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HECOCTO~TF.JlhHOCTh 
OEIUEH TEOPHH OTHOCHTF.JlhHOCTH 



·· BBE)],EHHE 

· BonpOChl, ·o KOTOphIX , noii,neT pe1Ih HH)KC, KaCaIOTCSI CaMn'x OCH OB. o6me~ 
Teopnn OTHOCHTMhHOCTlt (O'fO) " panel yxe 3aTparnBaJJUCh aBTOJ)0M '[1,2(.II.nsi 
y.no6cTBa · tJHTaTeneii Bee ueiasuo BhlSIBJieHHbie Tpy.nuocni' n ripcfrnBopetJHSI OTO 
npe.nc-raBJieHLI B coBoKynnocrn. qTo KacaeTcsi y6e)K,nenuLix crnpoiinnKoB ·3Toii 

' i'eopHH, TO OHH c.Moryr uaiiTH 3,nech npo6neMy no CBOeMy BKycy. 

·1. · HEKOBAPHAHTHOCTb) 3AKOHA HHEPUM:11 3HEPfl111*; 

B' «ABT06norpacpntJeCKHX 3aMCTKax», ony6nnKOBaHHhIX 1i'l 949 r., BCnOMHHaSI 
0 ·uatJaJJhHOM' 3Tane pa60Thl no COJ,naumo penSITBBHCTCKOii Teopmi TSII'OTCHllil, 

· 3iiHlllTeiiu nnllleT: «.:.n3 o6iunx coo6paxeunii ·qacrnoii · Teopnn oTuocnTenLuocin 
6LIJIO llCHO, 'ITO nuepTHaSI Macca q:>tt3H'ICCKOH CHCTCMbl ripH YBeJIH'IeHHH n0nHOH 
:meprnn (B tJaCTHOCTH, npn YBeJIH'ICHHH. KHHCTH'ICCKOH 3Heprntt) . .nom1ma B03pa~ · 
CTaTh» [4]. 

:· · 3Ta cppa3a qo.nTBep)K,naeT, tJTO, npn cOJ,nauun OTO nousirne MaccL1, pacrym.eii 
• c YBeJIH'ICHHeM :mepnm, cny)KHnO .nnsi 3iiHlllTeiiua OTnpaBHOH T9'1KOH . 

. : , .· .. 'HanOMHIIM, ''ITC> JaK0H, , IUIH . npuuunn, nponopunoHaJJhHOCTJI. ( 3KBHBarreiIT-: 
' uoc+u) Macchi u 3ueprnn, imu 3aKOH nuepuim· :rneprnu 3113, CtJttTaeTCSI O.QHHM tt3 
· rnaeueiilllttX pe3ynLTaTOB cneunanLnoii Teopuu oTuocnTenLnocTn (CTO). MaTe
. MaTH'ICCKH OH BhipaxaeTCll 3HaMCHHTOH 3HHWTCHHOBCKOH cpopMynoii 

E=mc2
• (1) 

. BnepBhle yTBep)K,neHtte O TOM, 'ITO Ka)K,nOH 3Heprntt E cne.nyeT npnnttChl'BaTh 

uueprnyIO Macey E / c2 [5], 6Lmo BhlCKa3auo 3iiHll!TeiinoM em.e B «,noKoBapnaHT
Hhlii>~ nepno.n CTO, T.e • .no ee tJCThlpexMepuoii cpopMynnpOBKH. . . 

. Xc>TSI 3113 CtJUTaeTCll cne.ncTBHCM Teopnn OTH0CHTeJihHOCTH, OH npOTHBOpe
'IHT caMoii ee cyrn. 3KBttBaneuTuocTL Macchi ·" sueprnn nMeeT MeCTo TOnLKO,,B 
. -_ ' . ' ' ' . ~ 

noKoHm.eiicll cncTeMe o_TctJeTa, Kor.na MaTepnanLuoe Teno nocne noTepn sueprnn 
(cKaxeM, B cpopMe H3.lIYtJCHHll) OCTaeTCll B .noKoe. Bo 'Bcex )KC .npyrnx nnepunanh
Hhix cncTeMax, nocKonLKY Macca - nopeuueB CKanllp (nnBapnaHT), a_3ueprnll -
KOMnoueHTa 4-'BeKTOp;t, TaKruI 3KBHBaJJCHTHOCTh yxe He HMeeT MCCTa. EonLwe 

. . ' ~ . ' 

,*8 3TOH CBll.~H CM. Tiucx,e [3]. 



Toro, ecJ1u 11106ou .Macce omoe11aem 3HepzUR, mo He 11106ou 3Hepzuu omoe11aem 
·.Macca. 

Tru<:HM o6pa30M, siittwieiiHOBCKruI ¢opMyna (1) cnpaBe.u.rrnBa TOJihKO B cucTe

Me noKOSI. B o6meM )KC nopeHI.{-KOBapuaHTHOe COOTHOWCHHe Me)KJ],y Maccoii u 

SHeprneii HMeeT BHA [6] 

E = mc2dt / dt = myc2
, (2) 

me t - co6cTBeHuoe BpeMSI,_ y= (1 - lf)-112 ---: nopettu-q>aKTop H pc - cKo

poCTh ABH)KCHIDI ¢muqeCKOro ofueKTa. ct>opMyJia , MHHKOBC_Koro (2) SIBJlSICTCSI 

npocTO Bl)CMeHH0H 'KoMnOHeHTOH JHaKOMOro KOBapHaHTHOro BbipaxeHH~ (CM., 

uanpuMep~ [7a]) 

i i p =mu, (3) 

me cJieua ¢mypupyeT 4-BeKTop stteprnH-HMnynhca / = (E / c, p), a cnpaBa -

4~cKopOCTh i =di/ dt, i = 0,1,2,3. 3,nech npSIMO~•BHAHO, qrn m - ST0 nopeuueu 

CKam1p (HHBapHaHT). 

CneeyeT, BnpoqeM, JaMCTHTh, qTQ u HJBCCTHhlX JICKUIDIX 3iiHWTeiiua [8] TaK

)KC _<l>nrypupyeT !pOpMyJia (3). O,nHaKO TaM )KC HeMHOfO AaJJhllle Mb! qurneM: ~<Mac

ca TeJI_a He noc'rmrnua, OHa MCHSICTCSI BMeCTe C ero suepmeii»,. T.e. JACCb m y.lKe 

KaK 6b1. YTPaquBaeT cBoiicTBa HHBapuaurn. A eme uu)l(e qurneM, qTo eCJiu pa3- · 
' ' . 2 . . . . . • 
JIO)KHM Eno CTeneHSIM p , TO noJiyqHM (c = 1): 

m 2 3 4 
E=m+ 2 p +8 mp + ... , (4) 

T.e. YTPaqeuurui 6hmo HHBapuaHTHOCTh MaCChI «BOJBpamaeTCSI». Tio,no6uylO ueno-
- - . ' )-

CJie,noBaTeJihHOCTb Mhl HMeeM H B COBpeMeHHhlX KHHrax, me H3JlaraeTCSI TCOPHf 

OTHOCHTCJlhHOCTH. 

2. fPABHTAl.U1OHHhIH TIOTEHUHAJI 

HE MO)l{ET EhITh TEH3OPOM 

Macca He MOlKeT 6LJTJ, 4-BeKTOpOM. Tipe,nhlJ:{yll{ee YTBep)KJ],eHHe BpSIA JIH Bhl-

30BeT y KOfO-HH6y,nh B03paxeHHe. 3TOI'O HeJihJSI CK~aTb 0 ,npyrOM YTBep)KJ],eHHH, 

comacHO KOT0p0MY Macca SIBJJSICTCSI HHBapHaHTHOH BeJIHqlfHOH (HeJaBHCHMOH OT 

CKOpOCTH}. QqeBHAHO, qTQ nocne,nttee IlOJIO)KCHHe npSIMO npOTIIBOpeqlfT 6bITYIO

meMy npe.ncrnBJ1eiiu10 o penSITHBHCTCKOM pocTe Macchi co cKopocThIO. Me:lK.ny Te~_· 

-BTOpoe YTBCp)KJ],eHHe SIBJISICTCSI nonpocry «KOBapHaHTHhlM» CJie.l{CTBHeM nepBoro. 

}leno B TOM, qTQ JaBHCHMOCTb HeKOTOpoii <pHJHqecKOH Bemiqlfffhl OT CKOpOCTH 

aBTOMaTuqecKH OJHaqaeT', qTO STa BeJilfqlfHa SIBJISICTCSI KOMilOHeHTOH 4-BeKTopa 

(HJIH 4-TeHJopa). O,nuy KOMilOHeHry HMeeT TOJlhKO CKanSip (HHBapttaHTHruI _BeJIH

quHa). TIOSTOMY pOCT MaCCbl co CKOpOCThlO OJuaqaeT Hanuque eme Tpex npOCT~ 
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paHCTBeHHhlX KOMnOHeHT, KOTOpble MOryr npHHHMaTb II OTpuuaTeJihHble Jffaqeffllil. . . 

H T.n. 
. . - . 0 
PeJLR,mUBUCmCKOe o6o6UJeHue 8blpa:>KeHUR i)JLR, nomeHijUQJlbllOU 3Hepzuu. (P ., C) 

qacTHUhl Maccoii m B rpaBHTaQHOHHOM none C noTe~QHaJJOM g(= g°) onpe,neJISleTCSI_ 

BpeMeHHOH KOMilOHCHToii' <popMyJihl 

pi=mi,- (5) . 
SIBJISIIOII{CHCSI, oqeBH,nHO, aHaJJOfOM «KHHCTlfqecKoro» BbipaxeHHSI (3). KaK CJie,nyeT 

HJ (5), npmuauue HHBapHaHTHOCTH MaCCbl ( «rpaBHTaQHOHHOro 3apS1,na>>) C Heo6-

XOAHMOCTblO Be,neT K 4-BeKTOpHOMY Il0TCHQHany TSlroTeHHSI. 

Bo3MOJKHhie B03paJKeHHll 3,lleCh CBll3aHi.i C npe,11CTaBJieHHeM COOTBeTCTBYJOllleH - (5) 

qiopMyJihI B BH,lle, Pi= mhikUk. IlpaB,11a,. B 3TOM CJiyqae YTPaqnBaeT . CMhICJI caMo noIDITHe 

noTeHUHaJihHOH 3Hepnm KaK 3Hepnm, 3aBHCllllleii T0JibKO OT IlOJIOX<eHH51 BO BHeIIIHeM 

none. ,D.eiiCTBHTeJihHo, cornacHo noCJie,1111eii <\JopMyne «noTeHUHaJihHal!» 3HeprnSI oKa3hIBa

eTcSI JaBHCllllleii TaKJKe OT KHHeTfiqecKoii xapaKTepHCTHKH - cicopocrn qaCTHUhI. · C ,11pyroii 

CTOp~HLI, 3Tci BbipaJKeHHe MOXHO npe,11c;aBHTb B BH,lle p j = mkhik,. r,11e mk = mUk ....,... 4-BeKT~P 

Macchi. OrKy,11a Sictto BHJ1HO, ~o Te1nopHhIH noTeHUHaJI TllroTeHHSI, 06pa3110 roBop~. SiruiSI-

eTc51 «nopolK,lleHHeM» 4-BeKTopa MaCChl. . 

IlpOTHBOpe'IHBOCTL apryMeHTOB B DOJIL3y TeH:iopuoro IIOTeH~HaJia TJlrOTe

HHJI. HacK0JihKO MOXHO cy.nuih, HMeHHO npe,ncTaBTieHHe o poci'e Macchi co c::Kopo-. 

CThlO .(m\l = my)· npHBeJIO B CBOe BpCMSI 3ttHWTettHa K OTKaJy OT OOOhiTKH ·pac-

CMaTpHBaTb npo6neMy rpaBHTaQHH B paMKax CTO [9,10]. C ,npyroii cTopoHhI, OHO 

IlOCJlyJKHJIO, KaK KaxeTCSI, pewa!Oll{HM ·apryMCHTOM B IlOJlhJY onucaHIDI rpaBHTa.:. 

.. UHOHHOfO IlOTCHQHaJia C IlOM0ll{blO TCH3opa 2-ro paHra. TipHBe,neM MhlCJIHMble 

i.nech pacc~eHHSI (CM., HanpHMep,' [11]). HaqHeM c Toro, qTQ Il0TCHQHaJihl Ky~ 

JIOHa H HhlOTOHa ' · · · · · ' 

"'* =_!!____ "'* =,;;.GI!!. 
'l'e R*' 'l'g R*' 

. (6a,6) 

* T.e. IlOTCHUHaJJhl B CHCTeMe IlOKO.H s COOTBCTCTBYIOII{HX JapSl,na e H ·MaCChl' m, 
HMCIOT aHanornqHblH BH,n. IlpH STOM SJICKTPlfqeCKHH · IlOTCHQHaJI npeo6pa3yeTCSI 

KaK KOMilOHCHTa 4-BeKTOpa, ECJIH npHHHTh, qTQ ~<rpaBHTaQHOHHhlH JapM» (MaC

ca), B OTJIHqlfe OT SJICKTPHqeCKOro, paCTeT co CKOpOCThIO, TO rpaBHTaQHOHHhIH 

IlOTCHQHaJJ Ja cqeT AOilOJIHHTeJihHOro JiopeHu~<paKTopa .nomKeH BeCTH ce6SI no,no6-

HO TeHJopy 2-ro pattra. }lpyme, HO no cymecTBy CXO)KHC c npeAhIAYII{HMlf paccyJK-: 

,neHHSI, OCHOBhlBaIOII{HeCSI' Ha TOM;''ITO u COOTBeTCTBHH c 3H3 HCTOqHlfKOM rpaBH-· 

TaUHOIIHOfO nOJISI .cTaHOBHTCSI suepm.H,·.MO)KHQ uaiiTH. u y 3iiHWTeHHa: «Tipo~· 

nopUHOHaJJhHOCTb suepmH u HHepTHOH MaCCbl .;. ·c ueo6xo,nHMOCThlO npHBOASIT K 

y6e)KJ],eHHIO, 'IT0 rpaBHTaQH0HHhie cBoiicTBa cuCTeMhI ,nOJI)KHhI onpe)ieJISIThC.H TeMn · 

)KC. BeJilfqlfHaMH, KOT0pble o6yCJiaBJIHBalOT suepreTuqecKHe CBOHCTBa STOH. CHCTe.: 

MhI» [12]. A nocKOJihKY sueprllil .HBTI.HeTC.H,KOMnoueHTOH 4-BeKTopa, STO )KC Kaqe

CTBO !JpHo6peTaeT ·" ~<rpaBHTaQlfOHHhlH JapM» u T.n. 
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Iio3pOJKe HUe 1. Ka'ic Mbl ~e nOAtiepKH~a.rm, B TeopnH OTHOCHTe.TlbHOCTH Macca 

(KaK H :meKTpHtieCKHii JapM) llBJUICTCll HHBapHaHT0M (nopeHUeBbIM CKanapoM). 

Il03TOMY npHBeAeHHbie coo6pIDKeHtta B 'n0Jib3Y TeH3opH0fO xapaKTepa noTeH

UHaJia rnroTeHtta TeparoT CMblCJI. ' 

Bo3pOJKeHue 2. B ABmKyIUeiica CHCTeMe OTC'leTa s Mll 3JieKTPH'leCK0fO 

Te!fUHana JlHeHapa - BuxepTa HMeeM 

<I>= eu
0 

=!:..:1 
e u:R; s .' 

I 

no-

(7) 

me S ~ nopeHQCB CK!i.ruip. KaK BHAH0, 3,[{eCb B 'IHCJIHTeJie q:mrypupyeT npoHJBe

AeHHe JapMa Ha BpeMeHHYIO K0MnoHeHTy 4-cKopocTH, HJIH nopeHU-q>aKTop. Ilo3-

T0MY npH 60JibllllfX CK0p0CTllX M0)KHO ycnoimo ·roBopHTb 06 3q>q>eKTHBHOM pocTe 

Jap.llJ{a: e = e y, 'ITO no cym AeJia cp0AHH npe,ncTaBJieHHIO o pocn~ Macchi. TeM I-ie 
_. . . V . : . . . . 

MeHee L{Jlll 3JieKTP0MarHHTH0fO n0TeHUHaJia Mbl HMeeM T0JibKO ,4-BeKTOp, KCTaTH, 

IGtK pa3 6naro;apa yi<aJaHHOMY npoHJBeAeHHIO~ TaKHM_ o6pa30M, Aaxe ocTaBMCb 

B paMKax HeK0BapnaHTH0ro npeACTaBJICHHll 0 J_aBHCHMOCTH MaCCbl OT CK0p0CTH, 

Mbl -_He HMeeM OCH0BaHHH. A]la_ Il0BbIIIIeHHll paHra noTeHuuana rnroTeHHll. 

O6paTHMCll Tenepb K q>opMyne Mll JanaJAbIBaromero rpaBHTauH0HH0ro no

TeHUHaJia [13] 

i " i 
gi =-Gm u; =-Gp_, (8) 

uR' s . 
I 

me _ R i - 4-BCKTop Jana.JAbIBaromero cBeToBoro paccrnattna R i = (cT, R), 
T= R/ c. BbIDHIIIeM 0TAeJibH0 BpeMeHHYIO K0Mn0HeHry noTeHUHaJia 

o mu° E 
g =-G-=-G-

s SC 
(8') 

K0T0pM, KaK BHAH0, llBJilleTCll 0lleBHAHblM aHanoroM (7). IlpH 3T0M B 'IHCJIHTeJie 

q>nrypnpyeT 3Heprna, T.e. KaK 6bI 3Heprna BbicrynaeT B p0JIH HCTO'IHHKa rpaBH

TaUH0HH0fO nona. Ho HMeHHO 3T0 Il0JI0)KeHHe, KaK HJBeCTH0, CJIJ)KHT B OTO 

0CHOBOH -Mll Il0BbIIIIeHHll pama noTeHUHaJia rnroTCHHll ( CKIDKeM, no' 0TH0llleHHIO 

K 3JieKTPOMarHHTHOMy). llJig 3T0r0, KaK Mbl BHAHM, HeT a6COJIIOTHO HHKaKHX 0CH0- _ 

nattnii. 

-B01pOJKe1me · 3, HaK0Heu, cnaJaHo c penaTHBHJauneii ypaBHeHHa Ilyaccoua. 

CorJiaCHO '.3ttHIIITettHy, «CneUHaJibHM Te0pHa 0TH0CHTeJibH0CTH npHBeJia K BbIB0-

AJ, 'ITO HHepTHM Macca eCTb He 'ITO HH0e; KaK 3Heprna, noJIH0e MaTeMaTH'leCK0e 

BblpIDKeHHe KOTOpoii ,[{aeTCll CHMMeTpH'IHblM TeH3opoM 2-ro pama, TeH30p0M 

:;meprnH» [14]. OAHaKo, BBHAY HeK0BapHaHTH0CTH 3113 JaMena nJI0TH0CTH MaCCbl 

(p =J0
) Ha UJI0TH0CTb 3Heprnn (E= r 00

fB npaBofi'qacrkypaBHeHirn TaK)KC aBJisi

eTca HeKonapnaHTHoii, a cneA0BaTeJibH0, HeJaKOHnoii onepauneii. <l>nrypttpyroiuttii 
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B JieBoii llaCTH rpaBHTaUHOHHblll noTeHUHaJI A0JI)KeH npeACTaBJillTb co6oii (KaK tt 

}) K0Mn0HeHTy 4-BeKTopa. 

3. COMHHTEJlbHOCTb APrYMEHTOB 

B IlOJlb3Y HE3BKJIHllOBOH 4-fEOMETPHH 

flpeACTaBJieHHble Bblllle apryMeHTbl q>aKTH'leCKH y)Ke 03HatialOT C T0'IKH 3pe

HHll MaTeMaTHKH He3aK0HH0CTb 0T0)KJlCCTBJieHHll rpaBHTallH0HH0ro noTeHUHaJia C 

MeTptttieCKHM TeH30p0M, a TeM caMbIM BBeAeHHe pnMaHOBOU rem.teTpHH. Cyiue~T

nyeT, 0AHaK0, no KpaiiHeii Mepe eme ABa «re0MeTpHtieCKHX» coo6pIDKeHHSl,· KOTO

pble TaK)Ke paccMaTpHBlllOTCSl KaK apryMeHTbl B n0Jib3Y HC3BKJIHA0BOH reoMeTplm. 

HanOMHHM ux. 

B paBH0MepH0 Bpama10meiica CHCTeMe 0TC'leTa BCJieACTBHe nopeHueBa COKpa

meHHll 0TH0llleHHe )J)JHHbl OKpy)KHOCTH K AHaMeTpy A0JI)KH0 OTJIH'laTbCSl OT 1t [ 15]. 

OTCIOAa AeJiaeTCSl BbIBO,n; 'ITO npH 'BpameHHH JaK0Hbl KOHq>HrypaUHH TBepAblX TCJI 

. «He cornaCYfOTCll C TeMH JaK0HaMH KOHq>HrypaUHH rnepAbIX TeJI, K0TOpbte C0OT-

BeTCTBYIOT 3BKJIHAOBOH reoMeTpHH» [8]. 
OAHaKO 3AeCb Heo6XOAHMO n0AtiepKHJTb, 'ITO, Boo6me. fOB0pSl, B. CTO Mbl 

Tal()Ke He HMeeM.3BKJIHAOBOH reoMeTpHH, n0CK0JlbKY npocTpaHCTBeHHaH tiaCTb IIH

TepBana JTpatil!BaeT CBOUCTBa IIHBapHaHTa. Il03TOMY, CTporo roBopa, II B cnyqae 

BpaIUeHllll pellb M0)KeT HJ{TII TOnbK0 0 cnpaee)J)JHBOCTH riceBA03BKJIHAOBOH- reo-

Me'f}JHH BO iiceM 4-npoc.TpaHCTBe [16). · 

C Apyroii CT0p0Hbl, paccMaTjmBalOT nepeX0A K paBH0MepH0 BpaiuaIOIUeiicsi 

CHCTeMe Ha OCHOBe.npeo6pa30BaHHll (CM., HanpHMep, [76)) 

* *· *· * * x=x coscot-y smcot, y=x smcot+y cos cot, z=z. (9)_ 

B pe3yJILTaTe nonyqalOT BbipaxeHl!e Mll HHTepnana, KOT0poe y)Ke He SlBJISlCTCll 

cyMMOU KBanpaT0B AHq>q>epeHUHaJIOB. Ha 0CH0Be 3T0fO JaKJIIO'laIOT: «no KaK0MY 

6bl_ JaK0_HY HH npeo6pa30BblBaJIOCb BpeMa, 3T0 Bbipa)Ke_HHe He M0)KCT 6bITb npHBe-

·. nei-Io:K. cyMMC KBaJJ.paT0B AHq>cpepeHUHaJIOB 'ICTbipex K00pAHHaT» [76]. 3TO naeT 

OCH0BaHHe Mll JaKJIIO'leHHll 0 He3BKJIHA0B0CTH rem,teTpHH B 11em1epUHaJibHblX CH

; CTeMax 0TC'leTa. 

BMeCTe c TeM, KaK 6bIJIO Il0KaJaH0 paHee [ 17, 16], q>opMmrnapHaHTHOCTb HH

TepBana, Janttca,rnoro B UHJIHIIJ{pHlleCKHX K00pAHHaTaX 

a?= c2dt; '.'"" ,;a cp; .-;-dr;, (10). 

6yAeT o6ecnetieHa, eCJIH BMeCT0 npH6JIJ.t)KeHHblX q>opMyJI (9) HCnOJib30BaT~ CJieAy-

IOIUHe T0'IHble (rattreHUHaJibHbie) npeo6pa30BaHHSl:' . . . 

t * =[t....:(~2/co) <p]'y
00

, <p* = (<p'-cot) y
00

, r= r* =cbnst, (11) 
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me y00 =(1 -:-J3~r:t/.
2
,,J3=cor/c (Z-KOOp.l{HHaTa onymeHa). Qqe_BH.l{HO, 'ITO.nO CBO

eMy CMblcny npeo6pa:iosaHm1 ( 11) .l{On)KHbl onttCbIBaTb pem1THBHCTCKOe BpameHHe, 

T.e. BKJIIO'laTb cnyqatt, Koma npOHJBe.l{em1e cor 6nHJKO K CKOpOCTH CBeTa c. 

4; rJlABHhIE OIE.IlCTBl151 OTO 

OcHOBHbie oco6eHHOCTH OTO: MO)KHO npoHJint0cTpttposaTb, onttpruicb Ha HJ~ 

BeCTHOe nptt6ntt)KeHHOe Bblpa)KeHHe .IJ,JISI wsapuwHnb.l{OBCKOfO HHTepsana (CM., Ha

npHMep, [8]): 

2 ( 2<1> ) 2 2 ( 2<1> ) · 2 ds = 1 +? c dt - 1 - ? dx . (12) 

OHO onHCbIBaeT xapaKTepHoe ueHTpaJibHO-CHMMeTpH'IHOe rpaBHTaUHOHHOe none, 

me <I> -, noTeHUllaJI HblOTOHa. 

TaK, Ha OCHOBaHIIH BH.l{a nepBOfO cnaraeMoro B npaBOH 'laCTH (12) .l{enaeTCSI 

BblBO.I{, 'ITO « .•. 'laCbl H.llYT TeM Me.a,JieHHee, 'leM 6onbwe Macca semecTBa, HaXO.l{Sl

merocsi B6nHJH mix». 0Tct0,na, s 'laCTHOCTH, .a,JISI o6parnoii BeJIH'IHHbl - 'laCTOTbl . 

- nony'lalOT cpopMyny 

v = v(l + <I>/ c
2
) 

g . 
(13) 

H JaKJIIO'lalOT [ 18], «'!TO cneKT;Ja.f!bHble nllHHH, 11cnycKaeMble Ha Co1mue, C,UBHHy

Tbl B KpacHylO 'laCTb cneKTpa no OTHOWeHHIO K COOTBeTCTBYIOI.UIIM cneKTpaJibHbIM 

nHHHllM CBeTa, HJJiyqaeMOfO Ha 3eMJie, Ha senH'IHHY 

•. .·. -0 . 
~A./A.=2·10 »: 04) 

.Ilpyroe Ba)KHOe ciie.l{CTBHe TeopHH KacaeTCll TpaeKTOpHH CBeTOBOro nyqa. Co

maCHO. OTO JaKOH pacnpocTPaHeHHll cseTa onttcbIBaeTCll ypasHeHHeM 

. dl=O. (15) 

Cne.l{OBaTeJibHO, .IJ,Jlll CKOpOCTH CBeTa B rpaBHTaUHOHHOM none C noTeHUHaJIOM <I> 
6yAeM HMeTb . .. 

c = (1 + 2<1> / c
2
)c, (16). 

g 

T.e. «CKOpOCTb CBeTa ... HJMeHlleTCll C HJMeHeHHeM rpaBHTaUHOHHOfO noTeHUHaJia» 

[ I 8]. «OTCIO.l{a MO)KHO C.l{eJiaTb JaKJIIO'leHHe, 'ITO npH npoxo)K,!l.eHHH B6nHJH 6onb

woii MaCCbl nyq _c11eTa OTKJIOHlleTCll OT nepBoHa'laJILHOro HanpaBneHHll» [8]. Hntt _ 

«Ha'le: «Jlyq cseTa Hecei' 3Heprmo. A 3Heprnll «MeeT Macey. Ho Ha BCllKYIO HHe

prnyt0 Macey none TllfOTeHHll _OKaJ1>IBaeT. B03.l{eHCTBHe, T.K. HHepTHru! H Tll)KeJirul 

MaCCbl 3KBHBaJieHTHbl. Jlyq CBeTa 6y,neT HCKpHBnllTbCll B none TllfOTeHHll ... » [19]. 
Cxo)Keii T0'IKH JpeHHll npH.llep)KttBaeTcll, HanpttMep, H lllpeA«Hrep: «OTKJioHeH«e 
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nyqeii CBeTa, npOXO.l{SllUHX BruIHJH ConHua, He SIBJISleTCSI tmCTO rpaBIITaUIIOHHblM 

siBJieHHeM. OHO o6ycnoBJieHO TeM q>aKTOM, 'ITO :;meKTPOMarnHTHOe none o6na.l{aeT 

:mepmeii II HMnynbCOM, a CJie,noBaTeJibHO, 11 Maccoii».[20]. 

OTMeTHM, 'ITO TpeTbe cne.l{CTBHe OTO, cBsiJaHHoe c ,UBlf)KeH11eM nepmenHSI 

MepKypHS1, TaK)Ke onttpaeTCR Ha peweH11e lllsapUWHJib,Ua 

5. TPH BhIPA)KEHl151 M51 3HEPDUI <l>OTOHA 

PaccMOTPHM cpopMyny .a,Jill ~meprn11 nt06oro q>HJ11'1ecKoro omeKTa 

E - 2 -myc. (17) 

B Cn)"lae CBeTa q>OTOHa m = 0, HO nopeHu~cpaKTOp r= 00, n03TOMY HX npOHJBe

.l{eHHe, Kornpoe MbI ycnoBHO 060Ji'la'IIIM mt, llBJilleTCll KOHe'IHOii senH'IHHOii. Ta-

KHM o6pa30M, .IJ,Jlll q>OTOHa Mbi HMeeM HJBeCTHYIO cpopMyny IlyaHKape [21] 

E = m c
2
• (17') . . .. 

IlOCKOnbKY COrJiaCHO (16) CKOpOCTb CBeTa HJMeHlleTC,SI C HJMeHeHlleM ·<1>, )iiJ:ll OOJ1-

HOH 3HepmH q>0TOHa B q,aBHTaUHOHH0M none 6y,neM m.teTb:. 

E 1 = (1 + 4<1> / c
2
) E . (18) 

C Apyroii CTOpOHbl, .IJ,Jlll 'laCTOTbl CBeTa V , ttcnymeHHOro HCTO'IHHKOM B rpag 

BHTaUHOHHOM none, HMeeM: 

v =v(l +<I>/c2). g (19) 

OTCIO.l{a Ha OCHOBaHHH HJBeCTHOro KBaHTOBOfO COOTHOWeHHll £ = hv .IJ,Jlll 3HeprnH 

cpornHa Haii,neM: 

£2= (1 +<I>/ c2). (20) 

O'1eBH.l{HO, 'ITO 3TO Bblpa)KeHHe cymecTBeHHO OTnH'laeTCll OT npe.l{bl.l{ymero Bbll,)_a~ 
)KeHHll (18). . 

Tenepb MbI XOTHM o6paTHTb BHHMaHtte Ha cneAyt0mee. B paccMaTpHBaeMOM 

CJiyqae .l{OCTaTO'IHO CJia6bIX noneii TllIOTeHHSI MeTPH'leCKHii TeHJop 

gik = Y;k + 2hik' (21) 

·---me Y;k - TeHJop MttHKOBCKoro, hik - «co6cTBeHHo» TeHJop rp~BHTauHOHHOro 

noTeHunana, npu'leM h00 =-ha.a= <I>/ c
2
• B cooTBeTCTBHH c ,uyxoM OTO, KOToprui 

0T0)K.l{eCTBHJia Macey C 3Heprneii, .IJ,Jlll noTeHUHa1IbHOH 3Heprnu q>OTOHa B none 

TllfOTeHHll .l{On)KHO HMeTb, MecTO paBeHCTBO 
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o oo· 1 2 £
8
=p

8
c=p

0
ch =:£<I> c. . (22) 

B pe:iynhTaTe .umI nonHoii 3Hepnm HaimeM 

£3=£+ £g=(l +<l>/c2)£' · (23) 

'ITO HaxO,UllTCH B nonHOM COOTBCTCTBllll c (18). 

TrurnM o6paJoM, KaIC MbI BH.UHM, B OTO q>OTOH B rpaBHTaUHOHHOM none, KaK 

ll MaTepHaJibHOe Teno, o6na.uaeT IlOTCHUllaJibHOH 3Heprneii. 

6. TPH IlPOTaBOPEqH~ OTO 

Ilpomueope•lUe I. IlpocTOe cpaBHCHHC BblpIDKeHHH (18) c Bblpa:lKCHHHMll (20) 

H (23) IlOKa3bIBaeT HaJIH'llle cepbCJHOro BHYTPCHHero npOTHBOpC'lllH s OTO, CBH

JaHHOro c pa3HhiMH cnoco6aMH onpe.neneHHH 3HeprnH q>oTOHa. BoJMO)l(HM no

IlbITKa ycTpaHeHHH 3TOii TPY.UHOCTH 6y,neT cKopee scero JaKnio'laTbCll B OTKaJe OT 

BbITCKaIOIUero HJ q>OpMynhI· IlyaHKape (17) BblpIDKCHHH (18), c 'ICM, O,nHaKO, Tpy,n

HO comaCHTbCH. 

Ilpomueope•me 2. B CBHJH c q>OpMynoii (14) HailOMHHM, 'ITO OHa - cne.n

CTBHC BblpIDKCHHH* 

').. ,;, '}..(I - <I>/ c2), 
g 

(24) 

HMHIOIUCfOCH aHanOroM COOTBCTCTBYIOIUCH (13) q>OpMynhI MH nepHo,na BOnHbl 

T=v-1. 

C .npyroii CTOpOHbl, llCXO,nH HJ paBeHCTBa 

C =AV 
g g g 

(25) 

H npHMCKM q>OpMynbI (16) H (13), neI'ICO HaimeM, 'ITO 

,._' ='}..(I+ <I>/ c2). 
g . 

(26) 

HoCKOnbKY <I> - OTPHUaTenhHM BMll'IHHa, TO q>OpMyna (26) roBOpHT O CMeIUe

Hllll cneKTpaJibHbIX nHHHii B q>uoneTOBYIO qacTb cneK:rpa'. Ho 3TOT peJynbTaT HBHO 

npornnope'IHT onhITY, a TaIOKe q>opMynaM (24) H (14). 

Ilpomueope'lue 3. PaccMOTPHM q>OTOH, KOTOpb1ii, 6y,nyqH HcnymeHHhIM Ha,A 

IlOBepXHOCTblO 3eMnll, (CKIDKeM, Ha BbICO!e H), .UBll:lKCTCH BHHJ. no Mepe npu6nH

)KCHIIH K 3eMne ero CKOpOCTb n COOTBeTCTBHll c (16) .non:lKHa YMeHblliaTbCH, 'ITO 

,n.on:lKHO conponox,naTbCH YMf:HbWeHHeM 3Heprn1:1. ·Ho comacHo (25) H coorno

weHHJO £ = hv Toma .nomIrna YMeHbWHTbCH u qacToTa. TaK, ecnu npH ucnycKaHHH 

*TTOCKOJlbKY B ttac-rmnuee BpeMll Ja 3TaJ10H JVJHHbl ( «MHKpOMacwTa6») lpaKTH'ICCKH npHHllTa JVJHHa 

CBCTOBOii BOJIHbl, TO cornactto (24) Mbl UMeeM rpaBHTauHOHHOe YJVJHHCHHe MaCuJTa6oB [22]. · 
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. ... . . . .· 2·. .. ·.. . .. . 
q>OTOHa qacrorn cocTasnHna vh = v(l.+ gZ/ c ), TO npu no,nneTe K 3eMne oHa y:lKe 

2 . . . ·. 
COCTaBHT V 

3 
= v( l + gz / c ), r.ne g. - ycK_opeHHe CHnhI. rn:lKeCTH, . Z - Z = H. '.3TOT 

BbIBO.U, O'ICBH.I{HO, npHMO npornsope'IHT. peJynl!TaTaM 3KCnepHMeHTOB no _HJMe

peHHIO Kpacttoro CMCIUCHHH C IlOMOIUblO 3q>q>eina Mecc6ay3pa, 113 KOTOpbIX cne

.nyeT, 'ITO qacTOTa He llJMeHHeTCH npH .I{BH:lKeHHH q>OTO!la OT HCTO'IHHKa K no

moTHTenJO. 
Ilocne.nHHii np1rnep HaH6onee y6e,nHTenhHO noKaJbrnaeT, 'ITO ycTpaHeH_He y_Ka

JaHHbIX npOTHBOpe'IHH B nepny10 oqepe,nb .uon:lKHO 6bJTb C:.BHJaHO C OTKaJOM OT 

q>opMynbI (16). '.3Ta q>opMyna, o,nHaKo, HBJIHeTCH npHMbIM cne.ucTBtteM ·sbipa:lK~HHH 

(12). TaKHM o6pa30M, oTKaJ OT q>opMynbI (16) OJH~'laeT H OTKa_J OT npocrpattcT-

BeHHo-speMeH~oii MeTpHKH (12); BblpIDKa10me~ CllMY cyrh OT9. · 

3AKJIIOqEHHE 

3H'.3, OilttpalOIUHHCH Hll HJBeCTHOe npe.UCTaBnCirne O poCTe MaCCbl CO CKOpO

CTblO, »BnHeTcH o,nHoii HJ ocHOB OTO. <l>aKTH'leCKH Ha oclioeaHHH 3H'.3 rpanu

TaUHOHHOMY noTeHuHany. 6i,mu npHnHcattbl cnoiicTBa 4-TeHJopa 2-ro pattra. '.3To 

IlOJBOnuno CBHJaTb rpaBHTauHOHHblH noTeHUHaJI C MeTpH'leCKHM TeH30pOM H c.ue

naTh OTO TeopHeii He3BKnH.UOBa npocTpaucTBa-npeMeHH. YcrnHonne1me Toro, 'ITO 

3H'.3 npOTHBOpe'IHT nopeHU-KOBapHaHTHOCTll, CTaBHT no.n COMHeHHe cnpase,nnH

BOCTb nono:lKeHHH O TCH30pHOM xapaKTepe noTeHuHana rnroTCHHH. C .upyroii CTO

pOHbl, Bbl3bIBalOT COMHeHHe H llJBeCTHble apryMeHTbl s nonbJY He3BKnH.UOBOH 4-re

OMeTpHH BO BpamaJOIUHXCH CHCTeMaX OTC'leTa. KpoMe Toro, JaBHCHMOCTb CKO

pOCTH CBeTa OT rpaBHTaUHOHHOro IlOTCHUHaJia B OTO se.ueT K cepbeJHblM 

npOTHBOpe'IHHM npH onpe.neneHHH 3HeprnH q>OTOHa H ,nnllHbl ero BOnHbl. EonhlIJe 

. Toro, COOTBeTCTBYJOIUM JaBHCHMOCTb qacTOTbl OT IlOTCHUHana npHMO npoTHBO

pe'IHT onbIry. 
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