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0AHa 1-13 OCHOBH~X TPYAHOCTe~ KBaHTOBO~ XPOMOAI-1HaMI-1KH /KXA/ 
CBH3aHa C OTCyTCTBHeM B HaCTOH~ee BpeMH KOppeKTHOrO onpeAe
neHHH S -MaTPI-il.lbl B 3TO~ TeOpl-11-1 BCneACTBHe CHnbHbiX HH<)>paKpac
HbiX paCXOAHMOCTe~ B MaTpH4H~X 3neMeHTaX Me>KAY <)>OKOBCKI-iMI-1 co
CTOHHHHMI-1. OnbiT peweHI-iH HH<)>paKpaCHbiX npo6neM B KBaHTOBO~ 
3neKTPOAHHaM!-1Ke /K3A/ yKa3~BaeT Ha TO, 4TO B TaKOM cny4ae 
npOCTpaHCTBO aCHMnTOTI-14eCKHX COCTOHHI-1~, no-BI-1AI-1MOMY, cy~eCT

BeHHO oTnl-14aeTCH OT <)>OKOBCKoro. KaK H3BeCTHo1 1,2 1, e K3A 
MO>KHO nOCTPOI-1Tb He<)>OKOBCKOe npOCTpaHCTBO aCHMnTOTH4eCKHX 
COCTOHHH~, B KOTOpOM S -MaTpHI..Ia HH<)>paKpaCHO-KOHe4Ha. nocne
AOBaTenbHY~ npo1..1eAYPY TaKoro nocTpoeHHH AflH K3A AaeT MeTOA 
aCI-1MnTOTH4eCKO~ AHHaMI-iKI-1, npeAflO>KeHH~~ n.n.KynHWeM"' 
Jl.A.<I>aAAeeBbiM B pa6oTe 1 11. C Hawee1 T04KH 3PeHHH, BeCbMa 
npi-1BneKaTenbHO~ HBnHeTCH non~TKa npHMeHeHHH 3TOrO MeTOAa AflH 
peweHHH 1-iH<)>paKpacH~x npo6neM e KXA. 3To CBH3aHo KaK c MaTe
MaTH4ecKo~ KpaCOTO~ MeTOAa aCHMnTOTI-14eCKO~ AHHaMHKI-1, TaK 
1-1 C <)>H3H4eCKHMI-1 HaAe>KAaMH Ha TO, 4TO B03HHKa~~aH nepeCTpo~

Ka npocTpaHCTBa COCTOHHI-1~ n03BOni-1T TeopeT!-14eCKI-1 06oHCHHTb 
HeB~neTaHHe KBapKOB. 

HanOMHI-iM BKpaTI..Ie CXeMy MeTOAa aCHMnTOTI-14eCKO~ AHHaMI-iKI-1. 
PyKoBOAH~e~ <)>l-131-14ecKo~ HAee~ flBnHeTcH npeACTaeneHI-ie o TOM, 
4TO t<apTI-1Ha CB060AHOrO ABI-1>KeHI-1H 4aCTI-11..1 np~-1 t-+ ± oo OKa3~

eaeTCH Cni-1WKOM rpy6o~ 1-13-3a Hanl-141-iH 6e3MaCCOB~X none~, npi-1-
BOAH~I-iX K B03HI-1KHOBeHI-1~ AanbHOAe~CTBY~~"'x c1-1n. MaTeMaT!-1-
4eCKI-1 3TO B~pa>KaeTCH B YTBeP>KAeHI-11-1 0 He06XOAI-1MOCTI-1 nepeXOAa 
OT npeACTaBneHI-iH B3ai-1MOAe~CTBI-1H K npeACTaeneHI-1~ aC!-1MnTOTI-1-
4eCKO~ A1-1HaMI-1KI-1, T.e . B A06aeneHI-11-1 K CB060AHOMy raMI-1nbTOH!-1a
Hy OCTaT04HOrO B3ai-1MOAe~CTBI-1H 4aCTI-11..1: 

Ho-+ Ho+ Has(t). 

npoCTpaHCTBO aCI-1MnTOTI-14eCKI-1X COCTOHHI-1~ 1-iMeeT TOrAa BI-1A 

+ 
J{~s = lim uas(t) J<o 

t-+ ±oo 
/1/ 
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rAe npocTpaHCTBO ~O onpeAenHeTCH CB060AH~M raMHnbTOHHaHOM, 
a onepaTop acHMnTOTH4ecKoi1 3BOniO~HH Uas(t) ecTb pewe HH e 
ypaBHeHHH 

i _!L U (t)=H (t) U (t) ; 
dt as as as 

/2/ 

U as (0) = 1. 

HanoMHHM , 4TO npocTpaHCTBO ~0 He HBnHeTCH $OKOBCKHM npH 
HanH4HH 6e3Maccos~x 4aCTH~ 1 1 ~ 1 . DAHOBpeMeHHO onepaTop UaJ0 
He HMeeT H3-3a HH$paKpacH~X paCXOAHMOCTei1 C06CTBeHHOro npe
Aena npH t~ ± ~ B $oKOBCKOM npocTpaHCTBe. Mo~Ho, OAHaKo, 
npoBeCTH Bee paCCMOTpeHHe B COOTBeTCTBYIO~eM npOCTpaHCTBe 
$aKa, BBeAH KaKyiO-nH60 perynHpH3a~HIO HH$paKpaCH~X OC06eH
HOCTei1 . B HaCTOH~ei1 pa6oTe, KaK H s / 3/ , M~ 6yAeM HCnOnb30-
BaTb pa3MepHyiO peryn~pH3a~HIO, T.e. nepei1AeM B npoCTpaHCTBO 
pa3MepHOCTH n=4+£ ,£ > 0. npH 3TOM HeC06CTBeHH~i1 xapaKTep one
paTOpOB Uas<± ~) 6yAeT npoHBnHTbCH 4epe3 HX CHHrynHpHyiO 
3aBHCHMOCTb OT £ npH £-. 0. TaKHe CHHrynHpHOCTH npHBOAHT 
K B03MO~HOCTHM nepeXOAOB Me~AY pa3nH4H~MH KOrepeHTH~MH nOA-
npOCTpaHCTBaMH ~O / l-3/ H TeM CaM~M K Cy~eCTBeHHO He$o-
KOBCKOMY npOCTpaHCTBY COCTOHH~i1. B CHny nocneAHero 3aMe4a
HHR HaH60nbWHi1 $H3H4eCKHi1 HHTepec npeACTaBnReT H3y4eHHe 
HMeHHO CHHrynRpHOi1 4aCTH Uas (± oo) 13;3HaHHe KOTOpOi1 n03BOnHeT 
OnHCaTb OTnH4He npOCTpaHCTBa ac~MnTOTH4eCKHX COCTORH~H OT 
l)>oKOBCKOro. 

KaK BHAHO H3 B~WeH3nomeHHOro, KOHKpeTHaR peanH3a~HR MeTOAa 
aCHMnTOTH4eCKOH AHHa~KH HanaraeT ABa ycnOBHR Ha aCHMnTOTH-
4eCKHH ra~nbTOHHaH: 

1. JlnH KOppeKTHOCTH Bcero MeTOAa B Has AOCTaT04HO nonHO 
AOn~HO 6~Tb y4TeHO OCTaT04HOe B3aHMOAei1CTBHe, T.e. 8-MaTpH
~a B npeACTaBneHHH aCHMnTOTH4eCKOH AHHaMHKH 

S as= T exp( -i j dt(H-Has (t))[¢ as(t)] dt) 
-oo 

HH$paKpaCHO-KOHe4Ha. 

2. Mo~HO nOCTpO~Tb HBHO peWeHHe ypaBHeHHR /2/ HnH XOTH 
6~ B~4HCnHTb CHHrynRpHyiO 4aCTb onepaTopa aCHMnTOTH4eCKOH 
3BOniO~HH. K CO~aneHHIO, COBOKynHOCTb 3THX ycnoBHi1 CBOAHT 
Kpyr TeOpHH, B KOTOP~X YAanOCb K HaCTOR~eMy epeMeHH nOCTpo
HTb npeACTaBneHHe aCHMnTOTH4eCKOi1 AHHaMHKH, K K3A H CXOAH~M 
no CTPYKType B3aHMOAei1CTBHH MOAenRM. Bo3HHKaiO~He TPYAHOCTH 
HaH6onee RPKO npoRBnRIOTCR Ha npHMepe KXA. B 3Toi1 TeopHH Ha
nH4He caMoAei1cTBHR rniOoHoB AenaeT 3aTPYAHHTenbH~M y~e caMo 
noCTpOeHHe aCHMnTOTH4eCKoro raMHnbTOHHaHa, AnR KOTOporo MO~HO 
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6b1no 6bl HaAeHTbCH nony4HTb peweHHe /2/. EcnH orpaHH4HTbCH 
paCCMOTpeHHeM 4neHa, OnHCbiBaiO~ero B3aHMOAei1CTBHe rniOOHOB 
C KBapKaMH, TO COOTBeTCTBYIO~Hi1 aCHMnTOTH4eCKHi1 raMHnbTOHHaH 
noCTPOHTb AOCTaT04HO nerKO, HO peWHTb ypaBHeHHH AnH onepa
TOpa acHMnTOTH4eCKoi1 3BoniO~HH He YAaeTCH. Bo3HHKaiO~He 3AeCb 
TPYAHOCTH, CBH3aHH~e C Hea6eneBOCTbiO rpynn~ BHyTpeHHei1 CHM
MeTpHH, MO~HO H3Y4HTb Ha npHMepe 3aPHAOBO-CHMMeTpH4HOi1 
TeOpHH 14- 61 C raMHnbTOHHaHOM B3aHMOAei1CTBHH 

H. t = g~-;rfJ¢ 
In 

rAe rjJ - H30Ay6neT CnHHOPOB MaCCbl m , ¢ - 6e3MaCCOB~i1 
CKanHpH~ i1 H30TpHnne T, t - MaTpH~~ naynH. 

B pa6oTax14 ·51 Ha OCHOBe MeTOAa aCHMnTOTH4eCKOi1 AHHaMHKH 
no ny4e Hbl np e ACKa3aHHH OTHOCHTenbHO noBeAeHHH nponaraTopa 
$ e pMHOHOB B AaHHOi1 MOAenH B6nH3H MaCCOBOi1 nosepXHOCTH, ga
MeT HO OTnH 4aiO~HeCH OT COOTBeTCTByiO~HX B~pa~eHHi1 B K3A. 
B /6 / COAeP~HTCH non~TKa nOCTpoeHHH aCHMnTOTH4eCKHX COCTOHHHi1 
AnH AaHHOi1 TeOpHH C nOMO~biO BapHa~HOHHoro MeTOAa B npeACTaB
neHHH KOrepeHTHbiX COCTOHHHi1. nony4eHH~e pe3ynbTaTbl yKa3biBa
IOT Ha TO, 4TO npOCTpaHCTBO aCHMnTOTH4eCKHX COCTOHHHi1 B 3apH
AOBO-CHMMeTpH4HOi1 TeOpHH, no-BHAHMOMy, cy~eCTBeHHO OTnH4a
eTCH KaK OT $OKOBCKOro, TaK H OT npOCTpaHCTBa aCHMnTOTH4eC
KHX COCTOHHHi1 K3A. 

UenbiO HaCTOH~ei1 pa60Tbl HBnHeTCH nocTpoeHHe HBHoro Bblpa
~eHHH AnH CHHrynHpHOi1 4aCTH onepaTopa aCHMnTOTH4eCKOi1 3BO
niO~HH B npH6nH~eHHH rnaBH~X HH$paKpaCH~X paCXOAHMOCTei1. 

npo~eAypa nOCTpOeHHH aCHMnTOTH4eCKOrO raMHnbTOHHaHa B 
paCCMaTpHBaeMOi1 MOAenH nonHOCTbiO aHanorH4Ha COOTBeTCTByiO~ei1 

npo~eAype B K3A 111 H npHBOAHT K cneAYIO~eMy B~pa~eHHIO AnH 
aCHMnTOTH4eCKOro raMHnbTOHHaHa B npeACTaBneHHH B3aHMOAei1-
CTBHH: 

Has (t) = ~-- f 3+£ 
(277)-2~ 

..!i_ dk f (p,k,t)p(pJ X 

2E2 2w 2 T 
p k 

. pk -> -i.£!:_t -> 
x (e 

1
E\t+(k)+e E ¢(k)), 

->2 '"h ... ... ~ 
rAe E ... = ( p + m 2) , w -,=I k I , k = w.,.k 

p k k 

131 

B $QpMyne /3/ HCnonb3yeTCR Ta ~e HOPMHpoeKa nonee~x onepaTo
poe, 4TO H e pa6oTe / 31: 

¢ (x) = 1 
3+£ 

(277 )_2_;_ 

f d~ (e ikx;p+(k)+e -ikx¢ (k)), 
2w ... 

k 
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if; (x)= 1 J dp (e ipx d + (p)vs(p')+e-ipx b (p)u s (p)). 
a ....:i±.!_ 2E .... as as 

(2 7T) 2 p 

OnepaTop p(p) I-1MeeT BI-1A p (p)+p (pj, rAe 
+ -

P .... w)=}; b+ (p)7 ,l>f3 (p). 
+ s as ap s 

p (p)= }; d+ (p)r .... f3 df3 (p). 
_ s as a s 

HH<t>paKpaCHbiH <!>oPM<!>aKTop f T YAOBneTBOp~eT o6bi4HbiM ycnoei-1~M 1 3 ( 

~ f T (p. k, t) =0. It I ~ T. 

~fT(p~~.t)-1, lti>T w~-0, • 

f T(p ,k, t)~ 0, V t np~-1 w>w 0 paBHOMepHo no p, 

/4/ 

rAe 1 T »m, 0<w 0 « m. 
H3 npi-1BOAI-1MbiX HI-1>Ke BbiKnaAOK cneAYeT, 4TO rnaBHa~ CI-1Hryn~pHa~ 
4aCTb onepaTopa aCI-1MnTOTI-14eCKOH 3BOn~~l-11-1 He 3aBI-1CI-1T OT ~BHOro 
BI-1Aa fT npl-1 ycnOBI-1~X /4/. 

Mbl 6yAeM HI-1>Ke nonb3oBaTbC~ o6o3Ha4eHI-1~MI-1 pa6oTbl 13 1 An~ 
coKpallleHI-1~ 3an1-1c1-1 <t>opMyn. B 4aCTHOCTI-1, 

.... 
.... A .... J dp ...,(_,) .... ( .... ) Po. = -- p p A p , 

2E .... 
p 

.... + dk .... + .... 
a oqJ £ = J -

3 
a ( k) "¢ ( k) . 

2wk 
B 3TI-1X o6o3Ha4eHH~x ypaeHeHI-1e /2/ I-1MeeT BI-1A 

rAe 

Tbl! 

6 

d .... .... + .... 
i-U (t),.po(F o ¢ + F*o ¢ )U (t), 

d t as t £ t £ as 

U as (0) = J, 

F (p,k)= ~g~m~-
t (2rr) -4!-

PeweHHe ypaeHeHH~ 
npH 1 t 1 > T 

wk 
-e 
E-p 

.1!.!.. t -.! ) 
IE f(p,K,t. 

T 

/5/ MO>KHO 3anHCaTb B 

/51 

BHAe T -3KcnoHeH- ' • 

I tl .... .... 
U (t)=Texp(-isgntJdrf'o(F o¢++F* o¢ )). 

as T r sgn t £ r sgn t £ !6! 

Bocnonb3oeaewi-1Cb KOMMyTaTI-1BHOCTb~ onepaTopoe noA 3HaKoM 
T -npoi-13BeAeHI-1~, npeACTaBI-1M /6/ B BI-1Ae 

.... .... I tl .... .... I tl .... .... 
U (t)= JDpDqTexp(-i J drpo q )exp(i J dr p oq ) x Ill 

as r r r 

I T T It ..., -++ ...... 
Texp(-isgnt J drp o(Fr 0 ¢ +F* o ¢ )), 

T r sgn t £ r sgn t £ 

rAe D p , D Q - COOTBeTCTBY~Ilii-1M o6pa30M HOPMI-1POBaHHble <!>YHK~I-10-
HanbHble Mepbl. 

nono>KI-1M 
.... I tl .... .... 

U-~,.(t;p) -Texp(-isgnt J drp o(F ocf++ F* orf> )), /8/ 
'I' T r r sgnt £ r sgn t £ 

( -;t) ( .1ft! ........ U t; '! =T exp -1 d r p o q ). /9/ 
p r 

T 

nerKO noKa3aTb, 4TO 

I tl 
U¢(t;p)=exp(-isgnt J drp o(F o¢++ F* 

T r r sgn t £ sgn t 

I tl r ..., 

o ¢£ )) X 

/10/ 

x exp ( i J d r J ds P. o Im ( F o F * ) o p ) . 
T T r r s gn t s s gn t £ s 

B Bblpa>KeHI-11-1 /9/ MO>KHO TaK>Ke l-136aBI-1TbC~ OT T -3KCnoHeHTbl: 

Up ( t , q ) = exp (- i ( p + o A + ( t; q ) + p _o A_ ( t ; q ))) , I 11 I 
.... .... 

rAe, OAHaKo, <!>YHK~HH A +(t; q) onpeAen~~Tc~ cno>KHbiMI-1 Heni-1HeH-
HbiMI-1 ypaeHeHH~MH (A+ =A+ii+; ii_r -1): 

dA± = ii+ii+. i{ +~+ct~A: (q-~+n+. q) ± L\+ xc1l. 
dt - - - - - - -

A ±(T; q)~O. 
pewHTb KOTOpble ~BHO He YAaeTc~. Cno>KHbiH BHA /11/ ~en~eTc~ 
cneACTBHeM Hea6eneBOCTI-1 rpynnbl CI-1MMeTpHH, KOTopa~ npo~Bn~

eTCR Ha 3TOM 3Tane B HeKOMMyTaTI-1BHOCTI-1 KOMnOHeHT onepaTO-_, . 
poe P+ . 

Mbl-nonbiTaeMCR o6oHTH no~BI-1BWI-1ec~ cno>KHOCTH 1-1 nony41-1Tb 
<!>I-13H4eCKH HHTepecHy~ HH<!>OpMa~H~ 06 aCHMnTOTH4eCKOH AHHaMHKe 
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paccMaTp~eaeMo~ MOAen~, nonb3YRCb cneAY~~M~ coo6pa~eH~RM~. 
KaK y~e yKa3~Banocb, nepecTpo~Ka npocTpaHCTBa ac~MnToT~-
4ecK~x COCTORH~~ CBR3aHa C C~HrynRpHO~ no f 4aCTb~ onepaTo
pa aC~MnTOT~4eCKO~ 3BOn~~~~. AnR B~AeneH~R rnaBH~X C~HrynRp

HbiX 4aCTe~ u±. onepaTOPOB Ua (± oc ) COBepw~M npeAenbH~~ 
Sing S 

nepexoA 

f ... o. T ... oo , lT( =A-~ /12/ 

4TO COOTBeTCTByeT y4eTy n~A~PY~Iil~X ~H<f>paKpaCHbiX paCXOA~
MOCTe~ B MaTp~4H~X 3neMeHTax. B npeAene A-+ oo C~HrynRpHaR 

+ no A 4aCTb onepaTopoe u;ing on~CbiBaeT nepexoA K He<f>oKoe-
CK~M npOCTpaHCTBaM aC~MnTOT~4eCK~X COCTORH~~. 

AnR BbiAeneH~R RBHO~ 3aB~C~MOCT~ OT A COBepw~M B /7/ 
3aMeH~ nepeMeHH~x 

1 
t ~ T(l-x)-""7 

;t ... -1 / f ... ... 
JJ (p ,T(l-x) )=P(p,x), 

... ... -1/ f -1-f 1+..1.. ...... 
q(p, T(l-x) ) ~ T (1-x) ( Q (p,x). 

TorAa B npeAene /12/ nony4~M He3aB~C~MO OT RBHOro B~Aa <f>opM
<f>aKTOpa 

0() -+ ...... + 7 1 -+ -+ 
Jdrp o(F o¢ +F+*ocp )-++iAfdxP o<f>, 

T r ±r f _r f -
0 

x 

oo T ~ -+ 1 -+ -+ 
J d r J ds p o Im ( F o F * ) op ... ± A J dx P o R o P 

T +r + S f S X X T T - - 0 

rAe 

<i> (p) = ~- J _E.: ¢ +of)-¢Cib 
3+! 2 -..,. 

(2rr)_2_ pk 

(
... ... g2 2 

R p,q)=-(~-i)-112 
8rr m4 · 

0TC~Aa 

+ ... ... 1 ... :2 ;:t ... 
U -: (A) = J D P D Q exp ( A J dx ( P o q.~ ± i t' o R o P + 

Bing O X X X 
/13/ 

-+ -+ 1-._, 
+ iP o Q )T exp(-iA J po Q dx). 

X X O ,x 
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npoBOAR B /13/ ~HTerp~poBaH~e no p ~ Q nOA 3HaKOM T-3K
cnoHeHT~, nony4aeM RBHOe B~pa~eH~e AnR rnaBHO~ C~HrynRpHO~ 
4acT~ onepaTopa ac~MnToT~4ecKo~ 3Bon~~~~: 

U±. (A)=exp(A(p'o ~ ± ip~R o p )). 
Sing 

B Ka4eCTBe npOCTpaHCTBa aC~MnTOT~4eCK~X COCTORH~~ B ~c
non b3yeMOM np~6n~~eH~~ MO~HO Bbi6paT b / 3 / 

U±. (A) J ® JA ®1 0>, 
sing q o. 

rAe J q , J f1- <f>OKOBCK~e npOCTpaHCTBa AnR MaCC~BHbiX 4aCT~~ 
~ 6e3MaCCOB~X 4aCT~~ HeHyneBO~ 3Hepr~~ COOTBeTCTBeHHO, 
I 0 > - BaKyyM AnR 6e3MaCCOBbiX 4aCT~~ Hyneeo~ 3Hepr~~. noA
po6Hoe ~ccneAOBaH~e CTpyKTYP~ 3Toro npocTpaHCTBa M~ npeAno
naraeM npoeecT~ e nocneAY~Iil~X ny6n~Ka~~Rx. 

B 3aKn~4eH~e aBTOp XOTen 6bl Bblpa3~Tb CBO~ np~3HaTenbHOCTb 

A.B.W~pKoBy 3a BH~MaH~e K pa6oTe, H.H.Ape<f>&eeo~ ~ n.n.Kyn~

wy 3a aa~HTepecoeaHH~e o6cy~AeH~R ~ none3H~e coeeTbl. 
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