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CeetuKHKOB H .A. P2 • 12267 
npocrpaHCTBO 8CHMnroraqeCKRX COCTOHKHA B reopHH g~¢ 

npeunaraercH ~OpMynapOBK8 Meroua 8CHMnrorHqecxoA UHK8MRKH, 
no3eonH~WaH npoeecra nocrpoeKHe nyaaxape-aKeap&aHTHoro npocTpaacrea 
8CKMUTOrHqecKHX COCTOHKHA B TeOpHHX C 6e3M8CCOBbiMB qacr&U8MR. 
B KaqecTee npHMepa paccMoTpeHa Teop&H c B38RMOileAcreaeM g~q, 
r11e ¢>- 6e3Maccoeoe cxanHpHoe none. 

Pa6oTa BbmonHeHa e Jla6opaTopaa TeopeTaqecKoA ~H3BKH OHRH. 

npenpBIIT 06'bellHHeHHoro KHCTBTyra Sll8pHioiX accnellOB8HHAo lly6Ha 1979 

Sveshnikov N.A. P2 . 12267 
Asymptotic Space in the gr/Jr/1¢ Theory 

A formulation of the method of asymptotic dynamics is 
proposed, which permits to construct a Poincare-invariant space 
of asymptotic states for jheories with massless particles. The 
theory with interaction gr/11/J¢ is examined as an example, where ¢ 
is a massless scalar field. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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B nocne,L\HHC ro,L\bl, oco6euuo B CBJIJH c nonbiTKaMH nocTpOHTb 

npOCTpaHCTBO aCHMfiTOTHqecKHX COCTOJIHHA B KBaHTOBOA XpOMO· 

,L\HHaMHKC, 60JibWOA HHTepec Bbl3biBaiOT npo6JICMbl, CBJI3aHHbiC 

C HH!PpaKpaCHbiMH paCXO,L\HMOCT JIMH B KBaHTOBOA TCOpHH fiOJIJI. 

Cyll.ICCTByeT npe.n.noJIO)I(CHHe 11·4/, qTo nocne,L\oBaTCJibH~JI npo

UC,L\ypa ycTpaHCHHJI H3 TCOpHH HH!PpaxpaCHbiX paCXO,D,HMOCTeA npH· 

BC,L\CT K npoCTpaHCTBy COCTOJIHHA, CYII.ICCTBCHHO OTJIHqHOMY OT 

!PoKOBCKOrO, H, B qacTHOCTH, fi03BOJIHT TCOpCTHqCCKH OfiHCaTb JIB· 

neuae "ueBbiJieTaHHJI" KBapxoB. OcuoBHaJI TPY.L\HOCTb B !PopMynH

poBKe TaKoA DpOUC.L\YPbl onpe,L\CJIJICTCJI ee JIBHO HenepTyp6aTHBHblM 

xapaKTCpOM, CBJI3aHHbiM C HC06XO,L\HMOCTbiO yqeTa HH!PpaKpaCHbiX 

pacXO,L\HMOCTeA BO BCCX nopJI,L\KaX no KOHCTaHTC CBJI3H. 

C HaWCH TOqKH 3pCHHJI, HaH60JICC fiOCJIC,D,OBaTCJibHbiM fiO,L\XO.li.OM 

K peWCHHIO yxaJaHHOA npo6JICMbl JIBJIJICTCJI HCfiOJlb30BaHHC MCTO.U.a 

aCHMfiTOTHqecKoA ,D,HHaMHKH, COCTOJIII.ICrO B fiOCTpOCHHH MaTpHUbl 

paCCCliHHll B npe,L\CTaBJICHHH, OTJIHqHQM OT npC,L\CTaBJICHHJI B3aHMO· 

,L\CACTBHll. B KBaHTOBOA TCOpHH fiOJlll 3TOT MCTO,D, 6biJI BDCpBbiC 

c!PopMyJIHpOBaH B H3BCCTHOA pa6oTe ll.ll.KyJIHWa H ll.~.~a,D,,D,ee

Ba /5/ npH fiOCTpOCHHH npocTpaHCTBa aCHMfiTOTHqecKHX COCTOJIHHA 

B KBaHTOBOH 3JICKTpO,L\HHaMHKe /K3~/. ~aJibHCAWHC npHMCpbl npH· 

MCHCHHll MCTO,L\a aCHMfiTOTHqecxoA ,D,HHaMHKH ,L\JIJI peWCHHll HH· 

!Ppaxpacublx npo6neM co.n.ep)l(aTCJI B pa6oTax /6·8/. Heo6xo,L\HMo, 

O,L\HaKO, OTMCTHTb, qTQ HCfiOJlb30BaHHC 3TOrO MCTO,L\a CODpJI)I(CHO 

c pli.D.OM TPY.L\HOCTeA, CBl!JaHHbiX c uapyweuueM nyauxape-HHBapu

aHTHOCTH B Tpa,L\HUHOHHOA !PopMyJIHpOBKC npe,L\CTaBJICHHJI aCHMfiTO· 

THqecxoA ,L\HHaMHKH. 

B uacTOllll.leA pa6oTe npe,L\naraeTcll !PopMynupoBxa npe.n.cTaBne

HHJI aCHMfiTOTHqecKOA ,D,HHaMHKH, fi03BOJIJIIOII.IaJI B npHHUHDC no

CTpOHTb nyaHKape·HHBapHaHTHOC DpOCTpaHCTBO aCHMfiTOTHqCCKHX 

COCTOliHHA, OTJIHquoe OT !PoKOBCKOrO, B KOTOpOM CYII.ICCTBYCT HH!Ppa

KpaCHO KOHequaJI S·MaTpHUa, a TaK)I(C fiOJiyqHTb KOJIHqecTBCHHOC 
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OnHCaHHe CTpyKTypbl HH4JpaxpaCHblX pacxo,nHMOCTeH MaTpHl.fHblX 

3JieMeHTOB B npe,ncTaBJieHHH B3aHMO,neHCTBHJL 8 OCHOBe npe,n

JiaraeMOH CXeMbl Jie)KHT TOT 4JaKT, l.fTO HH4JpaxpaCHbie paCXO,nH

MOCTH OTCYTCTBYIOT B npOCTpaHCTBe pa3MepHOCTH n >4. CJie,noBa

TeJibHO, npH n- 4 = E > 0 TeOpHJI MO)KeT 6blTb c4JopMyJIHpOBaHa 

B 4JoKOBC1<0M npOCTpaHCTBe H npH 3TOM "CyllleCTBeHHble" B TepMH· 

HOJIOrHH KBHOWHTbl H YKaBbl !9/ HH4JpaxpaCHbie pacxo,nHMOCTH 6y

,nyT npOJIBJIJITbCJI KaK o6paTHble CTeneHH E B nepeHOpMHpOBaHHblX 

MaTpHl.fHblX 3JieMeHTaX. llepexo,n OT npe,nCTaBJieHBJI B3aHMO,neu

CTBHJI 1< npe,ncTaBJieHHIO aCHMnTOTHl.feCKOH ,nHHaMHKH OnHCblBaeT

CJI npH 3TOM YHHTapHblM onepaTOpOM aCHMnTOTHl.feCKOH 3BOJIIOUHH 

U as (t) B 4JOKOBCKOM npocTpaHCTBe, KOTOpblH, O,nHaKO, CHHryJIJipHblM 

o6pa30M JaBHCHT OT E npH t --> oo H B npe,neJie E --> t- 0 ODHCblBa-

eT nepexo,n 1< He4JOKOBCKOMY npOCTpaHCTBY aCHMnTOTHl.feCKHX co

CTOJIHHH. 0TMeTHM, l.fTO B nocTpOeHHH onepaTopa aCHMnTOTHl.feCKOH 

3BOJIIOUHH Ha6JIIO,naeTCJI npOH3BOJI, CBJI3aHHblH C Bbl60p0M aCHMn

TOTHl.feCKOrO raMHJibTOHHaHa Has (t). 3TOT npOH3BOJI MO)KHO napa

MeTpHJOBaTb, HanpHMep, BBe,neHHeM napaMeTpa T, xapaxTepHJyiO

!llero MOMeHT BKJIIOl.feHHJI aCHMnTOTBl.feCKOrO B3aHMO,neHCTBHJI /T.e. 

Has (t) = 0 npH I tl :S T /. CoBepwHB B xoHue npe,neJibHblH nepe-

XO,n T--> oo, Mbl ,no6beMCJI HC1.fe3HOBeHHJI peryJIJipHOH no r l.faCTB 

uas (oo), KOTOpaJI HapywaeT nyaHKape-HHBapHaHTHOCTb, H npH,neM 

1< HHBapHaHTHOMY npOCTpaHCTBY aCHMnTOTHl.feCKHX COCTOJIHHH. 

B xal.feCTBe npHMepa 6y,neM paccMaTpHBaTb TeopBIO c raMHJib" 

TOHHaHOM B3aHMO,neHCTBHJI gJ,.j;¢, r,nc if; - none MaCCHBHblX 

4JepMHOHOB H ¢ - 6eJMaCCOBOe CKaJIJipHOe none. lloJiyl.feHHble pe-

3YJibTaTbl nerxo o606!lla10TCJI Ha CJiyl.faH B3aHMO,neHCTBHJI BH,na J¢ 

H C HeKOTOpblMH MO,nH4JHKaUHJIMH Ha CJiyl.faH J J1 A Jl• r ,ne J, J J1 -

TOKB MaCCHBHblX l.faCTHU, AJl - 6e3MaCCOBOe BeKTOpHoe none. 

1. IIPOCTPAHCTBO COCTO.JIHHH 
IiE3MACCOBJJX CKAJI.JIPHMX qACTHIJ 

llo,npo6HOe OnHCaHHe npOCTpaHCTBa COCTOJIHHH CB060,nHblX 4Jo

TOHOB B 4-MepHOM npoCTpaHCTBe co,nep)KHTCJI B pa6oTaX /!0, !1/. 

PaCCMOTpeHBe CB060,nHoro 6e3MaCCOBOrO CKaJIJipHoro nOJIJI MO)KeT 

6blTb npoBe,neHO no TaKOH )Ke CXeMe C ,nODOJIHBTeJibHblMH ynp0111e

HHJIMH, CBJI3aHHblMH C ,ne4JHHHTHOCTbiO MeTpHKB. HH)Ke BKpaTue 

H3JIO)KeHbl pe3yJibTaTbl TaKoro paCCMOTpeHHJI. 
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0cHOBHblM HCTOl.fHHKOM Tpy,nHOCTeH JIBJIJieTCJI Heo6xo,nHMOCTb 

BH,nOHJMeHeHHJI CKaJIJipHOrO DpOHJBe,neHHJI B O,nHOl.faCTHl.fHOM npo

CTpaHCTBe (~. )J.eHCTBHTeJibHO, 4JH3H1.feCKHe C006pa)KeHHJI j)KeJia

HHe paCCMaTpHBaTb CHTyaUHH C HeHC1.fe3aiO!liHM Ha BpeMeHHOH 

6eCKOHe1.fHOCTH TOKOM MaCCHBHblX l.faCTHU/ Tpe6yiOT HaJIHl.fHJI B 0 
_, _, -1 --'# 

BOJIHOBblX 4JyHKUHH f(k) •· \k[ DpH [k[ -• 0. llo3TOMY paJyMHO 

~ Kal.feCTBe 0 Bbi6paTb npocrpaHCTBO S 4JyHKUHH OT k ,., f. r,ne 

k ~ 1, ,, •c- [0, "")Ill·: 8 TO )Ke BpeMJI "ecTeCTBeHHOC" nopeHU"HH" 

BapHaHTHOC CKaJIJipHOC npOHJBe,nCHHe B t~: 

dk •.. dk"" • '. 
(f

1
. f )• 1--- f '

1 
(k) f .,(k) -• 1---- / {,Jdt<J f*

1
(,,, k)f" (<o. k) 

~ 2,, '- 2 0 "' 
/1/ 

CHHryJIJipHO DpH YCJIOBHH lim <•J f l 2 (k) / 0 B CHJIY JiorapH4JMH" 
{J)-)() t 

l.feCKOH paCXO,nHMOCTH HHTCrpana no 3HeprHH B /1/ Ha HH)KHeM 

npc,ncne. Cnc,noBaTcJibHO, ,nnJI ,naJibHeil:wcro npo,nBH)KCHHJI HY)KHO 

HH4JpaxpacHo perynJipH30BaTb /1/. HeJaBHCHMO or KOHKpeTHoro 

BbJ6opa pcryJIJipH3aUHH pcryJIJipH30BaHHOC CKaJIJipHOC DpOHJBe,nCHHC 

(f l , f 
2

) A MO)KCT 6blTb npc,ncTaBJieHO B BH,nC 

(ft,f2lA _Al_<ft,f2lo ' (f 1 ' f ~) 1 f- Q(,\)' /2/ 

r,nc npe,llCJI A • t- 0 COOTBCTCTByeT CHJITHIO pcryJIJipH3aUHH, 

(!' 
1

. f
2

) 0,
1 

- KOHCl.fHbie DOJiyTopaJIHHeHHblC 4JopMbl no BOJIHOBblM 

4JyHKUHJIM, DpHl.feM ( f 
1

, f 
2

) O co,nep)KHT JIHWb npe,neJibHbie 3Ha1.feHHJI 

BOJIHOBbiX 4JyHKUHH 

lim "' f 1 .,(o,. k) 
(rJ-) 0 , ..... 

. 
·fl,2(k). /3/ 

Mo)KHO noKaJaTb, l.fTO npH paJyMHOM Bbl6ope perynBpHJaUHH (f 
1

, f~)A 

y,noBJieTBOpJICT BCCM Tpe6oBaHHliM, npe,n'bJIBJIJieMbiM K CKaJIJipHOMY 

npoHJBc,neHHIO /11 Bcne.ncrBHe yKaJaHHoro BblWC cBoil:crsa (f J) 
- c - _;- 1 ;... 0 

,nJill !l>YHKUHH f 1.
2 

EG0 , r.ne '"o·l f.., t" [f(k)- 01. HMCCT Mccro pa-

BeHCTBO (f
1

• 1'
2
),\ -(f 1 .f2 ). 

Ha OCHOBe H3JIO)KeHHOro, Ha,n 6aJHCHblM npocrpaHCTBOM (~, 
CHa6)KeHHblM peryJIJipHJOBaHHblM CJ<aJIJipHblM npOHJBC,nCHHCM /2/, 
06bl1.fHbiM nyTeM MO)KCT 6b1Tb nocTpOCHO 4JoKOBCKOC npocTpaHCTBO 

~f((~). nOCJIC l.fCrO CJie,llyCT nonblTaTbCJI ncpeHTH K npe,llCJIY ,\ ·' 0. 

Taxoil: npe,ncJibHblH ncpcxo.n oxaJblBaeTCJI BOJMO)KHblM .llJIJI xore-
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peHTHbiX no.n.rrpocTpaHCTB W[f] :_ ~(t~)/5,10,11/, 

mnoTCJl ycnosHeM 

KOTOpble Bbl,!l.e-

~ ~ 

lim wrp(<<J, k) W[f] = f(k)W[f], /4/ 
(1)·-+ 0 

r.n.e cb (w, k) - on epa TOp YHH'iTO)I(eHHJl CKanJlpHoro nonJl B o6bl'iHOA 

HOpMHpOBKe. 

Mo)I(HO IIOKa3aTL '5.', 'iTO WJf] He 3aBHCHT OT KOHKpeTHOro 

Bbl6opa npe,!I.CTaBHTenJl f t {i; H3 Knacca 3KBHBaneHTHOCTH: 

f -- g' ecnH lim '"f (<,; lb = lim ,,,g ("'' k). /5/ 
(J)~o u) ->0 

Ha Ka)I(,!I.OM H3 no.n.npocTpaHCTB W[f] peanaJyeTcJl npe.n.cTasneHHe 

KllC .n.nJl nons ¢. npa'ieM 3TH npe.n.cTasneHHS YHHTapHo He3KBH

saneHTHbl npa 'A= 0 scne.n.cTBHe BJaHMHOH opToroHanLHOCTH xo

repeHTHbiX no.n.npocTpaHCTB /5,101, 

llepeH,!I.eM K TeXHH'ieCKOH peanH3aUHH H3nO)I(eHHOH CXeMbl npH

MeHHTenLHO K 3a,!l.a'iaM, paCCMaTpHsaeMbiM B HaCTOJIIUeH pa6oTe. 

B pa6oTaX 112• 15/ Ha OCHOBe Bbl'iHCneHHB B K3_n 6blnO noKa3aHO, 

'iTO BeCLMa Y.D.06HbiM CnOC060M perynspH3aUHH HH<jlpaKpaCHLIX 

paCXO,!I.HMOCTeH JlBnJleTCJl, B CHny CBOHX HHBapHaHTHbiX CBOHCTB, 

pa3MepHaJl perynJlpH3aUHJl, 'iTO CBJl3aHO C OTCyTCTBHeM HH<)Jpa

KpaCHbiX paCXO,!I.HMOCTeH B npOCTpaHCTBe pa3MepHOCTH n :, 4 . 
llonO)I(HM n = 4+ f, llepeXO,!I. K peanLHOMY MHpy COOTBeTCTByeT 

npe.n.eny c ~ + 0. Mbi 6y.n.eM nonL3osaTLCJl cne.n.yJOIUeH HOpMHPOBKOH 

noneBbiX onepaTopos, y.n.o6cTBO KOTopoH cne.n.yeT H3 /4/: cso6o.n.Hoe 

6e3Maccosoe none ecTL 
3+< ------ -) 

¢(x) = (2rr) 
2 

-> 

r.n.e k =w-.. ,.-.jkj. 
0 k 

no onpe.n.eneHHJO 

f-~-·<¢\k)eikx +rp(k)e-ikx ), 
2w~ 

k -t -J> 3 -) ~ 
Tor.n.a [¢(k), ¢+(Y)]= 2w_.o(k --£). 

k 

#C> # -> 
¢ (k) = lim ¢ (c,,, k). 

UJ->0 

/6/ 

llonO)I(HM, 

/7/ 

B .n.anLHeiweM o6'beKTaM /7/ 6y.n.yT npa.n.aHbl cso8cTsa /8/ onepa

Topos_ llopeHU"BHBapHaHTHOe CKanJlpHOe npOH3Be,!l.eHHe <)JyHKUHH 

f l,
2 

-E {j; a DpOCTpaHCTBe pantepHOCTB 4 + < 6y,!l.eM 0603Ha'laTL 

(f 1' f2) "' fi 0 f 2< /8/ 

6 

Bse.n.eM TaK)I(e aHanorH'iHOe o6oJHa'ieHHe .n.nJl crna)l(eHHbiX nonesblx 

onepaTopos 

rp[f] = f* orp ; rp+[f] •• rp+.,f , 
( ( 

f E lb. /9/ 

llpa ( > 0 cxanJlpHoe npoaJse.n.eHHe /8/ xopowo onpe.n.eneHo, H, 

cne,!I.OBaTenLHO, npOCTpaHCTBO COCTOJIHHA CB060.D.HbiX 6e3Macco-

BbiX 'iaCTHU :f = :f(&;), 
< 

_nng <)JyHKUHH f 
1

, f 
2 

<;:_ &; /8/ paBHO 
~ ~ 

r; of 
2 

= 1-~L- r; (k) r 
2

(k) = r-<!k._ ( w ,_ 1 
d,,, r; r 

2 
(w, k), /10/ 

( 2 3 2 0 
(I)~ 

k 
'iTO npH < -> + 0 MO)I(eT 6b1TL JanHCaHO B BH,!I.e 

C* o f •• _!_ f* of + f* of 
1 2 < ' 1 2 1 2/\ , 

/11/ 

r.n.e 

c* or 
1 2 

-> ~ 

dk -> -> 

1-f"' (k)f (k). 
2 1 2 

/12/ 

f* 0 f 1\ 
1 2 

-> 

dk oo '" a * -. r- r dcu ln(--~--)--(f1 f2 (w,k))' 
2 o /\(k) a,,, 

/13/ 

f. (k) lim f i (,,, k) , 1\(k)- npOH3BOnLHaS nonO)I(HTenLHaJl <)JyHKUHJl 
1 (JJ---l>O 

c paJMepHoCTLJO 3HeprHH. Kax MO)I(HO noKa3aTL /15~ 3Ta <)JyHKUHJl 

CBJl3aHa C Bb160pOM npe,!I.CTaBHTeneH B Knaccax 3KBHBaneHTHO

CTH /5/ H He BnHJleT Ha CTpyKTypy HH<)JpaKpaCHbiX paCXO,!I.HMOCTeH. 

11H<)JpaKpaCHble oco6eHHOCTH TeOpHH CBJl3aHbl C nepBbiM 'ine

HOM sLipa)l(eHHS /11/. ,nns BLI,!I.eneHHJl CBJl3aHHbiX c HHM cTpyKTyp 

B <j!OKOBCKOM npOCTpaHCTBe :f < paCCMOTpHM 6a3HC KOrepeHTHbiX 

COCTOSHHH IIOnS dJ, KOTOpble BBO,!I.STCS COOTHOWeHHeM 

+ 
Ia = exp(a o¢ -a' o.+. )IO> ( '1~ ( ' t /14/ 

H y.n.osneTsopsJOT ycnoBHSM ¢(k) Ia > = a (l~) Ia> 
' . < 

<a I l/1 > = exp(- _l_(a*- f1*)o(a- {1) + i Im(a* of1) ), 
( < 2 ( ( 

7 



r,L\e IO> ecTb «PoKoBCKHH saKyyM, T.e. <,'>(k)iO, ~-0 V k.OcHOBbl-, ( ' 
BaJICb Ha «l!opMyne 1111, MO)f(HO llOllbiTaTbCJI npe,L\CTaBHTb COCTOJI-

HHe 1141 B BH,L\e 

Ia '-· ~ exp(.!(ao ¢+-a* o ¢))JO:, ® exp(a o s~ + -a *o 6 )lQ:· . I 151 
f £ ;\ .\ ·\ 

llpe,L\CTaBneHHe 1151 onpaB,L\biBaeTCJI TeM 06CTOJITeJ1bCTBOM, 'fTO 

«l!oKOBCKOe llpOCTpaHCTBO MO)f(eT 6biTb paCCMaTpHBaeMO KaK He

npepbiBHOe TeH30pHOe llpOH3Be,L\eHHe npOCTpaHCTB, CO,L\ep)l{alUHX 

'faCTHUbl C «ilHKCHpOBaHHbiM HMTIYllbCOM ,'1Bf, H OUeHKOH 

::; 

f" 0 f • 
1 2· \ 

dk"" w a * _, 
= { -- { dw ln(--..__-)---(f f )('"• k) + 0(,, In,, ), 

2 w o L\(k) duJ 1 2 0 0 

KOTOpaJI 03HaqaeT, 'fTO qacTHUbl HyneBOH 3HeprHH «l!aKTH'feCKH He 

,L\aJOT BKna,L\a a f*
1 

of 2~. B «Pop My ne I 151 

exp(..!_Cao¢+-a*o¢))10>- Ia' 1161 
( 

eCTb KorepeHTHOe COCTOJIHHe qaCTHU HyneBOH 3HeprHH, KOTOpbiM 

cooTBeTCTBYIOT "onepaTop<.l" 17 I. CKanHpHoe npoHJBe,L\eHHe TaKHX 

COCTO.IIHHH paBHO 

«<l{:l>-. exp(--L(a*-{:l*)<>(a-{JI t -Lin•(a'n {:l)). 
2t £ 

HcnonLJYH 1151, npe,L\cTasnHeM ~ B BH.L\e 
f 

:f, = 10 ® 1!1 ' 

1171 

ll8l 

r,L\e :f 1 - npOCTpaHCTBO '!aCTHU HeHyneBOH 3HeprHH CO CKaTI.IlpHbiM 

llpOH3Be,L\eHHeM 1131, :f O - npOCTpaHCTBO 'faCTHU HyneBOH 3HeprHH, 

nopo)f(,L\eHHoe cocTOJI_!fBHMH I 161. 
Cne,L\yeT OTMeTHTb, 'ITO peJynLTaTaM uawero paccMoTpeHHH 

MO)f(HO npH,L\a Tb CTpOrHH CMbiCJl B ,L\yXe TeopHH KOrepeHTHbiX 

llpOCTpaHCTB. B '!aCTHOCTH, 1151 eCTb COCTOJIHHe, llpHHa,L\Jie)l{awee 

KorepeHTHOMY no,L\npocTpaHCTBY W[aJ, a npocTpaHCTBO ~ c\ B 1181 
«ilaKTH'feCKH cosna,L\aeT c :f(& 0 ). Y.L\o6cTBO uawero TIO.L\XO.L\a, co

,L\ep*awerocH B «PopMynax ll5l-ll8l, cocTOHT B ero JIBHOH ue

JaBHCHMOCTH OT Bbi60pa KOrepeHTHbiX npe,L\CTaBHTeneii: B KJiaccax 
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151. BMecTe c TeM npu pa6oTe c "onepaT~opaMH pO)f(,L\eHHJI H yuuq

To)f(eHHJI qacTHU uynesoii: JHepruu" ¢ # (k) cne,L\yeT co6mo,L\aTb 

H3BeCTHYIO OCTOpO)f(HOCTb. B CaMOM ,L\ene, «l!opMyna 1161 Bb13biBa

eT *enauue JaKnJOqHTb, qTo 

,.... ,.... ,..., ,.... 
-· + ---'jo -+ -.J 

l<p(k). ¢ ( C)J 0 2u)(k - e ), 1191 

H CTpOHTb aCHMllTOTH'feCKYIO ,L\HHaMHKY Ha OCHOBe raMHJ1bTOHHa

Ha Tuna 

igm sgn ( t) 2 2 I · ( tt,) . d~ _, dk 
------;:;- 8 ( t - T ) ----- I ---- p (p) -:;:- X 

(2nl< 3+nl~ ltll+' 2po 2pk 

120/ 
~ .17 

x [¢ +(k)e 12£ sgn t 

.17 
~ -J2£ sgn t 

- ¢ (k) e ]. 

MO)I{HO, O.L\HaKo noKaJaTb, 'fTO peweHHJI reii:Jeu6eproBCKHX ypas

HeHHH ,L\J1JI 120/ HMeiOT HenpaBHJlbHbiH BH.L\ ITO'fHee, BOCllpOH3BO,L\HT

CJI nuwL qacTb TO'fHOii: acuMnTOTHKH noneBbiX onepaToposl. He

llOJ1b30BaHHe KOMMyTaTopa 1191 onpaB,L\aHO J1HWb npH Bbl'fHCJ1eHHH 

cKanHpHbiX npoHJBe,L\euuii: Tuna I 17 I. lloMHJI o6 JTOM orpaHH'feHHH, 

Mbl 6y,L\eM B cne,L\YIOlUHX pa3,L\enax onycKaTb KaBbl'fKH npu cnose 

"onepaTOpbi", rOBOP.Il 0 ¢ # (fr). 

2. liP EACTABJIEHHE ACHMIITOTHf.JECKOH AHHAMHKH 

B ,L\aHHOM paJ,L\ene 6y.L\eT HJJIO)f(eHa cxeMa nocTpoeHHJI npe.L\

cTaBneHHJI acuMnTOTH'!ecKoii: .L\HHaMHKH. Hawe paccMoTpeuue 6y

,L\eT MaKCHMaJibHO ynpoweHHOH H 'IBCTO «l!opMaJibHOH ,L\eMOHCTpauu

eii: TOrO, 'ITO TeOpHH llOJ1JI B npe,L\CTaBJieHHB aCHMllTOTH'feCKOH .L\H

HaMHKH MO)f(eT 6b1Tb B llpHHUHlle c«l!opMynHpOBaHa Ha TOM )l{e 

ypOBHe, KOTOpbiH npHHJIT npH KBaHTOBOTIOJieBbiX Bbl'fHCTieHHJIX B 

npe,L\CTaBJieHHH B3aHMO,L\eHCTBHJI. lieJyCJIOBHO, npH llOllbiTKaX npu

,L\aTb 6onee HJIH MeHee cTporuii: CMbiCJI HJnaraeMoii: cxeMe, Mbl 

CTOJIKHYTIHCb 6bl C TeMH )f(e npo6neMaMH, 'fTO H llpH 06bl'fHOH 11JopMy

nHpOBKe Teopuu nonH 
117 

'. E.L\HHCTBeHHbiM npeuMywecTBOM npe,L\cTaB

neHHH aCHMllTOTH'feCKOH ,L\HHaMHKH nepe,L\ npe,L\CTaBneHHeM B3aHMO

,L\eHCTBHJI JIBJIJieTCJI B03MO)I{HOCTb llOCTpOeHHJI TeOpHH B03MYlUeHHH, 
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CB060,II.HOH OT HHclJpaKpaCHbiX paCXO,II.HMOCTeii. 3TO, eCTeCTBeHHO, 

CBJIJaHO C TeM, 'ITO IIpH HanH'IHH B TeopHU 'laCTHU HyneBOH JHep

rHH H KaK cne,II.CTBHe ,ll.anbHO,II.eiicTBYIDillHX CHn rrpe,II.CTaBneHHe 06 

aCHMIITOTH'IeCKH CB060,II.HOM ,II.BH)I(eHHH 'laCTHU OKaJbiBaeTCJI CnHW

KOM rpy6biM )J.a)l(e Ha clJopManbHOM ypOBHe CTporOCTH. 

B uenJix yrrpmueHHJI BhiKna,ll.oK Mbi 6y,ll.eM paccMaTpHBaTb cny

qaii O,II.Horo rronJI H HrHopupoBaTb ero apryMeHTbl, CBJIJaHHhle 

C HecyweCTBeHHbiMH CTeiieHJIMH CB060,II.bl. fiyCTb IIOnHbiH raMHnb

TOHHaH eCTb HI</J. r:f> +J, r,11.e </J 1 
H Q- OIIepaTOpbi pO)I(,II.eHHJI 

H yHH'ITO)I(eHHll, YJJ.OBneTBOpJIIDillHe o6bi'IHbiM nepecTaHOBO'IHbiM 

COOTHOWeHHJIM. BBe,ll.eM reiiJeH6eproBCKHe rroneBble on epa TOphi 

KaK clJopManbHbie peweHHJI ypaBHeHHH 

~ i ~-: (t)." I~: (t), Hi¢, (t), ~: (t)ll 

/21/ 
dt 

# I# ¢ h (0) = <jJ 

fipOCTpaHCTBO cPUJH'IeCKHX COCTOliHHH J{ IIOpO)I(,II.aeTCJI C06CTBeH

HbiMH COCTOliHUliMH IIOnHoro raMUnbTOHUaHa If. 

B rrpe,ll.cTaBneuuu acuMIITOTH'fecxoii JJ.UHaMHKH ponb cao6oJJ.Horo 

raMUnbTOHHaHa H O HCIIOnHJieT acHMIITOTH'feCKHH raMUnbTOHHaH 

H;s Ia, a 
1 

: t I. KOTOphlii, BOJMO)I(HO, liBHo JaBUCHT OT BpeMeHu 

/CM. pa3,11.en 3/. raMUnbTOHUaH aCHMIITOTH'feCKOrO BJaUMO,II.eii

CTBUll B rrpe,II.CTaBneHHH BJaHMO,II.eiicTBHll 

Has[a, a+ ;t]=H~si3n(t), a~(t),tl-H 0 ia0(t), a~(t)], 

r,11.e a~ (t) - CB060,II.Hble IIOnll, WUpOKO UCIIOnbJyeMbiH B ,ll.anbHeii

WeM, Mbl TaK)I(e 6y,ll.eMHa3biBaTb ,ll.nJI KpaTKOCTU aCUMIITOTU'IeCKUM 

raMUnbTOHHaHOM. ACHMIITOTH'IeCKUe IIOnll a:~' (I) orrpe,ll.enliiDTCll 

KaK peweHHJI ypaBHeHHH 

10 

~ 
d # # + 

i--aas(t)=[aas(t), H~s[aas(t), aas(t); t] 
dt 

# # 
aas(O)=aas' 

/22/ 

'} 

IJ 
·J 

OTKy,ll.a 

# j- # 
aas (t) 7 u~s (t) a u ~s(t). 

r,11.e orrepaTop acHMIITOTH'Iecxoii JBOniDUHH U ~/t) Y.li.OBneTBopJieT 

ypaBHeHHID: 

I i -~U0 (t) = H 0 (a, a+; t)U 0 (t) 
dt as as as 

u~s (0) = 1. 
/23/ 

llpOCTpaHCTBa aCHMIITOTH'IeCKHX COCTOJIHHH IIOpO)I(,II.aiDTCll co6-

CTBeHHbiMH COCTOJIHHJIMH rrpe,ll.enbHbiX raMHnbTOHHaHOB 

+ I . j 

W !a,a ].~ hm H~sla 118 (t). aas(t): t] 
t·•+ (X) 

H CBliJaHbl C IIpOCTpaHCTBaMH Jf~, IIOpO)I(,II.aeMbiMH CO~CTBeHHbiMH 
COCTOJIHHJIMH acHMIITOTH'IeCKOrO raMHnbTOHHaHa H '' (I) IIpH I-• ± '" , 

as 
COOTHOWeHHeM 

]{± 
as 

+ + 
lim U 0 

( t) J{ 
0
- • 

+ as 
t-> "" 

/24/ 

)].nll wupoxoro Knacca Teopuii B ( 4 1 , ) - MepHOM npocTpaHCTBe npo-
+ 

CTpaHCTBa }{ O IIOpO)I(,II.aiDTCJI C06CTBeHHbiMH COCTOJIHHJIMH CB0-

60,II.HOro raMUnbTOHUaHa H, cne,II.OBaTenbHO, COBIIa,ll.aiDT C ~f, /18/. 
Tor,11.a B /24/ MO)I(HO rrepeiiTH K rrpe,II.CTaBneHHJIM BJaHMO,II.eHCTBUll, 

'ITO ,11.aeT 

± + . 
Has ~ uas(± oo) ~f, , /25/ 

r,11.e U118(1) Y,II.OBneTBOpJieT ypaBHeHUID /23/, B KOTOpOM C)J.enaHa 

JaMeHa H,~s (I) • H, 8 (t). B cuny oTcyTCTBUJI HHcPpaxpacHbiX pacxo

.li.HMOCTeii B (41r) -MepHOM IIpOCTpaHCTBe orrepaTOpbl Ua
8

(:1:nv) clJop

ManbHO cyweCTBYIDT U KOHe'fHbl, XOTJI, B006we rOBOpJI, CUHrynJip-

HbiM o6pa30M JaBHCJIT OT £ rrpu < _, + 0. 

BBe,ll.eM Terrepb orrepaTop V(t) COOTHOWeHUeM 

# I # 9 h (t) o V (t) a
3 8

(t) V(t). 

Tor,11.a B cuny /21/ u /22/ V(t) Y.li.OBneTBOplleT ypaBHeHHID 

i -~-V(t) = (H[ a (t), a+ (t)] - H0 [a (t), aa+s (t) ; t])V(t). dt as as as as 

/26/ 
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~nB ~OpManhHOH HeTipOTHBOpe'iHBOCTH TIOCTaHOBKH Jalla'iH pacceB· 

HHB cnellyeT noTpe6osaTh cyw.ecTBOBaHHB npellenoB 

s+ lim V(t). 1271 
t -) ± 00 

Torlla 

l . 

V(t) Texp(-i f dr(H-H,~,)\aasU. aa·~(,I::\\S 1281 

H He06XOllHMMM yCnOBHeM Cylll,eCTBOBaHHB 1211 BBnBeTCB CXOllH" 

MOCTb Ha sepxHeM npellene HHTerpana 

±oo 
f (H[aa

8
(t), a :s (t)1- H~ 8 [a as (t), a :s (t): tl)dt < ""· 1291 

llpH n: 4 ycnosue 1291 HapywaeTCB 

lleHCTBHB IT.e. npH H 0 ''H I llnB as 0 
npHCYTCTBYIDT 6eJMaCCOBMe qaCTH~M: 

CTBHB BelleT ce6B KaK t-! TipH t • ""• 

KpacHMM TPYllHOCTBM. 

B npellCTaBneHHH BJaHMO" 

PBlla TeopHH, B KOTOpMX 

raMHnhTOHHaH BJaHMOlleH· 

'iTO H TipHBOllHT K HH~pa-

B npellnono>KeHHH, 'iTO npellenM 127 I cyw.ecTsyroT, HJ 1261 
H 1291 MO>KHO JaKniD'iHTb, 'iTO 

+ + 
S± H[¢. ¢ 1 = H± [a, a jS ± . 

Torlla npoCTpaHCTBa J{ H J{::s CBHJaHM COOTHOWeHHeM 

+ + + + 
J{= S±J{~S = S±Uas(± oo)j'E' 

1301 

KOTOpOe BMeCTe C 1281 llaeT OCHOBY llnB TIOCTpOeHHB TeOpHH 803-

Mylll,eHHH B npellCTaBneHHH aCHMTITOTH'ieCKOH llHHaMHKH. ~eHCTBH" 

TenhHO, npOHJBOnhHMH MaTpH'iHMH JneMeHT MO>KHO Tenepb Ja

TIHCaTh B BHlle 

f - i 
8 ri =<'l'as 18 as\'l'as > 1311 

f. ± + 
rlle \ 'l' '

1 
> r;; J{ H S = S, S as as as r -

S as:" T exp (- i J(H -- H ~s (t))l a as (t), a :s (t); t 1 dt) . 1321 

12 

i 

I 
·) 
I 
i 

' i 

l 
f 

B npellnono>KeHHH cnpaBellnHBOCTH 1251 MO>KHO JanucaTb 1311 
B BHlle 

s 1'1 
f 

'V I Uas 

t 1 ,. 
rlle ''I' -. ..:.t, 

( '")S U c (-"')''Vi .> 
· as as : 1331 

3aMeTHM, 'iTO B ~OpMyne 1331 MaTpHUa pacceHHHB B npellCTaB

neHHH aCHMTITOTH'ieCKOH llHHaMHKH HH~paKpaCHO KOHe'iHa IT .e. 

perynBpHa KaK ~YHKUHH ' npu ( • j 0 I B cuny 127 I. HanpoTHB, 

onepaTOphl Uas ( ± ~) H CKanBpHOe llpOHJBelleHHe B ~f, . KaK OTMeqa

noCb BhlWe, CHHrynHpHhl TIO ' B 3TOM npellene. CnellOBaTenbHO, 

Tpe6oBaHHe KOHe'iHOCTH MaTpH'iHOrO 3neMeHTa 1331 npH CHBTHH 

perynHpH3aUHH npHBOllHT K HeKOeMy "JaKOHY COXpaHeHHB" B TOM 

CMhlCne, 'iTO JallaHHe COCTOHHH. \'l' 1
> HanaraeT onpelleneHHhle 

orpaHH'ieHHB IBll06aBOK K 06hl'iHbiM JaKOHaM COXpaHeHHBI Ha BHll 

· •vr ·;:: ~f, . B 'iacTHOCTH, ecnu I 'l' i ·, G u , (-~) ~f( 1::0 ). To HJ yc

nosHH KOHe'iHOCTH 1331 cnellyeT, 'iTO \'l'r>(;.Uas(+""):fr/:~ 0\.Bcne
llYJOW.eM paJllene HaMH 6ylleT nony'ieH HBHMH BHll TaKoro JaKOHa 

COXpaHeHHH llnB paCCMaTpHBaeMOH MOllenH. ~pyrHM llpHMepOM 
u ,1.. ~ I !0 11/ 

BBnBeTCH ycnOBHe HH'¥paKpaCHOH KOrepeHTHOCTH" B K3~ · 

<l>opMynhl 1311·1331, npHBOllBili,He K KOHe'iHOH 8-MaTpHUe, 

llOCTaTO'iHO Heyll06Hhl llnB npaKTH'ieCKHX BM'iHCneHHH MaTpH'iHhlX 

JneMeHTOB B TeopHH BOJMyw.eHHH. O'ieBHllHO, OllHaKo, 'iTO 

s ·HI f 's 'HI j 
f1 ~ '· -r ! D i -r > • 1341 

rlle 

S D ~ T exp(- i_[ (H-H 0 )(a D(t), a~(t))dt) 

- 06hl'iHaB S -MaTpHUa B npellCTaBneHHH B3aHMOlleHCTBHB, KOTOpaB 

y>Ke HH~paKpaCHO CHHrynBpHa. llpH 3TOM MaTpH'iHhlH 3neMeHT 

1341 KOHe'ieH, ecnu J1!1 i -... H jiJl r > CBBJaHhi ynoMHHaBWHMCB 

BMWe JaKOHOM COXpaHeHHB. 

TaKHM o6pa30M, C TO'iKH JpeHHB TIOCTpOeHHB KOHe'iHOH S -MaT

PHUM ponh npellCTaBneHHH aCHMTITOTH'ieCKOH llHHaMHKH CBOllHTCB 

K ycTaHoBneHHJO orpaHH'ieHHH Ha B03MO>KHMe nepeXOllhl Me>KllY co

CTOHHHBMH H3 ~f • 0llHOBpeMeHHO 3TO rrpellCTaBneHHe IT03BOnBeT 

rrony'iHTh CTPYKTYPY HH~paKpacHMX pacxollHMOCTeil: MaTpH'iHhlx 

3neMeHTOB B o6M'iHOM ITOllXOlle. ~eHCTBHTenbHO, HH~paKpaCHMe 

paCXOllHMOCTH MaTpH'iHOrO 3neMeHTa 1341 Me>KllY rrpOHJBOnbHblMH 
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COCTOJIHBJIMH \ 'V f i > C: ~f ( lJ: O ) onpe)lenJIIOTCJI CHHrynJipHOH qaCTbiO 

CKanJipHOrO npOH3Be)leHHJI COCTOJIHHH U~s (+= )\ IJif >H Ua~(-xo)\'V i > 

B CHny 
f . . . 

< 'V \ S ol 'V l > ~ < 'V f \ U as ( + oc ) Sa s U a's (- = ) ! 'l' l > . 

3. CTPYKTYPA HHf/JPAKPACHhiX OCOEEHHOCTEH 

MATPHqHMX3ffEMEHTOB 

1351 

llocTpOHM Tenepb npe)lCTaBneHHe aCHMnTOTHqeCKOH )lHHaMHKH 

)lJIJI TeopHB C raMHnbTOHHaHOM B3aHMO)leHCTBHJI gf!/J cp , r)le ~~
cnHHOpHOe none MaCChi m H <p - 6e3MaCCOBOe CKanJipHOe none. 

Mhl 6y)leM nonh30BaThCJI cne)lYIOIUeH HOpMHpOBKOH noneBhiX one-

paTopoB: none ~~ B npe)lCTaBneHHH B3aHMO)leHCTBHJI HMeeT BH)l 

3 +f -> 

I/J(x)=(27T)- -2- J ~ (e ipx d+(p~)us(~)~ e-ipx b (i5)v~ (p)), 1361 
2 E -• s s 

p 

r )le _., 1 12 t ~ .• + -- -• ' 
p

0 
=E--.~ (p2+rrf2) , [b.(p},b (q)l ~o-[d(p),d,J(q)J ~2E,8(p--q), 

p s a s + p 

a none ¢ (x) )laeTcJI cllopMynoil 161. 
llocTpOeHBe aCHMnTOTHqecKOrO raMHnbTOHHaHa B paCCMaTpH

saeMOH TeOpHH IIOnHOCTbiO aHanorHqHo COOTBeTCTBYIOIUeH npoue)ly
/fi/ 

pe B 3neKTpO)lHHaMHKe ' H IIpHBO)lHT K pe3ynhTaTy: 
p k pk 

-+ i-t -i--t 

H ( ) g rn d p -+ E-+ + .... E.... --> .... ~ 
as t = 

3 
f --

2
p(p)(e P </> (k) +e P </>(k))f (p,k,t). 

__±!__ 2E _, T 
(2 ") 2 r I 3 7 I 

r)le p(p)= l(b+(p)b .CP)+d:(p)d,(p')) 
s 1'-. s 

EJlHHCTBeHHoe cymecTBeHHoe oTnHqHe raMHnbTOHHaHa /37 I oT 

aCBMIITOTBqeCKOrO raMBnhTOHHaHa, HCnOnhJyeMOrO a'~' COCTOHT 

BO BBe)leHBB "HHcllpaKpaCHOrO cllopMcllaKTOpa" fT(p .K, t ), YJlOBneT

BOpJIIOIUero ycnOBHJIM: 

r)le 

14 

~ 
fip,k,t)=O, 

(
-+ --> 

fTp,k,t)=l, 

f T( p, k, t) = 0 v t 

T>>rn- 1 , 0<w 0<<m 

ecnH :t!:.; T 

ecnu It! -... T 
' ' "' ~-· 0 k 

IlpH ro ><•Jo paBHOMepHO ITO p 

/38/ 

t 
~ 

I 
j 

CMhiCn ycnOBBH 1381 COCTOBT B cne)lyiOIUeM: nepsoe ycnoBBe 

o6ecnequsaeT "ManocTb" BKna)la H as(t) npu Kouequ~o~x BpeMe

Hax. ~eBCTBHTenbHO, cllBJBqeCKBe C006p~eHBJI B paCCMOTpeHBe 

npe)lbl)lYIUero pa3)lena rOBOpJIT 0 TOM, qTo cymecTBeHHble MOMeHTbl 

B nepecTpOBKe TeOpBH B03MyiUeHBB CBJI3aHbl C 6eCKOHequo 6onb

WBMH BpeMeHaMB. Ponb H aJt) npH KOHeqHbiX BpeMeHaX CBO)lBTCJI 

K HapyweHBIO 3aKOHa COXpaHeHBJI 3HeprBB, Bee lKenaTenbHO C)lenaTb 

no BOJMOlKHOCTH Manoil. TpeTbe ycnosue rapaHTBpyeT uac oT 

B03HBKHOBeHBJI ynbTpaclluoneTOBbiX npo6neM npB IIOCTpOeHBB one

paTopa acHMIIToTuqecKoil 3BOniOUBB. HaKoHeu, BTopoe ycnosue 

orrpe)lenJieTcJI caMHM BhiBO)lOM cllopMynhl 137 I. 
KaK yKa3biBanOCb BO BBe)leHHH, HaC 6y)lyT BHTepeCOBaTh B nep

BYIO oqepe)lb npHHUHIIHanbHaJI B03MOlKHOCTb nOCTpoeHBJI HHcllpa

KpaCHO KOHeqHOH S -MaTpHUbl H CTpyKTypa BHcllpaKpaCHbiX paCXO)lB

MOCTeB MaTpBqHbiX 3neMeHTOB B 06blqHOB TeOpHB B03MYIUeHHB. 

06e 3TH npo6neMbl CBJI3aHbl C CHHrynJipHOCTJIMH OIIepaTopa 3BO

JIIOUHB B npe)lene t > + 0. ll03TOMy npH paCCMOTpeHHB Mbl 6y)leM 

nocne)loBaTenbHO BrHOpHpOBaTb qneHbl, npHBO)lJIIUHe IIpB r ' + 0 

K KOHeqHbiM BKna)laM. 113 npBBe)leHHbiX HHlKe BhiKna)lOK BB)lHO, 

qTO TOnhKO TaKHe qneHbl 3aBHCJIT OT JIBHOrO BB)la f T II pH ycno

BHJIX 1381. lionee Toro, nerKo noKaJaTh, qTo 3TH qneHbl BcqeJaiOT 

npB rrepexo)le B oKouqaTenhHhiX BblpalKeHHJIX K npe)leny T ~"" . 
~nJI COKpameHHJI 3aiiHCH BBe)leM 0603HaqeHBe 

d p_, ( ') ~ 
pog = f--p P ~(r.t). 

t 2E 
p 

1391 

HcrronbJYJI 1391 H 191, MOlKHO JanHcaTb 137 I B BB)le 

H (t) = p o(f o </>: + f * o <,6 £ ) , 
as t t 

r)le 

ft(p,k) 
grn wk .Pk 

3H -f ( 4 --> l~t 
(2 ") -

2 
- E--. T p • k, t) e p 

p 

OrrepaTop acBMnToT&qecKoil 3BOniOUHB B npe)lcTaBneHHH B3aHMo-

)leBCTBBJI uas(t) YJlOBneTBOpJieT ypaBHeHBIO 1231: 

l 
dU as(t) + 

i =po (f o¢ +f* o¢ )U (t) d t t f t c as 

U as (0) ~ 1. 
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PeweHHe 3Toro ypaBHeHHH HMeeT BH.ll 

Uas(t)=exp(p o (Ft o ¢( -Ft*o¢( )+ipoRtop). 1401 
t 

r.lle F (p,k) = -i J fr(p,k)d r. 
t 0 

t T _, 

R (p,q)=lmfdrfdsf dk3 f*(p,k)fr(q,k). 1411 
t 0 0 2w_, s 

k 
KaK MO)I(HO noKaJaTb, acnonbJYH 1381, 1411 pasHo 

• _, sgn(t) -f _, 2 (pq) 2 -11 2 2 a 
Rt(p,q)=--('1' -jt! )-

8
g_(-4 -1) A(t -T ,~(_.,), 

c " m 
r.lle HBHO Bbl.lleneHa 8 -«<lyHKJ..{HH, CBH3aHHaH C nepBblM H3 ycnoBHH 

1381 H qepe3 ( ... ) o6o3Ha'leHbl Hecyll.{eCTBeHHble qneHbl, T.e. 

qneHbl, HMeiOIJ..{He nopH.llOK 0(1) npH Jt I="" H orpaHH'IeHHble 

llpH KOHe'IHblX t. AHanorH'IHO, nepBblH qneH B «<lopMyne 1401 paBeH 

gm 1 -( -( 2 2 . ct~~> 1 -: "\ dp • 
----(T -ttl )B(t --T) 1~ -~-(,,Hk) -d:>(k))---e(p)-r(. .. ). 
(2rr)3/2 f 2 pk 2EP 

TaKHM o6pa3oM, CHHrynxpHaH qacTb onepaTopa acHMllTOTH

qecKoii 3BOniOJ..{HH, KOTOpyiO Mbl 6y.lleM TaK)I(e o603Ha'laTb Uas (t) , 

pasHa 

Ua
8
(t)=exp (AT(t)(p of'n(0 ~ -<f>)+i sgn(t)p oR" p )) . 1421 

Tlle AT(t)~ ~-('f-c -!ti-£ )A(t2 -T2). 

~ gm 1 
F(p,kJ=(2~pk 1431 

R(p',q) = g2 ( (pq)2 -1/2 
8rr -4· -1). 

m 

1441 

fipOCTpaHCTBa aCHMllTOTH'ICCKHX COCTOllHHH paCCMaTpHBaeMOH Teo

pHH MO)I(HO Tenepb 3l'lllHCaTb B BHJle 
+ 

J( - = u ( ± "" ) ~f ® :f 
as as f Ill 

r Jle ~f 01 eCTb «<loKOBCKOe llpOCTpaHCT BO $epMHOHOB, HnH, HCllOnb-

3YH 1181 H 1421, B BH.lle 

J(± ~exp(-L(p "f'n (<;'>I- -6) + i 1,c-l{"l'))~f0 ® ~f <J ~f\ 
as f m 1451 
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r.lle KOHe'IHaH 'laCTb onepaTopa aCHMllTOTU'IeCKOH 3BOillOJ..{HU BKmo

'leHa B onpe,neneHue ~fL\. )J,n.11 ,nanbHeiiwero paccMoTpeHHH JaBHcH

MOCTb aCHMllTOTH'ICCKHX COCTOHHUH OT onepaTOpOB pO)I(JlCHU.Il 6eJ

MaCCOBblX 'laCTUJ..{ HeHyneBOH 3HeprHU HeCyll.{eCTBeHHa, U Mbl 6y,neM 

ee onycKaTb. Y,no6Hblii 6aJHC B npocTpaHCTBax J(± o6pa3yiOT as 
COCTOHHHH 

liP!>® exp(--}(pll'tFo(<f/-¢)+ip!j)l oRop!J)t))ja>, 1461 

r_ne «<loKOBCKOe COCTO.IIHUe, Co,nep)l(all.{ee «<lepMUOHbl C HMnynbCaMU 

P1 .... ,pn . o6oJHa'leHo KaK I I p !> u 

n _, _, 
P (p)=2E .. ~ o(p-pk). 1471 

! p ! p k=l 

PaCCMaTpUBa.ll MaTpH'IHblH 3neMeHT 1331 Me)l(_ny COCTO.IIHHHMU 

1461 U UCllOnb3YH TO 06CTO.IITenbCTBO, 'ITO onepaTop 

( H- H 0 (t))[ a (t) , a+ (t)] 
as as as 

u, KaK cne,ncTBUe, MaTpAul.{a pacceHHU.Il S as B cuny 1371 He co-

,nep)l(aT onepaTopoB ¢# (~ ) , nony'IUM 

Sfi =<!p!riSas!!p!i ><arjexp(~ (pf oFo (¢+-¢)-

ipf 0 R 0 pf))exp(- !<Pi oFo(¢+-¢)+ipi oRopi))jai >. 1481 

fiepBbiH COMHO)I(UTenb B 1481 KOHe'leH, a BTOpOH OllUCblBaeT CUH-

ryn.llpHyiO CTPYKTYPY S fi u paBeH, B cuny I 17 I, 

<a -p oF!a.-p.oF>exp(-.!...(p o Rop +p.oRop.))= 
f f II f f, f I I 

=exp(-..!.(..];..(a* -a.* -(p -p.)aF)o(a -a. -(p -p.)oF)+ 
(G f If I f If I 

i(p oRopr +p.o Rap. -lm(ar* -proF)o(a. -p.oF)))). 
f I I I I 

Y cnosue KoHe'IHOCTu Mo,nynx I 481 ,naeT, B cuny HeBblpO)I(JleHHOCTU 

«<lopMbl 1121, "3aKoH coxpaHeHH.Il": 

a f- p f of' =a i -pi a F . /491 
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TaKHM o6pa30M, MaTpH'iHble 3lleMeHTbl KOHe'iHbl Me)I()J.y COCTOJIHHll" 

MH BH)J.a 

!'I' r > = II Ii 1 > ® I a > exp <- .l. p o R o p as f f £ f f 

/50/ 

!'I' i > = II Ii I . > ® I a. > exp ( l.. p . o R o p . ) 
aS I I ( I I 

npH ycnoBHH, 'iTO a r H a i CBJIJaHbl cooTHOWeHHeM /49/. 

HanOMHHM, 'iTO COCTOJIHHJI /50/ MOryT _co,nep)l(aTb TaK:lKe 6e3-

MaCCOBble 'iaCTHUbl HeHyneBOH 3HeprHH H3 ~fL\ , HallH'iHe KOTOpbiX, 

O)J.HaKO, He CKa3blBaeTCJI Ha CHHrynJipHOH 'iaCTH /48/. 

Onpe,nenHM Tenepb CTPYKTYPY HHiiJpaKpaCHbiX pacxo,nHMOCTeii 

npOH3BOllbHOrO MaTpH'iHOrO 3lleMeHTa B 06bl'iHOH TeOpHH B03MYIUe

HHii, T.e. 

D . t i. sn ='·'~' ISD!'I' >, /51/ 

f i '. ,- -
r,ne I 'I' · ·~ ;,::.. J m ® .t (t·'o ). 

fipe)J.CTaBHB /51/ B BH)J.e 

D f + . 
8 ri =<'I' IUas(+oo )SaPas(-N)\IJl '., 

H ucnoJib3Yll HHiiJpaKpaCHYIO KOHe'iHOCTb S as H liJopMynbl /17/ H /42/, 

noJiy'iHM )J.llJI COCTOJIHHH BH)J.a 

r,ne 

!'I' f.i >~llP I >® !lkl . ., 
f, j f ,I 

II k I > - liJoKOBCKHe cocTOJIHHfl HJ 
f,i 

~f ( 17=0 ) ' 

D f i . sfi =<'I' I sas !'I' ><-pf 0 F !-pi 0 F> exp(- f-<Pr 0 Ro Pr +pi 0 Ropi ))= 

f i 1 =<'I' IS \'1' >exp(---(p -p.)°FoFo(p -p.)-
as 2 £ f 1 f 1 

- .!_(pf o Ropf + p. o Rop. )). 
f I I 

llo,ncTaanu /43/, /44/ H /47 I a /52/, nony'iHM 
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D / f I 8 n='.IJ' 8as 
\'I' i > exp (- £__ f} ~.k 1J f 'I' kr + i 17 B ( r/ k 1J r ) 

8 

2 k f- _____ , ________ ), 
" r ' -1 sh '~\f 

/52/ 

/53/ 

.. 

f r,ne N =11 r +n. - cyMMapuoe qucno liJepMHOHOB s cocTOJIHHJIX I 'I' > u 
. I f 

! '1'
1 >, 1J k = -1 )J.llJI 'iaCTHU H3 !IJ'i > H +1 )J.llJI 'iaCTHU H3 J 1P > , 

a 'I' k e ~ 0 onpe,nenJieTCJI ypasueHHeM ch 'I' kC pk Pr I m2 lloCKOllbKY 

nepBbiH COMHO:lKHTenb B /53/ HHiiJpaKpaCHO KOHe'ieH, CTPYKTypa 

HHiiJpaxpaCHbiX paCXO)J.HMOCTeii npOH3BOllbHOrO MaTpH'iHOrO 3lleMeu

Ta so scex nopJI,nxax o6bl'iHoii Teopuu BOJMyiUeuuii onpe,nenJieTcJI 

pa3llO:lKeHHeM BTOporo COMHO)I(HTenJI B PJI.D. no g. 

XoTenocb 6~>~ eiUe pa3 no,nqepxHyTb, 'iTo npose,neuHoe uccne

,nosauue )J.Oll)I(HO paCCMaTpHBaTbCJI He KaK CTporoe )J.OKa3aTeJibCTBO 

B03MO:lKHOCTH nOCTpoeHHJI HHiiJpaxpaCHO KOHe'iHOH TeOpHH BOJMy

IUeHHH ,nnJI paccMaTpusaeMoii Mo,nenu, a cxopee xax ycTauosneuue 

sepoJITHoii CTPYKTYP~>~ uutllpaxpacublx pacxo.D.HMOCTeii. Ha cospeMeH

HoM 3Tane ")J.OKaJaTellbCTBO" cnpaBe)J.llHBOCTH liJopMyn THna /53/ 

MO:lKeT 03Ha'iaTb, BH)J.HMO, llHWb HX nposepxy no TeopHH BOJMyiUe
HHH. 

Haweii OCHOBHoii Ja,naqeii 6~>~no npo,neMoHcTpupoaa Tb B03Mo:lK

uocTH npe,nnaraeMoii liJopMynupoaxu MeTo,na acuMnTOTH'iecxoii ,nu

HaMHKH )J.llJI nonyqeHHJI npe)J.CKaJaHHH OTHOCHTellbHO CHHryJIJipHoro 

nose,neHHJI KBaHTOBOnoneBblX BellH'iHH. B CBJ13H C 3THM JaMeTHM, 

'iTO liJopMyn~>~ /48/-/50/ H /53/ nonyqeHbl xax cne,ncTsue npuMe

HeHHJI npe)J.CTasneHHJI aCHMnTOTH'ieCKOH )J.HHaMHKH 6e 3 KaKHX- llH60 

)J.OnOllHHTellbHbiX npe,nnono:lKeHHH. 3To )J.eMOHCTpHpyeT, Ha Haw 

B3rllJI)J., npeHMyiUeCTBa MeTO)J.a aCHMnTOTH'ieCKOH )J.HHaMHKH nepe,n 

MeTo.D.aMH, paJBHTbiMH ,nnJI nonyqeuuJI aHanorH'iHhlx liJopMyn s K3,ll; 

a pa6oTax'
10

· 11 .1 4 ,18
1

, r,ne ucnonbJosanucb npe,nnono:lKeHHJI, csJI

JaHHble co CTpyxTypoB: re8Jeu6eproscxux ypasueuuii s K3,ll; u ue 

HMeiOIUHe npJIMblX aHanoroa s ,npyrux TeopuJix. 

0CHOBHOe COCTOJIHHe B Haweii TeopHH 6eCKOHe'iHOKpaTHO Bbl

po)I()J.eHO. )J;eiiCTBHTellbHO, B CHny /30/ H /46/ OHO npe)J.CTaBHMO 
B BH)J.e 

+ + 
! <I> > ~ S U ( ± "' ) : a " ® '1 0 " ® I 0 ·, 
· a ± a s · ru ' .\ 

r,ne I 0 'm H 10· .. \- BaKyyMbl MaCCHBHblX 'iaCTHU H 6e3MaCCOBbiX qac

THU HeHyneBQH 3HeprHH COOTBeTCTBeHHO, T .e. napaMeTpHJyeTCJI 

IPYHKUHeii a ( k), onucbiBaiOIUeH xorepeHTHOe cocTOJIHHe qacTHU 

Hynesoii JHepruu. BLIBO.D. liJopMyn~>~ /31/ ,nnJI MaTpuquoro JneMeuTa 

HeJIBHO npe,nnonaraeT Bhi60p B Ka'ieCTBe OCHOBHOrO COCTOJIHHJI 

"ucTunuoro" saxyyMa I <1>o " 3To noJsonJieT npu,naTb 4Ju3uqecxuii 
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CMLicn I c TO'IHOCThiO .!lO 6ecxoHe'IHOH cPa3LI npocTpaHCTBa "HCTHH

Hhi.X" aCHMllTOTH'IeCKHX COCTOJIHHH llO,IlllpOCTpaHCTBY 

:fas -:Uas (-x):f(~o) ® :fm r:f( ® :fm· 

KOTOpoe xapaKTepH3yeTCJI TeM, 'ITO HHBapHaHTHO OTHOCHTenhHO 

,llHHaMHKH H CO,Ilep)f{HT "HCTHHHLIH" BaKyyM l<fb>. 0TMeTHM, 'ITO co

CTOHHHJI H3 :f as HnnrocTpHpyiOT H3BeCTHYIO TeopeMy 0 HecymecT

BOBaHHH O,llHO'IaCTH'IHidX 3apH)f{eHHidX COCTOJIHHH/tg/, llOCKOnhKY 

B cHn y I 421 nro6oii: <}lepMHOH B :I as oKaJLIBaeTcH O.!leTLIM B "xo

repeHTHYIO wy6y" 6e3MaCCOBidX 'laCTHU HyneBOH 3HeprHH. 

B 3aKniO'IeHHe aBTOp XOTen 61.1 BLipa3HTh CBOIO rny60KYIO 

llpH3HaTenhHOCTh .D:.B.liiHpKOBY 3a BHHMaHHe K pa6oTe H CTH

MynHpyiOUlHe o6cy)f{,lleHHH. 
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