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BBE,llEHHE 

B 3Kcnep~MeHTax/1-3/ o6HapymeH HOB~~ Knacc npOTOHH~X cy
nep~OHHblX npOBOAH~KOB c 06lUe~ <l>opMyno~ MeXR04, rne Me=Cs.Rb; 
X == H, D; R = S. Se , ~ 6n~3K~M~ r eaneparypaaa nepexoaa B cynep
~OHHY~ <l>a3Y Te' <l>a30B~~ nepexOA B Kp~CTannax conpOBomAaeTCR 
CKã4KOM npOBOA~MOCT~, KOTopaR, KaK HenocpeAcTBeHHo nOKa3aHO 
C nOMolU~~ MeTOAa ~MP,oõycnoBneHa A~<I><I>Y3~e~ npOTOHOB /3-4/ . 
60ilbwaR 3HTpOn~R nepexona .1S/R = 1 ,32 /5/ yxaaaaae r Ha 3Ha
4~TenbHOe pa3ynopRAo4eH~e np~ <l>a30Bo~ nepexoAe. OnT~4eCK~e 

~3MepeH~R/6.7/ np~BOART K BblBOAY O TOM, 4TO CTPYKTypHble nepe
XOAbl RBnR~TCR cerHeT03naCT~4eCK~M~ C 60nbWO~ CnOHTaHHO~ Ae<l>op
Mal4~ej;1 /10- 2/' B H~3KOC~MMe'TP~4HO~ <l>a3e. 

B 4enOM 3KCnep~MeHTanbHble AaHHble YKa3blBa~T Ha TO, 4TO CY
nep~OHHbl~ <l>a30Bbl~ nepeXOA B 3T~X Kp~CTannax o6ycnoBneH pa3Y
nOpRA04eH~eM npOTOHOB B peure rxé auure Te, KOTOPbl~ ~ np~BOA~T 
K CTPYKTYPHOMY cerHeT03naCT~4eCKOMY nepexOAY. 

B pa6oTax~.9/ no CTPYKTYPHblM ~ccneAOBaH~RM MeTOAaM~ pac~ 
ceRH~R He~TpoHoB ~ peHTreHoBcKo~ A~<I>paK4~~ nOKa3aHo, 4TO B 
H~3KoTeMnepaTYPHo~ <l>a3e xpac'ranna CsHS04 ' CsHSe04, CsDS04 
~Me~T MOHOKn~HHY~ R4e~KY, np~HaAnemalUY~ npocTpaHcTBeHHo~ rpyn
ne /np. r p . / C~b npa Z = 4, r ne Z - 4~cno <l>opMynbH~x eA~H~4. 
B HeAaBH~X paõo rax /10.12/ 6b1na onpeneneaa CTpYKTypa Kp~CTan

na CsHS04 ' CsDS04 & cynep~oHHO~ <l>a3e. Kp~CTann ~MeeT 05beMHO
4eHTp~pOBaHHY~ TeTparOHanbHY~ R4e~KY, np.rp. D149h np~ Z = 2.

W 5 . 
TaK~M o6pa30M, <l>a30BbI~ nepexon D4h -+ P2h RBnReTCR Hec06cTBeH
H~M cerHeT03naCT~4eCK~M nepexoAoM, KOTOPbl~ ~AeT C YABoeH~eM 

o6beMa np~M~T~BHO~ R4e~K~. 

B paõore /13/ 6blIla npennoxeaa M~KpOCKOrJ~4eCKaR reocas óasoeo
ro nepeXOAa np~ npeAnOIlomeH~~ O COXpaHeH~~ OÓbeMa np~M~T~BHO~ 

R4e~K~, 4TO COOTBeTcTBOBaIlO co6CTBeHHOMY cerHeT03IlaCT~4eCKOMY 

nepeXOAY· 
B HaCTORlUe~ paõo're , Y4~TblB9R YT04HeHHble AaHHble O CTPYKType 

Kp~CTaIlIla B cynep~oHHO~ <l>a3e /11.12/ , M~ paccaarpaaaex MOAeIlb 
<l>a30Boro nepexoaa nopRAOK' - 6ecnopRAOK B nporouaoã nOAC~CT,e-" 

Me, KOTOPbl~ npo~CX~A~T C YABoeH~eM 06beMa np~M~T~BHOn R4ej;1K~. 
Teop~R CTPO~TCR B np~6Il~meH~~ cpeAHero nOIlR, KaK ~ B Teop~~ 

ynopRAo4eH~R cnna BOB /14/. 

j O~r},CÀud~'~i'ibC~- KHCTI'tYT \ 

~ I~WI tKCJe.llOUtJd 
~t<.~ Hf I "Tr=HA ' 

.... - -"""et" -----:.. 
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MO.QEJlb 

PaCCMOTp~M AnR onpeAeneHHOCT~ cynep~oHH~~ ~a30B~~ nepexoA 
B Kp~CTanne CsHS0 4 • Buuie TeMnepaTYPbl nepexona Te = 414 K 
Kp~CTann ~MeeT 06"beMHO~eHTp~poBaHHYIO TeTparOHanbHYIO peurerxy 
C napaaerpaa« a = b = 5,718 À , c = 14,232 Â /np. r p , D l~ /. 
CTPYKTypa 06pa30BaHa TeTpa3ApaM~ 'S04 ,CBR3aHHbIMIII Me>KAY co
6o~ BOAOPOAH~M~ CBR3RM~. CornacHo/I~ npOTOH~ pacnOnO>KeH~ no 
/16f/'n03~4~RM c 3aceneHHOCTblO 1/4. np~ 3TOM TeTpa3AP~ S04 
MorYT 3aH~MaTb ABa nOnO>KeH~R, CBR3aHH~e c nOBopOTOM BOKPyr 
OC~ C Ha yron +20 0 OTHOC~TenbHO C~MMeTp~4Horo /HenoBepHYToro/ 
nOnO>KeH~R. 06pã30BaH~e BOAOPOAHO~ CBR3~ Me>KAY coceAH~M~ TeT
pa3ApaM~ B03MO>KHO TonbKO B TOM cnY4ae, ecn~ OH~ nOBepHYT~ B 
npOT~BOnOnO>KHbIX HanpaBneH~RX, KorAa pac.CTORH~e Me>KAY 6n~)f(aH

W~M~ aTOMaM~ K~cnopOAa cOKpa~aeTcR AO 2,78 Â no cpàBHeH~1O c 
3,4 Â AnR TeTpa3APOB B C~MMeTp~4H~X nOnO>KeH~RX. 

rrpoeK~HH ceTKH BOgopOgHbIX 

CBH3en Ha nnOCKOCTb XY. 

r>;<'r


Ha p~CYHKe cxeMaT~4eCK~ no

Ka3aHa npoeK~~R ceTK~ BOAOPOA

H~X cBR3e~ Ha nnOCKOCTb XY np~
 

onpeAeneHHo~ op~eHTa~~~ Bcex
 
TeTpa3APoB. KBaApaT~K~ ycnoBHo
 
~306pa>KaIOT TeTpa3AP~, a T04K~ 

B03MO>KHble nOnO>KeH~R npOTOHOB
 
Ha CBR3RX. EYAeM pa3n~4aTb TeT

pa3APbl T~na' A, nosepayrue Ha
 
yron +20 0, ~ TeTpa3AP~ T~na B, 

y 
, ;f nOBepHYT~e Ha yron -200. B~6~

paR Ha4ano KOOPA~HaT B ~eHTpex 
TeTpa3Apa Ao , nOnO>KeH~R ~eH!

pOB ocransuux TeTpa3APOB A i onpeAen~M c nOMO~blO BeKTopoB Ri : 
-+ -+ -+ -+ -+ 

RI = - aI - a3 (Z'I=O) R7 = - a2 (Z7 = --1/2) 
-+ -+ -+ -+ -+ 

R2 = -a 2 - a3 (z2= O) Rs = aI (Zs = 1/2) 
-+ -+ -+ -+ -+

R3 = a 1 + a 3 (z3 = O) Rg = a (Zg = 1/2)
2 
-+ -+ -+ -+ -+ /1/R4 = a 2 + a 3 (z 4 = O) R10 = -a 1 (z 10= -1/2) 
-+ "+ -+ -+ -+ -+ -+ -+
R5 =-a 1-a2-a3 (z5 =-1/2) R ll=a l +a 2 +a 3 (z11 = 1/2) 

-+ -+ -+ -+
R6 =-a3 (Z6 = 1/2) R12 =a 3 ( Z 12 === - 1/ 2 ), 

2 

;o. 

r ne aI = (-r ,r ,r z')' â 2 = (r' ,-r.,rz ), a 3= (r"r, -rz ) ~ a = b= 2r 
c= 2rz . zi- npoeK~~R ~eHTpa TeTpa3Apa Ha OCb z. 3Ha4eH~R zi 
AflR TeTpa3APOB T~na B i 

z '13 = z 15 = 1/4 Z14 z 16 = - 1/4. 

AnR ynpo~eH~R Ha p~CYHKe ~306pa>KeH~ n~Wb nonOB~H~ TeTpa3A
po B A 5 - :A 12 • 

KaK nOKa3aHO Ha p~CYHKe, MaKC~ManbHoe 4~cno BOAOPOAH~X CBR
3e~, 06pa3Y~~XCR B6n~3~ OAHoro TeTpa3Apa, paBHO 4. B pa3yno
pRA04eHHOM COCTORH~~ ABa npOTOHa, OTHOCR~~eCR K np~M~T~BHO~ 

R4e~Ke /KOTopaR COCTO~T ~3 ABYX TeTpa3APOB - T~na A ~ B/, 3a
H~MaIOT 3T~ 4 CBR3~ c BepORTHOCTblO 1/2. Ecn~·~eHTpanbH~~ TeT
pa3AP pa3BepHeTCR Ha yron - 20 0 /~ CTaHeT TeTpa3APOM T~na B/, 
TO np~ COOTBeTCTBYIOw.eM nOBopOTe Bcex ~ 6n~)f(a~~~x K HeMY TeT
pa3APoB MorYT 06pa30BaTbcR 4 HOB~e BOAopOA~~e CBR3~, KaK 3TO 
nOKa3aHO Ha p~CYHKe AnR TeTpa3APOB T~na B. 3Kcnep~MeHTanbHo 

Ha6nlOAaeTcR CTaT~CT~4eCK~ ycpeAHeHHaR KapT~Ha pacnpeAeneH~R 

npOTOHOB no 8 B03MO>KH~M BOAOPOAH~M CBR3RM, 4TO ~ np~BOA~T K 
cpeAHe~ 3aceneHHOCT~ 1/4. 

B H~3KoTeMnepaTYPHo~ ~a3e npa T < Te Kp~CTann CsHS0 4 ~MeeT 

MOHOKn~HHYIO peure txy C napaMeTpaM~ a = 7,789 Â , b =" 8, 146 Â. , 
c=7,726Â, f3=110,87°/np.rp.C~h /. KaKnoKa3aHos/S/ 
~a30B~~ nepeXOA ~3 TeTparoHanbHo~ ~a3~ B MOHOKn~HHYIO CSR3aH 
c He60nbW~M CMe~eH~eM TR>Ken~X aTOMOB c conYTCTBYIO~e~ cnOHTaH
HO~ Ae~pMa~~e~ ~ y~opRA04eH~eM npoTOHOB Ha ceTKe BOAOPOAH~X 

CBR3e~. np~ 3TOM B03H~KaIOT OAHOMepH~e ~en04K~ BOAOPOAH~X CBR
3e~, KOTop~e MorYT 6~Tb op~eHT~pOBaH~ BAonb OAHoro ~3 4 ~a
npaBneH~H /OTHoc~TenbHo ~CXOAHO~ TeTparoHanbHo~ ~a3~/: [111], 
[ 1 11 ], [ 111] ~ [111] . 3T~M Hanpa BneH~RM uenouex COOTBeTCT ayer 
ynopRA04eH~e npOTOHOB Ha Y3nax 1 - 2, 2 - 3, 3 - 4,~ 4 - 1 
AnR ~eHTpanbHoro TeTpa3Apa Ao ~ 3KB~BaneHTH~X ~M Y3nax S co
ceAHHX R4e~Kax. 

TaKIIIM 06pa30M, AnR on~caH~R ~a30BQro nepeXOAa Tlllna nopRAOK 
6ecnopRAoK AnR npoToHHO~ nOAC~CTeM~ AOCTaT04HO paCCMOTpeTb 
ynopRA04eHHe npoToHoB B OAHO~ np~M~T~BHO~ R4e~Ke /B6n~3~ ~eHT

panbHor~ TeTpa3Apa Ao /, Y4~T~BaR ~x B3a~MoAeAcTB~e ~ npOTOHa
MH B APyrHx R4e~Kax .. nplII 3TOM 6YAeM C4~TaTb, 4TO npOTOH~ OT
HOCRTCR K TeTpa3ApaM T~na A, a TeTpa3AP~ T~na B He ~MeIOT npo
TOHOB. 04eBHAHo, 3KB~BaneHTH~e nOnO)f(eH~R Y3nOB npOTOHOB, OT~ 

HOCRW.~XCR K TeTpa3APY Ao , nonY4alOTCR TpaH~nR~~e~ Y3na, OTHO
CRUJ.erOCR K Ai , Ha cooTBeTcTBY~~~ BeKTop Ri cornaCHO /1/. 

PacnpeAeneH~e npOTOHOB B Kp~CTanne 6YAeM on~C~BaTb c no
MOUJ.blO oAH04acT~4Ho~ ~YHK~~H n(;) ,paBHo~ 1, ecn~ npOTOH Ha-
XOA~TCR B Y3ne 

-+
r, ~ HynlO - ecnH Y3en nycTo~. B3a~MoAeHcTB~e 

npoToHoB B MOAenH 3anHweM B B~Ae: 
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... 

~~eTcR B B~Ae cynepno3~4~~ CTaT~4eCK~X KOH4eHTpa4~OHHblX BonH 
~~ ~ ~ ~ ~ ~ ~ ... ...

H=1/2'I, <I>(r-.r')n(r)n(r')=1/2.~<l>ij (R-R')ni(R)nj(R '), /2/ ui (R) = C + xi ( R ) ,	 /7/r. r	 I.J 

... ~ ~~ ~ ~ ~ 

rAe ni(R) - OAH04aCT~4HaR $YHK4~R 3anonHeH~R Y3n~ ~ = 1, 2, rne xi(R) =1/2l: {Q(K ) exp(,iKsR) + Q*(K ) exp (-iK R')l orurs	 s s3, 4 B np~M~T~ BHol:1 R4el:1 «e C KooPA~HaTol:1 R, a <I> (R - R') - no s 
CblBaeT OTKnOHeH~e OT cpeAHero pacnpeAeneH~R npOTOHOB, c = :1/2.TeH4~an B3a~MoAel:1cTB~R. ... ... ..~

3Aecb exp (iK.sR) ecr s CTaT~4eCKaR Bon-tta, 1\.s - BOnHOBOI1 BeKTOp 
...1 AnR nyua 'S 3Be3Abl ...aonaoaoro eexropa tx., I ,onpeAenR~~H (f>a-

30Bbll:1 nepexOA, Q(K s ) - aMnn~TYAa, COOTBeTcTBy~~aR 3TOMY nyCB060~HA~ 3HEPrH~ MO~EnH 
4Y CTaT~4ecKol:1 aonau . 9 

CornaCHO /15/ nepexon D~h -~ C ~h ~AeT no 3 Be3Ae aonaoaoroPaCCMOTp~M np~6n~meH~e cpeAHero nonR /ncn/, nonaraR B ra ~ ~ ... --J !::li ~ -+ -+-+ 
~ - ~ ~ aexropa lK 13 1,1\.13 = ~K1K2) , K1 = 1/2 b~, K 2 = 1/2(b1-b 2 ) ,M~nbTOH~aHe /2/:	 •n i(R)=n i(R)+8n i(R) rne b1 = (O,rr/T, rr/Tz); b 2 = ( rr/ T , O, rr/r z); b 3 = (rr/r,rr/r, O) Y4~TbIBaR BKnaA X~MnOTeH4~ana - 11 N , nonY4~M 

seKTopbl o6paTHol:1 peUleTK~. B CBR3~ C 3T~M peUleH~e B /7/ 3an~
~ ~ - -+- ~ ~ ~ 

UleM B B~Ae
 

ij RR' IJ I J i R I I ncn
 Hz1/2I I <I> .. (R-R')n.(R)n.(R'·)+I (E.(R)-Il)n.(R)=H ' 
-+	 -+ -+ 

X i (R) = t lJi Y exp ( i K,L R ) • 
~ ~ ~- /8/11	 11r ne Ei (R) =.I <l>ij (R - R ') nj (R) - 3Hepr~R n pOTOHa, sa H~MaIOll\ero -+ -+ 

iK R
 
í-l:1 Y3en B cpeAHeM none OCTanbH~X ~OHOB, ni(R) - cpeAHee
 

JR	 . ~ 
rAe fLí{=...1, 2 HYMepyeT nY4 3~e3Abl , ~ Y4TeM, 4TO e 11K 13 

~ = e-I Il R ~ n03TOMY y = y •4~cno 3anonHeH~R B R4el:1Ke R . 
Cornacuo /15/ nepexon B03MomeH n~Ulb no OAHOMY nY4Y, 4TO n03B~pameH~e AnR cBo6oAH0l:1 3Hepr~~ B ncn ~MeeT B~A 

~ BonReT Han~caTb /8/ B B~Ae
-/3H ncn	 -f3(Ei (R) -11 ) . -+ -+ 

-+ i.Kp. R 
iR . /3/ 

F =-T InSpf =-T I In(l+ f .J + 
xi (R) = lJi e • /9/ 

~ ~ ..:;, ~. - ~ 

+	 1/2 I I <1> .. (R - R ') n. (R) n. (R) .
 
RR' ij IJ I J
 rne Y4TeHO, 4TO IYIl t2 = 1. -+ 

Hcnonb3YR ycnoB~e /6/ ~ pa3naraR /5/ OTHOC~TenbHO xi(R) 
AnR'3Hlpon~~ MomHO 3an~caTb: 

nonY4~M n~Heap~30BaHHoe ypaBHeH~e 

- -+ -~ -~ _ ... 
'S =	 I {n . (R) In (n . ( R) + (1 - n. ( R )) In( 1 - n. (R)) I . /4/ x . (li) = c( c .... 1) I <l>i' (li - li ' ) x .(R ') . iR I I I I /10/

I T iR J J 
YcnoB~R aF/ani = O Aa~T ypaBHeH~R caMocornacOBaH~R AnR 

cpeAH~X 4~cen 3anonHeH~~ TaK~M 06pa30M, AnR HaxomAeH~R HeHyneBblx peUleH~H x i (R) 3a
Aa4a CBOA~TCR ~ H-i3XQ)KAeH~~ coõcr aeaaux BeKTopOB MaTp~4bl B3a~

ni(R) = (1 + exp(,9(I <l>i··íi.(R) -11)))' /5/ 
- ...	 ... 

MOAeI1CTB~R <l>ij(R- R' J. nOACTaBnRR /9/ B /10/, nonY4~Mj J J 
- ... 

np~T > Te n i (R) = c. Hcnonb3YR 3TO ycnoaae , ~3 /5/ nony c (c -1) 
lJ i =: T f <I> ij (K11 ) lJ i ' /11/

4~M 

-+ -+ . 1- C 
-+	 _ ... i~R _ -+ _exp(-f3Il') = -c- exp ( - /3Voc),	 /6/ r Ae <I> ij (K11) - ~ <I>ij (R ) e - <I> ij (O) + Jij (K11)' a ct> i (O) 

rne Vo = ~ <l>iJ . MaTp~4a B3a~MOAeHCTB~R npOTOHO~ BHYTP~ ~AHOI1 np~M~T~BHOI1 R4e~
'" J K~ /B6n~3~ TeTpa3Apa Ao / ' KOTopaR onpeAenReTCR ABYMR KOHCTaH-AnR p~UleH~R C~CTeMbl casocorrtacoeaaaux ypaBHeH~H /5/ ~cnonb

3yeM MeTOA, npe.q.nomeHHiill:1 ~ /14/ , AnR on~caH~R ynopRAo4eH~R B
 TaM~.: V = <I> 12 = <1>14 = <1>23 = <1>34 ~ U = <I> 13 = <I> 24 ' np~4eM
 

Kp~CTann~4eCK~X TBepAblX pacTBOpaX. B 3TOM MeTOAe peUleH~e
 <l>ij = <l>ji ~ <l>ii = O, a . 
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..... ..... 
..... ..... iK,.t R 3AeCb C ~ - nOBoP9T eoxpyr OCH Z Ha 1800 , ai"y , a xy - orpaxeJi j (K = ~ cfJ ij (R) e
IL) HHe B nJ10CKOCTH (110) H (1 la) cooTBeTcTBeHHo, B cK06Kax YKaRio 

3aHbI B03Bpa~alO~He TpaHCJ1R~HH. 
onHC~BaeT B3aHMoAeAcTBHe c APyrHMH R4e~KaMH.
 

. PaccMoTpHM nanee nepexon no J1Y4Y .K 1 = 1/2 b3 • Y4HTbIBaR,
 
4TO B3aHMoAeAcTBHR npOTOHOB, OTHOCR~HXCR K TeTpa3AP-a~ B13 -1\6'
 
onHCblBalOTCR TeMH me KOHCTaHTaMH V H U, AJ1R MaTpH~b1 J(K ) HMeeM 

1 

y V+a -U + f3 -V + a {I 
V + a y -V +a -U + 13..... 

J(K )1 =1 -U +13 -V+a y V+a
 

--;V +a -U + 13 V +a y
 

rAe y,a,~ - KOHCTaHTbI AaJ1bHOAe~CTBHR. 6YAeM C4HTaTb, 4TO 

IV I» y,a, 13· 
T~KHM 06pa30M, nOJ1HaR MaTpH~a B3aHMOAeAcTBHR npHHHMaeT BHA 

y ai 13 a 

ai y a 13 
..... ,

<J> (K 1) = a y I /12/
1 f3 a 1 

a 13 ai y 

3AeCb a 1 = 2V + a • 

<bA30BblA nEPEXO,L\ (\ 

npeACTaBJ1eHHaR Ha pHCYHKe CTPYKTypa KpHCTaJ1J1a COOTBeTCTBY
e r np. rp . C l; ,RBJ1RIO~eAcR nOArpynnoA D ~t . Feaepa'rop np , rp • 
Dl9 ecrs 3J1eMeHT CHMMeTpHH 11 I tI, rne I - HHBepCHR, t = (O,r , 
rz ~2) - conYTCTBYlOU\dR TpaHCJ1R~HR. 11 It I nepeaonar TeTpa3AP 
Ao B TeTpa3AP 8 15 • n03TOMY B03MO)f(Hble THnbl ynopRA04.eHHR B6J1H ". 

3H TeTpa3Apa THna Ao Ha CBR3RX 1-4 npeACTaBHM B BHAe pa3J10
)f(eHHR no HenpHBOAHMblM np.rp. Cl~ . HH)f(e nOKa3aHO npe05pa30
BaHHe He3KBHBaJ1eHTHblX n03H~HA Y3J10B 1-4 OTHOCHTeJ1bHO 3J1eMeH
TOB CHMMeTpHH rpynnbl BOJ1HOBOrO BeKTopa C •

K13 

{E I {C ~ I la_ I tIl a I t I
 
~ &.
 

t.. 3 4( 111 ) 2 (111 ) ~J 
2 4 3 1(020) 

MaTpH~a B3aHMoAeAcTBHR cfJ(iJ HMeeT CHMMeTpHIO BblcoKoTeMnepa
TYPHOA ct»a3bl. Torna H3 BeJ1H4HH TJi MO>KHO 06pa30BaTb J1HHeAHble 
KOM6HHa~HH, OTHOCR~HeCR K HenpHBOAHMblM npeACTaBJ1eHHRM rpynnbl 
BOJ1HOBOrO aex ropa G K13 • AJ1R X - T04KH 30HbI 6PHJ1t1103Ha HMeeT
CR OAHO ABYMepHoe HenpHBOAHMoe npeACTaBJ1eHHe r/rei. HH>Ke AaHbI 
6a3HcHble ct»YHK~HH AJ1R nepeCTaHOB04Horo npeACTaBJ1eHKR. 

1 2 3 4~ 
1 1 

1 . -1 
T /13/ 

1 1 

1 -1 

OAHaKO Y4eT AaJ1bHOAeAcTBHR CBOAHT 3a~a4Y K ~accMoTpeHHIO ne
pexoAa no OAHOMepHblM npeACTaBJ1eHHRM. 

nepeAAeM OT TJi K HOBblM nepeMeHHblM 

-1
Yi = 1: Uu TJ j ( TJ· = 1: U 'j s, ). /14/1 j 1 Jj 

rne U, U-l - npRMaR H 06paTHaR MaTpH~b1 YHHTapHoro npeoõpaao
BaHHR; U = TP, T - MaTpH~a, nOCTpoeHHaR no nepeCTaHOB04HOMY 
nPeACTaBJ1eHHIO 6a3HCHblX ct»YHK~HA /13/, P - YHHTapHaR MaTpH~a, 
AOAHarOHaJ1H3HPy~aR MaTp~~y B3aHMoAeAcTBHR. MaTpH~a U,U-1 HMe
eT BHA 

1 1 1 1 

1 1 -1 -1 
U = U-1 = -1 1 -1 I /15/I 1 

1 -1 -1 1 

B pe3YJ1bTaTe BMeCTO CHCTeMbI /11/ n0J1Y4HM CHCTeMY ypaBHeHH~ 

c{c-I) ..... 
Yi = --T 1: <J> u (K i )Yj , /16/ 

j 

rne i(K 1) Ue!> (K1)u-l H HMeeT BHA 

~ 
't3 1 2(111) 4(111) 

4 2 1(020) 3 

7 6 



Vo 

4 

<I> (K 1) 
B1 

A 
/17/ 

8 2 

3AeCb V = y + 2V + 2a + f3,o 

B1= Y + 2V - f3, A = y + f3 - 2V - 2a, B2 = Y - 2V - (3, /17a/ 

4 

C06CTBeHH~e 3Ha4eH~R MaTp~~~ ~(Kl) . 
C06CTBeH~Oe 3Ha4eH~e Vo , cornaCHO /6/, COOTBeTcTByeT OA

HOPOAHOMY pacnpeneneaao /HeynopRA04eHHaR eaaa/'. OCTanbHblM co
OTBeTcTByeT TO ~n~ ~HOe ynopRA04eH~e, npO~CXOAR~ee np~ COOT
BeTCTBYlOl1\e~ TeMnepaType Te' cornaCHO /16/: I 

T(f) 
À (c - 1) c,	 /18/

e f 

rAe Àf - c06cTBeHHble ~Ha4eH~R, onpenenaeaue A~arOHanbHbIM~ 

3neMeHTaM~ MaTp~~bl <I> (K 1). B03MOW.Hbl cneAYJO~~e T~nbl ynopanoue
H~R AnR c06CTBeHHblX 3Ha4eH~~ B1, A, B2 COOTBeTCTBeHHO: 

-
n 1 = n2 = c + 1/2y 

-
n 3 = n4 = c - 1/2y.	 /19a/ 

li1 = n3 = c + 1/2y n2 = li 4 = C - 1/ 2y.	 /196/ 

n	= n = C + 1/2y n2 = n = c - l / 2y. /19B/1 4	 3 

TeMnepaTypa, H~me KOTOPO~ B03MomH~ 3T~ ynopRA04eH~R, onpeAe
nReTCR ~3 /18/, rAe C = 1/2. TaK~M 06pa30M, TeMnepaTypa nepe
XOAa B ynopaaoueauae COCTORH~R runa /19a/ - /196/ 6YAeT, COOT
BeTCTBeHHO, paBHa 

(1)
T e	 = 1/4 (f3 - y - 2V), 

Te
( 2)	

= 1/4 (2V + 2a - y - f3 .), l20/ 

T~3)	 = 1/4(f3 + 2V -y). 
-, 

4 4 4 

4>a30BbI~ nepexon no BTOPOMY IlY4Y K2 = l/2(bl-b2)~n~CbIBaeTCR 
TO~ me C~CTeMO~ ypaBHeH~~ /16/, HO c MaTp~~e~ <I> (K2) . a~aro
HaIl~3a~~R ee ·on~caHHbIM asuue cnocoõoa npLilS.O.A~T K TaKOMY me B~
a~, 4l.0 ~ /17/, HO c nepeCTaHOBKO~ <1>;2 (K2) = <i> 44 (K1) = B 2 ~ 
<1>44 =	 <1>22 =B1· T~~bl ynopRA04eH~R AnR CO.?TBeTCTBYIO~~~ C06CT
BeHH~X 3Ha4eH~~ <l>ii TaK~e me, KaK ~ AnR K 1 , a TeMnepaTYP~ 

nepeXOAa B ynopRA04eHHble COCTORH~R T~na /19a/, /196/, /19B/ 
6YAYT COOTBeTCTBeHHO T(l') =T(3) T(2') = T(2) ~ T(3') =T(l), 'e e' e e e e·
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06CY)I(aEH~E 

npeAIlomeHHaR MOAeIlb B ncn AaeT B03MomHble ynopRA04eH~R npo
TOHOB /19/ np~ <t>a30BOM nepexoAe ~ COOTBeTcTBy~~e ~M TeMnepa

:~ 
~ 

TYPbl nepexona /20/. OTMeT~M, 4TO ~3 ABYX napaaerpoa KOpOTKO
Ae~cTB~R U ~ V np~ nepeXOAe c YABoeH~eM R4e~K~ OCHOBHYIO pOIlb 
~rpaeT I V I » a ,(3, y , a napaxe rp U aunanae r ~3 ypaBHeH~~. H3 
np~BeAeHHoro Bblwe aHan~3a 'B~AHq 4TO nepeXOA no ~J;) Mo~eT 
a.1AT~ no ABYM nY4aM, TaK KaK T~2) = TJ2) , a nepexona no <I>~{) 

'~	 ~~~) ~AYT no OAHOMY nY4 1 , T.K. B3Ha4eH~e Te KOHCTaHTa V 
BXOA~T C pa3HbI~~ 3HaKaM~ AnR nepexoAoB no pa3H~M nY4aM. npeA
nonosoia , 4TO V.< O cooreerc raye-r Inp~TRmeH~IO" npOTOHOB Ha 
coceaaax ysnax, np~ 3TOM reaneparypa nepexona Te = T~1) > O. 
B03MomH~e ynopRA04eH~R npOTOHOB Ha CBR3RX HanpaBneH~ BAonb 
[11 fl ~ [111] AIlR nepexona nO_EY4Y K1 , nepneuna Kyn~pHoMY 
3T~M Han~aBneH~RM, ~ BAonb {111] ,[111] AnR nY4a K2 ' 4TO 
Ha6nJOAaeTcR B 3Kcnep~MeHTe. 

TaK~M 06pa30M, np~ <t>a3óBoM nepeXOAe B03MomHO 06pa30BaH~e 

~en04ef ,0AOPOAHbIX CBR3e~ B 4eTblpex HanpaBneH~RX /4eTblpex AO
MeHOB 7 /. OTMeT~M, 4TO nonyuaexoe npa <t>a30BoM nepexone SS/R= 
= 1,38 XopOWO cornacyeTcR C 3Kcnep~MeHTOM. 

nonY4aeMbll1 <t>a30Bbl~ nepexon B MOAeIl~ ;"'BToporo poaa , 4TO 
06ycnoBneHo ncn np~ B~4~cneH~~ cB060AHO~ 3Hepr~~ /3/. npeA~ 

CTaBnReT ~HTepec npOBeCT~ peweH~e 3aAa4~ C Y4eTOM KOpoTKoAe~
CTBYJOIl.t~X KoppenR~~~, xo ropue np~BoART K <t>a30BOMY nepexony nep-' 
Boro pona cna'repoacxoro runa /CM. /13/ /. Bbl4~cneH~e CB060AHO~ 
3Hepr~~ C Y4eTOM cn3TepOBCK~X KOH<t>~rypa~~~ B ·AaHHO~ MOAen~ 

npeAnonaraeTCR npOBeCT~ B OTAen~HO~ pa60Te. 
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~aB~oB H.A., llnaKHAa H.M. P17-87-553 
~a30Bb1H nepeXOA B. MOAenH npOTOHHoro cynep
HOHHoro KpHCTanna 

rrpegno~eHa Mogenb ~a30Boro nepexoga nopHAoK-6ecnopH
AOK B npoToHHOH nogcHcTeMe CYnepHOHHoro npOBOAHHKa THna 
rHAPocynb~aTa ~e3HH. Ha OCHOBe MeTOAa KOH~eHTp~HOHHMX 

BOJlH paCCMOTpeHbI B03MO)KHble THIIbI ynopanoxeaaa npOTOHOB 
ripa CTPYKTYPHOM nepexone Di: -+ c~ c YABoeHHeM 06'beMa 
npHMHTHBHOH HtIeHKH. . . 

Pa60Ta asmormeaa B Jlaõoparopaa TeOpeTHtIeCKOH cPH3HKH 
onsa. 

Ilpenpaar 06'heAHHeHHOrO HHCTHTyT8 lUlepHblX HCCJJeAOBSHHH. ,ny6Ha 1987 

llepeBOA Ü.C.BHHorpagoBoH 

,Javadov·N.A., Plakida N.M. P17-87-553 
Phase Transition in the Model of Proton 
Superionic Crystal 

A model for order-disorder phase transition for pro
tons on hydrogen bonda in superionic conductor like ce
sium hydfogen sulphates is proposed. Possible types of 
proton ordering in the structural transition D~~ -. C2~ 
with doubling of the primitive cell volume are 1nvest1
gated by tge concen~ration wave method. 

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

Preprint of the Joint Instituto for Nuclear Research. Dubna 1987 


