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yeTCR npo4ecc o5paaoaaHHR KnacTepoa H HX anHR
H~ npH CTpyKTYPHOM ~a30BOM nepeXOAe B d -MepHOH 
rOBCKOrO YHHBepcanbHOrO Knacca, 8 CHCTeMe nOMHMO 
OHOB, xapaKTepH3YIOUIHX 5~CTp~e ABHlKeHHR 4aCTH4bl, 
enHHeHH~e B035YlKAeHHR conHTOHHOro THna, xapaK
MeAneHH~e ABHlKeHHR. Y4eT ~nyKTya4HH ~OHOHOB 
I • 
yMeHbWeHHIO aMnnHTYA~ COnHTOHa H yaenH4eHHIO ero 
reAOBaHHe ~YHK4HH pacnpeAeneHHR paBHOB.eCH~X 
eTOAOM peHOpMrpynnbl noKa3~BaeT, 4TO OHa B KpH
~~__1'1PH_~d<~4·~HMeeT _HeraYCCOBCKHH xaoaK:rep. npH 
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1. 88E,(IEHHE 

0cH08Hble 4epTbl CTPYKTYPHblx ¢Jaao8biX nepexo,qo8 MoryT 6b1Tb 
onHCaHbl Ha OCH08e MO,qe1lH C8fl3aHHbiX aHrapMOHH4eCKHX OC4H1l1lfiTO
po8: 

-+ 2 
Pi -+ ~ -+ 

H = ~ [ - + U (s i)] + L V ( si - s J·), /1/ 
1 2m ij 

r,qe v (s. _;.)- :meprHR napHoro 83aHMo,qei1cT8Hfl, 6biCTpo cna,qai0-
1 J -+ 

l!lero C paCCTOfiHHeM Me>KAY 4aCTH4aMH, a lJ (si ). - OAH04aCTH4HbiH 
noTeH411a11, HMeiOl!lHH ,qea H1lH 6011ee MHHHMyMOB. nonHaR KOOPAHHaTa 
4acTH4bl si Mo>KeT 6b1Tb npe,qcTaeneHa B BH,qe 

-+ -+ -+ 
Si=·fi +llj, /2/ 

r,qe fj - paBHOBeCHble n01lO>KeHHR B OAHOM 1113 MHHHMYM08 noTeH4Ha-
~ 6 v 11a U, a Ui - aMn1lHTy,qa Ma1lbiX K01le aHHH OTHOCHTe1lbHO 3THX no-

1lOlKeHHH paBHOBeCHR, npe,qcTaBJleHHe /2/ 6bl1l0 8Be,qeHO B pafioTe/1~ 
r,qe 6bl1lo noKaaaHo, 4To B cny1.1ae CH1lbHoro aHrapMOHH3Ma V << U 
/nepexo,q THna nopR,qoK-6ecnopR,qoK/ He1lHHei1HaR Mo,qe1lb /1/ npH
Ha,qne>KHT H3HHroecKoMy Y.HHBepcanbHOMy Knaccy. Hccne,qoeaHHR 
nOC1leAHHX 1leT /CM, /2-67 H 4HTHpOBaHHYIO.TaM 1lHTepaTypy/ noKa-
3a1lH, 4TO TO >Ke CaMoe MOlKHO CKa3aTb 0 MOAe1lH /1/ H B C1ly4ae 
cna6oro aHrapMOHH3Ma V » U /nepexo,q THna cMellleHHR/. 8 3TOM 
C1ly4ae 8 KPHTH4eCKOH 061laCTH CHCTeMa pa36HBaeTCR Ha KJlacTepbl, 
nepexo,qR B pe>KHM penaKCa4HOHHoi1 AHHaMHKH. 8cTaeT eonpoc, KaK 
C T04KH 3peHHR AHHaMHKH peweTKH onHCaTb cneKTp B036y>K,qeHHi1 
8 CHCTeMe /1/ npH nepexo,qe THna CMel!leHHR. 8 Kal.leCTBe HCXOA
HOrO npH61lH>KeHHR MOlKHO HCn01lb308aTb npH61lH>KeHHe pa3,qe1leHHfl 
KOOPAHHaTbl /2/. 8,qa11111 OT KPHTit14eCKOH T04Kit1 . TaKoe npH61llt1>KeHit1e 
no3B01lReT onHcaTb KaK $OHOHHble B036y>K,qeHit1R C Ma1lOH aMn1llt1TYAOH 
K01le6aHHH, TaK H 8036y>K,qeHit1fl, OnHCbl8aiOllllt1e AB~>KeHHe rpaHit14bl 
KilaCTepoe./7-9/D,qHaKO 8 Kplt1Tit14eCKOH 061laCTH aMn1lHTy,qa K01le~a
Hit1H 4aCTit14 CTaH08HTCfl cpa8Hit1MOH C aMn1llt1TYAOH BHYTPitlfiMHbiX nepe
CKOKOB Itt e,qltiHOe onltiCaHitle o60it1X 3THX THn08 8036y>K,qeHHH CTaHo
BitiTCfl npo61leMaTit14HbiM. 

8 HaCTORl!leH pa6oTe AJlfl d -MepHOH MOAe1lH lt1CC1le,qyeTCfl B03MO>K
HOCTb o6pa30BaHHfl KJlaCTepOB Itt HX B1llt1f1Hit1e Ha $OHOHbl npltl CTpyK
TYPHOM nepexo,qe. AHa1llt13 ycnoBHH TepMOAit1HaMit1.4ecKoro paeHoeecltlfl 
noKa3bl8aeT, \.ITO 8 CHCTeMe Tltlna CMel!leHHR 8 pe3y1lbTaTe ee He-
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nHHeHHbiX CBOHCTB, B03MO>KHO B03HHKHOBeHHe· HeyCTOH4HBOCTH no 

OTHOWeHH~ K o6pa30BaHH~ KnacTepoB pa3nH4HOH nonRpH3a~HH. no

MHMO 06bi4HbiX ¢OHOHOB, xapaKTepH3Y~UIHX fibiCTpble ABH>KeHHR, 4aCTH

~bl, B03HHKa~T HenHHeHHble B03fiY>KAeHHR COnHTOHHOro THna, xapaK

TepH3Y~UIHe MeAJ1eHHbre ABH>KeHHR. Y4eT ¢nyKTya~HH ¢oHOHOB npHao

AHT K yMeHbWeHH~ aMnnHTYAbl COnHTOHa H yaenH4eHH~ ero WHPHHbl. 

MccneAoBaHHe ¢YHK~HH pacnpeAeneHHR paaHoaecHblx nonomeHHH 4ac

TH~bi.MeTOAOM peHOpManH3a~HOHHOH rpynnbl noKa3biBaeT, 4TO OHa. 

B KpHTH4eCKOH T04Ke npH d<4 HMeeT. HerayCCOBCKHH xapaKTep. 

npH 3TOM pe30HaHCHaR AHHaMHKa nOAaBnReTCR H MRrKaR MOAa He 

o6paiJiaeTCR B HOnb B T04Ke nepeXOAa, a B cneKTpe B03fiY>KAeHHH 

nORBnReTCR. ~eHTpanbHbiH nHK, o6ycnoaneHHbiH penaKca~HOHHOH 

AHHaMHKOH KnacTepoB. TaKoe KpHTH4eCKOe noBeAeHHe CHCTeMbl 

yKa3biBaeT Ha cnpaBeAnHBOCTb npHfinH>KeHHR 121 BO BCeH o6naCTH 

TeMnepaTyp. nony4eHHaR KapTHHa ¢aaoaoro ne~exoAa, no-BHAHMoMy, 
COOTBeTCTByeT 3KCnepHMeHTanbHOH B Sr TiO 3 . 41. 

2. PABHOBECHWE nonomEHMR M <I>OHOHW 

PaBHOBeCHble nono>KeHHR fi , OTHOCHTenbHO KOTOpbiX npoHCXOART 

Manble Kone6aHHR C aMnnHTYAOH U i , onpeAenHM KaK cpeAHee no 
KOnefiaHHRM peweTKH l¢oHOHaMI: 

-> _, _, -HIT_, · _, -HI~ 
r1 = <s 1 > =SP luil(e s 1)1Splu 1 l(e J. 

YpaaHeHHe A~R ri MO>KHo nony4HTb HCXOAR ·Ha ycnoBHR TepMOAHHaMH-

4ecKoro paBHOBeCHR - ycnOBHR MHHHMyMa_,CBOfiOAHOH 3HeprHH, Bbi-
4HCJJeHHOH AnR aaAaHHOH KOH¢Hrypa~HH I ri J·: 

_, ., -HIT. 
F (I r. I) = -T ln Sp I u. I ( e ); 

· I. , .1 

aF(Irtl) 
=0. 131 

a1i 

B HaHfionee npOCTOM H Ofibi4HO Hcnonb3yeMOM /2-s/ C~y4ae CHM

MeTpH4Horo noTeH~Hana C ABYMR MHHHMyMaMH: U(si )=--si2 t-Ds[, 
Hcnonb3YR 131, nony4aeM 2 4 

11 . ( 11 ~ - a . (T)) + ~ f.. ( 11 . - 11 • ) = 0 , 
I I I j IJ I J 

rAe BBeAeHbl 6eapa3MepHble nepeMeHHble 

2 1a v (si-s j) 

2 

T/i = ri -./B/A , f ij = ..1. 
A asiasj 

B 2 1 3 ' 
a i ( T) = 1- 3 A ( <ui> . + -. -. < u i >). 

3 ri 

141 

I 
lsi I= 0. /51 

,·, 

li 
'i 

! 

,.,. 

npH cnafioii CBR3H, f o= ~ f ij <<1 , B03MO>KeH nepeXOA THna nopR-
. J . /1 9/ 

AOK-6ecnopRAOK, KOTOpbiH onHCbiBaeTCR MOAenb~ H3HHra' " , C no-

MOIJib~ 3CJMeHbl 

"'· =a I 
..;--;_ a i = ±1 , 2 . /6/ 

. · · - /9/ < u > T 
nOCKOnbKY B 3TOM cny4ae pOnb ¢nyKTya~HH Mana : --- 7T;; «1 

2 2 
A/B A /B 

npH T- T c- f 0 (A /B) «A IB (V .«U), H no3TOMY a= 1. 
npH CHnbHOH CBR3H f 0 >>1 B03MO>KHO nHWb nnaBHOe H3MeHeHHe 

KOOPAHHaTbl 1li B 14/: l"'i-T/jj,-1/f 0 «1._,4TO no3BOnReT ne

peHTH K KOHTHHyanbHOMY npeAeny 17 I 11 1 = 11 ( xi ): 

171 ... 2 ... ... a 2· < i) 
11 (X ) [ TJ • (X.) - a (X, T ) ] + ~ c {3 -.--.!L....-- = 0 , 

. .. a.{3 a a X a X . 
a {3 

rAe 

/8/ .,.. 1 a a {3, {3 
C {3 = ,._, f .. -(X. -X . ) <. X. - X . ) a IJ 

2 
I J I J 

- MOAYnb ynpyrocTH. YpaaHeHHe 171 npeACTaBnReT co6oi1 HenHHeHHoe 

ypaaHeHHe AnR paaHoaecHbiX nono>KeHHH c y4eTOM nepeHopMHpoBKH 

a ¢oHOHHOM none. CTporo roeopR, ¢oHOHbl MO>KHO onpeAenHTb nHwb 

' d~~ ' ' • 
npH ycnOBHH -- =0. npHfinH>KeHHO fiyAeM C4HTaTb, 4TO o6naCTb . d X , ., 

H3MeHeHHR .11 ( x) HeaenHKa. TorAa. MO>KHO ·aaecTH OAHOPOAHbre paaHo-

aeCHbre nonO>KeHHR: 11 = 11 (X-> ± oo) , B KQTOpbiX CyiJieCTBY~T ofibl4-
. 0 

Hble ¢oHOHHbre aoa6ymAeHHR. B o6111eM cny4ae Heo6xoAHMO pewaTb aa-

Aa4y o ¢oHoHax a .HeOAHOPOAHOH cpeAe. YpaBHeHHe /7/ npH paa

MepHoCTH d > 1 peWHTb B aHanHTH4eCKOM BHAe He npeACTaBnReTCR 

B03MO>KHbiM, n03TOMY AJ1R ero aHanH3a paCCMOTpHM KBa3HOAHOMepHbiH 

cny4ai1. J\IlR KBa3HOAHOMepHbiX CHCTeM ypaaHeHHe 17 I npHHHMaeT 

BHA/7/ 

2 
d TJ (X) 3 c ---- + 11 (X) - a (X, T ) 11 (X) = 0 . 
dx2 

191 

¢yHK~HR a(X,T) 15/, . onpeAenReMaR · KOppenR~HOHHbiMH ¢YHK~HRMH Ma

nbiX CMeUieHHH <U 2 > H < u 3 >, BOOfiUie roBOPR, 3aBHCHT OT 11 (X) • 

TaK, e npH6nH>KeHHH cpeAHero nonR, e KOTOPOM .<u3>=0, nony4aeM ----
B 

2 
A · A ,/ .i(x) + f0 

y (x, T) = - < u > = cth ------- 1101 
A 2 v /',. (X)+fo 2r 

rAe 111enb B ¢OHOHHOM cneKTpe 

~x)=3(11 2 (X) +Y(X))-1 =311
2 (X) -a(X) I 11 I 

3 



t ___ ,...,. 

H BBeAeHbl o6o3Ha4eHHR >.. = h y Aim I (A 2/B)- KBaHTOBbiH napaMeTp 
H r = T/(A 2 1 B) - 6e3pa3MepHaR TeMnepaTypa. CHcTeMa ypaaHeHHH 
191-1111 OTilH4aeTeR OT eoOTBeTCTBY~~HX ypaBHeHHH B pa6oTe/lO/ 
y4eTOM He TOilbKO KBaHTOBbiX ¢IlYKTyal.IHH, HO H TenJlOBbiX. J\IlR 

nepexoAa nma cMe~eHHR r0 >> 1, H no3ToMy r 0 » !L\(x) 1 _ 1. B 3TOM 
eny4ae MO>KHO aocnonb30BaTbCR npH6IlHlKeHHeM a(x, T)"' a(T) , 
H TOrAa. ypaBHeHHe 191 HMeeT peweHHe 

77(x)"' ya(T) th-x-=
~y2 

~ = yc 
,;-arrr 1121 

TaKHM o6pa3oM, y4eT !)JoHOHHbiX c!>IlYKTYal.IHH npHBOAHT K yMeHbWeHH~ 
aMnilHTYAbl COilHTOHa, 1J 2 = a(T) <·1, H yBeJlH4eHHKJ ero WHPHHbl 
~21 a(T) > ~!= C. 113MeHeHHR a(x) B o6naCTH AOMeHHOH eTeHKH 
X<~, KOTOPble MO>KHO paCCMOTpeTb aHailorH4HO '

1
10! C noMO~biO HTepa

l.IHOHHOro paC4eTa, Cy~eCTBeHHO He MeHR~T BHAa peweHHR 1121. 
B cny4ae OAHOPOAHoro peweHHR senHL~HHa TJ(x) =1J HrpaeT ponb 

napaMeTpa nopRAKa B eHCTeMe l1 cornacHo 191 1J 2 =a(T). TeMne-
paTypa ¢a3osoro nepexoAa, npH KoTopol1 o6pa~aeTCR a HOilb napa
MeTp ·nOPRAKa H 4aCTOTa MRrKOH MOAbl, onpeAeJlReTCR H3 yCJlOBHR 

a (T~ , 1J = 0) ':" 0 . 113/ 

npH f0»1 AilRT~ nony4aeM Ol.leHKy: T~-(f0 /3)·(A2/B)(y-T.B/¢0 A). 
HeoAHOPOAHOe peweHHe I 12/ noKa3biBaeT, 4TO B03MOlKeH APYrol1 THn 
ijla30BOro nepeXOAa, COOTBeTeTBy~~HH HeyCTOH4HBOeTH BeeH CHeTeMbl 
no OTHOWeHH~ K o6pa30BaHH~ KJlaeTepOB pa3JlH4HOH nOilRpH3al.IHH 
TJ(X) = ± .;a-: c!>a30BbiH nepeXOA B 3TOM eny4ae HOCHT xapaKTep nepe
XOAa .THna nOPRAOK-6ecnopRAOK, npH KOTOPOM npH T = T <T 0 

. c c 

7J=<7J(X)> =0, <rJ 2 (x)> "'a(T ) ;iO, c c c /141 

rAe < ... > c 03Ha4aeT ycpeAHeHHe no seeM KnaeTepaM. 3ToT BbiBOA 
o6ycnosneH HenHHeHHbiMH eaol1eyaaMH MOAenH I 1 I H, KaK noKa3bl
aaiOT HeCileAOBaHHR MeTOAOM noJleKyilRPHOH AHHaMHKH 161 , enpaBeA
IlHB He TOilbKO AilR OAHOMeJ?HWX CHe.TeM. J\IlR H3y4eHHR 3TOro BOnpo
ea paeCMOTPHM noBeAeHHe c!>YHKLIHH pacnpeAeJleHHR paBHOBeCHbiX no-

. no>KeHHH npH T .... T c • · . 

4 

3. <PYHKU11H PACnPEAEnEHI1H PABHOBECHWX nonomEH11~ 
11 MHrKAH MOAA.B KPI1TI14ECKO~ T04KE 

PaceMoTpHM paano>KeHHe eao60AHOH 3HeprHH 131 no KOOPAHHaTaM1Ji· 

. 1 1 ~ 

F(7Ji)=F(O) +2~aijr/i7Jj +4 i·j:e bijkf 7JiT/j7Jk7Jf' /151 

rAe K03¢c!>Hl.IHeHTbl pa3no>KeHHR a.. = (iJ 2 F /iJrJ. ci1J.) . . _ 0 4 . . 1J 1 J 7]1 , 1J .1 - , 
biike =W F/iJrJia1Jja1JkiJrJeltr1d= 0 • B OAHOPOAHOM cny4ae,rJi=rJ, 
pa3JlO>KeHHe 1151 3KBHBaJleHTHO pa3JlO>KeHH~ naHAaY no napaMeTpy 
nopRAKa 1J· B HeOAHOPOAHOM cny4ae BBeAeM npocTpaHCTBeHHOe ¢ypbe
npeACTaaneHHe 

' ... 
. 1 fq£ i 

1J.=-N le rJ , 
1 q 

1161. 

rAe e ;· - y3Ilbl peweTKH. TorAa pa3JlO>KeHHe I 151 nepenHweTCR B BH

Ae 

F(ITJ ql) = F(O) + ! l a(q) r1 q Lq + 
q 

1 = - l b(q.) 77 77 1J 77 • 
4 qlq2q3q4. I q1 q2 q3 q4 

1171 

6 KOHTHHyaJlbHOM npeAeJle 7Ji=7J(X) B eyMMaX no q B 1171 AOCTaT04-
HO y4eCTb IlHWb AilHHHOBOilHOBWe KOMnOHeHTW, TOrAa K03$¢HLIHeHTW 
pa3JlO>KeHHR MO>KHO npeACTaBHTb B BHAe 

... ... -;t 
1 iq (f . - r . ) 2 

a(q) = -N l e I J a .. "' a(O) + sq , 
IJ 

b(lq.D"' b(lq.=bl),b. 
I I • 

/181 

6 KpHTH4eeKOH T04Ke nepeXOA K KOHTHHyaJlbHOMy npeAeily anonHe 
onpaBAaH, nOCKOilbKy B 3TOH T04Ke noBeAeHHe CHeTeMbl eOOTBeTeT
ayeT. 60JlbWHM MeAJleHHO MeHR~~HMCR npoeTpaHCTBeHHbiM !)JilyKTYal.IHRM 
napaMeTpa 1Ji • To, 4TO Haw a· cHeTeMa onpeAeneHa Ha peweTKe, 
npHBOAHT K o6pe3aHHIO HMnynbea, HanpHMep, !17 1 L~ 11. 1-1cnoilb3YR 
117/, /18/, BHAHM, 4TO pacnpeAeileHHe BepoR~ OCTeH CJly4aHHoro 
nonR ITJ(x) I onHCbiBaeTCR a KpHTH4ecKol1 o6naeTH eTaHAaPTHbiM ra-
MHilbTOHHaHoM naHAay-BHilbCOHa /eM., HanpHMep, 1111 I 

) 1 dl 2 2 d 2 2 H(1J. =f3U(7J) ='2 Jd x f7J (x)+[ V1J(x)] I +ufd x[7] (x)] , 1191 

rAe 

f3 = T/s, r = a(O) /s, u = b/4s , 

a $yHK1.1HR pacnpeAeJleHHR HMeeT BHA 
/201 

P . [ 1J] = z-1 e -H[ TJ1 • 
r, u 

5 



KaK l-13BeeTHo/ 11 ~· e Kpl-1Tl-14eeKm1 T04Ke eny4ai1Hoe none h1(x) I 
/eOOTBeTeTBeHHO 1-1 ero paenpeAeileHMe/ A~IlAeTeA aBTOMOAeilb~~M 
/MaewTa6HO-MHBapMaHTH~M/, TO eeTb eooTBeTeTByeT Kil~eTepaM, 
xapaKTepHble pa3Mepbl KOTOPbiX 6eeKOHe4Hbl. ABTOMOAeil bHOe paenpe
AeileHMC /20/ onpeAenAeTeA HeKOTOPbiMI-1 3Ha4eHMAMI-1 napaMeTpoe 
r*, u*. noeKOilbKY aBTOMOACilbH~e paenpeAeileHHA KJlaeTepoe 6onb

.Wl-1X pa3MepoB ABilA~TeA HenOABI-1mH~MH T04KaMH npeo6pa30BaHI-1R pe
HOpMaill-13a~l-10HHOH rpynnbr, TO AilR HaXOmACHHR BHAa paenpeAeileHMR 
/20/, T.e1 3Ha4eHHH napaMeTpOB r*, u*, He06XOAHMO peWMTb 3a
Aa4y 

R P * * I 7J I o P * * 1'1 I , r , 11 r , 11 /21/ 

rAe R - eT aHAapnme peHOpMrpynnoeoe npeo6pa3oBaHI-1e /11 /. npo
BOAR B~41-1CileHHR no TCOpl-11-1 B03My~CHI-1H B nepBOM nopRAKe no 
, ~-4-d ·. 0, nony4aeM 

r* =-~. + o(t 2 ), 
n + 8 

uot~ 
817 2 
~8 ( 10(t2) ' 

rAe n - 4Heno KoMnoHeHT napaMeTpa nopAAKa 

/22/ 

'I 2(x) = l l11 (x) ]2 . 
11=1 a 

):lnR d> 4 aBTOMOACilbHOe paenpeAeileHMe RBilRCTCR rayeeoBeKMM: 

r*=O, u"=O. /23/ 
TaKMM o6pa3oM, np1-1 d :_: 3 pacnpeAeneHHe paBHoeeeHbrx nono>KeHHi1 
h1. I e KPI1Tl-14eeKol1 T04Ke T ,. RBilReTeR HerayeeoecKMM 1-1 npH 
3T~M a*oa(O,'I'c) · 0. 

0TMCTI-1M, 4TO BBCAeHHaR HaMI-1 $YHK~l-1R pacnpeACilCHI-1R paBHOBee
H~X nonomeHHA Pllqi 0 /20/ OTill-14aeTeR OT ¢YHK~l-11-1 paenpeAeile
HHR KOOPAHHaT I<IlaeTepOB ( "h!ock coordinates")~ 11enOilb30BaHHOH 
B pa6oTe 

1
5

1
, 8 HaWeM nOAXOAC, OeHOBaHHOM Ha pa3ACI1CHI-11-1 KOop

AHHaTbl /2/, Bee, {flilyKTya~l-11-1 $OHOHHOro THna, B TOM 41-1eile AI11-1HHO
BOI1HOB~e, q~O, yme y4TCH~ npH onpeACilCHI-11-1 KOH$Hrypa~HOHHOH 
eeo60AHOH 3HeprHH; OHH npHBOAAT K TeMnepaTypHOH 3aBHel-1MOeTH 
K03$$H~HCHTOB a(T) ' b(T) B pa3nomeHHH I 15/. no3TOMy Heraye
eoeeKMH xapaKTep paenpeACilCHMR /22/ B KpHTH4eeKOH T04Ke, onpe
ACilRCMOH /21 I npH d < 4, o6ycnoeneH TOilbKo penaKea~MoHHoi1 
AHHaMMKOH paBHoBeeHbiX nonomeHHH 11 i , 

06bi4HO <)Ja30BbiH nepeXOA - o6pa~eHHe B HOilb K03¢$H~l-1CHTa a(O) 
B eHeTeMaX THna eMe~CHHR - eBR3biBa~T C 06pa~eHHCM B HOilb 4ae
T0Tbl MRrKoi1 MOAb!, Aei1cTBI-1TCilbHo, Ko3¢¢H~HeHT a 1j B /15/ onpe
ACilReT o6paTHy~ H30TepMH4eeKy~ BoenpHHM41-1BOCTb 1-1 HMeeT BHA: 

6 

j.{ J) 

~. 

i. 

I 
iJ 
f~ 

j 

rAe 

a ij = (/\ i + fo) B ij - f ij + M ij (0) ' 

t.. =3<u2 >(~) -1 
i A 

B 312 3 3 M 1J (0) =(-) «u. /u. » _0 A I J W--

/24/ 

/25/ 

eTaTH4eeKoe 3Ha4eHMe Maeeoeoro onepaTopa ¢YHK~l-1H fpHHa ¢oHo
HOB /l 2!; 

B G .. (tiJ) =- «u. /u. » 
tJ A 1 J w 

/26/ 
m 2 -1 

=lAw o1j -f<i\ 1 -tf0 )t\-ftj +M 1j((JJ)]I 

CpaBHHBaR /24/ 1-1 /26/ 1-1 y4MT~BaR /18/, BHAMM, 4TO 4aeToTa MRr
Koi1 MOAbl (!1 2 ->0), onpeACilReMaR non~eaMH <)JyHK~Hl-1 /26/, eoenaAaeT 

6 
u q u 

e 0 paTHOI-1 H30TepMH4eeKOH BoenpHHM41-1BOeTb~ 

n2 ~ a(q) ~ a(O): sq 2 • 
q /27/ 

B OAHOPOAHOM eny4ae a(O,T~)=O 1-1 n:=O (T~) =0. B o6~eM me 
eny4ae, npl-1 y4eTe HCilHHCHHbiX 3$$eKTOB, eornaeHO /22/ npH d < 4 
B03MOmHO' 4TO n ~=0 = a(O, T c)- r * I= 0 . CneAoBaTCilbHO' 8 KpH
Tl-14eeKOH T04Ke T c MR rKaR MOAa He o6pa~aeT eR B HOil b, a ¢a30BbiH 
nepeXOA npoHeXOAHT KaK nepeXOA nopRAOK-6eenopRAOK 1-1 onpeACilR
eTeR peJlaKea~HOHHOH AHHaMMKOH KilaeTepoB. 3TOT BbiBOA cornaeyeT
eR e peayilbTaTaMH MeeneAoBaHHi1 MOACilH /1/ MeTOAOM MoneKyilAPHoi1 
AHHaMHKI-1 /fi/. 

4. AHHAMHKA KflACTEPOB 

):lnR onpeAeileHHR penaKea~MOHHOH AHHaMHKH·KilaeTepoB _B OKpeeT
HOeTI-1 KPI-1TI-14eeKOH T04Kl-1 BoenOilb3yeMeR ¢eHOMCHOilOrH4eeKI-1M ypae
HeHHCM flaHAay-XanaTHHKOBa /eM., Hanpl-1Mep, 1131 /: 

otJUl7Jl 
iJ 7] a =-I'----
t q 07Ja /28/ q 

=-rl(r+q2)7Ja +4ufdql7Ja fdq27JJ3 7J{J -> -> ' 
q ql q2 -q-ql-q2 
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il 

\: 
i, 

rAe r- ¢eHOMeHonorH4eCKH~ napaMeTp. B KOOPAHHaTHOM npocTpaH
CTBe ypaeHeHHe /28/ HMeeT BHA 

3 drTJ -l!.T]HT] +4UT) = 0, 129/ 

rAe r =rt. HeTPYAHO BI-1AeTb, 4To AnR d=l ypaeHeHHe /29/ HMeeT 
orpaHH4eHHble peweHHR: 11 := f(x-vr, r) AnR cny4aR lv I '>> 1 HnH 
I!!.TJ I «1, TOrAa 

C 2 ( ~' r) = -;---__;r;..._ __ _ 
4u+exp(-2r~/v) • ~=x-vr. /30/ 

B 4aCTHOM cny4ae v=1 ypaeHeHHe /29/ HMeeT orpaHH4eHHoe pe-
weH!-1e BHAa TJ=f(x-r, r),ecnH 

-2r f 2(~,T)= -T~ 
4u + e 

/31/ 

PeweHI-1R /30/, /31/ onHcwea~T penaKCa4HOHHOe paspyweHHe KnacTe
poe, KOTOpbJe ¢nyKTYa4HOHHO B03HI-1Ka~T B OKpeCTHOCTI-1 KpHTI-14eCKO~ 

T04KI-1, noCKOflbKy AflR ¢HKCHpoBaHHOro X 1-iMeeM npH 6onbWI-1X r: 

f 2 ( -r2 x, r) --re , 
.llnR HccneAOBaHHR OTKm1Ka CHCTeMbl IT) I Ha BHewHee none 

I 
q • 

paccMoTpHM ¢nYKTYa4HH nonR 77(x) I oTHOCHTenbHo paeHoeecHblx 
3Ha4eHH~. Ecn~-1 u=O /eM. /19/1-1 /28/,129//,TOrAa cneKTpanbHaR 
nnOTHOCTb. 

rAe 

oo -iwt 
Iq(w)= fdte <77q(O)TJ_q(t)> 

-oo ' ' 

=-T-~ 
r + q 2 1 +(w r ) 2 

q 

'q = [r(r + q2)]-1 1-1 

2Tr 

,-2 + w2 
q 

r - a - a • (T.:.. T 0 
) , 

c 

/32/ 

Y4eT HenHHe~HbiX nonpaBOK (u;6 0) MOIKI;IO npoeeCTI-1 MeTOAOM, npeAnO
lKeHHWM a1 1 3~TorAa aCHMnTOTI-1Ka cneKTpanbHO~ nnOTHOCTH B KPHTH-
4eCKO~ T04Ke, i-.e. q-.0, w<<1, T=Tc, 1-iMeeT BHA 

I(q = 0, w)-
Tcr 

/33/ 
1 

11 w 1+ (2-T))/l!.w ' 

KpHTH4eCKYf~ HHAeKC T} H AHHaM!-14eCKH~ HHAeKC !!.w MOIKHO onpe-
AenHTb c noMo~b~ c -paanomeHHR. Hx KOM6HHa4HR, CTOR~aR a /33/, 
BblpamaeTCR 4epe3 napaMeTpbl HenOABHlKHOH T04KH (r *, U * ), a HMeHHo': 
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2 - 11 (u *) 2 4 
---=1- --9ln-" 1-

1\1, . . 64114 3 

2 4 
• ln-.. 

3 
/34/ 

2(n+8) 

CneAOBaTenbHo, a KpHTH4ecKoA T04Ke 

-A 
I(q = 0, w) ·- (d A< 2, /35/ 

T.e: OTKflHK HMeeT BHA 4eHTpanbHOrO nHKa 1-1 Oni-1CWBaeT MeAneHHy~ 
penaKca41-1~ KnacTepoe /cp. /32//. 

HTaK, B paccMaTpHBaeMOH HaM~1 CI-1CTeMe paa,qeneHI-ie AHHaM!-14eC
KHX nepeMeHHbiX Ha 110biCTpbJe11 1-1 11MeAneHHWe11 /2/ COXpaHReT CMbiCfl 
Yf B KPHTH4eCKOH o6naCTH, nOCKOflbKy CI-1CTeMa I-1CnWTbiBaeT ¢a30BbiH 
nepeXOA Tl-1na nopRAOK-6ecnOPRAOK no 11 MeAJleHHoi111 nepeMeHHOH lr i J. 

6e3 nonHoro CMRr4eHvtR ¢OHOHOB I u i I: n~ =a*·, 0. npl-1 3TOM 
noRBnReTCR ~eHTpanbHbli1 n1-1K B ¢YHK4HI-1 OTKflHKa 1(0, co) .. u,-l2-ct 2), 

rAe • = 4- d, c ~ ln ; . 2(n1-8). 

ABTOpbl npvt3HaTenbHbl B. 6. npHeameey 1-1 B .IO.IOwaHxa~ 3a o6CYlKAe
HHe aaTpOHYTbiX a pa6oTe aonpocoe. 
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