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}corn no -OTHOllleHIIJO _K HeKOTOpOH 

onpeneneHHOH IIHepuIIanbHOH CIICTeMe cy

mecTiiyeT c6eoKynttocTh co6h1THtt, . OJlHOB~ 

peMeHJfhJX. C KaKHM-mI60 Ha6nJO)laeMbJM 

co6hITIIeM, :na · cosoKynttocTh )')Ke· He 6y

neT He-3aBIICin,IOH OT BbJ6opa IIHepuIIanb

HOH CIICT_eMhl. lJeTbipex~tepHhlH KoiITHH)'-

.. )'M He. pacnanaeTCH .06b~KTIIBHO Ha Ce~ 

. lJeHIIH, cpeniI KOTOpblX 6h~II fa1 ceIJeHHH, 

conep)KamIIe see OJlHOBpeMeHHhle co-

6hlrn» 

A.3tt.HrnTeii,i [ I] 

BBEJ{EH11E 

He)laBHO nonyqeHbl HOBhle II, MO)KHO CKa3aTh, HaH6onee y6e)lHTeflhHbJe·noKa3a-. 

Temcrna · HeK0Bapi1~HTHOCTU·· coKpam~miott. MHHhJ. Ew19 ·· noKaJaHo, •lJTO 

'TP<l.nHUUOHHOe. (3HHlllTeHHOBCKOe). onpene~eirne MHHbl )lBH)KYIUerocH CTCp)KiiH [2] 
nponrnopetiHT nopeHu-mrnapiiaumocrn IIHTepsana [3,4] KaK meecmo,' 3TO onpene~ 

neHHe npOHII3bIBaeT cpaKTHlJeCKU see rIJ)OCTpaHCTBeHHbJe C0OTIIOllleHIIa . TeopIIU 

OTHOCUTeJihH0CTII. HII)Ke MH KpaTKO~Tlf o6menpiurnThlH nonxon·, onttpaIOIUHHC» Ha ' 

)laHHOe onpeneneHue'. M~J t5yneM, cneny» Eopuy [5], HMeHOBaTb 3HHlllTeHHOBCKOi1 . 

Teopttett omo_cmemHocrn (3TO). AnhTep!laTHBHhIH · nonxo~ (noKaUHOHHaH cpop

MynttpoeKa) OrIHpaeTC» Ha KOBapuaHTHOe. _<<JIOKaUHOHHOe onpeneneHHe» .rinHHbl 

[6,7]. Ero cnei:icTBHeM »Bn»eTC:51 yBenHIJeirne (a He COKpamettIIe)nponoJJhHblXpa3Me

poB )l81I)KYIUHXC5! Ten. 

Pa11ee )')Ke BhlCKa3blBMUCb coo6pruKeHH5!,'.lJTO TpanHUHOHHOe ycnOBHe O)lHOBpe~ 

Mf:HHOCTH (lit = 0) JlBYX co6bITIIH (3aCelJeK rIOflO)KeJfU.H :KOHUOB )lBU)Kymeroc.H CTep-
. .·. . . I . . . , 

)KH.H) hpomsopeIJIIT npHHUuny OTHOCHTemHocrn [6] , nocKomKy.JaBIICHT ·oT cncTe-

MhI. OTClJeTa. KaK HeTpyntio y6e)lUThC.H, 3TO yrnep)K)le1me CO)lep)KIITCH II B nepB0M 

npenno)KeHHII npHBe)leHHOH UHTaTbl [l]:·Eonee Toro, CMbICn BTOporo npenno)Kemrn, 

3aKnJOIJaeTC.H B TOM, lJTO. O)lll0BpeMel!llble co6bITU.H' He Moryr o6beKTHBHO npe,i(cTaB

fl.HTh CTep)KeHb ~ pa3HbJX CHCTe~rnx OTClJeTa, . .HMHJOIUHXCH pa3nlllJHblMU celJelllrnMH 

1B 3TOH CBll3H CM .. Tl\lOKe (8] .. 
·, 
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lJeTb1pexMepHoro KOHTIIHY)'Ma. 3TH «cpII3IIlJeCKIIe apryMeHThl», O)lHaKO, )lO CIIX nop 

OCTaJOTCH 6e3 BHHMaHHH, KaK, BnpoIJeM, II nepeoe )l0Ka3aTenhCTBO HeIIHBapIIaHT-. 

HOCTH HHTepsana [9], OTBe1Ja10mero COKpameHHOH MHHe. 

4-11.HTEPBAJI 

PenHTIIBHCTCKHH IIHTepBan - OCHOBHO.H IIHBapIIaHT TeopIIII OTHOCIITeflhHOCTII, 

H03TOMY ero Ha3hJBaJOT TaK)Ke cpyttnaMeHTaflhHhlM HHBapIIaHTOM. Ilo onpeneneHIIJO 

mrnapttaHT - 3TO BeflHlJIIHa, KOTOpaH He II3MeHHeT CBOero 3HalJeHIIH npII nepexone 

OT O)lHOH m1epuIIanhHOH CHCTeMbl OTClJeTa K npyrott. IlocKOflhKY 3TOT nepeXO)l CBH-

3a11 C II3Me_HeHIIeM CKOpOCTH )lBII)KeHIIH, TO IIHBapIIaHTHOCTh IIHTepsana )lOm!CHa 

03HalJaTb ero He3aBIICHMOCTh OT CKOpOCTII, T.e. rIOCTOHHCTBO. 

8 COOTBeTCTBIIH C 3HlllllTeHHOBCKIIM onpeneneHIIeM opIIeHTIIpOBaHHOMY II 

)lBH)KymeMyCH B)lOflh OCH X CTep)KHJO B npocTpaHCTBe MIIHKOBCKOro OTBelJaeT lJeTbl

peXKOMrIOHeHTHaH BenHlJIIHa 

1; = (clit, fix, 0, 0) = (0, le, 0, 0) . (1) 

C yIJeTOM cpopMyJibl COKpameH'}H 

le= t*(I _ ~2t2 , (2) 

rne t* - MHHa CTep)KH.H B rIOKOe, ~c- ero CKOpOCTh, M.H CObTBeTCTBYJOIUero 

HHTepeana IIMeeM 

Sc= l *(I _ ~2)1/2 . (3) 

Ha OCHOBaHHH (3) 3aKnJOIJaeM, lJTO TpanHUHOHHOe onpeneneHHe MHHhl )lBH)Kymero

C.H CTep)KH.H He ynonnernop.HeT Tpe6oBaHIIJO nopeHU-HHBapHaHTHOCTH. Ilocne)lHHH 

pe3ynhTaT M0)KH0 rI0flYIJUTh If HHhlM rIYTeM, ecnH yqeCTh, lJTO Ha OCHOBaHUH (3) npH 

nepeXO)le K CHCTeMe IlOKO.H CTep)KH.H (~ ➔ 0) 6y)leM HMeTh 

s * = l *. 
C 

(4) 

CpaBHeHHe (3) II (4) np.HMO roeopHT O HeHHBapHaHTH0CTH «COKpameHH0ro 

lf!!Tepsana». l1Hb1Mlf cnoBaMH, IJeTblpexKOMilOHeHTHaH BefllflJHHa Lt He eCTh 4-BeK

TOp [9, 10]. 

TaKIIM o6pa30M, Mbl BhJH~eHbl OTKa3aTbC.H OT o6menpHH.HTOro npe)lCTaBneHH.H 

0 COKpamemm npO)lOflhHblX pa3MepoB npH )lBlf)KeHHH, , Il0CKOflhKY OHO npoTHBO

peIJIIT caMOH CYTH TeopHH OTHOCIITeflhHOCTH. OnnaKO If 3TH HOBhJe, Ka3MOCh 6h1 

6eccnopHbJe, «MaTeMaTHlJeCKHe apryMe_HThl» He BCTpeTHnH )l0fl)KH0f0 IlOHIIMaHHH . 
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Ey.11.eM m1.1.1.e.S1TbC.SI, 'ITO npe.11.craMeHHble HIDKe «cpH3H'IeCKHe cpo6pa)l(emrn». 0Ka)KYT

C.SI 6onee y6eJJ.HTeJibHblMH. 

HAPYillEHHE 3AKOHA COXPAHEHH5I 3AP5I,[{A 

PaccMOTpHM 3JieMeHT JIHHeiiHoro npoB0.11.HHKa, n0K0.S11Ueroc.S1 B s* -CHCTeMe H 

* . I . * TI HanpaRJieHH0I'O no OCH x , no K0T0p0MY Te'IeT TOK IIJI0TH0CTH J * = -1 _. YCTb nptt 

* * 3T0M, IIJI0TH0CTH 3JieKTp0H0B p _ H Il0K0.SIIUHXC.SI H0H0B p + 0.11.HHaK0Bbl, a no3T0MY 

* * CYMMapHa.Si IIJI0TH0CTb p = 0. TaKHM o6pa30M, C T0'IKH 3peHH.SI s -CHCTeMbl npoB0-

JI0Ka He .3ap.SllKeHa, 
* * • ,,. 11q = p 11v = 0, (5) 

r.11.e 11q* - 3ap.S!JJ., a 11\I - ofueM paccMaTpHBaeMoro :;ineMeHTa npoB0JJ.HHKa. 

TiepeHJJ.eM Tenepb B .1.1.pyry10 cHcTeMy 0TC'IeTa (S), rJJ.e :;ineKTpOHbI npoB0JJ.HM0CTH 

nOKO.SITC.Sl(j_ = 0) . C yqeT0M cpopMyJI npeo6pa3oBaHH.SI JJ.JI.Si K0Mil0HeHT / JJ.JI.Si cyM

Map11oii IIJI0TH0CTH 3ap.S1J.1.0B B S-CHCTeMe nonyqHM 

*A.2 p = p - + p + = -p _I--' y, (6) 

r.11.e Pc - cKopocTb JJ.BH)KeHH.SI B S-cHcTeMe, y = (1 - p2
)-112. 

TipHRlleKa.SI C00TBeTCTByt01Uyt0 (2) cpopMyny C0KpameHH.SI ofueMa 11 V = 11 V *y-1, 

3aKJIIO'IaeM, 'ITO C T0'IKH 3peHH.SI S-CHCTeMbl npoB0JI0Ka HMeeT n0JIO)KHTeJibHbiii 3a

P.SIJ.I. (cM., uanpHMep, [5]) 
A *A.2 * uq=-ppl1V. (7) 

TaKHM o6pa30M, 0'IeBHJJ.H0, 'ITO B paMKax 3TO Tpe6oBaHHe HHBapHaHTH0CTH 

3JieKTpH'IeCK0ro 3ap.S1.1.1.a ttapywaeTC.SI. DOJlbllie Toro, nonyqeHHblii pe3yJibTaT M0)KeT 

6bnb HCT0JIK0BaH HHa'Ie. HeiiTpanbHblii np0B0JJ.HHK C T0K0M B pe3yJihTaTe npHBe

.11.eHH.SI ero B JJ.BH)KeHHe npHo6peTaeT 3ap.S!JJ. (6e3 0TB0JJ.a 3JieKTp0H0B BO BHe). 

)lpyrnMH CJI0BaMH, HCil0Jlb30BaHHe HeKOBapHaHTHOH Be'JIH'IHHbl npHBeJI0 nae K uapy

weHHIO 3aK0Ha coxpaneHH.SI 3ap.S1.1.1.a. 

B paMKax JI0KaUH0HHOH cpopMynHpOBKH [11] 

11q =j*11v;, (8) 

rJJ.e 4-BeKTOp 3JleMeHTa o6beMa 

* A. * ' 11Vi = (11V y, -p11V y, 0, 0). (9) 
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B pe3yJibTaTe 11q = 0, T.e. Tpe6oBaHHe nopeHu-mrnapHaHTHOCTH 3ap.S1.1.1.a .11.eHCTBH

TeJibllO Bbmonnetto, a cne.11.oBaTeJibH0, 3ap.S1J.1. coxpa1rneTC.S1. 

HAPYWEHI1E 3AKOHA COXPAHEHI15I 3HEPfl1l1 

3ttepm.S1 IlJI0CK0napanJieJibH0ro K0HJJ.encaTopa, nJiaCTHHbl K0T0poro H0pManbllbl 

* K OCH X , paBtrn 

,r 2 
* *·"" ( ) * E = £ v =--al 

87t 
(10) 

r.11.e £ * - IIJI0TH0CTb 3HepmH 3JieKTpH'IeCKoro Il0JI.SI '£" , CJ - IlJI0IUa,[lll ero 
X 

I * • ~ * 
IIJlaCTIIH, - 3a30p Me)KJ.l.y HIIMH. TiocKOJlbKY ·r., (a cne.11.osaTeJibllO, £ ) II CJ ue 

. X 

npeo6pa3yt0TC.S1 np11 nepexo.11.e K .1.1.sm1<ymeiic.S1 c11cTeMe, TO cpopMyna IlJI.SI ::iuepnm 

J.1.Bll)KY1UeI'OC.SI K0HJJ.eHcaTopa 

E=EV=E*al (11) 

6y.1.1.eT cpaKTll'IeCKII onpe.11.en.SITbC.SI BeJIH'IHHOii l. Ecn11 B C00TBeTCTBIIH C 3TO Mbl 

B03bMeM C0KpameHHYIO JJ.JIIIHY [ , TO, 0'IeBHJJ.H0, npHJJ.eM K np0TIIB0pe'IIIIO C H3BeCT-
c 

uoii pen.S!THBHCTCKOii cpopMynoii E = E* y. Eonbllle Toro, B 3T0M cnyqae :;iuepnrn 

J.I.BH)KY1UefOC.SI K0HJJ.eHcaTOpa 6y.1.1.eT MeHbllle ero 3Hepnm B Il0K0e. XoT.SI, KaK H3BeCT

H0, 'IT06bl npHBeCTH K0HJJ.eHCaTop B JJ.BHlKetme, 11eo6XOJ.1.IIMO 3aTpaTIITb 3Hepmt0 

(oHa nepe.11.aeTC.SI KOHJJ.eHcarnpy). 

TaKIIM o6pa30M, B paMKax 3TO Mbl 11MeeM npoTHB0peq11e II C 3aK0H0M coxpa

HeHH.SI :;iuepmu, 06ycnoR11e1moe on.S1Tb-TaK11 ucn0Jib30Ba1meM .11eKosap11aHnmii co

Kpamemmii JJ.JIHHbt. 

TI0.1.1.06Hoii Tpy.1.1.nocT11 He B03HHKaeT [7], ecn11 l 3a,uaeTC.S1 n0Kau11mmoii JJ.J111noii 

l, nOJ.1.'IHH.S1t01Ueiic.S1 cpopMyne YJJ.JIHHeHH.SI l = l *y. r • r 

3aMeTHM, 'ITO npu Bbl'IHCJieHHH 3HepmH .11.pyroro, rpaB1nau11mmoro nom1 .11.alKe 

HCH0Jlb30BaHHe K0BapHaHTH0fO BblpalKeHH.SI (9) JJ.JI.SI 3JieMeHTa o6be!'.1a He ycTpairneT 

OTMe'IeHHOii TPYJJ.H0CTH. )leno B TOM, 'ITO B 3T0M cnyqae, CKalKeM, HJI0TII0CTb 311ep

mu Il0JI.SI 33,[laeTC.SI KOMHOHeHTOii nceBJJ.0TeH3opa 3HepmH-IIMH)'JlbCa (CM., 11anpm1ep, 

[12]). OTMeTHM TaK)Ke neK0BapHaHTH0CTb H3Becnmro YTBep)KJ.l.eHII.SI 06 3KBIIBaJiellT

H0CTH MaCCbl H 3Heprnu. EcnH JJ.a)l(e B OJ.I.HOH CHCTeMe 0TC'IeTa (npu C = J) C00TBeT

CTBYIOIUHe KOJIH'IeCTBa paBHbl, BO scex .11.pymx CHCTeMax 3T0 paBellCTB0 11apywaeTC.SI, 

Il0CK0JlbKY Macca (6y.1.1.y'IH CKaJI.SipOM) 0CTaeTC.SI H0CTO.SIHIIOii, a 3Hepnrn ll3Metl.SleTC.SI 

(KaK K0Mil0Hetna 4-BeKTOpa). . 
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3AKJ1IOYEHI1E 

KaK CJleJJ.yeT H3 npHBe)].eHHblX pe3yJlbTaTOB, o6w.enpH1151TOe npeJJ.CTaBJ1e1me 0 
C0Kpaw.eHHH JJ.BH.lKYW.HXC51 Ten np0THB0pe'IHT 3aK0HaM coxpa11eHH51 3JleKTpH4eCK0ro 
3ap51JJ.a H 3Hepnm. ITonoMy Mbl see .lKe BblHY.lKJJ.eHbl 0TKa3aTbC51 OT 11ero, 3aMeHHB 
BblTeKat0W.HM H3 K0HUenu1m KOBapttaHTIIOH JlOKaUHOIIHOH JJ.J]HHbl npeJJ.CTaBJie~meM 
06 yseJltt4eHHH np0JJ.0JlbllblX paB3MepoB npH JJ.BH.lKetmH. TeM caMblM, M0.lKII0 CKa3aTb 
cnyCT51, 90 neT, H3MeH51eTC51 0)].HII H3 rnaBHbiX Bb!B0)].0B Te0pHH 0TII0CHTeJlbllOCTH. 
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