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IIpo6JIeMe nOHB1Iemm aHOMaJIbH01"O Y3K01"O UBHTpa.1lbHOro nasa (IJJI) 
nPH CTPYRTypHHX ~30BHX nepexo~ax nOCammeHO óanbwoe KOXHqeCTBQ Teo

peTH'IeCKHX paÓOT (CM., HanpHMep, 0630PU 11,2/). OCHOBHUMH npHqnHaMH, 

BU3~MH nOHB1IeHHe IJJI, B nacromuee BpeMH npHHJlTO C~TaTb ~e~K

TU n KnaCTepH ó~ero no~a. O~aRO B TeopHHX c npHMeCHKM Mexa

HH3MÓM OÓaqnO He paCCMaTpRBaDT He~HeftHue cBOAcTBa CHCTeMH B oónac

TH ~30B01"O nepexo~a, TaK ,{TO un nORBnReTCR TanbRO B cnyqae Me~eH

HO ' peaasoapymtax H 3aMOpoxeHHHX ~e4>eKTOB. C ,lij>yroA CTOpoHU, ~e

TBnbHOe Hccne~OB8HHe KnaCTepoB 6n~ero nO~Ka B03MOJKHO TonbKO ~ 

HH3Kopa3MepHUX MO~eneA,H B HaCTOgmee BpeMH He YCTaHOBneH KpHTepHA RX 

nOHB1IeHRR. qTO KaCaeTCH C03~aHRH óóme~ TeopHH, yqzTUBanmeA oóa 8TH 

MexaHH3Ma, TO ara npocneaa npencraanaerca ~OBonbHO MOJKHO~. 

B HaCTORme~ paÓOTe MU paCCMaTpHBaeM nORnneHHe un KaK pe3ynbTaT 

rrepexona OT apronasecxoã ,IU!HaMHKR <PJrY KTyaIJ:M~ napaxe'rpa nopansa K 

Heap1"O~qeCKO~. 8TOT MeX8HH3M HBnReTCH YHHBepcanbHUM 'RaK nnR ~eanb
HHX cnCTeM, TaK H ~ CHCTeM npoHaBanbHOn pa3MepHOCTH c ~e4>eKTaMH. 

B npnónIDleIUm B3aHMO~e~CTBYKlIUDC MO~ c nOMOmblO HaOTepMHqeCKOa llJyHKllKH 

penaKcamm pa3BHTO caMOcornaCOBaHHoe nHHaMHqeCKOe onHcaHHe TpeXMBp

HO~ peWeTOl.{HO~ CK8JlHpHOA MO~eJIH' tf 4 • IlORa38HO, ,{TO npa onpeneaea

HIlX YCJ10mm:x, KaK npa Ha1lHlDm ~e~KTOB, TaR H oea HHX, HMeeTCR raxoe 

pemeaae 3aMKHYTUX HeJmHeibulx ypaBH(mH~, 'ITO ssne TeMnepaTYpu tPa30BO

1"0 nepexona Te ,HO HIDlte aexoropoã TeMnepaTypH 38MepaaHIDI 78 
KoppeJIJUnm Il>JIYKTyaI.lH~ naparserpa nOPRJlKa xe aaryxaor co apexenex, 3'1'0, 

B CBOIO oxepens , npI1lBO;znJT R B03HHKHOBeHHD m B epYH~ paCCeRHHR. 

,I. MOneJIb H KOHCTaHTU Heapro,IIHlffiOCTI1 

PaCCMOTpnM npoCTe~D MO~eJIb CTPYKTYPHOro WsaoBoro nepexo~a B 

RpHCTBJIJIe C ~ecpeKTaMH, raMWI1>TOIrnan ROTOPO~ sarranex B nane 

[ TT?- A' Q~ 0 4 ' 1 ') C ( )' :<]Q.H= ') _L - _L . + _UL . + - L- ' 11..- Q7 2 2. L 4 l l.f k lI( l.(L I< '(1) 

rne TrL' H QL' - R8HOHH'IeClG! conpnxeaaue nOKa1IbHHe nOpM8JIbHHe HM

nyJlbC H KOOp,nHHaTa, Y~OBneTBOpamtHe ROMMYTaI.tHOHHl:lM COOTHonreHHHM 

[ o, J 7fL J = i h ~ i K • A~ H Bi. - cnyqafuIue BeJIRlfiUlli: ecnH Y3eJI 

3aHSlT ~eq,e KTOM, TO Ai = A1) (~O), Bi. = 8.D (> CV' B npoTHBHOM CJIY'{ae 

Ai -= A (> O) , ()i = B (> O) • BBO,IVi xoauearpauan ~eq>eltTOB p ,q>YHR

nmo pacnpeneaeaae BeJm'IIDI AI' MOJKeM aanacars B BlJ,Ite: P (A (. ) = 

= ? () (A " - A b) -+ (1 - f ) Ô ( AL' -.4 D) ,aHMO!'HqJfO ~ BeJIHtmH 

I::> i • JVm ynpomeHIDI 3Maqz óy,neM noaarars , 'lfr0 '{aCTH~ aa d -Mep
"!'"

.•-1-----, 
ObllClihüt'lúlb-ü! t~íiCrt!ry)I,M~~~~/~,:~~~:'~,~í!:rní , 

t 



J'	 ROa peme'rxe ( L = I, .•• N ) CBf!3aHH OmmaKOBLlMH rapMOImlleCIWMR 

CRIlOBmm no CTOSIHHHMH C Lk. • 

,IlPH HCCJIe~OBamm MO~eJIH (1) BOCrrOJIh3yeMOH CaMOCOrJIaCOBaHHOA 

TeopHeA ~aMMlIeCKKX rrepeXO~OB H3 aprO~~l{aCKOrO B H6apro~ecKOe 

COCTOSIHHe 3/. JJ,1UI MO~eJlH CTPYKTypHoro epa30BOro nepexona (I) B CJIY

xae ~ea.n:bHoK (6e3~e<PeKTHoH) CHCTeMbl ara TeOpRR: 6WIa paSBE:Ta B pa
60Te 4/. 

BBe~eM ycpe~eHHYro H30TepMHlIeCKYro peJI8KC8~OHHYID ~YHKmno ~ 

3aBH~ OT BpeMeHH onepaTopoB cMemeImA 

f> 
CPi k (t) = Jd r: (IA i (t - i. L) L{ k > j3 = 1/kBT , (2)

o 

rne (," > osaasaer TeDMO~HHaMHlIecrroe cpennee , 1I6prra - KOHqm

rypanaoaaoe cpenaee OTHOClITeJI:bHO CJrYlIafuIllX BeJIHtIHH Aí' 8\ • Ha

lIaJIhHOe 3H811eHHe ~YHKI.lHH (2) orrpe,neJL'IeT ycpe~eHHYID cTaTHlIecKj'IO 

H30TepMHlIecr\yIO BOCnpOM'nmOCT:b ;rI; = <fi'" (t=o) . 
IlocTpoHM paanoxeHHe Mopn B B~e HerrpepHBHoA ~POÓH ~ npeo6pa

30BaHHH !annaca ~YHKDHH (2): 
O<) .. 

~'K (~) = L Jdt e i t t r: (t) -= f I-{i I Lik))) I IV) ~ > O (3) 
o 

Bo BTOpoM nopnnxe B q- rrpencrasneaaa llOJIYlIaeM
 

- -1
 

~ (?:) ~ - J? T [ 7: - 1/7/ .. ] ,	 
( 4) 9 I - I 

r.ne 

f, k. ( 2:) = (1/1\/) ~ 11 t z ) P.-XP {I q ( !? i - 1\ » ) ]
 

l( fI ~ ('t) - oopas ~ypDe peJIaKC8W1oJUiOro anpa:
 

Mli, ( 1:) '= (( ai. I Qk Y2. • (5) 

~I ~eKC (5) OSHa1l8eT, ~0;PeJIaKCaUHOHHoe ~P.O ~eTCH HenpRBO

,IUIMoA tIaCT:bID BTOPOro nopansa /5 • B OTJIK'me OT 4i' B onpenezeaae (2) 
nOMHMO TepMo,nHHaMHqecKOro' BKJIIOlIeHQ T8KiKe KOHiPHrypaIUioIDme ycpe,nHelm:e 
(CM, 16/). . 

liCnOJI:bsYH pacnenaeaae BllCIIIHX KOPPeJIHD;H:OHHIDC WHKIlHA B npl!óJm:ate

mm: BSaHMo.neAcTBYIOOtHX MOP; (xanpasep, <I,{~ tt) L{~ >.~ 6 <ui (t) l.1/t; )3+ 

+ 9 <I.{~ ><(.,j~ ><[,,1 i li) lAl<; >) H npoBO,IVI KoH~rypaIlHOHHoe ycpe~-
H6HHe B npHáHRzeHHH BHPTyanhHoro KpHcTaxna (a8npHMep, 

35 i	 Bk •<: (,,1 t' l t) lA k >3 ~ 6~ 5k <I4l (f) lAk > }, 

2 

nOJIYlIaeM,1JJIJl T> Te CJIe,IT.y1Olllee BHpaJKeHHe,1JJIJl M ("t) : 

MLI«~) -= >"1 DiK ((lA(·/L-íi.)) +(1/6)[~~ctbiK + !l3b(1-ÕLK)~ 

l( (( L,{; I u. ~ )) ir) ( 6) 

r,IJ;e 

- 2 )2 ('- - -)2
À	 ::: ( 3Bi <l,([ > -Ai - 3f>í <l.it> - Ai

1	 (7)
_2 

À~C\ =	 6 B~ À3~ -== {; [)L , 

OCJ	 ,P 
l"lt J" 3l dt	 e dr-6 <lA.i(t-i't} IA I< > . (8)((l{~ I u

k 
))lr J 

o o 
KoppeJIJUlliOHHHe llJYHKDHH MoryT 6HT:b BHlllICJIeHH c nOM01IlDID qmYKT'ya

~OHHo-~CCHrr8UROHHoATeOpeMH: 
o<:>	 ' , J' d(,J-lt.Jt ), ,<'-'< i (t) U k) =- - 'rr e kl 1'\ (w) I V'n 'fi K ( tJ + L d (9) 

-	 O<:) 

( -PlV )-1
r,ne n (w ) = e - 1 • B peSYJI:bT8Te llo;rytIaeM 38MKHYTYI> CHCTeMy 

YpaBHeHHA (4), (6) - (9) ,1JJIJl onpeneaeaaa p8JlaKC8UROHHOA llJYHKI.ijlli cp (t) • 
Ecmt CHCTeMB Heapro,IUIlffi8, TO HeKOTopH8 KOppeJIJIlllm B HeA He 3a

TYX8m CO BpeMeHeM, 8 'COOTBeTCTBYIOO\He KOPP8JIJIUl'10HHHe <PYH,KUHH HMeIOT 

HeHYJIeBll8 3HatIeImH npa t 4 <>= ,Bo3IrnKB.~aJI npa 'aTOM ROHCT8HTa 

Heapro,nHlIHOCTH B Mo~eJIH (I) orrpenenaerca CJIe.zr.ymtHM oopaaoa 

Ll k -= et.vn <- Ui (t) L{/< > (Ia) 
t -" Q<> • 

COrJIaCHO (9), OHa CBR:S8H8 c cmu:'YJIJIpHoA sacrsn ifJYHKlllm peJI8KC8lllm: 

Im cf.' 1\ (LJ + I 5) -= '- n:f> Lil<. D( 4J) + peryJIJIpHM tI8CT:b, B C nOMOtIt:bD (4), (&) 

MOlteT 6llT:b S8I1l1CaR8 B 9 - npe.nCT8BJ1emm B BB.D;e 

Tp,L .::::	 ttWl, [-'2. cp'?, (~)'J = JqT -- [ 1/X + S~] -1 (11)qr 9 'Z. -., If.	 ? 

r,ne 

• 1 \ tl-m [ - z M~ (e)] .5lf 
2.~ i'i..	 (12) 

3 



~ ynpomeHIDI ,naJThHeAnIHx BJ:ItmCJIeHltlt, npeaecperaa ,IUiCnepCl!IeH pe
SYJIz,TaTe sero IlOJIYq8eTClI rpaacneanearaoe ypaBHeHHe.wm L. IlpH pe

JI8KC8IJl!OHHOi! M8TpHInl, BOCnOJIz,syeMClI IlpH6JImltelUleM 
meIDm eroro ypaBHeHHH BOCIlrz,jYeMClI OneHR8MH.nmr Te B IlpH6Jm:lteHHH 

caMOCOrJI8CO~ (floHOHOB 7, COrJIaCHO ROTOPOMY npH WePPO.D;HCTOPCH,	 3 
S ~ ~ S = ~ (;"1 L -+ À ~o. L ) J 

OHHOM qiaSOBOM nepexone ( c, > O) {Te IN Jf '1T (t"'=- v) = 4:, li8" . 
(13)

I' 

rne	 L = L ii -JIOKaJIz,HaH KOHCT8HTa Heapro.D;H'tIHOCTR. 

IIOJIHasI (BK1IlOqaIOIItasI epronaxeczyn H Heapro.nxqecXYJJ qaCTH) soppe 2. I.	 PerneTKa oes ,neweKTOB 
JlHUHOHHasI <})yJtRUIDI <lÃt > , BXO.IUDllasI B (7), MOEeT OllTz, BHtmCJIeH8 c 

nOMOIItDIO WKTY8UHoHHo-,IUlCCHrramiOHHoi! reopeaa, ROT0PasI B KlI8CCHlieCKOM lJHCJIeHHOe pemeHHe yp8BHemm (14) IlOR8SHB8eT, qTO .nmr ,nOCT8TOtIHO 
npenene naer <l-{i> = (TIN) f xq- . HCIlOJIbSYH (11), (13), nOJIYqa- MaJlHX 3H8qeHHif rrapaeerpa CMSH .'10 = C qo2. / A ,KpoMe TpHBHa7IbHOro 
eM ypaBHeHHe ~. KOHCTaHTH Heapro,IUl'tIHOCTH pemeaaa L '= O ,BOJIHSH OT Te HMeeTCH ,1038 HeHyJIeBHX pemeIDIJI LI 

H L2 • I1PH T=- T;; ) Te OHM noHlWllOTClI CK8qxOM: L1 r~ )=Ld~) = L~, 
H IlPH T < T~ L 1 < Lfi < L 2. • KaK dwro Il0R8S8HO B padoTe/8/ , pemeazeL =	 (T/N) L{X; - IrX; r 1 + f' (À 1 L + À~. L' )r }, 

L1 ( T ) .u;HHaMHlieCKH HeycToAtIJlBO FI noaToM,Y ae HMeeT o@lSHqeCKoro 

CMHCJIa. Pemeaae L2 ( T ) npe,nCTaBJIeHO aa pRC. I. 
9	 (14) 

BaTO ypaBHeHHe BXO,IUlT CT8THqeCKaH HSOTePMHqeCRasI BOcnpKH~ 

lfimOCTz, ,KOT0PasI, BOOOme I'OBO.PH, ,n0JIltH8 OHTz, BWnICJIeH8 C8Xq-
MOCOrJIaCOBaHHHM OOpaSOM. lO;3	 PuC. I. 

3aBHCHMOCTE JIOKaJIDHoit KOHCTaRTH2. HeapromecKOe nOBelleHHe mlIeJIH 
Heapro.D;HtIHOCTH f -= 8 L / A 

~ npoBe,neHHa ~CJIeHHHX paCqeTOB BOCnOJIz,syeMClI weHoMeHOJIOr.KlieC OT npllBe,neHHOa TeMIIepaTypH0.2 
KOi! (flopMOi! ~ BOCnpmfMtmBOCTH: r: =	 T rr: - 1 

B CJIyqae H.neaJIbHoi! perneTKHx; = ( Ai t + Co - CLI ) - 1 T > Te ) (p =:	 O ) npa napaaerpax Mo,ne0,1
(15) JIH <-fo = I ,V= 0,1. 

r,ne 

.. 
L =T/T c ~ '::: t- Co l' exP ( Lq R.()) Co::::: Cq =: o .e-1 O 5 10 15 

103 L 
CneKTp ~KTYaURa BHOepeM B CJIe~eM MO,neJIz,HOM BH.ne: 

I10,nqepKHeM, 'tfrO HeHYJIeBlle perneRml cymeCTBYJOT TOJIbKO ,IJJIJI SHaqeHHi!Co -	 CCf := C (1: + J 2- q I~ ) J (16) 
~ < f y ,r,ne cf, S8BHCHT OT napaMeTpa 8HHSOTpomm V. 

3H8qeHHe ~9 ~ospacTaeT IlpH YB6XBlIeHHH 8HH30TpoIlHH CHCTeMHr,ne Il8paMeTp v Y'tfllTHB8eT aHHSOTpoIIHID CIleKTpa. 
('YMeH:DIllemm: napaMeTpa Y ) : lffj = 0,9 npa )/ = I, !f~ =1,4AnrrPOKCmm:PYH SOHy EpHJIJIlOaHa IJ;WIHHJij)OM c ,nHaMeTpoM 2 10M BH
npH. V = 0,5, \f~;;:: 4 nPH v = 0,1 .ooroâ 2. qo ,SaMeHHM cYMMl:l no q mITerpaJIaMH :	 ~ II~ 

1 1 , 
2.2.	 BJmmme ne!fleKTOB

(1/A! ) f F [ Co - Cq ] = 2 f dp f Jd: F[cqo ( f 2,+ ~22:2)1(1?) 
10 0 PaCCMOTpRM Tenepz,.BnHHHHe ,neqeKToB H8 nepexo,n B Heapro~ecKoe 

COCTOHl!Be. BBe,neM oeapaaaepsxe Il8paMBTpH d. = Ab/A, P =: Bl) / B, 
rne	 F [x J - npoHSBOJIz,HasI <})yHKUKH. IIoCJIe razoro npecopaeoaanaa 

C llOMOI$1) KOTOpllX openaae BllpmumrCSl B mme: At' = A ( 1-P + Pd..) , 
HHTerpHpoBaIDIe B (14) MOJWT OHTb BlillOJIHeHO aR8JIHTBlIeCRH , B pe

4 5 



r 

l~ 
I

f) l = B ('1 - P +? 0 ) , .a KOHCTaHTH 

Â"I = A2 P ( 1- p) [~ ( 8/A) <l{ l~ > (1- p) - { 1- 00 J 2 

(18)
Â ~a -= P> 2. ( '1 - P + P?2 ) . 

RaK JIel'KO BH,I(eTb , C IIOMOIItbJO rpaqíH-qeCKOI'O aaanaaa ypaBHemm (14) 

YBeJm.qeHHe .!I 1 IIpHBO,IUfT K yheJIFieImID T~ H YMeHbWeHHIO L2 ( T'J ). 

TaKHM 06pa30M, nepexon B aeapronaxeczoe COCTOmme CTaHOBHTCH 60JIee 

IIJIaBHHM. B6Jm3H OT Te. IIOJIYqaeM: Â1 ~ P { f3 - o< -+ ( f3 -1 ) 7: ) 2. , 

T. e. HaH60JIbIllee YBeJmtleHHe .11 1 ,nam cTa6HJIH3HpyDIU'le ,necpeKTH, wm 
.KOTOpHX d.. < O • Ha pHC. 3 IIOKa3aHa TeMlIepaTypRWl 3aBHC~CTb 

L (T) IIpH HeKOTOpl:lX 3Ha-qeHHSIX KOHU8HTpallmI ,Iteq,eKTOB pasaoro TRIla.
2 

0.3, ó) 

O) 

1e 0.3 
a) 

0,1, 

0.2 0,3 orc 

3aMeTHM, 'qT0 IIpH napaaerpax MO,IteJIiI 'fo = 8, \J = O, I IIpH P = O 
nepexon B' aeapronasecsoe cocroanae ae IIpo:HCXO~T. CJIe,ItOBaTeJI LHO , 

,Ite(fleKTH IIpHBO,ItfIT K 8<WeKTEBHOMY YBeJIlPleHHl> napaaerpa f~ • Pacxe-
TH II0K88HB8JlT, aanpaaep , MJI )J = I, o< = -100A' ~ = 100 BeJIH

1DIH8 ep~ = 1,3, 8; 43 MJI P 

3. lIaHTpaJ1kHHA mus 

PaCCMOTpmM CBH3D Me~ rrepexo,noM 

Tospme II IIosmJIeHHeM Im. COrJI8CHO ( 4) 

H (12) MOX8T 6HTb 3aIIHCaHa B mme 

6 

1.~ 

1t 

r
 
I.·
 
, 1 

~11I 
(. 

j 

:1 
I

,I 

PHC. 2. 

3aBHCHMOCTb JIOKaJIDHOa KOH

CTaHTH Hespro~~ocTH 

e == BL/A OT t: = T/Tc - 1 
;rr.mI MO,IteJIH C ,Iteq,eKTaMH 

IIp1i <fo = 8, v = 0,1 
f> = 100. 

a) o< = -Ia, p = 2; 5; 
Ia . 10-5 (CJIeBa HaTIpaBO) 

6) ri... = 100, P = 10-3• 

= 10-6, 10-) 1o-rioOTBeTCTBeHHo. 

f{~', 
I, 
.iCHCTeMH B He8pro~ecKOe coc 1\ 

qJyH.KIJ;HJI pacceaaaa c y-qeToM ,( 11) , I' 

,) 
)

I lI, . , 
" ,} 

S(C~L w) = [1 -+ ri ( iN ) ] lW/ rr) I m ~G/ (~+ (' () ) 

_ T Xl s c.; S-( '1 + .-11 w) w fq 
- q (7;f"r 1 + S'! w) + --rr-- (-l.{}-2.---SL~~-)2-+-

lJ 
-2.-Rji'( I 9) 

rne lIaCTOTa MJn'ROI MJ,nH til~ = ( J.'i) - 1 + Sê{ - [ L.) fie {VI" ( tJ ) Jw = SL.l 
H ee 3aTYXaH:He fq = Ih1 M-q (W = ..s-Lq ) OIIP8,Ite.wmTCH perYJIRpHOa 

lIaCTDlO MaTpHInl peaaxcanaa Mq (W) B (5). 
ConOCTaBKM 

cesnnm <I>o.PMYJIOa 

~ _ 

SCP ('1 >W ) ~ 
2. ~ T)rne LV OQ (9 J 

JIe w; (9 T)
J 

w0
2 (T) -= (J-{) 

(19) c 06H'qH0 HCIIOJIb3yeMOft B 8KcnepRMeHTax 110 pac

ormcamm Im: 

T Z;2.{T) d 
Ú,J'l. + r2 

)1f I, 'O~ Ui,T) W';;' ti,T (20) 

2. --') ) 2.{ )
= Wo {9' T + o T, a qaCTOTY B CTaTHqeCKOM apene

06wmo CBH3liBam co CTaTH-qeCKOa BOClIpmlMlDiBOCTbJO: 

- 1 • ~PMYJIa (20) HMeeT TOT ae BB,It, -qTO H IIOJIYqeH~ 
aoe HaMH sspaaenae .nmr UI B (19), rne uapaserp CM3H oIIPe,It8JISIeTCH 

ClDIryJIHpHOA sacesn MaTpHI.lJl pezasoauaa (12): 

2 1 ( 3 b (T) = SCJ (T) ~ S = T Â1 L + ~3ct L l . (21) 

3KCIIePHMeHTaJIbHO Ra6JIlO,ztaeMWI umpBHa. Im B (20) 06wmo H8 HeCKOJIbKO
 

nOPJi,ItKoB MeHDme xapazrepaax <I>oHoHHHx nmPHH, H MsI eé 06MCHemm 06H-q


HO n~eK8lJTCH ,ItOnOJIHHTeJI:bHHe "BHelIIHHe" MeXaH:H3Mli BSam&:>,IteaCTBWI
 

(CM. 1,2/). B aameã MO,IteJI:H o,ÍJ;HoA KpHTHqeCKOa b1),nH I..IlI 0K83HBaeTCH yrr

pyI'HM - y-qeT cooTBeTCTBYJlItHX ,ItOIIOJIHBTeJIbHHX BSaHl&>,neAcTBHa, "CJIado"
 

Hapy~ He8pro~ocTb, TaRae IIpHBe,IteT K MaJIoA KOHe~oA mzpHHe
 

mB (19). 
IIpoBe,IteM KOJIB-qeCTBeHHYlO OIl8HKY BeJIlNHHH l -= LI (A / f)) B MO

,IteJIB, nOJIDSYRCb 8KClIep1iMeHTaJI:bHHMH ,ItaHHHMH 110 pacceaazn HeA'fpoHOB B 

IIepoBCIGITax ABX.) c MflrKoA MO,Itoft R2.5 H M 3 • O~HHM 

6espa3MepHYD KOHCTaHTy !J~ = ()2{,~) /aTe. = s (Te ) IA '::>c- 6 l/ I e; ) 
r,Ite IIapaMeTp MO,lteJIH ,4 -= a Te OlIpe,It8JISIeTCH 1113 3aBHCBMOCTH 

wo 
2 CT} = a (T - Te ) B 06JIaCT1II T '>') Te. De3pa3MepHWI TeMIIe

paTYP8 'rrepexona f}c ::::: Te / ( A':L/ S) fl«>JlteT 6HTb oneaeaa, eCJllI 1II3BeCTHa 

BHCOTa nOTeHI.1.H8JIDHOI'O õapsepa - Uo = A2./ Lt 8 HJIH paCCTOSIHHe Mea.ny 

MHJDDIYW:lMH ,noolbIOA JIMH 2 IA18 • BOSMOmIa TaIOlte TeOpeTBqeCRSH 

OU8HK8 (}c ~ (fIJo /3 )/[2 +tn (V-l)] (CM. (17». rne ~ -= SL~"M< / A 
onpe,lteJIReTCR no MBKC1IIMBJIbHOA qaCTOTe Kp1iTBQeCKOA fl«>~ B 30He Ep~ 
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saa tSJ l11ax, V <<. 1 -napaaeep amISOTIX)lDm B cnesrpe (16). Cor-
JIaCHO 9,101 NlfI SrTlO~ HMeeM ~2{Tc)= 0,3 MaB2 , 
Q 'Tc =18 MaB 2 , ))'1. =O,I , SL m((lx':oe 20 MaB. trro ,ItaeT 11 t ~ j'7 • 10-2 

H npa o, -:::::.. 1,4 n~'tIaeM fc~ 0,16. A1m R6(a.F3 111 HMeeM 
ó2 (T) ~ 0,6 MaR'., a T;;. -::::- 26 MaB:2 , V 2.. = 1,4 10-3, JL t....,a'~~ 

~ 20 MaB, trro ,ItaeT 11~ = 2,3' 10-2, H npa t9 = 0,44 nOJIY'tIaeMc 
lc ~ -0,12. Ilonooaae ze , MeHee aanesase BBH,IJy He,ItOC'l'aTO'mo nOJI

HllX aKCnepHMeHTaJIbHHX ,I(aHHHX oneaza ,11,JIH ,I(pyI'HX nepoBCKB:TOB (KM~ F~ , 
LCl A{ O?J J Na.. Nb o~ ) c MlU'KOI MO,I(ol R. 25 HJIH M3 .naDT 

ÓJIHSKHe	 SHa'tleHIDI f c -o:::::;. O,I --:- 0,05 • 
YtmTHB8Si BeCDMa rpyóldt xapasrep m,IteJm (I) ,11,JIH OllHCaHIDI pe

aJI:D1WX rrepexonos B neposczarax, MOJltRO CtlHTaT:D, 'tIT0 nOJ1Y'tIeHHWI ousa
Kal e ~ 0,1 pasYMHO coraaoyerca c TeopeTH'tIeCKKM SHa'tleHHeM (CM. 
PHC" 1,2). llpH aTOM BamIO OTMeTHT:D, 'tITO BeJml:lHHa e(Te) HeCYmeCT-
BeHHO SaBHCHT 0'1' ,I(e~ItTOB, ROTOpse , O,nHaKO, SHallHTeJI])HO YBeJIHlIHB8IOT 
o6JIaCT:D	 CYllteCTBOB8HHH l.[I no TeMllepaTYpe (cp, pHC. I 11 2). PasBHTWI 
TeOPIDI npHBO,ItHT K ÓHOll'POM:y YMeHbIDeHmO rrapaserpa ~.2 ( 2 1) (L:l 2 -v e3{T)) 
C YBeJm'tleIDIei T - Te.. • 'tITO KajeCreHHO coraaoyerca c Ha6J11l,I1;aeMOI 
B fi óCa. F3 11/ R S r T/ O:, 10 saBHCHMOCT:DlD, HO npoTHBOpe'tIHT 
,I(~I9/. KaK OTMe'CIa1IOC:D B 1111, paexoxneaae .n;aHIWX .1l1ISI saBHcHMOC
TH S2.( T) MOJlteT 6HT:D csaaaao c He,I(OCTaTOtlHO aKKYpaTHHM y'tleToM 
,ItHCnepClIH MJlI'Kol MJ,I(hI. BosMOJKHO TaKllte, 'tIT0 aRCnepllMeHTWIbHo Ha6Jm
.n;aeMWt l.[I CBf1SaH ae TOJI:DKO c ,paccMOTpeHH.bIM B .n;aHHoA paoore MeX8HHS
MOM, HO JiI .n;onOJIHHTeJI:DHO c IIpsIMHM "npHMecHHM" MexaHHSWM. 

IloMBMO l.[I nepexon B aeepronaxeczoe cooroaaae npu T> Te. 
c L,'i: O , o'tleBH,I(HO, npHBO,ItHT K paMaHOBCKOM:y paccesnnm CBeTa 
nepsoro noPJl,lt~ rm JiteCTKHX MO.n;, Ha6.1IJJ.Ita'BmeMYCSI B K!vII) F~ H 

IH (a F.3 12 • IlOJIYtIeHHl:le aBTOp&m O:U;~Im l c = l-{Te. ) ~ 
--;:; Qc~ (Te)/ Q~To) ( B 060SHatIeHRJDC pa60TI!I ) 'l'SIOle ,Itam 6JmSKH8 aHS
'ieHB.a:: lL ~ 0,18 (Ró(a F3 ) II te ~ 0,05 (K Nn F3 ). 

0~HK8 f c ,;::::, 0,01 'MIl 51'" Ti'03 , nOJIytleHlWl DS ,ItaHHHX rro 3IIP /12/, 
npe,ItcTa:w.u:reTOH SamDteHHoft. 

O~HHM npoCTpaHCTB8HHHe paSMepH , BOSHBKaDmHe npu. rrepexo.n;e 
B Reapro,IUIlleCKOe ooorosaae saacrepoa 6JImltHero nopsnsa, YtmTHBWI (lI), 

nOJIytIaeM ~ RSOTPOIlHoM'OJ!YlI8e ( V = I) npa S Cf =- S S8BlICHMOCT:D: 

f{r)= ~~ [exp(-r/~o) - exp(-r/~,) J 7 (22) 

r,Ite ~.:: V~o / t" ~ = viífo / (Z:+-Jj2.) !J == s(T)JA r =- '10 R. •'TO ) f-t	 ~ ) 
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IlpR r	 < ~ _, < ~ o l (r)'~ CNn S t . H paaaepa K1IaCTepa onpeneaanr" OH KOPPeJIJII.l:BOHHO~ .n.nHHol ~_, • Ilpa t: ~ O COrJIaCHO nplffie~eHHHM 
, I 

O~HKaM F1 ~ Vlfo/fJZ ""'30 • rve , paaxepa K1IaCTepoB COCT8BJIRI()'llH ,-..- 30 nOCTOHHHIDC penerxa, B aHHSOTpoIIHOM CJIy'tlae, v 2.. «. 1 , KOp
'\ 

PeJUlUHOHH8H,1J,7IHHa ~ 1l ~ V V ~ /.1,2. «$ 1 ..L , T. e• K1IaCTepa
\J JilMelDT KBasH.ItBYMepHHA xapazrep, 

~/'


, l 
, ; Heapro~eCKaH ~sa MOJltST BOSHBRaTb RaK B H,I(eaJIbHOI pemeTKe, 

I	 TaK 11 B pemerse c npHMeCSl:MH. IloCJIe,ItHHe npa MBJIol HX KOHU8HTpallWl 
( P = 10-4 -+- 10-5) c~eCTB8HHO ae MeHJmT BeJllttmHY L( Te. ) , 
HO SHallBTeJIliHO YBeJIKtmBalDT ooaacrs cymecTBOB8H1UI Heapro,ItH'tIecKOft ~
sa, STOT peSYJI:DTaT, a TalCle CR1I:DHOe BJmJDUIe cTa6wmsJilPYJaItBX napaéa
ay npHMecel (0<'== AJ)./A < O B (18») nORaSHBalDT, 1JTO poJIb npHM8ci! B 

. pasBBToA reopza coaepaeaao .ItPyrWl, -qeM B TeopIDDC "npasecaoro" IJJ1 11, 

,< I
: 

B KOTOPI{X m BOSHHRaeT TOJIblf-Ç npa MeWIeHHO peJIaKcI4PYIOOtHX BJIH SaMO
poJKeHHHX ,I(e~KTax. . .. I
 

I Ilepexon B Heapro.ztRlleoKOe cooroaaae c i= O B (10) COOT-


i
 

. ! Llj
 
; BeTcTByeT 06paSOBaHHlO RJIaCTepoB 6JIlUtHero noIJH,ItKa npa Te. .( T < li '
 

I!
, 

c xapaKTepHol KOPPeJIJIl1JIOHHOA .wnmoit f1'" 1i,/f:j2'(CM. (22». HaJIH

1 ~ 'tIHe HX eCTeCTBeHHHM OÓpaSOM oÔhHcHHeT Ha6JIlD~~eCH B aKCnepHMeHTax
 

B napaiPas8 npeneasao ys.IGII: IIlI H paM,BHOBCKae paccemme nepaoro
 
nopansa, OueHRa BeJl1AHHH oeapaaaepaoâ KOHCTaHTH Heapro,IJ;HtIHOCTH, no


, ( JIy'tl8HH8H HS aTHX aKCnepHMeHTOB,Ka~aCTBeHHO corJIacyeTCH c TeOpeTR'tIeC

IaM SHa'tleHBeM.
 

tI

) 3HatlETen:DHHit HHTepec ~ npoBepKH paSBHTOI TeoPHJiI npe,I(CTaBnHeT
 

Tllt8TeJI:DHOe RsmpeHHe TeMIlepaTYPHoit SaBJilCHMOpTH HHTeHCHBJ:IoCTH IJJJ
 
(BeJIBtmH.bI () 2. (T ) B (20». He06xo,IUIMO TalOlte YTolffieHHe paSBHToit


t. TeopmI npu ytIeTe BMa.n;OB 60JIee BHCOKOro rro~Ka B MBTPHIJY peJIaKCa


q :u:mt (5) B 60JIee 06mel, lleM (I), MO,I(eJIJiI CTpyKTypHOro nepexo,na.
 

I
 
ABTOpH 6JIaronapR:T B. ThTIlJ3 3a CT~JmpYRllUle 3aM8tIaIDUI.
.1 
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'\ 
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4. 3aISJIIO'tIeHHe 

OCHOBHoft pesYJIbTaT HCCJIe~OB8HHSI MO,I(eJIJiI CTPYKTYPHOro qa;3oBOro 
nepexona (I) COCTORT B 06Hapy~eHKH ~aMH'tIeCKoro ~soBOro nepexo~a 

PIS apro,ItHtIecKoro B aespronasecsoe cocroanae npa T = ~ ~ Te. . 
3TOT nepexon xapaKTepHsyeTCH ,I(HHa~eCKKM napaMBTpoM nO~Ka - KOH-
CTaHTOii nespronasaocra Lii (10). 06JIacTb ~. - T;; cYIIlecTBoBa-
HmI aeepronaxecxoã ~SH, L/i 7: O , onpe,I(eJIJIeTCH õeapaaaepaoãI' KOHCTaHTOI .CMSH 'lo -= c q/-;A JiI BeJIHtmHoI aaaaorponaa CIIeKTpa lPnYK

i Tyamdt napaaerpa noPJI,ItKa B (15), (16): ~ - .~ ~eM 60JIDIDe, 'tIeM 
MeHDIDe 'fc, JiI CR1I:DHee aHHSOTpoIIIDI V2..« 1. 
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TEMA'IWIECKHE KATErOPHH llYBJIHKAI..IHA 
OS'bE,nHHEHHOrO MHCllfl'YTA fmEPHWX 

HCCRE,nOBAHHR 

HH,QeKC TeM8'111Ka 

1. 3KcnepHMeHTan~H8A ~3HK8 BWCOKHX 3HeprHH 

2. TeopeTH~eCK8A ~3HK8 BYCOKHX 3HeprHH 

3. 3KCnepHMeHTan~H8A HeHTpoHH8A ~3HK8 

4. TeopeTH~ecKaA ~3HKa HH3KHX 3HeprHH 

5. HaTeMaTHKa 

6. RAepHaA cneKTpocKonHA H paAHOXHMHA 

]. ~3HK8 TA*enYX HOHOB 

8. KpHoreHHKa 

9. YCKOPHTenH 

10 AATnM~T~~~uHA o6oa6oTKH 3KcneDHMeHTan~HYX 

A8HHYX 

11. 8Y4HCnHTen~H8A HaTeMaTHK8 H TeXHHK8 

12. XHHHA 

13. TexHHKa ~3H4ecKoro 3KcnepHMeHT~ 

14. HccneAOB8HHA TBepAWX Ten H *HAKOCTeH 

AAepHWMH MeTOA8MH 

15. 3KcnepHMeHT8n~H8A ~3HK8 AAePHYX peaK~HH 
npH HH3KHX 3HeprHAX 

16. no3HMeTpHA H ~3HK8 38~TY 

17. TeopHA KOHAeHCHPOB8HHOrO COCTOAHHA 

18. Hcnonb30BaHHe pe3ynbT8TOB H MeTOAOB 
~YHA8MeHT8nbHYX ~3H4eCKHX HCCneAOB8HHH 
B CHe*HWX o6naCTAX H8YKH H TeXHHKH 

19. 6HO~H3HK8 

AKceHOB B.ll. H AP· 
K TeOpHH ~eHTPaiTbHOrO ITHKa rrpH 
CTpyKTYPHbiX ¢a30BblX rrepeXOAaX 

Pl7-86-299 

fipeAJIO)I(eH YHHBepCaJibHhiH MeXaHH3M, o6b.RCHHIOIIIHif ITOHB
JieHHe ~eHTpaJibHOro ITHKa ITPH CTpyKTYPHbiX QJa30BbiX rrpeBpall\eHH.RX 
rrepeXOAOM OT 3prOAHqeCKOrO K He3prOAHqeCKOMy AHHaMHqeCKOMy 
ITOBeAeHHIO CHCTeMbi ITPH HeKOTOpo:lf TeMrrepaType Tg Bbnue TeMrre
paTypbi ¢agosoro rrepexoAa. HccneAoBaHa cKaJIHpHaH pemeToqHaH 
MOAeJib ~4 C Ae¢eKTaMH. 06Cy)I(AaeTCH CBH3b He3prOAHqecKOrO 
COCTOHHHH C B03HHKHOBeHHeM KJiaCTepOB 6JIH)I(Hero ITOPHAKa 
H 3KCnepHMeHTaMH no KPC. 

Pa6oTa BhiiTOJIHeHa B lla6opaTopHH TeopeTHqecKo:lf tPH3HKH 
omm. 

llpenpHHt 061.tmHHeHHoro HHCTHtyra liJlepHI>IX Hccne.n:osaHHii . .lly6Ha 1986 

ITepeBOA O.C.BHHorpaAOBOH 

Aksenov V.L. et al. 
On the Theory of the Central Peak 
at Structural Phase Transitions 

Pl7-86-299 

A universal mechanism is proposed, which explains the 
appearance of the central peak by means of a transition from 
ergodic to nonergodic dynamical behaviour of the system 
at some temperature Tg above the phase transition. A detai
led investigation of the scalar lattice ~4-model with de
fects is given. The relation between the nonergodic state 
and appearance of precursor clusters and Raman scattering 
experiments is discussed. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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