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The four{state model is proposed for the desription of phase transition in ferroeletri rystals

of the DMAGaS and DMAAlS type. Thermodynami funtions of the model are obtained in the

mean �eld approximation. The phase transition between paraeletri and ferroeletri phases is

investigated. It is established that the order of the phase transitions depends on the relations

between model parameters.
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I. INTRODUCTION

A peuliar feature of isomorphous rystals with

ferroeletri properties (CH

3

)

2

NH

2

Al(SO

4

)

2

� 6H

2

O

(DMAAlS) and (CH

3

)

2

NH

2

Ga(SO

4

)

2

� 6H

2

O (DMA-

GaS) is the possibility of their existene in three di�erent

phases at a hange of temperature: at room temperature

the rystal is paraeletri, at the lowering of temperature

it sequentially beomes ferroeletri and further an be

in the antiferroeletri state [1{4℄.

It has been measured that T

1

= 136 K and T

2

=

113 K [4℄ (or 122 K and 114 K respetively [3℄) for

the DMAGaS rystal, but it has been only found that

T

1

= 150 K [1{3℄ for DMAAlS. The phase transition be-

tween the ferroeletri and antiferroeletri phases is of

the �rst order [3,4℄. The phase transition paraeletri |

ferroeletri is of the �rst order lose to the seond one in

DMAGaS and of the seond order in DMAAlS. The rys-

tallographi analysis shows that in all the three phases

the rystal belongs to the monolini spae groups: a

high{temperature paraeletri phase has the P2

1

/n spae

group [1,2℄, the ferroeletri and antiferroeletri ones

have Pn [2,3℄ and P2

1

[3℄ groups respetively. It should

be mentioned that low{symmetry spae groups are sub-

groups of the high{symmetry group obtained by the loss

of rotation axis and mirror plane, respetively (point

symmetry group 2/m hanges to m or 2).

The data of the investigation of various physial prop-

erties of the rystals were presented in a series of publia-

tions. First of all we should mention here dieletri, py-

roeletri and dilatometri measurements [4{9,4,10,11℄,

ultrasoni and NMR investigations [12{14℄, studies of re-

laxation dynamis and lattie dynamis [15,16℄ by means

of radiospetrosopy and Raman spetrosopy methods.

Suh issues as dieletri anomalies in the viinity of

phase transition points (mainly near T

1

), lari�ation of

the order of phase transition, dynamis of ioni groups

and protons on hydrogen bonds in the wide range of

temperatures [15,16℄, inuene of external hydrostati

pressure [17{19℄ were onsidered. Temperatures of phase

transitions were justi�ed; aording to the latest data

T

1

= 136 K, T

2

= 117 K (DMAGaS) and T

1

= 155 K

(DMAAlS).

The DMAAlS and DMAGaS rystals belong to the

type of ferroeletris whih have some strutural ele-

ments whose reorientation leads to the polarisation of the

rystal. In this ase the element whih an be reoriented

is the dimethylammonium ation (more stritly NH

2

group). Crystals ontain two symmetrially nonequiva-

lent DMA groups per unit ell (Fig. 1).

DMA an oupy four equilibrium positions whih are

related in pairs by the inversion entre forming a slightly

deformed ross (Fig. 2). It is very likely that this asym-

metry (and the orresponding di�erene of energies of

interation between groups in various positions) is re-

sponsible for suh a ompliated behaviour of the rys-

tal. In the paraeletri phase the site in one pair is o-

upied with the probability of 40% and in another with

the probability of 10% at 300 K.

A possible role of reorientations of the DMA groups

in phase transitions of the onsidered family of rystals

was pointed out in a number of artiles [3,6,13,20℄. This

assumption is diretly on�rmed by the data of stru-

tural investigations [13,20℄. Performed reently the NMR

measurements [13℄ have proved that reorientations and

orderings of the DMA groups an be onsidered as an ori-

gin of ferroeletris (F) and antiferroeletris (AF) phase

transitions while other hanges in a lattie struture (ro-

tations of SO

4

groups, freezing of protons in ertain po-

sitions on hydrogen bonds) are just aompanying phe-

nomena.

So for a theoretial desription of phase transitions

to ferro{ and antiferroeletri states in DMAAlS and

DMAGaS rystals and the development of appropriate

mirosopi model one should take into aount the re-

orientation of DMA groups and their inuene on the

state of the rystal. Suh an approah is a major goal

of the present paper. Our task is to formulate this type

model, to introdue order parameters responsible for the

appearane of low{symmetry phases, to alulate a ther-

modynami potential proeeding from the model and

to investigate thermodynamially the stable states. The

transition from paraeletri to ferroeletri state and the
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dependene of the order of this transition on the system

parameter values will be studied in more detail.
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Fig. 1. Projetion of N and C atoms in the dimethylam-

monium groups of DMAGaS rystal at ambient tempera-

ture [1℄ onto the XZ plane (position indies are indiated

in parenthesis). The Y oordinates of atoms are as follows:
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Fig. 2. Projetion of N atoms onto the plane perpendiular

to the C{C

0

axis of the dimethylammonium group.

II. HAMILTONIAN OF THE MODEL

In both high{ and low{temperature phases ioni

groups belong to two di�erent sublatties (an elementary

ell onsists of two translationally nonequivalent groups).

We shall haraterize orientations of the groups by the

spatial loalization of nitrogen atoms belonging to the

groups. Four possible positions of N atom are desribed

by the Hubbard projetion operators X

pp

nk

, where n is the

number of a lattie site (an elementary ell), � = 1; 2 is

the sublattie index, p = 1; : : : ; 4 is the position num-

ber (X

pp

n�

= 0 or 1;

P

p

X

pp

n�

= 1). Energies of di�erent

positions are pairwise equivalent: "

1

= "

2

, "

3

= "

4

(see

notations in Figs. 1 and 2).

The model Hamiltonian an be written down as fol-

lows:

H =

X

n�p

"

p

X

pp

n�

�

1

2

X

nn

0

X

��

0

pp

0

J

pp

0

��

0

(nn

0

)X

pp

n�

X

p

0

p

0

n

0

�

0

; (1)

where the �rst and the seond terms desribe energy of

separate omplexes and pair interation J

pp

0

��

0

(nn

0

) de-

pending on their orientation states, respetively.

Further onsideration will be performed in the mean

�eld approximation. By substituting XX ! 2hXiX �

hXihXi in (1) one an obtain

H

MF

= NH



+

X

n�p

["

p

� f

�p

℄X

pp

n�

; (2)

where the mean �eld is introdued

f

�p

=

X

n

0

�

0

p

0

J

pp

0

��

0

(nn

0

)hX

p

0

p

0

n

0

�

0

i (3)

and

H



=

1

2

X

n

0

X

��

0

pp

0

J

pp

0

��

0

(nn

0

)hX

pp

n�

ihX

p

0

p

0

n

0

�

0

i: (4)

The averages hX

pp

n�

i do not depend on the ell num-

ber (hX

pp

n�

i � hX

pp

�

i) due to translational symmetry

whih does not hange at the transition to low{symmetry

phases (lattie period is not doubled in the antiferroele-

tri phase). The averages have the meaning of the ou-

pation numbers of the orresponding orientation states

and an be grouped in linear ombinations

�

�

=

X

�p

U

�;�p

hX

pp

�

i; (5)

whih transform aording to irreduible representa-

tions of the point symmetry group 2=m of the high{

temperature phase. CoeÆients of transformations (5)

are presented in Table 1. As one an see all the possible

irreduible representations (A

g

, B

g

, B

u

, A

u

) are realized,

two linear ombinations of the type of (5) belong to eah

of them.

Combinations �

�

whih are transformed aording to

B

u

and A

u

representations are onneted with the dif-

ferenes of oupying the (�; 1), (�; 2) and (�; 3), (�; 4)

positions and an play a role of the order parameters for

phase transitions to ferroeletri (B

u

) and antiferroele-

tri (A

u

) phases.
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As one an see in Table 1 the �rst of the parameters

belonging to the B

u

representation (y

+

) desribes ferro-

eletri ordering along the ferroeletri axis (the OX' axis

in the rystallographi plane (a)) while the seond one

(u

�

) orresponds to antiferroeletri ordering along OY

(the rystallographi axis b). For the A

u

representation

the ordering is inverse: the parameter y

�

desribes an-

tiferroeletri ordering along OX' and the parameter u

+

de�nes ferroeletri ordering along OY. Thus, the states

of ferro{ and antiferrophase observed in DMAAlS and

DMAGaS rystals in reality are mixed.

(1,1) (1,2) (1,3) (1,4) (2,1) (2,2) (2,3) (2,4)

A

g

x

+

1/2 1/2 0 0 1/2 1/2 0 0

z

+

0 0 1/2 1/2 0 0 1/2 1/2

B

g

x

�

1/2 1/2 0 0 -1/2 -1/2 0 0

z

�

0 0 1/2 1/2 0 0 -1/2 -1/2

B

u

y

+

1/2 -1/2 0 0 1/2 -1/2 0 0

u

�

0 0 1/2 -1/2 0 0 -1/2 1/2

A

u

y

�

1/2 -1/2 0 0 -1/2 1/2 0 0

u

+

0 0 1/2 -1/2 0 0 1/2 -1/2

Table 1. CoeÆients of symmetrized oupanies of orienta-

tion states whih orrespond to irreduible representations of

the point symmetry group 2/m.

Using (3) and (5) one an write down

f

�p

=

X

��

0

(U

�1

)

�p;�

~

j

��

0

�

�

0

; (6)

where

~

j

��

0

=

X

�p

X

�

0

p

0

U

�;�p

j

pp

0

��

0

(U

�1

)

�

0

p

0

;�

0

;

j

pp

0

��

0

=

X

n

0

J

pp

0

��

0

(nn

0

); (7)

and

H



=

1

2

X

��

0

~

j

��

0

�

�

�

�

0

: (8)

III. FREE ENERGY AND EQUATIONS FOR

ORDER PARAMETERS

Proeeding from expressions (2), (6) and (8) one an

easily derive the main thermodynami funtions of the

model in the mean �eld approximation and onstrut a

set of equations for the selfonsisteny parameters �

�

.

The orresponding partition funtion is

Z = e

��NH



"

4

X

p=1

e

��("

p

�f

1p

)

#

N

"

4

X

p=1

e

��("

p

�f

2p

)

#

N

(9)

or

Z = e

��NH



[2Z

1

℄

N

[2Z

2

℄

N

; (10)

where

Z

1

= Q

+

x

osh �(k

y+

+ k

y�

) + Q

+

z

osh �(k

u�

+ k

u+

); (11)

Z

2

= Q

�

x

osh �(k

y+

� k

y�

) +Q

�

z

osh �(k

u�

� k

u+

);

and

Q

�

x

= e

��"

1

exp[��(k

x+

� k

x�

)℄; Q

�

z

= e

��"

3

exp[��(k

z+

� k

z�

)℄; (12)

k

x+

= (A

1

x

+

+C

1

z

+

)=2; k

x�

= (A

2

x

�

+C

2

z

�

)=2;

k

z+

= (C

1

x

+

+B

1

z

+

)=2; k

z�

= (C

2

x

�

+ B

2

z

�

)=2;

k

y+

= (A

3

y

+

+ C

3

u

�

)=2; k

y�

= (A

4

y

�

+ C

4

u

+

)=2; (13)

k

u�

= (C

3

y

+

+ B

3

u

�

)=2; k

u+

= (C

4

y

�

+ B

4

u

+

)=2:

Here suh notations are introdued

A

1

= a+ b+ g + h; B

1

= e+ f + l +m; C

1

= + d+ j + k;

A

2

= a+ b� g � h; B

2

= e+ f � l �m; C

2

= + d� j � k; (14)
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A

3

= a� b+ g � h; B

3

= e � f � l +m; C

3

= � d� j + k;

A

4

= a� b� g + h; B

4

= e � f + l �m; C

4

= � d+ j � k;

a = j

11

11

(0); b = j

12

11

(0);  = j

13

11

(0); d = j

14

11

(0);

e = j

33

11

(0); f = j

34

11

(0); g = j

11

12

(0); h = j

12

12

(0); (15)

j = j

13

12

(0); k = j

14

12

(0); l = j

33

12

(0); m = j

34

12

(0):

Free energy per site F is

F = H



� � ln(2Z

1

)�� ln(2Z

2

): (16)

By diret averaging or with the use of free energy (16) one an obtain the set of equations for the parameters �

�

:

x

�

= [Z

�1

1

Q

+

x

osh �(k

y+

+ k

y�

)� Z

�1

2

Q

�

x

osh �(k

y+

� k

y�

)℄=2;

z

�

= [Z

�1

1

Q

+

z

osh �(k

u+

+ k

u�

) � Z

�1

2

Q

�

z

osh �(k

u+

� k

u�

)℄=2; (17)

y

�

= [Z

�1

1

Q

+

x

sinh �(k

y+

+ k

y�

) � Z

�1

2

Q

�

x

sinh �(k

y+

� k

y�

)℄=2;

u

�

= [Z

�1

1

Q

+

z

sinh �(k

u+

+ k

u�

)� Z

�1

2

Q

�

z

sinh �(k

u+

� k

u�

)℄=2:

IV. PHASE TRANSITION BETWEEN PARAELECTRIC AND FERROELECTRIC PHASES

Let us onsider phase transition (PT) from the paraeletri phase to the ferroeletri one whih orresponds to the

irreduible representation B

u

with the two{omponent order parameter (OP). In this ase the averages x

�

, z

�

, y

�

and u

+

are equal to zero, the averages y

+

and u

�

are the omponents of OP and Z

1

= Z

2

. Then the expression for

free energy (16) simpli�es

F = H



� 2� ln(2Z

1

); (18)

H



=

1

2

�

A

1

N

2

1

+ 2C

1

N

1

N

2

+ B

1

N

2

2

+A

3

�

2

+ 2C

3

�� +B

3

�

2

�

;

Z

1

= e

��"

1

exp

�

�

1

2

�(A

1

N

1

+ C

1

N

2

)

�

osh

�

1

2

�(A

3

� + C

3

�)

�

+ e

��"

3

exp

�

�

1

2

�(C

1

N

1

+B

1

N

2

)

�

osh

�

1

2

�(C

3

� +B

3

�)

�

:

Here

N

1

= x

+

; N

2

= z

+

; � = y

+

; � = u

�

: (19)

It is onvenient to separate the term in the expression for the free energy whih depends on � and �

F = F

0

+ F

1

(�; �); (20)

F

0

=

1

2

�

A

1

N

2

1

+ 2C

1

N

1

N

2

+B

1

N

2

2

�

� 2� ln2� 2� ln(a+ b);

F

1

(�; �) =

�

A

3

�

2

+ 2C

3

�� +B

3

�

2

�

(21)
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� 2� ln

�

n

1

osh

�

1

2

�(A

3

�+C

3

�)

�

+ n

2

osh

�

1

2

�(C

3

�+B

3

�)

��

;

where the following symbols are introdued

a = e

��"

1

exp

�

�

1

2

�(A

1

N

1

+ C

1

N

2

)

�

; b = e

��"

3

exp

�

�

1

2

�(C

1

N

1

+ B

1

N

2

)

�

;

n

1

= a=(a+ b); n

2

= b=(a+ b); n

1

= 1� n

2

: (22)

Expressions n

1

and n

2

desribe an e�etive oupany of the equilibrium positions 1,2 and 3,4, respetively, in a

disordered state. One an assume they have a weak dependene on temperature in the region of the paraeletri{

ferroeletri phase transition. In the framework of this approah n

1

and n

2

ould be onsidered as model parameters.

The main ontribution to the hange of free energy is given by the term F

1

(�; �). Then the averages � and � are given

by a set of equations

� =

(1� n) sinh[

~

�(� + C�)℄

(1� n) osh[

~

�(� +C�)℄ + n osh[

~

�(C� + B�)℄

� =

n sinh[

~

�(C� + B�)℄

(1� n) osh[

~

�(� +C�)℄ + n osh[

~

�(C� + B�)℄

; (23)

where the following symbols are used for normalized pa-

rameters

B = B

3

=A

3

; C = C

3

=A

3

;

~

� = �A

3

=2; n = n

2

:

The set of equations (23) is invariant with respet to the

inversion operation �; � ! ��;�� and has, as usual, a

trivial paraeletri solution � = � = 0. It an be estab-

lished that at � = 0 two other solutions (� = 0; � = 1 at

C < B and � = 1; � = 0 at C < 1) exist.

The Landau expansion of the free energy is a on-

venient tool for investigating PTs of the seond order

(PT2) and of the �rst order (PT1) whih are lose to

the seond one. But in this ase the use of the Landau

expansion is onneted with problems due to the nega-

tive sign of the oeÆient at the sixth order of OP for

the same range of parameter values. For this reason the

Landau expansion plays an auxiliary role in our investi-

gations. Besides that we perform all the alulations of

� and � averages, free energy and the temperature of PT

numerially using expression (20) and set (23).

The Landau expansion up to the fourth order was

used for alulating the temperature of possible PT2 and

boundaries of the regions where PT1 an our. In this

ase OP is two{omponent, hene for diagonalization of

the quadrati form, whih looks like

F

1

(�; �) = U�

2

+ V �

2

+ 2S��; (24)

U =

1

2

"

1�

�

1 + (C

2

� 1)n

�

~

�

2

#

;

V =

1

2

"

B �

�

C

2

+ (B

2

� C

2

)n

�

~

�

2

#

; (25)

S =

C

2

"

1� (1 + (B � 1)n)

~

�

2

#

;

one should make the following transformation

�

r

1

r

2

�

=

^

T

�

�

�

�

;

^

T =

�

os' � sin'

sin' os'

�

; (26)

os 2' = (V � U )=

p

(V � U )

2

+ 4S

2

;

sin 2' = 2S=

p

(V � U )

2

+ 4S

2

: (27)

Now expression (24) is as follows

F

2

(r

1

; r

2

) = �

1

r

2

1

+ �

2

r

2

2

; (28)

�

1

=

1

2

h

(V + U )�

p

(V � U )

2

+ 4S

2

i

;

�

2

=

1

2

h

(V + U ) +

p

(V � U )

2

+ 4S

2

i

:

CoeÆients �

1

and �

2

equal zero at the temperatures
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~

�

1;2

=

�

(B �C

2

)(1� n)n

�

,

�

(1� (1� B)n) �

q

(1� (1 + B)n)

2

+ 4C

2

(1� n)n

�

: (29)

One an obtain the onditions on parameters A

3

, B

3

and C

3

A

3

> 0; B

3

> 0; A

3

B

3

> C

3

; B > 0; B > C

2

; (30)

taking into aount that at � = 1 (� = 0) the system is paraeletri (oeÆients �

1

and �

2

are positive). If the

onditions (30) are satis�ed, the temperature

~

�

1

is always higher than the temperature

~

�

2

. Hene it determines that

the temperature of possible PT2 and variable r

1

in expression (28) beomes the OP.

The region of parameter values, where PT1 takes plae, an be established by the riterion of a negative fourth

order term proportional to r

4

1

of the Landau expansion. This term an be obtained from the expression

F

(4)

1

(�; �) = �

~

�

32

�

�

2k

1

+ 2k

2

C

4

� (1� n)nC

2

�

�

4

+

�

2k

1

C

4

+ 2k

2

B

4

� (1� n)nB

2

C

2

�

�

4

+ 2C

�

4k

1

+ 4k

2

BC

2

� (1 � n)n(B +C

2

)

�

�

3

� + 2C

�

4k

1

C

2

+ 4k

2

B

3

� (1� n)nB(B +C

2

)

�

��

3

(31)

+

�

12(k

1

+ k

2

B

2

)C

2

� (1� n)nC

2

(B

2

+ 4BC

2

+C

4

)

�

�

2

�

2

�

;

k

1

= (1� n)=12� (1 � n)

2

=4; k

2

= n=12� n

2

=4;

using transformation (26).

It is onvenient to make a qualitative analysis of the

PT2 region in the ase of C = 0, when free energy (24)

has a diagonal form and OP is equal to � or �. The equa-

tion B = 1=n�1 desribes the urve whih separates the

regions with di�erent OP on the B � n diagram. This

equation an be obtained by setting equal the temper-

atures at whih oeÆients at � and � in the quadrati

form (24) are equal to zero. It is found that the sign of

the oeÆient at the fourth order of OP depends on n

only. The obtained diagram of a PT order is depited in

Fig. 3.
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xxxxxxxx
xxxxxxxx
xxxxxxxx
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xxxxxxxx
xxxxxxxx
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xxxxxxxx
xxxxxxxx
xxxxxxxx
xxxxxxxx
xxxxxxxx
xxxxxxxx
xxxxxxxx
xxxxxxxx
xxxxxxxx
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0 1
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2

3

4

5

2/31/3
n

B

Fig. 3. Diagram of the order of the paraeletri{

ferroeletri phase transition at C = 0. Filled regions or-

respond to PT1, blank regions | PT2.

An inrease ofC leads to the narrowing of the region of

n where PT1 is possible (Fig. 4). One an see that the re-

gion, determined by the F

(4)

1

sign hange, is smaller than

obtained by diret numerial alulation. This di�erene

an be explained on the example of the ase C = 0. The

point n

0

is situated on the OP � ! � hange urve of

the diagram in Fig. 3. On the left of the n

0

point the OP

is �, hene PT2 on � should take plae before PT2 in �.

But atually PT1 in � takes plae before them. It is il-

lustrated in Fig. 5 where dependenes of free energy and

parameters �; � on temperature are depited. It is also

possible to �nd PT2 in � at �rst and PT1 with a jump of

� at a lower temperature. One should note that at C 6= 0

the OP r

1

is a mixture of � and �. But at the onsidered

values of parameters the main ontribution to the jump

is given by �. The diagram in Fig. 3 shows that PT1

with the prevailing jump of � is typial for the region of

small values of B and large n; with the prevailing jump

of � | for large B and small n. An inrease of C auses

a stronger \mixing" of � and �, but there is the limit

C

2

< B (30) of the value of C. Thus it seems diÆult to

�nd in this approah the PT1 with the prevailing jump

of � (i.e. with the prevailing oupanies of positions 1

and 2) at small values of n that is harateristi of DMA-

GaS rystals at PT from the paraeletri phase into the

ferroeletri one. At small values of n the model exhibits

PT2 (lose to PT1) with the prevailing hange of the �

parameter (Fig. 6). So, we see that despite the simpliity

of the model its thermodynamis is very ompliated. As

an example an exoti ase with sophistiated dependen-

ies of � and � on temperature is shown in Fig. 7.
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0.1 0.2 0.3
0.0

0.2

0.4

0.6

n’

C

n

Fig. 4. Boundaries of PT1 region (inside the urves) at

B = 5. Solid line orresponds to numerial alulations,

dashed one to the result of the Landau expansion analysis.

Fig. 5. Dependenes of free energy and order parameters

on temperature at the values of system parameters as B = 5,

C = 0:1, n = 0:12.

V. CONCLUSIONS

Amirosopi approah based on the allowane for dif-

ferent orientation states of DMA ioni groups in rystal

lattie is proposed in the present work for the desrip-

tion of phase transition in DMAAlS and DMAGaS rys-

tals. In the framework of a simple four{state model order

parameters are introdued and alulations of thermo-

dynami harateristis are made. The phase transition

from the paraeletri to the ferroeletri state is studied

at di�erent relations between parameters desribing the

interations of orientation states of di�erent ioni groups.

An interesting feature whih follows from the symme-

try analysis is the strit orrelation between the ordering

along the 1{2 position axis (the ferroeletri one) and

the 3{4 position axis. Namely, as follows from Table 1,

ferroeletri ordering along the 1{2 axis is aompanied

by the antiferroeletri one along the 3{4 axis and vie

versa.

Fig. 6. Dependenes of free energy and order parame-

ters on temperature at the values of system parameters as

B = 0:5, C = 0:7, n = 0:05.

Fig. 7. Dependenes of free energy and order parameters

on temperature at the values of system parameters as B = 5,

C = 2, n = 0:05
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The ferroeletri state in these rystals is simultane-

ously the improper antiferroeletri one along the other

axis and the antiferroeletri state is aompanied by

ferroeletri ordering along the mentioned axis. The fa-

tors a�eting the order of the phase transition at T

1

are

studied in more details on the basis of the model. At

small values of n this phase transition is established to

be of the seond order lose to the �rst order (lose to

the triritial point) under the approximation that to-

tal oupanies of positions (1,2) and (3,4) are assumed

to be the same as in disordered phase and temperature

independent. This behaviour oinides with the known

result for the DMAAlS rystal but does not math with

the data observed in DMAGaS rystals. For the latter

ase it should be neessary to abandon the approxima-

tion made and expliitly take into aount the temper-

ature dependenes of the values of n

1

and n

2

with the

use of expressions (22). Suh an approah should also

be adopted for the desription of the low{temperature

transition (at T

2

) to the antiferroeletri phase and a

study of the onditions of its realization. This an be the

losest prospet of developing the model.
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MIKROSKOPIQNA MODEL^ FAZOVIH PEREHODIV

U KRISTALAH TIPU DMAAlS TA DMAGaS

�. V. Stas�k, O. V. Veliqko

�nstitut f�ziki kondensovanih sistem NAN UkpaÝni,

vul. Svn�~kogo, 1, L~v�v, 79011, UkraÝna

Zaproponovano qotiristanovu model~ dl� opisu poslidovnosti fazovih perehodiv u se�netoelektriqnih

kristalah tipu DMAGaS � DMAAlS. U nabli�enn� seredn~ogo pol� otrimano termodinam�qn� funk�Ý

model�. Fazovi� pereh�d m�� para{ ta se�netoelektriqno� fazami dosl�d�eno za dopomogo� rozvinenn�

Landau ta qisel~nih rozrahunk�v. Ustanovleno, wo r�d fazovogo perehodu zale�it~ v�d sp�vv�dnoxen~ m��

parametrami model�.
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