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Hccne,qoeaH~-te cna6oeoa6ym,qeHHbiX cocTOflH~-ti1 rei1seH6eproecKoro 

¢leppoMarHen1Ka" Hal!aToe e pa6oTax Einoxa 111 H npo,qonM<eHHoe 

e pa6oTax EieTe12/ 1-1 YopTHca/3/, np111se.no, e 48CTHOCT~-t, K nonHo

My peweH\1110 3S,Qa4 06 O,QHOMSrHOHHbiX 1r1 ABYXMarHOHHbiX COCTOfiHVIRX 

8 3TOC1 CI-1CTeMe. B pa6oTax/2-4/ Hac:i,qeHbl CBR3SHHbl€ COCTOfiHHR 

,qeyx MarHOHOB 1-1 ycTaHoe.neHbl ycnoe~t~fl HX cyli.leCTeoeaHIII.A. CeflaaH

Hble COCTORHHfl no 3Hep.n1111 IlemaT Hl-l>K€ o6naCTYI HenpepbiBHOrO cneKT

pa, I-IX BOil HOBble $yHK~I-1J.1 MOHOTOHHO cna,qatOT C paCCTORHllleM, Ha 

60J1bWI-1X paCCTOR.HHFIX 3TOT Cna,Q CJle,qyeT 3KCnOH€HI..IHSJlbHOMY 3aKO

HY, HeCJ10}!{Hbllii SHSJll-13 yKS3SHHbiX CBOIIiCTB peweHI-1fl ,QByxMarHOHHOJit 

3S,QS4H yKS3biBSeT Ha HeKOTOpoe CXO,QCTBO noee,qeH~-tfl BOJlHOBbiX 

¢YHKU,Hi:1 C nOB€A€H\4€M KOpp€JlflU,HOHHbiX 4JYHKU,vti:1 B MOA€I1RX CTaTHC

TH~€CKOi:1'MeXaHHKH. 

8 HaCTORU\€~ pa6oTe Mbl YCTaHOBHM H 06CYAHM C8fl3b ABYX4aCTH4-

HOi:1 3aAa4H B aHH30TpOnHOi:1 MOA€1114 rei:13eH6epra /Hll\4 6JlH3KO~ 

e~ no COA€pH<aHHIO 3aAa4H 0 ABYX6030HHbiX COCTOflHHflX B peweT04HO~ 

C14CTeMe/ C 3aAa4ei1 0 TepMOAHHaMH4€CKHX ¢YHKU,\4flX B c¢epi44€CK0i:1 

MOAenH ¢eppoMarHeTI4Ka. CHa4ana ycTaHOBHM CBfl3b AByx4aCTH4HOi1 

3aAa4H C 3aAa4e~ 0 CJly4ai1HOM 6ny>+<AaHI-114 4aCTHU,bl, a nOTOM, Hc

nOJlb3Yfl 1438€CTHyiO CBfl3b nOCll€AH€~ 3aAa4.H C T€pMOAHHaMHKOi1 

c¢epH4€CKOi:1 MOA€llH/s/, CB.RH<€M HCXOAHYIO KBaHTOBOM€XaH144€CKYIO 

aaAa4y c yKaaaHHoi1 aaAa4ei1 cTaTHCTH4€CKO~ ¢H31-1KH. B peayllbTa

Te 6yA€T noKa3aHo, 4TO BHYTP€HH.RR 3HeprH.R H napHa.R KOppenfl

U,HOHHaR ¢YHKU,I-1fl c¢epi44~CKOi:1 MOA€1114 coenaAaiOT C00TB€TCTB€HHO 

C 3HeprHe~ H BOJ1HOBOi:1 ¢yHKU,14€~ ABYX4aCTH4HOrO COCTO.RHH.R 

H€KOTOpOrO 6030HHOrO rSMHJlbTOHH8HS C B38J.1MOA€i:1CTBHeM, npOCTbiM 

o6pa30M 3a8HC.Ril\14M OT TeMnepnTyp~. 

0TM€THM, 4T0 yCTaHOBJl€HHafl HaMH 3A€Cb CB.R3b B npi-1HU,Hne 

OTI1J.1~aeTC.R OT WHpOKO 06Cy>t<Aa€MOi1. B JlJ.1TepaType CB.R3H CTaTHCTH-

l.I€CKOi:1 M€XaHJ.1KH ABYXM€pHbiX peweTOK C AHHaMJ.1KOi:1 OAHOMepHbiX CnH

HOBbiX u,enOI.I~K /H3 nOCll€AHHX o630pOB, KaCSIOU\HXCR 3TOi:1 CB.R3J.1, 

yKa>t<eM Hale/ I. B HacTORLL\el':1 pa6oTe Mbl He HcnonbayeM MeTOA MaT

PHU.blnepexoAa, 14 yCTaH08Jl€HHa.R 3A€Cb CB.R3b HMeeT MeCTO npH $HK-

CHpoeaHHOi1 p~3MepHOCTH npOCTpaHCTBa d, T. C. d -MepHaR c¢epH-

l.I€CKaR MOA€llb CBfl3bl8a€TC.R C KBaHTOBOM€XaHM'-I€CKOi1 3aAat~ei:1 Ha 

TOi1 >t<e caMoi1 d -MepHoi1 peweTKe. 

1. raMtllllbTOHHaH aHH30TpOnHoi1 MOA€11111 rei:13eH6epra aanHCbl

saeTC.R 8 BHA€ 

1 X X 
){~-- l:[u(SoSp o 

2 1,8 ' + u 
/1/ 
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3.QeCb 8 - seKTOp, coe.Ql4H.AIOL41-1~ 6m-1>Kac:iw11x coce,qe~, h - Mar
Hl4THOe none, a-- KOHCTSHTa 06M€HHOi1 SHV130Tpont.1~t~, 0 ~a ~ 1. np~tt 
U =1 Cl4CTeMa /1/ l43B€CTHS KSK l430TponHS.R MO,Q€Jlb re~3€H6epra, 
a npl-1 a =0 /1/ Om1CblBSeT MO,Q€Jlb H3HHra. TaK KSK J{ KOMMYTHpyeT 
C OnepSTOpOM 8 Z, COCTO.RHH.R CHCT€Mbl MO>KHO KllSCCH¢li-11..11-1POBSTb no 
4HCI1Y nepesepHyTbiX CnHHOB fl • (OCTO.RHI-1€, B KOTOpOM Bee Cni-1Hbl 
HanpaB!l€Hbl BB€PX, .RBI1.R€TC.R OCHOBHbiM C0CT0.RHVI€M, COCTO.RHH.R 
C n=J lti3B€CTHbl KSK Cni-1H0Bbl€ BOJlHbJ 6noxa, 1-1111-1 O,QHOMSrHOHHbl€ 
cocTO.RHJIJ.R. ,[lsyxMarHOHHbJe cocTO.RHII!.R ¢leppoMarHen1Ka I 1 I paccMor peHbt s pa6oTax I 2/ /o.QHOMepHbl~ cnyLJaC1/ 1t1 /3.4/ I ,qsyx- 1-1 TpexMepHa.R peweTKI-1/. AnR ,qallbHei:1wero noneaHo HM€Tb peweHHe ,qsyx
MarHOHHOi:1 aa,qa4111 Ci-1CTeMbJ /1 I npVI npOV13BOJlbHol1 pa3MepHOCTH 

npOCTpaHCTBa d Ill ~~. ,QnR npOCTOTbl 6y.QeM pacCMaTpJ.1B8Tb Ky6H-

4eCKVIe peW€TKH, 0606~eHJ.1e HS peweTKH ,Qpyro~ CHMMeTpHH ,Qe.naeTCJ 
6e3 npHH4VInV!aJlbHbiX aaTpy.QHeHH~. 3anV!CbiBa.A BeKTOP· .QBYXMarHOH
HOrO cocTo~""~ c"CTeMbl /1/ 8 8"Ae ]lJI >= :E B 1 , 81 81 I 0>" 88o· 

1 v'11 ~2 1 2 
.Qfl VIMnYJlbC 4€HTpa HHepl.ll-11.1 k /Mbl no.nbayeMCR nepV!O.QV11..!eCKHMJ.1 rpa· 

""4""'M" ycno8"~M"/Ilr 1r2=F(t2-E1 )exp[i~(f 1+~Jl . F(;)=F(-; ), 
1-13 ypasHeHVIfl Wpe.QVIHrepa MO~Ho nony1..!1.1Tb ypasHeHVIfl .Qnfl aMn.nVITYA I<'(f). B 3Tl.1 ypaeHeHVIR k BXO.QVIT KSK napaMeTp. M~ paccMOTpVIM cny1..1a~ It =0 VI aan111weM ypaeHeHHR e BVI.Qe I cp. c I 4 I: 

2tF(~)-:E F(7+8)=..!. F(B)ll(;-~). r ~ o. 121 8 .a 

3Aec• ll(rJ- c"M80n KpoHeKepa, F(O)= o. t=(2d-E +2h)/ 2a, E-
3Heprl.1R .QSYXM8rHOHHOrO COCT0f1HJ.1R /3HeprV!fl OCHOBHOrO COCTORHHfl 
np1.1HRTS aa Ha4ano OTC1..!eTa/. Mo)I{HO y6e.QHTbCR, 4TO MeTo,q Cl>yKy.QbJ
YopTVICa/4/ npl.1MeHHM AllR peweHHfl /2/ s cny4ae npOV13BOJ1bHoro d. 
1.1 pe3yJ1bTaT OKS3blB8eTCfl CJ1e,Qy10~1-1M: HH>Ke 06.rtaCTV1 HenpepbiBHOrO 
cneKTpa B 3881.1CHM0CTV1 OT 3HS4eHHR U MOryT Cy~eCTBOBSTb He 
6o.nee 4eM .QBa V130J1Hp0B8HHbiX ypOBHR, O,QI-1H - HeSbiPO>K.QeHHbJH /no 
3HeprVII-1 OH J1€}f{HT HH}f{e BCeX ABYX4SCTV14Hb1X COCTORHHH/ H O.QI-1H -(d-1) - KpSTHO BblpO>K,QeHHbl?i. TOJlbKO B npe,qene a =0 OHH CJlHBSIOT
CR a OAHH d -KpaTHO BblpO}f{.QeHHbr?i yposeHb. BonHosaR <I>YHK~HR 
HeBblpO>K.QeHHoro ypOBHR y,qos.neTaOpReT ycnoBHIO F(~)=F 1 Allfl scex t. no.nHOe peweHHe 38,Q84H 06 3TOM COCTOfiHHIII /B ,Q811bHeJ.1weM HaC 
6y,qeT HHTepeCOB8Tb TOJlbKO 3TO COCTORHV'Ie/ MO}f{HO aan~t~C8Tb B Cne
AYIO~eM BY!,Qe: 

E =2h +2d -2at, 

/3/ F(r)= t-ad 
a 
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3AeCb 
(q~ 

-d " e 
a,.(t)~ (2rr) f ... fdq1''' dqd --(-----· 

-rr t- cosq 1 + ... + cosqd) 

peweTO'..!Hble ¢yHK4l-11t1 fpl-1Ha. np~t~ d =1 ,2,3 1-13 /3/ MQ)f{HO nOI1y4l-1Tb 

see paHee vt3secTHbte peaynbTSTbl. 

H~~t>KHflfl rpaHHL.ta HenpepbiBHOro ABYX.'-Iacrii!I.IHOro cneKrpa onpeAe

neHa paseHCTBOM E= Emin = 2h+2d(1-a). Kpi-1TH4eCKoe aHa4eHl-1e a0 , 

npl-1 KOTOPOM npOIIICXOAYIT OTW,enneHr.1e /eC.fl\.1 Mbl yMeHbWSeM a, T .e. 

1-1A€M B CTOpOHy MOAeJ1111 ~31-1Hra/, nerKO HS~Tl-1 l-13 /3/,nOACTSBJlRR 
t=tmin=d: 

-1 
a0 ~ 1-Wd . /4/ 

fA€ wd=Go(d).d- T.H. 1-lHTer:pan BarcoHa, wct"""" npl4 d =1,2; Ws= 

1,51638 ~r~ Wct-+ 1 np1-1 d .. oo. Cn1o1HOBbl~ KOMnneKc cyw.ecrsyer np1o1 scex 

a <a0,np1o1 d =1, 2 a o=l, np111 d ~ 3 a 0 < 1, e npeAe.ne d -+oo a 0---. 0. 

2. AnR ASI1bHe~wero HaM noHaA061o1TCR peweHio1e ABYX4aCTit14HO~ 

3SAS41o1 B peweTO'-IHOC1 Clo1CTeMe 6030H08 C 8 -o6pa3HbiM noreHU,J..1aJ10M 

npi-1T~~eHJ..1~. 8 ~I-1TepaType 6onee ~1-1pOKO I-13BecTeH 1-1 o6cymAaeTc~ 

HenpepbiBHbl!li aHanor 3TOi1 CJ..1CTeMbl/7/ /B 0AHOMepHOM CJlyl.lae C 

noTeHu,J..1aJ10M OTTaJ1KJ..1BaHJ..1~ 3Ta MOAeJlb J..13BeCTHa KaK MOAeJlb nJ..16a

nJ..1HJ..1repa181 /. faMJ..1JlbTOHJ..18H 3ani-1WeM B BJ..1Ae 

!( 1 + 
~- -- :£ a, a, 

4 1,8 ' '+8 
a ~ 2 

-2 t "1 !51 

+ 
3p.ecb a- 6030HHb1e onepaTOpbl, nr= aeaE. a ,2-0. h 12: o. TaK KaK 

ff KOMMYTJ..1pyeT C onepaTOpOM l.IHCJla 6030HOB, MOmHO KOppeKTHO 

C¢0pMyJ1J..1pOBaTb ll -l.laCH1l.IHYIO 3a.Qal.ly. 3Aes_b Mbl pacCMOTpHM COCTO-

-+-+ .k-+~ ++ 
"H"" c n~2, T.e.l'l'>~:£ ¢(1-1 )exp[1--(1 1+1 2Jl·•p a 1 IO>. 

11 .1~ 2 1 2 1 2 
YpasHeHH~ All~ aMnnYtTYA <I> \f> npJ..1 ~ =0 I-1MeiOT BJ.~tA: 

2t1<!l(r)-:£ <ll(;+B)~2a<ll(O)·Il.(;), 
a 

!61 

r.Qe t 1..,2h 1-a- 'E; E- 3HeprH~, OTC4J..1TbiBSeMa~ OT 3HepnH1 COCTO~

HIII~ C ll =0 /3AeCb Mbl He 6yAeM o6cym.QSTb BOnpoca 06 OCHOBHOM 

COCTORHHI-1 CJ..1CTeM~ /5//. CJ..1CTeMy·f6/ MOmHO peWI-1Tb TeM ~e MeTO

AOM YopTJ..1ca-·¢yKyAbl 1-1 noKaaaTb, 4TO J..1MeeTcR He 6onbwe 4eM OAHO 

CBR3aHHOe COCTO~HJ..1e ABYX 6030HOB, ero BOJ1HOB8~ ¢yHKU,J..1~ 1-1 3Hep

rl-1~ ASIOTCR Bblpa>KeHII!~MIII: 
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E.., 2h -a-t , 
1 1 

171 

Kp~T~4ecKoe aHa4eH~e a0 nony4aeTc~ ~a nocne,QHero paseHcTsa 
s /7/, ecn~ nono>KHTb t 1=d IT.e. E=Emin=2h 1-a-d): 

a0 = W~ 1 d. /8/ 

Cs~38HH0€ COCTO~H~e cy~eCTSyeT npH CKOJ1b yrO,QHO cna6oM npH
T~>KeH~H B O,QHo- 1-1 ABYXM€PHOH CI-!CTeMax, npH d ~.3 OHO Cy(lt€CT
syeT T0J1bKO 8 06J1aCT~ .QOCTST04HO C~J1bHOrO np~TR>K€H~.A. 

3aKSH4~BaA paCCMOTpeHI-1€ A8YX48CTI-14H~X 3S,QS4, OTMeTHM CJ1e,Qy~
utee. BonHOBbre tPYHKL.tHH onpe,QeneHbl a 131 1-1 17 I c T04HOCTbiO AO 
np0~380!1bHOH nOCTOAHHm1 F l ~Ill-1 <1>(0), KOTOpbl€ MO>KHO HSiiiTVI lil3 
ycnoe~t~A HOPMit1pOBK~. Ecn~ HcKn~4~-tTb <I> (0) 1.13 ypaeHeH~H 17 I 111 no
J1Y4HTb CHCT€My ypaBH€HHi1 ,Qri.A <l>(f'), f fo_O, npOCTOe Cp8BH€HI-1€ . 
C CHCT€MOi:1 121 noKS3bi88€T, 4TO peWeH~.A o60itiX 3S,Q84 COBnS,QS~T 
nocne aaMeHbr t""tl, ac::(t 1-a)ld. 

3. KpHTH4ecKoe 3Ha4eHHe a 0 .nony4€HHoe npH scex d a $OPMe /41, COBna,QaeT C XOpOWO H3B€CTHOi:1 B€11H4VIHOi:1 8 T€0P~H CJ1y4ai:1-
HOrO 6ny>K,QaH~A, a HM€HHO, C BepOATHOCTb~ B03BpSTa 6ny>K,Q810utei1 
no peweTKe cny4a~HbiM/ a

7
6paaoM 4aCTHLtbl IHHOr.Qa ee HS3brsaiOT 

sepOATHOCTb~ noHa/ 9 • noKa~:<eM, 4TO 3TO cosna,QeH~e ABJl.AeTC.A 
C11€,QCTBH€M 6onee o6utei:1 CBA3H 3THX ,QBYX 3a,Qa4, 

8 TeopHH cny4aii!Horo 6ny>K,QaHHA lcM.Igl I paccMaTpHsaeTcR 
senH4HHa PN(1) - sepoATHOCTb TOro, 4TO 4acTHI.Ia nocne N wares 
nona,QaeT a T04KY r" /Mbr 6y.QeM HHTepecoeaTbCA TOI1bKO npocTeHweH 
aaAS4€i1 0 CJ1y4Si1HOM 6ny>K,QaH\tll-1 C O,Q!-1HaKOBOi1 BepO.ATHOCTbiO npbr>K
Ka B COC€,QHHi1 Y3€Il (2~-l nO Ky6H4€CKHM peW€TKaM/, anR 3THX 
B€IlH4HH nerKO nO!ly48€TCR peKypp€HTHO€ C00THOW€HH€ p (0 = 

(2d 1 ... p -+ ~ -+ A -+ N + 1 = r "' N(f+v), Po(f)=u(r). TaK >Ke xopowo "3BeCTHa" Ben"4"Ha 
U(z,f) 0 - npOH3BOARutaR ¢YHKL.t~R AJ1~ TpaeKTOpl-111, KOH4a~utHXC.A 
8 T04K€ f: U ( Z ,1) = ~ P (t) z N • .anR 3TOI1 $yHKltYIH nony4a€TCR cneN-=0 N 
AY~utee ypaBH€Hit1e/9/: 
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U(z,r')-
z ~ ~ 

~ U(Z,r+8)~1\.(t). 
2d 8 191 

PeweHHeM /9/ .RB.nFIIOTCfl xopowo I-13BeCTHble Bblpa>KeHHR AnA U (z,t). 

3H8R npOI-13BOARW.YIO $yHKU.HIO, eepORTHOCTb B03epaTa p MOH<HO Haa:in1 

no ¢>opMyne19/ P~ 1-[U (l,O)l- 1 • OnpeAenHM <I>YHK~HK> 

-I 
P(z)-1-[U(z,O)] . 1101 

C ee nOMOIJ.IbiO HeOAHOpOAHYIO CHCTeMy p83HOCTHb1X ypaeHeHHa:1 

/9/ MO>KHO npeo6p83088Tb K BHAY 

M ~ ~~ M ~ 
-U(z,r)- ~ U(Z,f+D)~-[1-P(z)]U(z,O)i\.( r). 
z 8 z 

/11 I 

TaKHM o6paaoM, cMOTPA Ha P(z) KaK Ha Heaaa~t~CIIIMbl~ napa-

MeTp aaAa4H /npH $HK01poaaHHOM z I, Mbt no.ny~onmr~ AilR een~t~-

41r!H U( z ,1) CliiCTeMy .m1Hei:1HbiX OAHOPOAHbiX paaHOCTHblX ypaeHeHHill 

/11/ /B OT.m14He OT o6bi4HO 06CY>KA8eMOH B IU·1TepaType HeOAHOPOA

HOt1 CHCTeM~ /9//, no.nHOCTbiO COBn8A810W.y10 C CHCTeMOi:1 yp8BHeHHi:1 

A.nR ABYX6oaoHHOH aaA84H /6/. CBR3b ~e>KAY peweHHAMH 3THX aaAa4 

ocyt:.teCTB.nfleTcR COOTHOWeHHFIMI-1 t = d/z, a= .1.( 1-P (z)] I aaMeHa 
z 

P(z) __ a • _d ··-- t " o - a I 
np~BOA~T HaC K peweH~ ABYXMarH HHO~ 3aA 4~ o 

z z 
04eB~AHO, aHanorOM BODHOBO~ $YHK~~~ B 3aAa4e 0 cny4a~HOM 6ny~

,QaH~~ flBnfleTcfl npo~3BOAfllllafl $yHK~~fl U (z, -r), paccMaTp~eaeMaA Ha 

OTpe3Ke Q.S:.Z :f. 1. H3 Bbln~CaHHbiX BbiWe paseHCTB CDeAYeT, B 4aCT

H0CT~, 4TO Zmin =1 ~ P('Zmin )=P(l) ... P=ao, Toeo Kp~n14eCKOe 

3Ha4eH~e aH~30TpOn~~ B MOAen~ le~3eH6epra paBHO sepOfiTHOCT~ 

soaepaTa cny~..~a~Ho 6ny}f(AaiOLI.Ie~ 4aCT~U.bl no TO~ me caMo~ peweTKeo 

Kp~T~4ecKoe 3Ha4eH~e a 0 a AByx6oaoHHO~ aaAa4e nponopu.~oHanbHO 

aepof!THOCT~ HeB03BpaTa. 3aMeT~M, 4TO np~4~HOH noABDeH~fl 3ne

MeHTa cny4a~Horo 6ny}f(,QaH~fl a aa,Qa4e o co6CTBeHHb1X 3Ha4eH~Ax 

onepaTopa 111 fiBDfleTCfl 4neH, on~c~ea~lll~~ XY -e3a~MOAe~cTe~e; 
4o G$ep~4ecKafl MO.,Aenb $eppoMarHeT~Ka, paccMOTpeHHafl a pa-

6oTe Kau.a ~ 6epn~Ha/10/, np~aneKaeT ~ a HacTOfl~ee epeMfl BH~-
1 

MaH~e $~3~KOB o 3Hepr~~ ClllCTeMbl 3an~Cb1Ba~T B B~Ae E=- -fl:af.E(£+S 

rAe ( E nOA4VIHeHb1 eA~HCTBeHHOMY ycnOBIII~ rf fo=: N I N- 41-fCJlO yanoe 

peweTKlr11 0 nplr1 T> Tc /Tc- TeMnepaTypa nepeXOAal AJ1A BHYTpeH- . 

He~ 3Hepr~-tl-1 /Ha 0AHY 4aCT~U.Yf U Ill napHO~ KOppenA~VIOHHO~ $yHK-

U.~lll C(t)= <( 
0

( > nony4eHbl cneAYIOil.l~e BblpameH~A/10( 
1 
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-1 u -(4K) -z
8

, 

C(i')=(4K)- 1 G (z), 
t ' 

-1 K=(2T) • 

/12/ 

3,qecb Z 8 - T.H. ce,qnoaaR T04Ka, a ypaeHeHYie, CBR3b1Bal0aqee z 8 c T, ~;~a sec THO KaK ypaeHeHHe ,qnR ce,qnoaoe1 T04KH. 
HasecTHa caRab peweHYIR /12/ c peweHHeM aa,qa4H o cny~.~aHHOM 

6nylKAaH",/ol, "HTerpan G 0(z ,), KOTOPbiH BXOAHT e ypaeHeHHe I 12/ AnR CeAnOBO~ T04KYI, npRMbiM 06pa30M onpe,qenReT \II ~YHK4HIO 
U(z,O) e TeOPHH cny4ai1Horo 6nylKAaHHR. U(z,r') H C(1) TaKlKe onpe
,qenRIOTCR O,QHHM J.1 TeM >Ke HHTerpanoM a 7 (t). Ha OCHOBe 3Tpro nerKO 

T c T • MO)KHQ nOI1Y4HTb COOTHOWeHJ.1e P-1- -, T. e. -.&.... B c4>epH4eCKOH Mo-2d 2d ,qenH ecTb npocTo sepoRTHOCTb HeeoaspaTa a aa,qa4e o cny4aHHOM 
6ny>K,QSHHH. 

HeTpy,qHO, O,QHaKO, coo6pa3HTb, 4TO H3 3TOH CBR3YI Me>KAY pe
WeHHRMH 060HX 3a,qa4 cne,qyeT H cyaqeCTBOBaHHe HeKOTOpOH CHCTe
Mbl ypaBHeHHH AI1R K0ppe11RT0pOB C(f) B C$ePH4eCKOH MO,qenH, aHanorH4HOH CHCTeMe AnR npoH3BOARI14HX 4>YHK~HH /11/. BwnHcaTb 
TaKy~ CHCTeMy OC06eHHO npOCTO, ecnH cpaBHHTb peweHHe /12/ C 
peweHHeM /7/ AByx6oaoHHOH 3aAa4H. 04eBHAHOe coenaAeHHe npH -1 T 
a=(4K) = 2 n03BOJ1ReT cpasy HanHcaTb CHCTeMy /6/ AllR KOppeJlRTO-
pOB C(1) e c$epH4ecKoa1 MOAenH: 

2t c(r)- l: c(l +S) = .L C(O)· ll(r), 
3 8 2K 

ts~ (4K)-1 -u. /13/ 

PeweHI-ieM 3Tol1 cHCTeMbl npH ycnoBHH, 4TO C(t)•O H :Ic(f) < oo /T.e. T> Tc I, RBnRIOTC.R y)l(e BblmtcaHHble Bblpa)l(eHHR /12/ /ycnoaHe HOpMJ.1POBKH 3Aecb aaMeHeHo ycnoe1.1eM C(O) =1/. 
npocTa.R npOBepKa noKa3b1Ba~T, 4TO peweHHR B paMKaX C$epH4eCKOH MOAenH H npH T<Tc /cM/10/;, 

-1 Kc -1 . u=(4K) -d; C(f)=l--+(4K) G~(d); 4K ~ G (d), K r c 0 /14/ 

6 



y,qoaneTaOpRIOT ypasHeHI-'IRM /13/, T.e4 CI-'ICTeMa /13/ npaa~IlbHa 
np~t~ scex T. 

5, CpaBHeHHe /2/, /6/, /11/ H /13/ noKa3~BaeT, 4TO OCHOBH~e 
Be11J.14J.1Hbt 4eTblpex paCCMOTpeHHblX 38,Q84 CBR38Hbl O,QHOC1 1-1 TOC1 H<e 
CJ.1CTeMOC1 ypaBHeH!-1C1 /C T04Ho'CTbiO P.O 04eBH,QHOC1 3aMet-fbt nepeMeH
HbiX/. KpHTI-14eCKio1e 3Ha4eHHR napaMeTpoa npH 3TOM no,q4eHeHbl cne
AYIO~HM paBeHCTBaM: 

ao T c 1 
a =P=l--=1--=1--. o d 2d wd /15/ 

npOH3B0IlbH8R nOCTORHH8R, KOTOpaR ~Hrypa.1pyeT 8 peWeHHH 111060~ 
1-13 YK838HH~X CHCTeM, H8XOA~TCR: 1-13 YCI10BHR HOPM~pOBK~ - B 
KB8HTOBOMeX8Ha.14eCKOC1 38A84e, 1-13 yCilOBHR /10/ - B 38AB4e 0 cny-
4BC1HOM 6ny>K,qaHHio1 1o1 H3 ycnoBHR C(O) =l- a c¢'eplo14eCKoH MOAenH. 

OcTaHOBHMCR 6onee no,qpo6Ho Ha cBR31o1 ,qsyx6o30HHOH aa,qa41-1 
C TepMO,Qio1H8Ma.14eCKOH 3a,qa4eH B C¢'epH4eCKOH MO,qenH. npem,qe sce
ro, ycTaHOBileHHBR HBMI-1 B~We CBR3b n03BOI1ReT 38KI1104HTb, 4TO 
CHCTeMa /6/ npH a.<ao /T.e. KOr,qa OTCyTCTByeT CBR3aHHOe COCTOR
HHe/ o6na,qaeT peweHHeM 

~ . a 
<l>(r)=1- -·+aG ~(d), 

a 0 ' 
/16/ 

KOTOpOe RBilReTCR 8H8110rOM H3BeCTHOrO peweHI-'IR /14/ c¢'epl-14eCK0~ 
MO,qe111o1 npt.1 T.<T c • nocne 3TOrO npHXOAHM K BbiBO,qy, 4TO 3HeprHR 
t.1 BOilHOBBR ¢'YHK~HR ABYX48CTH4HOrO COCTORHHR raMHilbTOHHBHa 
/5/ C H8HMeHbWeH 3HeprHeC1 /npH a>a0 3TO eCTb CBR38HHOe COCTO
RHHe, npH a<a0 - COCTORHt.1e Ha ,QHe o6naCTH Henpep~BHOro _cneKT
pa/ 38BHCRT OT KOHCTBHTbl B38t.1MO,qeC1cTBt.1R a TaK, KBK 388J.1CRT 
OT TeMnepaTypbl BHYTpeHHRR 3Heprt.1R J.1 napHaR KOppeilR~HOH-HBR 
¢'YHKL.tHR a c¢epH4eCKOH Mo,qent.1. AHanoroM napaMeTpa ·nopR,qKa a 
,qeyx4acTH4HO~ 3a,qa4e RBnReTCR senH4t.1Ha 

0, a>a
0

• 

/17/ 

TOT ¢aKT, 4TO m=l npJ.1 a=O, MO>KHO ,qOKa3aTb H Henocpe,qcT
BeHHO. ,Qei:ICTBHTeilbHO, ner~o nposepHTb paSeHCTBO }( _I 8 t 1a t 2 ] 0>= 
=-d:£ a{1 ae2IO> ,H TaK KaK Emtn=-d, TO :£ af" ai IO> ecTb AByx-
4BCTH4Hoe COCTORHHe C HBHMeHbWeH 3HeprHeH. 04elH,QHO, 4TO Af1R 
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~nora COCTORHI.II.A ¢ (;);::;:: 1 J.1 OHO COOTBeTCT8yeT COCTO.AHI.IIIO 

C HOMHHanbHOC1 HaMarHH4eHHOCTb~ 8 C0ePH4eCKOC1 MOAenH. 

BbrnYIWeM aHanorYI HeKOTOpblx TepMOAHHaMJ..14eCKI-1X 8eJ1H41-1H a ,qayx-

4aCTI-14HOC1 aa,qa4e. 04eBI-1AHO, pOJ1b TennoeMKOCTH 6yAeT HrpaTb 

dE ~ 
aenH4HHa -. a ponb 80cnpl.lllo1M4"1BOCTH - aem14"1Ha :I¢(r ). Y1HTepec-

da r 
H8R CBR3b Me~,qy 80CnpHHM4HBOCTb~ H BHyTpeHHeH 3HeprHeC1 8 C¢le-

pH4eCKOC1 Mo,qen~t~ npYI T>T x-~ 1- ~Q.±u), OTMe4eHHaR A~oHcoM 15 1, 
c T 

8 TepM1r1H.ax K8aHTOBOMexaHY~4ect<oC1 aaAa4YI,YIMeeT BYIA AE.:I<IJ(;) ... l,r,qe 

AE- 3HeprYI.A ca.A3H. Tat<oe coOTHOweHJ..1e YI3BecTHO a ,qayX4aCTH~

HbiX 3f],Qa4aX, OHO OTpa~aeT TOT ¢aKT, LITO nO Mepe npH6m1~eHYI.A 

no 3HeprHH ,QHa HenpepbiBHOro cneKTpa 3¢¢eKTYIBHbiC1 pa3Mep CBR3aH

HOrO COCTO.AHHR pacTeT. 3¢¢eKTYIBHbiC1 pa3Mep BepORTHOCTHOrO o6naKa 

B KBaHTOBOMeXaH\114eCKOC1 3a,Qa4e YlrpaeT pOJ1b KOppen.A~l.IIOHHOC1 ,Q11J..1-

Hbl B CT8TYICTI.II4eCKOC1 3a,Qa4e. POnb 3HeprYIYI CB.A3H B c¢epYI4eCKOi:1 

MOAeJlH BblnOJlHReT BeilH4HHa u(T)-u(T), rAe U(T)=(4K)-I-d /npH 

T<T ii(T) ecTb BHYTPeHHRR 3HeprHR/. 

T~KHM o6pa30M, paBHOBeCHOMY COCTORHH~ c¢epJ..14eCKOC1 MO,Qen\11 

MO~HO COnOCT88HTb CTa~HOHapHOe ABYX48CTI.II4HOe COCTO.AHHe 6030H

HOrO raMI,tnbTOHHaHa /5/ c HaHMeHbweH 3Heprl.lleH. Ecm1 Bbr6paTb 

napaMeTpbl /5/ B Blrl,Qe h 1 =a•~, TO 3Hepn1R 1.1 BOJ1H088R ¢lyHKU,YIR 
. 2 
yK"aaaHHOrO CT8U,I-10HapHOrO COCTORHHR COena,qaiOT C 8HyTpeHHeC1 

3HeprHeC1 H napHOH KOppenRU,I-10HHOC1 ¢lyHKU,HeC1 c¢epH4eCKOH MO,QeJ1H 

npH TeMnepaType T. napaMarHI.IITH8R ¢laaa c¢epl.ll4eCKOC1 MO,QeJ11.11 COOT

BeTCTByeT CBR38HHOMy COCTORHI.IIIO, a ¢leppOM8rHHTH8R ¢laaa - COCTQ

RHYIIO H8 ,QHe Henpepbi8HOrO cneKTpa raMHJ1bTOHH8Ha /5/, 
Jl~60nbiTHO cpaBHYITb HeKOTOpble pe3ynbT8Tbl HaWeH pa60Tbl C pe-

3YJ1bTaT8MH, nony4eHHble 8 paMKax MO,Qen\.1 Y13\.1Hra. B ct<eHnHHroeoM 

npe,qene 8 MO,qen\.1 Ha1o1Hra paHee 6biJ10 not<aaaHo/11/, 4TO Koppem''l

l.I\.10HHble ¢lYHKU,H\.1 nnocKoH peweTK\.1 MO)f(HO Bbrpaai-1Tb 4epea peweHI-1e 

ypaeHeHI-1R Cl.IIHyc-rop,QoHa. He,qaaHO a pa6oTe I 12/ 6bmo not<aaaHo, 4TO 

KOppeJ1RU,J.10HHble ¢YHKU,HH MO~HO Bblp83J.1Tb 4epea peweHl.lle HeKOTOpoH 

aaMKHYTOH cHcTeMbt paaHOCTHbtX ypaaHeH1-1H np~-t 8cex T. HaMYI a,qecb 

nOKa38HO, 8 4aCTHOCTH, 4TO 8 c¢epH4eCKOH Mo,qenl-1 Cy~eCT8yeT 

3aMKHyTa.A Cl.IICTeMa ypaBHeHI.IIC1 /13/ AflR C8Ml.IIX KoppenRTOp08 npH 

BCeX T. 6 3TOM CJ1Y48e H8 3Ty CHCTeMy MO~HO CMOTpeTb K8K Ha 

CYICTeMy ypaaHeHHH, cne,qy10~y10 H3 ypa8HeHI.IIR Wpe,qYIHrepa ,qnR 

raMHJ1bTOHI.II8H8 /5/. 
8 38KJ1~4eHHe OTM.eTI.IIM, 4TO yCT8HOBJ1eHHYIO H8MYI 3,QeCb CBR3b 

nerKO MO~HO pacnpocTpaHHTb Ha cny4al-1, KOr,qa paccMaTpYiaaiOTCR 

aaaYIMO,qeHcTBHR H 6onee ,QaneKYIX coce,QeH, a TaK~e peweTKH 6onee 

cno~HoH reoMeTp!-11.1. npH 3TOM Yl3 cnpaae,QnHaOcTH /15/ cneAyeT, 

4TO KpHTH4eCKOe 3H84eHHe a 0 paBHO HaC1,qeHHOC1 8 HaCTOR~l.IIH MOMeHT 

npaKTH4ecKI-1 so acex cny4aRx aepORTHOCTH eoaapaTa P. AanbHOAeH

CTBHR, KOTOpble 8 c¢ep1.114eCKOH MO,QeJ1H npHBOA.AT K ¢la30BOMy nepe-
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XOAY ,Qa)'l(e B OAHOMepHblX CJIICTeMaX / 5/. B ABYXYSCH1YHOIII 3S,QSYe npH
eem1 6bl 1< paapyweHJIIIO cnHHOBOro KOMnneKca. 

nonb3yi0Cb cnyYaeM Bblpa31-1Tb 6narOAaPHOCTb B. L(yKepHJIIKY' 
B.npHeS)'I(esy, H.AHrenecKy, B.3arpe6Hoey Y1 B.¢eARH);1HY sa o5cy)'I(
.QeH~t~e HaC 'l'Oflll.le?f pa60Tbl. 
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