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I. BBelIeIme 

Cpe~ .nBYMepHHX MO.n;eJIeit r:PaSOBllX nepexonon, .n;orryCKaIaIJ,KX: roxaoe 

pemeaae , HaH6bJIee nQJIHO HSYlieHbI MO.n;eJIH, OTHOC.RIItHeCJI R Maccy "coo

oonaax wePMHOHOB"/I/. MO.n;eJIH, nOIIaBlIIIIIe B 8TOT roracc , .n;eJIR:TCJI no CBOHM 

TepMO~aMH~eCKKM CBO~CTBaM Ha ,nBe rpynITbl. ITepBaR rpynna npe.n;CTaane

na MO.n;eJI:DlO HSRHra li CXO.n;HbIMH c H,eit MO.n;eJIJIMH, 06JIa.n;aI<JIUiMH B RpHTJIlIeC

KOa: roxse -rc: JIOrapHepwrlieclto:Cl paCXO,IJ;HMOCT:DlO TeIIJIOeMKOCTlI. Bo nropoã 

rpynne HaxO.W!TCJI MO.n;eJIH, y KOTOpllX TeIIJIOeMROCT:D HMeeT zopaesyn OCO

6elUIOCT:D 1::: - ue: , rne 1:' ':: (T - Te )/~. OCHOBHO:Cl MO.n;e.n:D1O BTOpoA rpyn
i J: l1H SIl\1IJleTCJI MOlleJI:D KacTeJISlIHa/ 2/ , H8SIlB8eMWI B JIHTeparrype .K-MO

.u8'JI~J3,4/ .1 
IIOlfl'B sce TOq}{ble pernemm llBYMepmlX sa,n;ali nOJIy~eHbl ,IJ)IH pem8TOK 

O nepHO.n;HlieOKHMH rneHHtIHHMli YCJIOIDJJIMR B BepTHKaJI:DHOM H roPHSOHT8JI:D

HOM HanpaaneHKHX/ I7• HCKmp~eHHe COOTaBnReT MO.n;eJI:D MSBHra: ,IJ)IHHee 

BHtmCJIeHH ne TOJI:DKO TpaHCJIJlIniOHHO-miBapHaHTHHe XapaKTepHCTHKH, HO H 

HSYlieHO BXHHHHe rpaHHU. 3TO BHRffHHe npoRBnReTeR B KpoCCOBep-~K

T8, KOTOpaK OOCTOHT B HSMeHeHHH KpHTHqeCKKX nOKaSaTeJIeft C paCCTOH

HHeM no rpaHHIl}:{ pemerza, Bnepsae SaKOH BOSpaCTaHIDI HaMlU'HHtIeHHOCTH 

rpaJmq}{llX CrmHOB nonyoecxoaexaoã pemeTIm MSRHra o-' ~ I 't' 11/ 2 (~ec
TO (j..-- l "t: li /8 B neorpaaaxeaaoâ OHCTeMe) 6WI HattneH B paõore 51.r TIOJIHoe orracaaze SaBHCIDJfOCTH cr' OT paccroanaaAO ~Hliji WlH no JIH

!Um .n;e<PeKTOB 6WlO ncnyxeao B paoorax Bapzeaa 6,7• 

UeJI:D .n;aHHoft pa60TbI - rronyliHT:D pemeHHe llQJIY6eCKOHetIHoft K-MO.n;eJIH 

H HaitTH SaKOH HSM8HeHHH KpHTHlieCKKX CBO~CTB npH npH6nRmeHHH R rpa

aane , HaH60JIee HSBeCTHHM npRMepoM cflHSlIItIecKOft peanaaanaa K-MO.n;eJIH 

CJIYJK8T .JU3YMepHble KPHCTWIJIH"tleC~e CHCTeMbl, HCllbITl:lB8I01I1He nepexon B 

O.D;HOOCHYlO HeCOlllSMepHMYlO {flasy 8/. Talme CHCTeMbl B03HHKaIYl' npa a,n;
cop6wm Cy6MOHOCJIOH aTOMOB Ha nOBepxHOCTH RpHCTaJIJIa. ITpH .n;OCTaTO~

• 

HO HHSKHX TeMnepaTYpax a.n;cop6HpoBaHHHe aTOMbl 06pasYDT nepHO~tIeC

KYIO CTPYRTYPY, COlllSMepHMYIO C nepaonoa KPllCTaJIJIHtIeCKoft penerza, ITPI!\ 
) TeMil8paTYpax, npeBHlli8nmRX TOliKY ~SOBOro nepexo.n;a, nOHBJIHeTCJI Heco

HSMepKMaH Wa3a, KOTOpaR npe.n;CTaBnReT co60~ nOCJIe.uOBaTeJI:DHOCT:D .n;o

I MeHOB COHSMePHMOit lPaSbI, pa3.n;8JIeHHllX JIOMaHbIMH JrnHHHMH, OpHeHTHpoBaH
d: 

HHMH B cpenaex B O,IUIOM nanpaaneaza, ECJIH nCXO,IUIaH COHSMepHMaH CTpyK

TYpa OTHOCHTCH K THny P »: i C nepaonox P B.n;OJI:D O.IUIoft HS RO

OPllHHaTHbIX oceü (B ellHHHuax MexaTOMHoro paCCTOHHHH), TO napaMeTp no

~Ka neCOH3MepHMOA W8SbI onpe.n;eJIHeTCJI ImK 

t(T)-== )p 
2Jr 
err) (1) 

CbJ,CHhht"UlLhiii 
1KHCnnyf , 

~ae~H~Z Hcc~eB~.BiU81 
6~i['1Jf~ !~JTEI{A 



r~e e(T) - opanaee paCCTO.HHRe MeJK,1JY JIIDIWIMll paanena ,nOMeHOB. 

BerrH~Ha ~ R3MepReTCff B 8KcnepHMBHTax no pacceRHHID R paBHa CMe

memilO 6psrroBcRoro IlHKa a.nco~aTa OTROCRTeJIbHO URRa nO,IJ,1l0JKIWo B pa

core IlOKpoBCROro R TaJIarroBaI 1 nOJIYtIeH pesYJlb'raT: Cj-(T) ,... <: 1/2 npa 

'L~ 0+ ,IT,JIfl HeorpaIrntIeHHOM nOBepxHocTR o 
MlaJIRS Bap~eHRfl ~ cTaTcYMMH nonyóeCKOHetIHott K-MO,nanH, n~y-

xeanoro mDKe, npltIBo.IJ,HT K pesYJIbTaT'Y q,CT) .- 'I: 3/2, ,IJ)UI o6JIaoTR, 

IlpMeranneit R rpanane perneTKHo Oóosl,ia1lllB xepes 'pr- IlJIOTHOaTb JIR

H1iit pasneaa lÍ183 na paCCTO.fIHIDi r OT rpanana, MH rrOJIYtI1IM 

S~V1 iT {r..d)E ( 2) 
)fr := f - íT{r-t;; 

r,ne , ~ 

O x « xc= 2: 

f 
,- ,--i j 

- e { 2 a "t(;C05. i- X > X (3) 
rr 2x ) ;...-- c/i 

a X_ aKTRBHOCTb e,nmUUlli ,IJ.1Uum JIIDIID'I pasneaa ):(OMenOB, BilpaJlt8eMM, 

RaR OÓWIHO, xepea XUWIOTeumtan: r : x== e./<-/I<'T, K - nOOTOJIH-

HaJI boJIbIl1&llia, T _ aÓCQJIlOTHaa TeMIlepaTYpa o SaRoH 'L 3/2. OJIB,ItyOT 

aa (2) ,IJJIH KOHetIHllX SHatIBlUIt:t I o Ilpa r ~ 00 <PoPMYJl8 (2) nepe
XO):(HT B (3), npzsona K saltOuy 't t/2 o OTJlBllRTeJIbHOtl: ocoóeHHoCTbID 

K-MO,neJrn OKa3l:ffiaeTCR B03MOJltHOCTb nOJ1YlleHIDI asaoro Bbtpa.1KemUI ,WI.R: na

paMeTpa nOPMK8 BO Bceti o6JIacTR 3ltatIemüi ,. o 2 3 
K-MOileJll> HMlleT neCKOJ!l>l<Q • reHTHIlX <toPMYJ1IIPOB01! • •10/• 

Mbt. aaoapaex epopt.\yJmpoB1<Y HaM:rJIa 3 , npe.n.nOJKeHHYIO RM' CHa~aJla ,WI.R: lJ)3Y

MepJiHX nOJllIM8p,HIDt CRCTeM, 8 S8TeM HCnOJIbSoBaHHYIO .nna onaoaaaa ):(0

MeHHIDt cTeHOllI010 OÓCY]K,U8Hlie CMSR Me>K,Dy pa3JilltIHUMH qx,pM;YJIRPODI<a

MH R nonpoõaoe OóMCH8IDie Toro, 1\81< BOsHRK8eT K-MOA~» B TeopIDt He

COHSMepnMHX KpRCTannOB, HSXOnliTCH B oósope illHmepa 11 o 

MeTO)]; pememut, R3JIOJKeHHiltt D no 2, HMeeT MHoro oonero c KOMÓH-

HaTopHHM pemeaaex MO):(eJIR Vl3IDira /121. KOHRpeTlrn:e BwmCJIeHIDI npono
.IJ,fITC.R: B n, 30 TeXHHRa npoR3Bo.wmurx WHKlijitt, HcnOJI»30B8HHaJI 3,neC», 

ne BlDCOJ(HT S3 paMKH cTaH,naP'l'Horo I<Ypca reopaa CJIYlla~IDt C5JIY!UtaHID1 
/ 13< 

B 3aKJllQtIeHIDI cpaBHl1BarOTCR rpnH~lHe ~KTI:l B K-MO)];eJm R Mo,ne-

JIll I1sIDlra.
 

20 é!1OPMYJmJ?OBK8 MO.ue.nn H MeTon pernelUm
 

PaCCMOTpllM npoCTYIO KBa,npaTHYIO pemeTKY, COCTOronyIO R3 M CTpoK 

1f' rJ CTOJIÓUOBo Ha aToit peme'rxe HSOÓpaSHM uenepeceRaIOlIUiec.fI R ue corr
pHKaC8I<lUReC.R: .nPyr c ,npyroM TpaeRTOplm 6JIYJKJl.aI<JlUIX TOtIeK (pRC o I) 

2 

r + 1o 2 

PHCo r. 
TRIlli'lliaJI KOH~rypaIJ;HJI .n;OMeHIlliX CTeHoK B Mo.n;eJIR KaCTeJIRRH.a 
Ha nonyllJ10CKOCTRo IloKasaH BI:lÓOP BeCOB pe6ep pemeTKH , RC
nOJI»syeMH~ npR paCtIeTe nJIOTHOCTR ):(OMeHHUX CTeHOK Ha pac
croaaza I OT rpaHRI.Ui o 

Sa,u;a;IJ;IoiM npanano ÓJIYJlmaRIDlo B HatIaJl»RllH MOMeHT BpeMelill ÓJIYJK,IJ;aKXIUie TOtI

KH HaxO~TC.f[ B nepBO~ CTpoKe B YSJIax c tIeTHOH KOOp.n;HH8TOíi. 3a e,nHHH~ 

uY BpeMelill ~aH TOtIKa nepeMe~aeTC.f[ B l~iIOIO CTpoRy c OÓRsaTenbH~ 

RSMeHeHHeM CBoe~ ropRsoHTanbHOR KOOp~aTI:l Ha ± ~, npHtIeM ,nBYM TOtI-

KaM aanpeneno 3a1illMaTb O,I(ID{ R TOT JKe YSeJIo TaKHM OÓpaSOM, ÓJlYJK.naHRe 

rrpoRCXO,IUIT no peopaa KBa.np8THOH peme-rxa, R306paJKeHH~ na pRC. I TOH

ImMH muilUlMH o MIl sanaex nepaonnxecxoe rpaaasnoe YCJIOBRe B BePTRKaJI»":' 

HOM HanpaBJIeHHH, TO eCT» ctmTaeM, tITO Y3JIll n8pBOH R M+I CTpoK TOJlt

,neCTBeHHHo,IlpR aTOM YCJIOBHH TpaeKTOpRH BC8X TOtIeK saMKHYTllo ITOJIYtIeH

HaR: CHCTeMa JIOMaIUlX JIRHHH npe.n;CTaBJIJIeT COÓOH jo,nenVOMeHHIiX rpanmi 
;Il;BYMepHoro O,I:tHOOCHOro HeCOR3MepHMOI'O KpRCTaJIJIa rI, I . CJIenyeT cpasy 

OTMeTHTb, tITO BBe):(eHHaH pemeTKa, BOOÓme rOBOpR, He' HMeeT RntIero Oóme

ro co CTPY.KTYpo~ nOBepxnOCTH, na KOTOPO.ü npORCXO,IU'IT ancoponaa, Peans
ase )];OMeHHI:le CTeHIDf B03HHK8.IOT na ooaee CJIOJKHoíi CTPYI<TYpe, ,IT,1IJI KOTOpoã 
BI:lÓpaHHaR HaMM KBa):(paTHaR pemeTKa .f[BJI.f[eTCH npoCTenrnRM npRÓJlH1it8HReMo 

O~aKO. KaK aTO OÓiltIHO ÓI:lBaeT B TeOPKH W8S0BI:lX nepeXO):(OB, .n;eTaJIH CTpyK

TYPll OKa3HBaIOTCH HecymecTBeHHHMH,R ~ npaBRn»Horo OllHCaHHH KpHTHtIeC

KO~ nOBe.n;eHRH ,nOCTaTOtIHO ytIeCT» OTTaJIKHB8HRe Memny CT8HKaMH H RX 

"npeRMYmeCTBeHHYIO opHeHTaUKIOo 

IlpmnnueM KaJlU{OMY rn8ry rrYTR sec X ,I\OTOPwt D ,naJl»HeihueM OTOJK

.n;eCTBRM c BI<THBHOCTblO e,mnill1lPl ,II,11HHI:l ,nOMeHHoíi CTeHIG'Io :KaJK.n~ SBMKHYTI:lH 

rryT» P HMeeT CTaTHCTRliecKHft sec xM , a sec npoHSBOJI»Hoft KOHllIHry

pauaa ~ n • cocrosneâ HS t1 38MKHYTUX IIyTeíi:, onpeneaaeeca K8K 

3 



1 (3~) x t1 M ( 4) 

Sanaqa COCTOHT B BH~cneHBH CTaTHCT~eCKOA cyMMH 

A(x)=: LL1(&n)) (5) 

n ~t'\ 
r.n;e cyw.mpoBalme Be,neTCSI no ncex B03MOJK.lIHM KOH~paIJ;WIM Henepeoelta

IOOlRXCfI H ae conplUtaCaI<l!tHXCSI ,npyr c ,1UJYroM rryTeit. B TepMO,nmiar,mqeOKOM 

npeneae M, rJ'~ CJO npa ,nonomm:TeJI:hHOM Tpe60B8HIDl nepuoJn:!lIHOCTlf 

P.8m~TKH B ropH30HTanLHOM HanpaBneHHH pameHH8 3TOn 3~a~ HMaST 

BH.TI!2,3/ : 21\ ' 

A(x)-:= eXr{tlli (( eh(~ _2.xe'f!cos oi )o1,,1.Jf ] 
_ ('21í)2 )) 

. (6) 

o 
AHamt3 BI:lpaJKeHIDI (6) IIOKa3llBaeT, qTO B MO,neJm npoacxonar <PasoBmt nepe

xon "3/2-PO.na" : ,no RpHTH'tlecK01t ToqKH Xc. = 762 cB06o,I(HaH 9HepI'Wi PaB
aa HYJIIO~ a mmIe Xc pacrer KaK (X - Xc)3 2. TIapaMeTpoM nop.H.IUm QJfY-

JltHT wrOTHOCTb pemeTIm, JIexammc na nyTR 6JIyJK,UaIOlIUiX TOqeK , 

d' fnJ\. (X) 
}f-==X 

~;< 

a ee aHaJmTRtleCKOe BlipaxteHRe onpe,neJ1HeTOH epoPMYJIoA (3). 

, 

(7) 

,I 

.I 

\I
 
I: 

<,IloPMYJIa (6) MOJKeT 6HTb llQJIY'tleHa JID6HM BS MeT~OB, npHMeHJlsMIDe 

,IJ,1IH.pemeHM MO,ne.neil IÇJIaCca " cB060,1tlWX q,ePMHOHOB"/ • HaH60JIee eCTeCT l 

BeliHlrlt yqeT reOMe~~ sa.natm npoHOXQ,IJ,BT, aa Ham ssrasn, B MeTo,ne eJrY
~:2H,btX 6JIyJlt,I(aHHA 5", MRSKOM K KOMÓmIaTOpHoMY psmeHmO MO,neJIH VlSIDi;" 

1ra!I2~ H~~OXHM KpaTKo CYTb MeTo.n;a/I5~ 
Boo,neM BcnoMOraTeJI!>HYIO <pyHKIJ.m) 

_(' )rl nM (8) \J §n)== (-1 X 
STa BeJm'tIEH8 TaIOlte SIlWIeTCfI BeCoM H860pa nyTen gl'1 , TOJI:hKO ~ 
nyTh HS CJt"I BSBemeH B He~ co 3HaKOM "wmyc". IIyCTI> .tfJ - aenepaona

qeCImA nyT:h, BOSB~aDl!H~CfI B HOXo,IJ,HY1l TO'tlRY nocne ]( -::. \<. M naroa, 

r,ne K. ~ i UMoe. HenepRO,IU'IlIHQCTI> 03HaqaeT, qTO HH CeM nyTI>, Im 

o~ aa ero yqaOT~B ne MOJlteT 6HTh npe,nCTa:BJleH B Ban;e (tY'') m, r,ne 

1.::>1 _ SaMKHYTmt rryTL MeHhilleit ,WImIH, a yY\:> i - nsaoe , 3aM8TIDJI, 

t1Tq na nyT:h rp H~ HaKJIa,n;ImaeTaR: Tpe60BaHRe OTOYTCTBIDl CaMOuepece

qew, no 9TOMY P MOOUlO npe,nCTaB1!StTI> ceoe K8K usns , MHoroRpaTHO HB-

MOTaHHYD aa pemeTKY, cBepHj'TYID B Tpy6KY. 

4 

IIyCT}) l<rl oanaxaer ~CJIO uaros B rryTH rp rorna cnpa:ae,wmJ 

16 :BO CJIe.nyromee cooTHomeHHe/

n(1- XIPI) = 2 I 'J (1n) l 
(9)p gnn, 

rne B JIeBOa qaCTH CTOHT npoH3Be.neHHe no DceM B03MO~ saMKHYTUM He

rrepHO.ImqeCKHM rryT.RM. 8TOT <l)aRT nOSBOJIJleT rrepeepopM,YJlHpoBaT:h npoMeM,Y 

nep8'IHCJIeHHff Bcex pacnORo~eHHa HenepeCeRa~OH nyTeH KaK 60xee npoc

TYro 3~aqy o HanpaBHeHHill1 cny~a~OM 6~y~aHHH e.n;nHCTB8HHOa qaCTH~ Ha 

KBa,IJ;paTHO~ pemeTRe. __ 

nn.a TOro tIT06H HaHTH CM3}) Mext,D;y WYHRI1WIMH J\C;Ih) H .J(3 h)' 3a

MeTHM, t1TO ~ 3aMKHYTH! nyT:h B QYI COCTOHT POBHO H3'J'Í\ IlIarOB,n03
""" ,...i.~lM ()

TOM,Y saseaa X~ Xe l npHBO,lUiT K nepeaeae 3RaKa B ~OM rryTH. 

Tor.n;a B TepMO.n;mraMHtleCROM rrpeneze M, N'~ .00 

~ 'J\l3.) -7> ~ )JJn) ) 
~~ ~n 

npzaona K liHTepeCYBlUeft nac BeJllPIIDI8. Ha OCHoBe paBeHCTBa (9) Mfl Mo~eM 

HaImCaTL BHpwKeHH8 .Itl.UI RoraPHtPMa CTaTI1~ (5), nOtITH 6YKBa1II>!i0 OJIe;rr,yH 

peueaan MO.n;e.JIH 113HHra, H3JloJKeHHoM,Y B 2: ~' ç X ITIJ 
en L\. (X) = 2. ~V\ [ 1- )( 11'IJ :::= - L- ~ -i- =
, , p ,vi IV' P J- 1 o 

(Ia)
~ .: ~ L ~!,((~)XK) 

rl ,) M-=1 -e~o K ]( 
rne r1<.( t , tYJ; - tmCJIO scex saMKHj'TllX rryTen.wnnrn 1<, HatIIDl~-
OH 11 3aItaHtIHBaKIltKXCR: B TOtIKe C Roop,mmaTaMH (f m} H ae OrpaHHtIeH-

HHX 6QJIee YCJIOBReM HenepHO,IJ;RlIHOCTH. MHOJltHT6JI}) 1/2 B08JmIUl8T H3-sa TO

ro, liTO wm 6J!yJr,ll;amtKX TOtIeR OIUl3HBaeTCH ,nocTyrnlliM poBHO nOJIOBHH8 Y3

ROB nepBOHatIaJI})HOn pemeTHH. B CJIY'lae pemeTKH C nepHo~eCI~ rpaHHtI

H.I:>lMH YCJIOBRfIlvm B OÓOHX HarrpaB1!eHWIX cYMMllpoBaillte no m 11 e. nposonar

OH TpKBHaJIhHO, TaK KaK ace Y3JIH 8KBI1Ba1IOHTHH. ECJm nepltO.I(HtlHOCTL 0'1'

CYTCTByeT XOTH 611 B O.n;HOM nanpannenaa, cYMMhI B <PopM,YRe (Ia) 'l'pe6yIOT 

cnemIaJILHoro paCCMOTpeHIDI. 

3. BJllmCJIeHHe TepMO.mmaMHqeCKKX xapaRTepHcTBIS 

PaCC1M)TpllM reneps K-MO,ne.nb lia nOJIYIlJIOCI<OCTH. By,neM OtnIT8Tb, tITO 

CJIYtIaHllHe rryTH, onpeneneaaae B npe.rtbl.IlYlI.{eM rrYHltTe, MOryT npoXOJUlTI> TOJII>

RO xepes TO'tfiW c ropH30HTaJIbHOn xoopnaaaroã e~ o . B B8prlUtaJIbHOM 

narrpasaeaaa no-rrpeaaeay COXpaHHM nepaonaxecsoe YCJIOBHS, TaR 'tlTO nce rry

5 



TI! OCTaDTOSI SaMKHYTHMH. 

paBeHOTM (10): 

[)
Ln A (x) = -

B T8KJ!X IIpe,14IIMOJlemmx MIi M01teM rrpo,nOJDmTL 

y 
M ~ ~ SK (-e) X 
"2 L- L-. ; I'

e;o 1( 
) 

(11) 

r,ne $}< (€) .- rmOJIO acex SID.IKHYTHX rryTeA H8 IIOJIYWIOOKOOTH o ,wm
HoA J< • H8tmH8RJlIEX0SI H Sa.KaH~01I B TOllK8 O KOOp.ItHH8TaMH (f) o) • 
3aMeTHM. 'tIT0 'lHrJIO naron B rryTH O,I.tHOSHStlHO OBSlSaHO O BePTHRa1IDHOI KO

OP.IUlH8TOI. n09TOMY M!l MOXeM OrryCTH'l'L nOCJIe~ H Onpe,neJIR:TL IIOJIOJIteIme 

6.nyJr.namtel TOllKH TOJILRO ropHSOHT8JlDHOI ROOp,mmaTOA I! 'tIHrJIOM IIpoD,neHHHX 

DJaroB. 

}.t1IsI .BWmOJIeHM 0YMM1l 

;;: >.Je) x}<. f= O 1 2) .. , 
) ) J 

K 1< (12) 

BBe.neM lIJYH.Kmm VI", (e I~; r)=~(e/~1;608H8T;JID3 xepea Sn (fIm) 
'llHOJIO rryTel, H8"l1HHamtHXOSl B TOqRe e H nonanemax rrOOJIe n marca 
B TO~ rn (OOrJI80HO o,ne.nwmol(V BHIlIe 8aMe~ (. H /'Y) reneps 03

H8qam I'Opa80HTMLHHe ROOP.InD18Tli). BBe,neHH9JI <WHItD;WI IIo.wm:HR:eTO.R: YpaB
HeHHIO 8BOJmU)lH: 

\ti. (e Im; '5') '" L r(e, e)~ (e'I fl'1 j 'S) ) (13)
11 +1 } I

') e I L? 
r,ne • () l e) e - M8TpH~ nepexona H8 TollIm (! B TOtlKY t: • KoHetmoA 

ueJI1JI) H8IIIHX BWmOJIeHHA: SlBJIJIeTOSt rrpo(lJwIb WIOTHOC'l'H .nOMeHHHX CTeHOK fr
K8K 4JYHKUl!Ui paOOT01IHHH r- no rpwmIJJl. II08TOM\Y y.n06HO IIpe,nOT8BHTL 

MaTpHny mmeY (e, f I) B 

({ (~ e') - p(e- e) .+ 1/ (<tj ) (14) 

r.ne p(e) - MaTpI!ua nepexona ,IT,1IJ[ 6JIyJ{,I(aIDfJI no Heo;rpaHH'leHHoB pe

meTRe 

pU:) = f S'e;1 + r eÇ,-1 (15) 

a 1(~eJ- MaTpHIJ;a ",n$KTOB",orrpe.n8JIJteMWI KaR 

~t

~ 

I;,

J:I
 

o eG.o e/i: I, (~ ) 

~(el)= ~ -fbe,-i ) e1

70 ) 

'- (d-r)S"e/l +1 ) t = I. (16) 

TaRo! BH60p 06eOII0'tfim8eT. ao-nepasx, 6JrylK.naIme TOJIbRO B q, re)e') 
I1paBOA I1OJIYWIOCKOCTH e.-~ o ,8 BO-BTOpWC, Bli,IteJIHeT aeo ~oro ma
1'8 H3 TO~ c ROOp~8TOa r BIIpaBO. 8To ,naeT B03MOEHOOTL BHliHcnHTL 

fr ,,n;:3qxpepeHD;3py.R: en A no ~ H nOJI8raJI S8TeM l;j = X • 
Bo BBe,neHHHX 060SHa~eHHHX ypaBHeHHe (13) npHHHM8eT ~ 

'W ({rmj'~-) - LP{e-e~Wn re'/MjJ)==E.1{~ eJ~(eIIWl;T)(I7) 
n+1 1-' e/' ~ e' 

Y,nOÓHO onpe,neJmTL IIpoH3BO~1) lfJYHKIl,W) scex nyTeA. Hal{ID{8J(JIUJXCSI B 

TO~Re e H ROH~CSI B TOqge rn IIoane npoHSBOJILHOro liHana 

maI'OB: 
,00 

W( eI~; r)=- 2- ~.(eJ Yn; f) . (18) 
n=O 

CyMt.mpyH (17) IIO h, IIOJIY~ ypasaeaae 

\N(~I "';' -s-) - LP((-ej\N{ihr)= S;-ft'1 + :E1(f, f) W(.f/VYJ; r)
5 eI I e' (19) 

o yqeTOM TO!,?, q-ro 'v\t6 {{I m; T)= Õ.e/~1 . 
BBe,neM !wpLs-npeo6pasoBaHHe lIJYHKmm W( .e IW1 )'y) : 

.00 I e 
W(flm)~)= L e' ~w(elvY1)r)' (20) 

e~-~ 

Tor,na ypaBHeHHe (19) rrpHHHMaeT BH,It 

LyYl -t l'f(r+1)

(1- )(f)) \V(r l l>1 ; {)= e -. fI? W(OIMj~)+b-T)e > (21) 

)C W{r)~Y1; T) 
00 "CTPYKTYPHOit WHIUJ,BeA" ) (lf) 

) (,f') = !t. e~e'fp(€) =2r cos y , (22) 

e=-oO 
06p8THoe m:oe- npeoõpaeoaaaae (21) ,nseT 

(23)
w(e/mjJ):::. G(e-~) - rG (e-+ij W(o/rn.;T) +(d- VG(,-e·H) ~(r-IYv1J7)) 
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r,Ite 
2Í\ L~ f i\~ I 

G{ iJ·- ---L r e ~ 
- 2T\ ~ {- ~ (f) 'f d 

(24) 

, 2. 1/2 . 
npFPleM cÁ::: li - 4\ J li t =(-{ -c\)/2 ~ . 
,U1m onpeneneaas \;V, ( o \ l'l1~ '1) II 'W ( r I m~ ~) no.n;CTaBHM SRaqeHIDI e-= o 
11 e--:: r- B ypasaenae (23). 1l0JIylfiIM cHcTe~ JlHHeíhmx ypaBHellliH 

W (OI~j 1-) = G(~\Il) - TG(t) W(o l.~"'j f) -t'lj -f) G(r-t1) w(v-I ~\1jf) 'I 

(25)
[ W(r-JM ~ l) =G(r-th)·- fG(r1"~)W( 01 Vl1) f)+(t-r) G-(1) W(r IM~ f). 

HMeIOlIlYIO peuienae 

w(D/"" )= j)-1./ C).{l'h) - (:rf) G(r-d))
",'S G{r--",,) i-(j-r)G{i) '(26) 

'vJH ~ j 'i)= J5111 + {G{i) G (m) 

rG(r-t 1) G(,- Vl1) \ '" 
(27) 

D= / 1 + t G(-i) - (:/- T) G(r-+1) ) 

r G('i- -() i - (J-T) G(1) . 
(28) 

TaKHM oópaaOM, B~pa~elllie (23) COBMeCTHO c (26)-(28) orrpe.n;eJIHeT 

npoaanonanyo epyHK1.(I1lO (18) ,IT)I.H upoasncnsasx rryTeH Ha rrOJIYIIJIOCKOCTlI MejK

lJ.Y TOqKaMH c ropH30HTaJIbHhlMli Koop;:urnaTaMH tr1 li e .,lI,JuI BWllICJIe

UM cYMMH (12) MH ,I(OJDKHU BuópaTb lI3 aTHX rryTeH T()JIblto Te, xcropue liMe

IOT )J,111Ury, RpaTlfYIO M :J( = {M t .f = 1,2, ••. • KpoM8 aroro , 
HYJKHO pa3,IteJIHTb KaJK,1I,li~ tIJIeH CYMMI:l ua I{-l.fiICJIO uiaros B ,ItaIlHOM rrYTli. 3To 

JIerKO cnezars , nOJ~OiKl1B T= x-e exp(2/f L 1:.). çYMMHpC>BaHHe npoaanonmueã 
lf}yHKIUlli (18) no J naer M 

.0= M ) K K
~ ~ \ \/'/ (fI e. ~ -: i -t-L.5j((e)X'l }29lLML I'l )(Le -

TaK KS.lt 

L 
tv\ 

2lT~ d/1; 0, nPH VI t o (mol M)
I e M J(30) 

j ::: -1 [ M, npa n = o (Yh od M). 

llocae HHTerpHpoBaHWl no f't' H 3aMeHH CYMMI:J. no J mlTerpaJIOM B npe
.n;eJIe M-?- 00 IlOJIYQaeM 

K 2n { , 
"\ ;;'J( (f) X ~.i. (d~ rclt [W(f/f .xt e 

L(3) - 11 . 
L- K 21\) ,-J 1::" ) ~ (31)
K o o 
~ JIOrapH!f.Ma CTaTCYMMI:l npx N--?> 00 COrJIaCHO (11) HMeeM 

~ 21f.i 

&il(xJy) =- ~I 2\ SJp,f~'t: [VJ(el€j )Icce'1- -1]. (32) 

t=o o o 
HanoMIDlM, qTO Mli onpe,I481!R7IH MaTpl!U\y nepexona (j{ ~ e) 'laR, 

'lITO aeo mara nyTH, B1lXo~ero HS y3JI.a c Koop,IJ;HHaTOa r' snpaao pa
BeR tt . 1l0JI])SYHCh 3THM onpsneaeaaex, MH: MOJiteM Ten8pb HErltTH open
Hee lfHCJIO maros N,... M~ .TO'tIK8MH c KOOpmmaTa,MH r 11 ,+1 • 
BBO,IT,R: IIJIOTHOCTh TaKKX naroa nr -= Nr/M H y'tJliTllBaJI HerrpepllBHOCTb 

rryTel, rrOJIy'mM 

n 2 ~ &. A (X
J 

::J) ) , . (33) 
'f 

0= 

M co.~ if=- x. 
He'CJIoJKHHe, HO TPy.n;08MKKe BHtmCJ1eHmI c yqeTOM tlx>PM,YJI (23), (24), 
(26)-(28) .n;aDT 

[) 0= ! 2 2. 2t2(n 2) ' 2r-i"3L ~ w(ele; 's) == g - ~ ._ 2(n2.Jrt 
0lJ L ? d 3 d 3 d2. • 

o e= o ;r= '$; (34) 

llO,ItCTaHOBKa (34) II (33) npHBO.iu!T nOCJIe HeKOTOpl:OC rrpeo6paaoBaHlllt"I I I 

K BUpWXeHRIO 
27T 1 zn lf1 i.(21-+3)jj 

_ i- (d roIrcSd X1::e (2(o$r - e 
11 r-- - {2 í1} 2 J}'3J "L o 'f (1- 2 Xt: Q.(fl cos 'ff- (35) 

o 
h~o" j=i K BHIIOJIHHJI IDITerpBpoB8HH8 B (35), nOJIYllHM 

nr--= f~ - J.<ifI'h Tif -t J.. $iV12iTj - • ~ . -_1_ y'v) l1(f-+W .wrsr 'tIeTHHX 
-,r 21'\ (r+'V 7T 

f; 
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rt,-= .i~\I'\7ff-2"4s"'l'121ff-+'''' "- ._1~ ~h 7j(V""-t1)f ,U,7UI HelIeTHI:lX r-'. 
1l It 7T (r-tA)	 (36) 

IlJIOTHOCTb ,nOMeHHHX CTeHOR fr- na paCCTOJIlIlm: ., OT rpaillUJ.t:l JIerRO 
nonylIaeTCH MS (36), eCJIH S8MeTHTb, lITO YnBoeHHOe ~CJIO JIHHHtt, rrepe
ceRaRJIUDC cT0JI6en c HOMeporvr I, paBHO cYMM.e /\Ir -r /\1""'-:1 • Pasne
Jum aTO "lJHCJIO na M/2, rrOJIYtU1M OROHlI8TeJIbHI:li! pesYJIbTaT (2): 

~LlA 7T{r-t'1) e
1" = rty-+n'_-1 =.P ~ n(r"+-f)· (37) 

3aMIOlIeHHe 

IIOJfytIeHlIldl pesYJIbTaT npHBO,IUiT R ,I(BYM HaOJI1O,naeM1:lM l$lleRTaM. Bo-rrep
B1:lX, IJJIOTHOCTb ,nOMeHHI:lX CTeHOK fJr- BrumsH RpHTM'tleCROn TOtIRH pacree 
c TeMTIepaTYpoil Me,IJ,1IeHHee , lIeM B rJIYOHHe oõpaana, Bo-BTOPWC:, MOTHOCTb 
~r MO.ny~HpyeTCH· OC~Hpyron\en WYH~en c rrepno,nOM, 3aBH~ OT rrpe

,neJIbHOtt IIJIOTHOCTH .F na OOJlb1IlOM paccroaaza OT rpaHHUU • .1lIDI HarJIR,IUiOC
TH y,n06HO rrpe,nCTaBHT:b fr- B mme 

fI:=: f F( cr -t1)f ) , 

aHaJlO!'Hq}IOM COOTHOllIeHIDO ,IJ,1IH napaMeTpa nopa,nRa B MO,neJIH H3HHra. Cor~ac
HO (37), qyyHImWI zpoccoaepa F(x) HMeeT BW{ 

Fex) :=	 -1- se; ;IX 
Ha PHC: 2 aTa qyyHKUaff Hso6paxeHa BMeCTe c qyyHKUHei! KpoccoBepa MO,neHH 

H3KHra, B3RTOn H3 paooT~6/. 

1,0 

0,5 

PRC. 2. 
~KUWI apoccoaepa F(x): 
I - MO,neJIb KacTeJIHaHa,

4,0 X 2 - MO,neJIb HSHHr8. 

10 

1,0 2,0 3,0 

PaCCMaTpHBM BJIIDIIilIe rpaHHIJPI oõpaana na noneneaae ,n;OMeHHI:lX
 
CTenOIC, MI:l npennoaaraxa, tITO ,nOMeHHaH CTeHRa ae MOJKeT OKaHlfiIBaTbCH
 
Ha rpaHHue. 3To npe.nnonOJKeHHe cooTBeTcTByeT ~yqaro, Kor,n;a BeCb rparllfq

HI:l~ anoa npHH~emHT O,I(HO~ COH3MepHW~R ~3e. TaKaR cHTyaURff MOJKeT B03

HHI<UYTb npa YCJIOBlm, tITO rpanana osaaunaer na ,IJ;BYMepHIDt I<pHCTaJIJI yno

pMO"tlllBaIaltea ,nalicTBll8.)J.Jrfl 3Toro H800X0)J.IDl10,tITOCíbI rpaIllII-\a CaMa H8 co


.nePJKaHa Heo.n»opo,I(HocTeH (Cíana, HarrpRMep, oCípa30BaHa rroBepxHocTbID MO

HORpHCTaJIJIa). ECJIH, HanpoTHB, ,n;OrryCTHTb CDoOo,I(Hoe OROHtIaHHe .uOMeHHI:lX
 
CTeHOR Ha rpaHHue oopa3U8, ~elcT KpoccoBepa HCtIe3aeT, TaR RaI< nnOT


I,
 
I HOCTb ,nOMeHHI:lX CTeHOR BaTOM CJIYtIae nOJIyqaeTCH npOCTO HS TPffilcnHllnOH


HO-HHBapHaHTHOn CTaTCYMMU.
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H3naTenbCKH~ oTnen 06benuueuuoro HHCTHTYTa RncpHhlX uccnenoaaHH~ 

KopHHnoa E.l1., ITpHe3~ea B.B. 
MoAerrh KacTenHliHa Ha rronyrrnocKOCTH H Kpoccoaep 
B TeopHH ABYMepHb~ HeCOH3MepHMb~ KPHCTaiTROB 

P17-86-324 

HccneAyeTCH MOAenh KacTenHliHa - rrpocTelimaH MOAenb ~agoaoro 
rrepexoAa ABYMepHb~ KPHCTaiTnHqeCKHX CHCTeM B OAHOOCH~O HeCOH3-
MepHMYID ~a3y. ITonyqeHo ToqHoe pemeHHe 3TOH MOAenH Ha rronyrrnoc
KOCTH. 05Hapy~eHO H3MeHeHHe TepMOAHHaMHqecKHX CBOHCTB CHCTeMbJ 
AOMeHHbiX CTeHOK B 3aBHCHMOCTH OT paCCTOHHHH AO rpaHH~bl. IlrroT
HOCTb AOMeHHbiX CTeHOK rrpH MaiTbiX OTKROHeHHHX T OT KpHTHqeCKOH 
TeMrrepaTypbJ BeAeT CeOH KaK T 312 BORH3H rpaHH~bl H KaK T 112 BAa
RH OT Hee. 

PaooTa BbtnOnHeHa B JiaoopaTOPHH TeopeTHqeCKOH ~H3HKH QlUlJ1. 

llpenpHHT 06J.elJ;HHeHHoro HHCTHTyra ll,!lepHblX HC'Cnell;OBaJIHH. Jly6Ha 1986 

ITepeBOA aaTopoa 
Kornilov E.I., Priezzhev V.B. Pll-86-324 
The Kastelyen Model on Half-Plane and Crossover 
in the Theory of Two-Dimensional Incommensurate Crystals 

The Kastelyen model for the phase transition of two-dimen
sional crystal systems into the uniaxial incommensurate phase 
is investigated. The exact solution of this model on half
plane is obtained. The change of thermodynamic properties of 
domain walls versus the distance up to the boundary is found. 
When the reduced temperature r is small, the domain wall den
sity behaves as r 312 near the boundary but as r 112 far from 
the boundary. 

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