0 

k 

6 

BpeM51 pa.n.HaJibIIOro )lBH~e,msr OT R .no r < R 
1 1 

exp(2R /k) + exp(2r /k) 
-r = A ln 1 o 

2 
exp(2r /k) + e~p(2r

0
/k) 

+ B 
R - r 

1 

C 

+ 't' • 
1 

npH R ~ r >> r KaK 't'. TaK H 't' npHBO)lSIT K o6NqHOMY BN-
1 0 1 • 2 . 

pa~e,mo 

R - r R - r R - r 
-r = (1 - B)-1-- + B 1 1 = 

C C C 
KaK BH)lHM, )lJISl )J.OCTH~eHHSl r = r 

0: 
~OTOHY B (23) Tpe6yeTC5! 

6ecKm1eqnoe BpeM51, a ~ (24) 3TO BpeMSI OKa3NBaeTCSl KOHeqHNM. 

EcJIH r --) r , TO v ~ 0, HO H3 ( 24) HMeeM MOHOTOHHOe 
0 1 

no3pacTa1me OT lim v = c .no v = c exp(2r /k) npH r = 0. 
. 2 2 · 0 . 

r --)CXI 
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