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Jio6a'leBCKHH BHec "HOBble Ha'laJia" He TOJibKO n reoMeTpmo. 

Ero MIICJib O TOM, "'-ITO CHJibl Bee IlpOH3B0J!RT 0,J(HH: J!BH)KeHHe, 

CKOpOCTb, BpeMR, Macey, .l(a)Ke paCCTORHHR H yrJibl" [1], BllBOnHT 

TeopeTH'{8CKYID ¢H3HKY 3a npenenu MexaHHKH HbIDTOHa H 3a 

npenenu HhIDTOHOBCKOH H 3HHWTeHHOBCKOH TeopHH THroTeHHH. 

Eonee ceMHnecHTH JieT cnopHJIH 0 CYTH 3HHWTeHHOBCKoro 

ncennoTeH3opa aHeprHH. reoMeTpHH Jio6aqencKoro noMorna 

pa3o6paTbCH B 3TOM TpynHOM Bonpoce. He ceKpeT, 'ITO "cpe.au 

rex, KTO JIWHT uopaccy)K.aarb 06 01118JIOMJIRIOlI!HX TpyJJaX 

3HH111Tei1Ha, MaJIO KTO upeJ!CTaBJIReT ce6e cyrb 3aKOHOB HblOTOHa" 

[ 2). reoMeTpHH Jio6aqencKoro noMoraeT pa306paTbCH H B &TOM 

nonpoce. 

1. BBEnEHHE ~OHOBOA CBH3HOCTH 

H3BeCT!iO, '{TO 3HHWT8HHOBCKa.SI TeopHH T.SlroTeHHH COCTOHT 

H3 nnyx qacTeft. Ee nepBaH qacTb xapaKTepH3yeTCH MeTpH'leCKHM 

TeH3OpOM gab H T8H3OpOM Maccu Mab KOTOpue CBH3UBaIDTCH 

TeH3OpHIIM ypaBHeHHeM 

8rr7M . 
ab ( 1) 

3Ta qacTh HMeeT HPIW BllpaJKeHHllH T8H3OpHUH xapaKTep H He 

BII31IBaeT BO3paJKeHHH. Ha3oBeM ee rHJih6epTOBCKOH 'laCTbID 

3HHWT8HHOBCKOH TeOpHH, nOCKOJibKY OHa connanaeT C T8OpHeH, 

fHJib6epTa. 

BTopaH 'laCTh 3HHWTeHHOBCKOH TeopHH THroTeHHH HMeeT 

ncennoTeH3OpHuH xapaKTep, 3a 'ITO ee nopHQaIDT, xoTH 6naronaps 

KaK pa3 TaKOMY ee xapaKTepy BO BTOpOH 'laCTH pewaeTCH 

11po6JJeMa :JIIC!Jrl111 rpaBHTaQHOHHoro IIOJHI. rnaBHIIH KpHTH4eCKHH 

apryMeHT - nJIOTHOCTb 3Hepr11H B 3HHWT8HHOBCKOH TeopHH"3aBHCHT 

OT nu6opa KoopnHHaTHOH KapTu. nocnennee cnenyeT H3 Toro, 'ITO 

($!)1,C:Rhli-t'~ti~i BKCi'ETJT' 
tffi-':,t!ib!X ace .!!t.JIOIIUd . 

ew11Sn~10TEKA --



• ITCSB.UOTSH3Op 3HSprHH, 6y,nyqH 
KBa.npaTHqHOH Cf!OpMOH 

OTHOCHTSRbHO a<fxpHHHOH CBSl3HOCTH 

r a 
mn ..!... as ( a + a - a ) 

2 g mgsn n gsm s gmn ' (2) 

B RD60H HaITspe.n 3a.naHHOH TOqKs ITpH ITO.UXO.USIWeM BU6ope 

Koop.nHHaT BMSCTS co CBSl3HOCTbD (2) o6pawasTCSI B Hynh. 

MsJK.ny TSM, KaK ITOKa3aHo B pa6oTax [3)' ITOHSITHe 

ITCSB.UOTSH3opa 3HSprHH HSTpy.nHo ITPHMHpHTb C TeH3OpHUM 

aHanH30M, SCRH HapSI,ny C (2) BBSCTH ewe O.UHY aCf!Cf!HHHYD 

CBSl3HOCTb 6s3 KpyqSHHSI. Ha3oBeM ee Cf!OHOBOH H 0603HaqHM fa . 
mn 

IlSpBaSI CBSl3HOCTb OITps.nsnHsTcSI ypaBHSHHSIMH CB06o.nHoro ITa.USHHSI 

MaTspHanbHOH TOqKH ( B rpaBHTaUHOHHOM ITons)' BTOpaSI 

ypaBHeHHSIMH CB06o.nHoro .UBHJKeHHSI MaTepHanbHOH 

OTCYTCTBHS rpaBHTaUHOHHoro ITORSI). TSH3Opu 

3a,naBaSMUS CBSl3HOCTSIMH r a H fa 
COOTBeTCTBSHHO' R a H R a 

mnb mnb 

mn mn 
HMeSM TSH3op 

TOqKH (B 

KpHBH3HU, 

0603HaqHM, 

R a==a ra 
mnb m nb a ra+rars 

n mb ms nb 
r a rs 

ns mb (3) 

H TeH3Op, 

CBSl3HOCTbD. 

ITO ITpaBHny 

ITO TaKoMy JKS ITpaBHny 3a.naeasMUH Cf!OHOBOH 

CBepHyTus TSH3opu KPHBH3HU R HR , oITps.nsnHM 
ab ab 

R = R s 
ab sab 

3aMSHHB 3HHWTSHHOBCKHH ITCSB,UOCKanSipHUH narpaHJKHaH 

~: mn (r a r b _ r a r b) 
g mb an ab mn 

rpaBHTaUHOHHoro ITORSI Ha CKanSipHUH 

r.ne 

f = mn (Pap b _pa p b) 
g mb an ab mn 

p a = fa 
mn mn 

2: 

r a 
mn 

(4) 

(5) 

( 6) 

( 7) 

·'t' 

' ....,.. 

-~ 

~'! 

H coxpaHHB 6s3 KaKHX-nH6o H3MSHSHHH narpam1maH "MaTspHH"' 

ITOnyqaeM cns.nyDWHH psusITT ITepsxo.na OT 3HHWTSHHOBCKOH K HOBOH 

TSOpHH TSl,OTSHHSI. B rpaBHTaUHOHHOM ypaBHSHHH (1) TSH3Op (4) 

Ha.no 3aMSHHTb Ha pa3HOCTb 

S = R - 2
1 (R + R ) . 

ab ab a ba 
(8) 

B pe3ynbTaTS ITonyqHTCSI HOBOS rpaBHTaUHOHHOS ypaBH,HHS 

s 
ab 

1 mn 
2 5 mn g gab = 8 rr 7 Mab (9) 

B·3HHWTeHHOBCKHX ITCSB.UOTeH3Opax, ITO.U06HO (5), ITORHHOMHanhHO 

3aBHCSIWHX OT CBSl3HOCTH KpHCTO<fxpenSI (2), ITOcne,nHDD Ha.no 

3aMeHHTb Ha pa3HOCTb (7). B ps3ynhTaTS BMSCTO nceB~O 

ITonyqaDTCSI HCTHHHUS TSH3Opu, TaKHS KaK ( 6). HoeaSI TSOpHSI 

rpaBHTaUHH He BCTyITaeT B ITpOTHBOpsqHs C TeH3OpHUM aHaRH3OM, 

TaK KaK 

TSH3OpOM. 

pa3HOCTb 

YcnOBHSI 

.UBYX Jm6ux aCf!Cf!HHHUX CBSl3HOCTSH SIBRSISTCSI 

rapMOHHqHOCTH B HOBOH TSOpHH eurnH.USIT 

cns.nyDWHM o6pa3oM: 

r.ns 

~a= 0 • 

~a = gmn p a 
mn 

(10) 

(11) 

nonyqaDWHHCSI ITO BUWSyKa3aHHOMY psusITTY TSH3Op 3HSp,HH paBSH 

ga = ~mn (Pa_ p 
b b mn m 

oa) - 'f oa 
n b ' 

(12) 

r.ns 

p = p a (13) 
m ma 

o: - S.UHHHqHUH a<fxpHHOp, 

~mn = ms p n + gns pm_ mn p 
a g sa sa g a 

(14) 

PacITonaraSI .UBYMSI CBSl3HOCTSIMH, y.no6Ho .nnSI KaJK.noro 

ITpOH3BO.UHUe VT H VT. TSH3Opa T COCTaBRSITb .UBS KOBapHaHTHUS 

B CBSl3H C TSOpSMOH raycca .nnH ITpocTpaHCTBa C PHMaHOBOH 

MSTpHKOH gab 

Va paBSHCTBO 

ITORS3HO 3aMeTHTb ITpaBHRbHOS .nnSI BCSIKO,O BeKTOpa 
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(V - P) Va= V Va 
a a a 

(15) 

TeH30p (7) MO~HO n~encTaBHTb B BHne 

p a = - ..!_ as ( V + V - V ) , 
mn 2 g mgsn n gsm s gmn (16) 

a TeH30p (14) - B BHne 

<l>mn = (V 
a a 

p) gmn 
a 

(17) 

BeKTOp (11) paBeH 

<l>a = <l>an = (V _ p) gna 
n n n (18) 

TeH30p (12) MO~HO npencTaBHTb B BHne 

fr = 2 an S 
b g nb 

s mn oa + c v 
mn g b n 

p) (<l>na - on <l>a - uan), 
n b b · b 

rne 

Uan = ns pa_ as P n + 0 a (<l>n _ Pn)- 0 n (<l>a _ Pa) • ( 2 0) 
b g bs g bs. b b 

B CBOD oqepenb, 

pa = gas p 
s 

HHTepecHo TaKme paBeHCTBO 

V gan ( R + R } - V 
a nb bn b 

gmn R = 
mn 

= ( V - p ) [ gan ( R + R ) ] - gmn V R 
a a nb bn , b mn 

(19} 

( 21 ). 

(22) 

C ero IlOMOWbD H3 rpaBHTaUHOHHoro ypaBHeHHH (9) HeTpynHo 

IlOJIY'iHTb cnencTBHe 

< R + R > <I>n = o , 
nb bn (23} 

KOJib.CKOpO.~OHOBaH CBH3HOCTb ynoBJieTBOpHeT YCJIOBHD 

v CR + R > = o. 
a nb bn 

(24) 

4 

,.... 

,,.. 

~~ 

"' 

H3JiomeHHaH TeOpHH conepmHT 3HHWTeHHOBCKYD KaK qacTHUH 

cnyqafi. newcTBHTeJibHO, ecnH 

<R + R > = o , 
ab ba 

(25) 

TO ypaBHemte ( 9} coananaeT c ypaBHeHHeM ( 1), a npH 6onee 

CHJlbHOM yCJIOBHH 

R a = o 
·mnb (26) 

HawneTCH TaKaH KOopnHHaTHaH KapTa, B KOTOpOH BCDBY 

f a = 0 . ( 27) 
mn 

B TaKOH KapTe TeH30p 3HeprHH _(12) coananaeT C 3HHWTeHHOBCKHM 

nceanoTeH3opoM. 

ECJIH YCJIOBHe 

TeopHH BUCTynaeT 

(25} He BUilOJIHHeTCH, 

B 6eccnopHo HOBOM 

TO BUWeH3JiomeHHaH 

BHne. PaBHOMepHoe 

npHMOJIHHeHHOe 

IlOKOHmeMCH 

CBH3HOCTb, 

BBHmeHHe· 

npocTpaHCTBe 

IlpH KOTOpOH 

MaTepHaJibHOH TO'iKH B a6COJIDTHO 

no6a'ieBcKoro 3anaeT ~oHoayD 

OTKJIOHeHHH OT YCJIOBHH (25) 

MHHHMaJibHU. npH 3TOM B TeopHD THrOTeHHH BBOBHTCH HOBaH nnH 
Hee KOHCTaHTa no6a'ieBCKoro k. 

2. KACATERbHOE nPOCTPAHCTBO CKOPOCTEH [4] 

npocTpaHCTBeHHO-B peMeHHOH MHp X 'ieTupexMepeH. no3TOMY 

MHp p (x) KacaTeJibHUX K HeMy npHMUX B TO"!Ke XE X HBJIHeTCH 

TpexMepHUM npoeKTHBHUM npocTpaHCTBOM. npoeKTHBHUMH 

KOopnHHaTaMH B p (x) HBJIHDTCH nH~epeHuHaJIU d xa. PaCCMOTpHM 

npoxonHmyD qepe3 X MHpOBYD TpaeKTOpHD MaTepHaJibHOH TO'iKH 

('iaCTHUU). npHMYD, KaCaTeJibHYD K MHpOBOH TpaeKTOpHH B TO"!Ke 

X, Ha-3oBeM MHpOBOH CKOpOCTbD 'iaCTHUU B 3TOH TO"!Ke. B 

npocTpaHCTBe p ( x) MHpoaue CKOpOCTH COCTaBJIHDT TpexMepHyD 

o6JiaCTb V (x)' B KOTOpOH peaJIH3yeTCH a6COJIDTHaH reoMeTpHH, 

OCHOBUBaDmaHCH Ha Bcex eBKJIHBOBUX nocTyJiaTaX, KpOMe_nHToro. 

3Ta o6JiaCTb Ha3UBaeTCH npocTpaHCTBOM CKOpOCTeH B TO"!Ke x. 

OHa 3anaeTCH HepaBeHCTBOM 

0 d Xa d xb > 0 , 
ab (28) 

rne eab - TeH3op apeMeHH. neaaH 'iaCTb nocnenHero HepaeecTea· 
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HBRHeTCH KBanpaT~M d ~ 2 
nH!fXPepeHUHana co6CTBeHHoro apeMeHH ~ 

MaTepHanbHOH TOqKH. 

cymecTBYIOT naa H TORbKO naa cnoco6a aunenHTb o6nacTb 

V(x). npH onHoM cnoco6e nHTUH nocTynaT EBKnHna npHHHMaeTcH, 

npH npyroM - OTBepraeTcH. B nepaoM cnyqae a npocTpaHcTae 

CKOpOCTeH V(x) peanH3yeTCH reoMeTpHH EBKRHna H TeOpHH 

Ha3UBaeTCH HepenHTHBHCTCKOH. Bo BTOpOM - peanH3yeTCH 

reoMeTpHH JJo6aqeacKoro H TeopHH Ha3ll'.BaeTCH penHTHBHCTCKOH. 

AHanoroM Bll'.WeynoMHHYTOH KOHCTaHTll'. JJo6aqeacKoro nnH 

npocTpaHCTBa V (x) HBnHeTCH CKOpOCTb CBeTa c. Pa3nHqHe Memny 

nayMH KOHCTaHTaMH COCTOHT TORbKO B TOM, qTo KOHCTaHTa k 

xapaKTepH3yeT reoMeTpHIO BHnHMoro MHpa H H3MepHeTCH enHHHUaMH 

nnHHU, a KOHCTaHTa C xapaKTepH3yeT reoMeTpHIO He3pHMoro MHpa 

H H3MepHeTCH enHHHUaMH CKOpOCTH. CornacHO 3TOMY onpeneneHHIO, 

HblOTOHOBCKaH TeopHH THrOTeHHH HBnHeTCH HepenHTHBHCTCKOH, a 

3HHWTeHHOBCKaH - penHTHBHCTCKOH. O6e 3TH TeOpHH He conepmaT 

KOHCTaHTll'. k. HepenHTHBHCTCKaH me TeOpHH THrOTeHHH 

JJo6aqeacKoro [5), HanpOTHB, conepmHT KOHCTaHTY k; npH k -+-00 

OHa nepexonHT a TeopHIO THroTeHHH HblOTOHa. B pa6oTaX [ 6] 

nocTpoeHa penHTHBHCTCKaH TeopHH THroTeHHH, conepmamaH 

KOHCTaHTY k; nocnenHHH npH k -+-00 nepexonHT 8 TeOpHIO 

THroTeHHH 3HHWTeHHa, a npH C -+-00 nepexonHT B TeopHIO 

THroTeHHH JJo6aqeacKoro. 

B HepenHTHBHCTCKOM cnyqae TeH3Op apeMeHH npencTaBnHeTCH 

B BHne npOH3BeneHHH 

e = e e , (29) 
ab a b 

r ne ea - KOBeKTOp B peMeHH. B COOTBeTCTBHH c ( 28) o6nacTb 

V (x) B 3TOM cnyqae 3anaeTCH HepaBeHCTBOM 

e d xa :t O , 
a 

(30) 

KOTOpoe K TOMY me 3anaeT B V {x) a!fXPHHHYIO reoMepHIO. KoBeKTOp 

0 BMecTe C opToroHanbHll'.M K HeMy KOMeTpHqecKHM TeH3OpOM gab a 

3anaeT B V (x) reoMeTpHIO EBKnHna. YcnOBHe opToroHanbHOCTH 

03HaqaeT 

ab 
g 0b = 0. (31) 

6 

1 ' 

'! ' 

) 

MomHO TaK nono6paTb KOopnHHaTll'. 

x 1 = x, x 2 = y, x 3 = z, x 4 = t, 
qTo B paccMaTpHaaeMOH MHpOBOH TOqKe cnenyIOIUHe 

npHBenyTCH K KaHOHHqecKOMY BHny 

e d xa = d t, 
a 

gab 8 8 = 8 8 + 8 o + O 8 
ab 11 22 33 

(32) 

!pOpMU 

(33) 

B penHTHBHCTCKOM cnyqae TeH3Op apeMeHH conpHmeH C 

KOMeTpHqecKHM TeH3OpOM ycnOBHeM 

as g 0 = - c- 2 oa 
sb b 

(34) 

B npenene C -+-00 OH npHHHMaeT BHn (29). B KOOpnHHaTax (32) 

ab . -2 
{35) g aa=aa.+aa+aa-c aa 

ab 11 22 33 44 

e d xa d x 
b 

= d t 2 
- (d x

2 + d y2 + d z 2 ) / c2 (36) ab 

B HepenHTHBHCTCKOM cnyqae HMeeTCH KOBeKTOp apeMeHH ea, 

HO HeT MeTpHqecKoro TeH3opa. B penHTHBHCTCKOM cnyqae, 

Hao6opoT, HMeeTCH MeTpHqecKHH TeH3Op 

g = - c
2 e 

ab ab 
(37) 

HO HeT KOBeKTopa apeMeHH. 

HTaK, reoMeTpHH EBKnHna B npocTpaHCTBe CKOpOCTeH V (x) 

npttaonHT K ranttneeaoH MeTpH3aUHH MHoroo6pa3HH X, a reoMeTpHH 

JJo6aqeacKoro - K nopeHueaoH. B nepBoM cnyqae reoMeTpHH 

KacaTenbHoro MHpa T (x) onpenenHeTcH rpynnoH ranttneH, a ao 

BTopoM - rpynnoH JJopeHua. 

3. CBOEOnHOE nBHREHHE MATEPHAllbHO0 roqKH 

cao6onHoe nattmeHHe MaTepHanbHOH ToqKH 3anaeT a MHpe x 
lpOHOBYIO CBH3HOCTb fa . 

mn 
EcnH MaTepHanbHaH ToqKa nattmeTcH B npocTpaHcTae 

EBKnHna, TO <pQHOBaH CBH3HOCTb npHMHTHBHa. HaHneTCH 

7 



KoopnHHaTHaH KapT~ y, B KOTOpo8 Bee KOMilOHeHTU npHMHTHBH08 

CBH3HOCTH paBHU Hymo. B npOH3B0JlbH08 KapTe X ee KOMilOHeHTU 

paBHU 

r a = 
mn 

a 8 X 

a ys 

a2 Y..s 
a xm a xn 

(38) 

3TH KOMilOHeHTU npH meJJaHHH MOEHO npencTaBHTb B BHae CHMBOJIOB 

KpHCTOIMJeJJH nJJH MeTpHqecKoro TeH30pa 

V -
gab - C 

mn 
~.E..L 
8 Xa 8 Xb 

(39) 

rne (Cmn) - npOH3B0JlbHaH HeBupomneHHaH MaTpHua, He 3aBHCHWaH 

OT KoopnHHaT. Ho TaKoe npeacTaBJJeH~e He06H3aTeJJbHO, TaK KaK 

B TeopHD THrOTeHHH B KaqecTBe ¢0Ha BXOaHT TOJlbKO KOMilOHeHTU 

CBH3HOCTH [' a 
mn 

nepe8neM 

Jio6aqeacKoro. 

K MaTepHaJJbH08 

BaeneM a6COJJDTHOe, 

TOqKe B 

no HbDTOHY, 

npocTpaHCTBe 

BpeMH t H 

a6COJIDTHO npocTpaHCTBO Jio6aqeacKoro. 

npocTpaHCTBeHHUe KoopnHHaTU x1 
I x

20
, x3 

H o6o3HaqHM t = x4
• 

MeTpHqecKyD ¢opMy npocTpaHCTBa Jio6aqeacKoro o6o3HaqHM 

noKoHmeecH BaeneM 

KoMeTpHqecKH8 

KpHBH3HU nJJH 

L a H L a 
µv µv/3 

d 1 2 
- L d xa d x/3 - <X/3 • 

TeH30p, CBH3HOCTb 

3T08 MeTpHKH o603HaqHM, 

nocnenHH8 paaeH 

KpHCTOIMJeJJH H 

COOTBeTCTBeHHO, 

L a 
µv{3 

= (L o(X - L o(X) k- 2 

µ{3 V V/3 µ • 

(40) 

TeH30p 

L a/3 • 

(41) 

YTBepmneHHe raJJHJJeH O TOM, qTo CB06onHaH MaTepHaJJbHaH TOqKa 

naHmeTCH npHMOJIHHe8HO H paBHOMepHO, BBOaHT B MHP X ¢0HOBYD 

CBH3HOCTb C KOMilOHeHTaMH 

r a - L a 
µv µv rµ~ = o. r4 ~ = o, r 4 = o, r a =o. 

mn 44 
(42) 

3TH KOMilOHeHTU MOEHO npencTaBHTb B BHae CHMBOJJOB KpHCToqxpeJJH 

8 

aJJH MeTpHKl! 

r ae c - JJD6aH 

v2 (X /3 2 2 
d s = L<X/3 d X d X - C d t I 

KOHCTaHTa. nonaraH c = c, 3aKJJDqaeM, 

cao6oaHo8 

( 42). 

MaTepHaJJbH08 

(43) 

qTo H 

TOqKH peJJHTHBl!CTCKOe nBHmeHHe 

npHBOal!T K ¢0HOB08 CBH3HOCTH 

B CJJyqae CBH3HOCT11 (42) CBepHyTUH TeH30p KPHBH3HU paBeH 

:<. -2 
1<.a/3 = - 2 k La/3 , R = o, 

(X4 
R = o, 4/3 R = o. 

44 
(44) 

nonyqeHHUe pe3yJJbTaTU 6yayT np11MeHeHU K rpaBHTaUl!OHHOMY 

IlOJJD, C03aaaaeMOMY Toq~qHoH MaCCOH. IlpH 3TOM Ha116onee yao6Hu 

c¢epHqecKHe KOopa11HaTU p, 0 11 ~- B 3THX KOopaHHaTax MeTpHKa 

(40) npl!HHMaeT CJJenyDWl!H BHa: 

rae 

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

), 

r = k sh .E. 
k 

(45) 

(46) 

4. CBOBORHOE IlAREHHE MATEPHAJihHOH TOqKH 

CBo6oaHoe naaeHHe MaTepHaJJbHOH TOqKH 3aaaeT B MHpe X 

a¢¢HHHYD CBH3.HOCTh f a, 
mn 

B peJJHTHBHCTCKOM 

CHMBOJJaMH KpHCTO¢¢eJJH 

CJJyqae 3Ta CBH3HOCTh 

(2) aJJH MeTp11qecKoro 

npeacTaamrnTcH 

TeH3opa ( 37) . 

reoae3~qecKHe, onpeaeJJHeMue 3ToH CBH3HOCTbD 11 

yaoBJJeTBOpHDWl!e ycJJOBHD (28), HBJJHDTCH Ml!pOBUMH TpaeKTOpl!HMl! 

ceo6oaHo naaaDmen MaTepHaJJhHOH ToqKH. 

B HepeJJHTl!Bl!CTCKOM cnyqae CB06oaHoe naaeHHe 

MaTepHaJJbHOH TOqKH 3aaaeTCH ¢YHKUHeH JlarpaHma 

1 2 
IL= 2 v -U, (47) 

rne V - CKOpOCTh qacTl!UU, u - rpaBl!TaUHOHHUH ITOTeHu11aJJ. ECJJl!. 
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qacTHUa nanaeT a npocTpaHCTBe Ro6aqeBcKoro, TO 

ex 
2 ~ 

V = Lex/3 d t 
d x/3 
dt (48) 

onpenemreMue <l>YHKUHei1: •( 47) ypaBHeHHSI narpamKa 3ana10T B MHpe 

X a<l><t>HHHYIO CBSl3HOCTb, OTnHqa10my10cS1 OT CBH3HOCTH (42) 

nHWb KOMnOHeHTaMH 

r ex= Lexv a u. 
44 V 

(49) 

B naHHOM cnyqae TeH30p a<l><t>HHHOH neqiopMaUHH (7) paBeH 

pa= - 0 0 as a u. 
mn m m g s 

(50) 

npH 3TOM He3aBHCHMO OT U KOMeTpHqecKHH TeH30p B X HMeeT 

cneny10mHe KOMnoHeHTll: 

9 ex{3 = L ex/3 gex4 = O, g4{3 = 0, 44 = 0, 
' 

g (51) 

a KOBeKTOP BpeMeHH - KOMnOHeHTll: 

0 = 0, 02 = 0, 03 = 0, 0 = 1. 
1 4 

(52) 

CBepHyTllH TeH30P KPHBH3Hll nnH a<1><1>HHHOH CBSl3HOCTH, 3anaBaeMOH 

noTeHUHanoM u, OTnHqaeTCSI OT (44) nHWb KOMnoHeHTaMH 

R
44 

= A U , - (53) 

rne Au - BTOpOH nH<1><1>epeHUHanbHllH napaMeTp EenbTpaMH: 

A= Lµv (aµ av - Lµ~ aq>• (54) 

cnenoBaTenbHO, B naHHoM cnyqae 

R ab 
R = 0 e A u. 

ab a b 
(55) 

10 

Il03TOMY B HepenSITHBHCTCKOM cnyqae rpaBHTaUHOHHOe ypaBHeHHe 

A U = 4 rr ; p, (56) 

rne p - nnoTHOCTb Maccu B npocTpaHcTBe no6aqeBcKoro, MomHo 

3anHCaTb B BHne 

R -R- =4rr;M , 
ab ab ab 

(57) 

rne Mab - HepenSITHBHCTCKHH TeH30p Maccu, paBHllH 

Mab = p 9 a ab (58) 

rpaBHTaUHOHHOe me ypaBHeHHe HhIOTOHa, noCKOnhKY OHO 

paccMaTpHBaeTCSI B npocTpaHCTBe EBKnHna, MOmHo 3anHCaTb B 

BHne 

R =4rr;M 
ab ab 

(59) 

5. fPABHTAUHOHHOE nonE TQqEqHoA MACCW 

B 3anaqe 0 

¢HrypHpyIOT KOHCTaHTll 

6ecKOHeqHOCTH, 

BapHaHTa: 

1) k = OJ, 

2) k < OJ, 

~) k = OJ, 

4) k < OJ, 

nH6o 

C = OJ, 

C = OJ, 

C < OJ. 

C < OJ. 

rpaBHTaUHOHHOM none TOtJetJHOH MaCCl,I 

k H C, 

MeHhWe 

KamnaH H3 K0Top1,1x nH6o paBHa 

ee. Il03TOMY HMeeTCH 2 2 =4 

BapHaHT HblOTOHa. 

BapHaHT no6aqeBcKoro. 

BapHaHT lliBapwHnhna. 

CaMl,IH o6mHH BapHaHT. 

qeTBepTl,IH BapHaHT TaK OTHOCHTCH K TpeTbeMy BapHaHTy_, KaK 

BapHaHT Ro6aqeBCKoro K BapHaHTY HhIOTOHa. EcnH k < OJ, TO 

rpaBHTaUHOHHOe none norpymeHO B npocTpaHCTBO Ro6atJeBCKOro; 

ecnH k = OJ, To none norpymeHo B npocTpaHCTBO EBKnHna. EcnH c 

< OJ, TO TeOpHS! CtJHTaeTCH penHTHBHCTCKOH; ecnH C = OJ, TO 

TeopHS! Ct{HTaeTcH HepenSITHBHCTCKOH. 
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H3 qeTBepToro aapHaHTa B KaqecTBe npeaenhHux nonyqa~TCH 

TPH npe.!lU.!lYmHx. 003TOMy npHBe.!leM 3.!leCb peweHHe nHWh 
qeTaepToro 

MeTpHKOH: 

BapHaHTa. PeweHHe npe.!lCTaBnHeTCH cneny~meH 

e- 2 a k 2 
{ 3- 1 d ~2 + sh2

(~ + a) d n2
} - e 2 a c 2 3 d t 2

, 

rae, 

- - sh(~ - a) 
sh(~+ a) ~ = ..e.... k 

d n2 = d 0
2 + sin2 e d f 2 

1 
2 sh 2 a= 1' m 

k c
2 

rn - Macca HCTQqHHKa rpaBHTaUHOHHoro nonH. 3Ta MeTpHKa 

ynoaneTBopHeT ypaaHeHH~ R = R 
ab ab 
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