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1. Mbi paccMaTpHsaeM paccesmHe aepenSITHBHCTcKofi "'BCTHUbi aa no-

ll/ 
TeHUHane THna H306pa)KeHHOI"O Ha pHCo 1. B pa6oTe 6hin0 noKaaaHo, "'TO 

aaanHTH"!ecKoe nponon)KeHHe no aaeprHH peweHHSI aana"'H pacceSIHHSI (p.a.p.) 

HMeeT Ha BTopoM nHcTe noniOChi, pacnono)KeHHhie s6nH3H nei!:cTBHTenbHoft 

OCH1 H "'TO nefiCTBHTenbHaSI "!8CTb 9THX noniOCOB onpenenSieT 9Hepi"HIO KB83H­

CT8UHOH8pHb!X COCTOSIHHH1 a MHHMaSI - HX BpeMSI )KH3HH. Uenb 9TOH pa60Tb! 

COCTOHT B noK838TenbCTBe cyweCTBOB8HHSI pe30HaHCOB y p.a.p. npH 9HeprH­

SIX1 p8BHb!X 9Hepi"HSIM KBa3HCT8UHOH8pHbiX COCTOSIHHi!: H B noKaaaTenbCTBe 

cnpasennHBOCTH ~opMynhi Bpeii:Ta-BHrHepa B oKpecTHOCTH aTHX peaoaaacos. 

HaM 6bi xoTenocb non"!epKHYTb, "!To npennono)KeHHe o peaoHaHCHOM 

xapaKTepe Po3oPo B CHny npH"'HH1 06'bSICHeHHb!X HH)Ke1 He MO)KeT 6b!Tb non­

TBep)KneHO cyWeCTBOB8HHeM rroniOCOB C noCT8TO"'HO Manoif MHHMOi!: "18CTbiO 

H ~opMynoi!: Bpeii:Ta-BHrHepa, a non)KHO 6biTb noKaaaHo aeaaBHCHMO. 

l1crronb3yeMb!H HaMH MeTon SIBnSieTCSI peanH38UHefi HneH 0 COCT8BHOM 

Sinpe s TeopHH SinepHhiX peaKUHi!:/2-3/. UpennonO)KHM, "!To noTeHUHan V( x) 

onHCb!BaeT B38HMOnelkTBHe "18CTHUbi C SinpoM. CHCTeMa Sinpo+qaCTHUa MO)KeT 

o6pa30Bb!B8Tb CBSI3Hb!e COCTOSIHHSI C nonO)KHTenbHOH 9HeprHefi nHWb B TOM 

cnyqae, ecnH rroTeHuHan V( x) pasea +"" Ha MHO)KeCTBe BHna I x; R 1 <lxl <~I. 
EcnH OH BenHK 1 HO KOHeqeH Ha 9TOM MHO)KeCTBe1 TO yCTOH"'HBb!X CBSI3HbiX 

COCTOSIHHH CHCTeMa o6pa30BaTb He MO)KeT1 OnHaK01 KaK nOK838HO B/ 1/1 rrpH 

onpeneneHHbiX ::meprHSIX OHa 6yneT o6pa30BbiBaTb COCTOSIHHS1 1 KOTOpb!e )KHBYT 

nocTaTO"'HO nonro. KaK HasecTao/2/, npH 9THX )Ke aaeprHSIX peweHHe aana"'H 

pacceSIHHSI non)KHO HMeTb peaoHaHChi. lfTo6hi noKa3aTb rrocnenaee yTsep)K­

neHHe, Mhi BKniO"'HM noTeHuHan B onaonapaMeTpH"!ecKoe ceMeficTBO noTea-

UHanos V (x) H paccMoTpHM noseneHHe HHTepecyiOmHx Hac senH"!HH 

npH M->"" • 
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Ill 
HanoMHHM o6o3H8'18HH51 0 BBeneHHhie B pa6oTe • R N - 9TO N -Mep-

' 
Hoe eBKJIHAOBO npocTpaHCTBo, N ~ 3 , x = ( x 1 , x 2 , •••• , xNJ , L\ - onepaTop 

nannaca, V (X ) - HeOTpHU8TeJibH8SI CK8JISipH8SI cpyHKUHSI ( IIOTeHUH8JI) t 

0 =I x, V( x) ="" l, 0 1 - CB513H851 KoMnoHeHTa MHO)KeCTBa R N "'- 0 , conep*a­

IIJaSI 6ecKoHe'IHO-YA8JI8HHYJO TO'IKY. Q 2= R (nun 1) , v (X)= min I V( X ) ' M J • M 

Mbt 6yneM npenrronaraTb, 'ITO rroTeHuHan V ( x) ynoBneTBOpSieT cnenyroiiJHM 

yCJIOBHSIM: 

1) rrpH K8*AOM ¢HKCHpOB8HHOM M > 0 cpyHKUHSI V M ( x) ynoBneTBOpSieT 

JIOK8JibHO ycnoBHJO feJibAepa H HeOTpHU8TenbH8 0 

2) cymecTByeT TaKoe R < "" , 'ITO rrpH I xI > R BbmonHeHO HepaBeH-

cTBO V(x) <C lx 1-N-a 
3) mes Q 

2
> 0 H orrepaTop H (eM, HH)Ke) HMeeT HeTpHBH8JibHblii AHC-

KpeTHbiii crreKTP I A j l 
TipeAIIOJI0)1(8HH8 0 HeOTpHU8TeJibHOCTH IIOTeHUH8JI8 IIpHH51TO H8MH TOJibKO 

H3-38 )KeJI8HHSI yrrpOCTHTb H8IIHC8HHe cpopMyJI, 0HO MO)KeT 6biTb 38MeHeHO 

Ha cnenyromee: 

cpyHKUHSI V -( x) = max I 0,- V( x ) I~ L q, q > 0,5 N. 

TiycTb H H H M - caMocorrpSI*eHHbie pacumpeHHil onepaTopoB, onpeneneHHhiX 

H8 <jJHHHTHbiX B <jlyHKUH51X <jlopMynoii 

H u = - 11 u + V ( x ) u , H u = - 11 u + V (x ) u • 
M 

(1) 

/4-6/ 
CrreKTpanbHoe pa3JIO)KeHHe onepaTopa H nocTpoeHo B , TiycTb 

GJx,y, t) H G(x,y,tl- SIApa onepaTopoB exp(-tHJ H exp(-tH); 

onepaTopbi g M H T: (A ) onpeneneHbi <jlopMynaMH 

M 

g M = G 
0

- G M, T ~ (A) = - lim 
(->+ 0 

- onepaTop, corrpH)KeHHbiii B 

-f 
[ exp (-(A + i d t)- G ( t)] g . 

AOTO'IeHHbie B Q 
2 

C06CTBeHHbie <jlyHKUHH AHCKpeTHOrO crreKTpa orrepa­

TOp8 H , u ( x, k ) - pemeHHe 38A8'1H pacceSifiHSI ( p.3.p.) AJISI onepaTopa 
M 
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u (x,k) = exp(ikx)+cf> (x, k), 
M M 

(1- N}/2 a - (1-N}/~ cp (X, k) = 0 (I X I ) ; (- .. h/ A) cp = 0 (I X I ) , 
M a lx I lx l-+oo 

u ( x, k ) - p.3,p, llllSI onepaTopa H , 

~ ::::::: 

(f)M (k) = f uM(x,k )f(x)dx, (!fF)M(k,A
1 

)= f uM(x,k )rfdx,A
1

) dx. 

l13y'IHM acHMITTOTHKY <fJyHKUHH . u ( x, k ) npH M-+ "" B oKpecTHOCTH 

c<jlepbi k 2 =A . nonO)KHM 

p . (A, M) = (I A- A 12 + M - 2 ) t/2 • 
l j 

/6/ 0TnpaBHbiM nyHKTOM anH Hac 6y.aeT aoKaaaHHaSI a TeopeMa 1, 

1. EcnH A1 - npocToe co6cTBeHHoe aHa'l:eHHe aHcKpeTHoro cneKTpa 

onepaTopa H To cymecTayeT TaKoe 8 . > 0 , 'ITO npH scex ( k, M) <; 
l 

<;{k,M; 0<p.(k 2 ,M)<8.l<fJyHKUHSI u (x,k) 
l l M npeacTaBHMa B BHae 

exp (ikx) + 1/F (x, A .I k 2 ,M)w .(k,M)+K.(x,k,M ), 
l l l 

( 2) 

rae 

( 3) 

e ( k, A 
1 

, M ) = f exp ( i k x ) 1/1 * ( x, A 
1 

I k 2, M) d x • 

2. ¢1yHKUHH 1/F(x,A
1

Ik
2
,M),I/J*(x,A1 lk 2

,M)H 'IHcno ll/k,2 ,M) yaoaneTao­

pHIOT paBeHCTB8M 

T:(A)I/J=!l 1 (k
2

,M)I/F, T~(A)*!fF*=Il/k 2 ,M)!fF*, A=k 2 
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H o6naA8ffiT T9M CBOHCTBOM 0 qTO 

II tjJ (X' A . I k 
2

' M ) - tjJ (X' A . ) II -+0 ' 2 N I N -1 < p < 00 ' 
J J p 

llt/J*(x,A .lk 2 ,M)-t/J*(x,A .)II _.o, 
J J q 

t/J*:T*(A)It/J*=t/J*,l::q<oo; (4) 

Jl. (k 2 ,M)-+ l, M-+ oo. 
J 

p 

3. CymecTByeT TaKaSI ¢yHKilHSI K i (x, k) <;; L , qTo 

II K i ( X' k, M) - K / X' k ) II p -+ 0' I k - k 0 I 
2 

+ M -
2 

-+ 0 ' k ~ = A i 

flpocTo:l!: noacqeT (eM. HH:lKe) noKaabiBaeT, qTo 

t/J*( x, A. )=[exp(-A. t)-G 0 (t)]t/J(x, A.). 
J J l 

( 5) 

flono)iillM 

(J 
2 

(M) = f I gM (X' y, t ) -g ( x, y' t) I d X dy 

noK8)1{9M TeopeMy 2. 

flycTb A i - npocToe co6cTseaaoe sHaqeHHe onepaTopa H , ¢YHKUHSI 

a (M) -> + 0 npH M-> oo H YAOBneTBOpSieT COOTHOID9HHffi 

a- 1 (M) (J (M) _, 0, M-> oo ( 6) 

Toraa 

I ( A . , a( M ) , M ) _, l 
J 

npH ( 7) 
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Ha TeopeMbi 2 en ea. yeT, 'ITO IPYHKUHSI w . ( k, M) II pH aocTaTo'IHo 6onbiiiHX M 
l I 

HMeeT pe3KHH IIHK B OKpeCTHOCTH TO'IKH k 2 = A j 

CHaqana HarroMHHM aBe neMMhi, aoKaaaHHbie Bl 61 H I 1 I. 

neMMa 1. CrrpaBeanHBO HepaBeHCTBO 

lim !i\> I ( A . , a( M ) , M ) < I • 
M l -

neMMa 2. CrrpaBeanHBa oueHKa 

f 

( 8) 

( 9) 

floKa)KeM, 'ITO H3 (8) H (9) cneayeT (7). HH)Ke CHMBOn o(M) o603HaqaeT 

BenH'IHHy, KOTOpaSI CTpeMHTCSI K Hymo II pH M-> oo • 

CrrpaBeanHBO paBeHCTBo 

( 10) 

"' j(!/J) (k, A. )j 2 dk+(217)-N 
M l 

f f 
m(A. ,a(M)) 

l 

B cHny .PopMynhi ( 2) crrpaBeanHBo paBeHCTBO 

(217)-N f I(~)M(k,Ai)l 2 d k=(217)-N f j(if;)
0
(k,\)+ f!/J(x,Ai)Ki(x,k,M)dxl

2
dk + 

m(\ , a(M)) m <Ai, a(M)) 

- ( 11) 
+(217)-~.me f w. (k,M)[f!/l(x,A .)!/f (x,A.Ik 2,M)dx][(.j;) (k,A )+ f!/l{x,A.)K (x,k,M)dx]dk+ 

J J J 0 j J 

m(Ai ,a(.M)) 

+ (217) -N f 
m<\ ,a(M)) 

2 2 2 lw l.(k,M)j I f!/J(x,A.)!/f(x,A.Ik ,M)dxl dk. 
J J 
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J1a TeopeMbi 1 H neMMbi 1 BbiTeKBIOT ';lleJlyJOmHe OUeHKH: 

-N 2 2 2 
(217) f lw 1(k

2
,M)I I Jt/J(x,>.._}t/J(x,>...lk ,M)dxl dk=I(>.._,a(M),M)(l+o(M)),(I2) 

l l l m<\ ,a(M)) . 

-N = 
(217) J l(t/J)0 (k,>.. 1 )+Jt/J(x,\)K (x,k,M)dxl

2
dk<C J dk = o(M), (

1
3) 

m <>..1 , a(M)) m(Ai , a(M)) 

2 = 
IJw 1 (k,M)[JtjJ(x,>..1 )t/J(x,>.. 1lk ,M)dx][(tjJ)

0
(k,>..

1
)+Jt/J(x.>../K

1
(x,k,M)dx]dk I -5_ 

(14) 

< C f lw 1 (k,M)Idk~C( f lw
1
(k,M)I 2 dk) 1

/
2

( f dk) 1/ 2 =o(M). 
m<>.. 1 a(M)) m(>..

1
,a(M)) m(>..

1
,a(M)) 

noJlCT8BHB ( 12), ( 13) H ( 14) B ( 11), Mbi nonyqHM 

(2 11 ) - N f ( (f) ( k, >.. ) 1
2 

d k= I ( >.. , a ( M) , M ) + o ( M ) • ( 15) 
M i i 

m(A . ,a(M)) 
l 

Tenepb aaMeTHM, qTo H3 (9) H (6) cneJlyeT oueHKa 

f I< ~) (k,>.. )1 2 dk= o(M). 
M l 

( 16) 
I k 2 - >.. . I > a(M) 

l 

J1a (10), (15) H (16) cneJlyeT paBeHCTBO 

1(,\ .,a(M),M) =l + o(M). 
l 

TeopeMa JlOKaaaHa. 

8 
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I 

Opeo5paayeM ~opMyny (2). OpeaiTono*HM, qTo IToTeHuHan ~HHHTeH 
{ 

( 5bin0 5b! aOCT8TOqHO ITpeaiTOnO*HTb 0 qTo OH •y5biB8eT 5biCTpee SKCITOHeHTbl) 

H qTo M aocTaToqHo aenHK.O. B cHny neMMbi 1.13 Hal 11, ~YHKUHSI u J x, k), 

paccMaTpHBaeMaSI KaK ~YHKUHSI ITepeMeHHoii A= k 2 , HMeeT aHanHTH'IecKoe 

ITpoaon*eHHe qepea paapea ReA=O , H B oKpecTHOCTH ToqKH Ai sTo aaanu-

THqecKoe ITpoaon*eHHe HMeeT ITpocTbie IToniOCbi B ToqKax A~ (M) , Om A +(M)<O, 
l j 

Im A~ (M) > 0 ) , KOTOpbie cyTb eaHHCTBeHHbie oco5bie ToqKH aaanHTHqecKoro l 

ITpoaon*eHHSI ~YHKUHH u ( x, k) 
M 

B OKpeCTHOCTH neiiCTBHTenbHOft OCHo 

J1eMMa 3. CymecTByeT T8KOe o; / 0 'qTo ITpH BCex l k, M) <;; 

G-!k,M;0<p,(k
2
,M) <8: l CITpaBennHBO paBeHCTBO 

l l 

rae ~YHKUHSI ci (A' M) ronoMop~Ha ITO A 

( 17) 

A:(M) ,Kpyre !AiiA-Ail<(il.ITpH"'eM MHHHMyM MoaynSI ~yHKUHH Ci(A,M) 

B 3TOM Kpyre orpaHH"'eH CHH3y H CBepxy KOHCT8HT8MH 0 He 38BHCSIIUHMH OT M. 
AoKa3aTenbCTBo. B cHny neMMbi 1.9 Hal 11 ~YHKUHSI p. 't: (A, M) 

) 

ronoMop~Ha ITO A B HeKoTopoM Kpyre I A, I A -A. I <~l , KOTOpbiA coaep-
l 

*HT TO"'KY A : ( M ) , H ciTpaBeanHBo paBeHCTBO 
l 

p.~ (A, M)-1 = p.:t'(A ,M)- f!: (A-l: (M), M) 
l l l l 

B 1.9 H 1.10 
I 11 

CHny neMM 113 crrpaaennHBhi aepaaeacTaa 

(-1> 
a P.'!-

(.\.~ (M),M)J > ( >0. M>M . a A. l - - i 

TaK K8K A+(M)-. A IT pH M-. oo , To oTciOaa cneayeT yTBep*aeaHe neMMbi, l 

0oaCT8BHB ( 17) B (3) H (2), Mbl ITony"'HM ~OpMyny, KOTopyiO qaCTO H8-

3b!B8IOT <PopMynolf BpelfTa-BHraepa: 
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+ 
TaK KaK Im .\ i (M)-> 0 IIpH M ~ oo , TO MOmHo 6bmo 6bi .llyMaT&, 

'ITO H3 ( 2') yme cne.llyeT pe30H8HCHbiit XapaKTep !flyHKUHH U M ( x, k ) . IloKa­

l!<eM, 'ITO TaKoe aaKnJO'IeHHe 6hmo 6bi rrpe)l{,lleBpeMeHHbiM, 

neMMB 4, <l>yHKUHSI e( k, \ ,M) 1 OIIpe.lleneHH8SI paBeHCTBOM ( 3) 
1 

Y!IOBneT-

BOpSieT COOTHOllleHHIO: 

2 
II pH p j ( k 'M ) .... 0 . 

AoKaaaTen&cTao. CHa'!ana .llOKameM !flopMyny ( 5). ITo orrpe.lleneHHIO, 
+ -1 + 

T (.\)*=-g[exp(-(\ +iO)t)-GJt)] ,H Ha paBeHCTBa T (.\)*t/1*= t/J* 
cne.llyeT, 'ITO !flyHKUHSI 

( 19) 

yaoBneTBOpHeT ypaBHeHHJO 

( 20) 

/4/ TaK KaK 7J (x) y.lloaneTBopHeT ycnoBHHM Hany'!eHHH, To Ha ( 20) cne.llyeT 

'ITO 7J(x) =l/J(x,A.). YMHO>KHB o6e 'IaCTH ( 19) Ha exp(-.\. t )-G
0

(t), rrony'IHM(5), 
l l 

BocrronbaoBaBWHCb paBeHCTBOM (5), rrony'IaeM 

le(k,.\.M)I=I fexp(ikx)[t/J*(x, .\.lk 2 ,M)-t/J*(x,.\.)] dx + 
l j j 

+ f exp ( i k x ) t/1 * ( x, k, M ) d x I < II t/1 * ( x, .\ . ) I k 2 , M ) - t/1 * ( x, .\ . ) II + 
- l l I 

neMMa .llOK838H8, 

Ma neMMbi 4 cne.llyeT, 'ITO MBKCHMYM p,s,p, BHYTPH noBYlliKH pacTeT 

Me.llneHHee, '!eM I Im .\: (M) I -t , rroaToMy Ha ocHoae ManoCTH aenH'IHHbi 
l 

lim A:(M) 1+ 1 

l 
ellle Hen&aH .llenaT& BbiBO.lla o IIOHBneHHH peaoHaHca, 

10 
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