
B.H.CTPEJihUOB 

COOtilllBHMH 
OtibBJlMHBHHOro 

MHCTMTYTa 
HJlBPH bl X 

MCCnBJlOBaHMM 

JlYtiHa 

D2-92-341 

COBPEMEHHA~ TEOPH~ OTHOCHTEJibHOCTll 

1992 



BBE,UEHHE 

CneU,HaJihHa51 TeOpH51 OT.HOCHTe.JlbHOCTH B ee o6w,eripHH51TOM Ha HaCT051lll,eC 
;, ' 

apeM51 BUAe 6hlJia ccpopMynupoaaHa cpaKTHlJeCKH B HalJa.ne Hamero, CTOJICTH51·. 

IJpH 3TOM C car.mm B03HHKH~BeHH51 ee nOCTpOeHHe OilllpaJIOCb Ha JIOKaU,HOHHyici ' 

npou.eAYPY, ucnOJih3oaaamyIOC51, HanpuMep, AJI51 cuttxpouu3au,uu yAaJieHHhIX 

'laCOB. BOJibllle Toro: 3Ta )Ke npou.eAypa noCJiy)KHJia 3aTeM 3ttHUITeHHY AJI51 

np.SIMoro BhlBOAa npeo6pa3oaaiiu.SI JlopeHu,a [ 1 ]. KaK H3BeCTHO, ncTopuqecKu •. 

yKa3aHHble npeo6pa3C>BaHU51 6b1Jln noJiylleHbl H3 yCJIOBH51 UHBapuaHTHOCTU 

ypaattettuit MaKCBe.JIJia npu nepexoAe K ABH)Kym,ettc51 (uttepu,uanbimtt) cuc-reMe 

OTClJeTa. 

Teopu.SI OTHOCHTeJihHOCTH BHeCJia peaon10u,noHHh1e H3Me~ettu.SI a. cyw,ecT

BOBaBmue npeACTaBJieHU51 0 npocrpaHCTBe U npeMeHU, BOCXOA51lll,He elll,e K HbJO

TOHY. Otta OTKpblJla HOBble ny:ru OCMhICJiettn.SI ecrecTBeHHhlX 51BJiettuit u noCJiy

)KHJia OCHOBOH AJI.SI pe.n.SITUBU3au,uu MHorux pa3Ae.JIOB cpu3nKu, .HalluHa51 c 3JieK

TPOAHHaMnKu, MeXaHUKU, TepMOAHHaMUKH U T.A. OAHaKO npou,ecc 

B03HUKHOBeHU51 U CTaHOBJieHU51 npUHlJ,UDUaJihHO HOBblX npeACTaB.n:eHUH He MO

)KeT cpa3y nOJIHOCTbJO OTAeJIUTbC51 OT npexrnux nOH51TUH. BBHAY CBOeH npUBbllJ

HOCTH 3TH craphle TepMUHhI, <<6YAYllll He3aMelleHHblMH>>, OCTaJOTC51 CJIY)KUTb Te

opuu, K0TOpa51, no cym;eCTBY, HX OTBeprna. CJOAa B nepByJO· OllepeAb CJieAyeT · 

OTHeCTH ,,nOH51TUe TBepAOfO crep)KH51 (MaCUITa6a). ,UeikTBHTeJihHO, TaKa.SI OCHO

Bononara10w,a51 cylll,HOCTb, 'KaK CHCTeMa 0TClJCTa, MblCJIHJiaCh B BHAe KapKaca U3 

TBepAbIX crep)KHeH U MHO)KeCTBa paccTaBJieHHblX B pa3JIUlJHblX MeCTaX ~HHX

poHH30BaHHblX lJaCOB [2 ]. HanOMHUM, lJTO npeACTaBJieHue O TBepAOM (HeAe-

' cpop~mpyeMOM) CTein1rne 6&IJIO 3aHMCTBOBaHO U3 nOBCeAHt!BHOH )KH3HU, B KOTO

' • pott Mbl HMeeM Ae.JIO C OlleHh MaJiblMU (no OTHOUieHHJO K CBeTOB0H) 

, ,, CKOPOCT51MH; Ilo cyw,ecTBy, HeAecpopMupyeMOCTb 03HalJaeT, lJTO B03Myw,eHne, 

HanpHMep, OT OAHOro KOHU,a CTep)KH51 K APYfOMY pacnpocrpaH.SieTC51 npaKTHlJC

CKH MrHOBeHHO. HtthlMU CJIOBaim, MO)KHO cKa3aTh, lJTO TBepAhitt cTep)KeHh pea

nu3yeT MrHOBeHHYJO (oAHOBpeMeHHyJO) AJIHHy. B Hepe.JI51THBHCTCKOM CJiyllae 

' yKa3a1rnoe yCJIOBUe AeHCTBUTe.JlbHO BbIIlOJimieTC51 H TaKOC npeACTaBJieHHe 

Bno.irne onpaBAaHHO. OAHaKO npu nepeXOAe K CKOJ>OCT51M ABH)KeHu.SI; 6JIH3KHM K 

·. CBeTOBhlM, cKopocrh pacnpocrpa'ttettu.SI AecpopMau,un 6yAeT y)Ke npeACTaB.n:.SITh 

co6010 Ma.JIYJO BeJilllJHHy. TeM He Mettee nOAC03HaTeJibHO Mbl BCC )Ke npOAOJI)Ka

c ~M OCTaBa1:h(;51 Ha npe)KHHX n03HlJ,H51X, T.e. nOJib30B3TbC51 npCACT3BJieHJieM 0 

TBepAhlX~TeJiax. XapaKTepHbIM npnMepoM 3AeCh MO)KeT CJIY)KHTb OAHH u::iBeci- · 
I ... ,, .c'-· ," 
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HblH 3JieMeHTapHbIH BbIBOA COOTHOllleHU51 £ = mc2, rAe He.SIBHO npeAnOJiaraeT

C51, lJTO 33 ClJCT H3JIYlleHH51 CBeTOBOro HMnyJihCa TBepAbIH U,HJIUH'AP MrHOBeHHO 

npuXOAHT B ABH)Kettue I 4 ]. ,Uo cux nop 3TOT BhIBOA 3allaCTYJO npnBOAHTC.SI npu 

H3JIO)KeHHU Teopuu OTHOCHTe.JlbHOCTH (CM., HanpuMep, [5 ]). 
,Upyra51, JIOKaU,UOHH351 cpopMynnpoBKa [6, 7] onepupyeT C HenocpeACTBeH

HO Ha6JIJOAaeMblMH Ha OnbITe CBeTOBbIMH, UJIU 3ana3Ab1B310lll,HMH, pacCT051HU51-

MU " onupaeTC51 Ha JIOK3U,HOHHbIH MeTOA U3MepeHU51 pacCT051HHH [8 ]. TeM ca

MbIM TOJibKO B paMKax 3TOH cpopMynupoBKU Mbl U36aBJI51eMC51 OT u,enoro p51Aa 

cpUKTHBHbIX nOH51TUH H, B nepByJO OllepeAh, TaKHX, KaK TBepAhle M3CUIT36hl 

(CTep)KHU). llnCTO MaTeMaTUlleCKU 3TOT nOAXOA H3XOAHTC51 B CB513U C TaK H33bl

aaeMOH aCUHXpoHHOH cpopMynupoBKOH [9 ]. 
Y )Ke Ha OCHOBaHUU BblllleU3JIO)KeHHOro MO)KHO 33KJIJOlJUTb, lJTO OCHOBHOe 

OTJIUlJUC ABYX nOAXOAOB AOJI)KHO 6b1Tb CB5133HO C noBeAeHneM npocTpaHCTBeH

HbIX pa3Mepos MaTepHaJibHbIX Te.JI. ,UettCTBUTe.JlbHO, eCJiu B nepBOM CJiyllae Mbl 

UMeeM COKpam;ettue npoAOJibHbIX pa3MepoB ABH)KYlll,HXC51 ofu.eKTOB, TO BO BTO

poM - ux yae.nulJeHue. 

rnaBH351 ll,e.Jlb H3CT051lll,eii pa6oThl 33KJIJOllaeTC51 B U3JIO)KeHUU OCHOBHbIX 

oco6eHHOCTeH JIOK3U,UOHHOH cpopMynupoBKU, ee OTJIUlJU51 OT TP3AHll,UOHHOro 

(3iiHUITettHoBcKoro) nOAXOAa. 

1. TPA,UHLI;HOHHhltl: 

(3i1HIIITEtl:HOBCKHt\:) rro.uxo.u 

HMeHHO 3TOT nOAXOA U3JlaraeTC51 BO BCex yqe6HnKax H MOHOrpacpU51X no Te

opuu OTHOCUTe.JlbHOCTU. HHTepecyJOlll,351 Hae CTOpoHa KacaeTC51, rJI~BHbIM o6pa-

30M, npocTpaHCTBeHHOH lJ3CTU npocTpaHCTBeHHO-BpeMeHHOH KapTHHbl (T.e. Ta

KHX nOH51TUH, KaK AJIUHa, paCCT051HHe, U o6pa30B3HHbIX Ha ux OCHOBe BeJIUlJUH). 

HanOMHHM, lJTO cornacHO 3ttHUITettHy AJIUHOH ABU)Kyw,eroc.SI CTep)KH51 Ha-

3hIBaeTC51 paCCT051HUe Me)KAy OAHOBpeMeHHbIMU nOJIO)KeHH51MH ero KOHU,OB [l ]. 
OlleBUAHO, lJTO 3TO onpeAeJieHue OXB3TbIBaeT U KaKne yroAHO MaJible CKOpOCTH 

ABU)KeHU51 CTep)KH51, T.e. B npeAe.ne U noK051lll,UHC51 CTep)KeHh. TaKHM o6pa30M, 

MO)KHO CK333Tb, lJTO B paMKax TP3AHlJ,UOHHOro nOAXOAa Mbl HMeeM AeJIO C OAHO

apeMeHHblMH, HJIH MrHOBeHHbIMU, paCCT051HU51MU (cp. C MrHOBeHHOH cpopMOH 

peJI51THBHCTCKOH AHH3MUKH ,UupaKa [ 10 ]) . 
BMeCTe C TeM OAHOH U3 rJiaBHbIX 3aCJiyr Teopuu OTHOCUTeJibHOCTH ClJHTaeT

C51 ycTaHOBJieHue OTHOCUTe.JlbHOCTU nOH51TH51 OAHOBpeMeHHOCTH, T.e. ero HeHH

BapuaHTHOCTH, HJIH 33BUCUMOCTH OT CUCTeMbl OTClleTa. OlleBflAHO, 'ITO cpU3UlJe

CKOMY nOHSITHJO, onupa10m;eMyc51 Ha YCJIOBUe OAHOBpeMeHHOCTH (t = const.), 

6yAeT npucyw, TOT )Ke HeAOCTaTOK. HMeHHO n03TOMY o6w,enpHHSITOe onpeAeJie

HHe AJIHHbl (CBSl33HHOe C ycraHOBJieHneM OAHOBpeMeHHOro noJIO)KeHH51 KOHU,OB 
>· 

Ob.n,.iz ;;,ii....·n it.cnrryy. ,
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' CTep)KH51) npoTHBOpellHT npHHU.HDY OTHOCHTeJlbHOCTH, IlOCKOJibKY 3aBHCHT OT 

CHCTeMhl OTClleTa I. 

Ha MaTeMaTHtteCKOM 513h1Ke npuBe.rt.eHHhle paccy)K.ll.eHH51 CBO.rt.51TC51 K O'ICHb 

npocroMy Tpe6oBaHmo. BBo.rt.uMoe cpu3uttecKoe noHsiTue .rt.OJI)KHO 6h1Th KOBapu

aHTHhlM. B .rt.aHHOM CJiyllae 3TO 03HattaeT, 'ITO .rt.JIHHa .rt.BH)KyIIJ.el'OC51 crep)KH51 

.rt.OJI)I<Ha 6h1Tb KOMnOHeHTOH 4-BeKTOpa
2

• 

TipoBepuM, Y.rt.OBJieTBOp51CT Jill 3TOMY Tpe6oBaHHJO o6rn.enpHH51TOC onpe.rt.c

JieHue. 

,!J:JI51.rt.BH)K.yIIJ,erocsi (B HeKOTOpott CHCTeMe S1) CO CKOpOCTblO v 1 B.rt.OJih OCH X 

CTCP)KH51 6y.rt.eM HMeTh lJeThlpeXKOMnOHCHTHYIO BeJilf'IHHY 

XEI = (0, f y~
1

, 0, 0). (I) 

3.rt.eCh t - .rt.JIHHa CTep)KH51 B nOKOe, y I - JIOpeHu.-cpaKTOp. C TO'IKH 3peHH51.rt.PY

roii aHaJIOrH'IHOH CHCTeMhl S
2 

HMeeM 

XE2 = (0, f y~I, 0, 0). (2) 

ECJIH npe.rt.CTaBJieHHhle BeJIH'IHHbl CYTb 4-BeKTOpbl, TO HX KBa}.(paThl .rt.OJI)I<Hbl 

6h1Th paBHhI. TiocKOJihKY B .rt.aHHOM CJiyttae OTJIHttHhl oT HYJI51 TOJihKO xl-KoMno

HeHThI, TO .rt.OJl)KHO BbIIlOJIH51TbC51 HX paBeHCTBO. Ho, KaK HCTPY.rt.HO BH.rt.CTh, 

x11 = t v'l - vf /c2 .ct v'l - v~/c2 = x1i- (3) 

TaKHM o6pa3oM, coK.parn.eHHa51 .rt.JIHHa He 51BJI51CTC51 KOMnoHeHToii 4-BeKTopa 

[12 ], a ,TeM caMhIM o6rn.enpHH51TOe onpe.rt.eJICHHe He Y.rt.OBJICTBOp51eT yCJIOBHIO 

JIOpCHU.-KOBapnaHTHOCTH. 

Ho C TO'IKH 3peHH51 Teopuu OTHOCHTCJibHOCTH 3TO crpaWHbIH npnroBop, 03-

HattaJOW.HH, no cyrn.eCTBY, 'ITO O.rt.HOBpeMCHHOH (MrHOBCHHOH) .rt.JIHHC HCT MCCTa 

B 3Toii Teopuu. 

3.rt.eCh MO)KeT 6h1Th YMCCTHO HanOMHHTh TaK)KC O npHHU.Hne Ha6JIJO.rt.aeMO

CTH. CorJiaCHO eMy B HayKy He CJie.rt.yeT BBO.rt.HTb HeHa6JIJO.rt.aCMbIC BCJIH'IHHhl. 

11Hatte I'OB0p51, .ll.Jl51 H3MepeHH51 3THX BeJIH'IHH HeJih351 npe.rt.JiaraTb TaKHe onepa

u.uu, KOTOphle Heocyrn.eCTBHMbl. 113BCCTHa51 3HHWTeiiHOBCKa51 (MaKpOCKOilHtte

CKa51) npou.e.rt.ypa 3aCe4KH O.rt.HOBpeMeHHOI'O nOJIO)KCHH51 KOHLI.OB .rt.BH)KyIIJ,erorn 

CTCP)KH51 Ha6mo.rt.aTeJI51MH C IlOMOIIJ,blO MffO)KeCTBa paccTaBJICHHhIX B npo

CTpaHCTBe H npe.rt.BapHTCJihHO CHHXpoHH30BaHHblX qacoB, Ha nepBblH B3rJIM, He 

1 B 3TOH cell3H CM. TaK)Ke I 11 ) . 
2 11.Jm HHa'le: COOTBeTCTBytOUJ,He.3H3'1emrn B pa3HblX CHCTeMax OTC'leTa ,!\OJl)KHbl 

6b1Tb CB!l33Hbl npeo6pa30B3HHllMH JlopeHI.{3. 
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BW3hIBaeT B03pa)KCHHH. O.rt.HaKO Ha npaKTHKe OCHOBHa51 o6JiaCTh npuMeHHMO

CTH Teopuu OTHOCHTeJibHOCTH - 3TO 51BJieHH51 MHKpoMupa, K KOTOpbIM OHa no

npocry HenpHMCHHMa. 

2. COBPEMEHHA.51 TEOPl151 OTHOCl1TEJibHOCT11 

(JIOKAU.11:OHHA.51 <llOPMY Jllf POBKA) 

2.1. KoHu.enu.1151 peJI51THBHCTCKOH .rt.JIHHhl 

Cyrn.HOCTb JIOKaU.HOHHOH ct>oPMYJIHpoBKH 3aKJIJOttaeTC51 B TOM, 'ITO OHa HMe

eT .rt.eJIO HMeHHO C uenocpe.rt.CTBCHHO ua6JIJO.rt.aCMhIMH Ha OnhITC (H3MCp51CMhIMH 

JIOKaU.HOHHblM MCTO.rt.OM) paCCT051HH51MH MC)K.ll.y HCO.rt.HOBpeMCHHhIMH TOllKaMH. 

B 3JICKTpo.rt.HHaMHKC, KaK H3BeCTHO, TaKHe paCCT051HH51 IlOJiyttHJIH Ha3BaHHC 3a

na3.rt.hIBaJOrn.ux. Ern.e paHhWe nO.rt.OOHhIC (CBCTOBhle) paCCT051HH51 npHMCH51JIHCb 

npu ycTaHOBJieHHH yrna a6eppaU.HH CBeTa 3Be3.rt.. 

Mo)KHO cKa3aTh, ttTO n{!pexo.rt. K JIOKau.noHHOii ct>oPMYJIHpoBKe CB513aH c yc

TpaHeuueM <paKTHtteCKH HeHa6JIJO.rt.aeMblX (T.e. !pHKTHBHhIX) MrHOBeHHhIX pac

CT051HHH. B pe3yJihTaTe npocTpaHCTBeHHO-BpeMeHHa51 CTPYKTypa - OCHOBa Te

opuu OTHOCHTeJihHOCTH - npeTepneBaeT KOpeHHOe H3MCHeHne. 

Caemoabte
1
u.nu <<3ana3ablaa,ow,ue»,paccmmmuR. TioH51THC «CBCTOBoe pac

CT051HHe» B03HHKJIO, no cyrn.eCTBY, 3a.rt.OJII'O .rt.0 3apo)K.ll.eHH51 Teopuu OTHOCHTeJih

HOCTH. 11:MeHHO CBCTOBOe paCCT051HHe onpe.rt.eJI51CT yroJI a6eppau.utt. A6eppau.u51 

)KC CBCTa 3Be3.rt. - .rt.aBHO H3BCCTHOe 51BJieHHC, KOTopoe BnepBbIC Ha6JIJO.rt.aJIOCh 

Bpa.rt.JieeM ern.e B 1727 r. [ 13 ]. 

O.rt.HaKO Henocpe.rt.CTBCHHOe ucnOJib30BaHHe TaKHX paCCT051HHH, KOTOphle B 

3JieKTpo.rt.HHaMHKe noJiyttHJIH Ha3Bauue 3ana3.rt.h1Barorn.ttx, CB513aHO C noTeHU,Ha

JiaMH JlueHapa - Buxeprn [14,15 ]. ,!I:JI51 3JieKTpn4ecKoro noTeHu.nana, co3.rt.a-
➔ 

BaeMoro .rt.BH)KYIIJ,HMC51 co CKOpOCTblO V TOllellHhIM 3ap51.rt.OM e, HMeeM 

<p= e _ e 
R,et (1 - ,;,et) - R,et (1 - /3 COS 0) · 

(4) 

➔ 

3.rt.eCh R t - BeKTOp 3ana3.rt.hIBaJOIIJ,ero paCCT051HH51, npoBe.rt.eHHhIH H3 TO'IKH Ha-
re ➔ 

XO)K.ll.CHH51 3ap51.!1.a B TO'IKY Ha6JIJO.rt.eHH51, /3 = vi c, "it,et = R,e/ R,ef TipHBJICKa51 

ct>oPMYJIY npeo6pa30BaHH51 .ll.Jl51 noTeHU.HaJia H yttHThIBa51, 'ITO B CHCTeMe IlOK051 

3ap51.!1.a noJie OnHChlBaeTC51 KYJIOHOBCKHM nOTCHU.HaJIOM 

* e 
'P = R*' 

Haii.rt.eM [16 ], ttTo 

R* = R,et (l - f3 cos 0) y. 

(5) 

(6) 

5 



3ro Bhlpa)KeHHe onHthlBaeT 33KOH np_eo6pa30B3HHSI 3ana3):{hlBalOW.ero paCCTOSI

HHSI npn nepexo):{e OT co6CTeeHHoii cucreMhl ucro'IHHKa s• K S-cucreMe, r):{e OH 
➔ 

):{BH)KeTCSI co CKOpoCThlO v. KoHe'IHO, npe):{CTaeneHHYIO <POPMYJIY MO)KHO Bblee-

CTH T3K)Ke npSIMO H3 npeo6pa30B3HH.SI JlopeHu_a ):{JISI BpeMeHHOH KOOp):{HHaThl. 

Ilpn STOM AJISI ABYX uan6onee xapaKTepHhlX CJiy'laee, KOrAa none pacnpocrpa

HSleTCSI e HanpaBJieHHH ABH)KCHHSI HCTO'IHHKa (Bnepe):{, 8 = 0) n B npoTHBODO

JIO)KHOM HanpaBJICHHH (Ha3a):{, (J = Jr), 

Rf= (l + /3) R* y, (7) 

Rb= (l - /3) R* y. (8) 

CneAyeT OTMeTHTh, 'ITO B TepMHHax 3ana3):{b1BalOW.HX paCCTOSIHHH 3KBHnO

TeHU,HaJibHble noBepXHOCTH 3JieKTPHlleCKOro nOJISI ):{BH)KYW.eroCSI 3apS1Aa HMCIOT 

<POPMY SJIJIHncOHAOB epaw.eHm1, BhlTSIHYThlX e HanpaBJICHHH ABH)KCHHSI ( 17 ]. 
PeJLSLmueucmcKaR. ( <<JlOKau,uomwR.») iJJtuna. HeTpaAHU.HOHuoe onpe):{eJie

HHe peJISITHBHCTCKOH AJIHHbl I 18, 19 ] OCHOBaHO Ha JIOKaU,HOHHOM MCTOAC U3MC

peHHSI pacCTOSIHHH*. B ero paMKaX AJIHHa 6hlCTpo):{BH)KYIIJ.Cl'OCSI (HanpuMep, 

BAOJib ceoero MaKCHMMbHOro paaMepa) CTCp)KHSI onpe):{eJISICTCSI nonycyMMOH 

paCCTOSIHHH, npoiiAeHHhlX CBCTOBblM curnaJIOM e npSIMOM u o6paTHOM HanpaB

n'eHHSIX no crep)KHIO, T.e. OT O):{HOro ero KOHU,a ):{O Apyroro H o6paTHO. IlpH 3TOM 

npou.eAypa H3MepeHHSI epeMeHH pacnpocTpaHeHHSI CBCTOBOro curnaJia TO~eCT

BeHHa cooTBeTCTByioIIJ,eii npou_e):{ype, CJiy)Kaw.eii ):{JI» npoeepKH <POPMYJihl peJISI

THBHCTCKoro 3aMeAJieHH51 epeMeHH. Cl>aKTH'leCKH Ha OCHOBe noCJie):{Heii (j)opMy

Jlhl Mbl H npHXOAHM K <i>opMyJie YAJIHHeHHSI AJISI npO):{OJlbHblX pa3Mepoe. 3):{eCh, 

OAH3KO, Mbl npHBe):{eM Apyroii ee BhlBO):{. 

Ilycrh AJI» npoCTOThl crep)KeHh opueHTupoeaH H ABH)KeTCSI e Hanpaeneuuu 

OCH X (CJieBa HanpaBO) co CKOpoCThlO V = p c. CnrnaJI nochlJlaeTCSI B MOMCHT 

nponeTa neeoro KOHU,a. CBeT AOCTHmeT npaBoro KOHU,a, OTpa)KaCTC51 TaM U BO3-

epaIIJ,aCTCSI Ha3a):{, K JICBOMY KOHu,y. Jl,JISI paCCTOSIHHSI, npoiiAeHHOro CBeTOBblM 

CHrnaJIOM, KOr):{a OH ):{BU)KCTCSI BnepeA, B O):{HOM HanpaBJICHHH C HCTO'IHHKOM 

(<<):{Ol'OHSleT» npaBblH KOHeu, CTCp)KHSI), 6yAeM UMCTh 

11 = f (l + /3) y. (9) 

3):{eCh f - AJIHHa ):{aHHOro CTep)KHSI ~ nOKOe. Kor):{a CBCTOBOH CHru~ (nOCJie 

OTpa)KeHH») ABH)KeTc» Ha3aA, B HanpaBneHuu, npoTueonono)KHOM Hanpaene

HHIO ):{BH)KeHH51 HCTO'IHHKa (HaBCTpelly JieBOMY KOHU.Y CTep)KH51), OH npoXOAHT 

paCCTOSIHHe 

. lb= f (1 - /3) y. (10) 

* MO)l{HO CKa3aTb, IJTO npH ero eee,!leHHH ,!IDH)l{YW.HHCII 11a6J110,!laTeJ1b nonpocry «nO,!ICMOTPCJI,. 

npOl\e.!IYPY H3MepeHHII ,!IJIHHbl nOKOS1W.eroc11 CTep)l{H!I (e ,!1pyroi1 CHCTeMe OTC•ICTa), HO eocnon1,:m

BaJICII CDOHMH H3MepHTeJibHblMH nptt6opaMH ( IJaCaMH). 
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~· B peayJihTaTe AJISI pcJISITHBHCTCKoii AJtHHhl Haii):{eM 

1 
Ir= 2 (/, + lb) = t' r (<i>opMyna YAJIHHeHHSI). (11) 

Il0):{4CpKHCM, 'ITO BCJIH'IHHhl // H lb onpe):{CJISIIOT paCCTOSIHH51 Me~y TO'IKaMH, 

KOTOpblC 6epyTC51 B pa3Hhle MOMCHThl BPCMCHH, T.e., O'ICBU):{HO, B TO'IHOCTU co

OTBCTCTBYIOT ABYM caMhlM xapaKTCpHhlM MOAH(pUKaU,HSIM aana3):{hlBalOW.HX 

paCCTOSIHUH (7) " (8) B 3JlCKTpoAHHaMHKe. 

B paMKax 'ICThlpexMepHOro npe):{CTaBJICHH51 4-BCKTOp peJISITUBUCTCKOH ):{JIH

Hhl ):{aCTC51 nonypa3HOCTblO ABYX 4-BCKTOpoB, ODHCblBalOW.HX npou,eCChl pacnpo

crpauemrn CBCTa B npsiMOM H o6paTHOM uanpaBJICHHSIX B):{OJlh CTCp)KH51, H HMeeT 

BH):{ 

~ = (f3 r r, tr, o, o). (12) 

2.2. <<KocscHHhlC>> CBHACTCJihCTBa 

B llOJlb3Y JIOKaU,HOHHOH <POPMYJIHpoBKH 

<<II apaiJoKc» npR.MOYWJZblWW pbl'iaza JI b/OUCa - ToJtMena I 20 J. CyTh 

3TOH H3BCCTHOH npo6JICMhl 3aKJII04aCTCSI B DOSIBJICHHH KPYT»w.ero MOMCHTa 

(NZ:#- 0) B CHCTCMC OTC'ICTa s, r):{C yroJihHHK ):{BU)KC'I.'CSI, TOr):{a KaK Bero co6cT-

BCHHOll CUCTCMC S* 
N"' = x• r - Y- r = o. 

Z y X 
(13) 

3):{CCh x* n V- IlJIC'IH phlllara, uanpaBJICHHhlC B):{OJih oceii x u y COOTBCTCT

BCHHO, r; U r: - apHJIO)KCHHhlC K HHM CHJihl, npH'ICM X* = y* = f , 

F = F = F. Ha ocHoBaunu npnHu,nna OTHOCHTCJibHOCTH u B S-cucTCMC AOJI-
x y 

)KHO BhlDOJIHSITbCSI aHaJIOrli'IHOC paBeHCTBO, KOTopoc Mhl npC):{CTaBHM B BHAC 

X Fx 
y=p· 

y 

(14) 

Ha OCHOBC <POPMYJI npeo6pa30BaHHSI ):{JISI KOMDOHCHT CHJlhl F/ FY= y, OTKy):{a 

):{JISI npco6pa30BaHHSI npO):{OJlhHOro DJIC'la HMCCM (j)opMyny YAJIHHCHHSI (21 ]. 
B TO )KC BPCMSI npHMCHCHHC <POPMYJibl nopCHU,CBa COKpaw.eHHSI BC):{CT K Hapy

UICHUIO paBCHCTBa (14) "IlOSIBJICHHIO O):{HOro H3 caMblX H3BCCTHhlX <<napa):{OK

COB>> TCOpHH OTHOCHTCJlbHOCTH. 

<<II po6JieMa 4 I 3» u <mapaiJoKC>> Pu11iJJZepa - 4euypa. Mx cyTh 3aKJ110'laCTCS1 

B TOM, 'ITO npu Bhl'IUCJICHUH 3HCprutt U UMilYJihCa 3JICKTpoMarHHTHOro IlOJISI 

):{BH)KYW.CrocSI 3apS1Aa B nepBOM cny'laC H KOH):{CHCaTopa BO BTOpoM Mbl npnxo

):{UM K (j)opMynaM, KOTOphlC OTJIH'lalOTCSI OT Tpc6yeMhlX peJISITUBUCTCKHX. 3aMC-
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THM cpa3y, l{TO 3TOT pe3yJihTaT SIBmleTCSI npSIMhlM CJie,l{CTBHeM HCilOJlh30BaHHSI 

Q>OPMYJihl Jiopeuu.ea'a c-'KaTusi nJisi 3JieMeHTa npocrpattcTBeuuoro om,eMa. B TO 

-'Ke apeMSI npuBJietJettue Q>OPMYJihl ynJIHHeHHSI (11) He npHBO.l{HT K nono6HOH 

TpynHOCTH. 

IlocKOJlhKY uenaBHO 3TH Bonpochl 6hlJIH paCCMOTpeHhl nocraTOtJHO neTaJihHO 

(22 ), TO Mhl orpaHH'lHMCSI 3.l{eCb TOJlhKO CJienyiomnMH 3aMetJaHHSIMH. no-aunu

MOMY, uMenuo npu pemeuuu «npo6JieMhl 4/3» u 6blJia anepahle aaeneua q>op

MyJia YMHHeHHSI (23 ). Ho, MO-'KeT 6h1Th, oco6eHHO aa-'KHO TO, lJTO a paMKax JIO

KaU,HOHHOH Q>OPMYJIHpoBKH HeT ueo6xo.l{HMOCTH B npunHCblBaHHH 3apsiny no

nOJIHHTeJihHOH MexaHU'leCKOH Macchi, o6yCJIOBJieHHOH, CKa-'KeM, 

<<Hanp.11-'KCHHSIMH IlyaHKape>>. AHaJioruqnyio poJih nJisi pa3pemeHusi npenhlAY'" 

~ero napanoKca BhlilOJIHSIJI runoTeTH'leCKHH <<IlOTOK 3Hepruu Q)OH Jlay3». 

3apRiJ npoaoiJ11w:a C moK0.M. PaCCMOTPHM 3JieMeHT npoBO.l{HHKa, nOKOSl~e-

fOCSI B s· -CHCTeMe H HanpaBJICHHOro no OCH X.' no KOTOpoMy Tel!eT TOK C IlJIOT

.1 n HOCThlOJ.. YCTh npu 3TOM DJIOTHOCTH OTpuu,aTeJihHhlX H IlOKOSl~HXCSI nOJIO-'KH-

• • TeJibHhlX 3apsinoap _ Hp+ BHYTPH npoBOAHHKa OAHHaKOBhl, a Il03TOMY cyMMap-

HaSI DJIOTHOCTh p. = 0. TaKHM o6pa30M, C TO'IKH 3peHHSI Ha6JIIOAaTCJISI H3 

s· -CHCTeMhl npoBOJIOKa He 3apsi-'KeHa: 

liq* =p• ti v* = 0, (15) 

rne liq* - 3ap.11A, a ti v* - OOheM paccMaTpuaaeMoro 3JieMeHTa npoaonHnKa. 

IlepeuneM Teneph B TaKylO CHCTeMy OTC'leTa S, OTHOCHTCJlhHO KOTOpoH OT

puu,aTCJihHble 3ap51Ahl, co3na10mue TOK C IlJIOTHOCTblOj!, noKOSITCSI. Ha OCHOBa

HHH Q>OPMYJI npeo6pa3oBaHHSI .l{JISI cyMMapHOH DJIOTHOCTH 3ap51AOB HattneM 

R2 • p =p_ +p+ = -,., p_y, (16) 

OTKyna 3aKJIIO'laeM, l{TO npoH3BeACHHe 

p tiv~ o. (17) 

Ha OCHOBaHHH 3TOro OOhl'IHO ACJiaeTCSI BhlBOA (CM., HanpuMep, (24)) 0 DOSIBJIC

HHH 3ap51Aa B .l{BH-'Ky~eMCSI npoBOAHHKC C TOKOM. 

CJienyeT, onnaKo, nontJepKHYTh, 'ITO B paMKax cneu.uaJihHOH Teopuu OTHO

CHTCJihHOCTH 3ap.11A SIBJISleTCSI HHBapuaHTHOH BCJIH'IHHOH H He .l{OJI.)KeH H3MC

HSIThCSI npu nepexone OT 0.l{HOH CHCTCMhl OTC'ICTa K npyroii. Ilo3TOMY BhlBOA 0 

TOM, 'ITO HeHTpaJibHhlH npoBOAHHK C TOKOM B pe3yJihTaTe ABH-'KCHHSI 3ap.11)KaeT

CS1, SIBJISleTCSI CJICACTBHeM HCKOBapuaHTHOro onpeneJieHHSI BeJIH'IHHhl liq, o6yc

JIOBJieHHOro, B CBOIO OllCPCAh, HCKOBapuaHTHhlM onpeneJieHHCM npocTpaHCT

BCHHOro OOheMa. 
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- C npyroii cropoHhl, a paMKax JIOKau,uoHHOH q>opMyJiupoaKu, onupasich na 

Q>OPMYJIY 

tiq =/ tiv. 
I 

"COOTBCTCTByiomee onpenCJieHue 4-BCKTOpa 3JICMCHTa OOheMa, HattneM 

liq= fl ti VO+ j1 tivl = (-p:_p2y) !iv* y + 

+ (-pp:_ r) (-ptiv*r) = o. 

(18). 

19) 

TaKHM o6pa30M, B nOJIHOM corJiaCHH C Tpe6oaaHHeM HHBapuaHTHOCTH 3aJHl

na HMCCM, 'ITO C TO'IKH 3pCHHSI S-CHCTCMhl naHHhlH npoBOAHHK TaK)KC 3JICKTPH

'leCKH HCHTpaJieH. 

B IlOCJIC.l{HCe apeMSI paCCMOTpeHHhlH npnMep o6cy-'KAaCTCSI (CM., HanpuMep, 

(25) U CCblJIKH TaM) B CBSl3H C BOnpocoM, IlOSIBJISleTCSI JIU Jap51A y 3JICKTpH'lCCKH 

HCHTpaJihHOro 3aMKHyToro npoaonnnKa nOCJie B036Y-'KACHHSI B neM T0Ka. Onna

Ko, DOCKOJlhKY npu 3T0M l{HCJIO 3JICKTp0H0B He MCHSICTCSI H no-npC)KHeMy paBH0 

l{HCJIY HOH0B, TO pellh M0)KCT HATH TOJlhKO O IlOSIBJICHHH 3JieKTPHtJeCKOro D0JISI 

3a C'leT pa3HHU.hl B noaeneuuu DOJISI ABH)Kymerocsi H noKOSIJ.UCI'OCSI 3ap51A0B 

(26 ). Onno apeMsi Ka3aJIOCh, tJTO TaKoii 3<P<i>eKT na6JI10naJic.s1 B onhlTe (27 ). 

OmmoecKaR </}op.MyJtupoeKa mep.MoiJww.MuKu (28) 6h1Jla npeAJIO)KCHa B 

Ha'la.ile 60-x ronoa u OTJIHtJaeTcsi OT Tpanuu.uouuou; aocxon.11~eii e~e K IlJianKy 

(29 ) u 3ttHlllTeHHY (30 ). B paMKax TpanHU.HOHHOro nonxona, HanpHMCP, q>op

MyJia npeo6pa3oaaHu.11 TeMnepaTyp1,1 HMeJia aun: 

r = r r- 1
, <20> 

Torna KaK OTT npenJIO)KHJI Q>OPMYJIY 

T=T*r, (21) 

BblTeKaiomyio H3 COOTBCTCTBYIOIUCH <PoPMYJihl npeo6pa30BaHHSI AJISI KOJIH'leCT

Ba TeDJia /iQ. 
YpaBHeHHC COCTOSIHHSI H.l{eaJihHOro ra3a CBSl3blBaeT Me-'KAy co6oii TeMnepa

TYPY u npocTpaHCTBeHHhlH OOheM. Ilpu 3TOM Tpe6oaauue JIOpeuu.-unaapuaHT

HOCTH JKa3aHHOro ypaBHCHHSI C npHBJIC'leHHCM Q>OPMYJihl YAJIHHCHHSI AJISI npo

CTpaHCTBeHHOro OOheMa OAH03Ha'IH0 npHB0AHT HMeHHO K OTTOBCKOH <j)opMyJie 

(21) (31 ). 

IlpuaeneM TaK-'Ke npocrhle, HO, no uameMy MHeHHIO, AOCTaTOtJHO y6enu

TCJlhHblC AOB0Ahl B DOJlh3Y OTTOBCKOH <j)opMyJIHp0BKH pCJISITHBHCTCKOH TepMO

AHHaMHKH. PacCMOTPHM AJISI 3T0ro HCKOTOpoe MaTepHaJibHOC TCJI0, K0Topoe ne

penaeT CBOIO TeDJI0BYIO 3Hepruio B <j)opMe H3JIYtJCHHSI. IlpHTOM nae, eCTeCTBeH

HO, 6yneT HHTepecoaaTh CJiy'laii, Korna a npou.ecce H3Jly'leHHSI COCTOSIHHC 

ABH)KeHHSI TCJia HC- MemICSITCSI (yCJIOBHC HHepu,HaJihHOCTH). Ho Torna O'leBun

HO, lJTO Q>OpMyJia npeo6pa30BaHHSI AJISI /iQ (B naHH0M CJiytJae 3TO 3JieKTpoMar-
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HHTHaSI 3HepruSI) AOJUKHa C HeOOXOJ).UMOCTblO onpeJJ,e.rISIThCSI U3BeCTHblM pe.rxsi

TUBUCTCKHM Bhlpa)KeHHeM 

~Q = ~Q*y. (22) 

OTCIOJJ,a Ha OCHOBaHHH BToporo 3aKOHa TepMOAUHaMHKH " HHBapnaHTHOCTH 3_H

Tponnn cpopMyJia OTTa (21) CJieJJ,yeT OAH03Ha4HO. 

,l{pyzue cauiJemeJLbCmaa SIBJISIIOTCSI TeMH UJIH HHblMH aHaJIOraMH pacCMOT

peHHblX BblWe CJiy4aeB. Tio3TOMY Mbl orpaHH4UMCSI cpaKTH4eCKH TOJibKO ux ne-

pe4ttCJieHHeM. 
Ha4HeM C aHaJIOrH4HOH nepBOMY npuMepy TpaKTOBKll KJiaCCU4eCKOfO Onhl-

Ta TpayToHa - Ho6Jia c 3apsi)KeHHhlM KOHAeHcaTopoM (32] KaK em;e OAHOro 

npnMepa pe.rISITUBUCTCKOH cpopMyJittpoBKH CTaTUKH. JJ:pyroii KJiaCCU4eCKUH UH

Tepcpepem:i;uOHHblH on1>1T MaiiKe.rihCOHa - MopJiu TaK)Ke MO)KeT 61>1Th 06-hSicHeH 

6e3 npnnJieqeHHSI KOHTpaKI.J;HOHHOB runoTe3hl (33 ]. 

B paMKaX JIOKaI.J;HOHf!OH cpopMyJittpoBKH nOCJieAOBaTeJihHO pewa!OTCSI BOn

pocbI AHHaMHKH TBepAOfO Te.ria [34 ]. no aHaJIOrHU c «npo6JieMOH 4 / 3>> ycTpaHSI-

eTCSI TPYAHOCTb C UMnyJihCOM H 3Heprueit )KllAKOCTU [31 ]. . 

Bonpoc O BlfAHMblX pa3Mepax 61>1CTpoABH)Kyl.U;HXCSI QObeKTOB 3aCJiy)KttBaeT 

ynOMUHaHHSI, nOCKOJlbKY npu ero paCCMOTpeHHU BnepBhle 61>1JIO BblCKa3aHO co

MHeHue O Ha6JIIOAaeMOCTH JIOpeHu;eBa COKpam;eHHSI (35 ]. C Apyroii CTOpOHhl, OH 

BhIXOAHT 3a paMKH npocT1>1X Btt3yaJihHhlX Ha6J110AeHuii u oKa31>1BaeTcS1, no cyTH 

Ae.ria, onpeAe.rISIIOII.J;HM npu paCCMOTpeHHU B3aHMOAeiicTBHSI ABH)I(Yl.U;HXCSI 3apS1-

)KeHHhIX 4aCTHI.J; B OHAYJISITOpe, npoXO)KJJ.eHHSI 3apSI)KeHHOro cryCTKa 4epe3 pe-

30HaTOpb1 (36] UAP· 
Ho, no-BHAHMOMY, caMOH HenocpeACTBeHHOH o6JiaCThlO npuMeHHMOCTH co

npeMeHHOH cpopMyJittpoBKU H, B 4aCTHOCTH, KOHu;enu;uu pe.rISITHBHCTCKOH AJIH

Hbl CJieAyeT C4HTaTh <pH3HKY BblCOKHX 3Hepruit (37 ]. HanpuMep, U3BeCTHblH 

pocT AJIHH cpopMupoBaHHSI npu OOJlbWUX 3HepruSIX COOTBeTCTByeT cpaKTU4eCKU 

cpopMyJie (11). 

2.3. TI pSIMhle 3KCnepuMeHTaJihHble nOJJ,TBep)KJJ.eHHSI 

JIOKau;uoHHOii cpopMyJinpoBKH 

Ilonepe1.t11blii. a</J</JeKm ,/{onJLepa. KaK Mhl 3HaeM, B HaCTOSI~ee BpeMSI 3a 

3TaJIOH AJIHHbl cpaKTU4eCKH npHHSITa AJIUHa BOJIHbl opaH)KeBOH JIUHUU KpHnTO

Ha-86. Ha OCHOBaHHH (11) AJISI cpopMyJ11>1 npeo6pa3oBaHHSI AJIHHhl BOJIHhl A 6y-

AeM, o4eBUAHO, HMeTh 

,t =,l*y. (23) 

8 COOTBeTCTBllll C Tpe6oBaHtteM npHHI.J;ttna OTHOCUTe.ribHOCTH npu 3TOM 4UCJIO 

AJIHH BOJIH, yKJiaAhIBa!Om;HXCSI B ABH)Kym;eMCSI 3TaJIOHHOM MeTpe, Aeii.CTBHTe.rih-
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HO OCTaHeTCSI HCU3MCHHhlM. l,fa cpopMyJihl (23) CJICAYCT, 4TO AJIHHa BOJIHbl CBC

Ta, H3Jiy4aCMOro ABH)Kym;nMUCSI aTOMaMH, AOJl)I(Ha B03paCTaTh Ha BeJIH4HHY 

cH = A -,l* = ½P2 ,t*. (24) 

HMCHHO 3TO SIBJICHHe HaMIOAaJIOCb B om,nax no HCCJICAOBaHUIO noncpC4HOro 3<p
cpcKTa ,UonJicpa, nepBhlH H3 KOTOphlx 6blJI BhlnOJIHCH AitBCOM u CTHJiy3JIJIOM (38 ]. 

3aMCTHM, 4TO H3MCHCHHC AJJHHhl B0JIHhl npu ABH)KCHuu B cropoHy KpacHoro 

KOHI.J;a CilCKTpa (KpaCHOC CMCl.U;CHl1C) - AOCTaT04HO xopowo U3BCCTHhlH cpaKT, 

TaK )KC KaK 11 caMa cpopMyJia (23) (CM., Hanp11Mcp, (39)). OAHaKO np11 3TOM co

BCpWCHHO ynycKaCTCSI 113 B11AY TO, 4TO 3ACCb, no CYTl1 Ae.ria, Mbl 11MCCM Apyroii 

(OTJll14HblH OT o6m;enp11HSITOro) 3aKOH npco6pa30BaHHSI AJil1Hbl ABH)Kyiu;erocSI 

MacwTa6a. ,UeiiCTBl1TCJlhHO, B cpopMyJie (23) ,l 0011ChlBaCT, HanpuMep, pacCTOSI

Hl1C MC)KJJ.Y COCCAH11Ml1 rpc6HSIMU BOJIHhl, KOTOphlC «6epyTCSI>) B pa3Hble MOMeH

Tbl BpCMCHH. TorAa KaK corJJaCHO 06m;enp11HS1TOMY (3HHWTCHHOBCKOMy) onpc

ACJICHUIO JJ,JIUHOH AB11)Kym;erocsi MaCwTa6a Ha3hlBaCTCSI paCCTOSIHHe MC)KJJ.y O,l\- · 

HOBpeMeHHblMH Il0Jl0)KCHl1SIMl1 cro KOHI.J;OB. Tip11 3TOM B CJiy4ae 

cnpaBCAJil1BOCTl1 cpopMyJihl COKpam;CHl1SI 3<t><l>CKT, 04eB11AHO, 11MeJI 6bl APYfOH 

3HaK, T.C. CMel.U;CHHe Jll1Hl1H AOJI)KHO 6blJJO 6bl npo11CXOA11Tb B <pHOJieTOBYIO CTO

potty cneKTpa. 

Jf3Jty1Je1tue yCKOpReMOZO 3apRiJa. HcXOASI 113 0OTCHI.J;l1aJIOB Jlncttapa - Bn

xepTa MO)KHO nOJIY4HTb Bhlpa)KCHl1SI AJJSI COOTBCTCTBYIOl.U;HX <<3ana3Ah1Bal0m;Hx 

HanpSl)KCHHOCTCH» 3JICKTpoMarHl1THOro IlOJISI. Ha HX OCHOBaHHH MO)KHO Bbl4HC

JIHTb IlOJIC U3JIY4CHHSI 3apSJAa, Hanp11Mep, B CJiy4aC, KOrAa ttanpaBJICHHSI yCKO

pCHHSI "CKOpOCTU COBnaAa!OT. KaK U3BCCTHO (CM., HanpHMCP, (40 ]), no Mcpe 

poem CKOpOCTl1 yrnOBOC pacnpCACJICHl1C 113JJY4CHl1SI BCC OOJICC BblTSlfHBaCTCSI B 

HanpaBJICHHH ABH)KCHHSI 3JJCKTpoHa, np114CM 11HTCHCl1BHOCTb H3JIY4CHHSI B03-

pacTaCT. YroJI, AJISI KOToporo HHTCHCl1BHOCTb 113JIY4CHHSI MaKCl1MaJihHa, paBCH 

[ 
I 2 ] I o;ax = arccos 3/3 v'I + 15/3 - I -+ 2y , (25) 

fAC IlOCJICJJ,HCC 3Ha4CHl1C cnpaBCAJIHBO np11 /3 - I. 3ACCb CJICAYCT IlOA4CpKHYTh, 

4TO AaHHblH yroJI onpCAeJISICTCSI 11MCHHO 3ana3Ah1Ba!Ol.U;HM paCCTOSIHHCM. 8 TO 

)KC BPCMY 00bl4Hb1H ncpcXOA K MfHOBCHHOMY paCCTOSIHl1IO, T.C. K paCCTOSIHHIO OT 

33pSIJJ,a AO T04KU Ha6JIIOACHl1SI B CaMblH MOMCHT Ha6JJIOJ).CHUSI, AOJI)KCH BCCTU K 

H3MCHCHHIO yrna. ,UcitCTBl1TCJlhHO, Ha OCHOBaHHH cpopMyJihl. 

sin0 (26) 

t 0 - r 
g i-cos0r-/3' 

-----------------
• «06parnoii,. 11cpcmnmn1CTcKoii a6cppa1ut0111mii ij)opMync. 
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CBSl3h1Ba10m.eii <<3ana'3Ah1Ba!OW.HH yroJI>> C <<MrHOBCHHblM YrJIOM>>, AJISI COOTBeT

CTBYIOW.eii BeJIH'IHHhl HaMeM 

:re 3 
0;=2-4y· (27) 

TaKHM o6pa30M, CTporo fOBOpSI, B paMKax o6w.cnpHHSITOro nOAXOAa npu /3-+ l 
H3JIY'ICHHe AOJI)KHO 6b1Tb HanpaBJICHO HOpMaJihHO K HanpaBJICHHIO ABH)KCHHSI 

3ap51Aa. 3TO, B o6rn.eM-TO, BnOJIHe COOTBCTCTByeT OOhl'IHOMY npeACTaBJICHHIO 

nOJISI ABH)KYUJ.CfOCSI 3ap51Aa B q>opMe JIOpCHll,-C)KaTOro AHCKa. IT03TOMY onhIThl 

no HCCJICAOBaHHIO noBCACHHSI H3JIY'ICHHSI, nOATBCP)KAa10w.uc q>opMyny (25), 

HaAO paccMaTpHBaTh KaK npSIMOe 3KCncpHMCHTaJihHOC CBHACTCJlbCTBO B nOJib3Y 

JIOKaU.HOHHOH q>opMyJIHpDBKH (41 ). 

ll3.nytte11ue lfepelllwaa npeACTaBJISICT AJISI Hae oco6hli1 HHTepec, nocKOJihKY 

oTpa)KaeT crpyKTYPY nepaoii (<<CKOpocTHOH>>) qacTu nonS1, He Jaaucsiw.eii OT yc

KopeHHSI. ITpu 3TOM yron llepeHKoaa 

0 = arcs cc {3n, 
C 

(28) 

rAe n - noKa3aTeJib npCJIOMJICHHSI, 3aAaeTCSI HMCHHO 3ana3Ah1Ba!OUJ.HM (cBeTO

BblM) paCCTOSIHHCM (6 ). C APYfOH CTOpDHhl, ncpeXOA K <<MrHOBCHHOMY paCCTOSI

HHIO>> BeAeT K H3MeHeHHIO yrna H3Jiy'IeHHSI, KOTOpblH Ha OCHOBaHHH (26) AOJl

)KeH COCTaBJISITb 

0. = arccosecf3n (0.>:rc/2). 
I I 

(29) 

Ho nOCKOJlhKY Ha OnhlTe (HanpuMep, B qepeHKOBCKHX C'IeT'IHKax) H3MepS1-

eTCll 0 c' TO 3TO 03Ha'IaeT, 'ITO HMeHHO JIOKaU,HOHHaSI ct,opMyJittpOBKa 3ACKBaTHa 

npupoAe. 

C Apyroii CTOpoHhl, CJieAyeT :faMeTHTh, 'ITO KaK pa3 yron 0; (npu n = l) ct,u-

rypupyeT B noTeHu,uaJiax JlueHapa - BuxcpTa noCJie H3BeCTHoro nepcxoAa 

(CM., HanpuMep, (42)) K MOMeHTY Ha6JIIOAeHHll. TaKOH mar, OAHaKO, MO)KHO 

paccMaTpuaaTh KaK caoero poAa HapyrneHue npuHu,Hna OTHOCHTeJihHOCTu.11,eii

CTBHTeJihHO, npu 3TOM, HanpHMCp, MOMeHT Ha6JIIOACHHSI BhIAeJilleTCSI no OTHO

rneHHIO K MOMeHTY u3Jly'IeHHSI. l1Ha'Ie roaop11, KaK 6hl HapyrnacTc11 paaHonpa

auc Me)KAY u3yqa10rn.uM 3apMOM (OObCKTOM) u perucTpupy10rn.uM OObeKTOM. 

3AKJII01IEHJ1E 

06w.enpHHSITaSI a HaCTOSIUJ.ee apeMll TpaKTOBKa Teopuu OTHOCHTeJihHOCTH 

onupaeTCSI Ha 3HHIIJTeHHOBCKOe onpeAeJieHue AJIHHbl ABH)KyUJ.erocSI CTep)KHSI H 

onepupyeT ct,aKTH'ICCKH C MrHOBCHHblMH (OAHOBpeMeHHblMH) paCCTOSIHHSIMH. 

YKa3aHHble BeJIH'IHHhl, OAHaKO, He SIBJISIIOTCSI KOMnOHeHT3MH 4-BeKTOpOB,· T.e. 

He YAOBJICTBOpSIIOT Tpe6oaaHHIO JIOpeHll,-KOBapuaHTHOCTH. 

12 

JloKaU,HOHHaSI Q>OPMYJIHpDBKa, HanpoTHB, HMCeT AMO C «npuroTOBJieHHI:>1-

MH npupOAOH>> CBCTOBblMH, HJIH 3ana3Ab1Ba!OW.HMH (T.e. HCOAHOBpCMCHHblMH), 

paccTOSIHHSIMH H BBCACHHOH Ha HX OCHOBC PCJISITHBHCTCKOH, HJIH JIOKaU,UOHHOH; 

AJIHHOH. B ee paMKax pa3perna10TCS1 npe)KHHC TPYAHOCTH Teopuu. CpeAH Hux 

<<napaAOKC>> phl'Iara Jl1,10uca - ToJIMeHa, <<npo6JicMa 4/3>>, noaeAeHue 3apMa 

npoBOAHHKa C TOKOM ll T.n. TTonepe'IHhlH 3Cpq)CKT 11,onJiepa, H3JIY'IeHue qepeH

KOBa H AP· CJiy)KaT npSIMblM 3KCnepHMCHTaJlbHblM CBHACTCJihCTBOM B HOJlb3Y 

3TOH Q>OPMYJIHpDBKH. 

Ta6nuu,a 

06rn.cnpuHS1ThIH nOAXOA I CoapcMeHHaSI q>opMynupoaKa 

npco6pa3ona1111c npo.110JihllhlX pa3Mepoo 

l = r y-• l= r y 

Bpan\aTCJlbllblfl MOMCIIT pam1onec11oii CHCTeMbl 

N • = 0 (F • F • ~ 0) N ~ 0 N=N'=O z. X J .V J % • • 
HMnyJihC H :mepnt113JlCKTpOManmnioro IIOJIII 

G1 = i E • y, E = (l + j {32
) E • G1 = /}_ E • E = E • y 

C y , 

YpaBHClllte 3KBHllOTet111,HaJICH 

R = !!_ (l - {32 sin2 0)- 112 

cp 
R = !!_ (l - f3 cos 0)- 1 

cp 

3JieKTPH'ICCKHH 3ap11.11 npOBOJIIIHKa C TOKOM 

q ~ q• q = q• 

npeo6pa30BallHII KOJIH'ICCTBa TCnJia H TeMnepaTypbl 

Q= Q•y- 1, T= r•y- 1 Q = Q• y, T = T • y 

nonepe•111b1ii ::i<j>q>eKT tlo11Jiepa 

A = ).• Y (q>opMyJia YAJIHHCHHSI) 

YroJI lfepCIIKOBa 

cosec0 = {3n scc0 = {3n 

TeopcMa CJIO>KCIIHII 4-CKOpOCTCfl (431 

- . • . uo + U° 
U° = u' v;, U'1 = ua + v' if> + l 

13 



JH1TEPA TYPA 

l. Einstein A. - Ann. Phys., 1905, 17, p.89 l. 
2. Idem - Jahrb. Rad. El., 1907, 4, p.411. 
3.Idem -Ann. Phys., 1906, 20, p.627. 
4.Strel'tsov V.N. - HadronicJ., 1991, 14 (in press) 
5. Born M. - Einstein's Theory of Relativity. Dover, NY, 1962, ch.6, §8. 
6. CTpe.n&u,oa B.H. - Coo6w.. Ol1.SU1 P2-90-426 u P2-90-484, .LI,y6Ha, 1990. 
7.Idem -Coo6w.. Ol1.Sil1 P2-91-396 u P2-91-436, .LI,y6Ha, 1991. 
8. Idem - Found. Phys., 1976, 6, p.293. 
9.Cavalleri G., Salgarelli G. - Nuovo Cim., 1969, 62A, p.722. 

IO.Dirac P.A.M. -Rev. Mod. Phys., 1949, 21, p.392. 
11. Fermi E. - Z. Phys., 1922, 23, p.340. 
12. CTpe.n&u,oa B.H. - Coo6m. O11.sm P2-84-843, .LI,y6Ha, 1984. 
13.Bradley J. - Phil. Trans. Roy. Soc. London A, 1728, 35, p.637. 
14.Lienard A. - Eclairage Electricue, 1898, 16, p.5. 
15. Wiechert E. - Arch. Neerl., 1900, 5, p.549. 
16.Strel'tsov V.N. - JINR Commun. D2-92-147, Dubna, 1992. 
17.Idem -Coo6w,. 0115111 P2-89-234, .LI,y6Ha, 1989. 
18. Idem - Coo6w,. 0115111 P2-3482, .LI,y6Ha, 1967; P2-5555, .LI,y6Ha, 1971. 
19. Idem - Found. Phys., 1976, 6, p.293. 
20.Lewis G.M., Tolman R.C. - Phil. Mag., 1909, 18, p.510. 
21.Strel'tsov V.N. -JINR Commun. E2-90-275, Dubna, 1990. 
22.Idem - HadronicJ., 1990, 13, p.345. 
23.Kwal B. -J. Phys. Radium, 1949, 10, p.103. 
24.Feinman R.P., Leighton R.B., Sands M. - The Feinman Lectures of Phy

sics, Addison - Wesley, Reading, Mass, 1964, v.2, p.13. 
25.Lemon D.K., Edwards W.F., Kenyon C.S. - Phys. Lett. A, 1992, 162/2, 

p.105. 
26.CTpe.n&u,oa B.H. -Coo6m. O115111.LI,2-91-212 u .LI,2-91-499, .LI,y6Ha, 1991. 
27.Edwards W.F., Kenyon C.S., Lemon D.K. - Phys. Rev. D, 1976, 14, p.322. 
28.Ott H. - Z. Phys., 1963, 175, p.70. 
29. Plank M. - Berl. Ber., 1907, p.542. 
30. Einstein A. - Jahrb. Radioakt. Electr., 1907, 4, p.411. 
31.Strel'tsov V.N. - Found. Phys., 1977, 7, p.325. 
32. Idem - Coo6w,. 0115111 P2-6532, .LI,y6Ha, 1972. 
33.Idem -Coo6w,. O115111.LI,2-91-125, .LI,y6Ha, 1991. 
34.ldem-Coo6w.. 0115111 P2-11684, .LI,yoHa, 1978. 
35. Terrell J. - Phys. Rev., 1959, 116, p.1041. 
36. CTpe.n&u,oa B.H. - Coo6m. 0115111 P2-86-470, .LI,y6Ha, 1986. 
37.Idem -3qAA, 1991, 28, c.1129. 
38. Ives H.E. and Stilwell G.R. -J. Opt. Soc. Am., 1938, 28, p.215. 
39. Ditchburn R.W. - Light, Blacklie and Son. Ltd., London, 1963, Sec.11.34. 
40.Jackson J.D. - Classical Electrodinamics, Wiley, New York - London, 

1962, Ch.14, §3. 
4 I. CTpe.n&u,oe B.H. - Coo6w.. 0115111 P2-89-635, .LI,y6Ha, 1989. 
42.Jlal{J:(ay JI.JI.., Jlmpwuu, E.M. - Teopm1 noJISI. M.: HayKa, 1988, §63. 
43.Strel'tsov V.N. and Strokovski E.A. - Eur. J. Phys., 1992, 13, p.14. 

PyKonuc& nocTynUJia B tt3.0.aTeJibCKttH OT.O.eJI 
6 aarycra 1992 ro.o.a. 

--~---·-

14 -·i 

I 

) 

(: 
'?, 

" ( 

! 
. ' 

''\', -
I j •,,-

t 
i 
;1 
f, 
!' 
'1 

1· 

;i 
H 
li 
i 

1d1 

\ 

CTpCJibll,08 B.H. .LI,2-92-341 
CoapeMeHHaSI Teopm1 OTHOCUTeJibHOCTH 

113JiaraIOTCSI OCHOBHble 4epTb1 COBPCMCHI-ioii (JIOKaU,UOHHOH) cpopMy.TittpoB
KH, TCOpnn OTHOCHTeJibHOCTH. 3Ta <PoPMYJIHpoBKa onepnpyeT C 3ana3.0.b1Bal0-
W.HMII (CBeTOBblMH) paCCTOSIHUSIMH H BBC.O.eHHOH Ha BX OCHOBe peJISITUBUCTCKOH, 
HJIH JIOKau,uo·HHOH, .ll.JIHHOH . .LI,aeTCSI cc cpaBHeHne C Tpa.ll,Hll,UOHHblM (3HHWTeH
HOBCKUM) IlO.ll,XO.ll,OM, B paMKax KOTOporo Mb! cpaKTH4eCKU_ HMeeM .ll,eJI0 C MrHO
BeHHblMU, UJIH 0.ll,HOBpCMeHHblMH, paCCTOSIHUSIMH. TIO.ll,4epKHBaeTCSI, 4TO 
nonepe4Hhlii 3<p<peKT .LI,onJiepa, U3Jiy4ettne ycKop.SieMoro 3apS1.ll,a u ~e~T 

- ' ' ' \ 

qepCHKOBa SIBJISIIOTCSI npSIMblM 3KcnepuMeHTaJibHblM IlO.ll,TBep~eHUeM JIOKa-
ll,UOHHOI1 cpopMyJiupos_Kn. 

Pa6oTa BblilOJIHeHa B Jla6opaTopnn BblCOKUX 3Hepmii 0115111. 

,, 

Coo6u1em1e O6,,eAn11e1111oro m1cnnyra 11Aep11blx ncCJieA0Ba11ni-i. ,Uy611a 1992 

TiepeBO.ll, aBTOpa ' 

Strel'tsov V.N. D2-92-341 
Modern Relativity Theory 

The main features of the modern· (radar) formulation of the relatiyity theory 
are presented. This formulation operates with retarded (light) distances and 
relativistic or radar length introduced ontheir basis. Its comparison with the 
traditional 

1
(Einstein's) approach is given, thus we'deal in fact w1_·th instant or 

simultaneous distances in its fr3me. It is stressed that the relativistic Doppler 
· effect, the radiation of an accelerated charge and the Cherenkov effect are direct 
experimental verificatio~ of the radar formulation._ · · 

The investigation has been performed at the Laboratory of High Energies, 
JINR; 

· Communication of the Joint Institute for Nuclear Research. Dubna 1992 


