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1. ТЬе ac tive researcb of spin glasses in recent years bas 
stiaulated the etudy of analogous phenomena in nonшagnetic 
syate .. vhere eU.ilar states in strucrurally frustrated systems 
have bee.n c:alled structural glass. Solid solutinna see111 t o Ье 
auitable for the study of the peculiaritiea of the structural 
glass phase/1/, Тhis follovs fr0111 recent experilllents on salts 
Rь 1_ ,(NН4 )~ н2 РО4 vbich are solid so}yt\?na of order-disorder 
ferroelectr lc8 and antiferroelectrics - . In the present 
paper ve inveetigate the condi t ions for the existeoce or t he 
зtroctural glaee phase in а IIIOdel 9( а displacive-type soli.d 
solution vith COIIIpeting interactions. Тhi a model corresponds to 
mixed perovekites, e . g. , to Sr1_ , ва, Т!О3 • 

2. Let us consider the fotloving uodel Нamiltonian of а . 
structurally unatable solid solution/4/ , vhich we vrite in the 
fonв 
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vhere Ф ; ia thc displaceoaeot of the i - th at011 of 180.ss m1 (cf
fectively characterizing the uoit cell of the latticc) , vhich 
is situated in а one-particle douЬle-vell potential, and р. 
is thc conjugate momentum. Тhе paramcters of the Нamiltonian 
are rando~ quantities. The coupling constants с11 аау Ье post
tive or negative in dependence on the kind of the atoms (the 
distribut ion of .which is statisticall.y homogeneous accordi ng 
to our assumption) at sitcs R; and Rj as wel1 as on the inte
raction radius 1 R; - R; 1· lf"vc write the displacements Ф; аз 
а sшD of equili'>rium posit ions 11, = <ф. > and fluctuations 
u,(t): Фt(t)-~ 1 +U . (t), and pe'rform'the thermodynamic average 
of thc equation or :.Otion: d/ dt <p. ( 1)> - 0,we get the following 
equation-for the equil ibrium posit:

1
i ons 

(-А; .зв1 <u~> •c.1 >>~ .• в,.,з =! с,1. ~ . . (2) 
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vhere С01 • ~ с 11 • Eq. (2) has been obtained Ьу neglecting tbe 

anhar1110nic tera <u~ >,i .е., Ьу applying the first-order self
consistent: phonon ~pproximation. Вес:шsе of t.he atochastic natu·
re nf the RA~iltonieo (1) the solut ions .,1 of Eq. (2) are 
inhoмogeneous. Analogously to spin glasscs ve introduce the 
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folloving two order para~t~r• for tbe de&cription of the struc
tural glass phas&: ;;. and ~ , vhere tbe bars denote а configu
rational 3varage . Тh~ oquat i on for the order parameter ~- is 
obtained aft~r av&raging of linearized e q. (2) in the vi~tual 
c rystal approxi11111tion (VCA) 

(- А; + зii, <uf >+ С0; ) ';i. • ~ ё ii ;;. 
J J J 

(3) 

Тhis equation .!l!ovs an esti114tion of th~ c ritical value of the 
f1uctuations <uf>cat vhich the transition Гrom tbe paraphase, 
whcr& qi • О , to а long-r.nge ordttred modulated pbaso, wherc 
ij. - cos Q0R1 , t&kes place. Тhс value of th& wave vcctor <1о is 

1 .. • • 
detenoLned Ьу the max<шum of t he Fourier transform of the ave-
raged coupling constants ёij , (мах Ц. "С:..О ) , and chat3Cter i zed 
this phasc : it мау Ье incoшmensurate or co~ensurate (the 
ferrophase for Q0 =О and the antiferrophase for q0 - Qн~ ) . 
T~•imptity шatter we assume that the averaged 'tluctuations 
<u~ > c1re a.pproximately homogcne.ous. Thcn, t tte .Fouricr transfor ... 
m4tion of. Eq . (3) yieJdз " · 

- 2 - - -
3 в i <u; >с - "1 +с '~о - с • • о (4) 

For an estiшation of the value of tbe fluctuations <uf>1 .at 
vhiclt the trans ition to the glass phase with ij1 = 0 and ;;F, ,& О 
takes pl4cc, we арр1у а similar me thod as has b&en used 1i r\ tbe 
mean fiold theory of spin glasses/5/, Squaring the linearized 
Eq. ( 2) and performing the configurational average in the 
sense of the VCA with approximation q. 't .lj2в.k we obtain 
equation like Eq. (3) vhicb giv&& ·us: 1 1 1 

-- 2 -- --2 - 2 2 an, <u[>6 . в 1 сл1 -с 01 )+IB1 (А 1 -с0 1 > ... в,rс, 
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Wllere c2i =! C;t • 
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Th& Пuctuations may Ье found from thl! Пuctuation-dissipa

tion tbeorem. Тh& calculation o f tbe susceptihility of the 
systeш ( 1) io VCA yieldз 

2 . 1 ,. 1 "'• <ui > .. - соtь -~ • • 
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wltere .,Ч is the phonon frequency given Ьу 

2. - - -;, - -
111.,4 . --•\ +381 (<u; >+q1)+C4 • 0 - Cq. ( 7) 

11te system of eq11ations (4)-(7) dctermin~s the temperaturc Tq 
о 

or tho cransition to а phase modulated with tlte wave vcctor q
0 

and thc tempcrature т8 of the transit ion to the glass phosc . 
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3. Now let uз apply the derived eatiaations to а Ыnary alloy 
where the sites of the вodel (1) are randomly occupied Ьу atoes 
of ltind А or В, ln this case we get 

- 2 АА AR 21 ВО 
С;; -хлс 11 +,2хлх6С 1; +х0с 1; , m, -xAroA+Xomв' 

and analogous equ.ationa for А 1 and 81 • wbe_re xA,sftare the con
centrations of tbe cocaponents. Тhе co~nent А sbovs а ferro
distortivc transition(maxc~Ak с:~ • С0 "> -and the component О 

an antHerrodiзtortive one '(maz CqRD. С.!' 0 ).For th~ calculation 
··вz 

of the s um in Eq. (6) we suppoзe а simple cuЬic laпice =d 
зpproximate the phonon spectrum Ьу 8 Debye one. Тhе temperatu
rcs Т1 and Т1 calculated from eqs. (4) - (7} are plo tted in 

о 
Fig.l. Тhеу give an esti.ation _of the transition temperatures 
~о the ferrodistortive (Р) , antiferrodi~tortive (АР) and struc
tural gless phase (SG), respectively. Тhе parameters 1tave been 

' АА c.bosen 88 follows:. А 0--О.2Ад, в11 -в" , mн•Шд, Со .I A"~I.I, 
С~Н е- 0.6С$А cgo ~ - 1.2С$А ahd Л л • J0- 3 (the parameter 
.\A=1iCA"IшA)I;~ /( A~/Bд)characterizes the strength of the 
quaotu10 fluctuations, see r<tf, / 4/) , 

Numerical calcul3tions show that the structural gl.ass phaee 
may Ье found only for sp&cial rel4tions of tbe par4Шeters of 
the Нmnilton'ian (1). I n Pig;2. we have shown the ronge of exis
tence of ~he glaзs phas& for varying parameters у • А0/·Ал aod 
Са. ct"l л"and f.or otl>er fixed paramet&rs of tbe abov& exampl~. 

For а short discussion of tb& static susceptibility beha
viour we c:onsider the s pe.cial case AJ -А; Bi • В . Considering 
the staЫlity of F- nnd SG - pbase in the. classic limit Т» .,1, . 
where <~> •(T/mi N} t<~2 w& obtaio ;;1-(Т. -Т) with т • UJ q t о g 

- 2 ·2 - 2 1/2 
= Т0 [ 1- Со; 1 "" [ С2; - (C0 i - С01 )J 1 А 1 , wh.ere т0 denotes 
the trans ition temperature to the ferrodistortiv~ pbase. An 
estimation of the susc~ptiЬility for Т5Т~ yields ,..-rтg - т0 + 
+ а (Т 

1
- Т)]-1 and &xhibits а usual for sp<n glass~s cu.s p at Т8 , 

As " result, in tbe present model for Ы.nary solid solutions 
with compcting fe~ro- and antiferrodistortive int~raction tb& 
appearance of а glass phase is possiЬle but at special r&la-
tions betveen 110del p4ra .... ters. Тhе observat ion of а similar 
pbase diagram, as Ьаа heen shown in Fig.l, 10ау Ье expected, 
&.g., in thc solid solution (St,Ba)Т\0~ for "'Ьich the transi
tions to thc F- and AF -phase hav~ been measured /6/, In thi s 
conncction ~he experimental investigotion~ of tbeee mixed crys·· 
talз, as have l>een pe~formed for the compounds (Rb,NH )Н РО /1-3/ 
would Ье very ioteres ting. 4 2 4 
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Fig.l. lhasa diagra. of а DOdal 
of displacive type binary solid 
solution vith co..,eting interac
tions. 

Fig.2. Region of the existence 
of the structural glass phase 
for varied parameters of the 
model. 
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