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. M~aralOTCll OCHOBHblC' qepTbi'° coapeMeHHOH (JJOKaIJ;HOHHOH) cpOpM)'JJHpOBKA TeOpHH 
OTHOCHTeJ!bHOCTH,' 3Ta cpopMyJJHpO!iKa· onep11pyeT C 3ana3,!1bIBalOIIJ;HMH (cBeTOBbIMH) paccTO
llHHllMH H BBe,11eHHOH Ha HX OCHOBe penllTHBHCTCKOH, HJJH noKaIJ;HOIIHOH; ,!1JJHHOH . .D:aeTCll ee 
cpaaHeH11e c Tpa,1111u;110HHbIM (sflHwTeHHOBCKHM) no,11Xo,110M, a paMKax KOTOporo MbI npaKT11qecK11 
1-\MeeM ,11eJJO C MrHOBeHHblMH, . HJJH 0,!IHOBpeMeHHblMH, paccTOltHHllMH, Ilo,11qepKHBaeTCll, qTQ 
peJJllTHBHCTCKHH scpcpeKT .D:onJJepa H J13JiyqeHHe qepeHKOBa llBJJlllOTCll npl!MblM SKCnep11MeHTaJI~-
HblM no,11rnepJK,11e1meM noKaIJ;HOHHOH cpOpM)'JJHpOBKH. . . 

. HOBble pe3ynbTaTbl TeOpHH: yCTaHOBJJeHHe TOl'O, qTQ sneKTp11qeCKOe (rpaBHTaIJ;HOHHOe) none 
,!IBHlKYW,erocll 3apll,11a (Tena) HMeeT cpOpM)' SJJJJHilCOH,!la apalll;eHHll,. Bb!Tl!HYTOl'O B Hanpaa.neHHH 
,11a11lKen11SI; e'AHnoe onHcaH11e H3JlyqeHHll qepeHKoaa, nepexo,11Horo H3JJyqen11SI 11113nyqeH11SI HHJKe, 
_qepeHKOBCKOl'O nopora; Om.llCHeHHe poem ceqeHHH B3a111i,m,11eflCTBHll npH Bb!COKHX snepnrnx; ye- . 
, TaHOBJJeHHe OCIJ;HJJJ!llll;HH sneKTp11qecKOl'O nonll a T()MOB H T .,11. . . ' 
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Strel'tsov V.N.· P2-94-460 
The Principles of Modern Relativity Theory 

. . The main 'feattires of th~ modern (radar) formulation of relativity theory are presented.This 
. formulation operates with retarded (light) distances and relativistic or radarlength introduced on their 
basis. Its comparison with the traditional (Einstein's) approach is ·given, in the frame of which we deal. 
in fact with instarit'or simultaneous distances. It is stressed that the relativistic Doppler effects and· 
the Cherenkov effect are a direct experimental verification of the radar formulation.-• . . 

. The new results of theory: the ·ascertain_ment of that the electric (gravitational) field of a moving 
· charge (body) has.the form of the re~olution ellipsoid stretched in the motion direction; the united 
description of Cherenkov's radiation, the transition radiation and the radiation below Cherenkov's 
threshold; the explanation of the interaction cross-section growth at high energies; the ascertainment 
of the osci.Uation of the atom electric field etc.. · 
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L.b.s. 
...IlpuH11un omHocumeJZbHocmu Ha.nazaem 
ycJZoBUJt, KomopbLM ooJZ)K.Hbl yoooJ1emoo
p11mb ace cj,U3U'leCK.Ue 3QK.0Hbt. OH ZJ1y60-
K.0 BJZUJtem Ha oc10 q,u3u<tecq10 Hayq, 
HQ'lUHQJI om K.0c.M0JI0ZUU, K.0m0paJI u.Me
em oeJIO C 0'leHb 60JlbUlu.M, 8nJZ0mb 00 
y<teHUJt 06 amoMe, u.Me10UJezo oeJZo c 
0'leHb MQJlblM. 

II.J!upaK. [] J 

BBE}lEHHE 

CneUHaJibHruI Teopm, OTHOCHTeJibHOCTH B ee o6menpHmITOM B HaCTm1mee Bpe- . 

Ml! BH,ne 6bma ccpopMynttpOBaHa cpaKTHtJeCKH B HatJa.rre Harnero CTOneTHll. TipH 3TOM 

C CaMoro B03HHKHOBeHHll ee nocTpOeHHe onwpa.rrocb Ha noKaUHOHHYIO npoue.nypy, 

HCnOnb30BaBIIIYJOCll, HanpHMep, ,llnll CHHXpOHH3aUHH y.na.rreHHblX qacOB. Eonbrne To

ro, ::irn :lKe npoue.nypa nocnY:lKHna 3aTeM 3iinrnTeiiny Ml! npl!Moro BbIBo,na npeo6pa-

30Baimii JlopeHua [2]. KaK H3BeCTHO, HCTOpHtJeCKH YKa3aHHbie npeo6pa30BaHH51 

6blnH nonyqeHbl m ycnoBHll HHBapttaHTHOCTH ypaBHeHHH MaKCBeJina npH nepexo,ne 

K .llBH:lKymefic51 (HHeputta.rrbHoii) cttcTeMe oTctJeTa. 

TeopH51 OTHOCHTenbllOCTH BHecna peBOnlOUHOHHbie H3MeHeHH51 B cymecTBo

BaBIIIHe npe.ncrnBneHHll O npocTpaHCTBe H BpeMeHH, BOCXO,n51Il{He eme H K HblOTOHy. 

Ona OTKpbma HOBbie nym OCMbICneHH51 ecTeCTBeHHbIX 51BneHHH H nocnY:lKttna OCHO

BOH ,llnll pen51THBH3aUHH MHornx pa3,neJIOB qJH3HKH, HatJHHruI C ::ineKTpO,nHHaMHKH, 

MeXaHHKH, TepMO,llHHaMHKH H T.,ll. O,nuaKO npouecc B03HHKHOBeHHll H CTaHOBneHHll 

npHHUHnHaJibHO HOBbIX npe,ncTaBneHIIH He MO:lKeT cpa3y nonHOCTblO OT,lleJIHTbC51 OT 

npe:lKHHX nOl;l51THH. BBtt,ny CBOeH npHBbllJHOCTH 3TH CTapbie TepMHHbl, «6y.nyqu He3a

MetJeHHb!MH», OCTalOTC51 CnY:lKHTb TeopttH, KOTOpruI, no cymecTBY, I-IX· OTBepma. CJO,na 

B nepByJO oqepe,nb cne,nyeT OTHeCTH noH51TIJe TBep.noro cTep:lKH51 (Macrnrn6a). 

}leiiCTBHTeJlbHO, TaKruI OCHOBOnonaraJOil{ruI C)'lUHOCTb, KaK CHCTeMa OTCtJeTa, 

MbICnHnaCb B BH,lle KapKaca 113 TBep,nbIX CTep:lKHeii H MHO:lKeCTBa paCCTaBneHHbIX B 

pa3nHlJHblX MeCTaX CHHXpOHH3HpOBaHHbIX tJaCOB [3]. HanoMHHM, 'ITO npe,nCTaB

nenue O TBep,noM (He,necpopMttpyeMOM) CTep:lKHe 6b!J10 JaHMCTBOBaHO HJ noBce,nHeB

HOH )KHJHH, B KOTOpoii Mbl HMeeM .neno C OtJeHb MaJiblMH (no OTHOIIIeHHIO K CBeTO-



BOB) CKOpOCTHMII. no cymecTBy, He,D.ecpopMIIpyeMOCTb 03HaqaeT, qTo B03MymeHHe, 

HanpIIMep, OT O,ll.HOfO KOHUa CTep)l(HH K .D.pyroMy pacnpocTpaH»:eTCH npaKTnqecKH 

MillOBeHHO. l1HhIMII CJIOBaMII MO)l(HO CKa3aTb, qTO TBep,D.blH CTep)l(eHb pearrH3yeT 

MillOBeHHyio (0.D.HOBpeMeHHYJO) ,wrntty: B Hepe.JIHTHBIICTCKOM cnyqae YKa3aHHOe yc

JIOBIIe ,D.eHCTBIITe.JlhHO BhIIlOJIHHeTCH II TaKOe npe,D.CTaBJieHIIe BilOJIHe onpaB,D.aHO. 

O,D.HaKO npII nepexo,D.e K CKOpOCT51M ,ll.BII)l(eHHH, 6JIH3KHM K CBeTOBhIM, CKOpOCTh 

pacnpOCTPaHeHII51 ,D.ecpopMaUIIII 6y,D.eT ~e npe,D.CTaBJIHTh co6010 MaJIYIO BeJIUqIIHy. 

TeM He Mettee, IlO,D.C03HaTeJihHO Mhl BCe )l(e npo,D.OJI)l(aeM OCTaBaThCH Ha npe)l(HHX 

Il03IIUIIHX, T.e. IlOJib30BaTbCH npe,D.CTaBJieHIIeM O TBep,D.bIX TeJiax. XapaKTepHblM 

npIIMepoM 3,D.eCb MO)l(eT CJI~IITh O,D.HH H3BeCTHhIH ::meMeHTapHbIH BhIBO,D. COOTHO-

meHII51 E = mc2 
[4], me He»:BHO npe,D.nonaraeTc»:, qro 3a cqeT mnyqeHH»: CBeToBoro 

IIMilYJibCa TBep,D.bIH UllJIIIH,D.p MillOBeHHO npIIXO,ll.IIT B ,ll.BH)l(eHHe [5]. JJ.o CIIX nop STOT 

BhIBO,D. IipIIBO,ll.HTCH npII II3JIO)l(eHIIII TeOpIIII OTHOCIITeJibHOCTII (CM., Hanp., [6a]). 

Jl.pyra51, JIOKauIIOHHa51 cpopMyJIIIpOBKa [7,8] onepHpyeT c Henocpe,D.CTBeHHO Ha-

6JIIO,D.aeMbIMII Ha OilhJTe CBeTOBhIMII llJIH 3aila3,ll.bJBaIOll(HMII paCCTOHHIIHMH H 

onIIpaeTCH Ha JIOKaUIIOHHhIH MeTO,ll. H3MepeHIIH paCCTOHHHH [9] 1• TeM caMbIM B paM

Kax STOH cpopMyJIIIpOBKII Mhl m6aBJI»:eMCH OT ·UeJIOfO p»:,D.a q>HKTHBHhlX IlOHHTHH H, 

B nepByIO oqepe,D.b, TaKIIX, KaK TBep,D.hie MacmTa6bJ (cTep)l(HH). qHCTO MaTe

MaTHqecKII STOT IlO,ll.XO,ll. HaXO,D.IITCH B CB513H C TaK Ha3hIBaeMOH aCIIHXpOHHOH cpop

MYJIHpOBKOH [12]. 

Y)l(e Ha OCHOBaHIIII BhillleII3JIO)l(eHHOfO MO)l(HO 3aKJIJOqIITh, qTO - OCHOBHOe 

OTJIIIqIIe ,D.Byx Il0,ll.XO,D.OB ,ll.OJl)l(HO 6hITh CB»:3aHO C IlOBe,D.eHIIeM npOCTpaHCTBeHHhlX 

pa3MepoB MaTepIIaJihHhlX TeJI. JJ.eiiCTBIITe.JlhHO, eCJIH B nepBOM cnyqae Mbl IIMeeM 

COKpameHIIe npo,D.OJihHhIX pa3MepoB ,ll.BII)l(}'mIIXCH ofueKTOB, TO BO BTOpOM - HX 

YBeJIIIqeHIIe. 

fJI8BHa51 Ue.Jlh HaCTOHll(eH pa{?OTbl 3aKJIJOqaeTCH B H3JIO)l(eHIIII OCHOBHhIX oco-

6eHHOCTeH JIOKaUIIOHHOH cpopMyJIIIpOBKII, ee OTJIIIqll51 OT Tpa.D.IIUIIOHHOfO (SHHlllTeH

HOBCKoro) IlO,D.XO,D.a. 

1. TPAJJ.l1Ul1OHHhIH (3HHlllTEHHOBCKl1H) TIOJJ.XOJJ. 

l1MeHHO STOT IlO,D.XO,ll. II3JlaraeTCH BO BCex yqe6HIIKax H MOHOrpaq>IIHX no TeopnII 

OTHOCIITe.JlbHOCTII. l1HTepecyiomaa Hae CTOpOHa KacaeTCH, rnaBHbIM o6pa30M, npocT

paHCTBeHHOH qacTII npocTpaHCTBeHHO-BpeMeHHOH KapTHHbl (T.e. TaKHX IlOHHTHH, 

KaK ,ll.JIIIHa, paCCTOHHHe, II o6pa30BaHHhIX Ha HX OCHOBe BeJIIIqIIH). 

1
0:Ie11yeT IlO)l'lepKHYTL, 'ITO npelKHHH IlO,llX0/1 [10,11], OCHOBOH KOToporo CTaJIH Ha6JIIO/laTerm, 

CHa6JKeHHLie 0/llfHaKOBLIMlf 'JaCaMH If JIOKaTOpaMH, HOClfJI CKOpee <pOpMaJILHLIH xapaKTep, IlOCKOJILKY B 

pe3yJILTaTe nepexo11a K MlliOBeHHLIM pacCTOlIHHlIM ece BLIBO/ILI, COOTBeTCTBYfOIIIHe 3HHIIJTCHHOBCKOMY 

no11xo11y, coxpattlfJllfCL e clfJle. 
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HanoMHHM, qTo cornactto 3iinuneiitty .D.JIHHOH .D.BH)l(ymeroc»: cTep)l(H»: Ha3hIBa

eTc»: pacCTOHHHe Me)l(,D.y O,ll.HOBpeMeHHblMH IlOJIO)l(eHII51MH ero KOHUOB [2]. 
QqeBH,D.HO, qTO STO onpe,D.eJie1me OXBaTbIBaeT H KaKHe yro.D.HO MaJlhie CKOpOCTH 

,ll.BII)l(eHHSI CTep)l(HSI, T.e. B npe,D.eJie II IlOKOSIIUHHCSI CTep)l(eHb. TaKHM o6pa30M, MO)l(

HO CKa3aTb, qro B paMKax TPa.D.HUHOHHOfO IlO,D.XO,D.a Mbl IIMeeM ,D.e.JIO C O,ll.HOBpeMeH

HhIMH, HJIH MillOBeHHhlMH, pacCTOSIHII51MH (cp. C MillOBeHHOH cpopMOH 

peJISITHBHCTCKOH )].HHaMHKH )].HpaKa [I]). 
BMeCTe C TeM O,D.HOH 113 rnaBHhIX 3acnyr TeOpHII OTHOCIITe.JlhHOCTII cqIITaeTCSI 

ycTaHOBJienue OTHOCHTeJihHOCTH IlOHSITHSI 0/].HOBpeMeHHOCTH, T.e. ero HeIIHBapIIaHT

HOCTH, HJIH 3aBHCHMOCTH OT CHCTeMhl OTcqeTa. QqeBH,ll.HO, qTo q>II3IIqecKOMY 

IlOHSITHIO, om1pa10meMyC»: Ha ycJIOBHe O,D.HOBpeMeHHOCTII (t = const), 6y.D.eT npIIcym 

TOT )l(e He;:J.OCTaTOK. l1MeHHO IlOSTOMY o6~enpHHHTOe onpe,D.eJieHne ,ll.JIIIHhl (CBSl3aH

HOe C ycrnnoBJieHHeM 0,ll.HOBpeMeHHOro IlOJIO)l(eHHH KOHUOB CTep)l(HH) fOTIIBopeqIIT 

npHHUHilY OTHOCIITeJibHOCTH, IlOCKOJihKY 3aBIICIIT OT CIICTeMbl OTCqeTa • 

Ha MaTeMaTnqeCKOM S13hl_Ke npIIBe,D.eHHbJe paCCy)l(,D.eHIISI CBO)].BTCH K oqenh npo

CTOMY TPe6oBaHHIO. BBO)].HMOe cp1rn1qecKOe IlOHHTIIe ,ll.OJl)l(HO 6hITh KOBapuaHTHhIM, 

T.e. ;:J.BH)l(}'mHHCSI CTep)l(eHb ,ll.OJI)l(eH OilHCbJBaTbCH npOCTPaHCTBeHHOilO,D.06HbIM 4-BeK

TOpOM. O6menp,rnsiroe onpe,D.enettue .D.JIHHhI ;:J.BH)l(ymeroc»: cTep)l(HH ,D.aeT peuem 

nonyqeHHSI COOTBeTCrnyiomefi qernepKH quce.JI (B Ka)l(,D.OH CHCTeMe oTCqern). EcJIH 

npu STOM ycJIOBHe nopeHU-KOBapHaHTHOCTH BbIIlOJIHeno, TO YKa3aHHhie qeTBepKH 

)].OJl)l(Hbl npe,D.CTaBJISITh O,ll.HH u TOT )l(e 4-BeKTOp. l1JIH IInaqe, COOTBeTCTBYJOll(HH COK-' 

pameHHOH ,ll.JIHHe 4-HHTepBarr ,ll.OJI)l(eH 6bITh nopeHU-HHBapHaHTeH. 

KaK H3BeCTHO, pe.rISITHBHCTCKHH HHTepBarr - STO qeTbipexMepnaa BeJIIIqHHa, 

onpe.D.eJI»:eMaa .D.BYMH ToqequbIMH co6h1Tll51MH u »:BJisi10maac»: anarroroM TpexMepnoro 

paCCTOSIHHSI Me)l(,D.y .D.BYMSI TO'!KaMH. l1Jiu, KaK fOBOpHT, MeTpHKa (qeTbipexMepHoro) 

npocTpaHCTBa MHHKOBCKOro onpe,D.eJI»:eTCSI KBa,D.paTOM HHTepBarra 

2 2 2 2 2 2 -s =c At -Ax -Ay -Liz , (1) 

3aBHCSlll(ero OT pa3HOCTH KoopmrnaT YKa3aHHhIX co6hITHH. 11,-nepBarr - OCHOBHOH 

HHBapHaHT TeopHH OTHOCHTe.JlhHOCTH, noSTOMY ero Ha3hJBaIOT TaK)l(e cpyH.D.aMeHTaJih

HblM HHBapnaHTOM. BemecTBeHHbIMH npe,D.CTaBHTeJIHMH HHTepBarra HBJIHIOTCH qachI II 

Macmrn6b1 (cTep)l(HII). 

HanOMHHM, qTo HHBapuanT STO BeJIIIqHHa, KOT0pa51 ue H3MeH»:eT CBoero 3Ha

qemrn (ocTaeTCH HHBapHaHTHOH) npII nepexo;:J.e OT O,ll.HOH HHepUIIaJibHOH CHCTeMhl 

OTcqern K ilpyroii. TiocKOJlhKY STOT nepeXO.D. CBH3aH C II3MeneuIIeM CKOpOCTH 

,ll.BH)l(eHHH, TO mrnapHaHTHOCTh HHTepBarra ,ll.OJl)l(Ha 03HaqaTh ero He3aBHCIIMOCTb OT 

CKOpOCTH, T.e. IlOCTOSIHCTBO. 

C yqeTOM CKaJaHHOro paCCMOTPHM Tpa.D.IIUHOHHOe onpe,D.eJieHHe ,ll.JIHHhl / 
C 

)].Bll)l(}'merocsi CTep)l(HH. flyCTh ,ll.JISI npocTOThl CTep)l(eHb opneHTHpOBaH H ,ll.Bll)l(eTCH 

2B 3TOH CBll3H CM. TaKJKe [13]. 
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BJJ.OJib OCH X S-CIICTeMbl. B paMKax JJ,aHHOI'O onpeJJ,eJieHml eMy conOCTaBmllOTCB JJ,Ba 

OJJ,HOBpeMeHHbIX (TO'-le'-!Hb!X) co6hITllB ua ero KOHUax, llJlll '-!eTbipexKOMnOHeHTHaR 

BeJill'-lllHa, 

In = (0,.1.x,0,O) = (0,l ,0,0) •. 
C C 

(2) 

l103TOMY npocTpaHCTBeHHOnOJJ,06HbIH IIHTepBaJI, OTBe'-!aIOll{IIH JJ,aHHOMY JJ.BII)Kyme

MYCB CTep:lKHIO, llMeeT BHA: 

s =.1.x=l . 
C C 

(3) 

KaK II3BeCTHO, npBMbIM CJieJJ,CTBIIeM Tpe6oBaHIIB OJJ.HOBpeMeHHOCTII 3aCe'-leK noJio

)l(eHIIB KOHUOB JJ,BmKymeroCB CTep)l(HB At= 0 ( OJJ.HOBpeMeHHOCTII ynOMBHYTOH nap bl 

co6hITIIH) BBJIBeTCB cpopMyJia COKpameHIIB 

le=[* (l - p2(2. (4) 

3JJ,eCh /* - MIIHa CTep:lKHB B nOKOe, llJIII co6cTBeHHaR MIIHa, p - ero CKOpOCTb 
C 

* (cKOpOCTb s -CllCTeMbl OTHOCIITeJibHO S). 

Ha OCHOBaHHII (4) CJieJJ.yeT, '-ITO IIHTepBaJI s BBHO 3aBIICIIT OT CKOpOCTII 
C 

JJ,BII)l(eHIIB 

SC = t* ( 1 _ p2(2 • (5) 
Ho, KaK OTMe'-laJIOCb BbIIIIe, TaKaR 3aBIICIIMOCTb 03Ha'-!aeT, '-ITO Tpa,!1.IIUIIOHHOe onpe

JJ,eJieHIIe ue YJJ.OBJieTBOpBeT ycJIOBIIIO JiopeHU-IIHBap1IaHTHOCTII IIHTepBana [14]. 11JIII 

1rna'-!e, coKpamettHaR MIIHa He BBJIBeTcB KOMnouenT011 4-BeKrnpa [15], a TeM caMhIM 

o6menpHHBTOe onpeJJ.eJiett1Ie He yJJ.oBJieTBopBeT Tpe60BaH1IIO nope11u-KoBap1IaHT

HOCT1I •. 

Ho C TO'-IKII 3peHIIB TeOplIII OTHOCIITeJibHOCTII 3TO CTpaIIIHbIH npliroBop, 03Ha'-la

lOil.llIH, no cymecTBy, '-ITO OJJ.HOBpeMeHHOH (MrHOBeHHOH) MIIHe HeT MeCTa B 3TOH 

TeOplllI. 

Kotte'-IHO, Bbl3bIBaeT YJJ.1IBJieH1Ie, '-ITO 3Ta Ba)l(HaR npoBepKa (IIHBap1IaHTHOCTII 

IIHTepBaJia CTep)l(HB) He 6hma npoBeJJ,eHa nocJie BBeJJ,eHIIB 4-reoMeTplm MIIHKOBCKO

ro [16]. Xorn caMy nocTaHOBKY BOnpoca MO)l(HO HaHTll, nanplIMep, B II3BeCTHbIX 

«JleKUIIBX no q:>II31I'-leCKIIM ocnoBaM Teop1I1I ornoclITeJihHOCTII (1933-1934 )» 

JI.11.MaUAeJiblllTaMa [ 17]. 
3JJ,eCb MO)l(eT 6biTb YMeCTIIO HanoMHIITb TaK:lKe O npm1u1Ine 11a6JIIOJJ,aeMOCTII. 

Cornacno eMy B HaYKe ne CJieJJ.yeT BBOJJ.llTb nena6JIIOJJ,aeMhie BeJIII'-IIIHbl. 11Ha'-!e rOBO

pB, MB II3MepeHIIB 3TIIX BeJIII'-IIIH HeJib3B npeMaraTb TaKIIe onepaulIII, KOTOpble He 

ocymecTBIIMbl. l13BeCTHaR 3HHIIITeHHOBCKaR (MaKpOCKOnlI'-leCKaR) npoueJJ.ypa 3a

ce'-!KII OJJ.HOBpeMennoro noJIO)l(eHIIB KOHUOB JJ.BII)l(Yll.lerocB CTep)l(HB ua6JIIOJJ,aTeJIBMII 

C noMOll{blO MHO)l(eCTBa paCCTaBJieHHbIX B npOCTpaHCTBe II npeJJ,BaplITeJibHO 

CIIHXpOHll31IpOBaHHbIX '-laCOB, Ha nepBbIH B3rJIBJJ., ue Bbl3hIBaeT B03pa)l(elmH. OJJ,HaKo 
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Ha npaKTIIKe OCHOBHaR o6JiaCTb np1IMeH1IMOCTlf Teop1III OTH0CIITeJibHOCTII - 3TO 

BBJieHIIB MIIKpOMIIpa, K KOTOpbIM Otta nonpocTy ue np1IMeHm.rn. 

2. COBPEMEHHbIH TIO)lXOJl (JIOKAU11OHHA51 <l>OPMYJ111POBKA) 

2.1. Ko11uenu.uJ1 peJUITHBHCTCKOH (JIOK8U.HOHHOH) )VIHHbl 

CymHOCTb JIOKaUHOHHOH cpopMyJIIIPOBKlf 3aKJIIO'-laeTCB B TOM, '-ITO OHa IIMeeT 

JJ.eJIO IIMeHHO c HenocpeJJ.CTBeHHO ua6JIIOJJ,aeMbIMII Ha onb!Te (1I3MepBeMblMII JIO

KaUHOHHbIM ~~eTOJJ.OM) paCCTOBHIIBMII Me)l(Ay HeOJJ,HOBpeMeHHbIMII TO'-!Ka~m. B 3JieK

TPOJJ.IIHaMIIKe, KaK II3BeCTHO, TaKIIe paCCTOBHHJI noJiyqlIJilf Ha3BaHIIe 3ana3JJ,hIBa

lOll{IIX. Eme paHbllle nOJJ.06Hbie (cBeTOBhle) paCCTOBlllfB npHMeHBJIIICb nplI ycTaHOB

JieHIIII yma a6eppau111I CBeTa 3Be3JJ.. 

MO)l(HO CKa3aTh, '-ITO nepeXOJJ. K JIOKaUHOHHOH q:>OpMyJIHl)OBKe CBB3aH C ycTpa

HeHI!eM <:paKTII'-leCKH He11a6JIIOJJ,aeMblX (T.e. q:>HKTIIBHb!X) MrHOBeHHbIX paCCTOBIIIIH. 

B pe3yJibTaTe npocTpattcTBe1mo-BpeMe11uaR CTPYKTypa - octtoBa Teop1I1I 

OTHOCIITeJibHOCTH - npeTepneBaeT KopeHuoe II3MeHeune. 

Coem08bte, UJIU 3ana30bl8QIOU,Ue, paccmOJIHUJI. TIOHBTHe «CBeTOBOe paCCTO

BHHe» B03HIIKJIO, no cymecTBy, 3a,rJ.OJiro JJ.O 3apo)l(AeH1IB TeOplIH OTHOCHTeJibHOCTH. 

11MeHHO CBeTOBoe paccTOBHIIe onpeJJ.eJIBeT yron a6eppaun1I. A6eppau1IB )Ke cBeTa 

3Be3JJ, - JJ,aBHO II3BeCTHOe BBJieHIIe, KOTOpoe BnepBble ua6JIIOJJ,aJIOCb EpaMeeM eme 

B 1727 r. [18]. 
OJJ.HaKO uenocpeJJ.CTBemme IICnOJib30BaHIIe TaKIIX paccTOBHIIH CBB3aHO C 3ana3-

JJ.bIBaIOll{HMII noTeHUIIaJiaMH llJIH noTeHUIIaJiaMII Jl1Ienapa-B1IxepTa [19,20]. JlJIB 

3JieKTp1I'-IeCKOro noTeHUIIaJia, C03J).aBaeMoro JJ.BII)l(Yll.lHMCB co CKOpOCTbIO V TO'-le'-1-

llb!M 3apBJJ.OM e, IIMeeM: 

e e 
cp = R 

1 
(1 - (J3 n 

1
) = R 

1 
(1 - p cos 0) · · 

re re re 
(6) 

3JJ,eCb Rret - BeKTOp 3ana3JJ,bIBa10mero pacCTOBIIIIB, npoBeJJ,eHHblH II3 TO'-IKII HaXO)l(-

JJ,eHHB 3apBJJ,a B TO'-IKY Ha6JIIOJJ,eHIIB, 13 = vie, n I= R 1/R 1· TiplIBJieKaR cpopMyJiy re re re 
npeo6pa30BaHIIB MB noTeHUHaJia II Y'-!IITb!BaR, '-ITO B CIICTeMe nOKOB 3apBJJ.a none 

OnHCbIBaeTCB KYJIOIIOBCKHM noTeHUIIaJIOM 

* e cp 
R*. (7) 

HaHJJ.eM [21], '-ITO 

R* = R 
1 

(1 - p cos 0) y, (8) re 

rJJ,e r= (1 - P2
)-V2

_ 3TO Bb!pa)l(eHHe OnHCbIBaeT 3aKOH npeo6pa30BaHHB 3ana3JJ,bIBaIO

mero paCCTOBHIIB nplI nepexoJJ,e OT co6cTBeHHOH CHCTeMbl HCTO'-IHHKa s* K S-ClfCTe

Me, rJJ,e OH Jl.BII)l(eTCB co CKOpOCTbIO V. Ko11e'-1HO, npeJJ.CTaBJ!eHHYIO cpopMyJiy MO)l(IIO 
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BbIBeCTH TaK)Ke op.HMO H3 npeo6pa30BaHH.ll Jlopettua JI.ITH BpeMeHHOH KOOpJlttHaTbl. 

Tiptt 3TOM JI.ITH JlBYX Hatt6onee xapaKTepHbIX cnyqaeB, KOr)la none pacnpocTpaH»eTc» 

B HanpaBJieHHH )lBH)KeHlrn HCTOlJHHKa (Bnepe)l, 8 = 0) tt B npOTHBODOJIO)KHOM Ha

npaBJieHHH (Ha3a)l, 8 = 1t), 

Rf= (I+ P) R*y. 

Rb=(l-P)R*y. 

(9) 

(10) 

PeJU1,mueucmcKaR (JioKaquoHHOJ!) OJIUHa. HeTpa)lHUHOHHOe onpeJleJieHtte 

penHTHBHCTCKOH JI.T[HHbl [22,23] OCHOBaHO Ha JIOKauHOHHOM MeTO)le H3Mettemrn pac

CTOHHIJH3. B ero paMKaX JI.ITH Ha_ 6bICTpOJlBH)Kymeroc.11 (HanpttMep, B)lOJib CBOero 

MaKCHMaJibHOro pa3Mepa) CTep)KH.ll onpe)leJI.HeTC.ll DOJIYCYMMOH poCCTOHHHH, npoH

)leHHbIX CBeTOBblM CHrHaJIOM B np»MOM tt o6paTHOM HanpaBJieHHHX no CTep)KHIO, T.e. 

OT O)lHOro ero KOHUa )lO Jlpyroro H o6paTHO. Tiptt 3TOM npoueJlypa H3MepeHH.ll Bpe

MeHH pacnpOCTPaHeHH.ll CBeTOBOro cttruana TO)K)lecTBeHHa COOTBeTCTBy10mew npoue

Jlype, CJI~ameit JI.ITH npoBepKH cpopMyJihl peJIHTHBHCTCKOro 3aMeJl,TleHH.ll BpeMeHH. 

<I>aKTHlJeCKH Ha OCIIOBe nocJie)lHeH cpopMyJihl Mbl H npttXO)lHM K cpopMyJie 

YJI.ITHHeHH.ll JI.ITH npO)lOJibHblX pa3MepoB. 3)leCh, O)lHaKo, Mbl npttBe)leM Jlpyroit ee Bbl

BO)l. 

TiycTb JI.ITH npOCTOTbl CTep)KeHb optteHTHpOBaH H )lBH)KeTC.ll B nanpaBJieHHH OCH 

X (cJieBa HanpaBo) co CKOpOCTblO pc. Cttruan DOCbIJiaeTC.ll B MOMeHT nponeTa JieBOro 

KOHUa. CBeT )lOCTttraeT npaBoro KOHUa, OTp~aeTC.ll TaM H BO3BpamaeTC.ll na3a)l, K 

JieBOMY KOHUy. JJ.n.11 paccTOHHHH, npoH)leHHOro CBeTOBbIM CHrHaJIOM, KOr)la OH 

)lBH)KeTC.ll Bnepe)l, B O)lHOM HanpaBJieHHH co CTep)KHeM (JlOffiH.lleT ero npaBbIH KO

neu), 6yJleM HMeTb: 

1= (I + P) 1*y. (11) 

* 3)leCb l - JI.T[HHa )laHHOro CTep)KH.ll s DOKOe. 3Ta cpopMyna HBJI.lleTC.ll npHMblM 

cJie)lCTBtteM no)lCTaHOBKH B npeo6pa3oBmme Jlopenua 

* A * .1x = (.1.x + pCLlt ) 'Y (12) 

* * * * BeJIHlJHH .1x = l II Llt = l le, oTBelJa10mttx pacnpocTpanentt10 cseTosoro cttruana 

B)lOJib nOKO»meroc.11 CTep:lKH.ll B nanpaBJieHHH OCH x*. Tiptt H3MeHeHHII nanpaBJieHH.ll 

pacnpOCTPaHeHH.ll CBeTa Mbl )lOJI:lKHbl H3MeHHTb 3HaKH npocTpaucTBeHHbIX KO

op)lttHaT B (12). TaKHM o6pa30M, KOr)la CBeTOBOH CIIrHaJI (nocne OTp~eimH) 

)lBtt)KeTc.11 Ha3a)l, B nanpaBJieHHH, nponrnonono)KHOM uanpaBJieHHIO JlBH)Kemrn cTep

)KHH (HaBCTpeqy ero JieBOMY KOHUy), OH npOXO)lHT paccTOHHHe 

3
Mm1rno CKa:JaT!,, '!TO np11 ero BBe)ICHIIII )IBIIJKyntl!HCll 11a6mo11aTeJJh nonpocry «OO)ICMOTpe.rl» npo

uenypy 113MepeHl!ll Jl)IIIHl,I OOKOll!UefOCll CTepJKHll (B npyroii Cl!CTeMe OTC'leTa), HO BOCOOJlh30BaJICll 

CBOIIMII 113Mepl!TeJlbHhlMII np116opaM11 ('laCaMII). 
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lb= (1 - P) l*y. (13) 

B pe3yJibTaTe JI.ITH peJIHTHBHCTCKOH JI.T[HHbl HaH)leM 

1 . * 
Ir= 2 (1+ lb) = l 'Y (cpopMyna yJI.ITttHenHH). (14) 

TIO)llJepKHeM, lJTO BeJIHlJHHbl 1 H lb onpe)leJIHIOT pacCTOHHHH Me)K)ly TOlJKaMH, KOTO

pble 6epYTCH B pa3Hble MOMeHTbl BpeMeHH, T.e., OlJeBH)lHO, ii TOlJHOCTH COOTBeTCTBy

lOT JlBYM caMbIM xapaKTepHblM MO)lH(pHKaUHHM 3ana3)lbIBalOW:HX pacCTOHHHH (9) H 

(10) B 3JieKTpO)lHHaMHKe. 

B paMKax lJeTbipexMepttoro npe)lCTaBJieHHH 4-BeKTOp peJIHTHBHCTCKOH JI.T[HHbl 

)laeTC.ll DOJiypa3HOCTblO JlByx 4-BeKTOpOB, ODHCbIBalOW:HX npouecCbl pacnpOCTPa

HeHH.ll CBeTa B npHMOM tt o6paTHOM nanpaBJieHHHX B)lOJib CTep:lKHH, u HMeeT BH)l 

i A * * I;-= (..,l y,l y,O,Q). (15) 

Tipu 3TOM JI.ITH KBa)lpaTa HHTepBana 6y)leM HMeTh: 

s; = (l*yf-cp1*y)2 = (1*)2, (16) 

T.e. Tpe6oBaHtte nopeHU-HHBapttaHTHOCTH BbinOJIHeHO. 

2.2. IIpe,KHHe TPYJlHOCTH Teopnn ycYpaIDIJOTCH 

«JlapaooKc» npJ1..MoyWJ1bHOW pwtaza Jlb10uca-ToJLMeHa [24]. CYTb 3Toii H3Be

cTnoii npo6JieMbl 3aKJIIOlJaeTC.ll B 0O.HBJieHHH KPYT»IUero MOMeHTa (NZ '# 0) B CHCTeMe 

OTClJeTa s. me yroJibHHK )lBH:lKeTCH, TOr)la KaK s ero co6cTBeHHOH CIICTeMe s* 
N* =x*F" -YF" =0. 

Z Y X 
(17) 

3 X* ,;I< - * * )leCb II r - nJielJH pbilJara, nanpaBJieHHhie B)lOJib ocelI X II y COOTBeTCTBeHHO, 

Ji' H Ji' - npHJIO)KeHHbie K HHM CHJ!bl, nplI'leM x* = y = [*, Ji' = Ji' = F*. Ha OCHO-
y X ·X y 

BaHHH nplIHUIIDa OTHOCIITeJibHOCTII II B S-CIICTeMe )lOJI:lKHO BbinOJIH.ll'TbC.ll aHaJIOrillJHOe 

paBeHCTBO, KOTOpoe Mbl npe)lCTaBIIM B BH)le 

X Fx 
y F. 

y 

(18) 

Ha ocnoBe cpopMyJI npeo6pa3oBaHIIH JI.IT» KOMnoneHT CIJJihI F IF = "(, OTKy)la JI.ITH 
• X y 

npeo6pa3oBaHHH npOJlOJihHOro nJieqa IIMeeM cpopMYJIY YJI.ITIIHeHHH (14). B TO )Ke Bpe

MH npttMenentte cpopMyJihI nopenuesa cOKpamen1I.11 Be)leT K napyrneHIIIO pasencTBa 

(18) II OO.HBJieHIIIO O)lHOro II3 CaMbIX H3BeCTHbIX «napa)lOKCOB» TeOpHII OTHOCIJTeJib

HOCTII. BnepBbie npaBIJJibHOe perneHIIe 3TOro napa)lOKCa 6hIJIO )laHO Ap3eJibe TOJibKO 

B 1965 r. [25]. 
«Jlpo6J1e.Ma 4/3». CYTb 3Toii II3BeCTHoii npo6JieMhI 3aKJIJO'laeTc» B TOM, lJTO nplI 

BbllJHCJieHIIH 3Heprn1I II HMDYJihCa 3JieKTPOMaJ1IIITHOro DOJI.ll )lBII:lKymeroc.11 3ap.ll)la 
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(d) MhI nplIXOJJ.HM K cpopMynaM, KOTOpbie ornwrnlOTCR OT Tpe6yeMbIX 

penRTIIBIICTCKIIX. 3aMCTIIM cproy, 'ITO STOT pe3ynbTaT RBJJRCTCR npRMbIM cne)ICTBIICM 

IICilOnb30BaHHR cpopMynhl nopeHueaa C:lKaTIIR .wrn sneMeHTa npocTpaHCTBCHHOfO 

ofueMa. B TO )KC BpeM51 nplIBJJC'ICHIIe cpopMynhI YMIIHCHIIR (14) He nplIBOJIHT K 

noJio6Hott TPYJIHOCTII (cM., Hanp., [26]). 
Cne)lyeT IlO)l'lepKHYTb, 'ITO IIMCHHO a paMKax STOH npo6neMbl 6hmO 

cpaKTII'ICCKII nonyqeHO caMoe nepaoe, XOTR II KOCBCHHOe, CBH.D;eTenbCTBO HCKO

Bap1IaHTHOCTII COKpameHHOH MIIHbl (TO'IHee, COKpameHHOro ofueMa), KOr)la MR 

BhI'IIIcneHHR d M.Jlays [27] aocnonh30BancR RBHO KOBapliaHTHhIM Bb1pa:lKeH1IeM: 

d = J fkdVk. (19) 

'k 
3JieCh T - Temop sHeprntt-lIMnynhca sneKTpoMarnttTHOro nonR, dVk - 'ICTbipex-

MepHaR BenlI'IIIHa, KOTOpaR a COOTBCTCTBIIII c o6menpHHRTbIM onpeJieneHHCM HMCCT 

TOnhKO OJIHY BpeMeHHYIO KOMilOHeHTy
4 

(CM., Hanp., [28]). IloCKOnhKY nopeHU-KO-

Bap1IaHTHOCTb fk COMHCHIIH He Bbl3bIBaeT, TO HCKOBapttaHTHOCTb Gi B neBOH tJaCTII 

(19) JIOn:lKHa, O'ICBH.D;HO, 03Ha'laTb HCKOBap1IaHTHOCTb dVk' a TCM caMbIM II COKpa-

meHHOH MIIHbl. 

C Jipymu CTOpOHbl, nplI peweHIIII «npo6neMbl 4/3» [29] 6bma BnepBbIC BBe)leHa 

cpopMyna yBenlI'ICHII51 npocTpaHCTBCHHOro ofueMa, COOTBCTCTBYIOIUaR (14). 

Ho, MO:lKCT 6hITb, oco6eHHO Ba:lKHO TO, 'ITO a paMKax noKaUHOHHOH cpop

MynlipOBKII HCT Heo6XOJIIIMOCTII B nplIIllICbIBaHIIII 3apRJIY JIOTTOnHIITenbHOH MaCCbl, 

o6ycnoBJJeHHOH, CKa:lKeM, «HanpR:lKCHIIRMII IlyaHKape». AHanorntJHYIO ponh MR pa3-

peweHIIR npeJibIJiymero napa.noKca Bb!IlOnHRn rnnOTCTII'ICCKIIH «IlOTOK SHeprnH 

Jlays». 

«IlapaooKc» c 3/leKmpocmamu'lecKou 3Hepzueu KOHOeHcamopa (cM., Hanp., [30]) 

cpOJIHII npeJibIJiymeii npo6neMe. KaK II3BCCTHO, SHeprnR IIJIOCKOnapannenhHOIU KOH

* JICHCaTopa, IIJlaCTIIHbl KOTOporo HOpMar!bHbl K OCII X ' paBHa: 

E* = E*v* - (~)2 
-~al 

(20) 

r.ne E * - IIJIOTHOCTb SHeprnlI sneKTplI'ICCKOfO nonR '£ ' (J - IIJIOIUa.D;b ero 
X 

* ,.,-JI< * nnaCTIIHbl, [ - 3a3op Me)K.D;y HIIMII. IloCKOnhKY '1:., (a, cne)IOBaTenbHO, E ) II (J 
. X 

He npeo6proyeTcR nplI nepexoJie K JIBII:lKymeiicR CIICTeMe, TO cpopMyna MR SHeprnlI 

JIBII:lKymerocs: KOH.D;eHcaTopa, KOTOpaR B paccMaTp1IaaeMOM cnyqae IIMCeT BH.11; 

E=EV=E*crl, (21) 

4 • 
3neMeHT rrpOCTJHlHCTBeHHOro 061.eMa. 
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6yJieT cymecrneHHO 3aBHCCTb OT IlOBCJICHIIR X-COC:TaBJJRIOIUCH ([) npocTpaHCTBCHHOro 

o6neMa. EcnlI B KatJeCTBe I Mbl B03bMeM MrHOBCHHYIO MHHY / ' TO, O'ICBH.D;HO, 
C 

npHJICM K npOTHBOpe'IHIO C H3BCCTHOH penRTHBHCTCKOH cpopMynoii MR SHeprnH 

E = E*y. IloJio6Hoii TPYJIHOCTII He B03HHKaeT [26], ecntt l Ja.naeTcR noKaUHOHHoii, 

HnH penRTHBHCTCKOH, MHHOH l , KOTOpaR B COOTBCTCTBHH c (14) pacTeT, KaK H rpe-
r 

6yeTCR, nponopuHOHanbHO y. 
HeuH«apuaHmHocmb 3apJ1,0a npo«ooHuKa c moKo.M. PaccMoTpHM sneMeHT npo- · 

BOJIHHKa, noKORIUHHCR B s* -CHCTeMe H 11anpaaneHHblH no OGH X *, no KOTOpOMY TetJeT 

TOK C nnoTHOCTblO j!. IlyCTb npH STOM nnOTHOCTH OTPIIUaTenbHblX II nOKORIUHXCR 

* * nonO:lKIITCnbHbIX 3apRJIOB p _ H p + BHYTPH npOBOJIHHKa OJIHHaKOBbl, a noSTOMY CyM-

MapHaR IIJIOTHOCTb p * = 0. TaKHM o6pa30M, C TO'IKH 3peHHR 1-1a6n10)laTenR H3 s* -CHC

TCMbl npoaonoKa He 3apR:lKeml: 

* * v* !l.q =p!l. =0, (22) 

rJie !l.q * - 3apRJI, a !l. v* - o6neM paccMaTpuaaeMoro sneMeHTa npoBOJIHHKa. 

IlepefmeM Tenepb B TaKYIO CHCTeMy OTC'ICTa s, OTHOCHTenhHO KOTopoii OTpHua

TenbHbie 3apMbl, C03)1alOmHe TOK C nnOTHOCTblO j!, noKORTCR. Ha OCHOBaHHH cpop

Myn npeo6pa30BaHHR MR CyMMapHOH IIJIOTHOCTII 3apRJIOB HaH)ICM 

A2 * 
p = p - + p + = -.., p - 'Y' (23) 

oTKyJia JaKnlOtJaeM, 'ITO npmnBeJieHHe 

p!l. V;t 0. (24) 

Ha OCHOBaHlm STOfO o6hI'IHO )lenaeTCR BbIBOJI (CM., Hanp., [6a, 31]) 0 nORBJlCHHH 

3apRJia B JIBH:lKYIUCMCR npOBOJIHHKe C TOKOM. 

Cne)lyeT, OJIHaKO, nO)l'ICpKHYTb, 'ITO B paMKax cneuHanbHOH TeopHH OTHOCH

TenbHOCTH 3apM (TaK )KC, KaK H Macca) RBJJRCTCR HHBapttaHTHOH BenH'IHHOH H He 

JIOn:lKeH H3MCHRTbCR nplI nepexo)le OT OJIHOH CHCTCMbl OTC'ICTa K Jipyroii. IlosTOMY 

BbIBOJI O TOM, 'ITO HCHTpar!bHblH ·npoBOJIHHK C TOKOM B pe3ynbTaTe JIBH:lKCHHR 3apR

:lKaeTCR, RBJIRCTCR cne)ICTBHeM HCKOBapHaH~HOfO onpeJieneHHR BenH'IHHbl, o6ycnoB

neHHOro, B CBOIO oqepeJib, HCKOBapttaHTHbIM onpeJiene1meM npocTpaHCTBCHHOro 

o6neMa. 

C npyroii CTOpOHbl, B paMKax noKaU!iOHHOH cpopMynHpOBKH, onttpaRCb Ha cpop

Myny 

!l.q =/!l.V. 
I 

(25) 

II COOTBeTCTBYIOIUee onpeneneHHe 4-BeKTOpa sneMCHTa o6beMa 
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AV;= (AVy,-pt.. v"y,0,Q), (26) 

11afineM 

Aq ~ lt..v0 + it..v1 = (-p:P2y) Av"y+ (-PP:rH-PAVy) = o. (27) 

TaKHM o6pa30M, B nOJIHOM cornacHH C Tpe6oBaHHeM HHBapHaHTHOCTH 3ap}l,!l.a 

HMeeM, 'ITO C TOqKH 3peHH.SI S-CHCTeMhl JJ;aHHblH npoBOJ];HHK TaK)Ke 3JieKTpwqecKH 

HefiTpaJieH. 

B noCJieJJ;Hee BpeMsr'paCCMOTpeHHbIH npm.tep o6c}')K)J,aeTC.SI (CM., Hanp., [32] w 

CCbIJIKH TaM) B CB.Sl3H C BonpOCOM, nO.HBJI.HeTC.SI JIH 3ap.HJJ; y 3JieKTpwqecKH ·HefiTpaJib

HOro 3aMKHYTOfO npoBOJ];HHKa nocJie B036}')K)J,eHH.SI B HeM TOKa. OnuaKO, nOCKOJlbKY 

npH 3TOM qwcJIO 3JieKTpOHOB He MeH.HeTC.SI H no-npe)l(HeMy paBHO qwcny HOHOB, TO 

peqb MO)KeT HJJ;TH TOJibKO O no.HBJieHHH 3JieKTpHqecKoro nOJI.SI 3a cqeT pa3HHUbl B 

noBeJJ;eHHH noJI.H JJ;BH)KyJUeroc.H H noKO.HIUeroc.H 3ap.HJJ;OB [33]. 

OmmoncKaJl <Jiop.J,tpmponKa mep.MO0UHG.MUKU [34] 6bma npe)];JI0)Kel!a B Haqane 

60-x fOJ];OB w. 0TJIHqaeTC.SI OT TPMHUHOHHOH, BOCXOMIUefi eme K IlnaHKY [35] w 

3fimmefiHy [3]. B paMKax TPMHUH0HHoro nonxona, HanpHMep, cpopMyJia npeo6pa-

30Bamrn TeMnepaTypbI HMeJia BHJJ;: 

rnrna KaK OTT npe)];JIO)KHJI cpopMyny 

,..,. -1 
T=l y , 

T=Ty, 

(28) 

(29) 

BbITeKaIOIUYIO H3 COOTBeTCTBYIOIUefi cpopMyJibl npeo6pa30BaHH.SI )];JI.SI KOJIHqecTBa 

Terma AQ. 
Ypam1e1me C0CTO.SIHH.SI HJJ;eaJibHOro ra3a CB.Sl3bIBaeT Me)KJ];y co6ofi TeMnepaTypy H 

npocTpaHCTBeHHbIH ofueM. ITpH 3T0M Tpe6oBaHHe JiopeHU-HHBapHaHTHOCTH YKa.JaH

H0ro ypaBHeHH.SI C npHBJieqe1meM cpopMyJihl YMHHeHH.SI )J,Jrn npocTpaHCTBeHH0ro 

ofueMa OJJ;H03HaqHo npHB0J];HT K OTTOBCKOH cpopMyJie (29) [36]. 

ITpHBeJJ;eM TaK)Ke np0CTbie, 110, no HarneMy MHeHHIO, J];0CTaToquo y6eJJ;HTeJibllbie 

J];0B0J];bl B nOJib3Y OTTOBCKOH cpopMyJIHpOBKH peJI.HTHBHCTCKOH TepMO,D.HIIaMHKH. Pac

CM0TpHM )];JI.SI 3T0ro HeK0TOpoe MaTepHaJibHOe TeJI0, K0TOpoe nepenaeT CB0IO Termo

BYIO 3HepmIO B cpopMe H3JiyqeHH.SI. ITpHTOM Hae, ecTeCTBeHHO, 6yneT HHTepecoBaTb 

CJiyqafi, Korna B npouecce H3JiyqeHH.SI C0CT0.SIHHe J];BH)KeHH.SI TeJia He MeH.HeTC.SI (yc

JIOBHe HttepUHaJibHOCTH). Ho Torna oqeBHJ];H0, qTo cpopMyJia npeo6pa30BaHH.SI )];JI.SI 

AQ (B na11110M cJiyqae 3TO 3JieKTp0MarHHTlla.H 3Hepnrn) J];OJI)l(Ha C Heo6xoJJ;HMOCTblO 

onpeneJI.HTbC.SI peJI.HTHBHCTCKHM Bblpa,)KeHHeM [37] 

AQ=AQ*y. (30) 

OTCIOJJ;a Ha OCH0BaHHH BTOporo 3aKOHa TepM0J];HHaMHKH H HHBapHaHTHOCTH 3HT

ponHH cpopMyJia OTTa (29) cnenyeT onHo3uaq110. 
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J(pyzue mpy0HOCmu (u ux ycmpaHeHue) .SIBJI.SIIOTC.SI TeMH HJIH HHbIMH aHaJI0raMH 

paCCM0TPeHHbIX Bblllle CJiyqaeB. ITo3TOMY Mbl orpauwqHMC.SI !paKTHqecKH TOJibK0 HX 

nepeqwcneimeM. 

HaqueM c aHanomq11ofi nepBoMy npHMepy TpaKT0BKH KJiaccnqecKoro onbITa 

TpayTOua-Ho6Jia C 3ap.H)KeHHbIM K0HJ];eHCaTOp0M [38] KaK eme OJJ;HOro np1rnepa 

peJI.S!THBHCTCKOH cpopMyJIHpOBKH CTaTHKH. J:{pyrofi KJiaccuqeCKHH HHTepcpe

peHUHOHHbIH onbIT MafiKeJibCOHa-MopJIH TaK)Ke M0)KeT 6b!Tb HCT0JIK0BaH 6e3 

npHBJieqeHH.SI KOHTpaKUHOHHOH mnoTe3bl t5]. 

B paMKaX JIOKaUHOHHOH cpopMyJIHpOBKH nocJieJJ;OBaTeJibHO pernaIOTC.SI BOnp0Cbl 

JJ;HHaMHKH rnepnoro Tena [39]. ITo attanomw c «npo6JieMofi 4/3» ycTpan.HeTc.H TPYn

H0CTb C HMnyJihCOM H 3Heprnefi )KHJ];K0CTH [36]; 

Bonpoc o BHJJ;HMbIX pmMepax 6b1cTPoneficTBYIOIUHX o6neKTOB 3aCJI)')KHBaeT 

ynoMHHaHH.SI, nocK0JibKY npH ero paCCM0TpeHHH BnepBbie 6bIJIO BbICKa.JaH0 C0M

HeHJ.Ie 0 Ha6JIIOJJ;aeMOCTH Jiope_uueBa C0KpameHH.H [40]. C npyrofi CTOp0Hbl, OH Bbl

XOJ];HT 3a paMKH npOCTbIX BH3YaJibHbIX tta6JIIOJJ;eHHH H OKa3bIBaeTC.SI, no CYTH nena, 

onpeJJ;eJI.S!IOIUHM npH paCCM0TpeHHH B3aHMOJJ;efiCTBH.SI J];BH~HXC.SI 3ap.H)KeHHbIX 

qacrnu B 0HJJ;YJI.HTope, npoxo)KJ];eHH.H 3ap.H)KeHHoro crycTKa qepe3 pe3ottaTOpbI [41] H 

np. 

Ho, no-BHJJ;HMOMY, caMOH ttenocpencrneHHOH o6JiaCTblO npHMeHHMOCTH COBpe

MeHHOH cpopMyJIHpOBKH "· B qacTH0CTH, KOHUenUHH peJI.S!THBHCTCKOH J];JIHHbl CJieey

eT cqHTaTb !pH3HKY BbIC0KHX 3Hepmfi [42]. HanpHMep, H3BeCTHbIH pOCT )1,JIHH 

cpopMHpOBaHH.SI npH 60JiblllHX 3Heprn.HX COOTBeTCTByeT cpaKTwqecKH cpopMyJie (14). 

2.3. IlpHMLie 3KcnepHMeHTaJILHLie UOJJ;TBep,K,!l;eHHJI JIOK3UHOHHOiI 

4>opMyJIHpOBKH 

PeJLJlmunucmcKuu 3</J</JeKm J(oMepa. Ka.K MhI 3HaeM, B ttacTmnuee BpeM.H 3a 

3TaJIOH )1,JIHl!bl cpaKTHqecKH npHmITa )1,JIHHa B0JIHbl opaH)KeBofi JIHHHH KpHnTOHa-86. 

Ha 0CII0BaiiHH (14) )1)1.SI cpopMyJibl npeo6pa30BaHH.SI )J)IHHbl B0JIHbl 6yneM, oqeBHJJ;HO, 

HMeTb: 

')..=')..*y. (31) 

B C00TBeTCTBHH C Tpe6oBaHHeM np1rnunna OTH0CHTeJibH0CTH npu 3TOM qucJIO )1,JIHH 

B0JIH, YKJIMbIBaIOIUHXC.SI B J];BH)KYJUeMC.SI 3TaJI0HHOM MeTpe, nefiCTBHTeJibHO OCTaHeT

C.SI HeH3MeHHbIM. 113 cpopMyJihl (31) CJieeyeT, qTQ )1,JIHHa B0JIHbl CBeTa, H3JlyqaeMoro 

J];BH)KYJUHMHC.SI aTOMaMH, J];0JI)l(Ha B03pacTaTb Ha BeJIHqn11y 

o').. = A. - ').. * "' ½ p2').. * . (32) 

HMeHHO 3TO .HBJieHHe ua6JIIOJ];aJIOCb B OnbITax no HCCJieJJ;0BaHHIO nonepeq11oro 3!p

cpeKTa J:{onJiepa, nepBblH H3 KOTOpbIX 6bIJI BbinOJIHeH AfiBCOM u CTHJIY3JIJIOM [43]. 

3aMeTHM, qTo H3MeHeHHe )1,JIHHbl BOJIHbl npu J];BH)KeHHH B CTOpo11y Kpacttoro 

KOHUa cneKTpa (Kpacuoe cMemeuwe) - nocTaToqno xoporno H3BeCTHhifi <pa.KT, TaK 
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)Ke KaIC H caMa qiopMyna (32) (CM., Hanp., [44]). OnttaKO npn 3TOM COBepweHHO 

ynycKaeTc51 HJ Bif'AY TO, 'ITO Jnech, no CYTH nena, MLI nMeeM npyroii ( ornn"IHLIH oT 

o6menpHH51Toro) JaKoH npeo6paJ0BaHm1 JJ)lHHhI nBn)l(ymerocg MacwTa6a. 

Jl:eHCTBHTeJihHO, B qiopMyne (31) ').. OillIChIBaeT, HanpnMep, paCCT051HHe Me)K'Ay co

cenHHMH rpe6H51MH BOJIHhl, KOTOpbie «6epYTC51» B pa3HLie MOMeHTbl BpeMCHH. Torna 

KaIC cornacHO o6menpHH51TOMY (3HHWTCHHOBCKOMY) onpeneneHHIO JJ)lHHOH nBH)l(y

merocg MaCmTa6a Ha3hIBaCTC51 paCCT051HHC Me)K'Ay onHoBpeMCHHhlMH nOJI0)1(CHH51MH 

ero KOHUOB. IlpH 3TOM B CJIY4ae cnpaBCJJ)lHBOCTH qJOPMYJihl COKpameHHll 3qJqJCKT, 

O"ICBHAHO, HMCJI 6bI npyroii 3HaIC; T.e. CMCIUeHHC JIHHHH noJI)l(HO 6bmo 6b1 

npoHcxonHTb B qJHOJICTOBYJO CTOpOHY CilCKTpa. 

lf311y'leHue lfepeHKOBa. 3JieKTpH"leCKHH IlOTCHUHaJI JlHeHapa-BHxepTa B cpene 

C nOKaJaTCJieM npenOMJICHHll n HMCCT BHA: 

<I>= e 
n

2
Rre

1 
(1 - ~n cos 0) 

(33) 

Kruc 51BCTBYCT HJ nocnenHero Bblpa)l(CHHll, npH 

cos 0 = 1,13n 
C 

(34) 

noTeHUHaJI o6pamaeTC51 B 6eCKOHC"IHOCTh, 'ITO COOTBCTCTBYCT nOllBJICHHIO "lepeHKOB

CKOro H3JIY4CHH51. BHPTYaJibHhie KBaHTbl 3JICKTpOMarHHTHOro nOJill npeBpamaIOTCll B 

peaJihHblC qJOTOHbl BHAHMOro CBCTa 3a C"ICT pe3KOro YBeJIH"ICHHll IJJIOTHOCTH 3Hepmn 

noJI51. IloA1JepKHeM, 'ITO npH 3TOM yron qepeHKOBa 0 JaAaeTCll HMeHHO JanaJnLrna-c 

IOIUHM (CBCTOBhIM) paCCTOllHHCM. C npyroii CTOpOHhl, o6bI"IHblH nepexon (B COOT

BCTCTBHH C 3HHlllTCHHOBCKHM nonxonoM) K MrHOBeHHhlM pacCT051HH51M (CM., Hanp., 

[45a]) 

Rret (1 - ~n cos 0) ➔ R (1 - ~
2n2 sin

2 
0)

112 (35) 

npHBOnHT Hae K IlOTeHUHaJIY XeBHCaii'Aa [46]: 

<I> - e 
H - n2R (1 - ~2n 2 sin2 0)112 • 

(36) 

Kruc H3BeCTHO, o6menpHH51TOe npencTaBJICHHC IlOM nBH)l(ymerocg 3apMa B qiopMe 

cqiepoHAa 51BJI51CTC51 cnencTBHCM HMCHHO 3TOro Bblpa)l(CHHll. OnHaKO YKaJaHHhlH 

nepexon K MrHOBCHHhlM paCCT051HHllM (35) BeneT K H3MCHCHHIO yrna H3JIY4CHHll. 

.D:eiiCTBHTeJihHO, KaK JICrKO BHACTh, noTeHUHaJI XeBHCaiina o6pamaeTCll B 6eCKOHC"I

HOCTb non yrnoM 

0 = arccosec ~n (0 > rr/2) . (37) 

A nOCKOJlhKY Ha OilhlTC (HanpHMep, B qepenKOBCKHX ClJCT"IHKax) H3MCpllCTC51 

0c, TO 3TO 03HalJaCT, 'ITO HMCHHO JIOKaUHOHHM qJOpMyJIHpOBKa aACKBaTHa npHpone. 

C npyroii CTOpOHhl, nepexon K MOMCHTY Ha6JIIOnenH51 MO)l(HO paccMaTpHBaTh KaK 

12 

CBOero pona napywenne npnnunna OTHOCHTCJibHOCTH. Jl:eHCTBHTeJihHO, npH 3TOM 

MOMCHT Ha6JIIOnenHll Bbl,[\CJillCTCll no OTHOWCHHIO K MOMCHTY H3JIY4CHHll. 11HalJe ro

BOpll, KaK 6hl HapywaeTCll paBnonpaBHC MC)K'AY HJJIY4aIOIUHM 3ap11noM (o6'bCKTOM) 11 

pemcTpHpYJOIUHM o6'beKTOM. 

B 3aKJIIO"ICHHC 3TOH lJaCTH npHBeneM cpaBHHTeJihHYIO Ta6JIHUY pMa xapaKTep

HblX pe3yJihTaTOB npe)l(HCro (3HHWTCHHOBCKOro) nonxona H COBpCMCHHOH <pop

MYJIHpOBKH. 

TAEJ111UA 

O6111enp_HHJ1Tl,IH Il0)(XO.I{ CoepeMeHHllll cpopMy1mpoBKa 

ITpeo6pa30BaHHe np0/I0JILHLIX paJMepoB 

I= [*.:-1 l=i* 
BpamaTeJI.LHhlH M0MCHT paBHOBCCHOH CHCTeMhl 

!I = o (F ,F * 0), N °"' o · 
l X y Z 

N=ll=O 
' ' 

HMnyni.c H 3Hepllill 3JICKlp0MarnHTH0ro Il0Jlll 

G1 =¥c- fty, E=(I+½ f32
)E*y G1 =~ fty; E=Fy 

3neKTpH'leCKHH Il0TClll.lHaJI 

<I> e 
H R (1 - [32 sin2 8)112 

e 
<l>Lw=~f3cos9) 

ret 

. 
m=m 

Macca ,11e11JKymeroc11 Tena . 
m=m 

3neKTp11'1eCKIIH 3ap11,11 npoB0,IIHHKa c T0K0M 

* 
ITpeo6paJOBaHHll K0JIH'ICCTBa Tenna, TeMnepaYypLI n ,llaBJieHllll 

Q=QY', T=Ty-1
, Q=Q·y, T=Ty, 

p=p• 

cosec 8= ~n 

• r:i.2 • .2 • P
11
=(p +pE}.y, P1.=P 

Penl!THBHCTCKHH 3<p<peKT Jlonnepa 

A= )..*y (cpopMyna YMHHeHllll) 

YroJI '-IepeHKOBa 

O6pameu11e BpeMeHH 

sec9=~n 

E ➔'E, p ➔ -p, M ➔ -M, E ➔ -E, p ➔ p, M ➔ M, 

~, A ➔ -A ~, A ➔ A 

2.4. HOBble pe~yJILTaTLI Teopuu 

BuOUMblU pa1Mep oawKyUJezocJt cmep:>KHll. 11MeHHO npn paccM0Tpen1111 3TOro 

Bonpoca [ 40] 6bUia BnepBblC noCTaBJICHa non COMHCHHC 6eJyCJIOBHOCTh npe)l(HCro 

YTBCp)K'ACHHll Teop1111 0 C0KpameHHH nBH)l(YIUHXCll TeJI. 8 pe3yJILTaTe, M0)l(H0 CKa-
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3aTb, nope11ueBO e0Kparue11He npoeTo 3ammo 0.[(HO H3 MeeT B p.si.ny 11a6n10.naeMblX 

A. * * pa3MepoB LIBH)l(YIUeroe.si eTep)l(HH OT (1 + ..,) l y .no (1 - P) l y. B TO BpeM.si, KaK no-

KauttoHHM JlJ)HHa eooTBeTernyeT epe.ntteMy 3HatJeHHIO 3TOro p.si.na. Jl1060nbITHO, 'ITO 
npH 3TOM BTOpOH, paeeMOTpeHHblH B pa6oTe [ 40]. enY4aH OTBetJaeT nono)l(eHHIO 
eTep)l(H.s! e BHJ(HMblM pa3MepOM, onpe.nen.sieMblM HMemm cpopMynoif YJlJJHHeHH.s! (14). 

</Jop.Ata 3JleKmpu'leCK020 nollJ! 08U)i()'U/e20Cll 3Gpll0G. Ha OeHOBe ITOTeHuttana 
JltteHapa-Bttxeprn (6) 3KBHnOTeHUHMbHble KpHBble penHTHBHeTeKoro 3ap.si.na 3a.[(a
l0Te.s! ypaB11e11tteM 3nnttnea [47] 

R 1=f(l-Pcos8)-1
, 

re 
(38) 

BbITHHYThIM B 11anpaBne1mu LIBH)l(eHH.si. 3.neebf = e/<p - cpoKanbHbIH napaMeTp, P -
3KeUeHTpHeHTeT 3nnHnea. KaK ene.nyeT H3 (38), e poeTOM eKopoeTH 3ap.si.na ero none 
Bee 6onee BblT.s!rHBaeTe.s! Bnepe.n H .neifernyeT Ha Bee 6onbWHe paeeTO.s!HH.s!. TTpH 3TOM 
JlJJH npo.nonbHbIX u nonepe'lHbIX pa3MepoB non.si HMeeM: 

R11 - 2'( , R - 2y . (39) 

Mo)l(HO eKa3aTb, 'ITO HMeeT MeeTO eBoero po.na «penHTHBHeTeKoe .[(MbHO.[(eHeTBHe». 
Ho eaMoe rnaBHOe - TaKoe noBe.neime non.si eyrueerne11110 oTnutJaeTe.si OT ero 
npHBhitJHoro npe.neTaBneHHH B cpopMe ecpepm-iaa, onttebIBaeMoro ypaB11em1eM 

R=f(l -P2 sin20r112
, (40) 

K01:opoe BhITeKaeT H3 cpopMym1 (36) npH n = 1. 
H31ly'leHue, o6ycJl08JleHHOe «CKOpocmHOU 'IGCmblO» 3JleKmpo.MG2HUmH020 nollJ! 

.[(BH)l(YIUeroe.si 3ap.si.na. Ero pa3HOBH.[(HOeTHMH .s!Bn.s!IOTe.si H:lflYtJeHHe qepeHKOBa, nepe
XO.[(HOe H:lflYtJeHHe H H:lflYtJeHHe B ra3e HH)l(e tJepeHKOBeKoro nopora. TTpH 6onbWHX 
eKopoernx JlJ).s! HHTeHeHBHOeTH TaKoro H:lflYtJeHH.s! B 3neMeHT Tenec11oro yrna 6y.neM 
HMeTb [48] 

W = e2
~cny-4. sin

2 
8 

c - 41tR2 (1 - Pn eos8)6 · 

(41) 

KaK BH.[(110, Bee H:lflY4eHHe eoepe.noTO'leHO B O'leHb Y3KOM KOHyee BOKpyr HanpaB
neHH.s! LIBH)l(e1m.si 'laeTHUbI. B npe.nene Pn ➔ 1 3To H:lflYtJeHHe MO)l(eT en~HTb np.si
MblM ueneYKaJaHHeM tJaeTHUbl. KoHe'lHO, 3TOT cpaKT .s!Bn.s!eTC.s! np.s!MbIM ene.nernneM 
Toro, 'ITO none pen.siTHBHeTeKoro 3apMa BblT.s!HYTO Bnepe.n (a 11e e)l(aTO) B HanpaB
nemm LIBH)l(eHH.s!. 3TO eBOHeTBO 11anpaBne1111oeTH Bnepe.n non.si penHTHBHeTeKoro 3a
p.si.na, B tJaeTHOeTH, 061,.sieH.sieT 3MnHpH'leeKoe npaBHnO JlJ).s! OTbleKaHH.s! HanpaBneHH.s! 
onTH'leeKoro nepexo.n11oro H:lflYtJeHHH, uenyrue1moro «Ha3a.n» npH BneTe tJaeTHUbI B 
epe.ny. Cornae110 3TOMY npaBHny H:lflY4eHHe «HJ(eT» no nanpaBneHHIO eKopoeTH 

tJaenIUbl H OTpa)l(aeTe.si OT noBepXHOCTH, KaK OT 3epKana. 
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CneeyeT OTMeTHTb, 'ITO o6e~aeMoe H:lflYtJeHHe, B o6meM, 3Ha'lHTenbHO cna6ee 

TOpM03HOro H:lflYtJeHH.s! (3a C'leT «yeKOpHTenbHOH tJaeTH» non.si): W - y-
2 

W . 
C m 

TeH30p .MOU/HOCmU-CUJlbl [5] .s!Bn.s!eTe.s! a11anoroM Temopa 3HeprnH-HMnynhea H 
TaK)l(e en~HT Jlfl.s! onueanu.si 11enpepbrnnoro paenpe.nenenll.s! MaTepHH. HanpHMep, 

3neKTpOMarHHTHblH Temop MOIUHOeTH-eHnbl HMeeT BHJ( 

pik=¾/ptul, (42) 

r.ne u1 = dx1/d't - 4-eKopoeTb, 't - eo6erne1111oe BpeM.si. 
Oc1JUJlllJ!IJUU 3/leKmpu'lecKozo nollJ! amo.Moo [49] .siBn.siIOTe.si np.siMbIM ene.neTBHeM 

pa:mH'lHOro IlOBe.nemrn noneH ,UBH)l(YIUeroe.si H nOKO.s!ll.{eroe.si 3apMOB. PaceMOTpHM 
npoeTeHWHH aTOM Eopa, o6pa30BaHHblH IlOKO.s!IUHMe.s! nonO)l(HTenbHblM 3apMOM 

(.si.npoM) H .[(BH)l(YlUHMe.s! OTpHUaTenb
HblM 3neKTpOHOM. 3KBHilOTeHUHMbHbie 
KpHBble, OTBe'lalOll(He 3a.[(aHHOMY nono
)l(eHHIO 3neKTpoua, npe.neTaBneHbI 11a 
pHey11Ke5. KaK BHJ(HO, aTOM 6y.neT Bbl
lJI.s!.[(eTb HeHTpanbHblM TOnbKO no.n yr
noM 8 = 7f/2 K nanpaBneHHIO LIBH)l(eHH.si 
3neKTpo11a. B 11anpaBneHHH «Bnepe.n» 
OH 6y.neT Ka3aTbC.s! OTpHUaTenbHO 3ap.si-
)l(eHHblM, a «Ha3a.[(» - nonO)l(HTenbHO. 

Jl+ 

y 

.•· 

--

"1- ....... , .. , 

: )( 

,• 

-- .. .._ _ _,, ... -

HnH HHatJe, noeKonbKY Bparue11He 3neKTpoHa Be.neT K H3MeHeHHIO 11anpaBJieHHH 
ero .[(BH)l(eHH.s!, TO B 3a.[(aHHOH TO'lKe 11a6n10.[(eHH.s! 3neKTpHtJeeK·HH IlOTeHI.J;Han aTOMa 

6y.neT oeunnnttpoBaTh cornaeHo cpopMyne 

<I>:::~ psin_<p . (43) 
R 1- p sm cp 

3.neeb cp - non.sipHbIH yron 3neKTpo11a B nnoeKoeTH ero Bparue11H.s1, r.ne 3<pcpeKT 
MaKeHManen. XOT.s! ID,fllnHT)'J:lbl pa3Hb!X 3HaKOB OTnH'lalOTe.s! no BenHtJHHe, epe.nuee 
3a neptto.n 3natJeuue noreuuttana paBHO HYJIIO BCJie.nernne Bnll.s!HH.s! 3<pcpeKTa ,ll:Onnepa 

noeKOnhl~.Y no COBpeMeHHblM npe.neTaBneHH.s!M 3neMeHTapuble tJaeTHUbl TaK)l(e 
.s!Bn.s!IOTe.si eocTaBHbIMH CHCTeMaMH, TO JlJ).s! HHX Mb! 6y.neM HMeTI, auanom'IHbIH 3!p

cpeKT. 
Qm,J1cHemu1 pocma ce'leHuii 83aU.MooeiicmoUR npu 8blCOKUX 3Hep2URX [50] 

onupaeTC.s! ua OTMe'leHHblH 3<pcpeKT «pen.sinrnHCTCKOfO .[(MbHO.[(eHCTBH.s!», Tenepb 
~e. Mepuoro non.si. 8 tJaCTHOCTH, 3TO Be,UeT K 3cpcpeKTHBHOMY pocry nonepe'IHbIX 
pa3MepoB a.npoHOB, onpe.nen.sieMblX !paKTH'leCKH 3KBHilOTeHUHMaMH non.si. YKaJaH
HblH pocT npOHCXO.[(HT TOnbKO 3a C'leT KBaHTOB Mepuoro non.si, 06na.na10ll(HX 
cnHHOM. 8 TO )Ke BpeM.s! nonepe'lHbie pa3Mepbl nHOHHOro non.si, KaK 3TO cneeyeT H3 

5qT06bl nO)l'!epKHyrb 3<pq>eKT, Mbl B3lIJIH 13 = 0,75, XOTll Ml! aTOMa Eopa 13"" 10-
2

• 
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peJUITIIBIICTCKOro noTeHUIIaJia lOKaBbl, OCTaIOTCll HeH3MeHHblMH C pOCTOM CKOpOCTII 

(CM., Hanp., [42)). TiocKOJlbKY no COBpeMeHHbIM npeACTaBJieHllSIM aAPOHbl COCTOllT H3 

KBapKOB, KOTOpbie B3alIMOAettCTBYIOT nYTeM o6MeHa rJIIOOHaMII, TO B npeAeJie IIMeH

HO KBapKII o6pa3yroT q>aKTII'IeCKII «rpaHwmyro o6JiaCTb» aAPOHOB. Ho::iToMy, H3Me

Heu1Ie nonepeqHblX pa3MepoB aAPOHOB (R l.) AOJI)KHO . onpeAeJillTbCll [JO.BeAemrnM 

KBapKOBOro, T.e. CnlIHOpHoro nOJill. PacqeTbl C IICilOJib3OBam1eM peJillTIIBIICTCKOro 

KBapKoBoro nOTeHu1Iana lOKaBbI YKaJbrnaroi Ha pocT Rl. - ([ny)0
•
8

. 3rn AOJI)KHO 

nplIBOAIITb K COOTBeTCTByroll{eMy pocTy nonepe•moro Ce1IeH1Ill nponopUIIOHaJibHO 

(lny)1,6_ 
B HaCTOllll{ee BpeMll ITOJiyqeHHblH pe3yJibTaT llBJilleTCll, MO)KHO CKa3aTb, 

eAIIHCTBeHHblM qJII31I'IeCKIIM 06ocHOBaH1IeM AaHHOro 3KCnep1IMeHTaJibHOro q>aKTa. 

L{o6aBIIM, 'ITO 3AeCb Mb! IIMeeM onpeAeJieHHYIO aHaJIOrnIO C BO3pacTaHIIeM 

IIOHII3aUIIOHHblX noTepb nplI peJilJTIIBIICTCKIIX CKOpOCTllX (3a C'IeT AaJieKIIX CTOJIKHO

BeHIIH). 

llpa8UJIO eJloJKeHllJI 4-eKopoemeu ui II i onpeAeJilleTCll q>opMyJiaMII [51]: 

T.o i .,a a a u
0 + u° 

u-e=uvi' u =u +v 
O 

(44a,6) 
V +e 

3AeCb ui - OTHOCHTeJibHaSI 4-CKOpOCTb, T.e. CKOpOCTb qacTIIUbl B CHCTeMe ITOKOll 

Apyroii, ex= 1,2,3. 

11cnOJib30BaHIIe ITOH»THll OTHOCHTeJibHOCTII 4-CKOpOCTH, II, B qacTHOCTII, MOeyJill 

ee npocTPaHcTBeHHoii qacTII IUI no3BOJilleT cymecrneHHO ynpocTHTb PM H3BeCTHbIX 

Bblpa)KeHIIH. CpeAII HHX Bblpa)KeHIIe J:l,llll 'IHCJia CTOJIKHOBeHHH dv, npOHCXOAllll{IIX 

B OOI,eMe dV 3a BpeMll dt. B HepeJillTIIBHCTCKOM CJiyqae OHO HMeeT BHA (CM., 

HanpHMep., [456]): 

dv = av crr
11
n1n2dVdt. (45) 

3AeCb cr - Ce'IeHIIe B3aHMOAettCTBHll, nl II n2 - nJIOTHOCTH nyqKOB 'IaCTHU. 

Ee peJillTIIBIICTCKOe o6o6meHHe BblfJIMHT TaK: 

dv = cr IUI n;n; dVdt, (46) 

* * rAe nl II n2 - nJIOTHOCTII nyqKOB 'IaCTIIU B IIX CHCTeMax nOKOll. 3m q>OpMyJia 

ropamo HarJIMHee o6menp1IHllTOH 3aITHCH [ 456] C IICilOJib3OBaH1IeM MeJIJiepoBCKOro 

nOTOKa. 

11:JBeCTHaSI HHBapHaHTHaSI nepeMeHHM bik [52], npHMeHlleMasi B peJillTHBHCTCKOH 

siAepHoii q>H3HKe, Bblpa)KaeTCll qepe3 ui. Tiomu'ID! i=l II k = 2, 1IMeeM: 

b12 = 2 (u°- e), IUI = b
12 

(1 + b
1
/4e). 

16 

(47a,6) 

AHmU<JaemUijbl [53]. Cneuuq>uqeCKHM pe3yJibTaTOM TeopHH OTHOCI-HeJibHOCTH 

llBJUleTCll TO, 'ITO B ee paMKaX 3Heprnll £ onpeAeJilleTCll KaK 

o dxo 2 dt 
E=p =me -=me - . 

d't d't 
(48) 

Tio3TOMY nplI OTpa)Kemrn speMeHH t = -ltl Mbl 6yAeM mteTb ABII)KeHHe 061,eKTOB C 

OTpuuaTeJibHOH 3Heprneii p0 = -1£1 BCITllTb BO BpeMeHH. 3To ITOJIHOCTbIO auanorn'IHO 

ABH)KeHHIO B OTpHuaTeJibHOM uanpaBJieum~ OCH X C IIMITYJibCOM p1 = -Ip I nplI 3ep-x 

KaJibHOM OTpa)KeHHH. Ho nepsasi KapTHHa COBeprneHHO ue cornacyeTCll C HallIHM 

noscem1eBHblM OITblTOM, OCHOBaHHblM Ha cymecTBOBaHHH .«CTpeJibl BpeMeHH». Tioc

KOJibKY Mb! npm1aJ:1,1Ie)KHM K MaKpOMHpy, TO He MO)KeM «BHAeTb» qacTHUY, ABH)Kymy

IOCll Ha3aA BO BpeMHH. Mb! 6yAeM BOCIIpHHHMaTb 3TO llBJieHHe «peuHTepnpeTHpOBaH

HblM». 06pa3HO rosopll, ITOA06Ho TOMY KaK nepeBopa1I1IBaIOTCll (peHHTepn

pempyIOTCll) BHAHMbie rna3OM· H306pa)KeHHll npeAMeTOB. Tak, cornaCHO npoueAYPe 

peHHTepnpeTaUHH, MeHlllOTCll MeCTaMH Ha'IaJibHOe H KOHe'IHOe COCTOllHHll, 'ITO 

npHBOAHT K H3MeHeHHIO 3HaKOB 3HeprnH, HMITYJibCa, 3apl1Aa H cniJpaJibHOCTH qacTHU. 

HanpHMep, BMeCTO 3JieKTpoua Mb! «BHAHM» ITOJIO)KHTeJibHO 3apl1)KeHHblll ITO3HTPOH 

HT.IT. 

CJieAyeT noA'IepKHYTb, 'ITO B paMKax AaHHOro ITOAXOAa yCTpaHllIOTCll see TPYA

HOCTH, npncymne AHpaKOBCKOMY BaKYYMY C 6eCKOHe'IHblM 3apsiAOM, 6eCKOHelJHOH 

OTpHUaTeJibHOH 3Heprneii H T.A, C Apyroii CTOpOHbl, TaKHX BOIIpOCOB KaK, CKa)KeM, 

paseHCTBO Mace qacTHU H aHTH'IaCTHU, HX speMeH )KIJ3HH H T.IT. (B o6menpHHllTOM 

ITOAXOAe Tpe6yIOTCll cneuHaJibHble AOKa3aTeJibCTBa) 3AeCb soo6me He BO3HIIKaeT. 

KaK BbITeKaeT H3 CKa3atIHoro Bbillie, no cymecTBY T-onepau1rn npHBOAHT Hae K 

aHTII'IaCTIIUaM. Tio3TOMY, KaK Ka)KeTCll, Hapyrne1rne T-HHBapHaHTHOCTH AOJI)KHO 

npHBOAIITb K HeB03MO)KHOCTH caMOro «BBeAeHIIll» aHTH'IaCTHU, T.e. conpOBO)l(AaTbCll 

HapyrneuHeM JaKoHa coxpaueHHll nenTOHHOro 3apl1Aa (HanpHMep, B K1 -pacnaAax). 
3 

BMeCTe C TeM, ITOCKOJibKY P- II T-onepaUHH llBJillIOTCll «npoeKUHllMH» penll

THBHCTCKOro OTpa)KeHHll R (4-IIHBepCHH), HecoxpaHeHHe P-'IeTHOCTH AOJl)KHO aBTO

MaTH'IeCKH npHBeCTH K HapyrneHHIO R, a CJieAOBaTeJibHO, H ee «KOMITOHeHTbl» T. 

llomeHqUaJlbl zpaBumaquoHHOW noJLJ1 OBU)l()'UJezoe11 me/la [54] nonyqaIOTCll B 

pe3yJibTaTe nopeuu-npeo6pa3oBaHHll noTenuuana HbIOTOHa. C yqeTOM scex oco6eu

HOcTeii H3BeCTHOro nepeXOAa OT ITOTeHUHaJia KynoHa K ITOTeHUHaJIY JlueHapa

BuxepTa [55] 6yAeM l!MeTb 

i 
i=-G mu 

g R 
1 

(1 - j3 cos 0) 'Y. 
re 

(49) 

3AeCb G - rpaBHTaUHOHHaSI ITOCTOllHHaSI, m - Macca TeJia. Ha OCHOBaHHH (49) 

cneAyeT, 'ITO 3KBHITOTeHUHaJibHble KpHBble rpaBHTauHOHHOro ITOJill peJillTHBHCTCKOH 

'IaCTHUbl m.teIOT q>opMy 3JIJIHITCOB, BblTllHYTblX B uanpaBJiemrn ABH)KeHIIll. 
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CoorneTCTBYJOmee pemJTHBHCTCKOe 0606mem1e CHJlh) HhJOTOHa IIMeeT BH,!l 
. k . 

F=-mu G~, (50) 

. . k 
r.lle G~ = cJg1ldx - TeH3op «HarrpH,KeHHOCTH» rpaBHTaUHOHHoro JlOJIH. 

Cpe.llH JlPYIT\X peJyJihTaTOB OTMeTHM TaKHe. 
', 

AHuwmpomwe npocmpaHCm60-6pe.M.J1 (cM., Harrp., [56]) MO,KHO paccMaTpHsaTh 
KaK CJie,llCTBHe yrny6neHHH Harnero rrpeJ(CTaBJieHHH O KOHBeHUHOHaJihHOM xapaKTepe 
JlOHHTHH OJ(HOBpeMeHHOCTII If paCCTOHHHH. B t.JaCTHOCTII, 3TO BhlpaJHJIOCh BO BBe
J(eHHlf B rrpeo6paJosaHHe JlopeHua speMeHHOro rrapaMeTpa PeiixeH6axa mrn rrpocT
paHCTBeHHoro rrapaMeTpa. 

</JpoHmaJlbHQJl qiopMa meopuu (CM., uarrp., [57]), CBHJaHHM c rrepeMeHHhlMH 
CBeTOBOro cppoHTa, HMeeT, JlO-Blf,lllfMOMY, JlOCTaTOt.JHO my60KHH q>HJHt.JeCKIIH CMhICJI. 
TaK, Ha H3hIKe HJBeCTHOro JIOKauHOHHOro OJlhITa 3TO OJHat.JaeT rrepexo,ll K Herrocpe,ll
CTBeJIHO lf3MepHeMhIM Ha OJlhITe speMeHaM OTrrpaBJieHHH If npHeMa OTpa)KeHHOro 
CHrnana BMeCTO 880,lllfMhIX BpeMeHH OTpa,KeHHH If KOOp,llHHaThl YJlaJiemmH TOt.JKlf. 

PeJUlmU6UCmCKOe 6pat4eHue (CM., Harrp., [58]) CTporo rosopH, BhIXOJ(lfT 
Ja paMKH TeopHII OTHOCHTeJihHOCTII. OJ(HaKO s cneUHaJihHOM cnyqae HeHJMeHHOCTII 
PMHyca Mb) HMeeM JIOpeHU-Jl0Jl06Hbie (TaHreUHaJihHhie) rrpeo6pa30BaHHH. 

3AKJUO4EHHE 

O6merrpHHHTM s HaCTOHll{ee BpeMH TpaKTOBKa TeOpHII OTHOCHTeJihHOCTH 
OJlHpaeTCH Ha 3HHllITeHHOBCKOe onpeJ(eJieHJie .llJIIIHbl .llBlf)KymerocH CTep)KHH 
If orrepHpyeT cpaKTHt.JeCKII C MrHOBeHHbIMII (OJlHOBpeMeHHblMII) paCCTOHHHHMlf. YKa
JaHHb)e BeJilft.JlfHhl, O,llHaKo, He HBJIHIOTCH KOMITOHeHTaMH 4-BeKTOpOB, T.e. He Y.llOB
JiernopHIOT Tpe6oBaHHIO nopeHU-KOBapHaHTHOCTII. 

JloKauHOHHM cpopMym1pOBKa, HarrpOTHB, HMeeT JleJIO C «npHroTOBJieHHbIMlf 
rrpttpOJlOH» CBeTOBbIMH, HJ]lf JanaJ,llbIBaJOll{HMH (T.e. HeO,llHOBpeMeHHhIMH), paccTO
HHHHMlf If BBeJ(eHHOH Ha HX OCHOBe peJIHTHBIICTCKOH, lfJilf JIOKaUHOHHOH, .llJIIIHOH. B 
ee paMKax pa3pernaJOTCH npe)KHlfe TPY.llHOCTlf TeOpHH. CpeJllf HHX «rrapaJ(OKC» pbit.Ja- . 
ra JlbJOIICa-ToJIMeHa, «rrpo6JieMa 4/3», HeHHBapttaHTHOCTh 3apH,lla rrpoBO,llHHKa C 
TOKOM If T.Jl. ITpHMhIM 3KCrrepHMeHTaJihHhIM CBH,!leTeJihCTBOM B JlOJihJY 3TOH cpop
MYJIHpOBKII CJIJ)KaT peJIHTHBHCTCKIIH scpcpeKT ,UoJlJiepa, HJJIYt.JeHHe 1-lepeHKOBa If JlP-

Cpe,llH HOBhIX peJyJihTaTOB TeopHH OTMeTHM CJie,llyJOll{Jie:· 
- YCTaHOBJieHtte Toro, t.JTO 3JieKTpttt.JeCKOe (rpaBHTaUHOHJ!Oe) JlOJie 3apH,lla (Te

na) HMeeT cpopMy 3JIJIIIJlCOH,lla, BbITHHJTOfO B HarrpaBJieHHII J(Blf)KeHHH; 
- eJ(HHOe OJllfCaHHe IIJJIYt.JeHHH l!epeHKOBa, rrepeXO,llHOro HJJiyt.Jemrn If HJJIY

t.JeHHH Hlf)Ke qepeHKOBCKOro rropora; 

- OCThHCHe1rne poem cet.JeHHH BJalfMOJ(eHCTBHH rrpH BblCOKIIX 3HepmHx; 
- ycTauoBJieHHe OCUHJIJIHUHH 3JieKTpttt.JeCKOro JlOJIH aTOMOB If T.Jl. 
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