





1. BBEOEHHE

HccnenoBaHU KBAHTOBBIX CUCTEM CO MHOrMMWM cTeneHamu cBoGopbt,
obnagaoux [UHaMUUECKOM CUMMeTpUel W A[ONOAHUTENbHLIMKM MHTerpa-
NaMn ABUKEHWs, NOCBAWEHO 3HauuTensHoe umcno pabot’/1-9/. B.pape
cnyuaes 'Y’ pNA Takux CUCTeM YAAETCA, MCNONbL3YA ABHLIA BUA. UH-
TerpanoB ABMMEHUA, NPOM3BECTW pasfieNeHue nepeMeHHbXx U Tem ca-
MbiM YNPOCTUTL 3aAauy o6 OThicKaHMu cneKTpa U CobcTBEHHbBIX OYHKUWA
COOTBETCTBYIOWMX raMuNbTOHMAHOB, B HacToAlee BpeMA, OQHAKO,. He
HahpeH oGumi cnoco6 noflobHOM peayKLUM MHOrOMEpHLIX WHTErpUpyeMblX
KBaHTOBHX CREKTpanbHLX 3anauy K Habopy ofHoMepHbIX. B uacTHOCTH,
HEN3BECTHO, KaK pa3fieNuTb NepeMeHHbHe ANA CUCTEeM C TaMMNbTOHWaHa-=

MU, CTPYKTYpa KOTOPHX onpegenAeTCA cucTeMaMu KopHeh anrebp
M 74=7/

N o N g
H= :: 5" +ala=1) jEk[ V(xj -xk)+cV(xj+xk)]+j=1W(xj ).

' 2 /1/
V (§) =(Sh§) ’ € =0v11
(sh€) 2+ g (che) > n2¢ nag 1
gy (8h¢) + g + B, che&+g, chdd, =1, /2a/
W)= .
. =26 . -4
A2(e4€ —2(32‘f ) +g e §+ g,e ‘f, e= 0. /26/
NonHaA MHTerpupyeMoCTb KNaccuueckmx cucTem Buaa /1,2/ ana npous-
BONbHHIX 3HAUEHWA KOHCTAHT a,B{,eeiBp 6uina AOKasaHa HaMM B pa-
GoTax' 28"
B uacTHOM cnyuae g3==g¢=0 , £.,8.,>0, BRNepsble paccMOTpPEeHHOM
A 1772 -
OnbwaHeukum u flepenoMoBbIM , cucTtemb /1/ ob6napaT pAAoM uHTe

PECHbX CBOWCTB. PN HEKOTOPLIX 3HaUEHWAX KOHCTaHT a , By ,8,> 0,
ykasaHHbix B/7/ ramuneToHuaHe /1/ cBAsaHb ¢ onepaTopamu flanpaca-
BentTpaMu Ha HEKOTOPLIX CUMMETPUUECKUX MPOCTpaHCcTBax; Halkaewa
aCUMNTOTUKA BONHOBLIX OYHKUMII HenpepLiBHOrO CnekTpa /B cnyuae
g,.8, >0, paccmaTpusaBueMcs 8’7/ puckpeTHbit cnekTp oTcyTcTBY-
et/.” B paHHoi pabote Mu ByfeM MccneaoBaTb COCTOAHUA AUCKPETHOrO
cnekTpa KBaHTOBHX CUCTEM C ramuibToHuaHoM /1/ npu

H (p=-1)
w =
(f) )

W(E) =2m(e* —20% ), cm0,

e et /36/

-2 AMA+1) -2
(shé&) - > (ché)™, A>0, ¢ =1, /3a/
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AnAa caMocCOnpAKEeHHOCTU raMumbTOoHWaHa HeobxofuMo BhiMOMHEHWe yc-
noeuit a(a=1)>8/4,, u(u-1)>3/4, - T.e.a23/2, u23/2. OyHkuuaW(&)
/3a/ - Xopouwo nM3BECTHHN B PM3UKe oBoblieHHun noTeHuuan MNeyna-
Tennepa. OTmeTum, uTto HenaBHee'MccnegosaHue/ll/cansaHHux co-
CTOAHUI M paccesHUA OQHOM UaCTUMUH B 3TOM MOTeHUMane yKasano Ha
UX TEeCHYI0 CBA3b C HernpuBOAWUMbIMWM MpeacTasneHuaMu rpynn SU(2)

- SU(,1). "B cnyuae /36/ .nonyuyeHHsle HaMWM HOBbE pPe3ynbTaTel [O-
NycKawT ACHYI0 ¢U3MYECKY© MHTepnpeTauuio: raMunbToHuaH /1/ .npu
ycnosumn /36/ onucueaeT cucTemet N nonapHo B3aumoaeicTayloummx
yacTUL Ha npaMoil, HaxopsauuecA B ocuunnaTope Mopca. QOuesupHo,
MMEITCA TaKiKe U COCTOAHMA HeMpPepuBHOro cnekTpa. Me, oAHako,
COCpefoTOUUM BHMMaHWe Ha BO3BYKAEHHBIX COCTOAHWAX [UCKPETHOrO
crnekTpa M nokawem, Kakum oBpa3oM MmoryT ObiTb BBIMMCAEHb Kak
3HepreTUUecKue ypoBHM /MX UMCNO KOHEUHO M onpepenseTcA 3Haue-
HUAMM NapaMeTpoB FaMuNbTOHMaAHa A, u ,a /, TaK U BOSIHOBHE (yHK-
411, HOPMUPOBAHHbLIE  yCNOBHUEM

[ dxl..f dxy i (xn.,...,.xN)|2 =1. 74/

Ina peweHuna 3toi npobnemsl Ml BypeM npumeHATb cnocob, He uc-
nonb3ywouMii ABHOrO BUAA [OMONHUTESNLHLIX MHTEr panoB ABUXEHWA, KO-
Topble npeacTaBnaonT coboi NOMMHOMB MO MMNYMNLCaM [OBOMLHO BLICO-
KOW cTeneHu 7./.Ham'cnoco(S, npeanoxeHHul paHee B IO/ARH cnydan
/36/, ocHoBaH Ha pasfioxeHun peuweHui ypasHeHuA lpeauHrepa

Hy = Ey¢ : /57
B pAAab cneuunanbHOro supa no dJyHKuMHM, CUMMETPUYHLIM OTHOCUTENDL ™
HO nepeMmeHHux {X .} OTMmeTum Takxe, uTo rammunsTonuau /1,36/

MoMeT OuiTh nonyuyeH w3 Gonee obuero ramunsToHuaHa /1,3a/ dop-
ManbHLIM  NpegensHbiM nepexoioM ’

‘xy»x; -0 (J=1,..N),

N
A ghexp( 20) +A -1/2, . /6/

i Ao —A +1/2, gote.

JHepreTuyeckue yposBHu B cnyuae /36/ npu 3TOM BecbMa NpoCcTO CBA-
3aH ¢ coBCTBEHHLMM 3HauYeHWAMM ramunbToHuaHa /1,3a/. UYTo ka- .
caeTcA BOMHOBLIX. QYHKUMI, TO YKa3aHHHIM Bbille NpepenbHsuiit nepexopn
/6/ MeHee TpuBManeH, W BupaKeHWA ANA HMX Mpoule NONYyUMTb, He-
fnocpeacTBeHHO M3yuana ramunsToHuan /1,36/,

2. MPEOBPA30BAHUE YPABHEHUA LUPEAUHIEPA

Mocne. 3Tux npeaBapuTenbHBIX 3aMeuyaHuit o6paTUMCA K paccmMoTpe=
HUl ypasHeHuna llpeguHrepa /5/, BHMOAHWB B HEM 3aMeHy MEPEMEHHLIX

=thx; , j = 1,... N /npu OTCyTCTBMM B3auMOAEUCTBUA C NOTEH-
. uuanom V(§) Takaa MOACTAHOBKAa MPMBOAWUT ypPaBHEHWE ABUKEHMA uyac-

2

TuyL 8 obobuyeHHOM HOTeHuuane Neuna-Tennepa K runepreomerpuue—
CKOMY Buay/:

1 2\ g 2. 9 2 ‘
j=21 - g-l(l-zj ) =— (1—zj)-5;j+(1-zj)(x(x+1)-u(u_1) zzj 1

azj
N
Ly 2a(a~-1)(1-28)1-z5)(@2+28) W -Eg. 17/
>k 2_,2,2
N (z§-2)
YpasHeHue /7/ vMeeT CUHrYNApHOCTWM Ha rUNEPNNOCKOCTAX z; = 0,

; i
zji z2,=0, J,k= 1, » N, pasbusabumux N -MepHOe npocTpaHCT-,

BO Ha COBOKYRHOCTb MHororpaHHux yrnoe. NOCKONbKY MOTEHLUANbHEIE
6apsepun Bupa gz —2 y £ 2 3/4 abconwTHO HenpoHUUAaEeMbl, Mbl MOXEM
paccmoTpeTs /7/ B nioboM u3 3Tux yrnos /Ha rpanuuax KoToporo
BonHOBaA QyHKuuA AomkHa obpawmaTecA B Hyne/ M pacnpocTpaHuTbh pe-
3YyNbTaTh Ha OCTafbHLE Yrfitl CMMMeTpuuHuiM oBpasom. flns onpege-
JIEHHOCTU 3aduKCUPYeM MHOFOrpaHHbIt Yron ycnosusamu 1z . >0,
zytz, >0, j>kl. i
OcyuecTBuUM Tenepb MOHWKEHME MOPAAKA CHHIYNAPHOCTEN B /7/
Nonaran

¢’(z1 '".'ZN): X(zll ZN)(ball (2‘1 1o N )- /8/
roe
q)"g’(z ) u 2B H o

g reenZy) - Z(lz) (z—k) . 79/
M BLINONHAA 3aMeHy MNepPeMEeHHBIX z?::q. v § =1,...,N, nonyuum ana
¥ (zl,;",zN) ypaBHeHue ! !

N -1
*’jzl[ - (1-q; )2——-—q + (4aq(1-q, )k>- (g -qk) +(1-4) (21 ~(4B42us3)x
x qn-—-iwp(B) Zq Ix = E-cB) x . /107
qa; =1
3pechb
(u=A){(p-A - 1)

P(B) - BERB - 2u- 1) - + 2a2(N-1)% 4 a(N-1) (48 2+ 1),

«(B) -NIBRp+1) sa(N=-1)@B+2,-1) - “‘"”(S A“')"*-(N ~1)(4N-5)].

By ,
QyHKuMH—¢au, Kak BygeT. nOKa3aHO Huxe, Npu OfpeaefieHHOM 3Haue-
HUM napameTpa 8 ABNAETCA BOMHOBOM (MYHKLUMUEN OCHOBHOFO COCTOARHUR
paccMaTpPMBaeMoOro Hamu ramunsTowuana f1,36/.
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~ N
B.ap, |, B -3 ¢ 2. i=
Jlerxo aneTb, UTO NpU OTCYTCTBUM B /10/ cnaraeMex =} (q -, ) i g 1755 atj' ‘ 1,2 /15a/
nepeMeHHble pa3fenanTcA, M peweHme MOMHO MCKaTbh B Buge npowsae- R . N (1l .
AeHWl cTeneHHbX PAAOB MO qj., KOTOpse B ObleM clydyae pacxXxopATCA Gayg, C,~ 2 e Ji_, i=2. 3 ‘
npu qjal CxognMoOCTh Ha 9TUX runepnnockocTAx, obecneuusawuan. i*k tj—tk atj ' -/156/
BbINONHEHWE YCNOBUA HOPMMPOBKWU, MMEeT MeCTO Nullb B TOM cnyuae,
Korfa pARLl oBphiBalTCA M NPeBpawanTcA B nOnHHOMH‘KOHeHHOM cTe- - pé” - g ci dayg da 5 2. ¢
nexdun. 3To MPOMCXOANT nulllb MPK OMpefenieHHbIX 3HaUYeHWAX napameT- - n j=1 1 3¢, at. ' 1 3 ,m=1,., N, /ISB/
pos E n B; B peaynbTaTe nonyuaeTcA CneKTp CBA3aHHLBIX COCTOAHUM . ! i v
N HeB3aumopgelicTBywOWMUX 4YacTuy B 0606meHH0M noTeHyuane Neynsa- N Beluvcnum crauana ewpaxenus /15a/. 3amevan, uTo
Tennepa, ~ A A - a
ﬂnﬂ nOCTpoeHMﬂ peueHuu /10/, coo;aeT;Taymmux ANCKPETHOMY ) [D'Bi] =iBy_; ., By=D 716/
CEeKTPY, Mbl BocnonbayQMCﬂ aHanoruvei ¢ onucaHHoW Bhiwe CXeMoi, :
npumeHumon npu OTCYTCTBUH BaaumogeMCTBun. Byaem mnckaTh pete- . M NONb3yACL onpepeneHneM agp /13/, Hatiem
Hue /10/ B BuAE PABOB, NO OYHKUMAM, CHUMMETPUUHLIM OTHOCHTENBHO : ‘
nepeCTaHOBKM NioBEIX  ABYX KoOpanHaT {q qk} CornaCHo/lf Takan « _1)6‘15163 »((8—1)0 [ 2 Di IB D]DY=2—1 8'1 o
CUMMETPUA He06xoguma W pocTaTouHa nnn ycTpaHeHusa CMHFYﬂHDHOCTeM 1 =0 T +D B‘ai]. /11/
npn q;-q, B /10/. ﬂpw 3TOM ynoGHo cHauana BHnOﬂHMTb B ypas- . ’
HEHUN /10/ .3aMeHy nepeMeHHbx 4, - 1—t i= 1,... N npueean TaK Kak B a = N B - U ~f. ~l
¥ i ey ) a; »Ba =a a D™'(a_a )=a D . 2
ero K Buay T0 ua /16,177 nonyuum S L N1’ N 1) =3 D anu N(E-1)D x
ﬁ( )x = (E- e , AR Blaf“(N—f~Ua , B,a =a. a8, —(N—- £ ' '
B)x = (E-e(B))x _ e VALV 4 g =3y8p ~(N-£-2)a) . /187
rae ) NepeiigeM K Buuucnenuio /156/. OrpaHuuuBuMcy BHauane cnyuaem
£ =1, naigem ‘ ‘
-~ 2 .
H(B) = 2 [2(t -t )——+(4B+2u+3)t —2(2,8+1)tj +4atj(tj—1)>'< n N -1
i=1 j . ) Caje=a; 2 (t .—-t) ¢i-1,
i j=k 3 k j /19/
5 (t k) -~—] + p(ﬁD 2 L ' , 1
at : ~/12/ B
i= o LIUMCNARA cymMbl B /19/, naayuum cooTHowerus
2 2 ~ - .
~cay _ _ N 2 a®(N%) Cia;=0, C,a, = N(N-1) o
t'(B)“‘S(B) NP(B) "“"2_[-(2B+Q(N 1)) + C ‘]- 1¢17Y, 231~‘-—é—'—-——al, .CBa.1 :aNal(N-l)_ 720/
ﬁ;ﬂanee,-saeeem BmeCTo{tj} HOBEIE MepeMeHHbie . obnagaoymne AB- 3aMeTMM,‘ﬁTO‘KOMMYTaTOpM onepaTopos Ci_,b TaKKe UMeT NpocToM
HOM cmMMeTpuen OTHOCHMTEeNnbHO nepecTaHOBOK tj» tyt L ) BuA:
N pf-1 ~ N : & Dlod A A .
alzﬂ t] ’ al—g..._a D = 2 1._6—, E:l,,"'N_ /13/ ICI ’Dlz-lci-l ) [CO ;D]u 0. ) /2]/
=1 11 =1 atj X \ ‘
: flocnepoBatensHo npumenss /21/ B TomaecTBax, aHanoruvunex /17/,
' | A alet f-2, o .
Ecnn B panbHellleM MHAEGKC m Y BEnUUWH {am} 6ypneT npuHuMaTh 3Ha- . CiD a = p3 D’[ 'D]Dz~2"1314nﬂ-1ﬁ,a , s
yeHun, Mexsbwne 1 wnu Gonbwne N, TO cneayeTr nonaraThb , j=0 i1
ay=1, 34= aN+2==aN+3=."=O. 14/ W MCNOMb3yA COOTHOWEHWA /20/, waiinem

: o o ‘ . N—fi1 _ .
Anr nepexoga B8 /11,12/ k nepeMeHHbM {ajl, /13/ He06xonuM0 Czal"L =+ §N+l 2) ap, Csag=(N—UaNae-Qiniigﬂitﬁfg

NnpeacTasuTh B BuAe OYHKUNH [ajl cneayouMeé BhipakeHHWA:
4 : 5

/186/



N (l
HakoHeu, nonyuuMm ABHHE BHPAKEHUA ANA BENMUMH F[u: /158/, Tak

kak onepaTtop [ D, ty Eat—-]— —a‘%- koMMyTupyeT ¢ D, u3 onpepeneHus
j .
* NONUHOMOB ag /13/ nerKo NOMYUUTb MX CBOMCTBO
‘. aag aag_ ’
=ap— = . - '
ey Tt e . /22/

i

. ' (2) .
3TO CBOMCTBO NO3BONAET CPasy ¥e BHPasuTb Fg uepe3 Fgp . Oedct-
BUTENbHO, rpYNnNUpyA: MHOxuTenun B8 /158/ W npumeHan /22/, nonyuim

‘2 aam ~

(3) dag. 208y N dap_,
F 2 t t; S (a )t —B =apB,a -
fm (Jat )Jatl J‘=1( 7~ at1 atj [4 2%m
| /23/
(2) S )
[—-1 m aNa'-(la'm —(N—m+2) am-lal‘ —'Fe—l,m :

MNockoneky BhpaxeHue B nesoi vactu /23/ CUMMETPUUHO OTHOCH-
TenbHO nepecTaHoBku uHaekcos £ u m, Tem xe cBoiicTBOM AofiwHa 06~
nanaTe M npaeas uyacTe /23/. 3TO NpuBOAMT K cUCTeMe ypaBHeHui,
KOTOPOM [OMKHE YAOBNETBOPATL BENUUMHE F‘e(z)

@) @)

F-—l.m _pg =(N—f+2)am_1ag"(N‘W’fz)af-—lam' /2y
o R T
HecnoxHo nonyunTb TaKwe ABHOE BHIpaKeHue ANA F‘1l + Tax kak at:
- -1 ‘ ' }
=t a} » TO )
2) 2(981 aag a :
1 2 B sl

Wcnonbaya /24/ ana MOCNeAoBaTENLHOIO MOHUKEHWUA NEepBOro WHAeKca
senumuun F n BuipaxeHune /25/, MoxHO HaliTu FE ‘B ABHOM BuAe:

f—1
)—(N—m+1)ala ~ Z( +m=2r)a 2 bhmr - /18s/

r=1

e

U3 /18s8/ u /23/ okoHuaTeNsHO NONYUMUM . BhipakeHue ANA Fg(,z) :

(3)

Flm =aga_a. _(N_mg)am_l ap —(N-¢ +2)al—1 a_ +

. S S /18r/
+ Z(Z +m—27—1)xa ag+m_,._1 . ’

' ‘ 9%

C yueTom /18a -r/ wn npOC'roro COOTHOWEHUA .é.t_;_.= o, roe £.i=
= 1,..:yN, ypaBHeHue /11, 12/ 'MOXHO 3anucath B HEDEMEHHHX

{31,...,3N}:

-6

(ﬁg('m +H2(B))x' =E-Z(P)x - S 26/

e-1 |
H (B)_2 2 [ = 2 ¢ +m=2r-v)a, ahm_r__u —-(N-m+2)a_- 8,

,m=1 7=1v=0

L .
N £ +Daag; ~(N-meD)aga )Y
- »»48

P 2 [ag_l(N—B+2)(4B+2u+3+ /273/
4 -

m =1

+2a(N+ € -3)) +2ag (N- £ +1)(2B+ 1+ a(N+ e-'z))].i_e,
A N o o
B =ay(23 span 52— fxa“ —-B(4B+2u+3+4a(N-1)) @1 /2767

WMeHHO 3Ta dopMa ypaBHeHwA llpeauHrepa okassBaeTca HauBonee yno6-
HOM MIPU OTHICKAHWUW DEWweHu’, YAOBNETBOPALIIMX YCNOBUIO HOPMMPOBKM
/’-l/, KoTopoe Ana dyHKuuii ¥ BcneacTeve /8,9/ uMeeT BUA

Coea
n 122 220 |y B =1.
g 1K ‘

zu 2 .21 N
IIdz ] (1,—zj), . 728/

f,
-1 =1

3 MCKPETHBI CNEKTP frAMhanoH,ﬁAHA

“Kak ywe oTmeuyanocb B npe,qu,qyueM pasfiene, ecTecTBEHHO WCKaTb
peweHWA ypaBHEHWUA /26/ B BuaAE cTeneHHHX PAAOB NO {a i

e (s) h N ] - o
x= X D c a’ ..ad .
5=0 0531.... Iy ~int N o v | /29/

j +.e

.jN<
U3 paccMOTpeHVWA CTPYKTYpe onepaTopoB H1 2(B) BUAHO, UTO B o6-
wem cnyuae paaw /29/ copepwaT 6eCK0Heque um:no cnaraeMeix U Mo-
FYT PacxXOAMTLCA B HEKOTOPLIX oﬁnacmx npocTpaHcTBa {al aNl;
DericTBUTENBHO, OomepaTop Hz(ﬁ) AEeNCTBYA Ha NOMUHOM alll a-‘N )
cTeneHu S, NEpPeBOAMT €rgo B MOMMHOM (s +1)-# cTenenu, TaKNu'ro

uenouyka ypaaHeHuw anA cg ) N BO3HMKawWaa npu-noacrtaHoske /29/
Lo .
8 /26/, 8 obuem cnyuyae GeckoHeuHa, OGpLHB CYMMUPOBAHWA NO 'S

- v”’npespaiieHne pagos -/29/ B ‘nonuHoOMbH, He obBnapawvwue .CUHFYNApPHO-

CTAMM, MOXET.NPOM3ONTH TONLKO B TOM Chyuae, Korpaa onepaTopH B
oGpamae'r B HYnNb I'IOJ'IMHOM Machmaanow ctenedu n- B /29/::

fi (B) a‘l ’N -0, j,l +a

.jN=n. : - /30/

‘U3 /276/ v /11/ cneayeT, uUTO ypaBHeHue /30/ 3KBUBANEHTHO
cheaywueMy yChoBuWio, KOTOpoe A2kHO GWTbL HaNoXeHo Ha .napameTtp 8:

’
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28%+ BRu+1-4n+4a(N~1))+n (p+2n 1) + a N=1) Buran-1

(=A) (ueA + 1) , /317

1-2(1(N—1)]+ =0,

Pewenue /31/, coemecTHoe C ycnoeuem HopMmuposku /28/, umeeTt Bup

B -

- a(N—l) =N. /32/

Wa /28/ cnepyet Takwe, uTo 8>0, T.e. Uenoe Yucrno p, onpepe-
naplee MakcuManbHylo cTeneHs nonuHoMa /29/ /v, cnepoBaTensHo,
yucno. yposHel fuckpeTHoro cnekTpa/, cornacko /32/, orpaHuueHo:

A-p

n <

- a(N-1). _ - /33/.

0603HauMM nNocpeacTBOM Il MakcuManbHoe Uenoe Yucno, ynoBnNeTBO-
prowee HepasencTsy /33/, CoBokynHocTb. BCeX MOMMHOMOB NO nepe-
_MeHHuM{ajl cTeneHu, He npesbuwawue’ i , ofpasyeT nmHelHoe npocT-
(N+n)|

ml
H (B(n)) ABNANTCA NUHENHbIMU onepaTtopamu. NonHoe uucno yposHeit
nncxpeTHoro cnekTpa ramunbToHuaHa./1.3a/ paBHo paaMepHOCTH yno-
(N+@) 1,
———————-'

DaHCTBO L pasmepHoCcTH B 3ToM npOCTpaHCTBe ﬁ 1(B()),

MAHYTOrO Bbllle NpocTpaHcTea L, caMu 3T YpOBHM onpene-

N1
NATCA COBCTBEHHEMU 3HAUEHUAMM Manmuu f (B(ﬂ))+H o(B(@)) ¢ TOu-

HOCTbI0 A0 BENMUMHLI g(ﬁ(n)),,,..N_[ —?—2(N2-1) #(Aemp ~a(N-1) — 2n)2]

PaccMoTpuM CTPYKTYPY 3TOM Mannuu 8 Gasuce npocTpaHcTsa L,

j : -~ XN ”
0o6pa30BaHHOM 3NeMeHTaMu iall...a'l“}, 0<j, ,d g0, ¥ j =n
17N =fp iy s = e

Beenem B 3ToM Dasuce ynopsgodveHuMe no cnegyouuMm npasuvnam. Bo-
NnepBLX, PasobbeM BCE MHOKMECTBO Ga3UCHLIX 3NEMEeHTOB Ha MOAMHO-~
KecTea M , onpepenaeMule YCROBUAMW j, + e ) k.=0,1,...8%,"

v Gyoem CLIMTaTb, uTO 3NeMeHTH U3 Mk vme»oT MeHbWUIH HOMep, ueM
aneMeHT My, ecim k >k’ flpu aToM maTpuua H (B(ﬁ))+H2(B£n)) pas-
busaetca Ha-(fi+1)2 Gnokos, KoTopbe Mu Gygem 0603HauaTb Hyy -

/B panbHeliwem Takoe.npeacTaBnenue 3TOM MaTpuhun ByaeM HasbBaTb
GHOHHHM/‘ Bo-BTOpHIX, YCTAHOBUM YNOPAAOUEHUE B KaKAOM M3 MHOWECTB

Mk , conepmamux (N+k"'l SNEMEHTOB: eChNu ANA AByX 3NeMeHToB u3 My
N-1) k! i o

i i S,

all... ag ,2i1 ... a MMET MECTO COOTHOWEHMA j =jq » I =J% »

jsu >j’s+1 , TO NEpBbYi INEeMeHT uMeeT MEHbWWMMA HOMep.

OTmMeTuM, uTO npu AaHHoM crnocofe YynopAROUEHUA MaTpuua onepa-
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(H )k Lk Nocnepnee 06CTOHTeJ'IbCTBO Hapywaluee TpeyrofibHOCTb
BCEN MaTpuubl (H +H ) B8 GnoyHom NpeAcTasfieHUu, CnepyeT mu3d- CTPYK-=
TYypsl nepsoro cnaraeMoro 8 HI(B(ﬁ')) /27a/: npn l+m = N +2 B cymme
nor,v WHBEKC Y MHOXWTENA afym_r—yp MOXET TIpUHMMaTb 3HaueHue
N+1. Tak kaK ay, =1, 7O B H, (B(n)) copepxaTtca uneHs Buaa
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Mokakem Tenepp, UTO, HECMOTPA Ha cymeCTaoaaHMe OTAMUHLIX OT
HYNs 2neMeHTOB (H ) _yy BCH maTpuuy (H (B(ﬂ))+H2(B(n))MO)!(H0

npusBecTH K TpeyroanoMy Buay. 3ameTuM cHawana, uTo. 6nok (H )01
UefiMKoM COocTOouT M3 Hyneh, a MmaTtpuua H moxeT OuTb npuae,qua,
nocpeacTeoM BHuMTaHua, cTonbuyos, K .qMarOHaanOMy BUAY, NPUUEM
3Ta Npoueaypa He U3MEeHAET ee AuaroHaNbHbLIX 3NEMEeHTOs. Bnok (H BRI
yHe COAepPHMT OTMAMUHBIE OT HYAA 3NEMEeHTH B HEKOTOPLIX ctonbuyax
/v ctpokax {€} /. Ux moxHo 05paTMTb 8 HyfAb, BHHMMTAA M3 3TUX
cTon6yos BCEW MaTpuLbl (H1+H2) Takue, KOTopble, APOXOAn.uepes -
6nok (Hy)y; + WMenT B 3TOM OroKe AMaroHanbHHE SMNEMEHTH, coowe'r-
cteyouve ctpokam (€}, [lpy sToM 33 cueT:3nemMeHTOB 6noka (H2)21
BO3HMKAKWT HOBLIE Cnaraemsle B Matpuue (H )22 OgHako BcheacTtsue -
BHGpaHHOro Hamn cnocoba ynopapoueHus 31'14 cnaraemole He WU3MeHART
CTPYKTYypbl MaTpuubl (H ) = OHa MO-MpexHeMy OCTaeTCA BepXHEWN
TpeyronbHoli, NpUuUeMm ee AMaroHaNbHHE B3NSMEeHTH TaKKe He W3MEHAT-
ca. fpogonkaa 3Ty npoueaypy, MOMHO MOCNEAOBaTeNnbHO YCTPaHUTL
BCE OT/MUHEIE OT HynA JNEMeHTH B bnokax- (H ) 1,x» HE M3MEHARA ava-
roHanbHLe - SNeMEeHTH MaTpuu (H ) ki » JKOTOpHIE 1 ABNAKTCA cobcTBeHHbI-
MU 3HAUEHMAMU MATpULb (Hl(ﬁ('))+ H_(B(1)). Npamoe BhUMCNEHNE MO
oopmyne’ /27a/ nokasnmaeT, Takum obpas3oM, HTO OVCKPETHLIM .CAEKTP
ramunsToHnana /1,3a/ onpenenneTcn Habopom N  uentx uucen
figmendy b0 0STy ey +enjy=8 S N ; YPOBHM 3HEprum,
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0TMeTuM, uTO NapaMeTpo ramunbTowuwana /1,3a/ sxonsT B /3L4/ Tonbko
B Buae KoMOuHayMmn(A-pu).flO3TOMY MOXHO Cpa3y OnpefenuTb AUCKPETHHIR
CREKTP ramunsToHmaHna /1,36/, onucuBapwero cuctemy N nonapHo
BaaMMOAeﬁCTByDMMX nocpegcTBOM noTeHuMana a(a—l)x(shf)—'2 4acTuy
Ha NPAMOM, HaxoaAwywcA B ocuunnAaTope Mopca: Npu npegensHoM nepe-
xone /6/A-p+2A—1. fogcTaHoeka aToro aHauenua B /34/ npusoaut

K HYXHOMY pe3ynbTaTy. JHEeprus OCHOBHOro COCTOAHMA MoXeT OuiTb
soumMcneHa no dopmyne /34/ npwm j1=ﬁ, Jg=edy =0t
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. BOMHOBHE ®YHKI[UM

flocne Toro, Kak HalMaeHs ypoBHW  auCKpeTHoro cnexkTpa /34/,
3afjava o6 OTHCKaHWM BONHOBHIX QYHKUWI ‘CBOAMTCA K NOACTaHOBKE

/347, 729/ 8 /26/ w pewerui cucTem (N+ny ! ONHOPOAHBIX AMHEAHBIX

)

) niNt
anrebpanuecknux ypaBHeHuil C paBHbIM HyNi0 onpegenuTeneM. [lnAa npous-
BONBHLIX NI HaM He ypanoce HanTu 3TuU peweHun B ABHOM Bupe. WUc-
KnoueHue npepncTasnAeT coboi cnyuan n = 1, koraa OyHKumMu X '
UMERNT Bup : ’

N
X = X e.a 4¢

o1 373 N+1 : , /35/

M MaTpUUHbBE 3NEMEHTH ChlaraeMbiX B H (B(l)).conepmaumx uBpraTHoe
AVOHEPEHUMPOBAHME MO NepeMeHHbIM | a. ? obpagawTtcAa B Hyns. CucTte-
Ma@ ypaBHeHuli ONA KO3QPUUUEHTOB c /35/ momeT BuHTbL 3anucaHa
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HenocpeacTBeHHOE BHUMCHIEHUE - KOIPPUUMEHTOB cj(. ), cornacto /37/,
no3sonsAeT B ABHOM Buae HalTU BONHOBbE GYHKUMWK xO npu n =t
/C TOUHOCTBI 4O HOPMMPOBOUHOIrO MHOXMTENA/:

2/\-1
foth il _.:L‘_..__._ L+~
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BonHoeaA dyHKUMA OCHOBHOFO COCTOAHMA:- CUCTEMH C FaMUilbTOHUAHOM
/1,3a/ wmeer Bug /9/
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Wnterpan, onpenenmoluuu HOPMUPOBOUHLIN MHOWuTENns Z B /39/, 6un
BbLIUMCNEH B pa60Te =
7 - 115‘1 T'(ja) r’ﬁl F(u+'/$.+ja) FA-p~a®N-1)+ja)
F1'T(q) FO F(/\+%+ja)

Ana dyHkumit /38/ Ham He ymanoch HalWTH ABHLIX BeRaweHWn ans dg.
3aMeT5{M, uto npu 0< Ayt £ . _a(N-1)<2BenuuuHel )d>( —a®@-1-1)
—I‘!-—-a(N-l)) ) -
/38/, <I> /39/ obpasywoT Becb Ha60p BOJIHOBLIX OYHKUMM

.qMCerTHOI’O cneKTpa Hawero ramunbToHuaHa, B dusnuecku uHTepec--
HOM cnyuae /36/ BonHoshe OYHKUMM AWUCKPETHOrO cCnekTpa npu 0 = 1

' MOryT ObiTb NonyueHsl HYTeM peweHnA CcUcTeMm ypaBHeHMM, aHanor uHbIX

/37/:
‘P“(x By ) = §LH exp{x (A~ 2a(N—1)—3) -Ae m}ﬁ e -eaxkl"
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3 %(—1) 2a b (N-j+1)! ¢ a '+J+L ) (g ' j“exp(22x ).
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5. 3AKIIOYEHHE

Takum 06pa3s’oM, Mu HawnuM B ABHOM BuAe 3HEpreTUUYEcKWUe ypOBHHU
“ npocTeliune BOMHOBbIE GYHKUMM BO3ByKaeHHEIX COCTOAHMI AUCKpeT=
HOrO cneKkTpa Kak aBCcTpakTHOro ramunbToHuaHa /1,3a/, Tak.u ra-
munbToHWaHa /1,36/, npeactasBnanwero $oM3MUeckui MHTepec u onu-
CHBAUWErO cUCTEMH B3auMMOQeicTaYOLMX yacTuly Ha NpPAMON B ocumn-~
natope Mopca. Mpu 3TOoM MH He MCROMb3OBanNu ABHLIM BuA AONOMHWU-—
TenbHHX MHTErpanoB ABMKEHUA, CYUECTBYOUUX ANA STUX ramunbTo-
HWaHOB. ECTECTBEHHO MOATOMY, UTO MPWUMEHEHHL Hamu cnocob He
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MoweT 6T pacnpocTpaHeH Ha Gonee crnowxHble ramuneToHuawel/1,2a-6/,
KOTOpbiE TaKKe, NO-BUAUMOMY, OMMCHBAIKT MHTEr pUpyeMble KBaHTOBLIE
cucTemul. B cnyuae /1,26/ BonHoBas (QYHKLUWA OCHOBHOIMO COCTOAHMA
MoxeT GuiTb npepcTaBneHa B QakTopu3oBaHHOM Bupae, nogoGHom /39/,
NUIlle NPY HEKOTOPLIX Or paHWMUYEHUMAX Ha napaMeTpe noTeHuuana BHew-
Hero nonsa A E} ,5514. O. BOMHOBHIX (GOYHKLMUAX BO3BGYXAEHHHX COCTOR=
Huid npu &, ,g2 #0 B HacToAuee BpPeMA OTCYTCTBYET KaKaﬂ'ﬂMGO
' uHpopMaumua. BO3MOKHO, cUCTeMH C ramunbToHWaHamn /1, '2a«6/ ypact-
CA TEM WU MHLIM CNOCOBOM BKMOUMTb B CXeMYy KBaHTOBOM obpaTHo
3apauu pacceﬂuuﬂ/13<yHuBepcaanocrb KOoTOpOi Buina HepgasBHO npo-
OEMOHCTPMPOBAHA YCNewHoM peaykuvMeld 3agaum O cnekTpe KBaHTOBOWM
nepuoauueckoii N ~uactuuHol uenouku Topa’1®/, Peanuaauua Takoi
NporpaMMbl Alaxe B NpocTeMlleM HeTpuBManbHOM cnyyae N = 2 no3so-
nvna ©wl, Ha Haw B3rnsa, AOCTWMUb CYWECTBEHHOrO NPOABWKEHWUA
B M3yueHuM KBaHTOBHEIX cucTeMm /1,2a=6/ M NOHUMaHWM NPUPOAH TOM
cumMeTpun ypaBHeHUA llpeguHrepa, KOTopas NpMBOAWT K CpaBHUTENb=
HO npocTomy BbipaxeHuo /3L4/ pnna ypoBHel AMCKPETHOrO cneKkTpa uH=- -
Terpupyembix cuctem /3a-6/.
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