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BBE,ll;EHHE 

Pa3BHTHe ¢H3Hlili conponoJK,ZJ;aeTcli BhlliBJieHHeM nee 6oJib

IIIell. C:l'!MMeTpiiii CBOHCTB IIpOCTpaHCTBeHHhlX l'! BpeMeHHOH 

KOOp.ll;lmaT. Y CTaHOBJieHHali BIIepBI.Ie B TeOpl'!l'! OTHOCl'!TeJib

HOCTII I1yaHKape-3HHIIITell.Ha OHa 6I.IJia o60611IeHa nyTeM BBe

.llCHl'!li co6cTBeHHOro BpeMeHII .llJIIi K<UK,ll;OH l'!3 B3al'!MO,J:eHCTBy

IOIIIl'!X l:IaCTl'!U [1], a 3aTeM l'! .l(Jlli K<UK,ll;OH npocTpaHCTBeHHOH 

TO'llili [2]. ITpe.l(cTaBJIIieT l'!HTepec C.l(eJian. cJieeyroiiiii:il: IIIar l'! 

patTMOTpen, CJie.UCTBl'!Ji TeOpl'!H C paBHLIM '1l'!CJIOM IIpOCTpaH-

• t 1 CTBeHHhlX l'! BpeMeHHLIX KOOp.ll;l!HaT X = X1, X2, X3, 1, t2, f3 . 

B Jll'!TepaType onHcaHLI HecKOJibKo cnoco6on BBe.l(eHl'!Ji 

MHoroMepHOCTH BpeMeHH. B -.:racTHOCTII, B pa6oTax [3]-[6] 
6I.IJia C.UeJiaHa IIOIILITKa BBeCTH CBOe C06CTBeHHOe BpeMii .l(Jlli 

KaJK,ZJ;OH npocrpaHCTBeHHOH OCl'!: 

X= (x, tx) ® (y, ty) ® (z, tz), 

l'! l'!CITOJih30BaTh, COOTBeTCTBeHHO, Tpl'! .llByMepHLIX IIpeo6-

pa30BaHl'!Ji JlopeHna. O,iJ;HaKo B 3TOM cey-.:rae He y.naeTCJi Boc

npoH3BeCTH Ha6.'I!O,l(aeMy!O Ha OIILITe TOMaCOBCKY!O IIpenec

CH!O [7, 8]. 
1 B ,llaJibHeitiiieM TpexMepHhle npoc.Tpaunseuuue H speMenuue BeKTOpbl. B x

H t-UO,llllpOCTpaHCTB8X 6y,llyT OTMCtt8ThC.H: COOTBe'ICTBeHHO, lKHpHblM IIlpM!pTON H 

"lliJIJIUKo:B" .(B pyKomrCJIX yno6uo HCIIOJib30Ban. o6osuaqeuHJI X, i H X). Jl,m1 waTpHII 

6y:neM HCUOJih30BaTh nponucuue JIHTepu. 6-w:epm.1A onepaTop '' ua6.1a" V = ('V, V), 
r,lle BpeweuuoA: onepaTop "¢ = ( -fJjfJt 1 , -8/&t 2 , -EJj&t3 ). Mhl. 6yneM npe.n.noJiaran., 
'ITO KQ- H KOHTpasapHaHTHble BeKIOpbi pa3JIHtraiOTC.fl 3H8KOM CBOHX nponpaHCTBeHHbl.X 

KOMIIOHeHT: (i:)IJ = (x, -ct)r, (X)~> = (x, cf)T~-', B CHJI)I 4ero CKaJI.apuoe TipOH3Bei{e

HHe ab = ab- ab. KaK npaBHJIO, JiaTHHCKHe H rpelleCKHe HHJI,eKChl 6y;n;yi npo6eran, 

3HaqeHHJI k = 1) ... , 3)J.l = 1, ... , 6. KoHcTaHTbl h = c = 1. 
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Ilo)l:o6Ho TOMY, KaK 3TO CJI:eJraJI nrrepnLie KoyJI [9]- [11 J. Mhl 

6_y;n;eM paccMaTpHnaTb nee Tj)l1 npeMeHHble KOOj)Jl:lfHaTbl f; KaK 

conepiUeHHO He3ani1CI1Mble neJII1qHHhl, IIOJJ:'I.I1HIIIO!UlfeCJI o6o6-

m;eHHhiM 6-MepHLIM rrpeo6pa3onaH.I1!IM JlopeHua [12]-[15]. 
Ilpn: 3TOM Kajf(Jl:o:fi ToqKe M TpaeKTOj).l1.11 B t-rrpocTpaHcTne 

t COOTneTCTnyeT C06CTneHHOe npeMJI 

rM 11 [ 3 ] 112 
t =1M, ldil = !~, E(dt;)
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f)l:e HHTerpn:ponaHHe nLIIIOJIHJieTC!I n)l:OJlh npeMeHHO:fi TpaeK

TOj).lllf OT HeKoTopo:fi Ha'!a!IhHO:fi TO'!K.I1 1\10 • BpeMH t MO

meT paccMaTp11naThCJI KaK rrapaMeTp, orrpe)l:eJIJIJOIUH:fi TpaeK

TOp.1110 T ( t). 
C <j:JH3lf'ICCKO:fi TO'IK11 3pCHI1!I TaKO:fi IIO)l:XOJI: OCHOnaH Ha 

flfiiOTe3e 0 TOM. 'ITO HaiUa ncCJICHHa.JI o6pa3onaJiaCh, o6Jia

)l:aJI HeKoTopo:fi cJiyqa:fiHo:fi "cTpeJio:fi npeMeHn:", onpeJI:eJIJie

Mo:fi 3BOJIIOU11e:fi <j:JH3.11'leCK.I1X Ilj)OUCCCOB n Ha'!aJihHhlll MO:>iCHT 

ee cTaHonJieH.11!I. IlocJieJI:yJOm;ee 11H<j:JJIJIUHOHHoe pacnmpeHI1e 

pa3pyiii11Jio rrpocTparrcTneHHo-npeMeHHLie KoppeJIJIU1111 y)l:a

JieHHLIX o6JiacTe:fi, 11 Kajf(Jl:aJI 113 HHX MomeT Terrepb o6rra

)l:aTh cnoe:fi co6cTBeHHoii: npeMeHHoii: cTpeJio:fi t, noo6me ro

nop!I. OTJilf'lHO:fi OT 11CXOJI:HOll "peJIHKTOBo:fi". IlocKOJihKy nee 

rrpouecch! .11 nee TeJia n Kam)l:o:fi H3 TaK.Ilx y)l:aJieHHhlX Jl:pyr 

OT Jl:pyra o6JiaCTe:fi HMeiOT OJI:lfHaKOnhle, KOHrpy·;HTHhle, Bpe

MeHHhle TpaeKTOj)lflf, Mhl He 3aMC'lHCM Jl:OIIOJIHI1Tf'JlhHhlX npe

MCHHhlX KOOpJI:lfHaT 11 nocrrp11HI1M38M ORpymaKl!Ulfll M11p RHK 

OJI:HOnpeMeHHOll C co6cTneHHhlM npeMeHE':Yl t. 

YlHOfOMepHOCTh npeMeffil. OCTHCTC!I )l:JI!I HaC CRphlTO:fi. Ee 

MOjf(HO 6LIJIO 6h! Ha6JIJO.UaTh, E'CJII1 6LI Haiiia BpeMeHHaJI TpaeK

TOp.11!I 6h!Jia 6LI HaKJIOHeHa IIO OTHOIIIeHHKl R "peJII1RTOBOll'' 11 

nee ROMIIOHeTLI npeMeHHLIX TpaeRTOp11:fi If BeRTopon 3Hepr11.11 
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E; = T-; yqacTnyJOIUHX no n3aHMOJI:C:ficTnn:n TeJI, oCTanaJin:ch 

6LI rroJIOl!illTeJihHO orrpeJ~:eJieHHLIMI1 (or. p11c. 1). BMecTe c 

TeM HE'Tj)YJI:HO y6eJI:HThCII, qTo )l:ame He60JihiUOe lf3MeHeHI1(' 

t-TpaeKTopn:n: cnJI3aHo c oropoMHLIM 3HeprorroTpe6JieHHeM 

11 MomeT peaJIH3onaThCJI JIHIUh n rrpoueccax KOCMnqecKoro 

MaCIUTa6a 11Jllf n 06JiatTI1 oqeHb MaJihiX Ilj)OCTpaHCTneHHO

npeMeHHhlX HHTepnaJIOn [17, 19]. 

1'2 
t2 

r, 

t 1 

Puc. 1. Te.w, oeu:J~Cyw,eent eOO.I!b 1WJ<.:.I!O'Ii1WU epe-

Me'li'liOU mpae·x:mopuu T-( t), MO:JICem pacnacmbCR Ha !te

CJ<.:O.I!bli:O 'tacmeu c pa3.1!U'l'lih!MU apeMe'li'lihtM·u rnpae-t.:mo

pua.Mu T-;(t), oo'liaJ<.:o nocmy.~tam 'lieo6pamuMocmu epeMe'liu 

rnpe6yern, 'tm?6bt J<.:oMno'lie'limb! acex rnpexMep'lib!X eeJ<.:mo

poa J'liep2uu E; = ET-; ocrnaaa.~t·ucb ·rw.~to:JIC·ume.l!b'liO onpe

oe.~te'li'lib!M'u. 9rno UC1<:.1!10'taem 803MO:JIC'IiOCTnb pO:!ICOe'H/UR. 

'lUCTnU11, U3 BaJ<.:yyMa, m. 'X:. .Ja"X:O'Ii COXpU'Ii€'1iUR. 3'1i€p2·u·u 

L: ·£; > 0 rnpe6yern, ""mo6b! 'tacmh -x:OMTW'Iie'lim T; = E;/ E 
uMe.l!a ornpu11,ame'li.1!1>Hb!U JHa-x:. 
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BhlrrOJIHCHHLie nccJie,!loBaHHJI [11], [16]- [23] y6e)l(,!la!OT B 

TOM, 'ITO B o6JiaCTH MaKpOCKOIIH'ICC!illX ( HCKBilHTOBLIX) JIB

JICHHfi paCCMaTpHBilCMOC MHOronpeMCHHOC o6o6rueHH8 JIB

JIJICTCJI JIOrH'ICC!ill IIOCJIC,!IOBilTC.IILHLIM H HC IIpOTiiBOpe'IHT 

HH O,!IHOMY H3 ll3BCCTHLIX cerO,!IHJI 3KcrrepHMCHTaJll>HLIX cjJaK

TOB. 0TM€'1€HHO€ B pa6oTe [24] paCXOJl(,!ICHHe paC'!CTHOrO 

u Ha6JI!O.llilCMoro cMeiUeHHfi rrepureJIHJI rrJiaHeTLI MepKyJmfi 

o6ycJIOBJI8HO CIICI(Hil.IILHLIM llj)C,!IIIOJIOJKCHHCM 0 BpeMeHHLIX 

TpaeKTOpHJix 3Toli rrJiaHeTLI 121 CoJIHna. IIpu 6oJiee TO'I

HOM paCCMOTpeHHH MHOrOB]Jt'Mt'HHaJI IIOIIpaBKa COCTaBJIJICT 

ncero JIH!llh 10-8% >KcnepHMCHTilJihHoro Ha6JIIO,!IaeMoro cMe

IUCHHJI [18, 19], [23] HilMHOrO MCHhlll€ TO'IHOCTH H3Mepe

Hl2!H. Y'!eT Heo6paTHMOCTH npeMeHn:. T. e. Tpc6onaHn:e 

dtjdt 2 0, o6eCIIC'IHBileT IIOJIOJKllTCJihHY!O ,!lecj>n:HllTHOCTh 

3Heprllll ll YCTpaHJieT OTMe'!CHHhle B pa60TilX [25, 26] Tpy

JIHOCTH C B03MOJKHhlM IIOJIBJieHlleM OT]JllU:ilTCJILHh!X :~Heprn:fi. 

IJoJIBJICHHe 06b€KTOB C "llHhlM BpeMeHeM" MOJKHO OJKll,!lilTh 

B o6JiaCTJIX c cnJihHOil: rpann:Tarr:neit r.ne rroHJITHe >Hepnrn, 

eCJill nepHTh :~fiHlllTCHHOBCKOJl. TeOpllll rpaBHTilU:HH, YTJlil'IH

BilCT CBOfi 06h!'!Hhlll CMh!CJI ll 1\JiilCCll'leC!illii: 3ili\OH COXpaHe

HHJI olHeprHH CTaHOBHTCJI HCTO'!Hh!M. CoopyJKaCMhl€ B Ha

CTOJIIU8C BpeMJI 60Jihll!IIC ,!18P'KTOphl rpaBHTanHOHHhlX BOJIH 

II03BOJIJI!OT 3aMeT!ITh rrpHMCCh BOJIH C II3M8H8HHh!Mll Bpe~feH

HhlMH TpaeKTOpHJIMII, CCJIII OHll !Ij)IICYTCTBY!OT BO BCIIJie

CKaX II3JIY'ICHHJI, B03HHKilKliUCrO !Ip!I KOCMll'ICC!illX 1\aTaKJIII3-

~IaX [22]. 
hal\ yme OTMC'IilJIOCh Bhllll€, IIpOJIBJICHHC CKph!Th!X OT HaC 

ll3MepeHn:fi BpCMeHII B03MOlKllO TilKJKe B MHKpOCKOIIll'ICC!illX 

nporr:eccax, r.ne coxpaHeH!Ie :meprnn n Heo6paTHMOCTh npe

MeHH (rrpu O'ICHh MilJih!X ~Ill ~f) BllpTya.JILHO Hapyll!a!OTCJI. 

I1ccJie.UOBaHHe CBJI3aHHh!X C 3TIIM JIBJICHHfi Tpe6yeT pa3pa-
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6oTKH MHoronpeMeHHoii: KBaHTonoii: TeopHH. IIepnLie ll!arH B 

3TOM HarrpaBJICHHII C,!ICJiaHLI B pa6oTaX [12,25]. IJ;em,IO Hil

ll!Cfi CTilThll JIBJIJICTCJI ll3Y'IllTh pell!CHHJI ypaBHCHHJI ,lJ;HpaKa 

B CJIY'IilC npOU360.11.'b'li'btX BpeMCRHhlX TpaeKTOpllft 'lilCTHn ll 

pa3Bl!Th TeopH!O KBaHTOBilHHJI CIIHHOj)HOrO H 3Jl8KTj)OMarHHT

HOro IIOJICH B llpOCTpaHCTBe C BCKTOpHLIM BpeMeHeM. 

CJienyJOIUHH pa3,!1CJI Hall!eii: cTaThll nocnJIIUeH pell!eHH!O 

MHOronpeMCHHOrO ypaBHCHHJI ,lJ;HpaKa. 8TOT pa3.ll;8Jl MOlKCT 

TilKJKe CJIYlKllTh rrpHMCj)OM Toro, KaK CJie,!lyeT o6paruaThCJI 

c MHoronpeMeHHLIM cj>opMaJil2!3MOM. B pa3,!1CJie 2 rroey'leHLI 

MHoronpeMeHHLie ypanHeHHJI IIayJil2! 121 Illpe,!112!Hrepa. B pa3-

,!leJiax 3 121 4 o6cy)l(,!la!OTCJI rrpaBHJia KBaHTOBaHHJI rroJiell. H 

IIOKa3aHO, 'ITO 11pll llCIIOJih30BaHHl! l!H.ll;Ccj>HHHTHOJ.l: MeTpHKH 

3HeprHJI KBaHTOB BCer,!la OCTilCTCJI IIOJIOJKllTCJihHO onpe,!ICJICH

HOft. B pa3,!1CJie 5 cyMMHpOBilHhi OCHOBHLI€ pe3y.JILTilThl. 

l.BOChMHKOMITOHEHTHhlECITHHOPhl 
,ll;HPAKA 

CJie,!lyJI pa6oTe [25], 3arrH!lleM MHoronpeMeHHOe nochMH

KOMIIOHeHTHOe ypaBHCHll€ ,lJ;npaKa B Bll,!l€ 

(i 1''¢ +e)' A- m)ll! = 0 (1) 

C MaTpHnaMH 

ri = ( -~; L:; ) ( I4 -I4 ) 
0 + 84; I4 -I4 ' ( 

0 a;) 
L:; = a; 0 ' 

(
h 

L:4 = 0 ~)' ( 
-iJ2 

L:5 = 0 i~2 ) ' L:6 = ( -~2 Iz) 
0 ' 
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r,n:e u; ~~ ~ ,ll;BYXKOMIIOHeHTHLie MaTp121D;hl IlayJI1'!, a In - e,l(l21-

H121'lHM MaTp121D;a C paJMepHOCThiO n X n. 
C,n:enaeM aaMeHy 

w(x) = <P(x)e-imfi, (2) 
r,n:e <P = ( ¢ 1, ... , dJsf - 8-KOMIIOHCHTHhlH CIIHHOp , f - IIO

CTOIIHHhlH e,l(l21HH'lHhlH BE'KTOp ( f 2 = 1). ,ZJ:JIJI CB060,n:HOH qa

CT121D;hl 3TOT BeKTOp OIIpe,n:eJIJieT OCT8IOID;eecH HeH3MeHHhlM Ha

rrpaBJieHHC ce BpcMCHHOH TpaeKTOj)H121 ( B 3TOM CJIY'!ae cpyH

KD;Hil ¢ = Wo exp [-i(E- m )] H 1j;0 He 3aBHCHT OT npeMeHH). 

B cnyqae, Kor,n:a A =fi 0 121 HarrpanJienne TpaeKTopHH -qacTHD;hl 

B t-rrpocTpaHCTBe H3MeHJICTCil C Te'leHHE'M ee C06CTBeHHOrO 

BpCMeHH, TaHreHD;l21aJihHhlH BeKTOp f xapaKTepHJyeT Harrpa

BJieHHe f-TpaeKTOpHH B HCKOTOphl.il: IIpOH3BOJihHO Bhl6paHHhlll 

MOMeHT i 0 • YpaBHeHHe (1) Terrcph MOJKHO JarrHCaTh B BH,n:e 

[iiV + eiA- m(1- e)] <P = 0 (3) 
C MaTpHD;e:ii: 

e 
, , ( 71 I4 e23 ) - "(T-

- - -e23 -r1I4 ' 

- - ' A - ( -ir2I2 T3h ) en- ~T- ~4TJ - I . I ' 
-73 2 172 2 

,ZJ:JIJI ,n:aJihHe:ii:IIIero 6y,neT y,n:o6HLIM pacmermTh BoJIHonyiO 

<lJYHKD;HIO Ha ,ll;Be 4-KOMIIOHE'HTHhlX: <P = ( <P', <P"jl'. IlpH 

noM ypanHeH121e (??) TaKJKe pacmerrJIJieTcH Ha ,ll;Ba: 

D<P'- [i'\'4 + e.44- m(1 + rl)] <P" = 0, (4) 

D<P" - [iV' 4 + eA4- m(ll - r!)] <P' = 0, (5) 
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r,n:e 

D = E(iV + eA)- ~4(i'V4 + eA.4) + m823· (6) 

PaccMoTp121M cHa'laJia enyqa.il: cno6o,n:Ho.il: qacTHD;hl. Kor,n:a 

rrone A = 0. Bea orpaHH'l:eHHJI o6mHocT121 MOJKHO c'l:HT8Th, 

'ITO 121MIIYJihC 'l:aCT121IJ;hl HanpaBJieH B,l(OJih OCH z: p = (0. 0, 1). 
Tor,n:a, npHHHMall no BHHMaHHe cooTHOIIIeHHJI 

iV<I>' = p<P', i~<I>' = -i E<P' (7) 

H aHaJIOrH'l:HLIE' BhlpalKPHHil ,l(JIJI <1>
11

, ypaBHE'HHH ( 4) H ( 5) 
MOlKHO 38MCHHTh 'lt'ThlphMH ypaBHeHHJIMH ,l(JIJI 'l:t'THhlX KOM

IIOHE'HT </J2n H 'l:E'ThlphMil ypaBHeHHIIMH ,l(JIJI Ht''ICTHhlX KOMIIO

HeHT ¢ 2n+ 1. Ka)K,l(all H3 3THX rpyrrrr HMeeT no ,ll;Ba HeJaBHCH

MhlX peiiieHHJI. HarrpHMep, ypanHeHHJI "He'leTHofi rpyrrrru" 

(E-mr1+PT3)¢1-ipr2</J:J+imr2¢5-(mr3+PT1)¢7 = 0, (8) 

ipr2</J1 + (E- T1- pr3)¢3 + (rnr3- prJ)¢5- imr21>1 = 0 (9) 

HME'IOT peiiiE'HHC 

</J1 = 1, rP3 = ¢2n = 0,¢5 = ir2gE, ¢7 = g(p + Er3), (10) 

r,n:e g = 1/(m+Erl), 121 peiiieHHP, IIOJIY'lE'HHOE' 1213 (10) II:VTPM 

IIO,l(CT8HOBK121 

P-> -p, 1>1 -> ¢3, ¢3-> 1>1, cPs-> -d>7, ¢7-> -¢s. 
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"qCTHaJI rpynrra" ypaBHCHHfi H, COOTBCTCTBCHHO, JU~a ee pP

IIICHID! IIOJiycra!OTC/! H3 "HC'ICTHh!X pCIIICHHft " ITyTPM 3a1fCHhl 

P---> -p, </J2n---> </J2n+l· 

' i 

fiOJIHhlll Ha6op He3aBHCI!Mh!X pCIIICHI!H <f! s ,l!JI/1 IIOJIOAill-

TCJThHh!X 3Ha'leHnft 3Heprnn E npe,llcTaBJierr B Ta6Jinue 1. 

ArraJiorncrrrh!:ii Ha6op perneHnii: HMceTcl! .ll.JI/1 E < 0 2. 

B OTJIH'!He OT O,liHOBpeMCHHoil: Teopnn, r,lle CKaJI/!p 

- + + 
<I>,<I!, = <P. r4<Ps = (m/E)<I!s <I!,# 0, 

B 6-MepHOM IIpOC'TpaHCTBC-BpeMeHH He3aBHCJIII~M OT Bh!oopa 

CHCTCMhl KOOp,lii!HaT BCJIH'IHHa <l>s<f!s = <f!:r<f!s C MaTpHrrefi 

r = h4r5!'6 = ( 
-L:o 0 ) 

0 )' ' 
~o 

( 
0 h) L:o = J

2 
0 

o6pa~aeTcJI B Hym.: 

<l>s<P,=-Nb,e, N=2mg, f=s+(-1)'+ 1, (11) 

II03TOMy 6o.rree Y.ll.06Ho IICITOJih30BaTI, JIIIHCHHh!e KOM6HHaUHH 

Wu = (2N)-
112 (<Pl ± <l!2), W3,1 = (2Nt112(<I>3 ± <l!4). 

(12) 
2

PemeHiVI, Hai:tnemthle Koy.'loM [11], coOTBPTC'TBYJOT qacrnoMy tJJytJa1o, Korn;a cni1-

HopHaJI 'I<:H'.Tl1Ua iJ.Bll.lKefC.il TO'-JHO B.ll0.1h Bf>eMeHHOfi O<.:H f3: T::::: (0, 0, 1). flpH "HOM 

4tf21~ = ).-1 (TJ ::r= ~2), 4tf~le::::: A-l(il'3 =t= 4l4), 
' . 

f[H').::::: [(£ -i p)/mj-i/:l, a ¢yHHUHW c)- S IIpHBe,lleHl.I D Ta6.TJm{e f. 
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Ta6JIH~a 1 

PerneHH/! <I! s H ol> s ,l!JI/1 MHoroapeMeHHoro ypaBHCHIDI 

.LJ:npaKa (1) B cJiycrae, KOr,lla noJie A= 0 H 3HepriDI 

era emu hi E 2: 0 

l\o I II Ill IV 

¢1 1 0 0 0 

¢2 0 0 1 0 

tP3 0 1 0 1 

¢4 0 0 0 0 

¢5 igET2 g(p- ET3) 0 -g(p + ET3) 

c/;6 0 0 ~972 0 

¢7 g(p + ET3) -igT2E 0 -igT2E 

¢s 0 0 g(-p+ ET3) 

¢1 0 -1 0 0 

¢2 0 0 0 -1 

¢3 -1 0 0 0 

¢4 0 0 -1 0 

¢5 g(p + ET3) igT2E 0 0 

¢6 0 0 g( -p + ET3) igET2 

rP7 -igET2 g(p- ET3) 0 0 

c/>s 0 0 -igT2E -g(p + ET3) 

fioJih3YJICh COOTHOIIICHHCM ( 11) IIJIH HCITOJih3YJI npi!Be,ll,CHHhiC 

B Ta6JIHrre 1 BhlpalRCHID! W -q>yHKURH, MOJRHO y6e,ll,HThCJI B 

TOM, 'ITO peJI/!TRBRCTCKR RHBapRaHTHhle CKaJI/!pHhle llpOR3-

BC,liCHID! 

\i!sWr = T)sbsr, (13) 

f,liC K03¢¢HUHCHT 
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ry. = { 
-1, s = 1, 4 
1, s=2.3 

Ta6JIHQa 2 

(14) 

<l>yHKIInn U. = 2(mg)
112 >Jt • .11 O. = 2(mg) 112 1j/

8 
c 

HO]JM.Iij)OBKOll tf.,Ur = 4mgry5 08 r ,!l;JUI t.rCTh!pex CII.IiHOBhiX 

cocTOI!H.Iift n IIOJIOJK.IiTCJihHoft 3Hepr11.11 E > 0 

s: I II III IV 
UJ 1 1 () 0 
uz () 0 1 1 
U3 1 -1 0 () 

u4 0 0 1 -1 
U5 g(p + E23) g( -p + Ei;) 0 0 
U6 0 0 g( -p + EiJ) g(p + Ei;) 
U7 g(p- EiJ) g(p + Ei;) 0 0 
us 0 0 g( -p- EiJ) g( -p + E:J3) 
UJ -1 1 0 () 

uz 0 0 -1 1 
fi3 -1 -1 0 0 
U4 0 0 -1 -1 
fi5 g(p + E.jJ) g(p- E:;3) () 0 
116 0 0 g( -p + E:J3) g( -p- Ei:J) 
fi7 g(p- Ei;) g( -p- E:;3) 0 0 
fis 0 () g( -p- E:J3) g(p- EiJ) 

>It >It -1 1 -1 1 

s -1 1 1 -1 
T 1 -1 1 -1 

3.n:ech Ei'3 = E(iTz ± TJ). 
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CJie.n;yeT rro.n:t.repKHYTh, triO BO MHoroBpeMeHHOll Teop11n 

OTj)HUaTeJihHOe 3Hat.rCHI1e MOJKeT IIpHHHMaTh HC TOJihKO CJHep

rmr cmmopHoJ:I t.racTii!Uhl E, HO H HOpMa ljls>Jt., I. e. Mhl 

li!MCf>M llf>JIO C ri1Jih6epiOBh!M II]JOCTpaHCTBOM. 06Jia,Z:laiOmi1M 

11H,!J;eqmHii!THOll Mf'Tj)li!KOll. 

BBe.!(eM TCIIC]Jh MaTpli!Uhl 06h!t.rHOro 11 BpeMf'HHOro ( TCMIIO

paJihHOro) CIIIi!HOB [12] 

S = (ilz/.1), i(.1/J, irn2) =a· !4 (15) 
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i = (-irn6, -irn1, -hn5) = -fi, (16) 

jillOBJICTBOpi!IOm.lie ,LUJYM C.liMMCTj)l1t.rHh!M COOTHOmeH!II!M f1a

jiJili 

S;Sk = E'ike/tSe + O;kl8 T;'4 = E'ikeiiTt + O;kfs 

C IIOMomhiO :HHX 11:aiplii.\ Bhlt.rliCJICHhl II]JliBC.!(CHHh!e B Ta-

6JI!Il.\C 2 3Hat.rCHRJI II]JOCTpaHCTBCHHOH H BpeMeHHOll CIIIilpaJih

HOCTeft 

S = ljlsS(pjp)>Jt, = ±(pjm)lj/s>Jt, (17) 

( 3HaKiil "+" li "-" COOTBCTCTBYIOT CllllHOBh!M COCTOI!HRJIM !i = 

1,2lis=3,4)li 

T = lj/s'TfW 8 = -(Ejm)lj/s>Jt.,. ( 18) 

B nnx BhlpaJKeHmrx yt.rTeHo, t.rTo B cliJIY ypaBHeHmr ll!IpaKa 

21JIII IIJIOCKOH BOJIHhl pi'>Jt = -mlJt, II03TOMji 

lji"(~W = -m-lljl(rv(~ + "f~/v)p">Jt = -m- 1ylj/>Jt. 

II 



fiOH!iTHO, 'ITO -.:raCTJill::(l>l C pa3JI!l'l:a!Oll(e:ii:CJI BpeMPHHOll 
CII!Ipam.HOCTb!O MoryT !IpOIIBJIJ!Tb CBOII oco6eHHOCTII Jllllllh 
no B3aHMo.n;eilcTmmx, HJMeHJi!Oll\IIX TpaeKTOp!IH i. Bo ncex 
.n;pyrHX CJIY'l:MX TaK!le -.:raCTHUhl He pa3Jlll'l:.111fbl ME'lK.llY C0-
6ofi. 

2. HEPEJI.HT11Bl1CTCKOE llPl1BJll1JKEHl1E 

BepHeMCII K ypanHeHHJIM ( 4) - ( 6). ITo aHaJiorH.II c o.n;Ho
npeMeHHOil TeopHefi 6y.n;eM rrpe.n;rroJiaraTh, 'ITO <]/' <f: <I>'. 
8To !I03BOJIJieT rrpeHe6pe-.:rb B ypaBHE'Hllll ,!l;JIJ! <]>" 'l:Jl('HOM 
( i\7 4 + eA4), rrocJie qero ypanHeH.IIe .n;JIJI <I>' MOJKeT 6h!Th rrpe.n;
cTaBJieHo B B.ll,!l;e 

[P4 + m(1 - T!)] <l>+ 

1 ' • 2 

( 
--, (EP + ~4?4 + m823) <l> = 0, (19) 

m 1 + T1 

r.n;e P = iV +eA. II rrepeo6o3Ha;eHo <I> = <l>'. 
Mcrrom.3yll cnoilcTBa MaTpHU E, MOJKHO y6e.n;llThCJI B crrpa

Be.n;JlllBOCTH TpeX CJie.D;y!Oll\IIX COOTHOll!eHHll: 

(E(iV + eAJ)
2 

<I>= ([iV + eA)2 - ea-H] <I>, H = V x A; 

E(iV + e.4 + mT)2<l> = [-(iV + e.4 + m7-)2 - eT1Gl] <I>, 

r.n;e G = - V x .4, X = (X5, X 6) ~ .n;nyMepHhlfi BeKTop B 
t-rro.n;rrpocTpaHCTBe, a MaTpnua npeMeHHoro crrnHa (16) 

( 
0 12 ) . T1 = i~5~o = h 0 ' 

12 

1 

I 

[E(iV + eA)E(.4- mT) + E(.4- m7-)E(iV + eA)] <I>= 

[ieEE(V A- VA)]<]>= ieE;E3+k[ik<I> = ea-;(f;3T2-fi2'I:~)<l>, 

r.n;e_ (6 x 6)-MepHb!H TeH30p 3JIE'KTpH-.:recKoro rroJIJI i: = A V
'\7 A, IIH,!l;eKC k = 2, 3, .11 ,!];Be KOMIIOHeHTbl BpeMeHHOfO C!IllHa 

( 
0 iJ2 ) 

T2 = -iJ2 0 ' ( 
h 0) 

T3 = 0 h 

YpanHeH:ue (19) Terrepb MOJKHO 3arrHcaTh B B.ll,!l;e 

[P4 + m(1- Tt)) (Pt + (iV + eA)2- ea-H-

- - 2 - (i\7 + eA + mi) - eTjG1 + a-;(£;3T2- f;2T3)<l>. (20) 

YcJIOBHe Ill" <f: Ill', KaK 3TO cJie.n;yeT R3 Ta6Jllln; 1 ll 2, Tpe-
6yeT, 'l:T06bl 6b!JIII MaJibl ROMIIOHE'HTbl BpeMeHHOfO BeRTOpa T2 

.11 T3, T. e. 1 + TJ c:: 2, 1- T1 = 7-2 /(1 + T1) ~ 0. Mb! 6y,n:eM 
TaKme rrpe.n;rroJiaraTb MaJIOCTh rroTeHn;RaJia A 2, a TaKJKe npe
MeHHh!X rrpoR3BOJJ.Hh!X V 21j;RV A. C y-.:reToM 3TRX rrpR6JIH)!(e
HHR IIOJIY'l:HM 4-KOMIIOHeHTHOe BOJIHOBOe ypaBHeH.Ii!e 

i~~ = [(1/2m)(iV + eA)
2

- (e/2m)uH + eA4+ 

(iej2rn)a-k([k3T2- fk2T3))1l!, (21) 

13 



KOTOpoc ll! JiBJI/lCTCJI MHOrOBpeMCHHhlM o6o6meHli!E'M li!3BC

CTHOrO paBHemm ITayJIH. BpeMeHHaJI rrpoli!3BOJJ:HaJi B Jie

noll: 'laCTll! MOlKCT 6h!TL rrpe,ncTaBJICHa B 6o.Tiee Cli!MMCTpll'IHm1 

Bll!,ll;C 

d>JI = d>JI dtk T = ·J-"9>JI = d>JI. 
dt dtk dt k df 

CJieeyeT OTME'Tli!TL, 'ITO ypanHerme (21) He co,neplKllT B JiB

HOM Bll!,ll;E' KOMIIOHCHT BpeMeHll! Tz ll! TJ. )J,pyraJi OC06E'HHOCTL 

:3Toro ypaBHCHli!Ji COCTOli!T B HC3pMli!TOBOCTll! TaMHJILTOHll!ilH3, 

o6ycJIOBJICHHOH 3Cli!MME'Tpll!eH TCH30pa 3JICKTpli!'ICCKOTO IIOJI/l 

E;k: B o6meM cJiy'lae E;k =/= Ek; 3
. 

C <jJYI3ll'lCCKOH TO'lKll 3pCHli!Ji, 3TO BhlpHlK3CT TOT qmKT. 

'ITO IIO,ll; ,ll;CHCTBli!CM ,ll;OIIOJIHli!TE'JILHhlX IIOJICBhlX KOMIIOHCHT 

Ak, k = 5, 6, li!3MeHJieTCJi HarrpaBJieHYie BpeMeHHoll: TpaeKTO

pYIYI 'laCTY!I(hl f YI, COOTBCTCTBCHHO, BCKTOp 3Heprrm £ = Ef. 
3aBHCIIMOCTL 3HC]JTll!ll OT B]JCMCHll! K3K pa3 ll! OTpalKaCTCJI B 

HC3pMli!TOBOCTll raMli!JILTOHll!aHa. 

3. KBAHTOBhiE COOTHOIIIEHH.H )J;JI.H 

8JIEKTPOMArHHTHOrO fiOJI.H 

)J,aJiee Mhl 6y,neM IIOJIL30BaTLCJi Cli!CTCMOH KOO]JJJ:HHaT C 

OCLIO t 1, rrapaJIJICJILHOfi TpaeKTOpHH IIOJI/l f = (1, 0, O)T B t
rrpocTpaHCTBe, KOTO]J3Ji B OTCYTCTBIIC B3aHMO,ll;CHCTBllH OCTa

E'TCJI HCll3MCHHOH. (IJepeHTll K JJ:]JYTli!M CHCTE'MaM KOOpJJ:HH3T 

3 HanpHMep, B CJI,YYae TIJJOCKO~ HOJIH.bl C. JIOpeHUeBCKOR KaJU1.6pOBKOH [9] 

( 

0 k, As(k) k 1 As{k) ) 
E(k) = -..,A2(k) k,A,(k) k,Adk) , w = lkl. 

-,.;A3 (k) k3 .45(k) k3 .46 (k) 

14 

MOlKHO C IIOMOm:LIO o6o6meHHhlX JIO]J€HD;f'BCKllX IIpeo6pa30Ba

Hll!iJ: [ 14.15]). B noM cJiy'lae '3JIE'KTpo1rarHli!THhlfi rroTeHD;HaJI 

MOlKHO IIpE',ll;CT3Bli!TL B Bll,ll;C 4-MCpHoro li!HTerpaJia <llyphe 

A= (27r)-3/2 j d4pli(f>z)Apeif>x = 

(27r)-2/3 j d3p (A(p)eif>x +A +(p)e-if>x), (22) 
2p 

r,ne p = [p[, A +(p) = A( -p ). KaK CJie,ncTBll!e o6o6meH

Holl: JiopeHD;eBcKofi KaJIH6poBKH 9 A = 0 [10, 21 J CKaJI/lpHoe 

IIpOH3BC,ll;CHll!e pA(p) = 0 . 

113 36-KOMIIOHCHTHOTO TCH30pa 3H€pTll!ll-HMIIyJILCa 

T _ _!__ (8.4" 8A" _ ~li 8A~ 8A,) (
23

) 
1'"-4 0\;) 21'V;, <l • 

7r UXv u:J.:I' UXtJ UX;J 

cJie,nyeT BhlpalKeHue JJ:JI/l 6-MepHoro BeKropa 3Heprnu

li!MIIyJILca 3JICKTpOMaTHli!THOTO IIOJI/l 

·j 3 k PI' = -'1 d X T,,,3+kT = 

ljd3pd3p',( ')('" {1/2) __ ,, k) 
- u p- p p ~T- pp "1'3+kT X 471' m/ 

[A(p )A+ (p') +A +(p )A(p')] = 

4~ j d
3
p (pl'fp) [A(p)A +(p) +A +(pJA(p)], (24) 

r,ne IIpHHJITO BO BHHMaHHC COOTHOIIICHHE' 

I •• (1/2)• •I£ k -· p I'PT - pp "~<3+kT = PI'PT = PI'P· 

15 



B KJiaccH"l:ecKoii: (HeKBaHTOBOii:) 3JICKTpO,IU!HaMHKe :mep

f:IIJ! noJIJI E = Pf co,n:epiKHT oTp:uu;aTeJihHbl<' qJieHbl, CBJI-

3aHHhie C ero BpeMeHHhiMll KOMnOHCHT3Mll V > 3 ( C:M. 

TaKiKe [12, 13]). C OTp:uuaTeJihHhiMll qJieHaMR, nopolKll.a

C:MhiMR CKaJIJipHOH KO!.IIIOHCHTOH A4 ( p) Mhl BCTpe"l:aeMCJ! ll 

B o6h!qHo:ii oJJ:HoBpeMeHHOH Teop:u:u, r,n:e, DAHaKo, 6Jiaro,n:apJI 

JIOpeHU€BCKOH Ka!Ill6pOBKE' :IIX BKJia,n: KOMneHCRpyeTCJ! BKJia

,ll;OM npo,n:oJihHOH KOMIIOHeHThl A3(p ). Bo MHoroBpcMeHHO:ii: 

TeopRH TaKaJI KOMIIeHCaU:IIJ! TaKiK€ HMeeT M€CTO, HO noJie

Bhl€ KOMnOH€HThi i\5 H A6 OCTa!OTCJ! HCKOMneHC:IIpOBaHHhi1fll 

:11 naroT oTpHnaTCJihHoii: BKJian a 3Hepr:uro noJIJI ( 24). B 3TOM 

cJiy"l:ae, "'T06hi o6ecneq:II:Th !IOJIOiKHTeJihHY!O ,n:eq>HHI'!THOCTh 

KOMnOH€HT B€KTOpa 3HeprRH pk+3, Mhi JJ:OJljl(Hhi HaJIOiKHTh Jl:O

nOJIHHT€JlhHO€ Tpe6oBaHHe 

A(p)A+(p) +A+(p)A(p) = 2\A(p)\
2 2 o, (25) 

T. e. BeKTop-noTeHu;HaJI A(p) noJljl(eH 6hiTh npocTpaHCTBCHHo

nono6HhiM. 3To ycnos:ue JIBJIJICTCJI cnencTBReM Heo6paTH

MOCTH BpeMCHH, nocKOJlhKY 3JICKTpoMafH.llTHhie BOJIHhi C OT

pHu;aTCJihHhiMH l(OMIIOH€HTaMI'! 3Hepr.llll ( 60JihlllllM.ll ROMIIO

HeHTaMR A 5 u A6) cooTBeTCTBYJOT o6paTHoMy JJ:BRiK<'HH!O no 

speMeHH no KpaitHe:il: Mepe BJJ:OJlh OJJ:HOH 1'!3 oce:H. t;. B qa

CTHOCTH, He MOiKCT 6h!Th pacrrpOCTpaHJ!!Ol!IllXCJ! Jllllllh B t

npoCTpaHCTB€ BOJIH c noTeHnHaJioM A= (0, A) [21]. 

EcJII'! Tencph BBecTR HopMupoBaHHhif' l!ICCTH1icpHhlc aM

IIJIRTyJlhl a(p) = (4Kp)
1f2A_(p), IIo,n:q:IIHJ!!Ol!IRCCJ! ycJIOBHJ!M 

[a;(p), av(P')] = 9pv.5(p- p') (26) 

[ap(p ), av(p')] = [a;(p), a~(p')] = 0. (27) 
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C MeTpll"lCCRHM TCH30pOM 9pv = Dpv Jl:JIJ! /1, V :<::; 3 ll 9pv = 

- 81w nJIJI 11, v > 3 ( T. e. RaR ll B o6hlqHo:ii OJJ:HOBpeMeHHo:ii 

TeOp:lll'! Mhl nOJ!h3YCMCJ! HH,n:eq>RHHTHOH ME'TpRROH), TO BeRTop 

''lHeprHH-RMnyJihCa 3Jl€RTpoMafHHTHOf0 IIOJIJ! 

p = j d 3pp [a+(p)a(p- a+(p)a(p] 

3 

L j d 3pp [nk(P) + n3+k(P )] +Pop, (28) 
k=l 

rne IIOJIOiKHTeJ!hHhle B€JII'!"'RHhi nv npencTaBJIJI!OT co6o:it q:~~

cna q>oTOHOB, 06Jia,ll;a!Olll;IIX noJIJip.ll3aiJ;ReH BJJ:OJih OCR Xv, a 

pop - BaKyyMHOe 3HaqeHRe 3HeprHR-RMnyJihCa. 

4. KBAHTOBAHI1E CIII1HOPHOrO IIOJ1.H 

AHaJIOfll"'HO 3JieRTpOMafHRTHOMy nOJI!O cnRHOp IJi(:il:) 

MOiKHO npencTaBRTh B BR,n:e 4-MepHoro HHTerpana <l>yphe: 

4 

IJi(:il:) = (27r)-3/2 L j d 4p .5(p2 + m 2)A,(p )U,(p )eii>x, 

s=l 

(29) 

rne U, - rrpnBe,n:eHHhle B Ta6n:~~u;e 2 (nJIJI "l:aCTHoro cny"laJI 

p = (0, 0, 1)) pel!ICHHJ! MHOfOBpeMeHHOfO ypaBHeHHJ! )J,R

paKa. 

fipRHRMaJI BO BHHMaHRe CBOHCTBa 0-q>yHKJ:{RH, pa3JIOiKe

Hll€ ( 29) nepennl!IeM KaR 

4 3 
IJi(:il:) = (27r)-3/2 L J ~X 

•=I 2EP 

(A,(p )U.(p, Ep)eipx-iE,t +A,( -p, )Y.(p, Ep)eipx+iE,t). 

(30) 

li 



3.nech Ep = (p2+m2 ) 112 , a cmmop V.- peiUeHJre ypaBHeHIDI 

.ll:HpaKa ,nJIJI Ep < 0, 
J13MeHHB 3HaK HMIIYJihCa p BO BTOpOM '!JleHe IIpaBOH 'laCTH 

ypaBHeHIDI ( 30), IIOJIY'IHM 

4 3 
IJ!(x) = (27!-)-3/2 2:: j __l!_x 

s=l 2Ep 

(A,(p)U,(p)eii>x + B;(p)V.( -p)e-if>x)' 

r.ne f>x = px- Ept n o6o3Ha'!eHo B;(p) = A,( -p ). 

tz, Ez 

(-E,,E,) • (E1 , E2 ) 

( -E1 , -E2). • (E,, -Ez) 

( 31) 

t1, E1 

Puc. 2. Yc.weue dtjdt 2:: 0 pa3pewaem AUWb me epeMen-
1-tbte mpaenmopuu i( t) c rwAo::HCumeAbnou :m.epzueu E = 
ei = (E1, E2), nomopbte pacnoAo::HCeHbl il nepiloM naa
apanme. Ompuu.ameAbl-tbte noMnonenmbt zmepzuu, coom

ilemcrrwy'IOw,ue mpaenmopua,M il apyzux nilaapanmaX, UC· 

nA'IO'I.a'IOmca,. 

AHarrorn'IHO 
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4 3 
t!J(x) = (2x)-312 2:: j __l!_x 

s=l 2Ep 

(A;(p)C',(p)e-ii>x + B,(p)r~( -p)eif>x). (32) 

B OTJ!H'!He OT 06hl'IHOH O.li;HOBpeME'HHOH TeopHH BO MHorO

BpeMeHHOM CJiy'!ae OTCYTCTBYPT :mepreTH'If'CRa/I IUPJlh !:;.£ = 
2m MCJK.lly IIOJIOCT/IMH rHIIep60JIOH,ll;a P2 = m 2 , C"OOTBE'T· 

cTBYIDIIIHMH nonoiKHTf'JihHhlM H oTpHUaTeJihHhlM 3HaqeHIDI1i 

ROMIIOHeHT 3HeprHH. 11eJIUly 3THMH 3Ha'lt'HIDIMH B03MOJKE'H 

TaROH JKP HerrpephlBHhlH rrepexo,n, RaR H MPJIUlY pa3H03Ha

ROBhlMH ROMIIOHE'HTaMH HMIIYJibCa p;. 2ho 03Ha'!aE'T. 'ITO B 

rrpocTpaHCTBe C MHOfOME'f>HhlM BpeMeHeM, BOo6me fOBOpii. 

HCJ!h3/I O.li;H03HaqHO pa3,li;E'JIHTh IIOJIOJKHTCJ!hHO· H OTpHUaTE'Jlh· 

HO'IaCTOTHI.Ie RmmoHeHThi IIOJI/I. O.nHaKo TaRoe pa3JJ:f'JIPHHe 

CTaHOBHTC/I B03MOlKHhiM, f'CJIH yqeCTh orpaHHqeHHE' Ha Bf>E'· 

MeHHhiP TpaeKTOpHH dtj dt 2:: 0, HaKJia.ll.hiBaPMOE' Hf'OO[l<lTH· 

MOCThRl BpeMeHH ( CM. '!aCTHhlH CJiy'laii .ll;ByMepHOfO BpPMPHH 

Ha pw:. 2). 
llieCTHMepHbiH BeKTOp 3HeprHH·HMIIYJihCa H :~JieRTpH'IP· 

CKHH 3apll.ll; CIIHHOpHOfO IIOJI/I Terrepb MoryT 6I.ITh 3HIIHl'aHI.I 

B BH,ll;e 

. . . lj 4 ' k lj 4 p = - 2 d X Tttk T = - 2 d J: Tl'4 = 

11 4 (- • • - ) 2 d X W{4 VIJ! - VIJ!:41J! = 

4 

L TJs j d 3pNpp [A;(p)A,(p)- B.(p)B;(p)j, 
s=l 

(33) 
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Q = qj d 3x~r4 W = 

4 
L Tis J d 3pNp [A:;(p)As(P) + B,(p)B:;p)], (34) 
s==l 

c OllH03Ha'lHO pa3)'1eJieHHhlMll aMITJillTYi'1aMn An B. Ilpn noM 

BBe)'1eHa nemr<rnHa NP = 1/ Ep(Ep + m) n y<rTeHhl cooTHOIIIe

HIDI 

Us(P)r4U,(p) = (Ep/m)U,(p)U,(p) = 4Ep(Ep+m)- 1q.A,, 
(35) 

Vs(P)J4Vr(P) = (Erfm)Ys(p)V,(p) = Npr/Asr), (36) 

Us(P )14 Vr(P) = U,(p )14 V,(p) = U,(p )14 Vr(P) = 0. (37) 

Ecmr nepe:il:Tn K nepeHopMnponaHHnrM aMnJinTyi'1aM a, = 
AsN i12 , b, = b,,Vi/2 

n nnecTn npannJia KBaHTonaHIDI 

[a:;(p), a,(p')J+ = [b;(p), br(P')J+ = 1]sbrsb(p- p') (38) 

[a,(p'), ar(P')]+ = [bs(p), br(P')J+ = [as(p), br(p')]+ = 

[a;(p ), br(p')J+ = 0, (39) 

TO BI.IpalRE'HIDI )'1JIJI 3HeprHH-ID.mym,ca H 3apJI)'1a 3aiTlliiiYTCJI 

B BH)'1e 
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f> = t j d 3pp [n+(p) + n-(p)] +Po (40) 
s=l 

4 

Q = q L j d 3p [n+(p)- n-(p)] + Q0 , (41) 
s=l 

OTKy)'1a MOlRHO 3aKJIIO'lHTh, 'ITO, KaK ll B o6I.I'lHOH OllHOBpe

MCHHOH TeopHH, n+ = a_t(p )ar(p') H n- = b_t(p )br(p') - -
'lllCJia 'laCTHU ll aHTH'laCTI'lU, a 6eCKOHC'lHhle BCJill'lllHhl p 0 

n Q0 -- BaKyyMHnre 3Ha'leHIDI 3HeprHH-HMnymca n 3apJI)'1a. 

MI.I BHi'1HM, '!To He3anncnMo oT 3HaKa HopMnr ~\If 3HeprHJI 

qacTHU:hl (P - Po)+ ncer)'1a ocTaeTCJI noJIOlRHTCJihHO:il: nemr

'lHHO:il:. 3TOT pe3yJThTaT He 3aBHCHT ll OT Bhl6opa CHCTE'Mhl 

KOOp)'1HHaT B t-npocTpaHCTBe. 

5. 3AKJII0"4EHHE 

ITo cpaBHeHHro c OllHOBpeMeHHhlM cnyqaeM ypaBHeHHe 

)lHpaKa B npocTpaHCTBe C TpeXMepHhlM BpCMCHeM llMCCT 

B)'1BOC 60JThiiiee 'lHCJIO JlliHCHHO HC33BHCHMhlX peiiiCHHH, IIO

JIOBHHa KOTOphlX COOTBCTCTByeT ITOJIOJKHTCJThHhlM, a BTOpaJI 

ITOJIO~HHa OTpHU:aTCJihHh!M KOMITOHCHTaM BCKTOpa 3Hep

rlill E = Ef, r)'1e f --- neKTop, orrpe)'1eJIJiromn:fi HanpaBJieHHe 

TpaeKTopn:n: qacTHUhl B t-npocTpaHcTne. B Kali()'1o:il: H3 3THX 

i'1BYX rpynn peiiieHH.lt )'1Ba peiiieHIDI o6Jia)'1a!OT oTpn:u:aTem

Hofi HOpMOH ( 1f;lj; = -1), 'ITO 3aTpyl1HJICT HHTepnpeTai(HIO 

1,0-rpyHKUHH KaK aMTIIDIT)?lhl nepoJITHOCTH. Ol1HaKo ecmr 3a

)'1aThCJI OTipCi'1CJICHHhiM 3Ha'leHHCM npeMeHHOH CIIHpa!ThHOCTH 

T, To HOpMa 1/:-<PYHKUHH ocTaeTCJI 3HaKonocTOJIHHOii. 

B HepeJIJITHBHCTCKOM rrpe)'1eJie noJIHonoe ypanHeHn:e He co

i'1CplKHT )'10TIOJIHJITeJThHhiX BpeMeHHhlX KOOp)'1HHaT T2, T3 I'! He 

OTJTII'laeTCII OT o6nr'!Horo ypanHeHIDI Illpe)'1Hmepa i'1JIII 6ec

cnn:Honofi <racTHI..(hl. 
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RaK II B O,JUIOBpeMeHHOM cJiy'lae, TeopHH rroJIH c TpexMep

HhlM BeKTOpOM BpeMCHII, OIIIICh!BaiOII(aJI B3aHMO.U€HCTBHe C!IH

HOpHOH 'laCTIIIJ,hl C 6-MepHh!M 3JI€KTpOMarHHTHh!M IIOT€HIJ,Ha

JIOM1 MOjl(eT 6hlTL cq:>opMyJIHpoBaHa B raMHJILTOHOBOH ¢'opMe 

ll .UOIIYCKaeT KBaHTOBaHHe B rHJIL6epTOBOM !IpOCTpaHCTBe C 

HH.Ue¢'HHHTHoi:i MeTpHKoil. ITpu :noM ycJIOBHe Heo6paniMo

CTH BpeMeHH o6eCII€'lllBaeT IIOJIOjl(HTeJILHyiO ne¢'HHHTHOCTL 

KOMIIOHeHT BeKTOpOB 3HeprHH KBaHTOB ll O,JUI03Ha'IHOe pa3.Ue

JieHHe 'lacTHU: u aHTH'laCTHU:. He3pMHTOBOCTL 'laCTII raMHJih

TOHHaHa, OTBe'laiOII(eti 3a B3a!IMO.U8HCTB!Ie, OTpajl(aPT B03-

MOjl(HOCTL II3MeHeHIIJI HarrpaBJI€HHH Bp€MCHHhlX TpaeKTOpHi\ 

B3aHMO.UeHCTBYIOII(llX 'laCTIII{ f; H, COOTBCTCTBPHHO, BCKTOpa 

:3HcprHH E; = ef;. CJienyeT 3aMCTIITL, 'ITO He:3pMHTOBOCTh 

MOjl(CT HMeTL MeCTO .lJ:Ojl(€ IIpH IIOCTOJIHHOM 3Ha'IPHHH IIOJIHOH 

:meprHH E. 
RaK BH.ll:IIM, B TeopHII MHoroMepHoro BpeMeHH rroKa He 

y;n;aeTcJI o6Hapyjl(HTL KaKIIX-JIH6o rrpoTHBope'IHH. Bo3MOjl(Ho, 

OHII IIpOJIBJITCJI IIp!I 6oJiee .UPTaJILHOM H3Y'l€H1Ill rrpon:eCCOB 

B3aHMO.UeHCTBIIH 3Jl€M€HTapHhiX 'laC:THIJ,. 
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IEapaiu-~HKOB B C.,--IOpLeB 1\1.3. 
I K.saHTOBaJI. TCOpHH r~oJHI c rpexMepHhiM seKropoM speMcHH 

PZ-99-109 

I, 

HaHacHa CHCTCi\ta JIHHCiiHO HC~!aBHCHMblX, oproroHa.'lhHbiX pewcmfif ypaBHC 4 

HHH ilHpaKa s npocrpaHCTBe c rpexMepHhiM apcMeHeM B o6meM c11yqae npoH3-
rJO.'lhHO HanpaB.TJCHHOH spcMemwH rpaeKropHH '-IaCTHUbi. 06CpK1J.aiOTC.!il CBOHcrsa 
::.THX peweHHH. PaccMorpeHbl B3aHMO.aeHcTsHe c 3J1CKrpoMarnHTHbiM noJICM H ne
pexoil K HcpCJJ51THBHCTCKHM ypasHCHHHM IlaynH H WpellHHrepa. OnpeueneHhi 
npaBHJ13 KB3HTOB3HI-UI CflHHOpHoro H 3JICKTpOM31'HHTHOfO flOJlefl. COXp3H5110IUHe 
uollO.IKHrenbH)lO ueqmHHTHOCTb :~mepnm. B OT..ll-fl·IHe or OllHOspeMeHHOH reopHH 
HOpMa BOJIHOBOH cpyaKUHH MHOfOBpCMCHHOfO ypaBHCHllil llHpaKa OKa3biBacTC51 
3ltaKOriCpCMCHHOfi. (i{JI.jl = ±1) .. 3HaK HOpMbi COXpaHs.lCTCH JlHIIJb OpH HeH3MeHHOM 
HanpaRJTCIUtH BpeMCHH (npH £jJHKCHpOB3HHOM 3HalJCHHH BpeMeHHOH CnHpaiibHO
CTH). Ewe O.UHa OC06CHIIOCTb MHOfOBpCMCHHOii TCOpHH COCTOHT 8 TOM, lJTO ra
MlLlbTOHHaH B3aHMO.ilCJ1:CTBH51 s.lBJUieTC~ He3pMHTOBblM, YTO o6ycnoBJieHO BpeMCH
Hoii ".)aBHCHMOCTblO KO~tnOHCHT BeKTOpa 3Hepnm .. 

Pa6ora Bhlli0JJHCII3 B Jla6oparopmt BbllJHCJ1HTeJibHOJ1: TeXHHKH H 
asroMaTH3al~HH OKHI1. 

np!;":TlpHI!T 06be;vmeHHoro 11HCH!Tyra SJJJ.epHhiX HcCJ1ellOBaUJ.1J:i. Dy6Ha, 1999 

ncpcnon asropos 

Barashcnkov V.S., Yuriev M.Z. P2-99-109 
Quantum Field Theory with the Three-Dimensional Time Vector 

A system of linearly independent, orthogonal solutions for the Dirac equation 
!s found in a space with a three-dimensional time in the general case of an arbi
trary directed particle time trajectory. The properties of these solutions are dis
cussed. The interactions with the electromagnetic field and the transition to the 
non-relativistic Pauli and Schrodinger equations are considered. Rules of the quan
tization of the spinor and the electromagnetic fields preserving the positive defi
niteness of the energy are defined. In contrast to the customary one-time Dirak 
equation the wave function norm has alternating signs \VI.jl = ±l. The sign of these 
norm is conserved onlv for an immitable time direction X for a fixed value of the 
temporal helicity .. Another peculiarity consists in the non-Hermiticy of the interac
tion Hamiltonian which is stipulated hy a time dependence of the energy vector 
components. 

I The investigation has been performed at the Laboratory of Computing Tech-l niques and Automation. JINR. 
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