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OEIIJ;Aff XAP AKTEPIICTIIKA P AEOTbI 

AKTyaJibHOCTb TCMbl 

Ilpo6neMa T0'lH0ro lIHTerpIIpoBaHIIll ypaBHeHnii ):\BIDKeHIIll, on11cb1Ba!Oll.llIX B3alI

Moµ;eiicTBIIe 6onee 'leM µ;ayx HepelIJITl!BiICTCKIIX o6'beKTOB, ):\aJieKa OT Il0lIHoro pewe

HIIl!, HeCM0Tpll Ha ):\0CTaTO'lH0 ):\0llry10 IICT0plI!O (<paKTII'leCKII ee nnyqem1e Ha'laJI0Cb 

oµ;HoBpeMeHHO c <popMymipOBKOll KllaCCII'leCKOil raMIIllbTOHOBOH MexaHIIKII). 3a IIC

KlIIO'leHIIeM TplIBIIaJibHoro ClIY'laJI rapM0HII'leCKIIX 0CI.IIIlIJIJIT0p0B, Bee nony'leHHble K 

HaCTOJill.leMy BpeMeHII proyllbTaTbI a :nmi: o6nacTn 0TH0CllTCll K O):\H0MepH0MY ABII

:iKeHl!IO. B KJiaCCH'leCKOll MeXaHIIKe no):\06Hoe orpaHII'leHlle o6ycnoBlleHO Hemrneii

H0CTb!O, rrpenJITCTBY!Oll.leii nocTpoeHIIIO T0'IHbIX peweHIIll II npllBOi:\llll.leiI K "xao

T1ma1.11rn" µ;BII:iKeHIIll ):\a:iKe i:\llll CIICTeM C ABYMll CTeneHJIMlI CB060):\bI, B KBaHTOBOll

OTCJTCTBIIeM 06ll.lllX MeT0):\0B pan):\eJieHIIll nepeMeHHbIX ):\llll mrneii:HbIX ypaBHeHnii: 

BToporo nopll):\Ka B 'laCTHbIX npolI3B01l;HbIX II l!BH01i: Aliar0H8JIII3al.lllll 6ecKOHe'lHO

MepHbIX MaTp111.1. 

3To o6CTOJITellbCTBO, ecTeCTBeHH0, cy:iKaeT o6nacTb HenocpegCTBeHH0ro nplIMe

HeHIIll T0'lH0 pewaeMbIX MO):\eneii: K npaKTl!'leCKIIM .3aga'laM <pnmIKl!. TeM He MeHee 

cyll.leCTBYIOT C1ITya1.1m1, oco6eHHO B Teopilll KOH):\eHCIIp0BaHHbIX cpeA, B K0T0pbIX 

ll;BII)KeHIIe 'laCTlII.I m160 KBaDU'laCTIII.I ):\onycKaeT OIJ;HOMepHyJO TpaKT0BKY lI no Kpaii:

Heii: Mepe Ka'leCTBeHHbie 'lepTbI noi.o6HbIX Mo1-ene1i: noJie3HbI i:\llll onncaHlil! peaJibHbIX 

llBlleHnii:. OTAellbHOro ynoM11HaH1Il! nacny:iK11BaeT lI !IX CBll3b C onpe):\elleHHbIM KJiac

COM pewemui: ypaBHeHIIH Ka1-oM1.1esa-IleTB1Iaurn1Im1 II EeH):\:iKaMnHa-OHo B Teopnu 

Hemrne1i:HbIX BOJIH B cnlIOWHbIX cpe):\aX. OHi! npei.cTaBllll!OT HeCOMHeHHYIO Ba)KH0CTb 

KaK TeCTbI i:\llll nposepKII TO'lHOCTII aCIIMnTOTl!'leCKIIX II np1I6mnKeHHbIX MeTOi:\OB, 

KaK 'llIClleHHbIX, TaK II OCH0BaHHbIX Ha panmI'lHbIX BapnaHTax Teoplill B0.3MYll.lCHIIH. 

OAHaKO Han6onbllllIH l!HTepec np11 ll.3Y'leHlm :lTIIX MO):\eneii: BbI3bIBaeT npo6neMa 

OTbICKaHl!ll ll l!CClIC):\0BaHIIl! Al!HaMIP!eCKOl1 CIIMMeTp1m, ne:iKall.leii:, no .3aMe'laHIIIO 

E.BIIrHepa, B 0CHOBe BCex TO'lHb!X penyllbTaTOB <pll3HKII- npo6neMa, B 3Ha'lnTellb

HOll CTeneHn II B HaCTOllll.lee BpeMl! ocTa!Oll.laJICll OTKpb!TOH, 

IJ;eJib pa60Tbl: 

-onpe):\eJieH1Ie Ha116onee w11p0Koro Knacca IIHTerp11pyeMbIX raMIIllbT0H0BbIX CHCTCM, 

0ilIICbIBa!Oll.lllX Al!HaMIIKY B3811MOAel!CTBIIll 'laCTlll.l BO BHewHeM none; 

-lIHTerp11poBaH11e COOTBCTCTBY!Oll.lIIX ypaBHCHIIII ):\Bll)KCHIIll; 

-llCCJie):\0BaHIIe cneKTp0B KBaHTOBbIX Cl!CTeM 'laCTIII.I; 

-nocTpoeH11e Hosoro KJiacca IIHTerpnpyeMbIX KBaHT0BbIX cnHHOBbIX Mo):\eneii: Ha O):\H0-

MepHmi: peweTKe; 

-<popMymtpOBKa II panBHTUe H0BbIX MeTOAOB ):\l!aroHammaumr CilIIHOBbIX raMIIllbTO

HIIaH0B, 

Hay'IHaJI HOBHOHa " 

-Texaa11ecaa11 
6H6,f1HOTeKa 

OlUIH 

bl 



Ha:i'iµ;eHHbIH II uccneµ;oBaHHbIH B pa6oTe KJiacc BIIOJIHe nHTerpnpyeMbIX p;IIHaMII

'!ecKnx CIICTeM, OIIIIChIBl!,IOW.HX IJ;BIDKeHHe N HepeJIHTIIBUCTCKHX '!aCTIIIl, HBJIHeTCH 

6- rrapaMeTpII'IeCKIIM II BKJIIO'!aeT B ce6H Bee U3BeCTHble paHee CIICTeMbl :3TOro Tima 

rrpII N > 3. Ilpep;JIOlKeHbl HOBble rrpHMepbI HBHOro pewemrn KJiaCCII'leCKHX 0/J;HO

MepHbIX 3ap;a'l O B3alIMOp;eIICTBIIH MHorux '!aCTIIIl; YKa:JaHbl KaK cJiy'laII orrucamrn 

IJ;IIHaMIIKII B :3JieMeHTapHbIX II :3JIJIIInTII'!eCKIJX <PYHKillillX, TaK II Bblpa)Kemrn pewem1ii 

ypaBHeHUH IJ;BIIlKeHHH nocpeµ;CTBOM 0-q>yHKilIIH Herunep:3JIJIIInTJI'leCKIIX pIIMaHOBbIX 

IIOBepXHOCTeii. 

HoBbIMII HBJIHIOTCH npIIMepbI IIOCTpOeHIIH BOJIHOBbIX cpyHKilIIH OCHOBHOro COCTOH

HIIH COOTBeTCTBYIOW.HX KBaHTOBbIX CIICTeM '!aCTIIIl. B cnellUaJibHOM '!aCTHOM cJiy'lae 

3ap;a'l co CMewaHHbIM cneKTpOM BnepBble YIJ;aJIOCb TO'!HO onpeµ;eJIHTb :3Hepnm B03-

6y)Kp;eHHbIX IJ;IICKpeTHbIX ypoBHeii. 

Ilpeµ;JiolKeHHbIH B pa6oTe HOBbIH KJiacc IIHTerpIIpyeMbIX cnUHOBbIX Moµ;eneii Hape

weTKe IIMeeT Henocpep;CTBeHHOe OTHOWeHIIe K npo6JieMaM onIIcamrn HBJieHIIH q>eppo

u aHTmpeppoMarHeTII3Ma B qllmIIKe KOHp;eHCIIpOBaHHbIX cpeµ;: COOTBeTCTBYIOW.IIe OIJ;HO

napaMeTpU'IeCKUe raMIIJibTOHHaHbl HeCIIHryJIHpHbI, B3aIIMOp;eiicTBIIe CIIIIHOB HOCIIT 

KOpOTKOIJ;eHCTBYIOW.IIi'i xapaKTep. BnepBbie o6HapylKeHa HeTpIIBIIaJibHaJI CBH3b pe

illeHIIH IIHTerpIIpyeMbIX MOp;eneii Ha pemeTKe C 30HaJibHb!MII ccpepII'IeCKIIMII q>yH

KilIIHMII Ha CIIMMeTpII'IeCKIIX npocTpaHCTBax . .il:JIJI nepIIOIJ;II'leCKIIX cnIIHOBbIX CUCTeM 

Haiiµ;eH HOBbIH IJ;IICKpeTHbIH aHanor pemeHIIH 8pMIITa ypaBHeHIIJI JlaMe, onpeµ;eJIHIO

W.IIH COCTOJIHIIH IJ;BYXMarHOHHOro ceKTOpa. 8To no3BOJIJieT Haµ;eJITbCJI Ha nocTpoe

HIIe TO'IHOro TepMOIJ;IIHaMII'leCKoro onIICaHIIJI CBOHCTB cnIIHOBbIX B036ylKp;eHIIH npII 

IJ;aJibHeiiweM pa3BUTIIII TeopIIII. 

Anpo 6au;uJI pa6oTbl 

OcHOBHble MaTepIIaJibl µ;uccepTallIIII IJ;OKJiap;bIBaJIIICb Ha BceCOI03HbIX ceMIIHapax 

"KBaHTOBaJI TeopuH comtToHoB" (JIOMII, 1984,1988 rr.), IX BcecoIO:JHoii reoMe

TpU'!ecKon KOHq>epeHilIIH (KIIillIIHeB, 1988 r.), IV MelKp;yHapoµ;Hon KOHq>epeHilllll 

"HennHenHble npo6neMbl q>II3IIKII" (KIIeB, 1989 r.), V Pa6o'!eM coBeW.aHIIH "Ilpo-

6JieMbl CHMMeTpnn B q>IImIKe" (06HIIHCK, 199lr.), COBer.u.aHHll no CllllbHO KOppe.im

poBaHHb!M :3JieKTpOHHb!M CIICTeMaM (TpuecT,1992r.), CeMHHapax Me)Kp;yHapoµ;Horo 

IleHTpa TeopeTH'leCKOII q>ll3HKII (TpuecT) ll cpum1'!eCKOro cpaKyJibTeTa YHIIBepCIITeTa 

"La Sapienza" (PnM), XXV I MelKp;yHapoµ;HoM CIIMno:JnyMe no q>n:JnKe aJieMeHTap

HbIX '!acTnu; II Teopuu noJIJI (BeHµ;nm-PnTil, <t>Pr, 1992r.), ceMnHapax Jia6opaTop1m 

TeopeTII'leCKOIUI q>II311Kll. 

CTpyxTypa pa60ThI 

Jl:IIccepTallIIll OCHOBaHa Ha 22 ny6JIIIKallIIllX aBTOpa, COCTOIIT II3 BBep;eHIIH, Tpex 

rJiaB, Ka)Kp;al! II3 KOTOpbIX CHa6lKeHa KpaTKOH aHHOTallIIen, 3aKJIIO'leHIIH ll CIIIICKa 
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IlIITupyeMOII JIIITepaTypbI. 06r.u.m'i ofrbeM pa6oTbl COCTaBJIJieT 80 CTpaHIIIl. 

COJ:J:EP)KAHIIE P AEOTbI 

Bo BBep;eHIIH p;aHa KpaTKaJI xapaKTepIICTIIKa npep;1UeCTBOBaB1Uero pa3BlITIIll Te

opnn KOHe'!HOMepHb!X BIIOJIHe lIHTerpupyeMb!X CIICTeM, 06cy,Kp;em1e II3BeCTHb!X pe-

3YJibTaTOB, IIX CBJI3II C TeopeTUKO-aJire6paII'!eCKIIMII KOHCTPYKilIIHMH II nplIJIO)KeHIIll 

K q>II3II'leCKIIM 3ap;a'!aM. YKa:JaHbl HepeilleHHble npo6JieMbl, O'!ep'!eH Kpyr llCCJieµ;ye

MbIX BonpocoB. 

B nepBOU rJiaBe pacCMOTpeHa KJiaCCH'leCKaJI IJ;IIHaMIIKa: B npocTenweM HeTpII

BIIaJibHOM cJiy'!ae p;Byx CTeneHeII CB06op;bl Hafrµ;eHbl BCe CIICTeMbl C raMUJibTOHIIa

HaMU BIIµ;a 

1 2 2 • 

2(Pi + P2) + V,(x1 - x2) + d,:.(x1 + x2) + W,(xi) + W,(x2), c = 0, 1, 

o6naµ;aIOIIIHe µ;onoJIHHTeJibHb!M llHTerpalIOM IJ;BIDKeHIIH 'leTBepToro rropl!p;Ka no {p; }: 

9 2a2 - _ 

Va(x) = - 2-, Wa(x) = A1ch4a;r + ,\2ch2ax + A3sh2ax, 
sh ax 

(1) 

( 
WJ ) ( W2 ) ( WJ + W2) Vj_(x) = gop(x), W1(x) = g1p(x)+g~p x + 2 +g3p x + 2 +g4p x + --

2
- , 

(2) 
rµ;e p( X )- :3JIJIHnTH'leCKaJI cpyHKillIJI BenepuITpacca, onpeµ;eJieHHaJI Ha KOMnJieKCHOM 

Tope Tw,,w2 = C / Zw1 + Zw2.B1,16op napaMeTpoB w1 ,2 orpaHn'leH ep;nHCTBeHHbIM ycno
BIIeM ':smw1w;-1 # 0. 

Jl:oKa3aTeJibCTBO IIHTerpupyeMOCTII paCIIpocTpaHeHO Ha npoH3BOJibHbie 'IIICJia 

'!aCTHil nocpep;CTBOM nocTpoemrn ypaBHeHIIll JlaKca co cneKTpaJibHb!M napaMeTpoM. 

YKa:JaHbl npeµ;eJibHble nepexop;bI K pattee H3BeCTHb!M IIHTerpupyeMb!M CUCTeMaM. 

BBep;eHhl ypaBHeHIIll 3BOJIIOilIIII MHOrOMepHb!X MaTplIIl II noJiy'leHbl nx pemeHIIH, 

n03BOJIHIOil!Ue nocJie pep;yKillIII HaUTII TpaeKTOplIII B3aIIMOIJ;eUCTBYIOil!IIX '!aCTIIIl B 

noTeHilIIaJie Mopca W0(x) = 8r2(exp(4x) - exp(2x))- eµ;1rncTBeHHOM cny'!ae, Korµ;a 

IIHTerpIIpoBaHne ypaBHeHml IJ;BIIlKeHIIH HOBbIX CHCTeM N '!aCTIIIl BUp;a ( 1) MO)KeT 

6bITb ocymecTBJieHO B :3JieMeHTapHb!X q>yHKilIIllX: 

Xj(t) = -~lnqi(t), j = 1, .. N, 

rµ;e q;(t)- HeHyJieBbie co6cTBeHHbie 3Ha'!eHIIll (2N x 2N)-MaTpIIIlbI 

Q(t) = exp(At)Q(O)exp(A+t). 

8JieMeHTbl nOCTOllHHbIX MaTpIIIl A II Q(0) MoryT 6bITh Hanp;eHbl IIO Ha'laJibHbIMII 

Koopµ;trnaTaM II CKOpOCTHM '!aCTl!Il, PaBHOBeCHble KOHq>IIrypallIUl onpeµ;eJIHIOTCH Hy

JIHMII o6o6meHHbIX noJIIIHOMOB Jlareppa, 'ITO no3BOJIHeT HaHTII aHaJIIITII'leCKIIe Bbl

palKeHIIH IJ;lIH :3HeprIIn, Kopµ;xrna Thi IleHTpa Mace II '!aCTOT MaJih!X QCillIJlllllllIIll B6JIII3II 
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TO'IKU pa.BH0Becm1. Bo Bcex ocTaJihHb!X cny'laJIX p;nJI Ha'laJihHb!X ycnoBuii o6Il\ero 

IlOJIOJKeHIIJI Heo6xop;IIMO IICilOJib30BaTb arrre6po-reoMeTpU'IeCKUe MeTOp;b!, OCHOBaH

Hble Ha uccnep;oBaHUU CBOiiCTB cneKTparrbHOH KpIIBOH II IlOCTpoemrn MHOrOTO'le'IHb!X 

<l>YHKIJ;uii BeiiKepa-Axuroepa. 8Ta nporpaMMa, no3Bomuoll\aJI µ;aTb'onucaHue TpaeK

Topuii B 6- <l>YHKIJ;IIJIX PuMaHa, peaJI1!30BaHa p;lrn CIICTeM C C: = 0 II IlOTeHIJ;HaJiaMII 

B3al!Moµ;eiicTBIIJI V(x) = Ax-2
, W(x) = a0 x 4 + a1x3 + a2x2 + a3x. 

1Ip11 HaJIOJKeHIUI µ;ocTaTO'IHO JKeCTKIIX orpaHII'leHUll Ha Ha'laJibHble ycnOBIIJI II 

Jil!Wb B cny'lae ao < 0 yµ;aeTCJI ( p;lIJI npmmBOJibHb!X N ) IlOlIY'IIITb 'laCTHble peweHl!JI 

B aneMeHTapHb!X <l>YHKIJ;IIJIX, CBJI3aHHble C IJ;BIIJKeHIIeM IlOJIIOCOB peweHIIH Heop;Hopo

p;Horo ypaBHeHIIJI B10prepca-Xon4>a. 

BTopruI rnaea IlOCBJI!l\eHa II3Y'leHl!IO KBaHTOBb!X aHarroroB N-'laCTll'IHb!X ra

MIIJibTOHIIaHOB C IlOTeHIJ;HaJiaMU B3al!MOp;ei°ICTBIIJI (1-2). ffanp;e8bl ycJIOBIIJI, Ilp!I KO

TOpb!X BOJIHOBble <l>YHKIJ;IIII OCHOBHOro COCTOJIHIIJI o6nap;aIOT CBOHCTBOM 4>aKTop1ma-

111rn 
N N 

t/J(x1, ... XN) = II c(x;) II x(x; - xk ), 
j=l j>k 

rµ;e c(x) II x(x) He l!MeIOT Hynei"1 BHe rnnepnoBepXHOCTen Xj - Xk=O, Ha KOTOpb!X 

JIOKaJIII30BaHbl c1rnrym1pHble oco6eHHOCTII (1,2). YcTaHOBJieH HeTpIIBIIaJ!bHblli 4>aKT 

COB!lap;eHUJI :lTIIX ycnoBIIi°I C TeMII, 'ITO µ;aIOT B03MOlKHOCTb CBJI3aTb TO'IKII paBHO

BeCIIJI KJiaCCl!'leCKIIX l!HTerpnpyeMb!X CIICTeM C HYJIJIMII, IlOJil!HOMIIaJibHb!X peweHIIH 

ypaBHeHuii T1ma XIInna. KaK II B Knaccu'!ecKoii MexaHJIKe, Hau6onee npocTb!MII oKa-

3b!BaIOTCJI npo6neMbl OillICaHIIJI B3a11Mop;enCTBYIO!l\lIX 'laCTIIIJ; B none C IlOTeHIJ;llaJIOM 

Mopca IImI IIe11nJI-Tennepa -B aTIIX cny'laJIX npeµ;noJKeH MeToµ; HaxoJKp;eHuJI JIBHb!X 
• • (N+no)! • N 

Bb!paJKeHIIII p;nJI aHepnm N!no! ypoBHeII µ;11cKpeTHoro cneKTpa, HyMepyeMb!X 

1rnp;eKcaM1I {j}, 0 :S i1, .. jN :S no, I::=l jp :S no, 

N [a2 
2 2] E;, ... ;N=-

2 3 (N -1)+(.-\-µ-a(N-1)-2n0 ) +2s(N+l)x 

N N 
(s + µ - .,\ + 2no + aN) - L lj,[a(2N + 1 + l) + 2no + µ - .,\ - j,] - 2 L lj1im, 

l=l ·t>m 

rµ;e 
N 

s = I:ip, 
p=I 

1 . 
a, = 2(1 + ✓1 + 4g2

), 

µ,.,\- napaMeTpbI noTeHIJ;narra IIeIJ;JIJI-Tennepa W(x) = µJ:;,,!) - .\J~,!) II n 0- MaKclt

MaJibHoe uenoe 'IIICJio, yµ;oBneTBOplIIO!l\ee HepaBeHCTBY no < ¥-a( N -1 ). Haiiµ;eHo, 

'ITO npu onpeµ;eneHHb!X 3Ha'leHIIJIX .,\, µ II Cl' HeKOTOpb!e ypoBHll Haxop;JITCJI B Henpe

pb!BHOH 'laCTII cneKTpa - COOTBeTCTBYIO!l\Ue aHepnrn npeBb!WaIOT nopor p;i!CCOIUI

auuu E0 = _N;1 [f N(N - 2) +(.,\ - µ - a(N - 2))2). YKa3aH arrropIITM Bbl'III

cnemrn COOTBeTCTBYIO!l\lIX BOJIHOBb!X <l>YHKIJ;IIH, OCHOBaHHblll Ha peweHIIII KOHe'IHb!X 

CIICTeM JIUHenHb!X ypaBHeHnii. 

TpeTh.H rnaea coµ;eplKIIT proynbTaTbl, OTHOClI!l\lleCJI K p;IICKpeTHb!M KBaHTOBb!M 

CIICTeMaM - B3aIIMOp;eiicTBYIO!l\lIM cnnHaM 1/2. B Hen IlOKa3aHo, 'ITO HeKOTOpb!e 
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KOHIJ;enu1m, c4>opMym1poBaHHbie npu II3y'lemm npo6neM 1rnTerp11pyeMocT11 B Knac

CII'lecKoii MexaHIIKe, MoryT 6b!Th nepeHeceHbl u Ha op;HOMepHb!e 3ap;a'III Ha peweTKe: 

B 'laCTHOCTII, IlOCTpoeHO npep;cTaBJieHl!e JlaKca co cneKTpaJibHb!M napaMeTpOM 

[1-l., L) = [L, M); 

coµ;eplKall\ee onepaTopH03Ha'IHble (N x 1'O-MaTpl!IJ;bl_ 

L;k = (1 - D;k)f(j - k)(l + ii;iik), 

N 

M;k = (1 - D;k)g(j - k)(l + ii;ih) + Djk L z(j - s)(l + ii;ii,) 
#i 

(3) 

II CillIHOBblll raMIIJibTOHIIaH 1-l. C B3aUMOp;enCTBl!eM, onpeµ;enJieMb!M o6MeHHb!MII llH-

TerparraMn h(l) (l E Z, h(l + N) = h(l)) : 

H, = -J f_ h(j - I) (ii;ii~ - 1). 
;>l=l 

CooTHOWeH11e (3) aKBIIBaJieHTHO Ha6opy <l>YHKUIIOHaJ!bHb!X ypaBHeHmi Ha f, g, z II 

o6MeHHble IIHTerparrb!, 06Il\ee peweHne KOTOpb!X coµ;ep,KIIT <l>YHKUIIII Be1iepwTpacca 

C Bell\eCTBeHHbIM neplIOIJ;OM, COBilap;aIOil\lIM C 'IIICJIOM Y3lIOB peweTKII N, II Il03BOJIJieT 

Bblp;eJIHTb KJiacc IIHTerp1IpyeMb!X peweTO'IHb!X raMIIJibTOHIIaHOB 

h(x) = -z(x) = -f(x)f(-x) = PN(x) + const, g(x) = -f'(x), 

UN(x - a,) 
J(x) = ( ) ( ) exp(x(N(a)), 

UN X UN Cl' 

rµ;e Cl' - cneKTpaJibHbli°I napaMeTp. <l>II3ll'leCKIIM napaMeTpOM Mop;enn JIBJIJieTCJI BTO

poii nepuoµ; pw<l>YHKIJ;IIII w = ii., i. E R+· B npeµ;ene N -+ oo (6ecKoHe'IHaJI pe

weTKa) <l>YHKUIII! Bei"1epwTpacca Bb!pOlKp;aIOTCJI B TplirOHOMeTpll'IeCKHe II B3aIIMO

µ;eiicTBl!e Clll!HOB HOCIIT KOpOTKoµ;eiicTBYIO!l\Ili°I xapaKTep, 

71'2 

hoo(x) = ~2sh2 (7)" 

Pa3Bl!Tbl MeTOIJ;bl HaxoJKp;eHIIJI peweHl!ll COOTBeTCTBYIOil\llX "peweTO'IHb!X11 ypaBHe

Hllll Illp~µ;1rnrepa. B nx ocHoBe neJKIIT crroco6 rrocTpoemrn 3aMKHYTb!X aHarr11T11".Ie

CKIIX Bb!paJKeHlli°! µ;m1 ·cyMM cneu11arrbHOro Bl!p;a, coµ;eplKall\l!X TpuroHOMeTpU'IeCKUe 

JIU60 anmmTll'leCKlle <l>YHKUIIII. B OTJill'll!e OT Mop;em1 C B3al!MOp;encTBUeM 6JIHJKaii

WIIX cocep;HIIX Clll!HOB, pewaeMmi nocpep;CTBOM aH3aua BeTe, BOJIHOBble <l>YHKUIIII 

M-MarHOHHb!X B036yJKµ;em1ii HOBb!X IIHTerpnpyeMbIX CilllHOBbIX CIICTeM yJKe He JIB

JIJIIOTCJI JIIIHeHHblMII KOM61!HaIJ;llJIMII IllIOCKIIX BOJIHj µ;nJI CIICTeM Ha 6eCKOHe'IHOH pe

WeTKe yµ;arroch ycTaHOBl!Tb IIX CBJI3b C paHee ImBeCTHb!MII o6'beKTaMII - 30HaJib

Hb!MII c4>epu'IeCKI!Mll <l>YHKUIIJIMII Ha CIIMMeTpII'IeCKIIX npocTpaHCTBaX OTpl!IJ;aTeJib

HOll KpIIBU3Hbl paHra M-1. Ilocnep;Hee o6cTOHTeJibCTBO no3BOJIJieT p;oKa3aTh, 'ITO S-
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MaTpIIua MynhTll!,,!arHOHHOro pacceJIHl!JI qiaKTop1myeTcJI; ee 0aBIICl!MOCTb OT KBa
mmM11ynhCOB cop;ep)K!!T (- qiyHKUIIII Be11ep111Tpacca C ep;llHll'IHbIM BeIIJ.eCTBeHHhlM 
KBammep!!op;oM. Ilocpep;CTBOM MeTO)J;OB Teop1m MepOMOpqJHhlX qiyHKUIIII Ha KOM
nneKCHhlX Topax Ha11p;eHo o6o6IIJ.eHire ypaBHeHinr EeTe B p;ByxMarHOHHOM ceKTope 
Mop;eneii: Ha nepnop;n'!ecKon pemeTKe: 

rp;e 

k1N - 2i( ( ~), = 21rl1, k2N + 2i( ( ~), = 21rl2; 

-2((,) + f(k1,,) - f(k2, -,) = 0, 

f(k, 1 ) = -(1 [ 2~ (kw+ f(N (i) ,)] + 

:i [2(1 G) (N (~J t + ik(1 G)], 

11, 12 E Z, 

8Heprnl! COOTBeTCTBYIOIIJ.l!X ABYXMarHOHHhlX Boo6y,Kp;eHIIll p;a!OTCJI qiopMynoii: 

c2( k1, k2, ,) = J u[f(k1, -Y) + f( k2, --y )] 2 + co( k1, -y) + co(k2, --y) + PN(-Y)}, 

rp;e 

co(k,-y) = ~ [(1 (i) - N(N G)] - ~PI [2~ ( kw - 2i(N (i),)] • 

(4) 

Ha6op pemeHJill CIICTeMhl ( 4 ), npIIBO)J;JIIIJ.llX K He3KBl!BaneHTHb!M BOnHOBhlM qiyH
KUIIJIM, JIBnJieTCJI nonHhlM n nooBonJieT onIIcaTb Bee N(N -3)/2 COCTOJIHIIJI CllllHOBOll 
pemeTKII c S = Sz = N/2-1. 

B oaKJU0'leHHH KpaTKO cyMMl!pOBaHbl peoynhTaThl p;nccepTaD;llOHHOll pa60Tbl. 

OcHOBHble peoyJibTaTbl p;HccepTaQHH: 

1. IIocTpoeHo npep;cTaBneH11e JlaKca co cneKTpanbHhIM napaMeTpoM p;nJI Knaccn'!e
cKIIX raMIInbTOHIIaHOB, onIICh!BalOIIJ.l!X CIICTeMbl '!aCTIID; BO BHelllHeM none C annnnTn
'!eCKIIMll noTeHu;nanaMII BOanMop;e!ICTBlrn; npoBep;eH aHanno npep;enbHbIX CIITyau;nii:. 
2. ,ll;aHo TO'IHOe pemeHI!e nap;a'!n O )J;Bll)KeHJm KnacCJI'!eCKIIX IIHTerpIIpyeMhlX CIICTeM 
'!aCTIIQ B IIOTeHu;nane Mopca. YcTaHOBneHa CBJitlb KOOpp;1maT ~aCTIID; B paBHOBeCHOM 
COCTOJIHIIII c HynJIMII o6o6IIJ.eHHbIX. nommOMOB Jlareppa, Bhl'!l!cneHbl '!aCTOTbl Ma
nhIX OCD;IInnJID;Ill! B6mmll nonmKeHI!JI paBHOBeCIIJI. 

3. IlpOl!HTerpllpoBaHbI KnaCCl!'leCKIIe ypaBHeHirn ABIDKeHI!JI CllCTeM npOI!0BOnbHOrO 
'll!cna '!acTm.~ c BtJauMop;ei'rcTBIIeM, o6paTHo nponopu;IIoHanbHhIM 1rnap;paTy paccTo
JIHIIJI Me)KAY HIIMI!, B none C aHrapMOHII'leCKl!M IIOTeHu;nanoM: p;nJI COOTBeTCTBYIOIIJ.ell 
cneKTpanbH~n oap;a'!II nocTpoeHhl MHoroTo'!e'!Hbie qiy1rnu;mr Eeii:Kepa-Axneoepa, no
KaoaHo, 'ITO pemeHJ!JI MoryT 6bITb Bhlpa)KeHbI nocpep;CTBOM MHOroMepHb!X 8- qiyH
KQllll Pi1MaHa. 
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4. Ha11p;eHhI cny'!all qiaKTOpnoau;nn BOnHOBbIX qiyHKD;llll OCHOBHoro COCTOJ!HIIJI KBaH
TOBbIX CllCTeM '!aCTl!D; BO BHemHeM none. Ilpop;eMOHCTpIIpoBaHa IIX CBJ!tlb C xapaKTe
pIICTI!KaMII paBHOBeCHhlX KOHqJl!rypaumr KnaCCII'!eCKIIX CIICTeM II IIO/IIIHOMI!anbHhlMII 
pemeHirnMn ypaBHeHmr T1ma XHnna. 
5. PemeHa npo6neMa Bhl'!HcneHirn c1Heprnii: ypoBHe11 p;HcKpeTHoro cneKTpa rIInep-
6om1'!ecKIIX cucTeM Kanop;)Kepo-CaoepneHp;a B noTeHu;uane Mopca. ,ll;aH anropHTM 

nocTpoeHIIJ! co6CTBeHHhlX BeKTOpOB COO,TBeTCTBYIOIIJ.IIX KBaHTOBbIX raMIInbTOHI!a
HOB, Hai'rp;eHo ux HBHoe Bhlpa)KeHJre p;n11 nepBoro Boo6y.lKp;eHHoro ypoBHH. 
6. Ilpep;no)KeH HOBhlll Knacc lIHTerpnpyeMbIX KBaHTOBhlX MOp;eneii: BOallMOp;encTBIIJ! 
CIIIIHOB 1/2 Ha op;HoMepHon peme-rKe, p;n11 KOToporo yKaoaHhl p;ononHIITenhHhle 1IH
Terpan1,r p;B1nKeH1IJI n npep;cTaBneHire JlaKca. 
7. Ilpep;nmKeHbI MeTO)J;hl p;naroHanunau;mr raMIInbTOHIIaHOB CllllHOBbIX CIICTeM Ha 6e
CKOHe'!HOll pemeTKe c rnnep6onn'!eCKIIM o6MeHHbIM BoanMop;e!ICTBlleM. Ilpop;eMOH
CTpI!poBaHa CBJI0b IIX co6CTBeHHhlX BeKTOpOB c 0OHanbHhlMII cqiepn'!eCKIIMII qiyH
KUIIJ!Mll, npoBep;eH aHanim nx·acllMIITOTII'leCKOro noBep;eHHH; IIOKa:JaHO, 'ITO aHoau 
EeTe BO0HIIKaeT npn npep;enbHOM nepexop;e K CIICTeMaM c BOallMOp;e!ICTBIIeM 6nH

)KaJilllllX cocep;HIIX CIIIIHOB. YcTaHOBneH oaKOH )J;IICnepcnn CIIIIHOBbIX BonHj p;oKaoaHo 
CBOIICTBO qiaKTopnnaunu MaTpllD;hl pacceJ!Hl!JI. 
8. Haii:p;eHo o6o6IIJ.eHire ypaBHeHIIII aHoau;a EeTe B p;ByxMarHoHHOM ceKTope Mop;enII 
Ha KOHe'!HOll pemeTI(e C anm1nTn~1eCKIIM Boam,wp;ellCTBIIeM CllllHOBj ycTaHOBneHa non
HOTa Ha6opa IIX pemeHnll. 
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