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TBopeu HeeBKnHnOBOH reoMeTpHH H.tt. no6aqeBCKHH, 

nByxcoTneTHIOIO ronoBIUHHY nHSI polKneHHSI KaTopora npa3nHyeT B 

3TOM rony yqeHUH MHp, paccMaTpHBan reoMeTpHIO He TOnhKO B 

l!HCTO norHtieCKOM nnaHe. OH nocTaBHn nBe COBepweHHO HO Bile 

npo6neMu: 06 acTpOHO.MHqecKOH npoBepKe reoMeTpHH BHnHMOro 

MHpa H 06 HCcnenoBaHHH TOH nepeMeHU, KOTOpaH npOH30HneT OT 

BBeneHHSI HeeBKnHnoBOH reOMeTpHH B MeXaHHKY [1, c. 209, 261]. 

B coqHHeHHH [2] no6aqeBCKHH IlOCTaBHn Bonpoc a BBeneHHH 

HeeBKnHnoBOH reoMeTpHH B TeOpHIO TSirOTeHHSI. OH cnpaBennHBO 

ClIHTan, qTQ CHnll TSirOTeHHSI cna6eIOT OT pacnpocTpaHeHHH CBoero 

neHCTBHSI no c~epe, BCnencTBHe qera aKa3llBaIOTCSI o6paTHO 

nponopuHoHanhHUMH nnomanH c~epu. YcTaHoBHB, KaK ::iTa nnomanh 

3aBHCHT OT panHyca c~epu B HeeBKnHnoBOM npocTpaHCTBe, OH 

BHec cymeCTBeHHO HOBOe BllpalKeHHe B Hh!OTOHOBCKHH 3aKOH 

BceMHpHaro TSiroTeHHSI. no6aqeBcKHH npo3opnHBO nonaran: 
11

, •• B TOM onHaKo lK Henb3H COMHeBaThCSI, qTQ CHnll BCe 

npaH3BOnSIT onHH: nBHlKeHHe, CKOpOCTh, BpeMSI, Macey nalKe 

paCCTOHHHSI H yrnu 

paCCTOSIHHH, TO nHHHH 

yrnaMH. "[2, c. 159]. 

Karna BepHO, qTa CHnu 3aBHCSIT OT 

MoryT 611Tb TaKJKe B 3aBHCHMOCTH C 

Bonpoc O MeXaHHKe Ten, nBHlKYIUHXCH B npocTpaHCTBe 

no6atieBcKoro, paccMoTpeu B 063ope [3]. TaM noKa3auo, qTo npH 

BBeneHHH reoMeTpHH no6aqeBCKaro B BHnHMllH MHp coxpaHHeTCH 

npHHUHn KHHeMaTHqecKOH OTHOCHTenhHOCTH, HO TepHeT CBOIO CHny 

cneuHanhHllH npHHUHn aTHOCHTenhHOCTH. nocnenuee a3HaqaeT, qTo 

BBeneHHe no Hh!OTOHY a6conIOTHO IlOKOSIIUerocSI npocTpaucTBa npH 

HhlOTOHOBOM JKe ycnoBHH a6conIOTHaCTH BpeMeHH 3KBHBaneHTHa 

OTpHUaHHIO eBKnHnoBa nocTynaTa O napannenhHllX npSIMllX nHHHSIX B 

BHnHMOM HaMH MHpe. 

no6aqeBCKHH, KaK 3Ta IlOKa3aHa B pa6oTe [4], ~aKTHqeCKH 

Hawen ~yHnaMeHTanhHoe peweHHe ypaBHeHHSI nyaccoua B 

HeeBKnHnOBOM npocTpaHCTBe. EyneM cqHTaTh, qTo npHTSirHBaIOIUHH 

ueHTp B npocTpaHCTBe na6aqeBCKOro a6canIOTHa IlOKOHTCSI. }lnSI 

HarnSinHocTH Ha3oBeM era conuueM, a Teno, npHTSirHBaeMoe 

ueHTpOM, - KOMeTOH HnH-- nnaHeTOH. Macey Canuua o6a3HaqHM H. 
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Macca npnTHrnnaeMoro Tena cqnTaeTCH HllqTomHo Manatt no 

·cpaBHeHlllO C MaCCOll ConHua ll B ypaBHeHHe nyacCOHa He nxonnT. 

B 3TO' ypaBHeHHe BxonHT ennHCTBeHHhlll napaMeTp; paBHhlll 

µ = 0 H, rne o - KOHCTaHTa HhlOTOHa. 

TToKa nneT peqh ~6 ypa.BHe
0

Hllll TTyaccoHa, · nonpa3yMeBaeTCH 

cnyqau HepenHTllBllCTCKllH. HneJO me Ro6aqeBCKOrO O BBeneHllll 

HeeBKnnnoBOH reoMeTpllll B TeOpll!O THroTeHHH B pem-1THBHCTCKOM 

cnyqae npnMeHHn A. A. <I>pnnMaH [ 5, c. 447], nocTpOHB Monenh 

HecTaUHOH-a pHOll BceneHHOH. onHaKO, 3TO cnenalio HM He B TOM 

nnaHe, KOTOphlfi 6un 3anyMaH no6aqeBCKllM ll KOTOphlH peanll30BaH 

3nech no aHanorllll C HepenHTllBllCTCKllM cnyqaeM. 

1. BBEnEHHE fEOMETPHH ROBAqEBCKOfO 

reoMeTpllH no6aqeBCKOro BnonHe 3anaeTCH MeTpllKOH 
d 12 = L d xex d x/3 

ex/3 
(1) 

B ccpepuqecKHX KoopnnHaTax p , e , ~ npnHnMa10meu cneny10mnfi 

nun: 

rne 

npHMhle 

d 1 2 = d p2 + r 2 (d e2 + sin2 e d ~
2

) , 

RllHllll B 

r = k sh .2.... 
k 

npocTpaHCTBe no6aqencKoro 

(2) 

(3) 

HBRHIOTCH 

reone3uqecKHMll OTHOCHTenhHO aqiqillHHOll CBH3HOCTll KpllcToqicpenH 
I . 

[6, C. 159] C KOMnOHeHTaMH 

L ex 
µv = 

1 

2 
Lexa (a L +a L a L ) µ av v av - a µv ' 

(4) 

rne Lexa. - KOMeTpll~eCKllll TeH30p, onpenenHeMhlll qepe3 

MeTpnqecKllll TeH30p LCT/3 ll ennHHqHhlll aqiqillHHOp 0~ [6, c. 38] ll3 

ycnOBllH 
. ,,ex .exCT L = ·o

0 L CT/3 ,., (5) 

a 03HaqaeT qacTHYJO npoH3BonHYJO no · KoopnnHaTe xµ µ . 
reone3uqecKne me nnHHH [6, c. 144] onpenenHJOTCH B pe3ynhTaTe. 

peweHHH CllCTeMhl ypaBHeHHH 

2 ex 
d X + 
d 1

2 

L ex d X µ d X V 
µv· , --. - --.- = 

d 1 d 1 
0 . . ( 6) 

2 

jB ccpepnqecKnx KoopnnHaTax 
L 1 = - k sh .2.... ch 

p L 1 = L 1 sin2 .e 
22 k k 33 22 

L 2 = k-1 cth .2.... = L 2 , L 2 = - sine cos e ,(7) 
12 k 21 33 

L 3 = k-1 cth .2.... = L 3 , L 3 = ctg e = L 3 
13 k 31 23 

a OCTanhHhle KOMnoHeHThl 3TOH CBH3HOCTll paBHhl Hyn10. 

HHTepecHO, qTQ KOMnOHeHThl (4) xpaHHT 

(1), TaK KaK COCTaBneHHhlll ll3 HllX TeH30p 

L ex 
µv(3 = a L ex 

µ V/3 

OKa3h!BaeTCH paBHhlM 
L-ex = µv/3 

, a cnenonaTenhHO, 

a L ex + L ex L CT 
V µ(3 µCT V/3 

(Lµ/3 oex - Lll/3 oex) 
V µ 

Lµ/3 
1 k.2 L ex = -
2 µex/3 

3TO HeTpllBHanhHO, TaK KaK B npenene 

k· --+- 00 

naMHTh 

ex CT 
LVCT Lµ/3 

k-2 

32 

0 MeTpHKe 

(8) 

( 9) 

(10) 

(11) 

KOMnoHeHThl (4) 3TY rraMHTh TepHIOT ll O npenenhHOH MeTpHKe 

E O d xex d x13 = lim L O d xex d x13 (12) ex,., k-~ ex,., 
MHOroro He IlOMHHT. 

B 3TOM cnyqae COCTaBneHHhlll aHanoruqHo (8) ll3 npenenhHOll 

CBH3HOCTll 
E ex 1 

EexCT (aµ ECTV + av Eaµ - aCT Eµv> (13) = -µv 2 

TeH30p 
E ex a E ex a E ex E ex E CT ex CT (14) = - + - EVCT Eµ/3 µv(3 µ V/3 V µ(3 µCT .V/3 

paB HHeTCH Hy RIO ll, cnenona TenhHO, HattnyTCH Ta Kue KoopnnHa Thi 

y, qepe3 KOTOphle CBH3HOCTh (13) rrpencTaBHTCH B nnne 

E ix = a xex a2 Ya 
µv a ya axµ a xv 

(15) 

B TaKOll KapTe KOMITOHeHThl MeTpnqecKoro TeH30pa Eex/3 He 

3aBHCHT OT KoopnuHaT, ll 3TO Bee, qTQ MOmHO CKa3aTh O MeTpHKe 

(12), ecnn ll3BeCTHhl TORhKO 

HyneBhlM TeH30pOM (14). 
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K. 3TOMY MO)KHO .n(?6a.BllTb, 'ITO MeTpHKa ( 12 )' 3a,naeT 

reoMeTplllO EBKJIH.na [6, c. 48], TaK KaK B c~epllt.IeCKllX 
' KOOp,nHHaTaX OHa npllHHMaeT Bll.I( 

Eex/3 d xex d x 13 = d p2 + p2 (d e2 + sin
2
.e d q}) (16) 

Me)K,ny TeM, CBH3HOCTb (15) llHBapHaHTHa OTHOCHTeJibHO a~~HHHllX 

no,ncTaHOBOK 
y(]" = A(]" Y° + BC]" (17) 

"¥ 
ll 3a,naeT Jilllllb a~~llHHYIO r,eoMeTplllO [ 6, c. 41], a He reoMeTplllO 

EBKJIH,na. 

2. rPABHTAUHOHHOE nonE COCPEnOTOqEHHO~ MACCW 

B nPOCTPAHCTBE ROEAqEBCKOro 

B HEPERHTHBHCTCKOM cnyqAE 

BepHeMCH, o,nHaKo, K reoMeTpllll no6at.IeBCKOro. PacCMOTpllM 

cHat.Iana HepeJIHTllBllCTCKllH cnyqaA. ECJill Ha MaTepllaJibHYIO TO'IKY 

HllKaKHe CllJill He .neAcTBYIOT, TO ee ypaBHeHHH .I(BH)KeHHH B 

a6COJIIOTHO noKoHmeMCH npocTpaHCTBe no6at.IeBCKoro TaKOBU: 
2 ex µ V 

~+Lex ~~=O, 
d t 2 µv d t d t 

(18) 

r.ne t - . a6cOJIIOTHO8 °BpeMH. ECJill. )Ke Ha Hee ,neHCTByeT TOJibKO 

CHJia THroTeHllH C noTeHuHaJIO,M u ' . TO ypaBHeHllH .I(Bll)KeHHH 

npllHHMalOT cne,ny10mHH BH.n: 
2 ex µ V 
~ + L ex ~ ~ + L exv a u = 0 . 
d t 2 µv d t d t v 

(19) 

rpaBHTaUHOHHllH noTeHUHaJI u, y,noBJI8TBOpHIOmHA ypaBH8HHIO 

nyaccoHa B npocTpaHCTBe c MeTpHKOH (2) ll ycJIOBHIO 

pl:¥'- U = 0 (20) 

B cnyqae, Kor.na Macca H cocpe.noTot.IeHa B Hal.lane Koop,nHHaT,, 

paBeH 
U = .E.._ ( 1 - cth _e__ ) k k 

(21) 

YpaBHeHHe )1{8 nya~coHa B npocTpaHCTBe C MeTpllKOA (2) 

3anHCUBaeTCH B BH.ne 
(22) /J. U = 4 rr µ 8 (x) 8 (y) 8 (z) , 

r.ne 8 - CHHrYJIHpHaH ~YHKUHH nHpaKa·c apryMeHTaMll 
r cos e , x = r sine cos <p, y = r sine sin <p, z = 

(23) 

4 

I 

/J. 

1 

r2 

- .nH~~epeHtiHaJibHHA onepaTop nannaca, paBHHA 

a 2a 1(1 a. a 1 r - + - --- -- sine -- + -
ap ap r 2 sine ae ae sin2e 

a2 
-). 
a<p2 

(24) 

B CO'lllHeHllH [2, c. 159] no6aqeBCKHH ~aKTll'l8CKll yKa3aJI, 'ITO 

(c TO'IHOCTblO .no o603Hat.IeHHA) 
a u -2 a u 
--=µr --=O, a p a e ~ = 0 a <p . 

r.ne r ecTh (3) .. OTc10.na cne.nyeT, 'ITO npH ycnoBllll 

(25) 

(20) 

rpaBHTaUHOHHllA noTeHUHaJI paBeH (21). 

YpaBH8HHH narpaHma C npOll3BO.nHmeA ~YHKUHeA 
JI, = .2._ (d 1 )2 + U 

2 d t 
COBna.nalOT c ypaBH8HHHMH ( 19) H B .naHHOM cnyqae 

(26) 

HBJIHIOTCH 

ypaBH8HHHMH .UBHmeHllH KOMeTH BOKpyr a6COJIIOTHO noKoHmerOCH 

COJIHUa B npocTpaHcTBe no6at.IeBcKoro. B c~epllt.IeCKllX 

KOOp,nHHaTaX OHll npHHHMalOT cne.ny10mHA Bll,U: 
•• p p • • 2 • • -2 
p - k sh k ch k ( e e + sin e <p <p) + µ r = o , 

e + 2 k- 1 cth _e__ 
k 

'rp + 2 k-
1 cth ~ 

p e 

. . 
p <p 

- sine cos e 
. 

<p <p 0 ' (27) 

+ 2 ctg e e <p 0 

r.ne TO'IKOA H .nByMH TOt.IKaMll o603Hat.IeHU ,nepBue H BTopue 

npOll3BO.UHUe no a6cOJIIOTHOMY BpeMeHH t. 

A6COJIIOTH08 BpeMH 3a,naeTCH .Ull~~epeHUllaJibHOA ~opMoA 

e = d t B rrpocTpaHCTBeHHO-BpeMeHHOM Mllpe s X TC KOop.nHHaT

HllMll KapT<;L,Mll BH.na x 1
, x 2

, x 3 , x 4 = t. 3arrncuBaH ~OPMY El B 

BH,ne 0 = 0 d xa, BBC.UHM B Mllpe S X T KOB8KTOpHoe none C 
a 

KOMITOH8HTaMU 

(28) 8 = 0 ' 
e = 0 e = 0 . 8 = 1 

1 2 3 4 

ll ¢aKTOpll3YIOmy10CH MeTpllKY 

8 d xa d X 
b 

0 El = aL u (29) 

Orrpe.neJIHeMHA elO ¢aKTOpll3YIOmllACH MeTpHt.IeCKHH TeH3Op B Mllpe 

s x T paBeH 

e = e e < 30) 
ab a b 

BBe.neM eme BUpom.neHHllA KOMeTpllt.IeCKllA T8H3Op MaKCHMaJibHOro 

paHra [3] c KOMITOHeHTaMH hab, paBHllMll 

ha/3 = La/3 h~4 = 0 ' h4/3 = 0 h44 = 0 . (31) 
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TaK KaK 
hab a 

b = 0 , (32) 

TO MeTpHqecKHH H KOMeTpHqecKHH TeH30pU conpSimeHU ycnoBHeM 

a hsb = 0 (33) 
as 

YpaBHeHHSI .UBHmeHHSI (19) MaTepHanhHOH TQqKH, Haxo.umueHCSI 

B none TSimeCTH, 3a.UaDT B npocTpaHCTBeHHO-BpeMeHHOM MHpe 

S X T HeKoTopyD alfJ<flHHHYD CBSI3HOCTh r a . ·neHCTBHTenhHO, HX 
mn 

MOmHO 3anHCaTh B BH.Ue ypaBHeHHH reo,ue3HqecKHX 

d2 xa + r a 
--2- mn 

d s 
d xm d x

0 
·= o 

d s d s 
(34) 

BBe.USI no.ucTaHOBKY s =At+ B' r.ue A H B - noCTOSIHHUe. 

OTCD.Ua HaXO.UHM 
(X (X 

r µv = Lµv 

ra 
/.l4 

= o, ra = o, 
41) 

r a 
44 = Lav av U 

r 4 = o. mn 

cne.uoBaTeJihHO, MHpOBaSI TpaeKTOpHSI MaTepHanhHOH 

(35) 

TOqKH, 

Haxo.uSimeHCSI B rpaBHTaUHOHHOM none u, SIBnSI~TCSI reo.ue3HqecKOH 

nHHHeH OTHOCHTenbHO aetJCfJHHHOH CBSI3HOCTH (35) B qacTHOCTH, 

MHpOBaSI TpaeKTOpHSI MaTepHanhHOH TQqKH, Ha KOTopyD 

cr1nu He .ueHCTB YDT, SIBnSieTCSI reo,ue3r1qecKOH 

OTHOCHTenhHO aetJCtJHHHOH CBSI3HOCTH C KOMnoHeHTaMH 

paBHUMH (35) npH U = canst. 

HHKaKHe 

JIHHHeH 
r a 

mn 

Kor,ua HMeeTCSI ,UBe C~SI3HOCTH r H f , TO ,UnSI Kam,uoro 

TeH30pHoro nonSI COCTaBnSIDT .UBe KOBapr1aHTHUe npoH3B0.UHUe V 

H V [6, C. 128]. nnSI BeKTOpHoro H KOBeKTOpHoro noJieH 

nonaraDT 

V Ta 
m 

= a Ta+ r a T0
, 

m mn 

V Ta 
m 

= a Ta + r a T0 
, 

m mn 

V T = 
m n 

a T - r a T 
m n mn a 

(36) 

V T 
m n 

= a T 
m n 

r a T 
mn a 

HHTepeCHO, qTQ o6e KOBapHaHTHUe npoH3B0.UHUe MeTpHqecKoro 

KOBeKTOpa (28) H KOMeTpr1qecKoro TeH30pa (31) B .uaHHOM cnyqae 

paBHU HYJID: 

v a = o ; v a = o 
m n m n 

Pa3HOCTh 

V hab = 0 
m 

· V hab = 0 . 
m 

pa= r-a-ra 
mn mn mn 

(37) 

(38) 

SIBJISieTCSI TeH30pOM, TaK KaK npH nepexo.ue OT O.UHOH KapTU X K 

.upyroH KapTe x' KOMnOHeHTU r a JID60H alfJCfJHHHOH CBSI3HOCTH mn 

6 

nepeXO.USIT B HOBUe KOMnoHeHTU, paBHUe 

rl 
pq 

a xP 

a x' m 

a xq 

a x' 0 

a x' a 

a x 1 
+· 

a2 x1 

a x'm a x' 0 

a x'a 
a x1 

(39) 

TeH30p Pa Ha3UBaeTCSI TeH30pOM aetJCfJHHHOH .uectiopMaUHH mn 
[6, c. 128] . B paccMaTpHBaeMOM CJiyqae OH paBeH 

p a = - a a has a 
mn m n s 

u (40) 

qTo reoMeTpHqecKHe o6oeKTU (TeH3opu H aetJCfJHHHue 3aMeTHM, 

CBSI3HOCTH) B 

6a3HCY da = 

Kam.uoH KOOp.UHHaTHOH KapTe X MU OTHOCHM K 

d Xa H K06a3HCY a = a I a Xa . IlpH 3TOM 
a 

OKa3UBaeTCSI, qTQ 

r a = r a 
mn nm 

3TO 3HaqHT, qTo TeH30p KpyqeHHSI paBHSieTCSI HYJID [6, 

BCSIKaSI aetJCfJHHHaSI CBSI3HOCTh HMeeT CBOH TeH30p 

[6, C. 126], paBHUH 

Ra = a ra 
mnb· m nb 

a ra +·rars 
n mb ms nb 

r a rs 
ns mb 

QqeBH.UHO, qTo 

Ra + Ra 
mnb nmb 0 

a B CJiyqae (41) JierKO npoBepSieTCSI, qTQ 

(41) 

c.125]. 

KpHBH3HU 

(42) 

(43) 

R a + R a + R a = 0 { 44) 
mnb bmn nbm 

nocne.uHHe .UBa Tom.uecTBa SIBJISIDTCSI anre6par1qecKHMH. B cnyqae 

(41) HMeeTCSI eme H .UHCfJCflepeHUHaJihHOe Tom.uecTBO .UJISI TeH30pHoro 

noJISI (42), a HMeHHO: 

V Ra + V Ra + V Ra = 0 
k mnb n kmb m nkb (45) 

Ero Ha3UBaDT Tom.uecTBOM EHaHKH - na.uoBa [6, C. 131]. 
. Q 

B cnyqae (35) TeH30p KpHBH3HU (42) HMeeT CJie.UyDmHe 

KOMnOHeHTU: 

r.ue 

R <X 
µv{3 

R <X 
/.l44 

= 

= 

L <X 
µv{3 

'R <X 
/.llJ4 

a ua +Lau" 
/.l /.llJ 

= 0 

ua = Lexer a U 
CT ~ 

(X 
= 0 Rµ4{3 

(46) 
4 

= 0 Rmnb 

(47) 

3aM~THM 3.U~Ch, qTo B ~accMaTpHBaeMOM cJiyqae rpaBHTaUHOHHUH 

noTeHUHaJI u SIBJISieTci CK~JISipHOH CfJYHKUHeH B npocTpaHCTBe 

no6aqeBcKoro c MeTpHKOH"{1), u(X - BeKTOpOM rpa.uHeHTa acr U 

7 



•,• ~ -
B 3TOM npocTpaHCTBe, R - KOBapHaHTHOll npOH3BOnHOH a . µ44 . 
BeKTopa U , nopomne,HHOH CBH3HOCThD (4), a R a/3 - TeH30pOM - µv 
KpHBH3HU (8) nnH CBH3HriCTH (4). . 

3aTeM paccMoTpHM CBepHyTUH TeH30p KpHBH3HU 
R = Rs. (48) 

mn smn 

B cnyqae (46) cornacHo (9) H (10) OH paBeH 

-2 R =-2k L R =t.U 
µv µv 44 

R =0 R =0 
µ4 ' 4V ' 

(49) 

rne t. - nmpcpepeHI.{HanhHUH onepaTop Jlannaca - BenhTpaMH, 

nopomneHHUH MeTpHKOH (1). 3TOT onepaTop paBeH 

- t. = Lµv (aµ av - Lµ~ acr) (50) 

HHaqe, 

a u = - 1 - a (v'L Lµv a U) (51) v1r µ v · 

rne L - onpenenHTenh MaTpHuu (Lµv> B ccpepHqecKHX 

KoopnHHaTax onepaTop (50) paBeH (24). · 
BCilOMHHM Teneph O CBH3HOCTH, KOTOpyD MU 0603HaqHnH fa. mn 

TeH30p KpHBH3HU Ra 
mnb 

H ByneM Ha3UBaTh ,ee <t>OHOBOH. 

cBepHyTu~ TeH3op KpHBH3HU R -mn 
cpoHOBOH CBH3HOCTH nonyqaDTCH 

H3 (46) H (49) npH U = canst 

cnenoBaTenhHO, 

R 
mn 

- R = e e au 
mn m n 

(52) 

H MU MomeM B HepenHTHBHCTCKOM cnyqae HanHcaTh OCHOBHOe 

rpaBHTaUHOHHOe ypaBHeHHe B_ npocTpaHCTBe Jio6aqeBCKOro B BHne 

R - R = 4 rr 7 M ( 53) 
mn mn mn 

rne M - TeH30p Maccu, paBHUH 
mn · 

M = p e e 
mn m n 

(54) 

a p nnoTHOCTh Maccu B npocTpaHcTBe Jio6aqeBcKoro. 

YToqHHM, qTo Macca, 3aKnDqeHHaH B HeKOTOpOH 

npocTpaHcTBa Jio6aqeBcKoro, paBHa HHTerpany 

M = J J J p v'L d x
1 

d x
2 

d x
3 

o6nacTH 

(55) 

OqeBHnHo, ypaBHeHHe (53) 3KBHBaneHTH0 ypaBHeHHD nyaccoHa 

t. u = 4 rr .7.P. (56) 

B npocTpaHCTBe Jio6aqeBcKoro. 

8 

HHTepecHO 3aMeTHTh, 

CBepHyTUH TeH30p KpHBH3HU 

qTQ B ypaBHe~rne (53) Bowen 

B R 
mn 

<l>OHOBOH CBH3HOCTH r a 
mn 

. npenene me (11), Karna reoMeTpHH Jio6aqeBcKoro H3 TeopHH 

rpaBHTaUHH BUBOnHTCH, ypaBHeHHe (53) nepexonHT B ypaBHeHHe 

R = 4rr7M. (57) 
mn mn 

B KOTOPOM HHqTo O cpoHOBOH CBH3HOCTH He HailOMHHaeT. .lleno B 

TOM, qTo B npenene (11) cBepHyTuH TeH30p KpHBH3HU R 
mn 

paBeH HynD. KCTaTH, B 3TOM cnyqae paBeH HynD H nonHUH TeH30p 

KpHBH3HU Ra 
mn 

3. TTEPEXO.ll K PEJIRTHBHCTCKOMY CJIYqAID 

qTo6u · TQqHQ onpenenHTh, qeM OTnHqaeTCH penHTHBHCTCKaH 

TeopHH OT COOTBeT~TBYDmeH TeOpHH HepenHTHBHCTCKOH, 

paccMOTpHM MHPOBYD TpaeKTOPHD MaTepHanhHOH TQqKH. 

KacaTenhHYD npHMYD K MHpOBOH TpaeKTOpHH B HeKOTOpOH MHpOBOH 

TQqKe X Ha30BeM MHpOBOll CKOpOCThD qacTHUU. B OTnHqne OT 

MHpOBOH TpaeKTOPHH, 

caMOM MHpe X • a B 

KacaTenhHaH npHMaH pacnonaraeTCH He B 

MHpe T (x) • KaCaTenhHOM K X B ToqKe 

X. TaK KaK MHp X 

C. 109), TO MHp T 

npocTpaHCTBOM [6, 

HBnHeTCH qeTupexMepHUM MHoroo6"pa3HeM [ 6. 

(x) HBnHeTCH qeTupexMepHUM ueHTpoa<P<t>HHHUM 

c. 46), c ueHTPOM B ToqKe X E X 

MHomeCTBO npHMUX 

ueHTp, 

[ 6, c. 

HBRHeTCH 

59). B 

TaKoro npocTpaHCTBa, 

TpexMepHUM npoeKTHBHUM 

npocTpaHCTBe p (X) 

npoxonHmHx 

npocTpaHCTBOM 

MHpOBUe 

qepe3 

P(x) 

MaTepHanhHUX TQqeK COCTaBRHDT TpexMepHyD o6nacTh 

rne pean~3yeTCH Ta caMaH a6conDTHaH reoMeTpHH, 

CKOpOCTH 

V (x) 

KOTOpaH 

OCHOBUBaeTCH Ha Bcex eBKnHnOBUX nocTynaTax, KpOMe IlHTOro. 

3Ta o6nacTh Ha3UBaeTCH npocTpaHCTBOM CKopocTeH B TQqKe 

X E X PaccTOHH~eM B npocTpaHCTBe CKOpocTeH HBnHeTCH 

OTHOCHTenhHaH 6ucTpoTa MaTepHanhHUX ToqeK; MHpOBUe 

TpaeKTOpHH KOTopux nepeceKaDTCH B TOqKe X. CornacHO KneHHY, 

cymecTBYDT nBa H TORhKO nBa cnoco6a BunenHTh o6naCTh V (X) 

npH onHoM cnoco6e nHTUH nocTynaT EB~nnna npHHHMaeTcH B 

npocTpaHCTBe CKopocTeH. npH npyroM - OTBepraeTCH. B nepBOM 

cnyqae B npOCTpaHCTBe CKOpOCTeH peanH3Y8TCH reoMeTpHjt 

EBKnHna H TebpHH Ha3~BaeTCH HepenHTHBHCTCKOH. Bo BTOpOM - B 

npocTpaHCTDe CKopocTett peann3yeTCH reoMeTpHH Jio6aqeBcKoro H 

C) 



TeOpHH Ha3UBaeTCH penHTHBHCTCKOA. BnH npocTpaHCTBa CKOpOCTeA 

KOHCTaHTa no6aqeBCKoro npHHHMaeTCH paBHOH CKOpOCTH CBeTa c. 

o CBH3H TeopHH OTHOCHTenhHOCT~ c reoM~TpH~A nodaqeBcKoro, 06 

HCTOpHH CTaHOBneHHH IlOHHTHH npocTpaHCTBa CKopocTeA H 0 

npHMeHeHHH 3TOro IlOHHTHH B ~H3HKe CM. [7]. 

IlpoeKTHBHUMH KOopnHHaTaMH B p (x) HBRHDTCH nH~~e-

peHUHanu d xa KoopnHHaT. PaCCTOHHHe B npocTpaHCTBe CKOpOCTeA 

V (X) onpenenHeTCH Ha OCHOBe npoeKTHBHoro HHBapttaHTa 

aHrapMoHHqecKoro OTHOllleHHH qeTupex ToqeK, nelKamttx Ha onHoA 

npoeKTHBHOA npHMOA B p ( x) EcnH MiipoBaH TpaeKTOpHH 

MaTepttanhHOA TOqKH 3anaHa ~YHKUHHMH 

Xa = 3a (~) a E {1, 2, 3, 4} (58) 

HeKOToporo napaMeTpa ~ TO B KaqecTBe npoeKTHBHUX 

KOopnttHaT MHpOBOA CKOpOCTH MaTepHaRhHOA TQqKH MOl!CHO BU6paTh 

npoH3BonHue 
i;a = d 
~ 

-::-a 
~ I a E {1, 2, 3, 4} (59) 

EcnH napaMeTp 

TQqKoA, TO 

~ paBeH BpeMeHH, npol!CHBa~MOMY MaTepttanhHOA 

BeKTOp (59) Ha3UBaeTCH 

MaTepttanhHOA TOqKH. 

B HepenHTHBHCTCKOM cnyqae o6naCTh 

HepaBeHCTBOM 

.8dxa40 
a 

4-CKOpOCThD 3TOA 

V (x) 3anaeTcH 

(60) 

B neBoA qacTH KoToporo HanttcaHa nHHeAHaH ntt~~epeHuttanhHaH 

~OpMa 8 . 3TO HepaBeHCTBO onpenenHeT B V (x) a~~HHHYD reo

MeTpHD. ByneM Ha3UBaTh e ~opMoA BpeMeHH Ha MHOroo6pa3HH XI 

ecnH napaMeTp ~ paBeH co6CTB8HHOMY BpeMeHH, npOl!CHBaeMoMy 

MaTepttan~HoA TOqKoA, H ecnH 

8 i;a = 1 
a 

OnHaKO B HepenHTHBHCTCKOM cnyqae HaM HYl!CHO 

(61) 

BBeCTH B 

npocTpaHCTBO CKOpOCTeA reoMeTpHD EBKnttna, a He TORhKO 

a~HHHYD reoMeTpHD. BnH 3TOro Tpe6yeTCH no6aBHTh 

KOMeTpHqecKHA TeH30p hab B X 3anaDmHR B a~~HHHOM 

npocTpaHCTBe V (x), onpenenHeMOM ycnoBHeM (60), nonomttTenhHO 

onpeneneHHYD MeTpHKY. TaKoA TeH30p nonl!CeH 6UTh conpHl!CeH C 

KOBeKTOpOM 8 ycnoBHeM (32). qTO no TeH30pa BpeMeHH 8 a ab 
TO OH npencTaBnHeTCH qepe3 KOBeKTOp BpeMeHH B Bttne 

npOH3BeneHHH (30). Bee. 3TO 3HaqHT, qTO nnH BCHKOA TOqKH X 

IO 

,, 

,, 

:.\ , 
.I 

I 

' 
MOl!CHO TaK nono6paTh KOopnHHaTU 

1 2 = y , 3 4 ;, t (62) X = X , X X = z , X , 
qTQ B 3TOA TQqKe nonyqaTCH cnenyDmHe KaHOHHqeCKHe ~OpMu: 

8 d xa 
a = d t 

hab a 
a 

a 
b 

= 

8 d xa d Xb = d t d t ab 
(63) 

a a + a a + a a 
1 1 2 2 3 3 

a· penHTHBHCTCKOM cnyqae o6naCTh 

HepaBeHCTBOM 

V (X) 3anaeTcH 

8 d Xa d Xb > 0 
ab 

B neBoA qacTH KOTOporo HanttcaHa KBanpaTHqHaH 

(64) 

~OpMa 

HOpManhHoro rttnep6onttqecKoro Tttna. 3To 3HaqHT, qTo nnH 

BCHKOA ToqKH x E X • MOl!CH_O TaK nono6paTh KOopnHHaTU ( 62), 

qTo B 3TOA TQqKe KBanpaTHqHaH ~opMa CTaHeT paBHOA 

8 d Xa d Xb = d t 2 
- (d x 2 + d y2 + d z 2

) / c 2 (65) ab 
3Ty ~OpMy Ha3UBaeM ~opMoA BpeMeHH,TaK KaK OHa 3anaeT Ha 

MHpOBOA TpaeKTOpHH (58) co6CTBeHHOe BpeMH ~ , npol!CHBaeMoe 

MaTepttanhHOA TQqKoA npH ycnOBHH, qTo 
8 . i;a i;b = 1 

ab ab g TeH30p conpHl!CeHHUA C T8H30pOM BpeMeHH 
gas 8 = _ C-2 8a 

sb b 
Ha3UBaeM KOMeTpHqeCKHM. B KOopnHHaTaX (62) 

gab 8 8 = 8 8 + 8 8 + 8 8 
a b 1 1 2 2 3 3 

TeH30p 

gab· 
Ha3UBaeM MeTpHqecKHM. 

B npenene 

= - c 2 
8 ab 

C ---+-00 

T8H30p gab nepexonHT B T8H30p 

~aKTOpH3yeTCH B BHne (30). 

hab 

-2 
C 

( 66) 

Bab ycnoBHeM 

(67) 

a
4 

a
4 

(68) 

a TeH3op 

(69) 

(70) 

8 ab 

·Ha Halli cnyx, 6naro3ByqHee roBopHTh "ranttneeB H 

nopeHueB" ( cnyqaH) I He_l!CenH "HepenHTHBHCTCKHA H penHTHBHCT

CKHH". HTaK, reoM~TpHH EBKnttna B npocTpaHCTBe CKOpOCTeA 

V ( x) npHBOnHT K ranttneeBoA MeTpH3aUHH MHOroo6pa3HH X, a 

reoMeTpHH no6aqeBcKoro - K nopeHueBoA. B nepBoM cnyqae 

reoMeTpHH KacaTenhHoro,Mttpa onpenenHeTcH rpynnoA ranttneH, a 

I! 



BO BTOpOM - rpynnoH nopeHua.B KacaTeRbHOM Mttpe T (X) B 
rannneeBoM cnyqae 3ananTcH KOMeTpnqecKttH TeH3op hab ll 

KOBeKTOp BpeMeHll aa' conpHmeHHUe ycnoBtteM (32), a B 
nopeHueBOM cnyqae - KOMeTpnqecKttH TeH3op 
BpeMeHll 

a = 
ab 

-2 
C gab 

ab g ll TeH30p 

(71) 

conpHmeHHue ycnoBtteM (67). B nopeHUeBoM cnyqae cymecTByeT n 

MeTpnqecKllH TeH30p (69), o6paTHUH KOMeTpnqecKoMy. B 

rannneeBoM cny~ae TeH3op BpeMeHn aab paBeH (30). 

Y6ennMcH, qTo B, nopeHueBOM cnyqae B npocTpaHCTBe 
CKOpOCTeH peann3yeTCH 
KapTe (62) o6o3HaqnM 

reoMeTpttH_no6aqeBcKoro. B KoopnnHaTHOH 

(;1-=(;, (;2= ~ , (;3 = ( (;4 = V • (72) 

rronaraH, qTo v > o, tt3 ycnoBttH (66) HaxonnM 

/ 2 2 2 2 
V = 1 + ((; + ~ + ( ) / C (73) 

IlOBepXHOCTb (73) pacnonomeHa B KacaTeRbHOM T (X) . 3anaHHaH 
B 3TOM npocTpaHCTBe MeTpnqecKaH ~OpMa 

gab d (;a d (;b = 

Ha noBepXHOCTll (73) 

d (;2 + d ~2 + d (2 -

IIonomttB Tenepb 

d (;2 + d ~2 + d(2 c2 

npnHttMaeT cnenynmn8 Bnn: 

((; d (; + ~ d ~ + ( d ()
2 

c2 + (;2 + ~2 + (2 

d v2 (74) 

(75) 

(; = c sh ...f!_ sin a cos <p 
C 

~ = c sh ...f!_ 
C 

sin a sin <p , 

( = c sh ~ cos a , V = ch ...f!_ 
C 

c~epnqecKtte KoopnnHaTu, BBonnM Ha·noBepxHocTn (73) 
MeTpnqecKaH ~opMa (75) npnHttMaeT Bttn 

d p2 + c 2 sh2 ...f!_ (d 8 2 + sin2 
a d rp2 ) . 

C 

(76) 
B KOTOpux 

(77) 

IIocnenHee BupameHne coBnanaeT c npaBOH qacTbD BUpameHttH (2) 
npn c = k . cnenoBaTenbHo, Ha noBepxHOCTll (73) peann3yeTcH 
reoMeTpllH no6aqeBCKoro c xapaKTepHOH KOHCTaHTOH k = c. 
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- _4. BBEnEHHE ¢0HOBOA CBH3HOCTH 

B 3AHlliTEAHOBCKYID TEOPHID fPABHTAUHH 
B 3HHlliTeHHOBCKOH Teopttll rpaBttTaUllll IlROTHOCTb 3Heprnn 

3aBllCllT OT BU6opa KoopnnHaT, qTo npOTllBOpeqnT 3HHlliTeHHOBCKO

MY me npnHunny, cornacHo KOTopoMy 3aKOHU npnponu Hano6Ho 

~opMynnpoBaTb OT BU6opa KOopnnHaT He3aBllCllMO. KaK noKa3aHO B 
pa6oTax [3, _ 8-10), nnH ycTpaHeHttH 

BBeCTll B TeOpllD rpaBttTaUllll ~OHOBYD 
¢OHOBYD CBH3HOCTb o603HaqnM 

3Toro HenocTaTKa cnenyeT 

a~llHHYD CBH3HOCTb. 
[' a EyneM cqttTaTb, qTo 

mn 
OHa He llMeeT KpyqeHllH. 3TO 3HaqnT, qTo B nn6o8 KOopnnHaTHOH 

KapTe 
r a = r a (78) 

mn nm 

KaK ll B 3HHlliTeHHOBCKO' 1eopnn, 6yneM cqnTaTb, qTo llH~OpMaUllH 
0 rpaBttTaUllOHHOM none yqnTUBaeTCH B nopeHUeBOH MeTptt3aUllll, 

onncaHHOH Burne B pa3nene 3. HapHny c ~OHOBOH CBH3HOCTbD (78) 

BBeneM CBH3HOCTb KpllCTO~~enH 
r a -

mn -
1 

2 
as ( a + a 

g m gsn n gsm 
a ) = r a 

s gmn nm 
(79) 

~3 nByx CBH3HOCTeH COCTaBllM TeH30p a~llHHOH ne~opMaUllll 
(38), KBanpaTnqHyD ~opMy 

ll ee CBepTKY 

p a 
mnb 

= 

p 

p s p a 

nb 

mb sn 

p a 
anb 

p s p a 
nb sm 

p 
bn 

npyraH cBepTKa TeH3opa (80) paBHa Hynn: 
p a = 0 

mna ' 

= p a 
nmb 

(80) 

(81) 

(82) 

CaM TeH3op (80) ynoBneTBOpHeT cnenynmnM ycnoBttHM cttMMeTpnn: 

p a 
mnb 

+ p a 
nmb 

= 0 p a 
mnb 

+ pa + pa 
bmn nbm 

= 0 (83) 

H3 (82) n (83) cnenyeT (81), a tt3 (81) n (83) cnenyeT (82). 

Te~epb 3annmeM TeH3op (81) B Bttne 
p = papb _ p ps 

mn mb an s mn 
(84) 

rne 
p = p a 

s sa 
(85) 

ll BBeneM cKaRHp 
:e = gmn p 

mn 
(86) 
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o6o3Ha'IaH 
<l>s = mn p s 

g mn 
3anHmeM 3TOT CKanHp B BH.ne 

= cv 
a 

p ) 
a 9

as .· (87) 

!f, = mn p a p b _ p <l>s ( 88) 
g mb an s 

OCHOBllBaHCb Ha onuTe 3HHlliTefiHOBCKOH TeOpHH rpaBHTaUHH, 

.nefiCTBHe rpaBHTaUHOHHOro nonH Ha ¢oHe CBH3HOCTH (78) nonomHM 

paBHllM HHTerpany 

IE= JidV 

r.ne 

d V 

Pacnonaras. 

= ~ d x 1 
d x2 

d x 3 
d x4 

.ltBYMH CBH3HOCTHMH, COCTaBnHeM 

KpHBH3Hll (42) H TeH30p KpHBH3Hbl 
Ra = a r a - a r a + r a r s -rar-s 

mnb m nb n mb ms nb ns mb 
3aTeM COCTaBnHeM .nBe CBepTKH 

R = R a H R = Ra 
nb anb nb .anb 

TeH30p 

s = R + R - R - -R mn mn nm mn nm 
H CKanHp 

mn S 
S = 9 mn 

(89) 

, ( 90) 

TeH30p 

( 91) 

(92) 

(93) 

( 94) 

OTMeTHM, 'ITO TeH30pll 

ycnoBHHM CHMMeTpHH (83) 

KpoMe Toro, 

(42) H (91) y,noBneTBOpHDT TeM me 

, KaKHM y.noBneTBOpHeT TeH30p (80). 

R s 
mns = 0 R·s 

mns 
= a P - a P ( 95) 

m n n m 

npH ¢HKCHpoBaHHOH ¢0HOBOH CBH3HOCTH BapHaUHH HHTerpana 

(89) no KOMeTpH'IeCKOMY TeH30py paBHa 

o IE = ..2.... J ( S - ..2.... S g ) o gmn d V ( 9 6 ) 
2 mn 2 mn 

npH BblBO.ne 3TOH ¢opMynu npeHe6peraeM BapHaUHHMH Ha rpaHHUe 

HHTerpHpoBaHHH H Y'IHTblBaeM BapHaUHD o6DeMa 

o d V = - ..2.... (g o gmn) d V (97) 
2 mn 

Jio6aBnHH K (89) .nefiCTBHe "MaTepHH"; HCTO'IHHKOB rpaBHTaUHOH-

Horo nonH, npHXO.ItHM K ypaBHeHHD. 

S - ..2.... S g = "16 rr '¥ M ( 98) 
mn 2 mn mn 

r.ne, KaK H B (53), '( - KOHCTaHTa HbDTOHa, Mmn - TeH30p 

MaCCbl. 

3aMeTHM, 'ITO B OTRH'IHe OT ranHneeBa cnyqas. (54), B 

nopeijUeBOM cnyqae TeH30p MaCCbl 3aBHCHT' OT BH,na H COCTOHHHH 

HCTO'IHHKa. HanpHMep, .nnH H.neanbHOH mH.ItKOCTH 

14 

' J 

,' 
I 
\ 
1 
I 

'I 
I 
J, 
i 
;:1 

! 

_1, 

111 
!, 
j 
; 

-~ 

.1 
I 
! 
I 
.f: 

M = mn [ ( C + p) € € - p 9 ] 
m n mn 

r.ne C - BHyTpeHHH 3HeprHH, p - .naBneHHe, 

€n - 4-CKOpOCTb mH,nKOCTH. 

-2 
C 

t:: - e t::n 
'::.m - mn ~ 

(99) 

a 

H3nomeHHaH TeOpHH y.noBneTBOpHeT CBOero po.na npHHUHny 

COOTBeTCTBHH: nonaraH' 'ITO B HeKOTopofi KOOp.ItHHaTHOH KapTe 

KOMilOHeHTbl ¢0HOBOH CBH3_HOCTH (78) paBHHDTCH HynD, Mbl 

B03BpamaeMCH K 3HHlliTefiHO~CKOH TeOpHH rpaBHTaUHH. JinH 3TOro 

Heo6xo.nHMO, 'IT06ll TeH30p KpHBH3Hbl (91) paBHHnCH HynD, a ecnH 

OH paBHHeTCH HynD, TO Hafi.neTCH KOOp.ItHHaTHaH KapTa, B KOTOpofi 

KOMilOHeHTbl CBH3HOCTH (78) paBHHDTCH HynD. TaiaH KapTa 

onpe.nenHeTCH C TO'IHOCTbD .no a¢¢HHHllX npeo6pa30BaHHH 

Koop,nHHaT. Cne.noBaTenbHO, B 3HHlliTefiHOBCKOH TeOpHH Haps..ny C 

pHMaHOBOH reoMeTpHefi, · 3a,naBaeMOH MeTpH'IeCKHM TeH30pOM ( 69), 

HMeeTCH a¢¢HHHaH reoMeTpHH [ 6, c. 41], 'ITO He 6uno .nonmHblM 

o6pa30M Y'ITeHO HH caMHM :3fiHmTefiHOM, HH .npyrHMH aBTOpaMH, 

npHMeHHBlliHMH K pa3BHBaBlliHMH 3HHlliTeHHOBCKyD TeopHD. 

0TKa3UBaHCb OT Heo6xo.nHMOCTH npHHHMaTb paBeHCTBO 

R a = o , < 100) mnb 
Mll npHXO.ltHM K 6onee o6mefi TeOpHH, 'IeM 3HHlliTeHHOBCKaH. Mbl 

oKa3UBaeMCH 3a paMKaMH nocne.nHefi, ecnH 

HapymaeTcH, .name B cnyqae 

R + R = o 
mn nm 

Kor.na rpaBHTaUHOHHble ypaBHeHHH (98) Bee 

ypaBHeHHHMH :3HHlliTefiHa - fHnh6epTa: Be.Ith, 

paBeHCTBO (100) 

(101) 

eme coBna.naDT c 

'IT06ll 3HHlliTeHHOB-

CKHH "nceB.noTeH30p 

C. 205; 12, C. 106] He 

HHTb paBeHCTBO (100). 

3HeprHH" rpaBHTaUHOHHOro nonH [ 11, 

IlOTeps.n CBOH CMllCn, Heo6xo,nHMO coxpa~ 

CBH3HOCTb (78) Ha3blBaeM npHMHTHBHOH, ecnH OHa 

y,noBneTBOpHeT ycnOBHD ( 100), H nonynpHMHTHBHOH - ecnH OHa -

y.noBneTBOpHeT ycnoBHD (101). 

5. BhlBOP <l>OHOBOA CBH3HOCTH 

B cnyqae~:Kor.na HeT rpaBHTaUHH, nonaraeM 
ra = r-a 

mn mn 
(102) 

:3TO eCTb TpHBHanbHOe pemeHHe ypaBHeHHH (98). JiefiCTBHTenbHO, 

B 3TOM cnyqae BCD.ItY'; Ha MHoroo6pa3HH TeH30p MaCCbl .nonmeH 

paBHHTbCH HynD, a, cne.noBaTenhHO, ypaBHeHHH (98) .nonmHll 
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npRHliMaTb BR.rt 

YCJIOBRe (102) 

s = mn 
O3HaqaeT, 

0 

'lTO cpoHOBa.H 

(103) 

CB.H3HOCTh ( 78) 

MomeT 6UTb npe.ncTaBJieHa B BR.rte CB.H3HOCTR KpRcTocpcpen.H. TaKa.H 

CB.H3HOCTh HenpeMeHHO ,noJimHa 6UTh, 3KBRacpcpRHHOH [6, c. 150). 

cne.noBaTeJihHO, .nonmHU BUnOJIH.HThC.H YCJIOBR.H 

Rs = o R = R (104) 
mns mn nm 

a ypaBH8HR.H (103) .nonmHU npRHRMaTh BR.rt 

R = R (105) 
mn nm 

BuweR3JIOmeHHa.H TeopR.H caMa no ce6e KaKRX-JIR60 RHUX ycJIOBRH 

Ha cpoHOBYD CB.H3HOCTh He HaKJia,nuBaeT R .nonycKaeT 6oJihWYD 

CB06o.ny npR RX BU6ope. 

BoCnOJih3yeMC.H 3TOH cBo6o,nofi R YCJIOBRMC.H, 'lTO B 

OTCYTCTBRe rpaBRTaQRR MeTpRKa npRHRMaeT BR.rt 

gab d ;a. d xb. = . c 2 
d t 2 

- La/3 d xa d x 13 . (106) 
- . 4 

r.ne KOMnOHeHTU LCX/3 He 3aBRC.HT OT KOop,nRHaTU X . = t R 

COCTaBJI.HDT MeTpRKY ( 1). l13BeCTHa.H 3a.naqa lllBapuWRJib,lla 

pewaeTC.H · B npe.neJibHOM cnyqae ( 11), KOr .n.a cpoHOBa.H CB.H3HOCTh 

onpe.nen.HeTc.H reoMeTpRefi EBKJIR.na. He .noxo.n.H .no 3Toro npe.nena, 

npR JID60M 3HaqeHRR xapaKTepHOH KOHCTaHThl k MU MomeM 

nocTaBRTh R peWRTh aHaJiorR'lHYD 3a.naqy B cnyqae, Kor.na 

cpoHOBa.H CB.H3HOCTh onpe.neJI.HeTC.H reoMeTpRefi no6a'leBCKOro. 

l1TaK, B nopeHQeBOM cnyqae cpoHOBYD CB.H3HOCTh noJiaraeM 

paBHOH CB.H3HOCTR KpRCTocpcpeJI.H, 3a.rtaBaeMOH MeTpRKOH ( 106), R 

HaXO.llRM, 'lTO OHa paBHa CB.H3HOCTR (35) npR U = const, T. e. 

f 4 = 0 ·, f a = 0 , f a = 0 , r a = L a ( 107) 
mn 4n m4 · /J.V /J.V 

l1HTepeCHO, 'lTO B KOMnOHeHTU Bu6paHHOH cpoHOBOBOH CB.H3HOCTR 

CKOpOCTh CBeTa . C He BOWJia, HeCMOTp.H Ha TO, 'lTO OHa .HBHO 

BXO.URT B · MeTpRKY (106). IlO3TOMY BU6paHHa.H HaMR cpoHOBa.H 

CB.H3HOCTh B nopeHQeBOM cnyqae COBnana C TOH, KOTopyn MU 

BU6paJIR B KaqecTBe cpoHOBOH B raJIRJieeBOM cnyqae. 

COOTBeTCTBeHHO, TeH3Op KpRBR3HU (91) paBH.HeTC.H TeH3opy 

(46) npR U = const , T. e. 

R c = 0 I 
Ra = 0 Ra = 0 R a = 0 

mnb 4nb m4b mn4 

Ra = L a = (L oa - L oa) k- 2 (108) 
µ.v{3 . µ.v{3 µ.{3 V V/3 , /J. -

16 

113 nonyqeHHUX cpopMyJI CJie.nyeT, 'lTO ypaBH8HR.H (105) npRHRMaDT 

BR.ll 

R =0 R. =0 R = 
4n n4 ' /J.V 

- 2 k- 2 L (109) 
µ.v 

3aMe'claTeJihHO, 'lTO KOBapRaHTHa.H npOR3BO,llHa.H TeH3OpHoro 

noJI.H (108) no <t>OHOBOH CB.H3HOCTR (107) paBHa Hynn: 

v Ra = o 
s mnb 

(110) 

6. YCROBl1H fAPMOHl1qHQCTl1 

B CB.H3R C .llRCKyccRefi O rapMOHR'leCKRX- KOOp,llRHaTax 

60JihWOH RHTepec npe.ncTaBJI.HeT BeKTOp aHrapMOHR'lHOCTR (87), 

TaK KaK ycJIOBR.H rapMOHR'lHOCTR, Ha KOTopux HaCTaHBaJI B.A. <I>OK 

[5, c. 239), MOmHO 3anRCaTh [3, c. 1030) B BR.Ile 

<I>a = 0 (111) 

YCJIOBR.H .. (.111) npRH.HTU KaK B 6RMeTpR'leCKOH TeOpRR A. Po3eHa 

[ 13), TaK R B PTr ( peJI.HTRBRCTCKOH TeopRR rpaBRTaURR) A. A. 

~oryHoBa [14, 15). 

l1HTepecHO paCCMOTpeTb ycJIOBR.H (111) B pa3BRBaeMOH 3,lleCb 

TeopRR rpaBRTaURR C .llBYM.H acpcpirnHUMR CB.H3HOCT.HMR. By.neM 

Ha3IrnaTb 

CB.H3HOCTh 

RX yCJIOBH.HMR 

HenpRMRTRBHa, 

rapMOHR'lHOCTR, .name ecJIR 

XOT.H B TaKOM cnyqae 

<t>OHOBa.H 

OHR He 

onpe,neJI.HDT CRCTeMU rapMOHR'leCKRX KOOp,llRHa T. By .neM, O.rtHaKo' 

C'lRTaTb, 'lTO .neficTBRe RCTO'lHRKOB rpaBRTaQROHHoro noJI.H (KaK, 

HanpRMep, B paccMOTpeHHOM Burne cnyqae R.rteaJibHOH mR,llKOCTR) He 

3aBRCRT OT Bu6opa cpoHOBOH CB.H3HOCTR. IlpR 3TOM ycJIOBRR TeH3Op 

Maccu y,noBJieTBOp.HeT paBeHCTBY 

V sm M = 0 
s g mn ( 112) 

113 3TOro paBeHCTBa R ypaBHeHR.H (98) nonyqaeM. CJie,llCTBRe 

V gsm ( R + R - gab R g ) = 0 
s mn nm ab mn 

( 113) 

neByD qacTh paBeHCTBa (113) MOmHO npRBeCTR KBR.UY 

( V - P ) [ gsm ( R + R ) ] - gab V R 
s s mn nm n ab 

( 114) 

IlO3TOMY, eCJIR cpoHOBa.H CB.H3HOCTh y,noBJieTBOp.HeT ycJIOBRD 

v en + n > = o 
s mn nm 

(115) 

TO cornacHo (113) nonyqaeM cne.ncTBRe 

CR + R > <I>m = o 
mn nm 

(116) 

UpRMeHRM 

( 107). B CRJIY 

nonyqeHHUe pe3yJihTaTU K cpoHOBOH CB.H3HOCTR 

paBeHCTBa (110) ycJIOBRe (115) BUnOJIH.HeTC.H. 

pacnonaraeM paBeHcTBOM (116), B .naHHOM cnyqae IlO3TOMY MU 
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cornacao (108) 03HaqaDmHM 

k- 2 L <I>v = 0 (117) 
µv 

k-2 TaK KaK MHOlKHTenb H onpe)lenHTenb MaTpHUU ( Lµv> He 

TO H3 qeTUpex ycnoBHH rapMOHHqHOCTH ( 111) TPH paBHU HynD, 

ycnoBHSI 

<I><X. = 0 

SIBnSIDTCSI cne)lCTBHSIMH rpaBHTaUHOHHUX 

npe)lCTaBnSieTCSI B03MOlKHOCTb npHHSITb 

rapMOHHqHOCTH, a HMeHHO: 
<1>4 = 0 

ypaBHeHHH 

qeTBepToe 

(118) 

(98). HaM 

ycnoBHe 

KOTopoe H3 rpaBHTaUHOHHUX ypaBHeHHH (98) He cne)lyeT. 

B03MOlKHOCTbD MU H BOCnonb3yeMCSI. 

(119) 

3TOH 

7. C<I>EPHqECKH CHMMETPHqHAH CTATHqECKAH METPHKA 

Ey)leM pemaTb ypaaHeHHSI (98), nonaraSI 

g d xa d xb = 
ab · . 

= V2 d t 2 - F 2 d p 2 
- H2 (d 0 2 + sin2 

0 d ,p_2) (120) 

r )le <flYHKUHH V, F, H 3aBHCSIT TOnbKO OT KOOp)lHHaTU p . B 

(79) TaKOM 

paBHU 

r 4 = 
41 

cnyqae OTnHqHue 

v- 1 d V 
dp = r 4 

14 

OT HY nSI KOMnOHeHTU CBSI3HOCTH 

r 1 = F- 2 V d V 
44 dp 

r 1 , -1 d F r 1 = - F- 2 H d H = F dp ' dp r 1 = r 1 sin2 a . 33 22 11 22 · 

· 2 -1 d H = r 2 r = H dp 12 21 

r 3 H-1 d H = dp = 13 
r 3 

31 

r 3! = - sin a cos a 

r 3 -
23 - ctg a = r 3 • 

32 
(121) 

B 3THX l!Ce KOOp)lHHaTax OTnHqHue OT HynSI KOMnOHeHTU <flOHOBOH 

CBSI3HOCTH paBHU 

1\~ = - k Sll 
p_ ch p_ 
k k 

r 2 = k- 1 cth p_ = r 2 
12 k 21 

r 3 = k- 1 cth p_ = r 3 

13 k 31 
Bee He)lHaroHanhHUe 

r 1 = 
33 

['
2

~ sin2 
B , 

r 2 = 
33 

r 3 = 
23 

KOMnOHeHTU 

sin a cos a 

cig 0 = [' 3 

32 
TeH30pa R 

mn 

(122) 

B )laHHOM 

cnyqae paBHU Hynro, a )lHaroHanhHUe y)loaneTBOpSIDT ycnoBHD 

18 

= R33 

TI03TDMY H3 ypaBHeHHH (98) 

R
22 

sin2 a 

OCTaeTCSI 

(123) 

YJlOBJieTBDpHTb TOJ!bKO 

cne)lyDmHM TpeM ypaBHeHHSIM: 

R = 0 , R = - 2 k-
2 

44 11 R22 
- .2 sh2 ~ • ( 124) 

B paccMaTpHaaeMOM cnyqae HMeeM 

R = F- 1 H- 2 V _d __ ( F- 1 H2 ~ ) 
44 d p d p 

R , = - v- 1 v"- 2 H- 1 H"+ F- 1F
1 

( v- 1 v' + 2 H- 1 H
1

) 

11 

(125) 

(126) 

R = 1 - (F V)- 1 _d_( F- 1 V H ~ ) (127) 
22 d p d p ' 

r)le lliTpHX H )lBOHHOH lliTPHX 03HaqaDT nepByD H BTDpyD 

npoH3B0)lHUe no p. H3 (125) H (127) CJ!e)lyeT, qTQ 

!,__ H (R ·+ v- 2 F 2 R ). = - H"+ H
1 

(V- 1 v' + F- 1 
F

1

) • (128) 
2 11 44 

Bocnonb30BaBlliHCb 3TOH KOM6HHauHeH BMeCTO (126), nonyqaeM 

cne)lyDmHe ypaBHeHHSI: 
H ,, - H k- 2 

, I 

(F.,. 1 H2 V) 

(F- 1 V H H 

= 
I I 

= 

H ( F V) - l ( F V) 

0 

F V ch 2
kP 

(129) 

(130) 

(131) 

npelK)le qeM pemaTb 3TH ypaBHeHHSI. BepHeMCSI K aonpocy .06 

ycJIOBHSIX rapMOHHqHQCTH (111). HeTpy)lHO. no)lcqHTaTb, qTQ B 

)laHHOM cnyqae nepBaSI KOMnOHeHTa BeKTopa {87) paBHa 

<1> 1 = F- 1 V- 1 H- 2 [- (F- 1 V H2
) 

1

+ k F V sh 2
kP ] , (132) 

a OCTaJibHUe ero KOMnoHeHTU paBHU HYJID. TaKHM o6pa30M, 

)lOnOJIHHTeJibHOe ycJIOBHe (119) yaoBJieTBOpSieTCSI. YCJIOBHSI JKe 

(118) CJie)lyDT H3 rpaBHTaUHDHHUX ypaBHeHHH. 3HaqHT, H3 

ypaBHeHHH ( 129), ( 130) H ( 131) )lOJ!llCHO cne)lOBaTb paBeHCTBO 

tp1 = 0 qTO cornacHO (132) 3KBHBaJieHTHO paBeHCTBY 

_d_ ( F- 1 V H2 ) = F V k sh ~ ( 133) 
d p k 

B npe)lene (11) oTCD)la nonyqaeTCSI TD caMoe ycnoaHe 

rapMOHHqHOCTH, Ha KOTOpOM HacTaHBaJI B.A. <I>DK [5, C. 256]. no 

3TOMY nOBD)ly OH nHcaJI: 

"B 3aKJIDqeHHe c)lenaeM oaHo 3aMeqaHHe no aonpocy 06 on-

pe)leneHHH npSIMOH nHHHH B TeopHH TSirOTeHHSI. KaK CJie)lyeT onpe

~eJISITb npSIMyD: KaK nyq CBeTa HJIH KaK npSIMYD B TOM eBKJIH)lOBOM 

npocTpaHCTBe, B KOTOpDM )leKapTOBUMH KOOp)lHHaTaMH cnyJKaT rap

MOHHqecKHe KDOp)lHHaTU xl x2 x3 ? HaM npe)lcTaBJISieTCSI 

e)lHHCTBeHHO npaBHJibHUM BTDpoe onpe)leJieHHe." [5, c. 273]. 
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3aMeH'srn: B 3TOM .3aMe'iaHliH eBKJIH.llOBO npocTpaHCTBO Ha 

HeeBKJIH.llOBO, MU yny'imaeM CBOD Il03HUHD, TaK KaK 06cym.11aeMoe 

ycJIOBHe rapMOHH'iHOCTH, SlBJISIDIUeecsr B eBKJIH.llOBOM CJiy'iae 

ypaBHeHHeM, .llOilOJIHHTeJihHUM K OCHOBHUM rpaBHTaUHOHHUM 

ypaBHeHHSIM, B HeeBKJIH.llOBOM CJiy'iae OKa3UBaeTCSI npocTUM 

CJie.llCTBHeM nocJie.llHHx.· B nepBbM CJiy'iae MOmHo roBopHTh 0 

'ieTupex .llOilOJIHHTeJibHUX ypaBHeHHSI (111), a BO BTOpOM - TOJihKO 

06 O.llHOM .llOilOJIHHTeJihHOM ypaBHeHHH (119), nocKOJihKi OCTaJibHUe 

TpH (ypaBHeHHSI (118) BO BTOpOM cJiy'iae) CJle.llyDT H3 

rpaBHTaUHOHHUX ypaBHeHHH. 

BBH.llY BamHOCTH Bonpoca BUBe.lleM paBeHCTBO 

HenocpencTBeHHO I-13 ypaBHeHHH (129), (130) H (131). nnsr 

paCCMOTpHM TeH30p 3HHlliTeHHa 
Gb = R sb - -2._· R mn ob 

a as g 2 mn g a 

KOBapHaHTHaSI .llHBepreHUHSI 

V Gb = 
b a 

KOToporo, KaK H3BeCTHO, 

8 a1' - r s Gb + r b Gs 
b a ba s bs a 

paBHa · HYJID. Y6e.11HMCSI B 

Henocpe.11cTBeHHO . B paccMaTpHBaeMOM 

.11naroHaJieH H He 3aBHCHT OT yrJIOB 

cilytiae TeH3op 

H BpeMeHH, a 

(133) 

3Toro 

(134) 

(135) 

3TOM 
Ga 

b 

cpe.11n 

KOMnoHeHT (121) BR.Ila r a npH ·a m n 'I= 1 HMeDTCSI 
mn 

TOJlhKO O.llHa r 3 
32 KOMilOHeHTa 

KOMnoHeHTU BeKTopa (135) paBHU HYJID, 

TT03TOMY TpH nocJie.llHHe 

a era nepBaSI KoMnoHeHTa 

paBHa 

V Gb = 
b 1 

~ ·G1 + r b G1 - r i G1 - r 2 
d p 1 bl 1 11 1 21 

(136) 
G2 - r 3 G3 - r 4 G4 . 

2 31 3 41 4 
Ho H jTa KOMilOHeHTa paBHa HYJID BCJie.llCTBHe KOHKpeTHUX ~OPMYJI 

.llJISI ra 
ml 

H G~ npH a = m neHCTBHTeJibHO, .llJISI KOMilOHeHT 

CBSI3HOCTH PHH COCTaBJISIDT nepByD KOJIOHKY 

r 1 = F-1 F
1 

r 2 = r 3 = H- 1 H
1 

r 4 
11 ' 21 31 ' 41 

~opMyJI (121), T. e. 
-1 I 

= V V ( 137) 

a .llJISI KOM~OHeHT TeH30pa(134) HMeDT cne.11yDIUHH BH.11: 

G1 = A - B, G2 = G3 = - A - C, G
4 

= - A - B 
1 2 3 4 

(138) 

r.11e 

A = H- 1 F-2 [ H 
II 

- H (F V)- 1 (F V) ] 

B V- 1 F- 1 H- 2 (V H F- 1 H
1 

)

1 -2 (139) = - H I 

v- 1 F- 1 H- 2 (H2 F- 1 v') 
I 

C = 

20 

no.11cTaBnsrsr (137), a 3aTeM (138) B ~opMyny (136), nony'iaeM 
d 

, , 
v Gb = -- G1 + 2 H- 1H(G1 - G2 ) + v- 1 v (G1- G4 ) = 
_b 1 dp 1 1 2 1 4 

(140) 

= (A - B) + 2 H- 1 H. (2 A - B + C) + 2 V- 1 V A 

HeTpy.llHO y6e.11HThCSI B TOM, 'iTO KOM6HHaUHSI (140) npH 

IlO.llCTaHOBKe (139) o6pamaeTCSI B HYJih, KaKOBU 6u HH 6UJIH 

~YHKUHH F, H, V. Ho ecJIH 3TH . ~YHKUHH Y.llOBJieTBOIJSIDT 

rpaBHTaUHOHHUM ypaBHeHHSIM (129), (130), (131), TO 
-2 -2 -2 2 p 

A = F k , B = 2 H sh k , C = 0 • 

no.11cTaBJISISI nocne.11H1-1e BupameHHSI B (140), nony'iaeM 

V Gb = 2 k- 2 H- 2 F- 1 v- 1 [(F- 1 V H2)
1 

- k F V sh 
b 1 

(141) 

..?:......e... ] k . 
(142) 

TaK KaK MU .llOKa3aJIH, . tITO aupamem1e ( 140) paBHO · HY JID, TO 

.llOKa3aJIH Ii paBeHCTBO (133). 

8. 3AnAqA lliBAPUlliHRhnA 

KaK H3BeCTHO, lliBapumHJih.ll HameJI 

ypaBHeHHH 3HHlliTeHHa - r1-1Jib6epTa 

R = 0 
mn 

pemeHHe rpaBHTaUHOHHUX 

(143) 

nocne.11H1-1e nony'iaDTCSI H3 ypaBHeHHH (109) B npe.11eJihHOM cny'iae 

(11). CTapaSICh pemHTh aHaJiorHtiHYD 3a.lla'iy, CHa'iaJia paCCMOTpHM 

pemeHHe lliBapum1-1Jih.lla. 

HatiHeM C ypaBHeHHH 
II 

H = H (F V)- 1 (F V) 

( F- 1 H2 V , >' = 0 
I I 

. ( F- 1 V H H ) = F V 

KOTOpue noJiytiaDTCSI 1-13 ypaBHeHHH ( 129). ( 130), 

npe.11ene (11). 

H3 ypaBHeHHSI (144) cne.11yeT, tITO 
I 

F V = C H 

r.11e C = canst, a I-13 ypaBHeHHSI (145) cne.11yeT, 'iTO 

H
2 

V V 
I 

= B F V 

r.11e B = canst. no.11cTaBJIS1S1 (147) B (148), 

OTKy.11a cne.11yeT, t{TO 
1 

2 

H
2 

V V 
I 

.V2 + 

= B C H 

B C 
7r 

21 

= 

I 

A 

nony'iaeM 

(144) 

(145) 

(146) 

(131) B 

(147) 

(148) 

(149) 

(150) 



rae A = canst. noacTaBnHH (147) B (146), nonyqaeM 

(V2 H)
1 

= C
2 H

1 

noacTaBnHH cnaa (150), nonyqaeM 

2 A = C
2 

1 HTaK, o6mee pernemrn 

(146) 3aBHCHT OT aayx 

npOH3BOnbHOH ~YHKUHH H: 
F = C V- 1 H

1 

9TO eCTb cTaTHqecKoe 

CHCTeMU- ypaBHeHHH (144), 

KOHC~aHT B, C H OT 

v2 = C2 
- 2 B C H- 1 

c~ep0qecKH CHMMeTpwrnoe 

(151) 

(152) 

(145), 

oaHOH 

(153) 

perneHHe 

ypaBHeHHH (143) B nopeHueBOM cnyqae. noacTaBHB 3TO ~erneHHe B 

(119), KOopaHHaTy p yao6HO 3aMeHHTb KoopaHHaTOH H 

PaCCMOTpHM aHanorHqHoe perneHHe TeX me ypaBHeHHH (143) B 

ranHneeBOM cnyqae, Karna OHH cornacHo (49) caoaHTCH K 

ypaaHeHHD nannaca 

li U = 0 (154) 

B eBKnHaOBOM npocTpaHCTBe 

rpaBHTaUHOHHUH noTeHUHan u 
HaxoaHM o6mee perneHHe 

c MeTpHKOH (16). CqHTaH, qTo 

OT yrnoB H BpeMeHH He 3aBHCHT, 

u = 
-1 Mp + N (155) 

Hx BU6HpaDT paBHUMH rae M, N - npOH3BOnbHUe KOHCTaHTU. 

N = 0, M = - µ 

AHanorHqHo, B perneHHH (153) KOHCTaHTU BU6HpaDT paBHUMH 

C = c, BC=µ. 

3aMeTHM Tenepb, 

a~HHHaH CBH3HOCTb 

qTQ B" 
r a 

mn 
nonaraH, noao6Ho 

ex. 
rµv 

(35), 

= E ex 
µv 

ypaBHeHHe (143) BXOaHT TOnbKO 

MU npHxoaHM K ypaBHeHHD ( 154), 

r ex 
44 

= exv a U 
E v 

(156) 

r ex = 0 , r ex = 0 ., . r 4 = 0 . 
µ4 41J mn 

MHpoBaH TpaeKTOpHH MaTepHanbHOH TQqKH HBnHeTCH reoae3HqecKOH 

nHHHeH OTHOCHTenbHO CBH3HOCTH (156). EcnH MU He 6yaeM 

npH6eraTb K IlOHHTHD ~OHOBOH CBH3HOCTH, TO He cMomeM HHqero 

CKa3aTb O CHne THmeCTH. A BOT ecnH nonomHM ~OHOBYD CBH3HOCTb 

fa paBHOH (156) npH U = const, TO CMOmeM CKa3aTb, qTO 
mn 

4-CHna THmeCTH Ga paBHa 
Ga = M pa l;m l;n, (157) 

mn · 

rae Pa - TeH30p a~~HHHOH ae~opMaUHH, l;m - 4-CKOpOCTb , M -
mn 

22 

Macca MaTepHanbHOH TQqKH. 
B aaHHOM cnyqae TeH30p a~~HHHOH ae~opMaUHH HMeeT BHa 

(40). B CHny paBeHCTBa (32) BeKTOp 

paBHHeTCH Hynn, 

<I>a = hmn p a 
mn 

(158) 

a 3TO 3HaqHT, qTo B aaHHOM cnyqae 

BUnonHHDTCH ycnOBHH rapMOHHqHOCTH. no3TOMY ecTeCTBeHHO 

Tpe6oBaTb, qTo6u OHH BUnonHHnHCb H B aHanorHqHQM nopeHUeBOM 

cnyqae, Koraa CBH3HOCTb paBHa (79). 

B03BpamaHCb K 3aaaqe lIIBapUlllHnbaa, BBeaeM ~OHOBYD 

CBH3HOCTb, paBHYD CBH3HOCTH (121) npH V = c, F = 1, H = p. 

HepaBHUMH Hynn MoryT 6UTb TOnbKO cneaynmHe KOMilOHeHTU 

TeH30pa a~~HHHOH ae~opMaUHH: 
p 4 = - v-1 v' = p 4 p 1 = - F-2 V V 

41 14 ' 44 
(159) 

p 1 = - F-1 F 
11 

P 1 = F- 2 H H 
22 

pl pl .2 8 P ' 33 = 22 sin • 

2 -1 -1 
p12 = p - H H = p 2 

3 - 1 -1 H = p 3 , p13 = p - H 
21 31 

B aaHHOM cnyqae HepaBHOH Hynn MomeT 6UTb cneaoaaTenbHO, 

T(?nbKO oaHa 

HMeHHO: 

KOMilOHeHTa BeKTOpa aHrapMOHHqHQCTH (87), , a 

<1>1 = F-L V- 1 H- 2 [- (F- 1 V H2
)

1 

+ 2 F V p] (160) 

np0paBHHBaH ee Hynn, nonyqaeM ycnoBHe rapMOHHqHoCTH 

d -1 2 
~ ( F V H ) = 2 F V p 

B npeaene (11). 

(161) 

KOTopoe cneayeT 

noacTaBnHH 

nonyqaeM 

H3 (133) 

B (161) 
I 2 2 -1 V=c-2µH, 

rae 

F V = c H 

d 2 dH [ (H - 2 ex H) 
d p ] 
dlf = 2 p (162) 

ex = µ / c 2 (163) 

B pa6oTaX [5, c. 262] H [13, c. 6] KOHCTaHTU HHTerpHpOBaHHH 

o6UKHOBeHHOrO aH~epeHUHanbHOro ypaBHeHH.H ( 162) BU6HpaDTCH 

TaK, qTQ 

H =p+ex, F2 

np0 TaKOM au6ope 

= 
P + ex 
P - ex 

F V = c 

v2 = 
p - ex 2 

p + ex C 
(164) 

(165) 

Bonpoc o Heo6xoaHMOCTH TaKoro au6opa 03yqeH B pa6oTe [16]. 
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9. fPABJ:1TAUl-:IOHHOE TTOJIE COCPE.1lOT0"4EHH011 MACChl 

B TTPOCTPAHCTBE JIOBAqEBCKoro 

B PEJIRTJ:1BJ:1CTCKOM CJIYqAE 

CornacHO UHTHpOBaHHOMY BUille 3aMeqaHHJO ¢OKa, MeTpHKY 
lllBapuwHnh.na 

p - a c2 d t2 _ p + a d 2 _ ( + a)2 d 0 2 
p+a p-a P P ' (166) 

r.ne 

d 0
2 

= ( d 8 2+ sin 2 e d ~2) , 

cne.nyeT paccMaTpHBaTb Ha ~OHe 8BKllH.UOBa rrpocTpaHCTBa. HaH.neM 

aHanorHqHyJO MeTpHKy Ha ~oHe rrpocTpaHCTBa Jio6aqeocKoro. 

CHCTeMa ypaBHeHHH (129), (130), (131) nerKO 
HHTerpHpyeTCH rrpH ycnOBHH 

F V = C (167) 
r.ne C = const , qTo aHanorHqHo ( 165). YpaBHeHHe ( 130) 

COBrra.naeT C ypaBHeHHeM (145). TT03TOMY 

H2 
V

1 

= BF 
r.ne B = const, qTo 3KBHBanenTHO (148): 

(129), rronyqaeM ypaBHeHHe 

(168) 

no.ncTaBnHH (167) B 

II 

H H k-2 = 0 

o6mee peweHHe KOToporo 3arrnweM B. BH.U~ 

r.ne p H 
A 
p 

H - Pk sh p + p - k 
- KOHCTaHTU HHTerpHpoBaHHH. 

peweHHe B ypaBH8HHe 
H2 _d __ (2.._V2) = BC 

d p 2 

( 169 ), 

( 170) . 

no.ncTaBnHH 3TO 

(171) 
KOTopoe cne.nyeT H3 (167) H (168), rronyqaeM A 

2.... V2 = N - B C P- 2 k- 1 cth p + p 
,2 k (172) 

r.ne N - eme o.nna KOHCTaHTa HHTerpHpoBaHHH. 

OcTaeTCH paccMOTpeTb ypaBHeHHe (131). BMeCTO Hero MOmHO 

pacCMOTpeTb CYMMY ypaBHBHHH (130) H (131) 
~ [(F V)- 1 _d_ ( 2.._ V2 H2) ] = F, V ch ~ (173) 
dp · dp 2 k ' 

qTo y.no6Hee. no.ncTaBnHH c10.na (167), rronyqaeM ypaBHBHHe 

· (2.... v 2 H2)
11 

= c 2 ch~ (174) 
2 k 

CornacHO (170) H (171) HMBeM 
l 

2 
V2 H2 = 

A 
[ N P2 k sh p ~ p 

llH~~epeHUHPYH 3TY 
< 2.... v2 H2) '= 

2 

- BC ch 
A 

p + p 
-k- ] k sh 

A p + p 
--k-

(175) 

~YHKUHJO, rronyqaeM nepByJO npOH3BO.UHYJO 

(176) 
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2 2 A 2 A 
N P k sh k (p + p) - B C ch k (p + p) 

H BTopyIO 
( 2.... v2 H2 ) II= 

·· 2 2 2 A -1 2 A 
2 N P ch k ( p + p) - 2 B C k sh k ( p + p) . 

qTo6u · y.noBneTBOpHTb ypaBHBHHJO (174), 

HHTerpHpOBaHH~ Ha.no CBH3aTb cne.nyJO~HMH ycnOBHHMH: 

2 N P2 ch ~ - 2 B C k-
1 sh ~ = C

2 

k k 

A 

2 N P2 sh ~ . k 
OTCJO.na HaXO.UHM 

2 B =Ck sh 

A 

2 B C k- 1 ch 2 kp = 0 

2 'p 2 'p 
2 N P

2 = c 2 
ch -k- k 

no.ncTaBnHH 3TH 3HaqeHHH B (175), rro~yqaeM A 

p + p sh p - p V2 H2 = C2 k 2 sh k k 
3aTeM Ha OCHOBB-(167) H (170) rronxqaeM A 

v2 = c2 P-2 

F2 = P2 sh 

sh p - p I sh 
p + p 

k k 

A e. __±_____E_ I sh 
A 

p - p' 
~ 

( 177) 

KOHCTaHTU 

(178) 

(179) 

(180) 

( 181)" 

(182) 
k 

HeTpy.nno rrpoBepHTb, qTQ ycnoBHB rapMOHHqHQCTH (133) 

BUITOllHHBTCH. llBHCTBHTBllbHO, car nacHO ( 167) B .naHHOM cnyqae 

OHO 03HaqaeT 
_d_ ( V2 H2 ) 
d p 

a cornacHo (180) -

= c2 k sh ~ k 

A 

v 2 H2 = 2.... c2 k 2 [ ch 3-J!.._ - ch 3-J!.._ ] 
2 k k 

OcTieTCH BU6paTb 3HaqeHHH KOHCTaHT HHTerpnpoBaHHH. 
A 

C = C , P = 1 , p = a 

(183) 

(184) 

nonaraH 

(185) 

H o603HaqaH ~ = p I k' K = a I k rronyqaeM MeTpHKY 

sh(~ - K) 2dt2 - sh(~+ K) d 2 - k2 h2(~ ) d Q2 (186) 
sh(~+ K) C sh(~ - K) p s ~ + K ' 

aHanorHqHyJO MeTpHKB lllBapuwHnb.na (166). 

JI HT e pa T·Y pa 

1. Jlo6aqeBcKHH H.J:1. o HaIJaJiax reoMeTpHH. nonH. co6p. 

coq., T. 1, M. - JI. fOCTBXH3,UaT, 1946, C. 185 - 261. 

2. Jio6aqeBCKHH H. J:1. HOBl,/e HalJaJia reoMeTpHH C llOJIHOH 

reopHeH rrapaJIJieJibHUX, TTORH. co6p. 

rocTexn3,naT, 1949, c. 147 - 454. 

25 

coq,, T. 2, M. JI. : 



3. l!epHl-!KOB H.A. TpyJI.HI,Ie. Borrpocu reopHH 

OTHOCHTeHbHOCTH. 3l!AH, 1987, T. 18, BUTT. 5, C. 1000 - 1034. 

4. l!epHHKOB H. A. BBeJI.eHHe reoMeTpHH JJo6a'leBCKOI'O B 

TeopHIO rpaBHTall,HH HblOTOHa. npenpHHT 011Hl1 P2-91-381, 1ly6Ha, 

1991. (HanpaBJieHO B )KypHaJI TM¢). 

5. ¢OK B.A. TeopHH rrpocrpaHCTBa, BpeMeHH H THI'OTeHHH. 

M.: rocTex113naT, 1955. 

6. HopneH A.n. npocrpaHCTBa a(/J(/JHHOH CBH3HOCTH. M.: 

HayKa, 1976. 

7. l{epHHKOB H. A .. reoMeTpHH Jio6a'leBCKOI'O KaK. (/JH3H'l_ecKaH 

Hay Ka. B KH .': 150 JI8T reoMeTpHH Jio6at.JeBCKOro. nJieHapHUe 

noKJianu. M.: Bl1Hl1T11, 1977, C. 146 - 153. 

8. l!epHHKOB H. A. Heo6xoJI.HMb/H o6'beKT B OTO - reH30p 

a(/J(/JHHHOH JI.e(/JopMaUHH. Tpynu nepsoro e)KeronHoro ceMHHapa 

• "rpaBHTaUHOHHaR 3H8pf'HR H rpaBHTaUHOHHUe BOJIHU". 011Hl1 

P2-89-138, 1ly6Ha 1989, c. 12-23. 

9. l!epHHKOB H.A. JlOKaEbHaH reopHH. rpaBHTall,H. ·Tpymi 

BToporo 8)Ke,onHoro C8MHHapa "fpaBHTaUHOHHaR 3HeprHR H 

rpaBHTaUHOHHUe BOJIHU". 011Hl1 P2-90-245, 11y6Ha, 1990, c. 3-14. 

10. l!epHHKOB H. A. 3HHmTeHHOBCKaH TeOpHH rpaBHTaUHH c 

TO'IKH 3peHHH TeH30pHOI'O aHaHH3a. Coo6meHH8 011Hl1 P2-90-399, 

1ly6Ha, 1990. 

11. 311Hll!T8HH A. Co6p. Hayt.JH. TpynoB, T. 2. M.: HayKa, 

1966. 

12. nayJIH B. TeopHH OTHOCHTeHbHOCTH. M.: HayKa, 1983. 

13. Rosen N. Flat-Space Metric in General Relativity 

Theory. Annals of physics: 22, 1963, p. 1-11. 

14. JioryHOB A.A. OCHOBHble rrpHHll.Hflbl peHHTHBHCTCKOH 

TeOpHH rpaBHTall,HH. npenpHHT 11<I>B3 91-130, npoTBHHO, 1991. 

15. JioryHoB A. A. PeHHTHBHCTCKaH TeopHH rpaBHTall,HH. B 

KH.: nepcneKTHBU e~HHOH TeOpHH ITOJIR. M.: 113-B0 MOCK. yH-Ta, 

1991, c. 36-55. 

16. AcaHo·s P.A. , 

rpaBHTaUHOHHOM rrone 
P2-86-525, 1ly6Ha, 1986. 

3aMe'laHHe K TO'IHOMY pemeHH/0 3aJI.a'lH 0 

TO'le'IHOH Maccbl. coo6meHH8 011Hl1 

PyKOITHCb IlOCTYilHna B H3AaTenbCKHH oTnen 

12 MapTa 1992 rona. 

26 


