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BBE,llEHHE 

B t-teAaBHI1X 3KCnepHMeHTaX ' 1- :i' 6tm 06HapYMl eH HOBblH KIlaCC npo
TOHHblX cyne pHOHHblX n poBOAHHKOB c peAI1 Kp l1 CTaIlIlOB rHAPOCYIlb~aTOB 
11 r "'APOC eneHa To a C 6Ill13 KHMH Te Mncpa Ty paMH nepexoAa: 414KCCsHSO.. l. 
412K (CsH O 3 0 0 •7 SO.. ) ,398K ( CsH Se 0 4 ) ',U 7 K ( N H4 HSe O .. ), 446K( Rb H Se O,, ). 
He TOAa MI1 RHP 11 paCCeRHI1 R He HTPOHoB' 3- 66b1IlO nOK a 3aHO, 4TO BblCO
KaR HOHHaR npoBoAHMOCT b B HH X / - 10- 2 OM- 1 'CM-1 / 06YCIlOBIleHa 
AI1~Y3I1eH npoToHO B. Y411TblBaR 6IlI1 3 KH" x apaKTep ~30BblX ne pe xoAo 
B 3 THX Kpl1CTaMaX 1 

2 !,MOIICHO npe AnOM MlH Tb, 4TO MexaHH3M HX OAHHa
KO B H 06ycIloBIleH nepexoAoM THna nopRAoK- Ge cnopRAoK B CI1CT e Me 
npoToHoB . nOA06HblH THn ~a30BOrO nepexoAa 06b1 4HO Ha6Il~AaeTCR 
B KpHCTaM a x C BOAOpoAHblMH CB A3 AMH / CM., HanpHMep ,/7 ' /. 

B HacToA~eH pa60Te pacCMoTpeH a CTaTHCT H4eCKa A TeOpHR c y nep
11 0 HHOrO ~a30Boro nepexoAa B MOAeIlH KpHCTaMa C BOAOPOAHblMH CBR
3RMH npH Y4eTe KOpOTKOAeHCTBY~~IX KOppeIl A~HH npoToHOB Ha CBR3AX , 
B 3TOM OTHOWeHI1H pa3BHTaR TeOpHA cy~ecTBeHHo OTIlH4ae TC R OT 06~e
npHHRTbiX ~eHoMeHoIlor"'4eCKHx Te Opl1 H cy n e pHOHH bl X nepexOAoB /CM!8/1. 

B CIleAY~eM p a 3Ae Ile Onl1 Ca Ha MHKpo cKonH 4eCKaR MOA eIlb TaKoro 
KpHcTa M a , B n .2 npoBeAe HO Bbl 4Hcne HHe CBo 60AHOH 3HeprHH B npH
GIwu"eHI1 H 4eTbl Pex 4aCT H4Ho ro KIla CTepa, 11 S n . 3 pe3YIlbTa Tbi paC4eTa 

nO CTaBIlROTCR C 3KcnepHMe HTaIlbHblMI1 AaHHbl MH AIlR Ha l160Ilee H3Y 4eH
Ho r o Kp~~TaJ1J1a Cs H S0 4.Kp aTKo p e 3YIl bTa Tbi 3TO~ pa 60TbI o ny6IlI1Ko
Ba HIII B 

1. HOAEJlb 

CT PYKTypH ble HC CIleAOeaHI1R KpHC TaIlIlOB CsIIW4 (CHS) '&· 10 11 ero 
Aei1TepHpoBaHHor o a HaIlo ra Os DSO" ( CDS ) !l'nOKa 3b1 BaOT. 4T O HI-lIlC e Te~
nep3TYPU cyne pHo HHo ro nepeXOAa OH I1Mee T MOHOKIlH HHYO pewe TKY C 
npOCTpaHC T DeHHO~ r pynnoi'i O:h ( P2 1 1m). B KOTOpoii BOAo~oAHble CSR3H 
oGpa3YOT OA HOMepHble ueno4KH BAOIl b MOHOKIlI1HH OH OC H b m • n pyraR 
B03MOIICHaR ue n04Ka BOAOPOAHblX cBA3ei1, COeAI1HR~aR rpyn nbl SO.. BAOIlb 
OCI1 Cm• OKa 3b1Bae TCA He3anOIl HeHHoH /s OTIlH4He OT a HaJ1O r l1 4HO rO no 
CTPYKType KpHC Tanna CsH~PO.. I . noA06Hble lICe OA HOMep Hble ~en04KH 
BOAOPOAHblX CBR3e~ Ha6IlGAa~TCR ~ B APyr~x KpH CTaIlnax 3 TOH r pynnbl 
l(aK nOKa3b1S,aOT onTH4eCK~le Hc c.neAOBaHI1R B OilS ' ilt. B CsH SeO; U~~cy
nepHoHHblH Jj)a30Bblif 11epe)(OA conpoSOl'CAa e TCR ilJepP03Ila CT I14eCKHM nepe
XOAOM Cllh. • D,"h C 6oIl bW0i1 BeIlH\l~1HOH c no HTa HHOH Ae~pMaUH\II 

- 10 - 2 I B MOHoKn HHHoH ilJa 3e ____O~e~b__•________ ~~~__~~~ __________~~ 

'f 
, 

'-~" \.'. / I " ".-0-<v- 0y 0
'4 'r 2 't' ,

4 2 '. , 

3" /"'/ ' / 

~:~T~O»OC I .... I . ,/ . ~ 

, I , , " 

- - V -u 
PHc.l . PHc. 2 . 

Y4I1T~BaH 3T~ AaHH~e, 6YAeM OnI1C~BaTb cynep~ot-tH~i1 nepeXOA 
B 3T~X Kp~CTanIlax KaK ~a30B~~ nepeXOA, CBH3aHH~i1 C pa3ynopHAo
4eH~eM npOTOHOB no ABYM B03MO~H~M 4en04KaM BOAopOAH~X cBH3ei1 
np~ Il~Hei1t-toi1 CBH311 napaMeTpa nopHAKa C COOTBeTcTBy~~ei1 Ae~opMa
4I1ei1. 

AIlR onpeAeIleHHOCTI1 paCCMOTpl1M Kpl1CTaIlIl CHS. CXeMaTI14eCKI1 ceT
Ka BOAOPOAH~X cBR3ei1 B HeM npeACTaBneHa Ha p~c.l, rAe 4epH~e T04
K~ 11306pa~a~T 3anonHeHH~e B HI13KoTeMnepaTYPHoi1 ~a3e C2 h~non~~e
t-tI1R npoToHoB Ha oAHoMepHoi1 4en04Ke cBH3ei1 BAonb OCI1 y II b t ~ h 

m 
• 

a CBeTIl~e KPY~KI1 - cB060AH~e y3n~ Ha 4en04Ke cBR3ei1 BAonb OCI1 
xii ~ t ~ em . KBaApaTI1KI1 cxeMaT~4eCKI1 11306pa~a~T rpynnbl S04.Bblwe 
TeMn e paTYPbl cynepl1oHHoro nepexgAa B ~a3e D4h 06a T~na Y3nOB 
BAonb TeTparoHanbH~x oce~ at • b t 3KB~BaIlet-tTH~ ~ 3aHHT~ C paBHoi1 
BeponTHocTb~ . 

PaCCMOTpl1M Aanee KOpoTKoAei1cTBY~~l1e KoppeIlR4~11 npOToHoB B6nl1
3~ B~AeneHHoro TeTpa3Apa S~ .KaK nOKa3at-t0 Ha pHc.l, npoToHw MO
rYT 3anonHRTb 4 6nl1~ai1w~ x Y3Ila a = 1,2,3,4 . BBOAH 411cna 3anonHe
t-tI1R Y3IlOB na = 0, 1 corIla CHO onpCAeneHH~ 

1 
n 1.3 = "2 ( 1 + 01.:1 ) • 

1 
n2 •4 = 2 (1- 0 2 •4 ) , /1/ 

rAe 0 a = ± 1 - onepaTop nceBAoCnl1Ha, 3Heprl1~ Bcex B03MO~HbIX npo
TOHH~X KOH~l1rypa4~~ B 4eT~pex4acTH4HOM KnaCTepe B np~6n~*eH~~ 
napH~X cl1n M~ Mo~eM npeACTaB~Tb B BI1Ae 

HO =  V ( 0 1 + 0 3 ) ( O 2 + 0 4 ) -:;:, U ((J 10 3 + (J2 (J 4 ) • /2/ 

3AeCb BBeAeHW KOHCTaHT~ B3aI1MOAei1cTBI1 R 6Il I1 ~ai1w l1 x coceAei1: U -
BAonb oce~1 x 11 y, V - no Al1arOHan~ B nIlOCKOCT~ x,V , KOTopble no
Ka3aHbi Ha pHC "2 B B~Ae cnIlOWHblX 11 nYtiK_T..I1.J»lblX IlHHI1i1 COOTBeTCTBeH
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HO AnR 3KB~BaneHTHOH peweTK~ H3~Hra . 3T~ KOHCTaHTbl B~pa~a~T

CR CTaHAapTH~M 06pa30M 4epe3 3Hepr~~ B036Y~AeH~R 4eT~peX4aC
T~4HOrO KnaCTepa /CM 17 ' 

( 

2U = - W+ ( , 2V = W- 2' /3/ 

rAe W- 3Hepr~ R B036Y~AeH~R TpexnpoToHHOH KOH~~ rypa4~~ 


(n 1 =n2 =n3 =1, n4 =0 1-1 LA.). ( > 0 - 3Hepr~R B036Y~AeH~R ABYX
npoToHHOH KOH$~rypa4~~ (n 1 =n2 =1. n3 = n4 =0 ~ T , A').B MO-

Aenlll /2/ 3Hepr~R 4en>lpe XnpOToHHOH KOH~~rypa4~~ (n = n2 = 


1 
= n3 = 114 = 1 I~n~ 0/ CBR3aHa C 3Hepr~eH W ~ ( COOTHoweH~eM 
WI = 8V = 4W - 21 • B OCHOBHOM COCT OJ'l H ~ ~, npl-1HRTOM 3a Ha4ano OT
C4eTa 3Heprl-1~ B036Y»<AeHI-1R, n 1 = n3 = 1 1-1 = n4 = 0 (Oa = + 1)n2 
I-1nl-1 n 1 =n3 =01-1 n2 =n.=1 (oa=-1). 

napaMeTpoM nopR~a B 3TOH MOAenl-1, om1CbIBa~Il4I-1M nepeXOA T~na 
ynopRAo4eH~R, RBnReTCR cpeAHee 3Ha4eH~e onepaTopa nceBAocn~11a 

1
0 = - I <0 >= n -n , 14/

4 a a I' x 

rAe nl'= <n 1>=< n3> , n = < n2 > = < n4 > - cpeAHl-1e 3Ha4eHI-1R 41-1Cenx 
3anOnHeHI-1R AnR Y3nOB Ha BOAOpoAH~X CBR3AX BAonb oce~ y 1-1 X 

COOTBeTCTBeHHO. npl-1 T > Tc nl' = nx = 112~ ° = 0 , a B OCHOBHOM 
COCTORH~1-1 ny = 1. nx=O H 0-=1 /n1<160 ny=O, n =1 H 0=-1/ .x 
np~ 3TOM, cornaCHO /1/, ycnoB l-1 e coxpaHeHHR cpeAHero 4Hcna npo
TOHOB aBTOMaTH4eCKI-1 B~nonHReTCR: 

n + 11 = C I <n > = 1 , /5/x y 2 a 

nOCKonbKY B cHny c~MMeTpHH raM~nbTOH~aHa /2/, <° 1 > + <03 > = 
=< °2 > + <°4 > ' 

PaCCMOTpHM Tenepb B3aHMOAeHCTBHe napaMeTpa nopRAKa C Ae~op
Ma4~e~1 Kpl-1CTanna o B CHMMeT pl-1 4HOH ~a3e D4h (T > Teo) napaMeTp 
nopAAKa npe06pa3yeTcR no TOMY ~e HenpHBoAHMOMY npeACTaBneHI-1~ 

BIg , 4TO ~ Ae~pMa4~R e 1 = 112 (lyy - lxx)' n03TOMY B03MO~Ha I-1X 
n~HeHHaR CBR3b B B~Ae 

1Fa =-A(n -n )-(£ -l )=-Aoe /6/3. y x 2 yy xx 1 

COOTBeTCT BY~HH onepaTop B3aHMoAeHCTBI-1R nceBAocnHHoB C Ae~opMa
4HeH /Ha 1 MoneKyny I-1nH 2 nceBAocnHHa/ I1M eeT B~A 

H =-Ae 1 1... I ° . 7/83. 4 a 

nnR ynpy r oA 3Heprl-1H I Ha MoneKyny/, CBR3aHHOH C Ae~opMa4~ e~ TI1
na ' B ~a3e D4h HMeeM BblpalKeHHe: e1 

Fyn. = ~ C 1 e~ • /81 

4 

rAe C = 2(C - ' Vo - 06"beM Hi! 1 MOI1eKyny, Cll ,1 ll C I2 )VO C 12 

K03~~~4I1eHT~ ~eCTKOCTI1 Kpl1CTanna B TeTparoHanbHoH ~a3e D4h • 
B3al1MOAeAcTBHeM Ae~opMa4 l1H C 60nee B~COKI-1MI-1 CTeneHRMH napaMeT
pa nopRAKa / - 0 2 H T . A. / MO~HO npeHe6pe4b , 

2. CB050AHAR 3HEPrHR H ¢A30BWA nEPEXOA 

AnR B~4I-1CneHI-1R cB060AHOA 3Heprl1H Bocnonb3yeMcR npl16n~lKeHl1eM 

KnacTepoB, KOTopoe n03BonReT Y4eCTb KOpoTKoAeHcTBY~Il4~e KoppenR
4HH npOTOHOB Ha CBA3RX B6nl13H AaHHoA rpynn~ S04 /CM. / 7/ /. B Ka 
4eCTBe OCHOBHoro B~6epeM KnacTep 4eT~pex nceBAOCnl1HOB /Aa nee 
AnR KpaTKOCTI1 - cnHHOB/,OnI1C~BaeM~H raMl1nbTOHHaHOM /2/ / CM. 
pl1c.l,2/. B3aHMoAeHcTBI1e C OCTanbH~MI1 CnI1HaMI1, He BowegwHM~ 
B KI1aCTep, Y4TeM C nOMOll4b~ cpeAHero nonR ~, KOTopoe 6YAeT 
HrpaTb POI1b Bapl1a4HOHHoro napaMeTpa. AOnOnH I1 TenbHO Y4I1T~BaR 
B3al-1MOAeHCTBI1e cnHHOB KnaCTepOB C Ae~opMa4~e~ /7/ 1-1 C BHeWHH M 
noneM E, conpR~eHH~M napaMeTpy nopRAKa 0, raMl1n bTOHl1aH 4eT~

peX4aCTI14HOrO KnaCTepa 3anl1WeM B BI1Ae 

H4 = - V (01 + 03 )(02 + ( 4 )- U (0103 + ° °.)2 
1 1 /9/

- ( PE+2~+ 2 Ae 1 )(01 +°2 +°3 + ( 4 ), 

COOTBeTCTBY~Il4I1A 3~~eKTHBH~H OAH04aCTH4H~H raMHnbTOHHaH HMeeT 
BI-1A 

HI = - (pE + ~ + "21 
A e 1 ) a1 

/10/ 

B OTnH4~e OT /6/ H/7/ B3al-1MOAeHCTBI1 e C Ae~opMa4HeH B /9/ H 
/10/ 3anHcaHO B paC4eTe Ha 1 cnHH . 

B~4HcnHM Aanee BHYTpeHH~~ 3HeprH~ Ha 1 MoneKyny B COOTBeTCT
BI1~ C ~opMynoH /CM .!7! /: 

n n-m 2 - < H1 > = < H4 > - < HI > ' /11/U1 =2 ffiS <H. > -2-
m 

rAe nonHoe 4Hcno cBR3eH AnR Ka~Aoro Cnl1Ha n = 6, 411cno cBR3eH, 
Ha npaBneHHblX BHYTPb KnaCTepa m = 3 H S = 4 - 411cno Cnl1HOB B 
KHaCTepe. nonb3YRcb Aanee COOTHOWeHl1eM U =(JIJf3) f3 F • f3= ~. 
HaXOAHM B~palKeHHe AnR cB060AHOH 3HeprH~ C Y4eTOM /8/ B BHAe 

F1 = - T In Z. + 2 T In Z 1 + ~ C 1 e~ , /12 / 

rAe 
-f3H 

Z. = Spe • = 2 (ch 2 f3a + K + 4L ch f3a ) • /13 

-f3H 11 41 Z 1 = Spe 1 = 2 ch 8u • 
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1.1 BBeAeH~ 0603Ha4eHH~: 

1 a= 2pE + Ae l + d> • pE + 2" Xe l + d> • /15/u =. 

-{3f -{3w -{3w
K = 2e + e I L=e /16/ 

CpeAHee none ¢ B /15/ HaxoAHTc~ 1.13 ycnoBH~ MHHHMyMa CB060AHO~ 

3Heprl-1 H: aF l a¢=o. BblnonHR~ AH$¢epeH~HpoBaHHe /12/ C Y4eTOM 
/15/, HaxOAHM ycnoBHe caMocornaCOBaHHR An~ non~ ¢ B BHAe 

sh 2{3a + 2L sh {3a 
th (3u = /17/ 

ch 2{3a + K + 4L ch {3a 

OnpeAenHM Tenepb cpeAHHe 3Ha4eHH~ Hanpmt<eHH~ Xl H "non~pH3a
UHH" P Ha 1 cnHH cornaCHO paBeHCTBaM 

aFI ~ 
XI = (-- ) =. C I e I - A th (3u • /18/ 

ael E 

1 aFIP =. - - (---) = p th {3u =. p a • /19/
2 aE e 

rAe 6b1no Hcnonb30BaHO ycnoBHe caMocornaCOBaHHR 17/.Y4I-1T~Ba~ /19/, 
ypaBHeHHe /18/ npH Xl = 0 MO~HO s anHcaTb B BHAe 

A e 
1 

= -u. /18a/
CI 

3TO COOTHoweHHe HenocpeACTBeHHO cneAyeT TaK~e H3 ypaBHeHH ~ /6/ 
H /8/. nonb 3yncb HM, YA06HO HCKn~4H Tb paBHOBe C HY~ Ae~opMa ~H ~ HS 
cB06oAHO~ 3HeprHH /12 

F1 = - T In 12 (ch 28a+ K + 4L ch (13) I + 2T In (2 ch 8 u) + y 11 2 • /2 0/ 

2
rAe Y= A 12C I , a = 2pE + 2 yo + ~ 11 u = pE + YI1 + ~ . nOAo6Hoe ~e Bblpa
~eHHe An~ C Bo60AHO~ 3He p r HI1 /20/ 6~no nonY4eHO B MOAenH CHn c 6H
~nl1 Hra - ~MHATa npH o nHcaHHH ce r He T03neKT pH4e CKoro ~a30 Bo ro ne
peXOAa B KH2P04 /C M. / 71 / B Hawe~ MOAenH KOHCTaHT a AanbHoAe~cT 
BHR y onpeAen~eTCR Bs aHMoAe~ cTBH eM cnHHOB C Ae~opMa ~l1e~ 

np H AOCTa T04HO 60nb WHX 3Ha4eHI1~X napa MeT pa W»c ¢a30B~~ ne
peXOA B MOAenH OKa3~BaeTC~ nepeXOAOM ne pBo ro pOAa c.n3TepOBCKoro 
THna co CKa 4KOM na paMe r pa nopRAKa . TeMnepaTypa ¢aso Bo r o nepe xo
Aa Tc B 3TOM cnY 4ae onpe AenReTCR H3 ycnoBHR paeeHCT 8a c Bo6oAH~X 
3Heprl1~ ABYX ~a3 

F ( T : • a = 0 ) = F (T - • (J = 1 ) c 

11 B npeAene W-+ "" HaXOA I1T CR 1-13 ypaBHeHH~ 

6 

'. 

2e - f {3 e = 2e y 8 e _ 1 • /21/ 

rAe {3e= l i Te' CKa40K 3HTponHH npH ~a30BoM nepeXOAe onpeAenReT
CR COOTHoweHHeM 

8S = S ( T; ) - S ( T = 0) = 
eKe + 4WL e 

= In [~ (1 + Kc + 4Lc)) + 8 --- ---- /22/ 
1 + Kc + 4Lc 

rAe Ke. Lc - 3Ha4eHHe ~YHKUH~ B /16/ npH T = Tc' B /22/ 6blm1 
onYlI\eHbl 4neHbi - exp ( - (3c W] ) • 

npH T> Te BocnpHHM4HBOCTb no non~ " CBofioAHoro" KpHCTanna 
/np~1 nOCTORHHOM Hanp~~eHHH Xl = 0 1 : 

a2
F du 2 K+2L-l -1

)( =- (--) = 2p(-) = 2p I-- --- y I /23/
EE aE2 X dE X 2 (1+L){-3 

nOA4HHReTCR 3aKOHY KiOPH - Be~ca C TeMllepaTYPoCi K~PH Ta.onpeAe 
nReMo~ H3 ypaB He HHn 

K(1 + 2Lo = 1 + 2 yl3a (l + La ) • /2 4/ 

rAe Ka. La - ¢yHK~HH /1 6/ npl-1 T = Ta' BOCnpH I1M4 L.1BOCTb " 3 a~a Tol-0" 


KpHCTanna /n pH nOCTORHHO~ Ae¢opMa~HH e ll 


du 22( 1 +L)o = 2 ( _ _ ) = 2p - ______ /25/
X£ J:: P dE e K + 2L + 1 

TaK)t< e HMee T BHA 3aKOHa K ~DH - Be~ ca C TeMne paTYDo~ KiO PI'I To . He
SH a41'1Ten bHO oTm14alOlI\ei1c A OT 'Io npH y« f: TI) = Tg ( l +(y/t)e i3a f ). 

~3- 3 a n I1 H e ~Hoi1 CBR3 H /6/ napa Me Tpa nop RAK a a 1.1 AemOpMa~MI1 
e 1 ¢a3 0B~R ne peXOA MO~HO paCCMaTpI'I BaT b KaK nceBAoco6cTBeHH~Ci 

$epP03naCTH4eCKI1 Ci nepexOA C MRrKoR MOAO~ aKYCTM4eCKor o THna, 
.l\e~ c TBH T enb Ho, AJlR K03d>(j)I1~H eHTa It<eCTKOCTH " cBo6oAHoro" KPHCT8Jl 
na CI£ I'IMeeM COOT Howe HHe 

XI a XI au ( au 0 

= (-)-)E = ( - a- )a [( aE e --aE)x 1= ...:~ . /26/C IE c 1, e l e 1 XEE 

Y41HbiBaA /23/ . 125/ npl'! T ·> To nOJl Y4HM 

XC~ l ... L ( - BOlC1E 
= 1 - 2 {3y '" r I 1 + - e I . /27/ 

)( EE K + 2L - 1 YCI 

rAE: r = (T/To - l).CJleAOeaTeJlbHO, npl'! T ... TO e TeTparoHanbHoi1 ~a


se D4h Aon>tCH8 Ha6nlOAaTbcA MRrKaR nonepe4HaR aKycT"'4ecKaR MOAa 
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2 1 2 	 28/nc 	 = "2 (C 11 - C 12 )E k C ' 

pacn"pOCTpaHfllOl4afl-+CfI B nnOCKOCTI1 xy C BOJlHOBblM Be KTopoM kc = [ 1 , 1 ,0 J 
11 nOJlflpl13a4Hel71 = (1 / \1'2)(-1,1,0 ) . ec 

3. 	CPA£lHEH I-1 E C 3KCnEP~t\EHTOH ~1 ODCY);{,[1E H ~ E 

ConOCTaBI1M nonY4eHH~e TeopeTH4eCKHe pe3ynbTaT~ C 3KcnepHMeH
TanbH~MH AaHH~MH AJlfl HaH60nee 113Y4eHHoro KpHCTanna CHS 
/CM. 1 1.2 .4-6.10.11.13 , 141 I . 

04eHHM napaMeTp~ MOAeJlI1 (, Y , W. npeAnonarafl, 4TO npOBOAI1
MOC T b npl1 T« Tc ~ 4 14 K nponoP4HoHanbHa 411cny II Ae(j>eKToB" - Tpex 
npOTOHHblX KOH(j>11 rypa4H~ n = exp (- 2W .I T), nOJlY4aeM 04eHKY: 
W '" I SOaK, npl1HI1Mafl, cornaCHO 1 11 , n = 10-5 npl1 T = 300K . Y4W 
T~B afl /18a/ , Anfl KOHCTaHT~ AanbHoAe~cTBHfI v HaxoA~M: 

2 

V = ~- = 1.. C 1 ( e ~ ) 2 ~ 25 K , 129/ 


2C1 2 

rAe 6blJlH n PI1HflTbl cneAylOll1l1 e 3 Ha4eHI-1f1 Anfl K03qxpl1411eHT a >KeCT KOCTI-1 
C1 = 2 (C ll - C12 )vO=101~AH/CM2 ) .10-22 CM 3 = 6,5 3B 11 paBHoBecHo~ 
Ae(j>opMa41111 e1' = 2,7.10-2 /CM. 151 / " 

,[1nfl 04eHKI1 ( aOCnOJlb3yeMcfI (j>0pMynol71 /21/ Anfl TeMnepaTYp~ 
nepexOAa Tc : 

v{3c -1 
Tc = ( lln ( 2 I (2e - 1)] I 

nOACTaBJlflfl Tc = 414 K H y = 25 K onpeAeJlfleM 3Heprl11O B036Y>KAe
HI1~ ( '" 250 K. 

npl1 Ha~AeHH~x napaMeTpax MOAeJl I-1 ¢a30B~171 nepexoA Ael71cTBI1Tenb
HO OKa3blBaeTCfI nepeXOAOM l-ro pOAa cn3TepOBCKoro Tl1na co CKa4

- +KOM napa Me Tpa nopflAKa a(Tc )-a(Tc )=1 H pa3HOCTbIO TeMnepaTYP 
T c 	-To = To ·5,5· 10-3 = 2,5° , ,[1nfl 3HTpOnHI1 nepeXOAa, cornaCHO 
/28/, nOJlY4aeM 3Ha4eHI1e o S/ R =0,58, KOTopoe OKa 3~BaeTCfI MeHbwe 
Ha6nIOAae~loro: oS I R = 1 ,32 1 13 1

: 3TO HecOOTBeTCT Bl1e CB-fl3aHO, no
BI1AI1MOMY, C npeHe6pe>KeHl1eM B paCCMaTpHBaeMol71 MOpeJl~ BKnaAoM B 
3HTponHIO APyrl1x CTeneHeA CBc60A~, B oco6eHHOCTH Bpall1aT enbH~x ne
peCKOKoB rpynn S04.Ha CY Il1E CTBeHHoe 113MeHeHI1e AHHaMHK~ rpynn 
S04 - H npl1 (j>a30BCM nepexOA8 YKa3biBaeT, Hanp!1Mep, 11 3MeHeHHe 
(j>OHOHHoro cneKTpa, Ha6nlOAaeMoe po HeynpyroMY HeKorepeHTHOMY pac
refl HI1 IO He~TpOHOB B CHS 1 4< B pa60Te l 31 T a K>Ke C0061l1aeTCfI 0 6blC TP~X 
peOpl1eHT a4110HHbiX ABI1>KeHI1f1X rpynn Se 04 Bblwe Tc B RbH Se 04 • 

B 4enOM npeAnO>KeHHall TeOpl1f1 pa3YMHO OnI1C~BaeT xapaKTep ¢a30
Boro nepexoAa B CHS H ero Ae~Tepl1pOBaHHOM aHaJlOre CDS. npeA
no*eHH~~ B pa60Te MeXaHI13M (j>a30Boro nepexoAa: pa3ynopflA04eHI1e 
npoTOHOB Ha CBfl3f1X, conpOBO>KAaeMOe (j>epP03nacTH4eCKI1M CTPYKTYPHblM 
nepexoAoM, AOJl>KeH npl1BOAHTb K He60n bwo MY 113MeHeHHiO 06 ..eMa npH 
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nepexOAe H cna60A 3aBI1CHMOCTH TeMnepaTyp~ nepexOAa OT f,aBneHI1f1 , 
nOcneAHHi1 BbiBOA nOATBepAl1nc~ B HeAaBHI1X 3KcnepHMeHTax ' 14 '~ rAe 
6blJlO nonY4eHo dTc / dp=5 + 3 rpaA/rna 11 COOTBeTCTBYlOl4ee 3TOMY 
H3MeHeHHe 06..eMa npH cynepHoHHoM nepexOAe: ~v /v = 3.10-4 • 

Dnl13KI1171 xapaKTep cynepl1oHH~X ¢a30B~x nepeXOAoa B npOTOH HWX 
cynepHoHHblX npoBoAHHKax / 21 npH He60nbwoA aapl1a4H H I1X TeMnepa
TYP nepeXOAa n03aonfleT npeAnOnO>KHTb, 4TO YKa3aHHbll71 MeXaHI13M 
peanl13yeTcfI 11 B APyrHx coeAHHeHI1f1X 3TO~ rpynnbl , B 4aCTHOCTI1, 
B Cs HSe 0 4 TaK>Ke Ha6nlOAaeTcfI ¢epp03naCTI-1 4eCKI1~ nepexoA npl-1 TeM
nepaType cynepl-1 oHHoro nepexOAa C 60nbwoA Benl14~IHol71 cnoHTaHHol71 
Ae¢opMa41111 e 1 = 7,9 • 10-2 / 1 ~, Ka K 11 B CHS. 

CneAyeT nOA4epKHYTb, 4TO y4eT KOpoTKoAeAcTBYlOll1l1X Koppenfl411171 
npoToHoB Ha BOAOPOAHblX CBfl3I1X, npoBeAeHHbH1 B pa60Te a npl16JlI-1
>KeHI1I1 4eTblpeX4aCTI14HOro KnacTepa, coaepweHHO He06xOA~M Anfl no
nY4eHHfI ¢1131-14eCKI1 pa3YMHblx pe3YJlbTaTOB , TaK, HanpHMep, a npl-1 
6nl-1>KeHI1H cpeAHero nonll B paccMoTpeHHo l71 MOAenl1 M~ nonY411nl-1 6b1 
nnaBHbl171 nepexoA 2-ro pOAa C TeMnepaTYPoH nepexoAa T cMn 

= 4V + 2U + 
+ y = W+ y • 4TO He I1MeeT (j>113H4eCKoro CMblcna npl1 04eHKe W= 1500 K. 

3Ha4l1TenbH~171 I1HTepeC npeACTaBJlfleT AanbHeAwee HccneAOBaHl1e 
CTPYKTYPH~X cynepl1oHH~X ¢a30B~X nepeXOAOB a 3TH X COeAI-1HeH Hfl X 
11 B nepaylO 04epeAb - onpeAeJleHl1e CTPYKTYP~ a~coKonpOaoAflll1e~ 

¢i33bl 11 H3Y4eHHe ynpyrl1x aHOMa Jll-1171 npH (j>a 30aOM nepexOAe. ConocTaB
JleHl-1e 3KCnep1-1MeHTanbH~X pe3ynbTaToB B nOCJleAH eM cnY4ae C nOJly-
4eHHbll~H B 3T0>1 paGoTe COOTHOWeHI-1f1MI1 /26/- / 28/ n03aOnl1nO 6bl npo
aeCTI1 npOBepKY pa3BI-1Tol71 TeOpl-1l-1 . 

Bbl4HcneHI1e npOaOAI1MOCTI1 a cynepl1oHHol71 ¢a3e 11 I1CCneAOBaHHe 
ee 4aCTOTHoA AHCnepCI1H TaK>Ke npeACTaanfleT 60nbWOH I1HTepeC, TaK 
KaK n03BOJll-1T 113Y4HTb xapaKTep npOTOHHblX Koppenfl411H B npoaOAfI
ll1el71 ¢a3e . 

B 3aKnlO4eHI1e aBTOp 6naroAapHT B, r.BaKca 11 Jl.A , WYBanoBa 
3a 06cY>KAeHl-1e pe3ynbTaToB pa60T~. 
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IInaKHAa H. M. PI 7-85-225 
CynepHoH~e ~a30Bye nepeXOAY B KpHCTannax 
C BOAOPOAHWMH CBft9ftHH 

npeAno.eHa MHKpOCKOOKqeCKaft TeOpHft ~a90Boro nepeXOAa 
B npOTOHHYX cynepHOHHYX npoBOAHHKax. npH yqeTe KOpoTKoAeA
c 'rS~fX Koppemm,HA npOTOHOS Ha BOAOPOAHIIIX CBR9HX nonY'leH 
c1Ja30BbiA nepeXOA nOPftAoK-6ecnOp11AOK CJl9TepOBCKoro Tllna nep
Boro pOAa . nHHeAHaft CBft9h napaHeTpa nOpftAXa C AeclJopMa~He" 
pemeTKH npHBOAHT K ~epp09naCTH'leCKoMY ~a90BoMY nepeXOAY e 
aHOManhHbIM nOBeAeHHeM Ko34xP~eHTa .eCTKOCTH C ll C l2 • 

PaOOTa BHnDnHeHa B na6opaTopHH TeOpeTHqeCK06 c1JH9HKH 
OHHH. 

npenpMKT O&.~HeHHoro HHC THTYTa RAep HCcn~O.UII• • .I11'6l1a 1985 

PYKon~cb nocTyn~Jla B ~3AaTenbcK~~ OTAen 
17 anpeJlR 1985 rOAa 

nepeBoA O.C. BHHorpSAoBoA 

Plak ida N.M. PI 7-85-225 
Supe r ionic Phase Transition in 
Hydrogen Bonded Crystals 

A microscopic theory of phase t ransit ion in the proto
n ic s uper ionic conductors i s pr oposed . By tak i ng i nt o acco
unt short-range proton corr elati ons on hyd r ogen bonds the 
order-disor de r Slater-type phase trans ition of t he fi rst 
order i s ob t a i ned . Due t o t he linear coupli ng between t he 
order par ame t e r and l a ttice deformat ion t he phas e trans i t i on 
is fe rro~ l as tic wi th the e l a s t ic coeff i c i ent - be i ng Cll C1P 
soft . 

The i nves tigation has been pe r f ormed a t the Laboratory 
of Theore t ica l Phys ics , J INR . 
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