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IlOPEHU-KOBAPHAHTHMI TEOPIDI T~fOTEHIDI 



·Bse.ueuue 

BwrnneHHbie 11e,uaBHO [1,2] HOBbie H, IlO-BH,!lHMOMY: Henpeo,uonHMbie TPY.UHO

CTH o6meii Teopuu OTHOCHTenhHOCTH (OTO) ,uena10T HacymHhlM .uanbtteiimee pa3-

BHTHe 'nopeHu-KoBapuaHTHOH Teopuu rnroTeHHH (nKTT). OcHOBOH noii Teopuu 

cny)lrn·T penHTHBHCTCKHH (4-BeKrnpiihltt) noTettuuan HhJOTOHa. tfro KacaeTCH 11a

npmKeH11ocm rpaBHTaUH0HHoro nonH, TO 3,uech cymecisy10T ,uBe B03MO)KHOCTH. B 
cnyqae aHTHCHMMeTpH'IH0ro TeInopa nonH 'Mb! HMeeM «3neKTpoMaI1UITOno.uo6-

HYIO» TeOpH!O rpaBHTaUHH, KOTOpasi qiaKTHlJeCKH u o6cy)K,!laeTCH s nHTepaType 

(CM., HanpHMep, [3]). Cne,uyeT OTMeTHTb, lJTO nepBbie IlOilblTKH ee IlOCTp0eHHH 

npe,unpwmm eme XeBttcaii.u ,[4]. B cBoe BpeMH 3Ta npo6neMa o6c~,uanacb TaK)Ke 

nope11ueM [5], ITya11Kape [6], MHHKOBCKHM [7] H ,up. 

· Htt)Ke paccMaTpHBaeTCH anbTepHanrnHhlH BapuattT nKTT, Kor.ua TeInop rpa-

BHTaUHOHHOro nonH onHCbJBaeTCH CHMMeTpHlJHblM 4-TeH3opm.1 2-ro panra. 

1. rpaBIITaummHLIH DOTCHl{lUUl 

B paMKax nKTT penHTHBHCTCKoe ypasueHue ITyaccoHa HMeeT su,u 

□gi=41tGJi. (1) 

3,uecb cnpaBa qiurypupyeT rpaBHTaUHOHHasl IlOCTOHHllasl G u 4-BeKTOp nnOTHOCTH 

TOKa MaCCbl, OTKy.ua cne,uyeT, lJTO penHTHBl:ICTCKHH noTeHUHan T.llfOTeHH.11 TaK)Ke 

,UO)J)KeH OHHCblBaTbCH 4-BeKTOpOM. B· tJaCTHOCTH, caMO Bb!pa)Kettue .un.11 rpaBina

UHOHHoro (JanaJ,ubrna10mero) n0Te11uuana [8] 

gi =-G M~i (2) 
R'U. 

I 

MO)KeT 6b1Th nonyqeuo c noMOIUbJO nopeuu-npeo6pa3oBaHHH n0Te11uuana HLIOT0-

11a ct> (= s° B CHCT~Me HOK0.11). 3,uecb M - Macca ,llBtt)KylUeiic.11 tJaCnIUbl, u i - ee 

4-cKopocTL, R i - JanaJ,uLrna10mee (cserniloe) paccTo.1111ue, i = 0, 1,2,3. 

OTMeTHM TaK)Ke, lJTO nonHLle 3Hepm.11 H HMnynLc qacTHUbl C Maccoii m H 

4-CKOpOCTb!O ui s rpaBHTailHOHHOM none o,nHCbIBa!OTC.11 qiopMynoii: 

pi=/+/ = m(i + gi / c). 
g 

(3) 

3aMeTHM, KpOMe Toro, lJTO ,lln.11 3afla3,llbIBal01UHX IlOTeHl{HanOB H3BeCTHOe ycnosue 

nope11ua, s o6meM, 11e BLmon11.11eTcs. 

8Ct\. t 1:,.i:'i.i,'.~j) GiJ:rit'}t ,
Q,::-!if;.;..u wc-.,~,;:~1m1i · 

.6W£iJlhon~KA · 
r•.# .......... ~ \. I .......... __ , 
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. 2. Temop . rpaBHT.3UHOHHOro UOJUI 

8 nKTT, pa3BHBaeMOH_ aBT0p0M, uanpa)KeHH0CTh rpaBHTaUH0HH0ro 

0nHChIBaeTC51 CHM~eTpH'IHhlM 4-TeH30pOM 2-ro paHra [9]: 

,c;k=a; gk+akgi~ g;iji 

nona 

(4) 

3,uech a. gk = c)gk/al, g "k - MeTpH'IeCKHif TeH3op. B lJ~CTHOCTH, B CHCTeMe noK051 . 
- I I , 

' - ' ' ~• r I ' .- ' 

TeH3op rpaBHTaUH0HH0ro ~0JI51 HMeeT BH,ll 

: ' I d~O c)lgO a;gO c)3g0 

dk=I a1go aogo o_ 0 

' a2go o aogo 0 
(5) 

a3go 0 0 a~o 
- \ 

IlpH _3T0M,_KaK BHJlH0, 

G~o = c; I= c;2= c;3. ; ' (6) 

Ha 0CH0BaHHH (2) H (4) .,llJI}I «3ana3JlbIBaromero» TeH3opa rpaBHTaUll0HIIOfO nnrrn 

(B OTCYTCTBHe ycKopeHH51) nonyqHM . 

. --' 2 - . -
Gik= G M_c (Riuk+Rkui-gikRjU.). (7) 

(R'U/ . 
1 

KpoMe Toro, cnen Gik' T.e. HHBapHaHT 

i . k 
G;=-2cJkg. 

IIpH BbmonueHHH ycn0BH51 nopeuua 3Ta uenHlJHHa, 0lJeBH,llH0, o6pamaeTC51 B HYJI_h. 

PeJLJlmuaucmCKaJ! CUJW 11Ul2omemui. Ha 0CH0BaHHH K0BapHaHTH0fO Bbrpa

)KeHH51 
i ik · ik F =-mG uk/c=-G pk/c, (8) 

r,lle uk - 4-cKopocTh npo6Hoii qacTHUht Maccofi m, ,llJla penaTHBHCTCKOH CHJihI 

HhlOTOHa HMeeM: 

mMr2y 
F =-G 

2 
. . 

3 
[n(l -PB)+ B(l - nJ3) -J3(1 - nB)], (9) 

R(l--:-nB) _ . 

men= R/ R, J3 = ua. /u0, r= (1- ~2)-112, B =if/ v°, r = (1- Ii2r1l 2
, a= 1,2,3 .. 

HnH, B cnyqae B = 0, 

mMy · --· 
F = -G . 

2 
, (n - J3). 

•-•--·-- •... , .•... R - - ... 
.; (9')· 

,, ! ~-,-, 

2 

..,, 

• 

B 11epenaTHBHCTCK0M npenene, KaK- 3T0 cnenyeT 113 (5), IIMeeM _T0nhK0 •1eTb1pe 

11e3aBIICHMble K0J',HJ0HellTbl, K0T0pbre l\lQ)KIIO ycnoBr'ro o603HalJIITh KaK E = Go , 
• g a 

Hg= G
00

. Toma ~oorneTcrnyromyro cj:>opMyny nna c111rh1 M0)KII0 npencrne11Th B 

BHile 

F~m(E "--!.H )· g C I; 
(9") 

B paMKax llKTT npu paclJeTe. auoMaJ1h11oro eeKoBoro cMememta nep11remrn 

MepKypHa, _B o6meM, 11eo6XOI1HMO HCIIOJlb30BaTb BblpIDKem~e (9) n.irn CIIJlbl. I1p11 

3T0M, Ha nepBblH B3fJI51Jl, MQ)KII0 Q)KH,llaTb 311a•11nenb11or_o BJU151111151 H0CJIC,llllero 

cnaraeMoro, 3aBl!C51IUero OT nepeoii CTCIICIIII ~- OmmKO 3JlCCh ,iy)KIIO YlJCCTh, lJT0 

0110 Mem1eT 3HaK B 3aBHCHM0CTII OT Toro, np116J111)KaeTCSI IIJIII ynam1eTCSI npo611oe 
' Teno no onrowe,rnro K «Macc11B110My». 

C .llpyrofi crnpo11br, cj:>opMaJibH0, cornac110 (8) rpaB1nau11m111oe none, KaJa

JI0Ch 6hr, .l{0n)KIIQ B03}lei1cTB0BaTb II Ha CBeTl)BOii mmynhC. '.:ho )]0JJ)KII0 conpo

B0)K)]aT;,ca H3MelleHHeM nom10ii 311epn111 cj:>OTOIIOB (3a ClJeT ll3Me11e1111a ll0TCII

UllaJlhllOH 3Heprn11). Ho ecmt Macca cj:>0To11a paBHa 11y11ro, TO ero rpaB1nau1101111aa 

noTCHUHaJlhHa51 3Heprna (KaK np0113BC,!le1rne MaCCbl HU llOTellUltaJI) TaK)Ke JlOJDKila 

6b1Th paBHa uynro. 

3. Ypauueune rpaBnTaunouuoro nonH 

BbllJHcneHHe 4-,llHBepreHUHH TCH3opa _rpae1nau1101111oro nona (4) C np11BJie

lJeHHeM penarnBHCTCKoro ypae11e1ma nyacco11a (I) np1rnom1T 11ac K nepem1y ypae-

11e11Hro nona: 

acik - 41t c1;_ 
a} - C 

KaK BH,llllO, 0110 0lJeHh noxo)Ke 11a cooTBeTcrnyromee ypae11e1111e MaKceenna. 

lITO KacaeTC51 BToporo ypaBHe1ma, TO 0110 HMeeT cj:>opMy 

c.k acJi =O. 
1 a.i · 

( I 0) 

(11) 

'.iho BblpIDKe1111e (B 0TnH'llle OT C00TBeTCTBYIOIUero ypae11e11m1 3JJeKTpoMarllltTII0l'O 

llOJJ51) 5IBJJ5IeTC51 lleJIHHeHHhlM. MO)IOIO CKU3UTh; 'ITO 3JleCh lfMCCT MCCT0 ceoero 

po,lla npeeMcTBeHH0CTh c OTO._ 

4. Teulop 3uepmn-nMnyn1,ca 

ik 
KaK cne,llCTBHe CIIMMeTpnu G Temop 3Heprm1-11Mnynhca rpae1nau11011110ro 

ll0Jl51 HMeeT BH,ll [ 10]: 

Tik = -G ilc// 41tG. 

3 
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· 13 .c11cTeMe noKOll, r,ue T Oa. ~ 0, 11~1eeM: · 
1 ' - - * . -

(GOif 0 
-· 

O • o· 

Tik=_-'_ 
0 ·cc10>2~cc11>2 c_10G~2 GIOcf3 

G20GOI < c20>2 ._ < c;22>2 c20cf3 
. ( 13) 

* .· 41tG 0 

' G30c;0I. G30Go2' (G3Q)2 _:_ (G33)2 
\'• I 0 ' ' ' 

OTMe~m.1, tJT~ npocTpa11cTse11111,1e K0Mno11e11Tb1 Ta.~ Te·1nopa ::i11epr~H-HMnynbc~ 
' - . , ., ~ ' ' ' 

C0,CTa':illlllOT TpexMepllblH Tell3op HJI0TII0Cnt n0T0Ka l!Mnymca, l!Jlll Te1nop «rpa-' 

BHTaUH0!lllblX 11anpll)KellltH». 

. HeTpymm noKaJaTb, '!TO BbllJHCJ1e1111e 4~.rurnepre11um1 .'re1nopa ::meprn11-HM-_. 

_nymca c Y4eT0~1 ypaa11e11H~ nonll ( I 0), ( 11) npHBOJIHT. K paaeucrny. - · -· -.,, ,-- ' . . . . . 

vTik _!_Gill .. 
- - = ,, ' I'-· k - . -OX- . C 

(14) 

KOTOpoe 0lJellb HaHOMl!HaeT COOTBCTCTBYIOIUee 3JleKTpOJIHHaMttlJeCKOe COOTIIOWe- -

Hile. B _cJJylJae OTCyTCTBHll MaTepHll, T.e. J}Jlll CB06on11oro rpaBHTaUHOIHI0ro £10Jlll, 

npaBall lJaCTb o6pamaeTCll B HYJJb. 

BoJbMeM Tenepb KHHeTHlJeC~HH Tel!30p (Te1nop 3i1eprnH-11Mnymca CHCTeMbl 

11eBJaHMOJieikTBy10IDHX lJaCTHU) 
\ 

eik = (]ii +Jkui)/2. (15) 

O6paJyeM ero 4-JIHBepreHUHIO. Torna, np1-111ttMall so BHHMaHtte ypaaue1me HepaJ

pbIBHOCTH JIJlll «TOKa MaCCbl» 

dlk /vi=O . (16) 

i * i . * -
11 coornowe1me J =;= µ u, rne µ - co6crneHHall nnoTHOCTh Maccb1, noJ1Y4HM 

aeik. * dui 
--=µc-. 
vi d-c 

(17) 

. . ' - i ; ' . - ' , ' 
npuane_Kall (8), Kornpoe c Y4eTOM paBeHCTBa F = mdu / d 't _JanttrneM _B cpopMe 

di I ik 
d 't =.--:---;; G Uk' (18) 

11aHJ}eM, _lJTO nomll,IH Te1nop 3HeprnH-HMIIYJJ~ca rpaBHTaUHOHHOro £10Jlll, H aeme

cTBa coxpaillleTcll: 

•:v k (J'ik ~'0ik) = O. 
ox 

4 

' (19) 

i 

/. 

( JI 

( 
-~) 

f l 

V 
.i ,, ,, ,, 

·, 

/ 

5. Ilpnuuim nponopuuourui1,uocrn 

. - noni1all 3Hepmll lJaCTIIUbl, noMemeuuoiLB rpaBHTaUHOHHOe II0JJe, c~nnaBae

M0e ·l'.1acc11BHblM T~JJOM c Maccoii_M, YMl!HbrnaeTCll corniicuo {3): - • - · 
~ ' , ,_- I ' • • 

E~mc2(17GM/Rc2
).· . (20) 

' ' 
'nycTb 3Ta 'lacrnua npeJICTaBJllleT co6oii aTOM HJIH ilpyroiiHJJ1Y4aTeJ1h CBeTa. KaK 

6blJJO JaMelJeHo pa~ee [9], yMeHbrneutte nonuoii 3Hepnrn I1JJ1Y4aTeJ1ll JIOJJ)KH0 np11-, 

BOJIIITh K npbn~pUIIOHaJJbHOMY yMeH~weimID ::rneprm1 (qacTOTbl) H3JIY4·aeMoro Cl!e

Ta . .UeiiCTBIITeJibHO, B npeneJJbHO~ 'c.riY4ae Hyneiioii HOJIHOH 3Heprn~ HCTOlJHIIK -

acio6me He CMO)KeT IIJJ1Y4aTb. l111aqe fOBOpll, JlJlll qacTOTbl CBeTa, Iic~ycKaeMoro B 
' . ! ' • • . . - -,,,,..~ 

none TllroTeHHll, IIMeeM: · 
, ,· 

V =av=v(l+g°/c2
). 

g ' ' (21) 
. . . . . . . . . . 

-3necb V c.:._ '!aCTOT-a CBeTaB OTCyTCTBile rpaBIITaUIIOHHOro IIOJJll; a.,-- OTMelJeHHhlH 

Ko::>cpcpttuHeHT npo~opUIIOHaJJhHOCTH _(oTttorneHtte cooTBCTCTByIOIDIIX no.ritth!X 

::iueprnii I1JJIY4aTenll). KaK IIJBeciHo, onblTbl. TiayHila - Pe6Ke - CHaiiJiepa 

[11;12], OCHOBaHHble Ha IICIIOJlhJOBamm ::icpcpeKTa Mecc6ay3pa, IIOJITBep)l(JialOT 3TY 
.ctJ,opMyny.. ·· · · · · 

6. rpaBHTal{HOHHOe YJIJJHHCHHe -Macnfra6os 

C Y4eToM rnro, qrn B JIKTT . CKopocTi. cBeTa B rpaBIITaUIIOHHOM none He 

IIJMeHlleTCll, na OCHOBaHHII cpopMyn 

II (21) J}Jlll JIJIIIHbl BOJIHhl IIMeeM 

c='A,v 
g g 

\ = 'A,(1 + go I c2)-'. 

(22) 

(23) 

'.3TOT )Ke peJyJJbTaT MO)KeT 6b1Th. IIOJIY4eH II B paMKax OTO ua OCHOBamm IIpIIH

UIIIIa 3KBHBaJJeHTHOCTH [ 13]. 
CornacHO cpopMyne (23), HanpHMep, CBeT, IIpIIXOJllllUIIH OT IICTOlJIIHKa, pacno

JIO:lKe1rnoro ua noBepXHOCTH ConHua, o6nanaeT · JIJJIIHOH B?JJHb~ 6on1,meii, •1eM 

CBeT, ttcnycKaeMblH TeMII )Ke aTOMaMII Ha 3eMJJe. Tipome fOBOpll, q>OpMyna,(23) 

Bblpa:lKaeT xopowo IIJBeCTHhlH ::icpcpeKT - rpaBIITaUIIOHHOe, HJIH Kpacuoe' CMe

meHile cneKTpaJJbHblX JIHHIIH, npeJICKaJaHH0e eme '.3iiHmTeii1ioM' [14). 

3necb, OJ}HaKO, Mhl XOTIIM o6paTHTb BHIIMaHile irn CJieJiyIOmee. B HacTm1mee 

BpeMll 3a 3TaJIOH JlJIIIHhl ( «MI1KpOMacmTa6») q>aKTilqecKH npttm!Ta JIJIHHa BO)IHbl 

opaH)KeBoii JJIIHHH KpnmoHa-86. Tio::>TOMY npe.ubmymnii pe3yn1,TaT, B :qacTHOCTH, 

MO)KeT 6b!Th IICT0JIKOBaH KaK YBeJJI1lJeHI1e MIIKpOMaCmni6a B I'pallHTaUHOHH0!'.1 110-

Jle [15]. CnenyeT OC060 IIOJ}lJepKHyTh, lJTO 3TOT BhlB0.U HaXO.[lIITCll B JIOrniieCKOM 

cooTBeTCTBIIII c ::icpcpeKTOM YJIJJIIHeHHll .UBil)KYIDIIXC.ll Macun~6oB, »BJJll!OlUIIMCll 

cnencTBileM KOHUenum1, Ko~apI1aHTHoii·noKauno1111oii JIJJIIHhI [16].-BnpoqeM, ecnII 
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npe,nCTaBHTh ce6e MaCUITa6 (CTep)l(eHh), _0pHeHTHpOBaHHhlH B.LIOnb rpaBHTaUHOII
HOro nona, TO .ero y,nnHHeHHe 6y,neT Bbirna,neTb Bnom,e eCTeCTBeHHbIM. }leHCT

BHTenh1io, 6nH)l(HHH K HCTO'-IHHKY nona KOHeu CTep)l(H~ 6y.neT npHrnr11eaTbC51 
CHnbHee, '-leM .npyroH, y.naneHHhlH KOHeu. 

3aKJ110<1euue 

OcuoBoH JIKTT cn~ttT pen51THBHCTCKHH (4-BeKT<JpHbIH) noTeHuHan, HbIOTO
ua. B paccMoTpeuuoM BapuauTe Teopuu uanp5i)l(eHHOCTh rpaeurnuH01111oro· non51 
onttcbrnaeica CHMMeTpH'-IHbIM 4-TeHJopoM 2-ro paura, KOTOpbIH B Hepen51THBHCT
CKOM npe.nene HMeeT qeTblpe He3aBHCHMhle KOMnOHeHThl. BenH'-IHHa CHnbl rnroTe
HH51 OKa3bIBaeTC51 3aBHC5Ill{eH OT Toro, )lBH)l(eTca nH npo6Hoe Teno no HnH npoTHB 
HanpaBneuua nona. CaMo rpaB.uniuu_mrnoe none onucbrnaeTc51 ,nByMa ypae11e

HH5IMH .. TeHJop 3HepmH-HMny1Ibca nona y,noBnernopaeT JaK011aM c6xpaueHH51 H 
HMeeT B HOKOe (KaK H B 3neKTpo,nHHaMHKe) ceMb HeJaBHCHMblX K0MnoHeHT. 
YMellhllleHHe lJaCTOThl HJnyqaeMoro B rpaBHTaUHOHHOM none CBeTa - cne.ncTBHe 

npHHUHna nponopUHOHanhHOCTH. CooTBeTCTB_YJOll{ee yBenHlJefme .LlflHllbl BOnllbl 
(MHKpOMacrnrn6a) HaXO.LIHTC51 B nom'-!eCKOM cooTBeTCTBHH C pen51THBHCTCKHM y.n
nHHefmeM .LIBH)l(Yll{HXCa MaCllITa60B (BhITeKaIOll{HM H3 KOHuenuHH KOBapHaHTIIOH 
(noKaUHOHHOH) ,nnHHhl). 
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