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B.H.CTpeJihU.OB 

<I>OPMY JIA YllJ111HEHl,UI 

B TEOPl111 OTHOCl1TEJibHOCTl1 



Hcnrny HeJihJSI paccKaJaTh, TaK 1-1To6hl 

ee noHsi;m; HaAO llTOOhl B Hee nosepHJm. 

Y.EJteiix 

BBe.11.em1e. ComacHo o6w.enpttHSITOMY MHeHulO ABHX<yw.uecsi Te.Tia (®eK­

Thl) COKpaw.atOTCSI B HanpaBJieHHH ABHX<eHHSI. HMeHHO :na TO\lKa 3peHHSI H3Jia­

raCTCSI npaKTH4CCKH BO BCex MOHOrpa(j>HSIX " y4e6HttKax, KaCalOW,HXCSI Teopnn 

OTHOCHTeJibHOCTH. A.nhTepHaTHBHaSI TO4Ka 3peHHSI, COrJiaCHO KOTOpoH npo,I\OJib­

Hhle pa3Mepw pe.TISITHBHCTCKHX OOI>eKTOB, HanpOTHB, AOJIX<Hbl BO3paCTaTh, He­

CMOTPSI Ha CBOH ,I\OCTaTO4HO 3peJiblH BO3pacT (Tptt ,l\eCSITHJieTHSI) He IlOJIYllHJia 

urnpoKoro nptt3HaHHSI H H3BeCTHa TOJlbKO Y3KOMY Kpyry cneu,naJIHCTOB. Bonee 

' Toro, H cpe,I\H 3THX cneu,HaJIHCTOB HeT e,I\HHCTBa. BoJibWHHCTBO AODYCKalOT KaK 

TY, TaK H APYrylO BO3MOX<HOCTb B JaBHCHMOCTH OT cnoco6a H3MepeHHSI, 

CJieAyeT llO,l\4epKHYTb; 4TO 3,1\eCh Mbl HMeeM Ae.TIO C O.1].HOH H3 q>yHAaMeH­

TaJibHhlX npo6neM q>H3HKH. CyTh 3TOH npo6JieMbl 3aKJIIOllaeTCSI B o6o6.w.eHHH 

(pacnpocTpaHeHHH) nOHSITHSI npocTpaHCTBeHHhlX pa3MepoB Ha ABHX<eHHSI 

co CKOpOCTSIMH, cpaBHHMhlMH co CKOpoCThlO cBeTa. ITpu 3TOM cy.w.ecTBYIOT AO­

cTaTOllHO X<eCTKHe Tpe6oBaHHSI, CKaX<eM, B BH,l\e npHHIJ,Hna OTHOCHTeJibHOCTH. 

Ero MaTCM~lTH4eCKHM CJie,I\CTBHeM MO)KHO C4HTaTh yCJIOBHC JIOpCHIJ,-KOBapuaH­

THOCTH (HHBapttaHTHOCTH). 11MCHHO C TOllKH 3peHHSI 3TOro YCJIOBHSI Mbl pac­

CMOTPHM HHX<C ,!\Ba HMelOW.HXCSI IlO,I\XO,l\a OTHOCHTe.TlbHO IlOBCACHHSI Ilpo,I\OJib­

HblX pa3MepoB ,I\BHX<YW.HXCSI OOI>eKTOB. 

<l>opMy na coKpaw.eHHJI 6bIJia nse.n:eHa Cl>nIJ,AX<epan.n:oM [1 I " JlopeHu,eM [2 I 
,I\JISI 000,SICHeHHSI OTpuu,aTeJibHOro pe3yJihTaTa 3HaMCHHTOro OllblTa MaHKeJibCO­

Ha - Mopmi (3 ), TO4HCC, ero TpaKTOBKH C Il03HU,HH Teopnn 3q>npa. B ,l\aJibHCH­

weM 3Ta q>opMyJia 6wna nepeHeceHa B TeopHIO OTHOCHTe.TlbHOCTH q>aKTH\lCCKH 

6eJ yqeTa Toro, 4TO B yKaJaHHhlx Teopusix noHSITHSI noKostw.eucsi "ABHX<y11~eu­

CS1 CHCTCM OTC4CTa MeHSIIOTCSI MeCTaMH ( 4 ), 
HanoMHHM, 4TO o6w.enpnttsiToe npeACTaBJieHne o coKpa.w.eHnn npo.n:onh­

Hhlx pa3MCpoB ABHX<YW.HXCSI Te.Tl qnnpaeTCSI Ha H3BCCTHOC 3HHWTCHHOBCKOC 

onpC,l\eJICHHC (5 ). CorJiaCHO 3TOMY onpe,I\CJICHHIO AJIHHOH .l].BHX<yw.erocsi CTCpX<­

HSI (MaCWTa6a) le Ha3blBaCTCSI paCCTOSIHHC MCX<AY O,1\HOBpCMCHHblMH IlOJIO-

X<CHHSIMH ero KOHU.OB (MrHOBCHHasi .11.nuHa). C y4eTOM 3Toro yCJiosusi (Llt = 0) 



AJUI CTep)KHSI, opueHTHpoBaHHOro "ABH)Kymeroc.11 BAOJib OCH X, Ha OCHOBaHHH 

npeo6pa3oeaHu.11 JlopeHu,a HMeeM 

le= 1 • (1 - /J2) 1/2. (1) 

3AeCb f3c - CKOpocTb ABH)KeHHSI CTep)KHSI, I • - ero AJIHHa e IlOKOe •. BeCbMa 

npuMellaTeJihHO T3K)Ke, 'ITO B nepBOH34MbHOH <pOPMYJIHpoBKe Teopuu 

OTHOCHTeJihHOCTH TBepAble ()KeCTKHe) CTepx<HH urpalOT 3H3llHTeJibHYIO poJib, 

a caMH CHCTeMbl OTClleTa MblCJISITCSI B BHAe KapKaca T3KHX CTep)KHeH [6 ). Ho, 

KaK Mb! 3HaeM, IlOHSITHe TBepAOro (HeAe<pOpMupyeMoro) CTep)KHSI IlOApa3yMe­

naeT, 'ITO B03My~eHHe BAOJib Hero pacnpocTpaHHeTCSI MrHOBeHHO. 11Halle MOX<­

HO CK333Th, 'ITO TBepAb!H CTep)KeHh peMH3yeT MrHOBeHH(IO (OAHOBpeMeHHylO) 

AJIHHy. ITocKOJihKY corJiaCHO BTOpoMy npHHU,Hny Teopuu OTHOCHTeJihHOCTH CKO­

pocTb pacnpocTpaHeHHSI JII06oro B03MymeHHSI KOHellHa H orpamtlleHa CKOpo­

CTblO CBeTa, TO 3AeCb, 6e3yCJIOBHO, _Mb! 
0

HMeeM onpeAeJieHHYIO HenOCJieAOBa­

TeJibHOCTh. 

8 npocTpaHCTBe MHHKOBCKOro A3HHOMY ABHX<ymeMyCSI CTep)KHIO B COOT­

neTCTBHH C 3HHWTeHHOBCKHM onpeAeJieHHeM OTBe4aeT lleTblpexKOMilOHeHTHaSI 

BeJIH'IHHa 

l n = (~t.~x,0,0) = (0,l ,0,0) • 
C . C 

(2) 

<I>opMyna YAJ1HHeHHB. B 60-x roAax B03HHKJia AHCKyccuR noKpyr tte;oTo­

phlx TPYAHOCTen Teopnn OTHOCHTeJihHOCTH. TollHee, pellh cpaKTHlleCKH · .wna 

0 nepeCMOTpe HX nepBOH3'1MbHblX peweHHH. CpeAH HUX: OlleHh xapaKTepHI,IH 

«napai\OKC>> paBHOBCCHR npSIMOyroJihHOro pb!llara JlblOHCa - TOJIMaHa' '[7] 
H H3BCCTHblH nonpoc 00 3Hepruu H HM,nyJihCe 3JieKTpoMamHTHOro no.irn' ABHX<y­

merocst 3apRAa («npo6JieMa 4/3>> B cpopM)'JIHJ)OBKC Jlay3 (8 )). YnoMRHCM,TaK­

X<e He Mettee H3BCCTHYIO TPYAHOCTh, 3aKJit04at0myIOCS1 n noHnJieHHH 3apHAa 

y ABHX<ymerocSI HCHTpaJihHOro npoBOAHHKa c TOKOM (CM., HanpnMep, (9 ]) • 

B AHCKYCCHH OKa3aJiaci, 33TpoHyTOtto6menpHHSITaR cpopMyJia npeo6pa30B3HHR 

AJIHHhl ( 1). TT pu 3TOM 6blJIH BhlCKa3aHhl coo6pa)KeirnSI I 10, 11 ), 'ITO npoAOJihHhlC 

pa3MCpb1 peJIRTnnncTcKnx o6beKTOB BMecTO npu'Bblllttoro JiopeHu,ena coKpa­

meHnSI MoryT B03paCTaTb COrJiaCHo <pOpMyJie 

I= 1•(1 -{32) -112. (3) 

B AMhHeHWCM 3TOT IlOAXOA IlOJIYllHJI H33BaHHC <<3CHHXpoHHaR <pOPMYJIHpOBKa» 

(12-14] (B OTJIH'IHC OT TP3AHU,HOHHOro - .<<CHHXpoHHOH cpopMyJinpOBKH»). 

0AHaKO, AO HaCTo.11mero npeMeHI! OH H3BeCTCH, no cymecTBY, TOJibKO 

cneu,naJIHCTaM. 
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CJieAyCT 3aMeTHTb, 4TO, no-BHAHMOMY, enepBblC COOTBCTCTByt0maS1 (3) 

<p0pMyJ1a npco6pa3oeaHHS1 npocTpaHCTBCHHOro o6bcMa 6hlJ1a neeAeHa Kna.noM 

cmc B 1949 roAy [ 15 ) HMCHHO c u,eJihlO pcwcHHSI yKa3aHHOH <<npo6JieMbl 4 / 3». 

3ACCb TaKic HCOOXOAHMO ynoMSIHYTh pa6oTbl [ 16, 17 ), Kacaiomnccst 

BJtAHMblX pa3Mepon ABHX<ymuxcSI OObeKTOB. B HUX cpaKTH4eCKH 6blJIO BblCKa3a­

HO COMHCHHC, 4TO <p0pMyJ1a COKpameHHSI ( 1) aAeKBaTHO OTpaX<aCT cymHOCTb 

H3MeHeHHSI npocTpaHCTBCHHblX pa3MCpoB,npn ABHX<eHlrn. 

KoHu,enu,ust penSITHRHCTCKOH (J10Kau,uoHHOH) 11.JlHHhl (KP D,) 6hlJia c<t>op­

MYJIHpoeaHa u pa3BHBaJiaCh HC3aBHCHMO OT ynoMSIHYTOH AHCKyccHH. KPD. 

OCHOBblBaCTCSI Ha OTJ1H4HOM OT TpaAHU,HOHHOro onpCACJICHHH nOHSITHSI pa3Me­

poB 6btCTpoABHX<ym11xcst OObCKTOB (CM., HanpnMcp, [ 18, 19)). TTpu 3TOM 

H3MCpnTeJibHaSI npou.cAypa 6a3npycTCSI Ha H3BCCTHOM JIOKaU,HOHHOM MeTOAe 

H3MepcHHSI paccTOSIHHH. CornaCHo KP LI. AJIHHa ABHX<ymcrocst cTepX<HSI onpeAe­

JISICTCSI nonycyMMOH ABYX xapaKTCpHblX CBCTOBblX, HJIH 3ana3Ab1Bal011.lHX (T04-

HCe, 3ana3AhIBaiomero u onpcACJIS110ll.lero), paccTOSIHHH. CJieACTBHCM 3TOH KOH­

u,enu,uu SIBJISICTCSI PCJISITHBHCTCKaSI <p0pMyJ1a YAJIHHCHHSI [201•. 

Ha Sl3b1KC 4-npCACTaBJICHHSI peJISITHBHCTCKaSI (JIOKaU,HOHHaSI) AJIHHa Bblpa­

X<aeTCSI BeJIH4HHOH npocTpaHCTBCHHOH 4aCTH noJiypa3HOCTH ABYX 4-BeKTOpoB, 

onHChIBatOmHx npou,CCCbl pacnpocTpaHeHHSI CBCTa B npSIMOM H o6paTHOM Ha­

npaBJICHHSIX BAOJib CTCpX<HSI. B pC3YJibTaTC AJISI npocTpaHCTBCHHOilOAOOHOro 

4-BeKTOpa pC.TISITHBHCTCKOH AJIHHbl HMCCM 

I i = ( {31,l,0,0) . (4) 

KcTaTH, HaJIH'IHe 3ACCb BpCMCHHOH KOMilOHCHTbl H BCACT K ycTpaHCHHIO OTMC­

lleHHOH. TPYAHOCTH C nOSIBJICHHCM .3apS1Aa y ABHX<ymerocSI HCH.TpMbHOro npo­

BOAHHKa c TOKOM (CM., HanpHMCp, (21 )) • 

CJICAYCT nOA4epKHYTb, 'ITO HMCHHO KPD. nOCJiyX<HJia cpaKTH'ICCKOH OCHO-' 

BOH. COBpCMCHHOH (JIOK3U,HOHHOH) <pOpMyJIHpoBKH TCOpHH. OTHOCHTCJibHOCTH 

(CM., HanpHMCp, (22,23)). 

JiopeHU,-HHBapuaHTHOCTb SIBJISICTCSI TCM YCJIOBHCM, KOTopoc Il03B0JISteT 

CAeJiaTh OAH03Ha4HblH Rb16op MCX<AY ABYMSI cymecTBYIOll.lHMH nOAXOAaMH. TTo-

3TOMY paCCMOTpHM o6c 4CTblpCXKOMilOHCHTHblC ReJIH4HHbl (2) H (4) C T04KH 

3pCHHR HHBapHaHTHOCTH COOTBCTCTBYIOll.lHX HHTCpBaJIOB. 

HanOMHHM, 'ITO HHTCPBM - 3TO 4CTblpCXMCpHaSI' BeJIH'IHHa, onpCACJIHC­

MaSI ABYMR T04e4Hb1MH COOblTHSIMH H RBJISIIOll.laSICSI aHMOroM_ TpCXMCpHoro pac­

CTOSIHHSI MCX<AY ABYMSI T04K3MH. 11JIH, KaK roeop11T, MCTPHKa (4CTblpCXMCpHO­

ro) npocTpaHCTBa MHHKOBCKOro onpCACJISICTCSI KBaApaTOM HHTCpBaJia 

*B CB!l3H C TPY.!IHOCT!IMH ny6JntKaL(HH caMoro no.11xo11a B CHOC epCM!I anrnpy 11p11U1J10Cb 

orpaHH'IHTbC!I ny6J1HKaL(HCH TOJlbKO KOHC•IIIOH QJOPMYJlbl (3). 11a H TO C TPCXJICTIICH 33/ICP>KKOH. 
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s2 = (Llx")2 - c2M2
, (5) 

3aBHCSIIUCT'O OT pa3HOCTH KOOPJJ.HHaT yKa3aHHblX COOblTHH. l1HTCpBaJJ - OCHOB­

HOH HHBapnaHT TCOpHH OTHOCHTCJlbHOCTH, 003TOMY ero H33h1Ba!OT TaK)KC (j)yn­

.naMeHTaJJhHblM HHBapHaHTOM. no onpe.neJJeHHIO ltHBap1taHT - 3TO BeJJH4HHa, 

KOTOpasi HC H3MCHSICT CBOCT'O 3Ha4CHIISI npH nepexo.ne OT OJJ.HOH HHCpU,HaJJbHOH 

CHCTeMbl OTC4CTa K ,npyroH. TTOCKOJlbKY 3TOT nepexo.n CBSI3aH C H3MeHCHHCM 

CKOp()CTH JJ.BH)KCHHSI, TO HHBapnaHTHOCTb HHTCpBaJJa JJ.OJl)KHa 03Ha4aTh ero HC-

3aBHCHMOCTb (nOCTOSIHCTBO) OT CKOp()CTH. 

C Y4CTOM (2) H ( l) B CJJy4ae COKpameHHOH JJ.JJHHbl HMCCM 

Sc= 1 • (l - [32)1/2, (6) 

Tor.na KaK JJ.JISI peJJSITHBHCTCKOH (JJOKaU,HOHHOH) AJJHHbl 

s = l *. (7) 

Ha OCHOBaHHH (6) 3aKJJI04aeM, 4TO Tpa,nHU,HOHHOC onpe,neJJCHHC AJIHHbl 

JJ.BH)KYIUCT'OCSI MaCuITa6a HC YAOBJICTBOpSICT Tpe6osaHHIO JJopeHU,-HHBapnaHT-

HOCTH [24,25 ,. l1JJH, HHblMH CJIOBaMH, 4CTblpexKOMilOHeHTHaSI BCJIH4HHa / 11, 
. C 

OTBC4alOIU3SI COKpameHHOH AJJHHe, He CCTb 4-BCKTOp (B OTJIH4He OT/ i) (23,26 ). 

TaKHM o6pa30M, 4TOObl He BOHTH B npoTHBOpC4HC C OCHOBHblM Tpe6oBaHHCM 

TCOpHH OTHOCHTCJlbHOCTH, HY)KHO OTKa3aThCSI OT Tpa,nHU,HOHHOT'O npe,ncTaB­

JICHHSI O COKpaIUCHHH ABH)KYIUHXCSI OObCKTOB*. 

CJJc.nyeT OTMeTHTh, 'ITO yKa3aHHe Ha .HCKOBapnaHTHOCTb COKpameHHOH 

AJIHHbl (T04HCC, COKpaIUCHHOT'O OObCMa) (j)aKTH4CCKH COACP)KaJJOCb y)Ke B yno­

MSIHYTOH pa6oTe Jlay3 (7 ). 113 KOBapnaHTHOH 3anuciI 3Hepmn n nMnyJJhCa 

(G i) 3JICKTpoMarHHTHOT'O OOJISI JJ.BH)KYIUCT'OCSI 3apsi.na 

Gi = f T ikdVk (8) 

BblTCKaJJO, 4TO HCKOBapnaHTHOCTb JICBOH 4aCTH JJ.0Jl)KHa 03Ha4aTb HeKOBapnatt­

THOCTb, no Kpaiincii Mepe, o.nnoro H3 COMHO)KHTCJJCH B npaBoH 4acTn. IlocKOJib­

KY JJOpCHU,-KOBapnaHTHOCTb TCH30pa 3HCpmn l.fMilYJJhCa 3JICKTpoMarHHTHOT'O 

IlOJISI T ik COMHCHHH HC Bbl3hlBaCT, TO 04eBHJJ.HO, 4TO <<HCT04HHKOM HCKOBapnatt­

THOCTH>> SIBJISICTCSI 3JJCMCHT COKpaIUCHHOT'O OObCMa. 

*B 3TOH CBll3H CM. TaKlKC [27[. 
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Hmoi: paCCTOSIHHe MC)l(Jly OJJ.HOBpCMCHHbIMH IlOJIO)KeHHSIMH KOHU,OB 

JJ.BH)KYIUCT'OCSI CTCP)KHSI (B OTJIH4HC OT IlOKOSIIUCT'OCSI) He CCTb ero JJ.JIHHa. 

floTettu.naJibl XenncaHJ].a H Jlnettapa - BnxepTa 3JICKTpoMarHHTHOT'O 

noJisi JJ.BH)Kymerocsi 3apsi.na (j)aKTH4CCKtt oTpa)KalOT ,naa paccMoTpetttthIX BhIIIIe 

no.nxo,i\a. TaK, B coorneTCTBHH c noTettu,naJJOM Xeancai1,na (28 I 

cpH = R (l -·p2 sin28) 172 
e 

(9) 

Mbl HMeeM o6menpHHSITOC npe,ncTaBJieHne 3JICKTpH4eCKOro IlOJISI B (j)opMe C)Ka­

TOro 3JIJIHilCOHJJ.a.Bpamemrn (c(j)epon.na). 8 TO )KC BpeMSI corJiaCHO IlOTeHIJ;IIaJJy 

Jlnettapa - BnxepTa [29,30 I 

'PLw= Rr(l -{3cos0) 
e 

(10) 

(T.e. B TCpMHHaX 3ana3JJ.b1B3IOIUHX, a HC MrHOBeHHblX paCCTOSIHHii:) 

3KBHOOTCHU,HaJibHblC noaepXHOCTH HMCIOT (j)opMy 3JIJIHilCOHJJ.OB BpameHHSI, Bbl­

TSIHYThlX B HanpaBJICHllH JJ.BH)KCHHSI (CM., HanpnMep, [ 19)). Il03TOMY OTK33 

OT npe,nCTaBJICHHSI O COKpamettHH npo,nOJibHblX pa3MepoB JJ.OJI)KeH 03HatJaTb 

H OTK33 OT <PoPMYJihl (9) H COOTBeTCTBYIOIUHX Bblpa)KeHHH JJ.JISI HanpSI)KeHHO­

CTCH 3JICKTpoMarttHTHOro OOJISI. 

B 3aKJIIO'ICHHe npnae,neM YT04HeHHOC BblCKa3blB3HHe 3HHIIITeHHa [31 J, 
COrJiaCHO KOTOpoMy co,nep)K3HHe Teopnn OTHOCHTCJibHOCTH MO)KeT 6h1Tb 

pe3IOMHpoBaHO OJJ.HHM npe,nJIO)KeHHCM: BCC $H3HlJCCKHC IlOHSITHSI II 33K0Hbl 

npupo,nhl JJ.OJI)KHbl 6b1Tb onpe,neneHbl TaK, lJTOObl OHH 6b1Jln KOBapnaHTHbl 

OTHOCHTCJlbHO npeo6pa30B3HHH Jlopem:1.a. J,fa JJ.BYX HMeIOIUHXCSI onpe,nCJJCHHH 

IlOHSl~HSI npocTpaHCTBCHHblX pa3MepoB JJ.BH)KYIUHXCSI o&beKTOB TOJlbKO IlOCJICJJ.­

HCe (BBCJJ.CHHOC 30 JieT Ha3a,n) SIBJISICTCSI JIOpCHIJ.-KOBapnaHTHblM, TaKHM o6pa-

30M, Mbl BhlHY)KJJ.CHbl 0TKa3aTbCSI OT 6b1Ty1omero npe,nCTaBJieHHH O COKpameHHH 

npo,nOJibHblX pa3MepoB npn JJ.BH)KCHHH, nocKOJibKY OHO npoTHBOpe4HT caMOH 

cyTH Teopnn OTHOCHTCJlbHOCTH. 
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