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1 • noH~T~e Kan~6pOB04HO~ 3KB~BaneHTHOCT~ n~He~H~X 3aAa4 
L-.L=g-1 Lg, BBeAeHHoe s/ 1, 21, oKa3anocb oco6eHHO none3H~M 
An~ ycTaHosneH~~ 3KB~BaneHTHOCT~ pa3n~4Hb1X Hen~He~HbiX 3BOniO
li~OHHbiX ypasHeH~~ IH3Y I, pewaeM~X MeTOAOM o6paTHo~ 3aAa4~ pac
ce~H~~ IM03P I 131. 

OcHoBHYIO ponb B on~caH~~ cso~cTB TaK~x H3Y ~rpaeT ~HTerpo
A~<!l<t>epeHI..I~anb H~~ onepaTop A, KOTOPbl~ c Tpo~Tc~ no L I eM. n. 3 
H~~e ~ pa6oT~ /4-9~. An~ c~cTeM~ 3axaposa-Wa6aTa KaHoH~4ecKaR 
Kan~6pOBKa /3/: 

L(q, >..)t/J = (i_!_ - q - /..n
3 

)~' = 0, 
dx 

limq(x) = 0, 
\ x\ _.,. oo 

0 0 
0 - = ( 1 0) ' 

/11 

cneKTpanbHaR Teop~R onepaTopa A ~ ee np~MeHeH~e K ~3y4eH~IO H3Y 
xopowo ~3secTHbl /5,6/. ~ 

B To ~e speM~ Teop~R onepaTopa A, cB~3aHHoro c c~cTeMo~ 

d ~ ~ -1 
idXt/J=>..St/J, S=t/Jo a3t/JO, 
~ -1 

t/J = t/Jo t/J(x, >..), t/Jo = t/J(x, >..)/>..=O, limt/1 0 = 1, 
/2/ 

~ 

He ~3y4anaCb. 0AHa ~3 rnaBHbiX TPYAHOCTe~ COCTO~T B Bblpa~eH~~ A 
TonbKO 4epe3 S(x). 6e3 TaKoro Bblpa~eH~R see pe3ynbTaTbl, coAep
~a~~e A. 6bln~ 6~ Ha yposHe TeopeM cy~ecTBOBaH~R. 

B HaCTOR~e~ pa6oTe M~ CTPO~M Teop~IO onepaTopa A B RBHO 
Kan~6poB04HO-KOBap~aHTHOM B~Ae ~ npeAnaraeM MeTOA An~ Bbl4~cne
H~R A 4epe3 K03<1l<ll~ll~eHTH~e <I>YHKI..I~~ L. Bee peaynbTaTbl AnA 
Knacca H3Y, CBR3aHHbiX c c~cTeMoi1 L I 1/. asToMaT~4eCK~ nepeHo
CRTCR Ha H3Y, cs~aaHHble c c~cTeMo~ L 12/. 

npocTeHW~M~ np~MepaM~ TaK~X ypaBHeH~~ RBn~IOTCR Hen~HeHHOe 

ypasHeH~e WpeA~Hrepa HYW: 

<q,q>= .l.trq 2 

2 
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B 4acTHOCT~, ~3 KOMnaKTHWx $opMyn AflR 3aKoHos coxpaHeH~n/6/ MW 
nony4aeM, 4TO coxpaHR~~ecR nnoTHOCT~ AflR $r non~HOM~anbH~ no s 
~ ero npo~3BOAHbiM no x. 

2. BBeAeM 0603Ha4eHHR H HanOMHHM Hy)I{HWe $aKT~ H3 TeopH~ pac
ceRHHR AnR nHHe~HbiX 3aAa4 /1/ H /2/ c q c-Sa

3
/cM. ,Hanp., /4,1/ 1. 

3AeCb ~a3 - npocTpaHcTso $YHK~HA T~na $YHK~HA Wsap~a co 3Ha4e-

H~RM~ B anre6pe sl (2, C), ~AOBneTBOPR~~~MH <q, a 3 > = 1/2 tra 3 q = 0. 
Bee senH4HH~, CBR3aHHWe c L /2/, 6yAeM o6o3Ha4aTb THflbAO~ -. 

PeweH~R ~OCTa /1/ ~ MaTpH~a nepeXOAa onpeAeflR~TCR COOTHOWe
H~RM~ 

-iAa x 
-+ a3 e 3, X -+ -oo , 

/5/ 

!6! 

BenH4HHbl ,j; , ¢~ , T CBR3aHbl C l/J , cp , T COOTHOWeHHRM~; 

- -1 - -1 -1 
!/;= l/Jo l/J, ¢= l/Jo (pT(O) a3, T(A) = T(~) T-

1 
(O)a 3 . 171 

EcrecTseHHble AflR $r rpaHH4Hble ycnosHR lirnS(x) = n, 3KBHBaneHTHbl 
I xi-+"" ~ 

b \o) = 0, T. e. T(O) = dia~;(a+ (0), -a-(0). B Ka4ecTse MHHHMamHoro 
Ha6opa AaHHbiX pacceRH~R AflR ofieHX 3aAa4 /1/ H /2/ MO)I{eM Bbl6paTb 
Ha6op R = lp ± = b± /a±, A Go R l, YAOBneTBOPR~~HA orpaHH4eHH~ p ± (0) = 0. 
3A~Cb ~ HH)I{e AflR KpaTKOCTH npeAnonaraeM, 4TO onepaTopbl L 
H L He HMe~T A~CKpeTHoro cneKTpa. 0AHaKo pe3ynbTaT~ HacToR~eA 
pa6oT~ HeTPYAHO o6o6~HTb H Ha cny4aH KOHe4HOrO 4HCna co6CTBeH
H~X 3Ha4eH~H KOHe4HOH KpaTHOCTH. 

PaccMOTPHM cHcTeMbl MaTpH4HbiX $yHK~HA l '¥±I (x, A)}, l <I>± I (x, A) l, 
~3BeCTH~X KaK 11 KBaApaT~11 peweH~~ /1// 4/. 3AeCb 4epe3 lp±l, <l>±l 
Mbl o60,3Ha4HflH HeAHaroHaflbH~e 4aCTH w± = l/Ja-l/f-1 <t>± =¢a ¢-1 A<;. R 
CHcTeMbl !W±l!, !<t>±ft RBnR~TCR nonH~MH s npo~Tpa~cTse 'sa:· KpoMe • 
Tore, cnpaBeAnHB~ pa3nO)I{eH~R 

. +oo 
q(x)= ~ [ dA(p+(A)'I'+I_p-(A)'I'-1), 

-co 

!81 

. +oo 
a30q(X)=-...!... { dA(Op+'I'+I+Op-'JI-1) 

1T -'Xl 

/9/ 

BMeCTe C aHanorH4HbiMH pa3nO>XeHHRM~ no CHCTeMe !<f>±f }. 
nepe4HCflHM Ba)I{He~wHe cneACTBHA ~3 /8/ H /9/ AflR H3Y, CBR3aH

H~X c L /1 I /eM. /4-9/j. 

2 

M03P HMeeT CM~cn o6o6~eHHoro npeo6pa3oBaHHR $ypbe. Ae~cTs~
TenbHo, AaHH~e pacceRHHR R noRBnR~TCR s /8/ KaK K03$$H~~eHT~ 
pa3flO)I{eHHR q (x) no o6o6~eHH~M 3KcnoHeHTaM '¥ ±I. TorAa onepa

TOP~ A±, YAOBneTBOPR~He COOTHOWeH~RM: 

• +f (a+- A)'¥- (x, A)= 0, (A_- A) <I>± I (x, A)= 0, /10/ 

RBnR~TcR aHanoraMH onepaTopa AH$$epeH~HposaHHR H ~rpa~T sa)I{HY~ 

ponb s TeopHH H3Y. 
Knacc H3Y coAeP)I{HT ypasHeH~R BHAa: 

/11/ 

rAe F(A) H G(A)- pa~HoHanbHWe ¢lYHK~~H A. B 4aCTHOCTH, HYW /3/ 
nony4aeTCR npH F (A)= A- 2

, G = 4i. 
KoMnaKTH~e s~pa)l{eHHR AflR· coxpaHA~~~xcR senH4HH HMe~T BHA 

+ 1, -m lna = em A , 
m=1 

/12/ 

3AeCb CK06KH <, > o6o3Ha4a~T $OPMY KHnnHHra anre6pw sl(2, C) <X, Y>= 

= 1/2 trXY; X, Y C- sl (2, C). 
HepapXHR CHMnneKTH4eCKHX CTpyKTyp COCTOHT H3 MHO)I{eCTBa 2-$opM 

BHAa: 

WF (olq' 82q) = i f dx < 81 q, F (A) [a3' 82 q] > = '(F(A)dp (A)A dq(A) (81q, 82q), I 13/ 
-~ -oo 

rAe A= 1/2 (A++ A_), a senH4HHbl p(A) = 1/rr ln(1 + p+p- ), q = i/2 lnb+ /b
ABnR~TCR nepeMeHH~MH AeHCTBHe-yron. 

3. AnR Tore, 4T06~ Bbi4HCflHTb A±, BBOAHM pa36HeH~e 'II± = 
qJ±I+'I'±~Koropoe AnR sl(2, C)MO)I{HO 3anHcaTb s B~Ae: 

m ± 1 ± ..J._ ± / 4/ 
T = 2 a3la3 , '¥ l + 

2 
a3 [a3 , '¥ ] . 1 

U3 /1 I nerKo nony4HTb, 4TO '¥ ± , <I>± YAOBneTsopR~T ypasHeH~~: 

. d m ± [ m±] 0 ldi T - q + M3' T = . 

noACTaBnRR I 14/ B I 15/' nony4aeM A± B BHAe: 
• d X 

A± = 14 [a3 • -d + [q(x), {[q(y),] dy]]. 
X ±oo 

04e~HAHOe, HO Ba)I{Hoe 3aMe4aHHe COCTOHT B TOM, 4TO 
H, cneAOBaTenbHO, (<1> 1•d)x=(<l>x)l,d. 

nepeHAeM K CHCTeMe /2/. TaK KaK /eM. /7/: 

~± = 1/1-1 <1>± 1/1 (a+(o)) ±I qi± = l/J-1 w± 1/1 
o o 3-(0) o o ' 

/15/ 

/16/ 

_!_a = 0 
dx 3 

/17/ 

3 



nonHoTa c11cTeM {q.r±f l, !<I> ±f I B npocTpaHcTse Su
3 

npi1BOAI1T K non

HOTe {lji ±£! !<£'±f l B npoCTpaHCTBe ·Ss <I>YHK411~ Tl1na <I>YHK411~ Wsap-
4a, opToroHailbHbre S, <q, S> = 0. 

AnR Bbi411CileH11R A± npi1MeH11M Ty )l(e 11Ael0, HO Tenepb pa3IlO)I(eH11e 
/14/ 11MeeT B11A: 

i± = tP ±d + tP ± r =..! sIS i ± l + l..s [S W ±] 
2 • 2 • /18/ 

-+df -+ df 
11' 04eB11AHO' ('I' - • ) X f ('I';) • . no3TOMY YA06Ho BBeCTI1 KOBapl1aHT-
HYIO npOI13BOAHYIOV'x=d/dX·+[r/J-lr/JO ,.) 11 nOABH>KHbl~ 6a311C Ban-

6 1(2 C) - .1.-l ,/, O - X S -1 1ii± -± re pe s , , a± = '~'O a± '~'O , u 3 = = 1/10 u
3 

1/10 • TaK KaK ... , <I> 
YAOBileTBOPRIOT ypaBHeHI110 

. d -+ - + 
1dX 'I'- - .\[S, 'I'-]= 0, /19/ 

. v qi ±d - [- q; ±f] 
1 X - q, ' 

/20/ 
. - ±f - - ±d - ±f 
1 Y'x 'I' = (q, 'I' ] + A (S, 'I' ] . 

Ho "3 t7 - Q ~ Q - -1 X •• onpeAeileHHR v X 11 a ecnH = "" a , TO v Q = }; (j r Q dy a' a a a x a a a , 

rAe a npHH11MaeT 3Ha4eHI1R +,- 1-1!11.1 3. npHHHMaR BO BHHMaHI1e COOT-

W(/1/Jox = ! (S, SJ = q, /21/ 

nOI1Y4aeM, 4TO onepaTOpbl J\± 11Me10T BHA: 

- 1 d 1 X 

A± =- -
4

. (S, -d ·]- -
4

. (S, Sx 1 ( <Sy, . > dy. 
1 X 1 ±oo 

/22/ 

4. AnR nony4eHHR Kanl16poso4Ho-KosapHaHTHOH <l>oPMYilHPOBKH pe-
3YilbTaTOB /8-9/, /11-13/ HaM HY)I(Hbl TaKme Bblpa>KeHHR AilR 1/Jo1&ll/Jo 
TOilbKO 4epe3 aS. 0HO AaeTCR CileAy~e~ IleMMOH. 

neMMa. 

r/1~ 1 
oq 1/10 = ! (s. 1\+ (S, aS]], 

r/1~ 1 oq 1/10 = ~ (S, A_[S, aS]]+ i<u3, T-1 (0) aT(O)>Sx 

AoKa3aTenbcTso RBilReTcR HenocpeACTBeHHbiM cneACTBHeM /22/. 

) 

+oo -
14 (s. s X J = J. r d,\ <ii+ q;+r- p-w-r >. 

77 -o.o 

A+[s, asJ =- 2i f~"-<oif'"w+r + a?.P-1). 
77 -oo 

AoKa3aTeilbCTBO cneAyeT 113 pa3nomeH11~ /8/, /9/ 11 113 neMMbl. 
Tenepb pe3YilbTaTbl /11-13/ asToMaTI14eCKI1 nepeHocRTCR 113 KaHo

HI14ecKo~ /1/ B nOiliOCHYIO Kai1116pOBKY /2/. 
H3 TeopeMbl cneAyeT, 4TO Ha6op AaHHbiX pacceRHI1R R OAH03Ha4-

HO onpeAenReT M = 1/4[S, Sx), KOTopoe, B CBOIO 04epeAb, OAH0-
3Ha4HO onpeAeilReT S(x) KaK peweHI1e Il11Hei1Ho~ 3aAa411 S x = (S, M), 
YAOBileTBOpR~ee YCilOBI-110 l1rn,S(x) = u 3 • 3TO AenaeT 04eBI1AHOH HHTep-

~xj-+oo 

npeTa41110 M03P KaK o6oG~eHHoe npeo6pa3osaHHe <l>ypbe, 

Knacc H3Y, CBR3aHHbiX c L /2/, COAeP)I(I1T ypasHeHI1R BI1Aa: 

2F(J\+ )A+ (S, S t 1 + iG(A+) (S, S xl = 0. /23/ 
B 4aCTHOCTI1, np11 F(,\) =.\-

2
, G=4inony4aeM ypasHeHI1e <i>r /4/. 

KoMnaKTHble BblpameHI1R AilR aaKOHOB coxpaHeHI1R H3Y /23/ 11MeiOT 
BI1A: 

1 . m ~ _ 
em =--=-f ux J '"y•J\+l"•"yJ'= 1 uxprn~XJ. I L'f/ 

ffi -oo X -oo 

nepBble TPI1 ~13 nilOTHOCTe~ Pm' c T04HOCTbiO AO nOilHbiX npOI13BOAHbiX, 
paBHbl: 

/25/ 

Ha nepBbiH B3ri1RA, p 3 OTI1114aeTCR OT COOTBeTCTBYIO~ero Bblpa)l(eHHR 
ell/. 0AHaKo, ecn11 <Sx, Sx>~O,To S , S x , [S, S xl Ili1He~Ho He3aBI1-
CI1Mbl. PaanaraR Sxx no 3TOMY 6a311CY, nony4aeM xopowo 113BecTHOe 
Bblpa>ReHI1e AI1R p 3 • Mo)I(HO nposepHTb, 4To nnOTHOCTH p m, m > 3 
TO)I(e nOI111HOM11ailbHbl noS 11 ero npOI13BOAHbiX no X. 

Hepapx11R CI1MnileKTH4eCKI1X <I>OPM /13/ npi1H11MaeT BHA: 

- oq aq 
wF (o1 s. s2 s) = wF <88 <o1 S), as (o2 sn. /26/ 

Hcnonb3YR neMMy, AilR neso~ 4aCTI1 /26/ MO)I(HO nony411Tb: 

- 1 +oo -2 -
wF(o 1 S, o2 S) = -. [ dy !<a2 S, A+ F(A+ }[S, o 1S] >- (o 1 .. 82 )l +2aA~(a1 S, a 2S}, 

& -o.o /27/ 

5 



rAe A = 1/2 (A+ + A_), a 1 -Q>opMbl a H {3 3aAaiOTC.A: 

a(88)= /dx<88, A F(A ).L [8,8x]>, {3(88)= 1 <a3 ,'F"1(0)8T(O)>. /28/ 
-O<> - - 4 

Ecm1 F(,\) = ,\-2 - nepBbl~ 4IleH s npaso~ 1.1acTH /27 I nponopi..IHO-
HaneH KaHOHH4eCKO~ Ail.A Q>r CHMnileKTH4eCKO~ Q>opMe: 

+"" 
wF=A- i81 8, 8 28) = 2(-2~ ( < 828, [8, 81 8] > dx + al\ {3 (81 8, 8 28)). 

1 -0() 

/29/ 

HenocpeACTBeHHoe Bb14HCileHHe noKa3blsaeT, 4TO 

/30/ 

/31/ 

B/8/ 3TOT pe3YilbTaT nony4eH nyTeM cpasHeHH.A r:;F=A-2 H wll>r B Tep
MHHax AaHHbiX pacce.AHH.A. 

BbiBO,Qbl 

B Hacro.A~e~ pa6ore Mbl paccMoTpenH npocTe~wH~ HeTpHBHailbHbl~ 
npHMep KanH6poBo4H0-3KBHBaneHTHbiX H3Y. 3THM MeTOAOM MO~Ho pac
cMoTpeTb TaK~e H APYrHe Ba>t<Hble npHMepbl /2, 10,1 1/. Hbl OCTaHOBHMC.A 
Ha 3TOM s nocneAYIO~Hx pa6orax. 

Asropbl npH3HaTe!lbHbl B.r.MaxaHbKosy 3a HHTepec H nOAAeP~KY 
B pa6ore' n. n. Ky!lHWY - 3a n!lOAOTBOPHble o6CY~AeHH.A. 
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PyKon~cb nocrynHna s H3AaTeilbCKH~ OTAeil 
8 AeKa6p.A 1983 roAa. 
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HET R~ nPOSEROB 8 BAWEA S~SR~OTEKE? 
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~3AaTenbCKHH OTLten 06beLIHHeHHOf0 HHCTHTYTa HLlePHbiX HCCnenoBaHHA 



TEMATHqECKHE KATErOPHH llYBnHKAUHA 

OBnE~HHEHHOrO HHCTHTYTA H~EPHWX 

HCCJIE~OBAHHR 

TeMaTHKa 

1 . 3KcnepHMeHTanbHa~ $H3HKa B~COKHX 3HeprHH 

2. TeopeTH4ecKa~ $H3HKa e~coKHx 3HeprHH 

3. 3KcnepHMeHTanbHa~ HeHTpOHHaR $H3HKa 

4. TeopeTH4ecKaA $H3HKa HH3KHX 3HeprHH 

5. HaTeMaTHKa 

6. ~AepHaA cneKTPOCKOnHA H paAHOXHMHA 

]. $H3HKa TAliCenbiX HOHOB 

8. KpHor-eHHKa 

9. YcKOPHTenH 

10. AaTOMaTH3a14HR o6pa60TKH 3KCnepHMeHTanbHbiX 
AaHHWx 

11. BW4HCnHTenbHaA MaTeMaTHKa H TeXHHKa 

12. XHMHA 

13. TexHHKa $H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHA TaepA~X Ten H liiHAKOcTeH 
RAePHbiMH MeTOAaMH 

15. 3KcnepHMeHTanbHa~ $H3HKa AAePHbiX peaK14HH . 
npH HH3KHX 3HeprHAX 

16. ~03HMeTpHR H $H3HKa 3a~HTbl 

1]. TeopHA KOHAeHCHpOBaHHOrO COCTOAHHA 

18. Hcnonb30BaHHe pe3ynbTaToa H MeTOAOB 
$YHAaMeHTanbHbiX $H3H4eCKHX HCCneAOBaHHH 
8 CMeliCHbiX o6naCTRX HayKH H TeXHHKH 

19, 6HO$H3HKa 


