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PaccMaTpHBaeTCH npo6JieMa ttaxoJK,JJ;eHH.R 3HepreTw-1ecKHX ypoB­
tteil H BOnHOBh~ ¢YHKnHH COCTOHHHH AHCKpeTHOro cneKTpa AnH 
KJiacca raMHJibTOHHaHOB . CBH3aHHblX c CHCTeMaMH KOpHeH anre6p 
ntt H B rrpeAeJibHOM cnyqae OIIHCbIBalO~HX KBaHTOBblC CHCTeMbl N 
B3aHMOAeHCTBYJO~HX qacTHn Ha ITPHMOH B ocnHJIJIHTOpe Mopca. TioKa-
3aHO, '-ITO '3Ta rrpo6neMa MO)KeT 6blTb CB€A€Ha B anre6paw-1ecKOH. 
TionyqeHbl TOqHbJe Bbipa)!{eHHH, orrpeAenmomtte 3aBHCHMOCTb YPOBHeH 
3HeprHH OT napaMeTpOB raMHJlbTOHHaHa B3aHMOA€HCTBHH. 

Pa6oTa BbIDOJIHetta B na6opaTOPHH TeopeTHqecKoH ~H3HKH 
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The problem of finding the energy levels and wave 
functions for discrete spectrum states of a class of Hamil­
tonians connected with root systems of the Lie algebras is 
considered. In a limiting case these Hamiltonians describe 
the motion of quantum interacting particle systems on a line 
in the Morse oscillator. It is shown that this problem can 
be reduced to algebraic one; the exact expressions deter­
mining the dependence of energy levels on the parameters 
of the Hamiltonian are obtained. 
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1. BBE,llEHHE 

HccneAOBaHHIO KSaHTOBblX CHCTeM co MHOrHMl-1 CTeneHflMl-1 ceo6oAbl, 

0611aAa101111-1x AHHaMH4eCKOH CHMMeTp1-1ei1 1-1 AOnOllHHTellbHblMl-1 HHTerpa­
llaMH ABHmeHHfl, nOCBflllleHO 3Ha4HTellbHOe 4HCl10 pa6oT 11- 91. 8 PflAe 

c11y4aee 18•
91 

Allfl TaKHX CHCTeM YAaeTCfl, 1-1cno11b3Yfl flBHblH BHA HH­
Terpanoe ABHmeHHfl, npo1-1aeecT1-1 pa3Ae11eH1-1e nepeMeHHwx 1-1 TeM ca­
MblM ynpoCTHTb 3aAa4,Y 06 OTblCKaHl-11-1 cneKTpa 1,1 co6cTBeHHblX ¢YHK1.1HH 

COOTBeTCTBYIOlllHX raMHllbTOHHaHOB, B HaCTOfltllee epeMfl, OAHaKO, He 

Hai1AeH oGlflHH cnoco6 noA06Hoi1 peAYKLIHH MHoroMepHblX HHTerp1,1pyeMblX 

KBaHTOBWX cneKTpanbHblX 3aAa4 K Ha6opy OAHOMepHblX. B 4aCTHOCTH' 
HeH3BeCTHO, KaK pa3Aelll-1Tb nepeMeHHWe Allfl CHCTeM C raMHllbTOHHaHa­

Ml-1, CTPYKTypa KOTOPWX onpeAenfleTCfl CHCTeMaMH KOPHeH anre6p 
Jl1,1 /4-7/ 

N p2 N N 
H== I !.1-+a(a-1) I.[V(x -xk)HV(xJ+xk)]+ I.W(xj)• 

J=l 2 j>k J=l 

/: -2 V(t)=(shc,), £ = 0,1, 

-2 -2 
g1 (sht) + g

2
(che} + g

3 
ch2t + g

4 
ch4t, c == 1, 

W(t) = 

2A2(e4' -2e2 ')+g
1

e-2'+g2e-
4t, c=O. 

/1/ 

/2a/ 

/26/ 

nonHafl HHTerp1,1pyeMOCTb KllaCCH4eCKHX CHCTeM BHAa /1 ,2/ AJlfl npo1,13-

BOl1bHblX 3Ha4eHHH KOHCTaHT a,g1,···•g2 6brna AOKa3aHa HaMl-1 B pa-
6oTax-'5·6/ 

8 4aCTHOM c11y4ae gs=g~=0 , gl,g2>0, enepBble paCCMOTpeHHOM 
OS1bWaHeL1KHM 1-1 nepenOMOBWM' 4 •71, CHCTeMW /1/ o6naAalOT PflAOM HHJe­
pecHWX CBOHCTB. np1,1 HeKOTOPblX 3Ha4eHHflX KOH_CTaHT a , gl ,g2> 0, 
yKa3aHHWX e/7/, raMMllbTOHHaHW /1/ CBfl3aHW c onepaTopaMH Jlannaca-

6enbTpaMH Ha HeKOTOPWX CHMMeTp1,14ecKHX npocTpaHCTBax; HaHAeHa 

aCHMnTOTHKa B011HOBWX ¢yHKL1HH HenpepweHoro cneKTpa /B c11y4ae 

gl, g2 > 0, paccMaTp1,1eaeweMCfl B 17 ~ Af.1CKpeTHblH cneKTP OTCYTCTey­

eT/. B AaHHOH pa6oTe MW 6yAeM HCClleAOBaTb COCTOflHHfl AHCKpeTHoro 

cneKTpa KBaHTOBWX CHCTeM c raMHllbTOHHaHOM /1/ np1,1 

W(O = µ;-l) (sh0-2 
- .\(~+l)(cht)-~ ,\ > 0, c = 1, 

W(fl =-2A2 (e4' -2e2'), £ ,.,o. 
·t_,.....,,_:,,,i.;.~,_.,,.,, ....... -i i}~{}, :~;;·~i ~ ... '. ' ~- .. < ~-- ... - - : ~.,~.,1· 
i ~·~~ ' . ' .·.:.: 
._- ,. • • -1. ' ~ 
~) .... -...,1.,,__.,,~,,r ~ ........ ""''"~•'-.... •• .-,; T~-"'!''"""' ,.._,..,_ 

/3a/ 

/36/ 
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AJ,R CaMoconpRlKeHHOCTJ.1 raMJ.1JlbTOHJ.1aHa Heo6XOAJ.1MO BblnOJ1HeH11e yc­

Jl0B11H a(a-1)2:,3/4,,µ(µ-1)2:,3/4'., . T.e. a::::_3/2, µ2:,3/2. <!>yHKQ11RW(fl 

/3a/ - xopowo 11aeecTHblH e <1>11a11Ke 06061J.1eHHblH noTeHq11an neqnR­

Tennepa. OTMeTJ.1M, 4TO HeAaBHee' J.1CCJ1eAOBaH11e /l l/ CBR3aHHblX co­

CTORHJ.1H J.1 pacceRHJ.1R OAHOH 4aCTJ.1Qbl B 3TOM noTeHq11ane yKa3ano Ha 

J.1X TeCHYIO CBR3b C HenpJ.1BOAJ.1MblMJ.1 npeACTaeneHJ.1RMJ.1 rpynn SU(2) 
J.1 SU(l,1). . 8 CJly4ae /36/ nonyL!eHHble HaMJ.1 HOBble peayJlbTaTbl AO­

nycKalOT RCHYIO <)>J.13J.14eCKYIO J.1HTepnpeTaq1110: raM111JlbTOHJ.1aH /1/ np11 

ycJlOBJ.1111 /36/ on11CblBaeT CJ.1CTeMbl N nonapHO B3aJ.1MOAeHCTBYIOIJ.IJ.1X 

4aCT1,1Q Ha npRMOH, HaXOARIJ.IJ.1eCR B OCQl1JlJlRTOpe Mopca. OL1eBJ.1AHO, 

J.1Me10TCR TaK>Ke J.1 COCTORHJ.1R HenpepblBHOro cneKTpa. Mbl, OAHaKO, 

cocpeAOTO4J.1M BHJ.1MaHJ.1e Ha B036Y>KAeHHblX COCTORHJ.1RX AJ.1CKpeTHoro 

cneKTpa J.1 noKa>KeM, KaKJ.1M o6pa30M MOryT 6b1Tb Bbl4J.1CJleHbl KaK 

3HepreTJ.14eCK111e YPOBHJ.1 /11x 4J.1CJ1O KOHeLIHO J.1 onpeAenneTCR 3Ha4e­

HJ.1RMJ.1 napaMeTpOe raMJ.1JlbTOHJ.1aHa A ' µ 'a I' TaK 1,1 BOJlHOBble <l>YHK­

QJ.111, HOPMl-1POBaHHble' ycnoe11eM 

2 f dx1 ... dxN lifr(x1,., ••• ,xN)I = 1. /4/ 

.[\JlR peweHJ.1R 3TOH npo6neMbl Mbl 6yAeM np11MeHRTb cnoco6' He 11c­

noJ1b3YIOIJ.IJ.1H RBHOro BJ.1Aa AOnOJ1HJ.1TeJ1bHblX 1-!HTerpanoe ABl-1lKeHJ.1R, KO­

TOPble npeACTaBJlRIOT co6oH nOJlJ.1HOMbl no 111MnYJlbCaM AOBOJlbHO BblCO­

KOH cTeneH11 17(. Haw cnoco6, npeAnomeHHblH paHee e 1101 AnR cnyL1aR 

/36/, ocHoeaH Ha paanomeH1-111 peweHJ.1H ypaeHeH11R lUpeAJ.1Hrepa 

Hiµ- = El/I /5/ 

B PRAbl cneq11aJ1bHOro B1-!Aa no <l>Y~KQJ.1RM, Cl-1MMeTpJ.14HblM OTHOCl-!Tenb­

HO nepeMeHHblX Ix j 1. OTMe_TJ.1M TaKlKe, LITO raMJ.1Jlb TOHJ.1aH /1 , 36/ 

MOlKeT 6b1Tb nony4eH 1,13 6onee 061J.1ero raMJ.1J1bTOHJ.1aHa /1 ,3a/ <)>op­

ManbHblM npe,qeJlbHblM nepeXOAOM 

x J ➔ x j -q ( j = l , ... ,N), 

A ➔ : exp( 2q) +A -1/2, /6/ 

µ _; f exp (2 q) - A + 1/2, q ➔ +"". 

3HepreTJ.14eCKl-1e YPOBHJ.1 B cny4ae /36/ np11 3TOM BeCbMa npocTo CBR­

aaHbl C co6cTeeHHblMl-1 3Ha4eHl-1RMJ.1 raMJ.1Jlb TOHJ.1aHa / 1 '3a/. 4TO Ka- . 

caeTCR BOJlHOBblX <l>YHKQl-1H, TO yKa3aHHblH BblWe npeAeJlbHblH nepeXOA 

/6/ MeHee Tp1-1e11aneH' J.1 Bblpa)KeHl-111 AJlR HJ.1X npOIJ.le nony4J.1Tb, He­

nocpeACTBeHHO J.13y4aR raMl-1JlbTOHJ.1aH /1,36/, 

2. nPEO5PA3OBAHHE YPABHEHH~ WPEAHHfEPA 

nocne,3Tl-1X npeABap11TeJ1bHblX 3aMe4aHJ.1H o6paTJ.1MCR K pacCMOTpe-· 

HJ.1IO ypaeHeHHR UlpeAl-1Hrepa /5/, BblnOJlHl-1B B HeM 3aMeHy nepeMeHHblX 

z J = thx j , j = 1 , ••• N /npl-1 OTCyTCTBJ.111 B3aJ.1MOAeHCTBJ.1R C noTeH-

q11anoM V(t) TaKaR no,QcTaHOBKa 'np11BOA111T ypaeHeHJ.1e ABJ.1lKeHJ.1R 1.1ac-

2 

... 

TJ.1Qbl e 06061J.1eHHOM noTeHq11ane neqnR-Tennepa K r1-1nepreoMeTp1,14e­
CKOMY B1-1,Qy/: 

N 1 2 a- 2 a 2 2 I. f- -[(1-z. ) - (1-z.) -+(1-z ;)(A(.\+ 1)-µ(µ-l) z. 
j=l 2 J az. J az · J 

N 
+ I. 

j_>k 

J J 

2 2 2 2) 2a(a-1)(1-zj )(1-zk )(zj +zk 11/I-=Ei/J. 

( z2-z 2) 2 
j k 

171 

YpaeHeH11e /7/ J.1MeeT CJ.1HrYJ1RPHOCTJ.1 Ha r11nepnnOCKOCTRX Zj = o, 
zJ ± zk =0 , j, k = 1, ••• , N, paa611ea101J.1J.1X N -MePHOe npocTpaHcT-. 

BO Ha COBOKynHOCTb MHOrorpaHHblX yrnoe. nocKOJlbKY noTeHqJ.1aJlbH~e 

6apbePbl BJ.1,Qa gz-2 , g.:::, 3/4 a6COJ1IOTHO HenpOHJ.1qaeMbl, Mbl MOlKeM 

paCCMOTpeTb /7/ B Jll060M J.13 3TJ.1X yrnoe /Ha rpaHJ.1L1aX KOTOporo 

BOJlHOBaR <l>YHKLIJ.1R AOJllKHa 06pa1J.1aTbCR B HYJlb/ J.1 pacnpOCTpaHJ.1Tb pe-

3YJlbTaTbl Ha OCTaJlbHble yr.Jlhl CJ.1MMeTpJ.14HblH o6pa30M. ,[\nR onpe,Qe­

neHHOCTJ.1 aac)l11KcJ.1pyeM MHororpaHHblH yron ycnoBJ.1RMJ.1 I z. > 0, 
Zj ± zk >0, j'>kl. I 

OCYIJ\eCTBJ.1M Tenepb noHJ.1lKeHJ.1e nopR,QKa CJ.1HryI1RPHOCTei1 e /7/. 
nonaraR 

({3) 
i/J(z1•···•zN)= x(z1,···•zN.)<l>aµ(z.1,···•zN }, /8/ 

r.Qe 

<I>~\z1 , ... ,zN) - ri zµ(l-z~/3 {l (z2-z2)a 
je, 1 J J j > k J k /9/ 

J.1 BblnOilHRR 3aMeHy nepeMeHHblX z~ ~ q j 1 , ... ,N, nony1.111M .QnR 
X ( zl ..... z N) ypaeHeHHe 

N J2 a2 -1 I. [ 2q (1-q. J-
j~l 1 J clq2 

2 ··1 
1 (4aq.(1-q) I. (qi -qk) •(l-q.)(2µ+1-(4/312µ+3),._ 

1 J k .,- j . J 
J 

iJ N 
X q,})-· -l-p(m l Q. Ix-~ (E-d/J))x. /10/ 

J c1qj . .r-~1 J 

3,QeCb 

p (/3) _, /3 (2 /3 · 2 µ C 1) (11-A)(wA -1) + 2 a2(N-l/ +a(N-1)(4/3, 2µ~1), 
2 

(/3 . [ · (µ-A)(µ-A - lJ a 2 
r ) - N /3(2µ, 1) "a(N-1)(2 /3 f 211- lJ ------------- .. - (N-1)(4N-5)]. 

2 3 

(/3) 
c)lyHKI..IJ.1fl <I>aµ. KaK 6yAeT. noKa3aHO HJ.1lKe, npJ.1 onpeAeJleHHOM 3Ha1.1e-

HJ.1J.1 napaMeTpa /3 RBJlReTCR BOJlHOBO~ $yHKL1J.1e~ OCHOBHOro COCTORHJ.18 

paccMaTp11eaeMoro HaMM raMJ.1JlbTOHJ.1aHa /1 ,36/. 
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JlerKo BlltAeTb' 4TO np111 OTCYTCT.Bl/1111 B /101 cnaraeMblX I (q. -qk)-
1 

k,/j J· , 

nepeMeHHWe pa3AeJlRIOTCR, Ill peweH11te MOmHO lltCKaTb B BlltAe npo1113se­
AeH11tA CTeneHHblX PRAOB no q j • KOTOPble B o6~eM CJly4ae paCXOARTCil 
np111 qj ➔ l. CXOAIIIMOCTb Ha 3TlltX r111nepnJ10CKOCTRX, 06ecne4111BaJO~aR 
BblnOJ1HeH11te ycJlOBIIIR HOPMIIIPOBKIII, lltMeeT MeCTO JllltWb B TOM c11y4ae, 
Kor·Aa PRAbl 06pb1aa10TCR 111 npeapai.qaJOTcR a r101111tHOMbt KoHe4HoA ci'~­
neH111. :ho npo111cXOJ:ill1T Jlll1Wb np111 onpeAeneHHbJX 3Ha4eH111Rx napaMeT­
pos E 111 /3; B pe3yJlbTaTe nony4aeTCR cneKTP ~BR3aHHWX COCTORHll1H 
N HeB3alltMOAeAcTBYIO~ll1X 4aCT11tll B o6o6~eHHOM nOT€HL111taJ1e ne1.111R-
Te1111epa, · " 

J\nR nOCTpOeHHR pel!leH111i\ /10/, COO_TBeTCTBYIO~ll1X AlilCKPeTHOMY 
cneKTPY, MW ~ocnori~3yeMCR aHaJ1Qr11teA C O~lltCaHHOA swwe cxeMOA, 
np11tMeHll1MOA np1,1 OTCYTCTBIII~ B3al,1MOAeACTBlltR. 6yAeM 111CKaTb pewe­
Hllte /10/_ B BlltAe PRAOB, no c!)yHKLIIIIRM·, Cll1MMeTpl-14HblM OTHOC11tTeJ11?HO 
nepecTaHOBKJ.:! JlJOOb,IX AB>'X KOOPA11tHaT lqj, qkl. CornacHo 11 ~ TaKirn; 
ClltMMeTPll1R Heo6XOA111Ma Ill AOCTaT04Ha AJlR YCTpaHeHlltR ClltHryJlRPHOCTeA 
np11 q J ➔ q k a / 1 0/. np11· 3TOM YA06Ho cHa4ana BblnOJ1H11tTb a ypas­
HeH11t111 /10/ .3aMeHy nepeMeHHblX qj ➔ 1-t j ' j = 1 '.:.' N,' np111BeAfl 
ero K BlilAY 

H(/3) x = (E- E(m)x, /11/ 

rAe 

- N 32c12 2 
H(/3) = I [ 2(tJ -t J)-.--- + (4/3+2µ+3) t. 

j=l at} l 

2 
-2(2,8+1) ~ j +4atj (tj -1) x 

N ~1 c1 . N 
X I_(tj-:-,tk) -] + p(/3) I tj• 

k,/J atj j=1 . /12/ 

~ 2 a
2 (N 2-1) 

f(/3) = E(/3) -Np(/3) = - ; [ (2/3+a(N-1)) + 
3 

]. 

Aanee, sBeAeM BMecTo { t j I H_OBbJe nepeMeHHwe, .. 06J1aAa10Ut111e RB-
HOA ClltMMeTp11eA OTHOC11tTeJ1bHO nepecTaHOBOK t j ➔ tk : 

N 6f'-1 __ Na 
al= Il tj , af = - al , D = I .__, f = 1, ...• N. /13/ 

j,,,1 (f-1) I i=l at j 

Ecn~ a AaJlbHeAweM lltHJ:ieKc my seJ111t411tH {a I 6yAeT np111H11tMaTb 3Ha-. m 
4eH11tR' M_eHbWllte 1 111Jlllt 60J1bWt.1e N, TO CJleAyeT nonaraTb 

aN+1 = 1 • ao= aN+2 = aN+3 = ..• =O. /14/ 

AnR nepexoAa a /11,12/ K nepeMeHHWM la 1l /13/ Heo6xoA11tMo 
npeAcTaB11tTb a B11tAe <l>YHKL11,1A [ a i I cneAYJ0~111e BblpameH11tR: 

4 

~ 

• 

... 
Biar 

... 
q af, 

" N i a 
B.=It.-

1 j'"'l J at.' 
' J 

i =1,2, 

" N t ! . a 
C."' I -1......:.. _ 

I . ' t a • l,., k j -tk t j 
i=2, 3,. 

{i) N i aaf aa 
Ffm ~ _I ti ___ m, i~2,s; f,m"'l, ... ,N. 

J=l ati ati 

BW4111CJllltM CHa4aJla BWpameHMR /15a/. 3aMe4aR, 4TO 

ro.a 1 1 -- iBi-i. a0 ""6 

111 noJlb3YRCb onpeAeJ1eH11teM ae /1)/, HaAAeM 

/15a/ 

· /156/ 

/15B/ 

/16/ 

((f-l)1f1s_6f-
1

a1 ~((f-1)!f
1

[ fI2
Di{B.,D]Df-2-i_a..fi/-1 n' a]. /17/ 

I . j""O I · l i 1 

A A "f-1 "f-1 .-.f-2 TaK KaK Bl.al.= Na 1 , B2 a 1 ,. aNa 1 , D (aNa
1
),,,~D artN(f'-l)D a

1
, 

To 1,13 /16;17; nony411tM 
... 
B1a f,., (N-f ~l)af , 

A 

B2 a£ ~aNa £ -(N- L-2) af_
1 /18a/ 

nepeAAeM K BW411tCJleHl110 /156/. OrpaHl-14"1BW"1Cb BHa4aJle CJly4aeM 
f = 1 , HaAAeM . 

... N -1 i-1 
C. a 1 = a 1 I ( t. -tk) t. . 

I j= k J J /19/ 

Bbl41-1CJlRR CYMMbl B /19/, n0Jly41-1M COOTHOW€H"1R 

C1 a
1 

=0 c a. _ N(N-1) ' 2 1------<-a 2 1 • 

... 
C3 a 1 ""aNa 1 (N-1) . 

/20/ 

... ... 
3aMeTlltM, 4TO KOMMyTaTop~ onepaTOPOB Ci ,D TaKMe lltMeJOT npocToA 
B~A: 

re\ ,D]e-iCi-1, [Co,Dl=O. /21/ 

nocneAOBaTeJlbHO np11tMeHRR /21/ B TOMAeCTaax, aHanorllt4HWX /17/, 

A A f-1 f-2,. • A ,- . A f-2-j ' A f-1 A 

C.D a 1 "" l 1Y[C1 ,D]D a 1 ➔ D C.a, 
I j'"'O I 1 

llt "1CnOJlb3YR COOTHOWeHlltR /20/, HaAA€M 

C a _ (N-f+l){N+ f - 2~ a C a -(N-l) a a (N-f ~2)(N t-f-3J 
2 e - 2 e • s r·- N r 2. e..:t· /186/ 

5., 



L_____ 

. (1) 
HaKOHeLI. nOJlY411M RB_Hble Bbl_pa>KeHl1R AJlR Bem1411H F fm /15e/. TaK 

KaK onepaTOP [I), tj _a.a]-= _a.a KOMMYT11pyeT CD, 113 onpeAeJleHl1R 
t. t j 

nOJll1HOMOB af /13/ Jle~KO nOJlY411Tb 11X CBOHCTBO 

aae aae_ 1 
tj -- -=ae - -·--. 

·. ,nj atj /22/ 

3TO CBOHCTBO no3BOJlReT cpa3y me Bblpa311Tb F~!) 4epe3 F:!) • ,Qei1cT-
811TeJlbHO, rpynn11pyR· MHO>Kl1TeJll,f B /15e/ i-1 np11MeHJ1R /22/' nony°4i-1M 

F
(3) N 
fin = I 

j=l 

. . . 
aa f 2 aam N aaf 1 '2 aam " 

(t. -)t• - -= I (ae- ----)tJ--=aeB2 a -
J at j J at j j-=1 at j at j m 

(2) 
-Fa -= a a a a L-1,m N r. m 

' (2) 
-(N-m+2) 8:m-l 3 f -Ff-1,m 

/23/ 

nocKOJlbKY Bblpa>KeH11e B JleBOH 4aCTl1 /23/ Cl1MMeTpl14HO OTHOCH­
TeJlbHO nepecTaHOBKl1 11HAeKCOB f 11 m, TeM >Ke CBOHCTBOM AOJl>KHa 06-
JlaAaTb 11 npaeaR 4aCTb /23/. 3TO np11BOAl1T K Cl1CTeMe ypaBHeHl1H, 
KOTOPOH AOJl>KHbl YAOBJleTBOPRTb BeJll14".4Hbl F/;?: 

(2) (2) . · 
Ff-l,m - F f,m-l -= (N- f + 2) am-la f -(N-m+2) a r.:.. 1 am. ; 24/ 

(2) 
Hecno>KHO nony411Tb TaK>Ke RBHOe Bblpa>KeH11e AJlfl F1J 

aa1 _ 
TaK' KaK at. -

J--1 = t. al , TO 
J . 

(2) f 2 aa
1 

aae ,., 
Flf =It. - - =a 1 B 1af =(N-f +1)a 1 af. 

• J = 1 J at. at. 
J J 

/25/ 

Hcnonb3YR /24/ AilR nocneAoBaTeJlbHOro noH11meH11R nepsoro 11HAe~ca 
BeJll1411H p( 2) 11 Bblpa>KeH~e /25/, MO>KHO HaHTl1 Ff~) B 

0

f1BHOM
0 

Bl1Ae: 

(2) f-1 
Fa =(N-m+l)aaa - I(f +m-2r)a.,ao 

Lm L m T=l .. L+m-r 

H3 / 18a/ 11 /23/ OKOH4aTenbHO nony411M Bb1pameH11e AilR Ff!> 
(3) 

Ffm =afamaN -(N-m+-2)am-l af -(N-f +2)af_ 1 am + 

f-1 
+ I (£ +m-2r-1) x 8 7 a f+m-r-1 • 

T= 1 

. a2af C y4eTOM /18a-r/ 11 npocToro COOTHOWeHl1fl -= 0' rAe f i= 
· at? · 

· -=. 1, ... ·,N, ypaeHeH11e /11,12/ ~omH~ 3an11caib a nepeMeHHblX 
la 1 , ... ,aNI: 
6 

/18e/ 

/18r/ 

r-~ 

:l 

J 
I 

" (H1.(-f3) +H 2 ((3)))( -=(E-7(f3))x. /26/ 

,., N f-1 1 . 
H1((3) = 2 I [ I I (f +m,-2r-v)a,aftl!H"-v -(N,--m+2) a _ 1ar 

f,m=l r-=1 11-=0 · m 

. 2 N 
-(N- f +2)amaf_1 -(N-m+l)aeam] a -I[ar_1(N-f+2)(4f:3+2µ+3+ /27a/ 

aar aam &1 . · 

. a 
+2a(N+ f -3)) +2ae(N-f+1)(2(3+1+a(N+ f-2))]-, 

· •, aa r 
N '2 ' 

H2{/3)-=aN[2 I aeam. a +lafL(4tJ+2µ+3+4a(N-1))+p(fJ)]. /276/ 
f,m aaeaam &:1 aae 

HMeHHO 3Ta <!>bpMa ypaeHeHl1fl rupeA11Hrepa OKa3blBaeTCR Hi116011e~ YA06-
HOH np11 OTblCKaHl111 peweHl1H, YAOBJleTBOPR~utl1X YCJlOBl1~ HOPM11POBKl1 
/4/, KOTopoe Ailll <!>YHKL111i1. x e_cneACTB11e /8, 9/ 11MeeT B11A 

l N ·. 2µ 2 2t3-1 N 2 2 2a · 2 ( _n dzj zj (1-zj) Il lzj-zkl Ix! =1. /28/ 
-1 ,-1 j>k 

, ,3. AHCKPETHbltl cnEKTP rAMHnbTOHHAHA 

·. KaK yme OTMe4aJlOCb B npeAblAYL:~eM pa3Aene, ec.TeCTBeHHO 11CKaTb 
peweHl1R ypa B,HeHl1fl /26/ a . B11Ae CTeneHHblX P.RAOB no I a J I:. 

X = I I 
s=O OSJ1' .... jN~ 8 

j 1 + .•. jN= 6 

c(s) ai1 
J1 .. j N 1 

••• a jN 
N /29/ 

,., 
H3 paCCMO.TpeHl1fl CTPYKTYPbl onepaTOPOB Hl 2<13) 'Bl1AHO, 4TO B 06:­

uteM cny4ae PRAbl /29/ COAepmaT 6eCKOH,e4HOe 411CJ10 cnara'eMblX 11 MO­
ryT pacXOAl1TbCR a HeKOTO_[lblX o6nacTRX npocTpaHCTBa I a 1, ••• ,a NI. 
,[\eHCTBl1TeJlbHO, onepaTop Ha ((3), AeHCTBYR, _ Ha non11HOM aJl 1 ••• aJN. 
CTeneHl1 s. nepeBOAl1T ero B nOJl11HOM (s +1)-H CTeneH11, Ta~4TO 

1.1eno"!Ka ypa~·HeH11H AJlfl c~:~ .. jN • B03Hl1Ka~utaR np11 -nOACTaHOBKe /29/ 

B /26/' ·a _o6uteM cny4ae 6eCKOHe4Ha. '06pblB CYMMl1POBaH11fl no s 
1-i''npespauiet-i11e PRAOB /29/ B non11HOMbl' He 06naAa~ut11e c11HryJ1RP.ttO­
CTRf'll1, MO>KeT npOl130HTl1 TOJlbKO B _TOM CJly4ae, KOrAa one pa TOP H2(13) 
o6pautaeT B HYJlb nOJl11HOM MaKC11MaJlbHOH CTeneH11 n B /29/: .. 
,., . Ji j 
H2 (13) a 1 ••• al =0, jl+ ... jN=n. /30/ 

H3 /276/ 11 /11/ cneAyeT, 4TO ypaeHeH11e /30/ 3KBl1BaneHTHO 
CJleAY~eMY ycnoe11~, KOTOpoe A0JlmHO 6b1Tb HaJlO>KeHO Ha napaMeTp(3: 

7 



2{3
2
+{3(2µ+1-4n+4a(N-1))+n (2µ+2n ~1) +a(N-1)(i:!µ+4n..,.1 

+ 2 a(N-1) l+ (µ-A) {µ+A + l) .. O. 
2 

/31/ 

PeweH11e /31 /' COBMeCTHOe C YCI10B11eM HOPM11POBKl1 /28/' l-1M_eeT B1-1A 

. · A-µ 
f3 (n) ~ -- - a(N-1) -: n • 

2 /32/ 

H3 /28/ cneAyeT TaK>Ke, 4TO f:3>0, T.e. 1.1enoe 41,1cno n, onpeAe-
11.R~lllee MaKCl-1MaflbHY~ CTeneHb nOI11-1HOMa /29/ /1-1, cneAOBaTeflbHO, 
41,1cno.yposHeH A1-1CKpeTHoro cneKTpa/, cornacHo /32/, orpaH1-14eHo: 

A-µ 1 n < -- - a(N- ) . 
2 /33/ 

0603Ha41-1M nocpeACTBOM ii MaKCl-1MaflbHOe 1.1enoe 41-1CI10, YAOBileTso­
P.R~lljee HepaseHCTBY /33/, CoBOKynHOCTb Bcex non1-1HOMOB no nepe­
MeHHblM la. I cTeneH11, He npesb1wa~lljeH ii , 06pa3yer n11Hei'iHoe npocT-
. J -

paHcTBo L pa3MepHocrn (N+_n) 1• B 3TOM npoCTpaHCTBe H1 (/3(ii)), 
,. N!n! 
H2 (/3 (ii)) .RBil.R~TC.R I11-1HeHHblMl1 onepaTopaMl1. nonHoe 411CI10 ypoBHei1 
A1-1CKpeTHOro cneKTpa raMl1IlbTOH11aHa./1 .3a/ paBHO pa3MepHOCTl1 yno-

M.RHyToro BblWe npocrpaHCTBa L , (N +ii) I ; caMl1 3Tl1 YPOBHl1 onpeAe-
. Nin! ,. ,. 

11.R~TCH co6crneHHblM11 3Ha4eHl1.RMl1 MaTPl1l\bl Hl (fi(ff)) +H (f3(ii )) C T04-
2 2 

HO<;:Tb~ AO Be!111411Hbl <(/3(ii))."" -f[; (N2 -1) +.(A-µ -a(N-l)-2nT] •. 

PaCCMOTP11M CTPYKTYPY 3TOH MaTPl1l\bl B 6a311Ce npocTpaHCTBa L, 

ii JN · · - N "' o6paaosaHHOM 311eMeHTaM11 I a ... a I, 0 < J , .. ,J "' n, }: 1· "'n 
1 N - 1 N "" aoe1 a • 

BBeAeM B 3TOM 6aa11ce ynOP.RA04eHl1e no CI1eAY~llll1M npas11naM. Bo­
nepBblX' pa306beM see MHO>KeCTBO 6a311CHblX 3IleMeHTOB Ha nOAMHO­

>KCCTBa Mk. onPE;AE!Il.ReMble YCI10Bl1.RMl1 jl + ... j N""k ' k ·= 0' 1 ' ... ii •. 
11 6yAeM C411TaTI;, 4TO 3!1eMeHTbl 113 Mk 11Me~T MeHbWl1H HOMep, 4eM 
3neMeHTbl Mk,. ec1111 k > k: np11 3TOM MaTp111.1a H1 (/3(ii)) + H2(/3Lii)) pa3-
611saeTc.R Ha· (ii +1J2 6noKOB' KOTOpbJe Mbl 6yAeM o6o3Ha4aTb H kk, 
/s AanbHei1weM TaKoe nPeACTasneH11e 3TOH MaTPl-11.lbl 6yAeM Ha3blBaTb 
6n04HblM/. Bo-BTOPblX, ycTaHOBl1M ynoP.RA04eH1-1e B Ka>KAOM 113 MHO>KeCTB 

~k • COAeP>Kalljl1X (N+k-l2 I 3!1eMeHTOB: ecn11 ,C\Il.R ABYX 3neMeHTOB 113 Mk 
h jN . , (N-l)_Jk! . . , . . ·, 

al"'aN ,aJ1 ... a~ 11Me~T MeCTO COOTHOWeHl1.R l1==J1 , J :;J 
js+l > j ~J.-1 • T6 nepBblH 3!1eMeHT 11MeeT MeHbW11H HOMep. s s 

OT~eT11M, 4TO np11 AaHHOM cnoco6e ynop.RA04eHl1.R MaTp111.1a onepa­
Topa H2(/3(n)) .RBil.ReTC.R sepxHeH TpeyrOilbHOH, 11 B 6no4HOM npeA~ 
cTaBneH11J.1 eA11HCTBeHHb1e ee HeHynesble -:lfleMeHTbl -(H 2 )k~l.k -: B 3TOM 
>Ke npeACTasneHl11-1 OTI1H4Hbl OT HYil.R MaTP114HbJe 3IleMeHTbl (H1 ).kk • 

8 

(H
1 

) k-l ,k • noc,..neA_!;.lee 0_6cTO.RTeI1bCTBo, Hapywa~lljee TpeyronbHOCTb 
BCeH MaTPl1l\bl (H1+H2) B 6.no~HOM npeACTas.neHt-111, cneAyeT 113 CTpyK-_ 
TYPbl nepsoro cnaraeMoro a H 1({:3(n )) /27a/: np11 f+m ~ N +2 a CYMMe 
nor, 1,1 11HAeKc y MHO>Kl1Te.n.R a f-1;.1n-r-1,1 MO>KeT npl1Hl1MaTb 3Ha4eH11e 
N+l. TaK KaK aN+l = 1, . TO B H1 (/3(n)) COAep>KaTC.R 4IleHbl Bl1Aa 

· a2 J1 JN 
(2(N+1)-f--m)af+m-N-l iJ iJ , nOHl1>Ka~Ujl1e CTeneHb nOI111HOMa a 1 ... aN, 

.· af am 

HeTP.YAHO AOKa3aTb TaK>Ke, 4TO see MaTP11Llhl (H 1)kk .1-10.ni:J~Tc.R 
BepXHl1M11 Tpeyro.nbHblMl1: AeHCTBl1,e , onepaTOPOB _af_t iJ~f , 

a2 · N m-1 1 a 2 
a 

1
ae-------, }: }: }:. (f+l11"""'.2r-v)a7 af+ _,. a a 

m- a af aa m , f> m T=ll' v=O '· m -v af am 

. j 
Ha 3.neMeHT a~1 ... a; nPl1BOAl1T K 3.neMeHTaM C MeHbW11Ml1 -HOMepaMl1, 

HaXOA.Rllj11M11C.R B npe>KHeM. MHO>KeCTBe Mk, 
noKa>KeM TeneP,_b, 4TO, HeCMOTp.R Ha cy~ecTBOBaH~e OTI1114HblX OT 

Hy.n.R 3IleMeHTOB (Hl)k-1 k' BC~ MaTPl1LIY (H1 (/3(ii))+H2(1J(ii))MO~HO 
np11BeCTl1 K Tpeyro.nbHOMY Bl1AY· 3aMeTl1~ CHa4ana, 4TO 6.noK (H1>01 
1.1e.n11KOM COCT011T 113 Hy.nett, a MaTp111.1a H11 MO>KeT 6b1Tb np11BeAeHa, 
nocpeACTBOM Bb1411TaHl1.R, CTOf161.1os' K Al1aroHaflbHOMY Bl1AY' npl14~M 
3Ta npo_1.1eAypa He 113MeH.ReT ee At-1aroHaflbHblX :rneMeHTOB. 6110K (H1 >12 
y>Ke COAeP>Kl1T OTI1114Hble OT HY/lA 3.neMeHTbl B HeKOTOPblX CT0.n61.1ax 
/,;,. cTpo1<ax 1 fl /. 11x MOlKHo 06paT11Tb a Hy.nb, Bbt411Ta.R 11s 3rnx 
cTo.n6t.1.os sceA MaTPl1l.lbl (H 1 +H2 ) TaK11~, KOTOPbte, npoxoA.R 4epe3 
6noK(H1)11 ; J,1Me10T B 3TOM 6.noKe A11aroHaflbHble 3.neMeHTbl, .<;_OOTBeT­
CTBY~UIJ.1e cTpoKaM I fl. np11 3TOM 3a cl.le!. 3.neMeHTOB 6.noKa (H2 ) 21 
B03H11Ka~T HOBble c.naraeMble B MaTp1,11.1e (H1 >22. 0AHaKO sc.neACTBJ.1e 
ab16paHHoro HaMv1 cno,..co6a ynop.RA04eHv1.R 3TH c.naraeMbJe He v13MeHA~T 
CTPYKTYPbl MaTPvll.lbl (H1 >22 - OHa no-npe>KHeMy OCTaeTC.R aepxHeA 
TpeyroflbHOA, npv14eM ee AMaroHa.nbHble 3.neMeHTbl TaK>Ke He 113MeHA~T­
C.R. npOAOil>Ka.R 3TY npo1.1eAYPY, MO>KHO noc.neAOBaTeflbHO ycTpaHl1Tb 
see OT I1114Hble or Hy.n.1-1 3.neMe"!.Tbl a 6.noKax (H 1 )k-l,k' He 113MeH.R.R A11a-" 
roHaflbHble 3.neMeHTbl MaTP,_l-11..1 (H1) kk. ,..KOTOPble 11 .RBil.R~TC.R co6cTBeHHbl­
Ml-1 3Ha4eHv1.RMv1 MaTpl-1l.lbl (H

1 
(/3(ii)) + H_z(/3(ii)). np.RMOe Bb14l-1CI1ett1-1e no 

Q)OPMY.ne' /27a/ noKa3blBaeT' TaKHM o5pa30M, 4TO AHCKpeTHblH .cneKTP 
raMv1Ilb TOH Ha Ha / 1 '3a/ onpeAen.ReTC.R Ha6opOM N 1.1e11blX 411Ce.n 
lj

1
, ... ,jN I, O~j 1 ..... jN::;; ii , jJ. + ... jN=s .$ ii; ypoaH1-1 3Heprv11-1, 

C T04HOCTb~ AO se.nl-14l-1Hbl c(f:3(n)J , ABJlA~TC.R AHaroHaJlbHblMl-1 3.neMeH-

TaMl-1 onepaTopa - 2 { 2 i (N-f +1) afa iJ
2 

+ 
f>m maaraam 

N ~2 . 
+ }: [ (N- f+l)(al,7""' -2af(2/3(n)) +1+a(N+ f -2)) L)] 

f==1 aa.e aae 
a 6a311ce I a{t ... ajN I: 

-E
1
. 

1
- =li[.!!:-(N 2 -1)+(A-µ-a(N-1)-2iit] -4-

1·· N 2 3 
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N 
-f 2s(N+l)(s+A-µ-2n-aN) + L fjf (a(2N+l)-1-2li-1-µ-A-jf +af) 

. f=c 1 

.+ 2 f fjfjm 
f>m 

/34/ 

0TMeH1M' 4TO napaMeTPbl raMl-'IJlbTOHHaHa /1 ,3a/ BXOART -B /34/ TOJlbKO 
B BHAe KOM61-1Ha1.11-11-1(A-µ). no3TOMY MO>KHO cpa3y onpeAeJlHTb Al-'ICKPeTHblH 
cneKTP raMl-111bTOHl-1aHa /1,36/, 6n1-1cb1saio111ero c1-1cTeMy N nonapHo 
B3aHMOAeHCTBYIO~HX nocpeACTBOM noTeHL1Ha11a a(a-l)x ~hf)-2 4aCTHLI 
Ha npRMOH, HaXOARU\YIOCR B OCL1HJ1J1RTOpe Mopca: np1,1 npeAeJlbHOM nepe­
XOAe /6/ A-µ ➔2A-1. noACTaHOBKa 3Toro 3Ha4eHHH a /34/ npHBOAHT 
K Hy>KHOMY pe3yJ1bTaTy. 3HeprHR OCHOBHOro COCTORHHR MO>KeT 6MTb 
Bb14HCJ1eHa no ¢0PMYJ1e /34/ npH j1"'ii, j2~ ••• jN=0: 

E{Ot_ ~ [ ;\N2 -1) ➔ (A-µ-a(N:-1)) 2 ]; 

4. BOJlHOBblE <1>YHKl\l,H1 

nocne Toro, KaK HaHAeHbl YPOBHl1 AHCKpeTHOro cneKTPa /34/, 
3aga4a o6 OTblCKaHl-11,1 BOJlHOBblX ctiYHKLIHH ·c·BoAHTCR K nOACTaHOBKe 

/34/, /29/ s /26/ 1-1 peweHHIO CHCTeM ~N+ii) 1 OAHOPOAHblX JlHHeHHblX 
n!N! 

a11re6pa1,14ecK11X ypaBHeHHH C paBHblM HYJllO onpeAeJ11-1Te11eM. /lllR npo1,13-
BOJlbHWX D HaM He YAaJlOCb .HaHTH 3TH peweHl-'IR B RBHOM BHge. Hc­
KJ1I04eHHe npeACTaBJlReT co6oi1 cny4ai1 n = 1, KOrAa ctiYHKLll-11-1 X 
HMelOT B1-1A 

N 

\'" ~c.a. ➔ CNl' 
j-1 J J ' /35/ 

1,1 MaTpl-14Hbte 311eMeHTb1 cnaraeMbtX B H/~(1Hi:.:ogepma1111-1x gsy1<paTHoe 
AHctictiepeH1.11-1posaH1-1e no nepeMeHH~M {aJ t. 06pa111a10TCR B HYllb. C1-1cTe­
Ma ypaBHeHl-1H A11R K03(p(pl-1Ll1-1eHTOB cj /35/ MO>t<eT 6WTb 3an1-1caHa 
B (pOpMe 

(E :-c(/J(l) )) c N,. 
1

, 0, 

/36/ 
(N-j+l)t2A-1-2a(N-j)Jc. 1 c.[2(N-j,l)(A-,,-1-t1(N-j))~ E-t{~l))]c ,_ 0. 

Jl J 

np1-1 nOACTaHOBKe B /36/ BM€CTO E YPOBHeH 3Hepr1-11-1 np1-1 n = 1' 
E(f) ,- f ({J-(1)) - 2(N-f .. 1) (A- 11-- 1 - a ( N- f)) ,nony41-1M 

(f) 
( N-f -• l) CN➔ l 0, 

(N-js-1)[2A--l-2a(N-j)Je';'. 1-2(j-f)[a(.j• f -;-2N-1)c..A 11-l]ct> 0, 

f, 2, ... N, 1. 
10' 

/37/ 

(f) 
HenocpeACTBeHHOe Bbl4HCJ1eH1-1e K03(p(pl-1LIHeHTOB cl '{ornaCHO /3 7 / I 

n03B0J1ReT B RBHOM Bl-1Ae HaHTl-1 BOJlHOBble <l>YHKLIHl-1 x<) npl-1 n = 1 
/ c· T04HOCTblO AO HOPMl-1p0B04HOro MHO>Kl-'ITenR/: 

f f-· ·(N-j l)I . r(-
2
2A--l-N+2) r(A-µ-l -2N+f+j-1)aj 

X(l)= df l: (~1) J + a __ _;a;,;._ _____ _ 
f j=l (N-f+1)1(f-j) I · 

rc2A-:- 1 -N+j) rc .\-u-1 -2N+2e -1> 738/·. 
2a a 

BonHOBaR cpyHKLIHR OCHOBHOro 
/1 ,3a/ HMeeT BHA /9/ 

,\-µ 

COCTORHHR. Cl-'ICTeMbl C raMl-1JlbTOHl-1aHOM 

A-IL 
(- - a(N-1)) ½ 

<l> 2 ,,,z- N ..;..;_c;--a(N-1) N a 
2 2 2 

IIz/l_(1-z2 ) II(zJ-zk). 
j=l J j J> k 

/39/ 
aµ 

HHTerpan' onpeAeJlRIOU\l-'IH HOpMHPOB04HblH MHO>Kl-1Tenb z B /39/' 6blJ1 
Bb14HCJ1eH B pa6oTe 1121; 

z,,, H r(Ja) 1ti1 r(µ+½+ja)r(A.;..µ-a(N-l)+ja) 

r-1T(a) j=O r(.\+½+ja) 

,l\nR C!>YHKLIHH /38/ HaM He YAallOCb Hai:irn RBHblX BblPa>KeHl1H AflR de. 
,\-µ (f) (.k.u..-a(N-1)-1) 

3aMeT~M, 4TO np1,1 0 < -2--a(N-1)<2senl-141-1Hbl X1 <l>aµ2 
(..!l::LL -a (N-1)) 

/38/' <l> 2 /39/ o6pa3ylOT aecb Ha6op BOJlHOBblX C!>YHKLIHH aµ . 

AHCKpeTHOro cneKTpa Hawero raMHilbTOHl-'laHa, B 4>1,131,14eCKl-1 HHTepec-· 
HO~ c11y4ae /36/ BOJlHOB~e C!>YHKLIHH AHCKpeTHOro cneKTpa np1,1 n = 1 
MOryT 6b1Tb nony4eHbl nyTeM peweHHR Cl-'ICTeM ypaaHeHHH I aHanorH4HblX 

/37/: 
.• ff) rl. N 2x N 2x, 2x 
'l'1. (x

1 
, ••• xN)"':i II exp lxm{2A-2a(N-1)-3)-Ae ml II Je J -e kJa 

m=l . j> k 

t' (-1{-J -2A f-j (N . 1) r(2!·2 -2N+j+f-1) N -2:xm a J·l . N 
x l: -- (-) -J+. 1 ____ ___.._(l:-8 - --) exp(2l:x ). 

j:d 1 (j-1) I a (f-j) l(N-f+l) I rGA-2 -2(N-f )-1t=l 2 axm 1=1 
1 

a 

5. 3AKJll04EHUE 

TaKl-'IM o6pa30M, Mbl HaWnH B RBHOM B1-1Ae 3HepreTl14eCKl-1e ypOBHH 
1,1 npocTeHWHe BOJlHOBble C!>YHKl.\1-11-1 B036Y>KAeHHblX COCTORHHH AHCl<peT­
HOro CneKTpa KaK a6CTpaKTHOrO raMHJlbTOHl-'laHa /1 ,3a/, TaK,H ra­

Ml-'IIlbTOHHaHa /1,36/, npeACTaBJ1RI01J1ero C!>H31-14eCKl-1H HHTepec 1,1 on1-1-
c~aa1011.1ero Cl-'ICTeMbl B3al-1MOAeHCTBYIOIJll-1X 4aCTl-1LI Ha npRMOH B oc1.11-111-
IlRTOPe Mopca. np1-1 3TOM M~ He HCnOJlb30BaJ11-1 RBHblH BHA AOnonHH­
TellbHblX l-'IHTerpanoa ABl-1>KeHl-1R, cy111ecTBYIOU\l-1X AllR 3Tl-1X raMHilbTO­
HHaHOB. EcTeCTBeHHO no3TOMY, 4TO nPHMeHeHHblH HaMH cnoco6 He 
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MO>KeT 6blTb pacnpocTpaHeH Ha 6os,ee CJlOlKHble raMl-1JlbTOHl-1aHbl/1 ,2a-6/, 
KOTOPWC TaK>Ke, no-Bl-1A1-1MOMY, on1,1cwsa~T l-1HTerp1,1pyeMwe KBaHTOBWe 
Cl-1CTeMbl. B cs,y4ae /1,26/ BOJlHOBaR ¢YHK41-1R OCHOBHOro COCTORHl,1R 
MO>KeT 6b1Tb npeACTaBJleHa B ¢aKTOpl-130BaHHOM B1-1Ae' nOA06HOM /39/, 
Jl1,1Wb np1,1 HeKOTOPblX orpaH1-14eHl-1RX Ha napaMeTpbr noTeH41-1as,a BHew­
Hero nOJlR A , gl , i/141; O BOJlHOBblX <l>YHK41-1RX B036Y>KAeHHblX COCTOR• 
Hl,1H np~ gl ,g2 ~o B HaCTOR~ee speMR OTCYTCTByeT K~KaR-Jll-160 
l,1H<!JOpMa41-1R. Bo3MO>KHO, Cl-1CTeMbl c raMl-1JlbTOHl-1aHaMl-1 /1 ,2a .. 6/ YAaCT­
CR TeM l,1Jll,1 1-1HblM cnoco60M BKJ1~41,1Tb B cxeMY KBaHTOBOH o6paTHOl1 
3aAa41,1 pacceRHl-1R 113( yH1-1sepcaJ1bHOCTb KOTOPOH 6ws,a HeAaBHO npo­
AeMOHCTPl-1POBaHa ycneWHOH PeAyK41-1ei1 3aAa41-1 0 cneKTpe KBaHTOBOH 
nep1,10A1-14ecK011 N -4acT1-14HOl1 4eno4Kl-1 ToAa1161• Peas,1,13a41,1R TaK011 
nporpaMMbl Aa>Ke B npocTe11weM HeTp!,1Bl-1aJlbHOM CJly4ae N = 2 n03BO­
Jll,1Jla 6br, Ha Haw B3rJlRA, AOCT1,14b cy~eCTBeHHOro npOABl-1>KeH1-1R 
B 1,13y4eH1,11,1 KBaHTOBblX Cl-1CTeM /1 ,2a-6/ 1,1 nOHl-1MaHl-11,1 np1,1pOAbf TOl1 
Cl-1MMeTp1,11,1 ypasHeHl-1R l1JpeAl-1Hrepa, KOTopaR npl-1BOAl-1T K cpaBHl-1TeJ1b­
HO npoCTOMY BblPa>KeHl-1~ /34/ AJlR ypOBHe11 Al-1CKpeTHoro cneKTPa l,1H­
Terp1,1pyeMWX Cl-1CTeM /3a-6/. 
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