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V.E.Yurkev ich, B.N.Rolov 

Latv ian State Un i v e r s i t y ( R i ga , USSR) 

THE PHENOMENOLOGICAL THEORY 0? FERROACTIVE 
SOLID SOLUTIONS* 

F e r r o a c t i v e s o l i d s o l u t i o n s nave acquired spec ia l impor­

tance amoc; f e r r o e l e c t r i c s , f o r they are qu i t e an ex t r ao r ­

dinary ob jec t open to i n v e s t i g a t i o n . Indeed, a cb.ai.ge i n ad­

mixture concentrat ion only makes i t poss ib l e t o vary the pha­

se t r a n s i t i o n (FT ) temperature wi th in a range of a hundred 
degrees . 

In the genera l case a l l the FT i n f e r r o a c t i v e s o l i d so lu ­

t i ons can be roughly d i v i d ed i n t o two groups: sharp PT or 
c l o s e t o them ones, and d i f f u s e PT, when the PT process does 
not occur at a s i n g l e po in t ed out temperature, but i t i s ex­

tended in a c e r t a i n temperature i n t e r v a l . Na tu ra l l y , t h i s 
imposes c e r t a i n cons t r a in t s on the methods o f t h e o r e t i c a l 
a n a l y s i s , i . e . tn the f i r s t case i s capable to use, the ap­

paratus of thermodynamic formal ism, but t o descr ibe the se ­

cond one i t i s necessary t o i n v o l v e s t a t i s t i c " or model con­

cepts* 

Unl ike pure c r y s t a l s , a s o l i d so lu t i on i s charac t e r i z ed , 
apart from common parameters, by some s p e c i f i c ones, i . e . , 
by concentrat ions of admixture components, descr ib ing new, 
add i t i ona l degrees of freedom, which have t o be taken i n t o 
account f o r bui ld ing the s o l i d so lu t i on thermodynaaiicB*We 
shal l dwell upon FSS of th» pe rov sk i t e t y p e , which are de­

sc r ib ing by the formula ABC ̂ . The f o l l o w i n g f a c t i s of im­

portances the A i on being r ep laced in a­system, the c r y s t a l ­

l i n e quan t i t a t i v e c h a r a c t e r i s t i c s are changing in the v i c i ­

n i t y of the PT p o i n t , but the q u a n t i t a t i v e behaviot • of the 
process and PT remains unchanged. 

хДоклад,представленный на I международной школе по оегнвто­

электрвкам, г . ТшеОешевипн (ПНР) , жил. 1978 г . 
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In case the B ion replacement takes p l a c e , the charac ter of 
PT i s changing: sharp PT transforms i n t o d i f f u s e one.We are 
go ing t o s t a r t the ana lys i s with a s imple case o f sharp PT. 

As i t has been a l ready sa id the change i n admixture con­
cen t ra t i on of a system causes a cont inuous change of the 
c r a y s t a l l l n e basio phys ica l c h a r a c t e r i s t i c s . To descr ibe the 
concentra t ion dependence of the system main p r o p e r t i e s we may 
use the s e l f c o c s i s t e n t f i e l d theo ry i n the L-G-D form, 

which *a one of the s imp les t , most convenient and v i v i d met­
hods of a t h e o r e t i c a l a n a l y s i s . Wi th in the framework of t h i s 
theory a l l system p r o p e r t i e s are unequ ivoca l l y determined by 
the thermodynamic expansion c o e f f i c i e n t s . The r e f o r e , i t i s 
c l e a r that every admixture concen t ra t i on w i l l have i t s own 
thermodynamic expansion c o e f f i c i e n t s , c h a r a c t e r i z i n g a c r y ­
s t a l at a c e r ta inconcen t ra t i on . Thus the FS3 thermodynamics 
may be b u i l t on the analogy w i th the c l a s s i c a l L-G-D theory , 
but i n thermodynamic p o t e n t i a l expansion the expansion coe f ­
f i c i e n t s should be a continuous func t i on o f admixture con -
c e n t r a t i o n . In extreme cases they ought t o c o ins i d e with the 
expansion c o e f f i c i e n t s f o r the pure f i r s t and the pure seoond 
component when a system i s no l onge r a s o l i d s o l u t i o n . 

The system'thermodynamic p o t e n t i a l , and t h e r e f o r e , any 
c h a r a c t e r i s t i c of a c r y s t a l in a cer ta inway i s a superpos i ­
t i o n of each component's phys i ca l p r o p e r t i e s f o r admixture 
concentrat ion wi th in the i n t e r v a l from zero t o un i t y . Con f i ­
ning ourse lves t o quadrat ic approximation wi th r e spec t t o ad­
mixture concentrat ion (when desc r i b ing thermodynamic expan­
s ion c o e f f i c i e n t a t o rder ing parameter square ) and t o l i n e a r 
approximation f o r the r e s t parameters we have obta ined the 
a n a l i t i c a l c o r r e l a t i o n of main p h y s i c a l c h a r a c t e r i s t i c s beha­
v i o u r . The number of ad just ing parameters depends on the FT 
charac ter : there are two ad just ing parameters f o r PT I I , and 
three - f o r PT I . The reason f o r t h i s l i e s i n the f a c t that 
the thermodynamic expansion c o e f f i c i e n t at the order ing para­
meter square r i g h t at the FT I p o i n t does not turn in to z e r o , 
as t h i s happens at PT I I , but i t adopts a f i n i t e v a lue . B e s i ­
des , there e x i s t s a n a l y t i c a l i n t e r r e l a t i o n between the t h e r ­
modynamic expansion c o e f f i c i e n t s a t the PT I p o i n t . This i n -



tar-re lat ion determines the concentrat ion dependence of • 
thermodynamic expansion c o e f f i c i e n t v i a the r e s t ones. 

The comparison between the obtained a n a l y t i c a l c o r r e l a ­
t i ons and the experimental data has shown qu i te good ag­
reement* I t i s useful t o note that i n a p l e n t y of oases the 
ad just ing parameters may be equal t o z e ro , and f o r the con-
c en t r a t i ona l desc r ip t i on of a system i t i s necessary t o know 
on ly the va lues of the pure f i r s t and second component.Fur­
thermore, sometimes s o l i d so lu t ions cannot e x i s t at any ad­
mixture concentra t ion , they e x i s t only in c e r t ain conoentra-
t i o n a l i n t e r v a l s . I n t h i s case the pure second component pa­
rameters l o se the i r i n i t i a l phys i ca l meaning and p lay the 
r o l e of convent ional adjust ing parameters. Taxing in to ao -
count that the d i e l e c t r i c pe rmeab i l i t y behaviour, i s un i e iu i -
v o c a l l y determined by Curie-Weiss constant and FT temperatu­
r e we may conclude on the bas is of ana lys is that t h e o r e t i ­
c a l and experimental curves o f d i e l e c t r i c pe rmeab i l i t y c o in -
s i d e . P r e c i s e determination of the concentrat ion dependence 
of some c h a r a c t e r i s t i c s i s sometimes qu i te compl icated. As 
an example we take Curie-Weiss constant. To i n v e s t i g a t e i t a 
concentrat ion dependence i t i s necessary t o measure d i e l e c ­
t r i c pe rmeab i l i t y i n d is tant paraphase, i . e . i f o r tempera­
tures which are much higher than the PT temperature. That l a 
why i t ia so important t o obta in simple v i v i d ana l y t i c a l cor ­
r e l a t i o n s permi t t ing to determine t h i s behaviour on the basis 
of r e g u l a r i t i e s near FT temperature. In terms of the proposed 
s e l f c o n s i s t e n t f i e l d theory t h i s problem has qu i te an easy 
s o l u t i o n . For t h i s purpose i t i s necessary only t o measure 
d i e l e c t r i c pe rmeab i l i t y at the PT po int a t a c e r t a in admixtu­
r e concentrat ion and t o determine the va lue of PT temperatu­
re s h i f t under the in f luence of admixture concentrat ion . The 
comparison of these simple a n a l y t i c a l r eau l ta with experimen­
t a l data has proved the i r v a l i d i t y * 

Fe r roe l ec t r i c - semiconduct ing c r y s t a l s represent a more 
complex system compared t o f e r r o e l e c t r i c s , f o r they have se ­
v e r a l quasi-independent subsystems at once* For the de - r i p - ' 
t i o n of the e l e c t r o n subsystem the thermodynaaical p o t e n t i a l 
of a f e r r o e l e c t r i c subsystem fo rmal l y must be added with a 



б ' • 
term determining semiconducting p r o p e r t i e s of a c r y a t a l . l t 
i e assumed that the e l e c t r o n subsystem i s q u i t e r i g i d l y con­

nected wi th the system order ing p r o c e s s , and the width o f 
the f o rb idden zone i s the func t i on o f order ing parameter . 
N a t u r a l l y , in FSSS a l l the parameters of the e l e c t r o n sub­

system are the funct ion of admixture concent ra t i on as w e l l 
as the parameters of f e r r o e l e c t r i c subsystem. Thus, thermo­

dynamic p o t e n t i a l of t h i s complex system can be t r ans f o r ­

med i n t o the c l a s s i c a l type of L­G—D expansion. Thermodyna­

mic expansion c o e f f i c i e n t s i n t h i s case inc lude the depen­

dence on both f e r r o e l e c t r i c subsystem and e l e c t r o n one. 
They are the funct ion oi admixture concen t ra t i on . The i n ­

f luence of admixture concentrat ion can be reduced t o the va­

r i a t i o n of each subsystem c o n t r i b u t i o n t o the v a r i a t i o n of 
each subsystem phys i ca l proper ty o f a c r y s t a l . Th is i n f luen­

ce can vary the degree of i n t e r a c t i o n between the subsystems 
St i s poss ib l e that admixture concen t ra t i on can a f f e c t the 
PT charac te r , and PT I transforms i n t o PT I I and v i c e versa . 

The ana lys is of d i f f e r e n t disturbances p lays a s p e c i a l r o l e 
f o r the i n v e s t i g a t i o n of f e r r o a c t i v e c r y s t a l s . The g r e a t e s t 
i n t e r e s t i s focused on the constant e l e c t r i c f i e l d and mec­

hanica l s t r esses ­ I t should be emphasized that a l l ooapo ­

aenta of mechanical s t r e s s e s t ensor may i n f luence the f e r r o ­

e l e c t r i c PT. However, p r a c t i c a l i n v e s t i g a t i o n a t high s t r e s ­

s e s , producing a no t i c eab l e e f f e c t , may be performed only 
when m u l t i l a t e r a l , o r hydros ta t i c , pressure occurs . There f o ­

re we conf ine t o the cons ide ra t i on o f t h i s p a r t i c u l a r сева . 
The hydros ta t i c pressure in f luence on the c r y s t a l l i n e phys i ­

c a l prope r t i e s In the v i c i n i t y of PT I I i s s im i l a r to the 
admixture concentrat ion in f luence and l a r e v e a l e d i n the 
framework of L­G—D theory through the c o e f f i c i e n t of thermo­

dynamic p o t e n t i a l . The i n f luence o f hydros t a t i c pressure i s 
regarded as a disturbance, which dees not change the genera l 
character of PT ­ .he process remains sharp. This approach­

can be app l i ed both f o r FSS and FSSS. The on ly remark would 
be appropr ia te here . The i nc lus i on o f the h y d r o s t a t i c p r e s ­

sure e f f e c t s to the s e l f c o n s i s t e n t f i e l d model inc reases the 
number of adjust ing parameters. This c e r t a i n l y i e the draw­

' tw/ifffc 
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back of the theory proposed* 
The inc lus ion of hydros ta t i c pressure t o thermodyna­

mic p o t e n t i a l of TSS and FSS8 l e a d s t o the change in the 
PT character - i t transforms from PT I t o PT I I end v i c e 
v e r sa . This e s p e c i a l l y r e v e a l s on the example of 7888* Oh 
the ^rounds of the L-G-D mod i f i ed theory i t i s easy t o show 
that Kearn-Harbeke e f f e c t mani fes ts i t s e l f in the ex is tence 
of t y p i c a l i n c l i n a t i o n angles f o r the v a r i a b l e s being ana -
l y e ed a t convent ional PT I and PT I I . These angles can p r i n ­
c i p a l l y charac te r i z e the p rocess belonging t o PT I and P T I I , 
and as the t h e o r e t i c a l ana lys is shows, they are changing un­
der the in f luence of hydros ta t i c pressure and admixture con­
c e n t r a t i o n . Th i s a l l ows to s e t f o r t h a hypothes is that in 
some cases the process of c r y s t a l l i n e s t ruc tu ra l reconst ruc­
t i o n possesses f ea tures both of PT I and PT I I . The PT p r o ­
cess in t h i s case can be presented as a superpos i t ion of PT 
I and PT I I . F i n a l l y i i t should be noted that admixture may 
d i f f u s e the process o f PT In the system. There i s the whole 
i n t e g r i t y of reasons s t imula t ing t h i s phenomenon, f e sha l l 
s t a r t the analys is w i th cons ide ra t i on of admixture conoen -
t r a t i o n f l u c t u a t i o n s . A reserve should be made at once that 
a s im i l a r e f f e c t can be observed not only i n f e r r o a c t i v a so ­
lu t i ons but i n a l l binary systems aa we l l * For instance* 
Khacbaturyan'a works prove the p e r i o d i c a l d i s t r i b u t i o n of 
admixture concentrat ion in the genera l case* Our case assu­
mes the s t a t i s t i c a l d i s t r i b u t i o n of iona of d i f f e r e n t kinds 
i n i d e n t i c a l c r y s ta l l o g raph i o p o s i t i o n s * This l a i t s turn 
a l lows t o make an assumptioc about the ex is tence of f l u c tua ­
t i ons In a compound. The f a c t suggests the d i f fus i on of a 
f e r r o e l e c t r i c PT. The method descr ibed , a l l ows t o represent 
the behaviour of a l l phys ica l c h a r a c t e r i s t i c s of the system 
in the v i c i n i t y of the PT po in t as a funct ion o f admixture 
concentrat ion and hydros ta t i c pressure . The r e f o r e , the I n ­
c lus ion of admixture concentrat ion f l uc tua t i ons in t h i s mo­
de l i s reduced to the formal opera t i on of averag ing . In thlm 
case the main quest ion i s t o determine the p r o b a b i l i t y of < 

d i s t r i b u t i o n of admixture concentrat ion f l u c t u a t i o n s . For 
t h i s purpoae i t Is convenient t o apply the r e a o l t e of 



Kana ig ' s r eg ions model which w i l l be touched upon a b i t l a ­
t e r . For the sake of s i m p l i c i t y we sha l l c on f ine t o the 
l i n e a r approximation in d e s c r i b i n g the concent ra t i on d e ­
pendence of FT temperature. A f t e r s imple mathematical t r a n s ­
f o r m a t i o n s which are not g i ven here we may determine 
the in f luence of admixture concen t ra t i on f l u c t u a t i o n s on 
the main phys i ca l c h a r a c t e r i s t i c s of FS6 and FG6S i n the 
v i c i n i t y of the PT temperature. The increase of admixture 
concentrat ion causee the growing a i f f u a i o n of PT in the 
system. The ca l cu l a t i on has been c a r r i e d out i n reduced 
(d imens lon less ) v a r i ab l e s i r r e s p e c t i v e of a concre te c r y s ­
t a l . For every p a r t i c u l a r c r y s t a l the p i c t u r e w i l l be chan­
ged due t o the change in the s c a l e a long the both axes.The 
sca le c o e f f i c i e n t s o f t rans format ion are the fune t i on of 
thermodynamic expansion c o e f f i c i e n t s f o r t h i s p a r t i c u l a r 
c r y s t a l . 

Systems wi'.h s eve ra l o rde r ing parameters are of g reat 
i n t e r e s t among f e r r o a c t i v e c r y s t a l s . These a r e a n t i f e r r o -
e l e c t r i c s , f e r r o e l e c t r i c c r y s t a l s w i th f e r romagnet ic o rde­
r i n g , and f i n a l l y , f e r r o e l e c t r i c s or f e r romagnet i cs having 
superconducting p rope r t i e s a t superlow temperatures . The 
ex t raord inary i n t e r e s t , however, i s focussed on t h e i r s o ­
l i d s o l u t i o n s , which a l low to change purpose fu l l y quant i ­
t a t i v e and q u a l i t a t i v e behaviour o f every ordered subsys­
tem. The ana lys i s of concent ra t i on dependence of t h i s be ­
haviour along w.'.th the h y d r o s t a t i c pressure in f luence may 
be performed on the grounds of mod i f i ed L-G-D theo ry , as 
i t has been done f o r FSS and FSSS. The system thermodyna­
mic p o t e n t i a l may be presented i n the geenra l form as a 
superpos i t ion of therjodynamio p o t e n t i a l of a l l subsystems, 
paying a t t en t i on to the subsystems an i s t r opy , and some 
term charac te r i s ing t h e i r i n t e r a c t i o n . The genera l thermo­
dynamic ana lys is shows that the system i n t h i s case can 
be in s i x t een de f f e r en t phases . I t i s seen tha t the s t a b i ­
l i t y cond i t i ons f o r every phase depend not on ly on the 
thermodynamic expansion c o e f f i c i e n t s , but - and qu i t e e s ­
s e n t i a l l y - on the degree of i n t e r a c t i o n between the ' sub­
systems. The ana lys is i nd i ca t e s the p o s s i b i l i t y of PT 



between d i f f e r e n t s tab le s t a t e s not only due t o temperature 
or hydros ta t i c pressure changes, but a lso due t o changes l a 
the i n t e r a c t i on degree between subsystems. This i s especia l ­
l y exposed jus t in f e r r o e l e c t r i c - f e r r o m a g n e t i c s o l i d so lu ­
t i o n s . Basing on the above presented thermodynamic p o t e n t i ­
a l in the framework of modi f i ed I/-G-D theory , i t l a easy to 
see that due t o admixture concentrat ion i t i a poss ib l e t o 
s h i f t the FT po in t s along the temperature a x i s . Hence i t 
f o l l o w s that not only the absolute va lue of the distance 
between the subsystems PT temperatures i e changing but a l so 
the s i gn of t h i s d istance can be changed t o oppos i t e . Th is 
t h e o r e t i c a l supposit ion has found i t s complete experimental 
proof in Venevtsev end h i s group'a work. The r e s u l t s obtai­
ned f o r f e r r o e l e c t r i c - f e r r o m a g n e t i c s o l i d so lu t i ons can be 
app l i ed t o the ordered systems having superconducting p r o ­
p e r t i e s i n case there are no ex t e rna l f i e l d s . I f the magnet 
t l o f i e l d i e app l i ed i t i s necessary t o take in to account 
the s p e c i f i c character of f i e l d e f f e c t on the superconduc­
t i n g subsystem. In th i s case thermodynamic "potent ia l as 
compared t o the one presented e a r l i e r , has t o include some 
add i t i ona l terms, desc r ib ing the f i e l d energy connected 
w i th the ex is tence of g rad ient of superconducting e l e c t r o n 
dene i t y i the energy of i n t e r a c t i o n between the constant ex­
t e r n a l magnetic f i e l d and the cur ren t , which i s Induced by 
the presence of g rad ient of superconducting e l e c t r on den­
s i t y i and, at l a s t , the energy connected w i th the p o l a r i s a ­
t i o n g rad i en t . The t h e o r e t i c a l ana l ys i s of such a system 
shows that the f i e l d In f luence i s r e v ea l ed only near the 
c r y s t a l l i n e sur face , but w i th in a c r y s t a l i t s e l f , a t a c e r ­
t a i n depth, t h i s in f luence can be n e g l e c t e d . In t h i s case 
the behaviour of the system i s analogous t o that of an o r ­
dinary system with 2 order ing parameters. Superconduct iv i ty 
in ordered syeteas i s of s p e c i a l i n t e r e s t I n s o l i d re la t i ons . 
The f a c t i s tha t by changing the admixture concentrat ion i t 
i s poss ib l e t o vary the PT temperature of each subsystem. 
This enables t o prove theex is tance of a cons iderab le ex ten­
s ion of superconducting phase temperature i n t e r v a l . The f u ­
ture w i l l show the experimental r e a l i z a t i o n of t h i s pheno-



nenon. In t h i s f i e l d i n t ens i v e research it» being performed 
by American s c i e n t i s t s , e s p e c i a l l y by the group of prof* 
Matth ias . 

A n t i f e r r o e l e o t r i o c r y s t a l s form a broad c l a s s of com­
pounds with spontaneously po l a r i z ad c h a i n l e t s of i ons ,ne i gh ­
bouring cha in l e t s being p o l a r i z e d in oppos i t e d i r e c t i o n s . 
On the whole i t should be s t r e s s e d that a n t i f e r r o e l e c t r i o 
c r y s t a l s are a s p e c i f i c case of the system w i th two o rde ­
r i n g parametersi when subsystems forming a c r y s t a l are r i ­
g i d l y connected. Natura l l y t h i s imposes add i t i ona l cons t ­
r a in t s on thermodynamic expansion c o e f f i c i e n t s as compared 
t o systems wi th two order ing parameters . Omit t ing the de­
t a i l s we can s t a t e that the ana l ys i s o f a n t i f e r r o e l e c t r i c 
s o l i d so lu t ions can be a lso performed when concentra t ion 
dependence of thermodynamic expansion c o e f f i c i e n t s are ta ­
ken in to account. In the framework of t h i s approach i t can 
be e a s i l y shown that the in f luence of admixture concentra­
t i o n not only changes the q u a n t i t a t i v e behaviour of the 
va in c r y s t a l l i n e p r o p e r t i e s in the v i c i n i t y o í FT but a lso 
changes the PT charac te r , i . e . an t i f e r ropbase -para fase 
PT transforms i n t o an t i f e r rophase - f e r rophase PT and v i c e 
ve rsa . Bes ides , the FT may be changed from PT I t o PT I I 
and v i o e versa* 

The development of m i c r o e l e c t r on i c s s e t f o r t h the 
problem of geometry and s i z e ana l y s i s of f e r r o a c t i v e s o l i d 
so lu t i ons . While the in f luence of temperature, mechanical 
s t r e s s e s , ex terna l f i e l d s and admixture concentrat ion are 
in a way t r a d i t i o n a l f i e l d s of I n v e s t i g a t i o n in to ferro— 
e l e c t r i c s , then the ana lys i s of geometry and s i z e e f f e c t s 
in f e r r o e l e c t r i c s i s a r e l a t i v e l y new branch,. A f i n i t e 
c r y s t a l i s charac ter i zed by inhomogeneity of the whole s ys ­
tem's c h a r a c t e r i s t i c s d i s t r i b u t i o n over i t s volume due t o 
the In f luence of surface e f f e c t s . The p r i n c i p a l problem 
l i e s in determination of t h i s i n f l u e n c e . P l e n t i f u l expe r i ­
mental i n v e s t i g a t i ons by Fesenko and h i s team have shown 
the ex i s t ence of s p e c i f i c surface l a y e r in f e r r o e l e c t r i c 
th in f i l m s . The surface l a y e r d i f f e r e by i t s phys i ca l chn-
r a c t e r i s t i c s from the in t e rna l l a y e r s of a c r y s t a l . Th is 



a l l ows t o present the thermodynamic p o t e n t i a l of such a 
system as a sum of volume and surface terms* Zn t h i s case 
the problem i s again reduoed t o the modi f ied L-G-D theory . 
Thermodynamic expansion c o e f f i c i e n t s now w i l l be the func­
t i o n not only of temperature, hydros ta t i c pressure and ad­
mixture concentrat ion , but a l so w i l l depend on the systom 
s i z e and geometry. I f to n e g l e c t inhomogeneity of order ing 
parameter d i s t r i b u t i o n in the c r y s t a l , t h e n by t h i s approach 
f o r the system wi th 'PT I I i t i s easy t o ge t some essen t i a l 
conc lus ions ! F i r s t the c r y s t a l s i z e along wi th admixture 
concentrat ion and hydros ta t i c pressure can ve ry the PT 
temperature, and second a c r y s t a l has the extreme s i z e . I t 
i s e n e r g e t i c a l l y i r r a t i o n a l to have the ordered s t a t e f o r 
the systems having tho s i z e l e s s than t h i s extreme siz">. 
As f a r as thermodynamic expansion c o e f f i c i e n t s inc lude at 
such approach the dependence on c r y s t a l s i z e , the phys ica l 
c h a r a c t e r i s t i c s of the system have the ev ident a n a l y t i c a l 
dependence on system's s i z e * Ca l cu la t i ons of the most ener­
g e t i c a l l y r a t i ona l s i z e o f f e r r o e l e c t r i c spher ic p a r t i c l e 
i n the PT reg ion f o r d i f f e r e n t temperatures are the ob ject 
of i n t e r e s t . Theo re t i ca l ana l ys i s has shown that t h i s s i z e 
r i g h t at the PT po int tends t o i n f i n i t y f o r PT I I , and i t 
i s f i n i t e f o r PT I . This n a t u r a l l y leads t o the f a c t that 
in the case of i d ea l c r y s t a l i n i d ea l cond i t i ons the FT , 
always occur in the whole c r y s t a l s imultaneously, i f t h i s 
t r a n s i t i o n i s PT I I . In the esse of PT I the phase t r an ­
s i t i o n can occur in pa r t s . Th is f a c t r e v e a l s the p r i n c i ­
pa l p o s s i b i l i t y of PT d i f f u s i on * Inc lus ion o f inhomogene-
ous d i s t r i b u t i o n of p o l a r i z a t i o n only compl icates the 
problem mathematical ly and l eads t o the system of d i f f e ­
r e n t i a l equations,but i t does not g i v e e s s e n t i a l l y new 
r e s u l t s * Such ca l cu la t i ons have been r e a l i z e d and the 
agreement between t h e o r e t i c a l and experimental data as 
regards ferromagnet ic th in f i l m s has been obtained. Nov 
days a number of experiments i s being c a r r i e d out dea l ing 
with th in f i l m s of f e r r o a c t i v e s o l i d s o l u t i o n s . The r e -
su i t s of these experiments w i l l a l low to check up i n de­
t a i l the t h e o r e t i c a l f i n d i n g s . In add i t i on tha under -



standing of the r o l e of f e r r o a c t i v e p a r t i c l e s ' geometry 
and s i z e may he lp tremendously t o so l ve the problem of 
producing mate r i a l s with pre—assigned p r o p e r t i e s . The p i o ­
neers in t h i s experimental research were p ro f - Sanzig and 
b i s team. The f e r r o e l e c t r i c c o l l o i d a l s o l u t i o n s were the 
ob j e c t of t h e i r r esearch . -Us ing K a n z i g ' s concept ion i t 
i s p o s s i b l e on the gro i ' ids of thermodynamic and s t a t i s t i ­
ca l formalism to show the p o s s i b i l i t y of manufacturing 
f e r r o a c t i v e sy3to=3 wi th d e s i r a b l e c h a r a c t e r i s t i c s . I t can 
be r e a l i z e d by put t ing f e r r o a c t i v e p a r t i c l e s i n t o r o u t r a l 
medium. By va ry ing p a r t i c l e s i z e , t h e i r compos i t ion,shape, 
as w e l l as t h e i r d i s t r i b u t i o n over the system vo lume . i t i s 
easy t o obta in tho p re -ass l gucd phys i ca l c h a r a c t e r i s t i c s 
of mate r ia l * The obtained system resembles a p i e c e of good 
cheese , where ins tead of ho l es the r e are f e r r o e l e c t r i c 
p a r t i c l e s . Such a system i s r e a d i l y desc r ibed in terms o f 
s t a t i s t i c a l physics and thermodynamics formal ism. The ob­
ta ined a n a l y t i c a l c o r r e l a t i o n s a l l ow t o connect the charac­
t e r i s t i c s o f an ind i v idua l f e r r o a c t i v e p a r t i c l ' . and the 
p rope r t i e s of the wholo system. 

The behaviour of the o rdered system i n the v i c i n i t y 
of the PT po in t i s s t r ong l y a f f e c t e d by ex t e rna l e l e c t r i o 
f i e l d . This changes the p rocess of the system s t ruc tu ra l 
r econst ruc t ion and turns sharp PT i n t o d i f f u s e one. The 
behaviour of the main phys i ca l c h a r a c t e r i s t i c s of the 
ayatem, i . e . the order ing parameter , i e determined on 
the bas is of the d i f f e r e n t i a l equat ion . We have t o admit 
that t h i s problem has been dec ided , but most ly f o r the 
spec i a l case of weak ex terna l e l e c t r i c f i e l d , when the po­
l a r i z a t i o n va lue can be found as a s e r i e s w i th respec t t o 
e l e c t r i c f i e l d . However the problem can be s o l v ed a n a l y t i ­
c a l l y l a the genera l form f o r any va lue of the e l e c t r i o 
f i e l d in the case of PT I I . Thus i t i r p o s s i b l e to take 
in to account severa l degrees of freedom i n a system simul­
taneously , i . e . temperature, h y d r o s t a t i c pressure , ad­
mixture concentrat ion and the e l e c t r i c f i e l d . A d e t a i l e d 
ana lys i s o f th ia equation and t h e o r e t i c a l c o r r e l a t i o n s 
obta ined on i t s bas is a l l ows t o g e t some p r i n c i p a l l y o r i -
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g ina l r e s u l t s , f o r l n e t e a e e , the PT temperature s h i f t s t e 
the r i g h t under the in f luence o f e l e c t r i o f i e l d . However 
the d i e l e c t r i c pe rmeab i l i t y va lue i n t h i s new PT po int I s 
tw ice l e e e as compared t e tha t l a the seme p o i n t , i f t h e ­
r e i s no e l e o t r i o f i e l d . As • r e s u l t we have qu i te an o r i ­
g ina l law o f two fo ld decrease o f d i e l e o t r i e pe rmeab i l i t y 
In the PT I I ease . Here a r e s e r v e should be made tha t the 
law of two f o l d decrease has been obta ined on the bas is o f 
a s u g g e s t ! * * that the t r a n s i t i o n la PT I I . For PT I the 
law i s i n v a l i d . "Therefore, the v a l i d i t y of t h i s law in a 
c e r t a i n way charac t e r i s es the belonging of e process t o 
PT I or FT I I . F i n a l l y , an important f a o t should be noted 
tha t the in f luence of d i f f e r e n t degrees o f freedom la d i f ­
f e r e n t , both i n the s t rength o f In f luence and in q u a l i t y . 
For example, the PT temperature e s s e n t i a l l y depends on 
hydros ta t i c pressure , admixture concentrat ion end e x t e r ­
na l e l e c t r i c f i e l d . There fore i t ia poae ib l e t o achieve 
t h e i r ann ih i l a t i on f o r any phys i ca l p roper ty by oombinlng 
the e f f e c t a of d i f f e r e n t d is turbances . Le t t h i s phys ica l 
proper ty be temperature. However, In s p i t e of remaining 
the temperature unchanged, the very prooeae of PT has 
changed from sharp t o d i f f u s e one. Thus, the opportunity 
a r i s e s t o change d e l i b e r a t e l y and purpose fu l ly a l l the ne ­
cessary c r y s t a l l i n e c h a r a o t e r i e t i o s and t e obta in materi­
a l s with pre-sss igned p r o p e r t i e s basing on the simple p l a i n 
c o r r e l a t i o n s deduced In the framework o f the L-Q-D modi f ied • 
theory . For PT I i n the genera l oeea i t l a impossible t e 
determine the* in f luence o f a f i e l d and t o obtain a n a l y t i c a l 
c o r r e l a t i o n s charac t e r i s ing the dependence o f the basic 
system phys i ca l p roper t i es on the e l e c t r i c f i e l d . There f o ­
r e the numerical ca l cu l a t i ons analys ing t h i s r e l a t i onsh ip 
in the genera l case, haB been performed, i r r e s p e c t i v e of 
a p a r t i c u l a r c r y s t a l , and tab l ea and diagrams have been 
made. To analyse the p a r t i c u l a r c r y s t a l i t i s necessary to 
change the sca l e of these diagrams. The sca l ing c o e f f i c i ­
ents are the funct ions o f the thermodynamic p o t e n t i a l e x ­
pansion c o e f f i c i e n t s . 

However we have t o no te tha t the PT d i f f u s i on in ays-



t ea l a an o f t en encountered phenomenon. Thla behaviour 
•ay be caused by the f o l l o w i n g f a c t o r s . These a r e i t h e p r e ­
sence of admixture, inhomogeneity o f p h y s i c a l s t a t e , f l u c ­
tua t i ons of d i f f e r e n t c r y s t a l l i n e phys i ca l parameters , the 
in f luence of ex terna l e l e c t r i c an* magnetic f i e l d s , g e o m e t ­
r y and s i z e e f f e c t s . Some o f t h e s e reasons have a l ready 
bean described and analysed by ue» However the complex ana­
l y s i s of these reasons seems t o be ind ispensab le* Indeed, 
in a r e a l c r y s t a l the d i f f u s i o n ooouxa as a r e s u l t of the 
i n t e g r a l in f luence ox d i s turbances , however t h e i r s imul ta­
neous des c r i p t i on on the bas is of thermodynamic and s t a t i s ­
t i c a l formalism i s next t o i m p o s s i b l e . For t h i s reason we 
have proposed the model v e r s i o n o f the d i f f u s e FT theo ry . 
The genera l mathematical theory o f d i f f u s e FT' i s based on 
the concept ion of a c e r t a i n , most t y p i c a l system's f u n c t i ­
on, which i s c a l l e d the swi tch f u n c t i o n . The main assumpti­
on i n the framework of t h i s theo ry i s the f o l l o w i n g ! at 
temperatures c l o s e t o PT temperature the c r y s t a l i s d i v i ­
ded i n t o separate r e g i ons , which are c a l l e d Kauz ig 'a r e g i ­

ons, where spontaneous p o l a r i z a t i o n f l u c t u a t e s . In t h i s 
approach the swi tch func t i on i s the major c h a r a c t e r i s t i c 
of a system, cha rac t e r i z i ng the phase s t a t e o f the whole 
system, f o r i t determines the quan t i t y r a t i o o f aystem r e ­
g ions being i n a new phase to the whole number of these r e ­
g ions i n the system. On the bas la of the proposed model in 
the framework of s t a t i s t i c a l formal ism i t i s p o s s i b l e to 
show that the switch funct ion can be presented by simple ex ­
press ion v i v i d l y demonstrating i t s dependence on admixture 
concentrat ion and hydros ta t i c p r e s s u r e . An e s s e n t i a l para­
meter i n the swi tch funct ion behaviour i s the Kanz ig 'n r e ­
g ion volume, which determines the minimal volume of a c r y s ­
t a l where the PT occurs. Basing on the exper imental data 
on heat capac i t y i t l a poss ib l e t o a c e r t a i n extent t o 
conce ive the c r y s t a l s t ructure changing as the funct ion of 
temperature, hydros ta t i c pressure or admixture c o n c e n t r e - _ 
t l o n ^ T h e ca l cu l a t i on r e s u l t s based on experimental 

data I l l u s t r a t e the behaviour o f the c o r r e c t i o n funct ion 
o f the Kanz ig 'a r eg i on volume. The f o l l o w i n g remark would 



bé r e l e van t he re , the proposed model, i n s p i t e of a good 
agreement of t h e o r e t i c a l and exper imenta l data on p o l a r i ­
za t i on behaviour, heat c a p a c i t y , thermal expansion coef -
f i c i e n t and a good dea l of o ther p r o p e r t i e s , has s t i l l a 
drawback. The matter i s tha t the proposed model regards 
Kanz i g ' s r eg ions as separa te , non - in t e rac t ing ob j ec ts .Na­
t u r a l l y t h i s i s not J u s t i f i e d from the phys i ca l po in t of 
v i e w . In genera l the quest ion of i n t e r a c t i o n among K a n z i g ' • 
r e g i ons i s qu i t e compl icated and i t depends on the i n d i v i ­
dual c r y s t a l being cons idered . S t i l l i t i s poss ib l e t o ana­
l y s e the problem from the genera l v i ewpo int and t o obta in 
some t y p i c a l r e g u l a r i t i e s . Thus in the framework of the 
proposed model we nay assume tha t the i n t e r a c t i o n among 
Kanz i g ' s r e g i ons depends on the switch func t i on . I t I s 
easy t o show tha t the increase i n the degree of i n t e r ao -
t i o n among Kanz i g ' s r eg ions l eads t o the cons iderab le In-* 
orease of PT d i f f u s i o n . The d e r i v a t i v o o f the switch func­
t i o n wi th r e spec t to temperature , c o ins i d e s w i th the s y s ­
tem heat capac i t y with a p r e c i s i o n up t o mul t ip l y ing coe f ­
f i c i e n t . Taking in to account the f a c t tha t the i n t e r a c t i o n 
c o e f f i c i e n t a lso i s an admixture concentrat ion funct ion we 
may r e l a t i v e l y simply t r a c e the in f luence of admixture con­
cen t ra t i on on the PT p rocess . 

Summing up we can say that on the grounds of thermo­
dynamic and s t a t i s t i c a l formalism wi th Inc lus ion of some 
phys i ca l models in the framework of modi f i ed L-Q-D theory 
i t 1B p o s s i b l e t o obtain r e l a t i v e l y , s i m p l y and v i v i d l y ana­
l y t i c a l desc r ip t i on of the f e r r o a c t i v e mater ia ls behaviour 
i n the v i c i n i t y of I T po in t as the func t i on of the f o l l o w ­
ing v a r i a b l e s , temperature, admixture concentrat ion ,hydro­
s t a t i c pressure and ex terna l e l e c t r i c f i e l d . Of course , 
t h i s i s the f i r s t microscopic s tage o f inves t i ga t i on ,wh ich 
may be ueed aa a foundation f o r the development of ' l o r o -
s c o p i c , more profound concept ion and t h e o r i e s . As an exam­
p l e of t h i s next step i t i s worthwhi le t o mention the r e ­
search on the bas is o f s ca l i ng theory . Th is es tab l lahee the . 
add i t i ona l r e l a t i o n s between the c r i t i c a l c o e f f i c i e n t s . i v o ­
r y c r i t i c a l index has i t s own c o r r e c t i o n c o e f f i c i e n t which 



ы 
deeor ibes the concentrat ion dependence of t h i s o r i t i o a l I n ­

dex. T h i s . c o r r e c t i o n c o e f f i c i e n t has some a n a l y t i c a l i n t e r ­

r e l a t i o n with other c o r r e c t i o n c o e f f i c i e n t s . Lack of complex 
experimental i n v e s t i g a t i o n s preven t s the d e t a i l e d comparison 
of t h e o r e t i c a l r e s u l t s and exper imenta l data . The matter i s 
that the experimental determinat ion o f c r i t i c a l i nd i c es i s 
extremely l abo r i ous process , because i t r e q u i r e s auporproc i ­

se mearurements i n the neares t v i c i n i t y of the PT p o i n t . 
T h e r e f o r e the problem of exper imenta l checking of the r e ­

po r t ed t h e o r e t i c a l r e s u l t s i s the task f o r the f u tu r e . 
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ФЕНОМЕНОЛОГИЧЕСКАЯ ТЕОРИЯ СЕГНЕТОАКТИВНЫХ ТВЕРДЫХ 
PlCTBOPCB 

Резюме 

' Рассматриваются вопросы построения термодинамической 
теории сегнетоэлектркческих, сегнетополупроводнйковых и 
сегньтоферромагнктных твердых растворов, влияние размер­

ных эффектов на сегветоэлектрические характеристики, тер­

модинамическая и модельная теория размытых фазовых пере­

ходов в сегнетоактивных кристаллах. Показано, что поведе­

ние основных физических характеристик сегнетоактивных 
твердых растворов, в том числе и эффектов размытия фазо­

вого перехода, в соответствии с экспериментальными данными 
описывается полученными аналитическими выражениями, зави­

сящими от температуры, концентрации примесей, гидростати­

ческого давления и напряженности внешнего электрического 
поля. 
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TEE OBDERUrO PARAMETER RELAXATION HI SOLID SOLUTIONS 
WITH A FERROACTIVK BOBSTSTBIf* 

Summary 
The paper analyses the process of order ing parameter 

r e l a x a t i o n i n f a r r o e l e e t r i o , f e r r oe l ea t r l o ­ s ea l oondDc t ing 
and f e r r o e l e o t r l c ­ f e r r o m a g n e t i c s o l i d so lut iona near the 
phaae t r a n s i t i o n po in t . The In f luence of admixture concen­

t r a t i on and hydros ta t i c pressure has been cons idered. The 
ana lys i s has been performed i n the terms a* s e l f ­ c o n e i s t e n t 
f i e l d modi f i ed theory . 

INTRODUCTION 
The In tent of t h i s paper i s t o oonaider the e f f e c t s r e l a t e d 
t o r e l axa t i on processes occuring at the u l t rason i c absorb*­

t i o n in s o l i d so lu t ions with a f e r r o a o t i v e subsystem ( i . e . , 
i n f a r r oe l e c t r i c ­ e emiconduc t ing , and f e r r o e l e c t r l c ­ f e r r o ­

magnetic s o l i d so lu t i ona ) in the v i c i n i t y of the phaae t ran­

s i t i o n (FT ) p o i n t . Consider ing these e f f e c t s we take In to 
account the In f luence of hydros ta t i c pressure , f e carry out 
the research by means of c l a s s i c a l thermodynamics on the 
grounds of s e l f ­ c o n s i s t e n t f i e l d modi f i ed theory . I t l a 
supposed that c o e f f i c i e n t s of thermodynamic p o t e n t i a l ex­

pansion depend both on admixture concentrat ion x and on 
hydros ta t i c pressure p . 
FERROELECTRIC SOLID SOLUTIONS , _ 

Regarding /1­3/ » • present the thermodynamic p o t e n t i a l of 
f e r r o e l e c t r i c s o l i d so lu t i ons as f o l l o w s . 

cp(r, p, x) = . *(T.p.x) P\ ^ P* . ™M p\ sol arfpTu, 

­ x7 
Доклад,представленный на 71 конференцию по пр шененжв 
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where зе i s the e l e c t r o s t a t i c c o e f f i c i e n t , e ia the e l a e ­

t l o c o e f f i c i e n t . In the caae of the second order PT (PT 
I I ) the t a n with p 6 may he n e g l e c t e d i n expansion ( I ) , 
and the f i r at tern of thermodynamic p o t e n t i a l may b e , ac­

cording t o / 1 , 2/, presented as 

* (T, p, x) ­ (T­ Т.) О** p * , x e X W , p • ot„ X t oC, px , ( 2 ) 

where ?.'0 i e the PT temperatore o f a o r y e t a l at p « О and 
ж ­ 0| et (,ota , otj , cLA and oCs desc r ibe the o t ( T , p , x ) 
depend­эпое on p and x . Having in t roduced the gene ra l i s ed 
Curie­Weiss eonat nt 

C w (p , * ) ­e7r/« , . (W,p .o . ,x* ) , С„(т ,х ) ­ 2Ж/{л,*ллл*^4{г-Т,)'\, 
С(Тр ) . е т г/ [ о с е * « < ,р *<о1 , ( т . т . ' > ] , ( з ) 

ae we l l aa temperature, admixture concent ra t i on and hydro­

s t a t i c pressure , at which the PT occurs 

в(р,*)­т,­ ^ ^ ( * , p . * f K . ^ o x ) . p eao­ ̂ ^г*ит­т,х^*«*ь*.х] • 

wo may present p o l a r i s a t i o n induced by a sound wave as 

f o l l o w s . 

Re laxat ion t ime may be preaented i n the s i m i l a r way 

. I Cw(P.<) _ 1 C w O » t / Cw(T.p) 
* ' P , X J * «TL 9l'p,x)­T "flTTL p„(T,x)­p "eWL Xe (T,p)­x ' ( 6 ) 

where 1. ia the k ine t i c c o e f f i c i e n t , having no p e c u l i a r i ­

t i e s at the PT po in t . The u l t r a s o n i c absorpt ion c o e f f i c i ­

ent may be presented i n the same way 

ST fat* гты е 

where c, ( T , P, x ) i e the d i e l e c t r i c p e r a l e b i l l t y c u r r e , 
CO i s the ul t rason ic f r equency , p I s c r y s t a l dens i t y . 

In the caae of the f i r s t order PT (PT I ) the f i r s t 
term of thermodynamic p o t e n t i a l may be , according t o 
/ 2 , 3/ presented analogously t o ( 2 ) 

< T , p , * W / < . . ( 4 x + 1 < . x 2 . o C 8 p « c C a p x ) ^ 
> 18) 



the f i r s t term deaoriblag the behaviour of at (T , p, x) contV 
f l e i e n t , the l a t t e r onea describing the FT tamperatara s h i f t • 
Taking into account the re la t ionship betwaem thermodynamic ex­
pansion coe f f ia i enta ( I ) at the P? point /*/ wa may pre*eat 
sound wave induced po la r i sa t i on , re laxat ion time and u l t ras * -
nio abaorbtlon coe f f i c i en t on the PT I curve me f o i l o va l 

where a ( p , x) determlnea the in te rva l between, the crysta l Ft 
temperature and l t a Curie-Weiss temperature. 

FIRIWKIJWTHIC-BiWICUHDOCTIKQ SOLID SOLUTIOWB 

When considering ferroeleetr ie-aamloonduetinc ao l id aolutioaa 
we have, according to /5/, to add thermodynamic potent ia l ( I ) 
with a term characterising the e lectron subsystem. n (p , x) 
E(p, x ) where n(p, x ) la concentration of non-equilibrium oar-
r i a r s , and E(p,x ) ia the width of the forbidden sone. These 
are presented as fo l lows /6/1 

n ( p x ) - « . + « . «•• tl.px * ntp, 

cUp.x ) i s the coe f f i c i en t of electron-phonon ooupling. Che ob­
tained thermodynamic potent ia l can be reduced to ( I ) , bet the 
f i r a t term of thermodynamic po t en t i a l ooa f f l o iant should be 
another. a (T , p, x ) . For PT I I we get 

MTIp.x'-A,* A<x + A.pX + A jp , 
A a-« ,

l l(i.et,x4c(, P)(T-T 1 ))ta ,n, , A , «a ,n ,+a ,n , 

A £ ' n „ a 2 + r7 1 a J +t7 l a , * t } 4 a f 4oc a , V rt,*V'tijdt • at, . ( i a ) 

By Introducing the general ised 0aria-Weiss constants 

C " « P > «-,rr. T!v.,.A,p.>. ' « i ( t - r , ) e t , + A t x . A , l i f t 
( C w ( p . t ) oonoidea with ( 3 ) ) , me we l l aa temperature, pres ­
sure and admixture concentration at which PT oocure 

ecP,x)-T0- ̂ J^Ca.n.*A ,x * A s P x *AlP). p-.CT.j0. [ e t i C r r T J O . * ^ * > 

CwCTp) • 

- A,x-a,n„].x, (r,p). 2 f f M(t . -T) ( i -<,p)- Ajp - a „ n 0 ] , 

http://p-.CT.j0


* • obtain corre la t ions ( 5 ) , ( 6 ) and ( 7 ) f o r the oaae of PT I I 
la f•rroeie. i tr . ic-aealconductlng s o l i d so lu t i ons . These are ca­
pable to evaluate the e lectron subsystem inf luence on the f e r ­
r oe l e c t r i c one* For the oaae of PT I the f i r s t term of thermo­
dynamic potent ia l ( i t i s designated as A ' ( T , p, z ) can be p re -
aented according to /6/ as fo l l owst 

where a",n0 determines the inf luence of non-equil ibrium ear -
r l e ra concentration uj ->n oxys ta l l lna proper t i es at the PT 
po in t . This a l lows, s imi lar ly to ( 1 0 ) , t o introduce 

*(p.»)" • ^ ^ ( " . • a . n ' . ) ( ^ ' * . X X T X i ' + l i e p + oC,px) (16) 
f o r ferroeleotrio-aemlconducti i i£ s o l i d eolut iona and thua to 
describe the behaviour of r e l axa t i on time and ultrasonic ab­
sorption c o e f f i c i en t with the behaviour of Bound wave induced 
po lar isat ion on the FT I l i n o by c o r r e l a t i on ( 9 ) . 

FlfflROBXBCTRlC-FKHROIuaHETIO SOLID SOLUTIONS 

When considering f e r roe l eo t r l c - f e r romegne t i c a o l i d aolutiona 
thermodynamic potent ia l la presented, according to /7» 8/, In 
form ( I ) plus the fo l lowing mathematical expreaaion 

^. (T .p .x jM 1 . P p V + « < 6 M a - E P - HM, 

where se, la the magaetoatrlotion c o e f f i c i e n t , R i s the coef­
f i c i e n t of in t e r r e l a t i on between the e l e c t r i c subsystem and 
the magnetic one, X and H are the e l e c t r i c f i e l d and the magne­
t i c one, rospsct lve ly . How the coexistence reg ion of both sub­
systems i s going to be considered. We aaaume that 

P " = P 0 » A P , n P « P 0 , M = M 0 + A M , 4 M « M, , 

where P Q and H 0 are the equil ibrium values o f spontaneous po­
l a r i sa t i on and magnetisation, when there la no sound wavei 
and M 0 are the equilibrium values of spontaneous po lar isat ion 

P and H era sound wave, induced po l a r i sa t i on and magneti­
sat ion. We ere able to determine t h e i r equi l ibr ium value. 

[&Ml{Rxrp,a,).2Mx] P*d 

A " (E.4eP.»)(H-4p,rt";-i6R*P. 3M! ' (18) 

) r a p J ' ( R < - p a e , ) - g f g , ] r i f d 

' CE.4*eP»>(H.4e,M*)-.6R«PjM» 



Thie gives r i s e t o a question ox* determining the re laxat ion 
t ina of determining parameters. When deviat ion from the 
equilibrium value takes place the rata of po lar isat ion and 
magnetisation approximation t o these equilibrium vaines i s 
determined by the ayatam of klnematio aquations /9» Ю/ 

i f , l i + 1 11 d M , dCf 7,d<f 

dt N O P L m . dt " e e n TF' uw 
•here L, I l and L 2 are kinet ic ooe f f i o ianta having nc pecu­

l i a r i t i e s at the PT point* Fading out of both ordering pa­

rametara ia described by one and same aquation 

" h e r * А . 2 ^ ( | . 2 Р Р . 4 ) + П , ( ^ + г р , М 4 ) . в 1 Й Р . М . . . 

and var iab le I « P и I « H# Therefore, re laxat ion times 
f o r both induced po lar isat ion and lndnoed magnetisation are 
equalt and th i s «111 bo r e l axa t i on time of the system 

ultrasonic absorption co e f f i c i en t i s expreaaed analogously! 

[(B*W*)C-A(D<* Dg)]c^Vp 
K * r(B*ai«J»*Atui1]VFe ' ( 25 ) 

Miere 

D, ­ 4 M.(l, L 2 ­L 2 ) f2Rae Pe
2­a?, (|* 2p p* ) ] ,C­ 2[эеР. (L, 4 0*a: t M, (1..1)] 

D 2 ­ 4 P 0 ( L ) L 2 ­ L a ; f 2 R « , M ; ­ « ( ­ í . 2 p 1 M ; ) ] . ( Ä ) 

p l a snbatanca density. 



RESULTS 

We hare demonstrated on the example of crys ta ls having d i f ­

ferent structure that thermodynamic foraal iam i s capable to 
evaluate r e l a t i v e l y simply the inf luence of admixture con­

centration and hydrostat ic pressure upon re laxat ion pheno­

mena* A number of analy t i ca l co r re l a t i ons has been obtained 
which determine the system r e l axa t i on t ime, the ultrasonic 
absorb!ion c o e f f i c i e n t , tfie r e l a t i onsh ip and in teract ion 
between the f e r r o e " e c t r i c subsystem and the e lectron onо in 
f arroelectric­aemiconductora. The character of re laxat ion 
processes in a system with two order ing parameters has been 
analysed. The analysis has been performed both f o r the casa 
of PT I sad f o r that of PT I I . The theo re t i ca l resul ts ag­

ree qua l i t a t i v e l y with ex i s t ing experimental data /II/.Lack 
of complex experimental inves t i ga t i ons of re laxat ion pheno* 
mena in f e r roac t i v e so l i d so lut ions makes i t impossible to 
carry oat a quanti tat ive comparison of thoore t loa l data and 
experimental ones. 
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РЕЛАКСАЦИЯ ПАРАМЕТРА УПОРЯДОЧЕНИЯ В ТВЕРДЫХ РАСТВОРА! 
С СЕГНЕТОАКТИВНОЙ ПОДСИСТЕМОЙ 

Резюме 

Pc осматривается процесс релаксации параметра упор­ядоче­

НЕЯ в согиетоэлектрических, сегнетополупроводникових и сег ­

нзтоферуомагнитннх твердых растворах вблизи точки фазового 
перехода. Анализируется влияние концентрации примесей и гид­

ростатического давления. Рассмотрение проведено в рамках мо­

дифицированной теории самосогласованного поля. Получены ана­

литические выражения для времени релаксации я коэффициента 
поглощения ультразвука. 


