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1 . BBE.QEHV1E 
HHTepec K TBePAWM paCTBOpaM COeAHHeHH~, KalliAOe H3 KOTOpWX 

MOmeT HcnwTwsaTb CTPYKTYPHW~ ¢a3osw~ nepexoA, o6ycnosneH ABY
MR npH4HHaMH. Bo-nepBWX, Ha HX OCHOBe MOlliHO H3Y43Tb ¢H3M4ec
KMe RBneHHR B o6nacTM ¢a30BOrO nepeXOAa npM nocTeneHHOM H3Me
HeHMH COCTaBa se~eCTB3. Bo-BTOpWX, TBePAWB paCTBOpW HHTepeCHW 

C T04KH 3peHHR nony4eHHR HOBWX MaTepHanoB C 33AaHHWMH CBO~cT

saMM. 
TeopHR TBePAWX pacTBOpos a HaCTOR~ee speMR gocTaT04HO xopo-

wo pa3BHT3 flHWb AflR OTHOCHTeflbHO npOCTWX peweTOK, o6naAaD~MX 
ycT0~4HBWM ¢oHOHHWM cneKTpoM 11 ~ AnA onMcaHHR cTpyKTYPHo-Heyc
T0~4HBWX TBepAWX paCTBOpOB o6w4HO HCnOflb3yDT npocTe~WHe MOAeflM 

s npH6nHmeHHM cpeAHero nonR 12"41 . 6onee nocneAOBaTenbHw~ noA
XOA H3 OCHOBe MeTOAa KOrepeHTHOrO noTeH~Hana B TeOpMH CaMOCor
nacosaHHWX ¢oHOHOB 6wn pa3BMT s pa6oTe1 5< Bo scex 3THX pa6oTax 
6wnM paCCMOTpeHW cny4aH, KOrAa B33HMOAe~CTBHe B npMMeCHOM 
KpMCTanne He 33BHCHT OT COpTa KOMnOHeHTW. B TO me speMR HeAaB
HHe 3KCnepMMeHTW/B/nO H3y4eHMD $330BWX nepeXOAOB B CMeWaHHWX 

KpMCTannax 4MCTWX cerHeT03fl3CTMKOB ranoreHHAOB OAHOBaneHTHO~ 
PTYTH Hg

2
(Cl,Br) 2 noKa3anH, 4TO pa3HH4a s3aHMOAe~CTBH~ 

MOmeT npHBeCTM K aHOM3flbHO~ KOH4eHTpa~HOHHO~ 3aBHCHMOCTM TeM

nepaTypW nepexoAa. 
B HaCTOR~e~ pa6oTe paccMoTpeHa MOAenb CTPYKTypHo-HeycTo~4Mso-

ro TBepAOrO paCTBOpa C Y4CTOM 3aBHCHMOCTH B3aHMOAe~CTBHR OT 
copTa KOMnOHeHT. B pa3Aene 2 c¢opMynMposaHa MOAenb, s pa3Aene 
3 npOBeAeH aHaflH3 KOH4eHTP34MOHHO~ 33BMCHMOCTH TeMnepaTypbl 
nepeXOAa s npM6nMmeHHM BHpTyanbHOro KpHcTanna, s pa3Aene 4 o6-

cymAaDTCR swnonHeHHWe H B03MOlliHWe 3KCnepHMeHTW nO H3y4eHHD 

TBepAWX paCTBOpOB Heco6CTBeHHWX cerHeT03naCTHKOB, a TaKme 

nony4eHHwe peaynbTaTw. 

2. MO,QEnb 
B AaHHO~ pa6oTe MW 6yAeM paccMaTpHsaTb CTpyKTYPHWe ¢aaoswe 

nepeXOAW THna CMe~eHHR, AflR KOTOPWX xapaKTCpHO H3flH4Me MArKO~ 
$OHOHHO~ MOAb!. AnR MOAeflbHoro onHCaHHR socnonb3yeMcR npeACTas

neHHeM noKanbHO~ HOpMaflbHO~ KOOPAHHaTw /eM., HanpHMep 
171

/, 
KOTOpaR OnHCWBaeT CMe~eHHR aTOMOB B OTAeflbHO~ 3neMeHTapHO~ 
RYe~Ke, yYaCTBYD~HX B KpHTH4eCKOM H0pM3flbHOM KOne6aHHH. 

npeAnOnaraR, 4TO npHMeCH3R KOMnOHeHT3 He MeHReT CHMMeTpHM 

6 
~ /5/ 

KPHTHYeCKOrO KOfle 3HHR 1 MOAeflbHWH raMHflbTOHHaH 3anHWeM B BHAe : 
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, Pna Aa 2 Ba 4 1 af3 2 

H =}; t [--- -x +-x ]+- }; t t '{3¢ ,(x -x ,,q) /1/ 
na na 2m 2 na 4 na 4 nn' na n nn na n I" ' 

a af3 

rAe npoeKI.4HOHHbli1 onepaTop tn 1 = 1- t 112 =1 /HJJH 0/, ecn~-1 e Y3JJe 

peweTKH n HaXOAHTCR 3JieMeHTapHafl R4eHKa COpTa a =1 /HJIH a =2/. 

X11a, Pna - JIOK8JibH~e HOpMaJJbH~e KOOPAHHaT~ H conpRmeHH~e HM

nyJJbCbl, OnHCbiBaiOIJ.lHe KPHTH4eCKOe KOJJe6aHHe B H4eHKe COpT a a 

e Y.3JJe peweTKH n, rna - npHBeAeHHaH Macca H4eHKH. B3aHMOAei1-

CTBHe rpaf3,onHC~saeT 3~~eKTVIBHOe B3aHMOAeHCTBHe H4eeK OAHOH 
nn 

KOMnOHeHTbl npH a= {3 H H4eeK pa3H~X KOMnOHeHT npH a~ {3 . 

0AH048CTVI4Hb1H noTeH1.4HaJJ B /1/ HMeeT pa3Hb1H BHA B 3aBHCVIMOC

TH OT 3HaKa Aa.npH A a< 0 3TO ycTOH4HBbiH noTeHI..IVIaJI C OAHHM 

MHHVIMYMOM. B 3TOM CJiy4ae KOMnOHeHTY a 6yAeM Ha3biBaTb "mecTKOH 11 • 

npVI A a> 0 noTeH1.4H8JI HMeeT ABa MVIHHMyMa / 11 MHrKaH 11 KOMnOHeHTa/, 

B 3TOM cny4ae CHCTeMa xapaKTepH3YeTCR.ABYMH napaMeTpaMH, r0 
H A: 

aa aa _ 

fa= ;,¢nn' = ;,¢nn'Aa/Ba = w!a ;,.\ = ~=-~i2/ 
0 A 4Vaa fl 2 a 4V 303 

lf Oa 0a oa 2 
rAe Voa= A a I 4B a - rny6HHa OAH04aCTH4Horo noTeHL4Hana, flaa= 

= Aafm a - 48CTOTa HyJJeBbiX KOJJe6aHHH, W ~a - MaKCHMaJJbHaR 4ac-

TOT8 AHCnepcHOHHOH KPHBOH MHrKoi1 MOAbl H ba = 6Baf m ~ - KOHCTaH-

Ta aHrapMOHH3Ma, f~ - OTHOCHTeJibHaR CHJJa CBH3H, xapaKTepH3yiO

II.\aR OTHOWeHHe 3HeprHH CBH3H H Voa• ~a30BOMY nepeXOAY THna CMe-

11.\eHHH COOTBeTCTByeT fo >> 1. nepeXOA, T,e. B03HHKHOBeHHe CMe-

11.\eHHOrO COCTOHHVIH C <Xna>· f 0, B03MOmeH, eCJIH napaMeTp KBaH-

TOBOCTH A< A 0 (- v"f;;) - HeKOToporo KpHTH4ecKoro 3Ha4eHHH. 

3TO 03Ha4aeT, 4TO 3HeprHH HYJJeBbiX KOJJe6aHHH AOJJmHa 6b1Tb Mana 

no cpasHeHHIO c rny6HHOH OAH04aCTH4Horo noTeH1.4Hana. npH A> A 0 

CHCTeMa OCTaeTCR HecMell.\eHHOH A8me npH HyJJeBOH TeMnepaType, 

T.e. 3(j)<jJeKTHBHbiH OAH04aCTH4HbiH nOTeHI..IH8Jl RBJlAeTCH noTeH1.4HaJlOM 

rapMOHH4eCKOrO THna, KaK B CJly4ae meCTKOH KOMnOHeHTbl. AHano

rH4HaA CHTYai..IHR B03HHKaeT B KBaHTOBbiX KpHCTaJJJJax reJJHH, rAe 

HyJleBble KOJle6aHHR npHBOART K 3¢¢eKTHBHOMy, XOTH 1-1 aHrapMOHH-

4eCKOMy, HO C OAHHM MHHHMyMOM noTeHI..IH8Jly, 

TaKHM o6pa3oM, e AaJlbHei1weM Mbl 6yAeM paccMaTpHBaTb TPH THna 

npHMecHOH KOMnOHeHTbl: meCTKYIO, MArKyiO H KBaHTOByiO. 

PacCMOTpHM Tenepb YCJIOBHR paBHOBeCHA B CVICTeMe /1/. npeA

CTaBHM cMell.\eHHe ltna OTHOCVITeJlbHO paBHOBeCHbiX noJJOllleHHH B Bbi

COKOCHMMeTpH4HOH /BbiCOKOTeMnepaTypHOH/ &a3e B BHAe KBa3Hpae

HOBeCHbiX noJJOllleHH.H /B HH3KOTeMnepaTYPHOH ¢la3e/ TJna = <X 11 a> 

1-1 AHHaMH4eCKHX /KOJJe6aTeJlbHbiX/ CMeiJ.leHHH Una (t). 

xna =TJn4 +Una(t) • /3/ 

2 

T 

YcpeAHeHHble no Kone6aHHHM peweTKH ypaeHeHHR ABHlKeHHR AJJR Hop

MaJJbHOH KOOPAHHaTbl copTa a B y3Jle peUieTKH n : d/dt <P11a(t) > 

=0•n03BOJIRIOT HaHTH KBa3HpaBHOBeCHble nOJlOlKeHHA flna'HCnOJlb3yA 

I 1 I npH t ha = 1., nony4aeM 

flna[-Aa+Ba (TJn~ + 3 <u~a>)]+ n~ tn'{3¢:~(TJna -TJn'f3 )= 0 • /4/ 

np~-1 nony4eHHH /4/ M~ npeHe6pern~ aHrapMOHH4ecKoi1 nonpaBKOH 
. 3 

6onee BbiCOKOrO nopHAKa <Una>, TO eCTb HCnOnb30BaJJH nCeBAOrap-

MOHH4eCKOe npM6JJHlKBHMe/9~YcpeAHHR Tenepb 8 /4/ 4IieH C B3aHMO

ABi1CTBI1eM no I<OHt!J~rypai..IHl-1 np1-1Mecei:\ < ... > c a y3nax n '.;, n 1-1 

npeHe6peraH KoppenR~HeA s pacnonomeHMM npMMeceA A11H TJ =ry ,Ha-
- na a 

XOA11M CHCTeMy ypaBHBHMI1: 

TJ1 [B111f + 3 B1 <u~1> -Al]+ c2¢b
2

(TJ1 ·-TJ 2) = O, 

TJ2 [B2TJ~ + aB2<u~2>- A2] +c1¢6
2

(TJ2-TJ1) = O, 
/5/ 

rAe BBBABHa KOHi.leHTpa1.4HR KOMnOHBHTbl COpT a a: Ca = < t na > c · KoM-

• 6HHMpyR ypaBHeHI!1e /5/, nOJJy4aeM COOTHOWBHVIe 

[ 12 2 2 ] 
TJ 1 ¢ 0 - A 1 + B1 (!] 1 + 3 < Un 1 >) 

[
A- 12 2 2 

=TJ2 '~'0 -A2+B2(TJ2 + 3 <un2>)] 
/6/ 

12 
Vl3 COOTHOWCHMfl /6/ BHAHO , 4TO ecJlH A l < ¢o , TO TJ l H 7) 2 o6-

pa~a~TCA B HOJib OAHOBpeMeHHO, T.e. Ae¢leKT npHBOAHT K AOnOJlHM

TBJlbHOMY MCKameHM~ peWeTKH TOJibKO HHme TC, KOrAa TJ1 ~ 0. EcnM 

A2 >¢d 2 , TO ypasHeHHe j61 AOnycKaeT peweHHH TJ 2 ~ 0 /nepecTpOHKa 

CTPYKTYPbl Ae¢1eKTa 15•10 I. 0AHaKo QHM peanH3yiOTCR TOJibKO a 

cny4ae Vo2 >> Vo 1 / 11 3aMopOM1et1Hble11 Ae<DeKTbl/. TaKHM o6pa3oM, 

pOJib Ae¢leKTOB 3aBHC11T He TOJibKO OT xapaKTepHCTHK OAH04aCTH4HO

ro noTBHI..IHana, HO H OT CMJl B3aMMOAeHCTBHA npHMBCHOH KOMnOHBHTbl 

c MaTPMI.4eA. TeMnepaTypHaA 3aBMcHMOCTb KBa3MpaaHOBecHbiX nonome-

- - < 2 > 
Hl111 TJa onpeAeJJ.ReTCA KOppeJJAI..I~10HHbiMH ¢lyHKI..IVIAMH CMe~eHHH Una • 

AJIR Bbi411CJieHHR KOTOp~X HYM<HO 3HaTb BOCnpMVIM4VIBOCTb CHCTBMbl. 

Ee Mbl 8bi41-1CiiHM B cneAY!Ou;eM pa3Aene. 

3. I<OHUEHTPAUI-10HHMl 3ABI-iC!o1MOCTb TEMnEPATYPbl nEPEXOAA 

AnR t(a4ecTseHHOro o6cy>KAeHI-1R BJlHRHHR Ae~eKTOB Ha ¢a30BbiH 

nepexOA nony4HM socnpHHM4HBOCTb MOABiiVI /1/ B npocTeHWHX npH6-

JIHmCHMAX. PaCCMOTpHM JIHHei1HyiO peaKI..IMIO CHCTeM~ H8 3aBHCR~ee OT 

apeMeHH BHewHee none hna (t) = ha exp 1i q(0
- iwt I . YpaaHeHHe 

ABHlKeHHR AJlA HOpMaiibHOH H npMMBCHOH R48BK fa =1 ,2/, MCnOiib3yR 

/1/ npH t 11a =1 ,3anMweM a BHAe: 
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2 
d Xna dXna 2 

rn ---- + y --- + [ -A + B x ] x + 
a dt 2 a dt a a na na 

a{3 
+ :£ t 'P. ¢ , (x - x 'P. ) = h a , 

n '{3 n ,_, nn na n ,_, 171 

rAe Ya - $eHOMeHOnor~4eCK~e KOHCTaHT~ 3aTyXaH~A B pe3ynbTaTe 
B3a~MOAeRCTB~A AaHHOR MOA~ C APYr~M~ CTeneHAM~ CB060A~ peweT
K~. Bocnonb3yeMcA np~6n~meH~eM T~na cpeAHero nonA, a KOTopoM 
KoppenA~~AM~ B pacnpeAeneH~~ np~MeceR B 4neHe c B3a~Mo
AeRcTB~eM B cyMMe /7/ npeHe6pera~T. B peaynbTaTe onepaTop~ 
npOeKT~pOBaH~A Ha COCTOAH~A COpTa a 38MeHA~TCA Ha ~X cpeAH~e 

3Ha4eH~A - KOH~eHTpa~~~ Ca = < t na > c , 8 paBHOBeCHOM COCTOA
H~~ <una>,rAe ycpeAHeH~e npOBOA~TCA no TepMOA~HaM~4eCK~M co
CTOAH~RM C~CTeMW ~ KOH$~rypa~~AM np~MeceR, paBH~ Hyn~. np~ Ha
n~4~~ BHeWHero nonA, OAH8KO,<u

0
a> MOmHO npeACTaB~Tb B B~Ae 

<u > = u exp{iq.:' -iwtl. na a n 

n~Heap~3YA ypaBHeH~R /7 ;- OTHOC~TenbHO nepeMeHHbiX Una : Ba U.~a = 
= 3B a <u~a > una- ~ f1Cnonb3YA ycnoa~A paBHOBec~A /5/, nony4aeM 
CHCTeMy ypaBHeHHR AnR hepeMeHHbiX lla: 

( 2 . 2 ) ..1. 12 h -rn 1w -1y1 w +w 1q u 1 -c 2 '~-'q u 2 = 1 /8a/ 

( 2 . 2 ) ..1. 12 -rn 2w -1y 2w + w2q u 2 -c1'1-'q u 1 = ll 2 , /86/ 

rAe Waq - 4aCTOT~ $OHOHOB /nf1HeRH~X B036ymAeHf1R/ B ycpeAHeH
HOR no KOH$f1rypa~MRM CMCTeMe: 

2 A A ..1. ~2 ( 11 ..1. 11 ) 
w1q = 1°1 + 02'~-'0 +C1 ¢o -'1-'q ' /9a/ 

2 - A A .-~.12 (..1.22 ..1. 22 ) w2q -- 1 ° 2 + c 1 '1-' 0 + c 2 '1-'0 - '1-'q • /96/ 

11a - ~enb a ~OHOHHOM cneKTpe, o6ycnoaneHHaA OAH04aCT~4H~M 
noTeH~f1anoM: 

A1 11a =3Ba(1J: +<u;a>)-Aa • /10/ 

PeweH~e C~CTBM~ ypaBHeH~R /8/ MOmHO 3an~caTb B BMAe 

u1=<xu+X12)h1: u2=<x21+X22)h2 • /11/ 

rAe Xaf3- ycnoBH~e aocnp~~M4~aocTM cMcTeMw, onpeAenReMwe MaT
Pf1~eR 

4 

fa., 

[x(q,w )]-1 

-w rn 1 -1w y 1 + w 1q 
12 

-c2¢q 

( 

2 . 2 

12 2 . 2 
-c 1 ¢q -w rn 2 -Iwy2 +wzq 

) /12/ 

f1 COOTBeTCTBY~~Me OTKnf1KaM OAHDR,I-13 nOAC~CTeM, KOrAa APYraA 
$MKCf1POB8Ha. 

TorAa nonHaA aocnp~~M4~BOCTb c~cTeMbl s np~6n1-1meH~~ cpeAHero 
Kp~cTanna f1MeeT B~A 

x(q,w)=c1(xu+X12)+c2(x21+X22) = 

[ 2 . 2 ] [ 2 . 2 ] 12 /1 3/ 
= -~~~2 W -ly 2w_~ w2q ~_:2 -rn ~~--= IY 1 ~~~~~ 2~:.:.:~----

[ 2 . 2 ] [ 2 . 2 ] ( ..1. 12) 2 -rn 1w - 1y 1 w + w1q -rn2w -1y2w +w 2q -c 1c 2 '1-'q 

TaKoe np~6n1-1meH~e aHanor~4HO np~6n~meHf1~ cpeAHeR T-MaTpM~bl a 
Teop~M HeynopAgo4eHHWX KpMcTannos 111 . 

KoppenA~MOHH~e $YHK~MM CMe~eHf1R MOmHo B~4MCnMTb c nOMO~b~ 
$nyKTya~MOHHO-g~CCMna~f10HH~X TeOpeM: 

<u n
2
a>= _!_ fcth~Irnx" (w)dw-. /14/ 

rr 0 2T na na 

3To s~pameHMe 3Ha4MTenbHO ynpo~aeTCR s KnaccM4eCKOM npegene 
T >>w, B KOTOpOM, MCnOnb3YA pa3nOJHeH~e KOTaHreHCa, nony4aeM 

2 ( T <una>"' TRexnana w=O) =-lRexa(q, w =0). 
N q 

/15/ 

TaK~M o6pa3oM, BblpameH~e AnA socnp~~M4MBOCT~ /13/ CTaHOBMT
CA nOnHOCTb~ onpegeneHH~M gnA 3aAaHHWX napaMeTpOB MOgenM. 

TeMnepaTypa ~aaosoro nepexoAa T0 onpeAenAeTcA M3 ycnoBMA 
o6pa~eHMA B Hynb o6paTHOR CTaTM4eCKOR BOCnpMMM4MBOCTM npM 
q~qO - Kp~TM4eCKOMY 3Ha4eHM~ BOnHOBOro BeKTOpa. 

PaccMoTpf1M cny4aR, Korga q 0 =0, T.e. $ypbe-o6paa saaMMo
AeRcTBMR ¢a{3MMeeT MaKCMMYM npM q=O. TorAa cornacHo /9/,/13/ 
T 0 onpeAenAeTcR ypasHeH~1eM 

12 12 ( 12 2 
(A1 11 1 +c2¢o )(A1 11 2 +C1¢o )-clc2 ¢o) = 0 • /16/ 

rAe 11 1 ,11 2 MMe~T BMA /10/. 3TO ypasHeHMe MOmHO e~e ynpOCTMTb, 
ecn~ socnonbaosaTbCA npM6nMmeHMeM s~pTyanbHoro KpMcTanna, Ko
TopoMy COOTBeTCTByeT npeHe6pemeHMe 4neHaMM ~A16af¢J2 . 
Hcnonb3YA 3TO ycnosMe, ~3 /16/ nony4aeM ypasHeHMe 

01Ali11(To)+c2Ali12(To) = 0 · /17/ 
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B~WMCnMM KOppenH~MOHH~e $YHK~MM <u:a>· npeACTBBMM AMCnepCMOH
HY~ 3BBMCMMOCTb B BMAe 

a{3 a{3 2 
cf>o -cf>q =ga{3q • g12 =g21 · /18/ 

4ro6~ nony411Tb aHanMTM4ecKoe a~pameHMe AnR T0 , paccMoTpMM·Knac
cM4eCKMA npeAen, r.e. aocnonbsyeMcR ypaaHeHMeM /15/. Or cyM
MMpoaaHMR no q nepeAAeM K MHTerpMpOBBHM~ no 4BCTOTe C Ae6aea
CKOA $YHKL\MeA pacnpeAeileHM.R g(w 2 ) = 3w I w ~ , rAe mw2m = 2¢ <P 
/npM T = T 0 I - MBKCMMBilbHaR 4acrora AnR ABHHoA $OHOHHOA aer-

6 
12 . 

BM. B npM nMIKeHI111 A16.a/¢o «1, nonaraR 71 1 = 71 2 =0, np11 T=To 
nony4aeM B~paiKeHMe AnR cpeAHeKBBAPBTM4H~X CM~~eHMA B B11Ae 

2 T 1 1 T wm g(w2 )dw 2 3T 
<una>= -- 2 ---- = ---- f -=-----, 

s(c1,c2) N q g1lq2 s(cl,c2) o w2 s(c1,c2)¢~1 

rAe 

2 2 g 22 g 12 
s(c1,c 2) =C 1 +c2 --+2c 1c 2 --

g11" gu 

¢52 ¢ ~2 
-- + 2c1 c 2 ---
¢J1 ¢ A1 

/20/ 
2 2 

c 1 + c2 

npM6nHIKeHHOe paBeHCTBO B /20/ 03HB4BeT, 4TO Mbl nonaraeM B3a
HMOACACTBHR acex THnoe HMe~~HMH npMMepHo OAMH PBAMyc. Hc
nonb3y.R /19/ H /10/, M3 ypaBHeHH.R /17/ nony4aeM 

T 
0 

(x) = T
0 

(0) s(x) 1 + (y-l) x 
1 + (K-1) X 

/21/ 

rAe M~ o603Ha4MnH KOH~eHTPal.\H~ BTOpoA KOMnOHeHT~ c
2 

4epe3 X 

(c l = 1- X) M BBCJll-1 TeMneparypy nepeXOAa B 4HCTOA CHCTeMe npH 
X =0: 

-~_11 A 
'f" 0 1 

T 0(0). = ---- • /22/ 
981 

napaMeTpbl y H K 

A2 
y = --, K 

At 

paBHbl: 

82 
--·· 

Bl 
/23/ 

CneKTP 4acror $OHOHOB onpeAeiJReTCR non~caMH aocnpHHM4HBoc
TH /13/. npM cna60M 3aTyxa~MM MMeeTCR ABe BeTBM: 

2 ~ 2 - 2 [ .... 2 - 2 2 
40

1°2 12 2 J 112 
2w± ~~(w 1 q +cu2q )± (w 1q -w 2q) +---(¢q) 

m1rn2 
/24/ 

6 

·1~ ., 

I 

l 

-2 )l 
rAe waq ="hq/m a ·l-1cnoiJb3YR ypaeHeHMe I 16/, MOIKHO BMAeTb, 4TO 
npM T ... T0 , q _, q 0 w ~- ... 0 , T. e. MRrKaR MOAa o6pa~aercR 

~ 0 6 B Hynb npM TOM IKe TeMneparype, 4TO M 0 paTHaR BOCnpMMM4MBOCTb. 
B npeAeiJe ManoA KOH~eHTPB4MM C 2 << 1 (cp ~~' = 0) B ce4eHMM pac
CeRHMR 6YAYT Ha6n~ABTbC.R nMKM, COOTBeTCTBy~mMe M.RrKoA MOAe 
/9a/ M MOAe /96/, a AaHHOM cny4ae noKanMsosaHHoA. W11p11Ha 3TMX 
nMKOB onpefenReTcfl napaMerpaMM saryxaHI1fl y 1 11 y 2 .np11 T ... To , 
q -> q 0 W lqo -> 0 ' 11 $OHOHHble ni1KI1 6YAYT ABI1rBTbCH K ~eHTPY 
fw =0/, CI111Baflcb B npeAene a nMK KBa311ynpyroro pacce.RHMR c WM-2 . 
PMHOA ~y 1 11 MHTeHCMBHOCTb~ -C1/w1qO 

06CYA11M renepb xapaKrep noaeAeHI1fl reMneparyp~ nepexoAa. 
KoH4eHrpa~I10HHafl 3aaHCI1MOCTb onpeAen.ReTcfl 4eTblpbM.R napaMeTpaMI1: 
y, K/23/ 11 ¢~2 /¢5 1 , ¢J2 f<f>Jl, KOTOpble MOIKHO onpeAe1111Tb 

113 He3aBMCMMbiX 3KcnepMMeHTaJ1bH~X ABHHbiX /eM. CileAY~~MA pas
Aen/. B cny4ae paBHbiX cMnoawx nocTOfiHHbiX s(~ =1 11, KaK BMAHO 
113 /21/, BnMRHMe npMMeceA Ha TeMneparypy nepeXOAa 3aBHCMT OT 

q5 

~0 O) 0,'-1 0,6 

COOTHOWeHMfl napaMeTpOB OAH04a
CTM4HbiX nOTCHL\MaiJOB OCHOBOA 
peweTKM 11 Ae$eKros. EcnM npM
MecHafl fl4eAKa MMeeT 6onee Men
KHA OAH04aCTH4HbiA noreH~Man 

/"MeHee MflrKafl 11
, 4eM B OCHOBHOA 

pewerKe, npMMecb/, To reMnepa
rypa nepexoAa yMeHbwaercR. no
naraR B1=B2 .nony4MM T0 (x) = 
:: T0 (0)(1-x(l-y)). 

B npeAenbHOM cny4ae IKeCTKMX 
np11MeceA (A 2 <0),KOTOpble CTa6M-
·nM3MPY~T B~COKOTeMneparypHy~ 

$a3y, $a3oa~A nepexoA npM onpe
AeneHHoA KOH~eHTpa~HM COBCeM 
MC4e3aer. HanpMMep, npM B2=B1, 
A 2 =-A1 , T 0 (x)=T0 (0)(1-2x),T.e. 
np11 x =0, 5 T0 o6pamaercR a 
Hynb. 

0,8 l,O X 

K raKoMy IKe 3$$eKTY 6YAYT 
npMBOAMTb M 11 KBaHTOBble11 npMMeCH. 

Koi~eHTpa~HOHHaH sanHCHMOCTb 

TeMnepaTypbl nepexo~a I 21 I. I -
11lKCCTKaH 11 npHMCCHa.fi KOMTIOHCHTa, 

2,3 - 11 MHI'KaH 11 TiplfMeCHaH KQM

TIOHCHTa, TOqKH Ha KpHBOH 3 -
pesynl;Ta'l'bl 3KCTiepHMCHTa / 6 / ~H 
cMecu Hg 2 (Cl 1_x Br x ) 2 • 
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! I' 

l1j 

l 

• 
~JlH ~X paCCMOTpeHHH yme Henb3H orpaHH4HTbCH ypaaHeHHeM 1151, a HymHo Hcnonb30BaTb nonHoe ypaaHeH~e 114/. 

Ecn~ np~MecHaH .R4e~Ka ~MeeT 6onee rny60K~~, 4eM 8 OCHOBHO~ peWeTKe, O.QH04aCT~4Hbl~ noTeHI..I~an / 116onee MHrKaH 11 np~MeCb/, TO TeMnepaTypa nepexoAa ysen~4~BaeTCH. 
B c11y4ae pa3HbiX c~noBbiX nocTOHHHbiX <Pc:f KOHI..IeHTPai..I~OHHaH 3aa~c~MOCTb T0 6onee cnomHaH. Ha p~cyHKe noKa3aH~ B03MOmH~e 3aB~C~MOCTH, ClleAY~~He ~3 B~pameH~H /21/. Kp~Ba.R 1 COOTBeTCTByeT mecTKOH np~MeCHOH KOMnOHeHTe np~ 3Ha4eH~HX napaMeTpOB ¢22 ¢62 - -y =: -0,33,K=0,33, +- =0,5, - 1 =1 ,2, Kp~BaH 2 - MHrKO~ np~MeCHO~ ¢o 1 

¢o 1 
22 11 KOMnoHeHTe npv. 3Ha4eH~Hx napaMeTpoa Y =0, 78, K ==0, 72, ¢ o I¢ o = =0,3, ¢62 1¢61 =1,2 ~ KP~BaH 3- TOme MHrKOH KOMnOHeHTe np~ 3Ha4eH~HX napaMeTpOB Y Vi K TaK~X me, Kal< B npeAbiAYl!leM C11Y4ae, 221 11 0 121 11 HO np~ fo r 0 = ,71 ~ f0 f 0 =0,55. 

To4KaM~ Ha 3Toi1 KpvtsoA o6o3Ha4eH~ pe3ynbTaT~ 3Kcnep~MeHTOB lSI, KOTOpble Mbl 06CYA~M B ClleAY~~eM pa3Aelle. 

4. CPABHEHHE C 3KCnEPHMEHTOM 
~Jl.R cpasHeH~H pe3YflbTaTOB MOAellbHOrO aHallH3a C 3KCnep~MeHTOM pacCMOTp~M HeC06CTBeHHble cerHeT03JlaCT~Kvt, AllH KOTOpbiX vt3MeHeHHe CTPYKTYP~ np~ $a3oaoM nepexoAe,on~c~aaeTcH napaMeTpoM nopHAKa, He HBnH~lli~MC.R ynpyroi1 Ae$opMal..l~ei1. CnoHTaHHaH Ae$OpMai..I~.R np~ 3TOM B03H~KaeT KaK 3$$eKT 6onee B~COKoro nop.RAKa17~BeCbMa YA06H~M AnR TaKoro cpaaHeH~.R npeACTasn.ReTCR ceMeACTBO 4~CTbiX HeC06CTBeHHbiX Cei-HeT03JlaCT~KOB ranoreH~OB OAHOaaneHTHOH pTyT~ Hg 2X2 I X= Br, Cl, I I - CM. o63op110 . <l>a3osbli1 nepexoA T~na y.qaoeH~R nep~oAa peweTK~ Ha6n~AancR a Hg 2 Br 2 npv. 143 ·K ~ a Hg2Cl 2 np~ 185 K.nepexoA npo~cxoA~T ~3 TeTparoHanbHO~ Q:Ja3bl 8 poM6H4eCKY~ ~ conpOBOmAaeTCH 803H~KHOBCH~eM np~ T::: T uenoHTaHHO~ Ae$opMai..IH~ ~ cerHeT03JlaCT~4CCKVIX AOMeHOB. B KpHcTannax Hg 2I 2 $a30BbiH nepexoA He o6HapymeH. HeAaBHO 161 

$a30BbiH nepexOA H3y4anc.R a cMewaHHbiX KPHCTannax Hg 2 (Cl x Br 1_x )2 B HHTepaane 3Ha4eHI1H X OT 0 AO 1 . 6bl1la o6HapymeHa CI1JlbHO Hen~HeHHa.R KOHI..ICHTpai..I~OHHa.R 3aBI1C~MOCTb TeMnepaTyp~ nepexo.qa /eM. PI1CYHOK, Kp~Ba.R 3/. <f>a30Bble nepeXOAbl B CMeWaHHbiX Kpi1CTannax Hg 2(Cl, Br) 2 , TaK me KaK ~ 8 411CTbiX Kp~cTannax, Bbi3BaHbl KOHACHCal..l~eA aKycT~4ecK~x nonepe4H~x $OHOHOB 8 X-T04Ke Ha rpaHI-1-I..Ie 30Hbl 6pi1Jl11103Ha ~ MOryT 6~Tb ~HTepnpeTI1P08aHbl C noMOl!lbiO O.QHOH MHrKOH MOAbl/6 ~ TaKoe npeAcTa8neHI1e 0 HeycTOH4~80CT~ <J>oHOHHOro cneKTpa np~ Q:Ja3o80M nepexoAe nOATBepm.qaeTc.R !JK7nep~MeHTaM~ no HeynpyroMy pacce.RH~IO HeHTpOH08 B Hg 2 Cl2 
12

, B KoTOPbiX XOPOWO 8~AHO, 4TO np~ T->T O KOHel..l aKyCTvt4eCKOH BeTBI1 onycKaeTc.R, a 4aCTb .q~cnepc~oHHOi1 KPI1BOH np~ q<q1 ocTaeTCH 6e3 ~3MeHeHI1R. TaK~M o6pa3oM, np~ on11caH~~ KP~T~4ecKoi1 MOA~ 113Me-
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H.RIOl!IY~C.R C TCMnepaTypoH ee 4aCTb MOmHO paccMaTpl18aTb KaK OflT~-4eCKYIO MOAY, a q -npocTpaHCTBO - KaK c$epy c 1..1eHTPOM a T04Ke X (~-> ~ + .~) ~ paA~YCOM, paaH~M napaMeTpY o6pe3aHI1R (_q
1

)ft31. B 3TOM CM~cne a AaHHOM c11y4ae cneAyeT npi1MeHR.Tb 
MOAeJlb /1/. 

01..1eHI1M napaMeTp~ MOAeJ111. PaCCMOTPI1M CHa4aJla OCH08H~e napa-MeTpbl MOAell~ /2/. ~nR 411CTOH c~cTeMbl cor nacHo /9/, I 1 0/, I 19/ 4aCTOTa M.RrKOH MOA~ B napa$a3e ~MeeT B11A 
2 A 3B<u 2 > A 6BT 2 wq=O = -(---- -1) "'-(- -1) = 0 0 m A m A¢ 0 

T - To --· To /25/ 

rAe '1'
0

- TeMnepaTypa K~pi1-Bei1ca /22/, 
.-.2 2 ·A uo w m To= ¢o 6B = _b ___ , /26/ 

w! MOmHO onpeAell~Tb, Haflpi1Mep, 1-13 HeHTPOHHOrO 3KCnepHMeHTa. TaKHM o6pa3oM, 3HaH 3aKoH /25/, TeMnepaTYPY nepexoAa T0 1-1 MaKC~MaJ1bHY~ 4aCTOTY MOAbl Wm' MOlKHO onpeAell~Tb napaMeTpbl f O ~ A. MolKHO HaHTH TaKlKe vt napaMeTp~ TBepAoro pacTsopa /23/ 
.. 02 ·m 2 .. 02 w m2 o 1 m 2 
.-.2 .-.2 2 T (. ) y = 2 ' K = --2- --2- -- .-- ., /27/ 0 otrnl 0 o1 wm 1 T02 m1 

Hcnonb3YH AaHHble pa6oT /ll,l 21 , nony4aeM 
Y =:0 o 78 

1 K =0 o 72 • 
HcnOJ1b3Y.R 3T~ AaHH~e, MOlKHO onpeAe1111Tb 11 OTHOWeH~e CI1110B~X nocTO.RHH~x: ¢621¢A1 •0,71. TaKI1M o6pa3oM, AnR cpaeHeHI1.R /21/ c 3Kcnepi1MeHTOM ocTaeTC.R OA~H ceo6oAHbiH napaMeTp - ¢1

2 
I¢ A 

1 
KOTOP~H MOmHO onpeAell~Tb no Jli060i1 OAHOH T04Ke Ha KP~BOH 3 /p~CYHOK/. 3Ta KpMBa.R 6b1Jla nony4eHa ~MeHHO TaKHM o6pa30M np~ 
3Ha4eH~~ ¢ 62 I ¢~1 =0, 55. Tenepb paccMoTpi1M TBepAbiH pacTeop Hg 2 (Cl2 ,I) 2 ~n~ Hg 2(Br,I)2• Ha ocHoae aHanv.3a npeA~AYlllero pa3Aena MOlKHO CAenaTb npeAnonolKeHI1e, 4TO noBeAeHI1e TaKI1X CMeceA 6yAeT oni1C~ijaTbC.R Kpi1BOH 1 /CM.pi1CYHOK/.npeACTaBJlHCTCH 11HTepeCH~M npoeeAeHI1e 3KCnep~MeHTOB, nOA06H~X /S~ Ha TaKMX COeAI1HeHM.flX. 06pal!leHMe B HYJlb TeMnepaTyp~ nepeXOAa Ha61110Aa110Cb, Hanpi1Mep, B cerHeT03JleKTpH4eCKHX TBCPAbiX pacTsopax TSCG- TSCB114( 3AeCb 3aMeHa Cl Ha Br npv.BOAHT K 3aew C~MOCTI1 THna Kp~BOH 1/cM.p~CyHOK/npHX 0 =0,75.napaMeTP~ B 3TOM cny4ae 6~1111 s~6paH~ c noMOl!lbiO noArOHK~ 3Kcnep~MeHTanbHOi1 KpMB0H/ 141 MeTOA0M HaHMeHbWHX KBaApaTOB. npHMepOM cny4a.R, KOrAa B TBePAOM paCTBOpe OAHa H3 KOMnOHeHT HBn.ReTCfl 11 KaaHToaoi1 11 , MoryT cnylK~Tb coeA~HeHM.R (Ba,Sr) Ti03, (Pb, Sr) TiO 

3 
• Hcn01lb3Y.R AaHHble no paccefiHI-110 Hei1TpOHO~ All .A PbTiO$ 151, AJl.R 1 SrTiO 3 ~ BaTiO 3 /16-18/, nony4aeM cneAYIOlliHe 

3Ha4eHH.R napaMeTpOB MOAeJlH /25/; /26/, /2/: 
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PbTiOs 
BaTi03 
SrTiOs 

no/M3B/ 
7,5 
11 
4,1 

w m/M38/ 
21 
16,4 
16,4 

b/M38 3/ 
405 
975 

1530 

fo 
7,7 
2,2 

16 

A 

0,94 
0,12 
3,6 

C llOMO~b~ 3THX napaMeTp08 CTPYKTYPH~H $a308~H nepeXOA 8 AaHH~X 
COB,(1HHBHMRX MO>KHO HHTepnpeTHPOBaTb CilBAYIOIJ.IHM 06pa30M. nepexo,q 
8 PbTi03 COOOTBBTCTBYBT nepexo,qy THna CMe~eHHR C Man~MH 
$!1YKTYa4HRMH napaMeTpa noj,qKa If o » 1/ "' HH3KoA 4acToToA Hy
neawx Kone6aHHA A « A c ( - f 0 ). nepexoA s BaTi<JaTo>Ke cooTaeT
cTayeT nepexo,qy THna CMBUjBHMR, HO C CHilbHbiMM $IlYKTYallHHMH. 
8 fuTi0 3 3HeprMR HYilBB~X KOne6aHHH HaCTOilbKO BBilHKa, 4TO 
R4BHKa 8 3$$BKTM8HOM 0AH04aCTM4HOM llOTBHllHane /1/ HMBBT 3Hepre
TH4BCKMH yposeHb awwe rop6a s o,qHo4aCTH4HOM noTeHI..\Hane. B 
pe3y!lbTaTe 803MO>KHoro $a3o8oro nepexoAa He npoHCXOAHT: 4acTo
Ta M.ArKOH MOAbl YI4BHbWaeTC.A npH T--> 0, HO 8 HYilb He o6pa~aey
C.A/IS~8 nO!lb3y 3TOH KapTHH~ C8MABTBilbCT8Y~T He,qa8HHe 3KcnepH-
1>1BHTbl no H3Y4BHH~ 1<8aHT08biX caoAcT8 8 SrTiOs'l9/, TaKMM o6pa3oM, 
8 TBep,qb!X paCT 8opax (Ba, Sr) Ti03 11 (Pb, Sr) TiO 

3 
BaTiO 

3 
11 

PbTiO 3 vrrpa~T ponb 11M.ArKoA" KOMilOHBHTbl, a SrTiO 
3 

- K8aHTo8oA. 
CaoAcTaa 3TMx T8BPAblX pacTsopoa no,qpo6Ho 6~1111 H3y4eHbl TeopeTM-
4BCKH 8 pa6oTe /5/, 

TaKMM o6pa3oM, npo8e,qeHHoe paccMoTpeHMe noKa3w8aeT, 4TO 
MOABilb /1/ YlKe 8 llPOCTBHWMX llpH6!1MlKeHHRX MO>KeT 6blTb MCnO!lb3Q-
8aHa A!l.A M3Y4BHHA pa3H006pa3HblX CBOHCTB CTPYKTYPHO-HeyCTOH4M-
8blX Taep,qwx pacTaopo8. 6onee cTporoe Hccne,qoaaHHe MOABilM MO>KeT 
6b1Tb llP08BAB~iO C llOMO~b~ pa3!1114HbiX npi.16!1MlKBHHH MBTOAa KOrepeHT
HOro llOTBHI..\Hana. 
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HET n~ nPOBEROB B BAlliEA B~BnHOTEKE? 
8bJ MOJKeTe nOJJY'lliTb no no'!Te nepe'li!CJieHHble HHJKe KHI1111, 

eCJJH OHII He 6~JJH 33K333H~ paHee. 

IV HemAyHapOAH~H ceM~Hap no npo6neMaM ~3HK~ B~COK~X 
3HeprHH. ,lly6Ha, 197S. 

TpyA~ HemAYHaPOAHOH KOH$eoeH4HH no H36paH~M eonpocaM 
CTPYKTYP~ AApa. AY6Ha, 1976. 

TpyA~ II CI1Mn03HyMa no KonneKTHBHbiM MeTOAaM ycKopeHHR. 
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TPYA~ X HemAYHBPOAHOH WKon~ MOnOA~X y4eH~x no $H3HKe 
Bb1COK11X 3HeprHH. oaKy, 1976. 
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TPYA~ HemAy>taPOAHOro CHMn03HYMa no Ha6oaH>JbiM npo6ne
MaM CTaTHCTI14eCKOH MeXaHHKH. ,lly6Ha, 1977. 

C6opHHK aHHOTa4HH XV coee~aHHR no RAePHOH cneKTpOcKo
nHH 11 Teopi1H RApa. ,lly6Ha, 1978. 

TPYA~ III He"'AYHaPOAHOH WKOnLI no HeHTPOHHOH $H3HKe. 
AnywTa, 1978. 

TPYA~ III HemAyHapOAHoro cooe~aHHR no nponOP4HOHan•
HbiM 11 APeH$08~1< KBMepaM. ,lly6Ha, 1978. 

TPYA~ VI Bceco~3Horo coae~aHHR no YCKOpHTenAM aap,.
meHH~>< 4aCTH4. ,lly6Ha, 1978 /2 TOMB/ 

TpyA~ V HemAYHapOAHoro. ceMHHapa no npo6neMaM $H3HKH 
B~COKHX 3HeprHH. ,lly6Ha, 1978 

TPYA~ XII HemAYHaPOAHOH WKon~ HOnOA~x y4eH~x no $H311Ke 
BbiCOKHX 3HeprHH. npHMOPCKO, HP6, 1978. 

TPYAbl VII Bceco~aHoro coae~aHHR no ycKOpHTenRM aapA
meHH~x 4BCTH4, ,lly6Ha, 1980 /2 TOMa/ 

TPYAbl pa604ero coee~aHHR no CHCTeMaM 11 MeToAaM 
aHanHTH4eCKHX Bb14HcneHHH Ha 3BM 11 HX npHMeHeHH~ 
0 TeopeTI14eCKOH $11311Ke, ,lly6Ha, 1979 

TPYA~ MemAyHapoAHOH KOH$epeH4HH no npo6neMaM 
HeCKOnbKHX Ten B AAePHOH $H3HKe. AY6Ha, 1979. 

TPYAbl MeltCAYHaPOAHOH wKonbl no CTPYKType AApa. 
AnywTa, 1980. 

TpyA~ VI MemAyHapOAHoro coae~aHHA no npo6neMaM KBaH
TOBOH TeopH~ nonA. AnywTa, 1981 

TPYAbl MemAYHBPOAHOro coee~aHHR no npo6neMaM MaTeMaTH-
4ecKoro MOAenHpoeaHHR B RAePHO-~H3H~eCKHX wccneAosa
HHRX. AY6Ha, 1980 

3 p. 60 "· 

3 p. 50 K. 

2 p. SO K. 

3 p. 50 K. 

5 p. 00 K. 

6 p. 00 K. 

2 p. 50 K. 

3 p. 00 K. 

6 p. 00 K. 

p. 40 K. 

S p. 00 K. 

3 p, 00 K. 

8 p. 00 K. 

3 p. SO K. 

3 p. 00 K. 

S p. 00 K. 

2 p. so "· 

2 p. SO K. 

3aKa3bl Ha YTIOMHHYTbJe KHH1H M01YT 6bJTb HanpaBJieHbl ITO a,[lpecy: 
101000 MocKBa, rnasno4TaMT, rr/H 79 
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AI~CO!IOD n.n .• AHP.biiC A.IO. ll>asODble nepexo,IJ',bl 
D CTp}'KT}'PUO-IIO}'C'l'OI\'IHDbiX TDep,IJ.biX paCTDOpax 

Pl7-82-165 

PaccMOTpoua Mlmpoci~omt'ICCI~all Mo,n;e.n:b ¢>asonoro nepexo,n;a nma 
CMOI!IOintJt 'D TDOPA!•IX pllCTDOpOX. B flpHt5J1HJKeHHH DHpTyanbHoro Kpnc
'1'4JtJtt1 110JlY'I011 pn1~ npo,IJ.ct~asamd% nnn J<OJlll;eHTPa~HOHHO:it sanHcHMOCTIJ 
•roMnOpllTYPhl rtQpO,tO,!J.ll, 0Clcy~ll10TC1t TDep,IJ',bie paCTDOpbl HeCOOCT-
DOIIIQollC OortrOTOOJli1CTUKOtl, 

PaDo•rA t'lhlnonuoll4 u J1o.Oopn'ropmt 1'0opantttecx~oli <lJHSHKH OIDIH. 

nponpl11fT 0ChoOAH11011140ro HIICTHTlfTO nllQPIIt.IK a.~cenOAODOHH.:l. lly6uo 1982 

Aknonov V,L,, Dldyk A.Yu. Phnoo Transitions in 
Structural Unatoblo Solid Solutiono 

Pl7-82-165 

Tho miaroocopic modal of the diaplacive phase transition is 
conoldorod. In tho virtual crystal approximation the number of 
prodiationa for tho concentrational dependence of the transi
tion tomporaturo io obtained. The solid solutions o'f strange 
forroolaatico aro discu~aed. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1982' 

llepeDO,!J. O.C.BHHorpa~oBo:it. 


