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The results of the investigations of the properties of the solid-state absorbents of microwaves, made on the base polyformaldegide and 

included in it the high-disperse absorbing fillers are presented.  
 
Protection from the influence of the poison microwave 

radiation on the alive organisms is the one of the important 
ecological problems. The important role in its solving has the 
search of the high-effective wave absorbents on the base of 
the acceptable compositional materials and simple 
technology of its preparation. The investigation in this area 
are carried out in the industrially developed countries, but 
they are basically directed on the creation of the 
nonreflecting surfaces for the air and sea ships with the aim 
of the blanking of the probing radar signals. They didn’t 
accept their usage for the protection of civil population from 
the microwave radiation action because of the difficulty and 
expensiveness of these works. 

The existing microwave absorbents, as a rule, form on the 
base of the layer composition from the nonabsorbent matrix 
dielectric substance and thin-film or high-disperse metallic 
and ferromagnetic materials [1]. In such layer systems, 
situated on the metallic substrate, the radiation absorption 
creates because of the skin-effect in the surface layer of the 
filler, but carrying out of the selective absorption condition 
of the incident radiation in the wide band of frequency is 
achieved by the selection of the defined member and 
thicknesses of the compositional layers with the different 
content of the absorbing inclusions in them [2]. These 
absorbents well justify themselves in the long-wave region of 
the microwave band. The abilities to the selective absorption 
of these waves in the used compositional materials deeply 
decrease because of the increase of the skin-effect action 
with the increase of the incident radiation frequency. The 
attempts to compensate this natural effect by the increase of 
the absorbing fillers concentration in the compositional 
materials of the covering lead to the increase of the 
construction covering weight and decrease of its mechanic 
strength. 

  Moreover, the investigations of the reflected 
characteristics of the systems, consisting on the quarter-
wavelength layer of the absorbing dielectric carried out on 
the metallic substrate, show the probability of the obtaining 
of the nonreflected wave absorption in them [3]. The 
nonreflected wave absorption is created because of the 
interference of waves, reflected from the boundaries of 
mediums division; moreover the demanded ratios of the 
amplitudes and phases of the reflected waves reach by the 
way of the selection of the corresponding values of dielectric 
constant ε’, dielectric loss ε’’ and thickness of the layer of 
the covering material. The reality of the existence of the 
nonreflected wave absorption phenomenon in the layer 
systems and in the double-layer system dielectric-metal, in 
particular, is proved theoretically and experimentally on the 
example of the investigations of the reflected characteristics 

of the polar molecular solutions in the microwave region [4]. 
The selective absorption in such systems is carrying out at 
the small thicknesses of the covering layer and can be 
realized in the more wide wave region, including the short-
wave region of millimeter wave band. The character 
peculiarity of the selective wave absorption in the layer of 
polar dielectrics is existence of the frequency spectrum and, 
discrete thicknesses of the substance layer at which the 
conditions of the nonreflected (total) absorption of the 
incident radiation. They are individual for every substance 
and depend on their dielectric static and dynamic 
characteristics. 

The access of the dielectric materials does their usage 
perspective at the creation of the cheep microwave 
absorption systems on their base with the use of the simple 
technology of their preparation. Moreover, they can be done 
from the solid-state matrix nonreflected dielectric material, 
including the high-disperse absorbing stolid or capsulated 
liquid dielectric materials, for the improvement of the 
mechanic strength of the solvents. 

  The experimental investigations of the solid-state 
solvents of the microwave radiation on the base of 
nonabsorping polyformaldegide and introduced in it high-
disperse absorbing fillers from aluminium and polyamide 
with the particles size 30-50 [5], were carried out with the 
aim of the check of these positions. The choose of the 
aluminium and polyamide as fillers was sent for the necessity 
of the carrying out the comparable analysis of two types of 
the absorbents, differing by the nature of the creation of the   
appearing of the absorption of high-frequency radiation in 
them. If in the case of the aluminium absorption of incident 
radiation takes place in the metal surface layer because of the 
skin-effect, so in the polyamide case, having the wave 
dispersion in the super high-frequency region, the absorption 
of incident radiation is because of the volume hindered 
orientation of dipole groups in the direction of the applied 
field [6]. 

The measurements of characteristics of wave reflection 
absorbents were carried out at the wave length 1,5sm and 
temperature 20°C with the use of the experimental device, 
switched on throw waveguide tract to the panoramic 
standing-wave meter. The change of the value of wave 
reflection coefficient ρ and energy relative value E of 
reflected wave were carrying out in the dependence on the 
thickness of absorbent sample (fig.1), situated in the end of 
the cell on the metallic reflected substrate. As examples were 
used the pressed sets of disks of the different thicknesses 
with diameter 15mm at the pressure 10 atm. The disks were 
formed from the carefully mixed mixture of the powdery 
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polyformaldegide and polyamide or aluminium. The content 
of polyamide and aluminium in the samples was regulating in 
the limits of weight 1-25%. 

 

 
Fig. 1. The dependences between relative energy value of  
           electromagnetic radiation E, reflected from the covering,   
           and the thickness of covering l from polyformaldegide at  
           temperature 20°C and wave length 1,5 sm. The high- 
           disperse fillers of covering: aluminium 3(1), 5(2), 10(4)  
           and polyamide 5(5) with weight content in percents. 
 
  The optimal values of samples thicknesses of covering 

of different compositions were defined by the results of the 
carried out experiments, at which the relative values of 
reflected energy E are minimal. From the dependences, given 
in the fig.1, it follows, that in the case of the usage of 
aluminium as a filler or polymeric covering the minimum of 

value E decreases with the increase of weight content 
формула of the filler in the covering material and achieves 
value 0,1 at ϕ=10%. The following increase of content ϕ of 
aluminium in the covering makes worth its mechanic strength 
and leads to the narrowing of the selective absorption band of 
radiation. The covering, made on the base of the mixture of 
polyamide and polyformaldegide were the most 
technological at the preparation, opposite to the aluminium 
coverings. Practically, total wave absorption (E=0,02) 
appeared at the polyamide content 5%. The obtained 
covering had the big thickness in the comparison with the 
coverings with the aluminium use, but had the better band of 
selective wave absorption. 

  The decrease of the thickness of the dielectric coverings 
can be achieved, if as fillers will be used the strongly 
absorbing materials, in particular, the liquid polar dielectrics, 
having dispersions in the SHF region. Their use especially 
prefers in the short-wave part of SHF region. Moreover, for 
the constructive solving of the problem of absorbents 
creation of the electromagnetic radiator the material of the 
absorbing covering should have the defined adhesive 
properties in respect to the metallic base. The elimination of 
these two contradictory demands to the absorbents material 
of the electromagnetic waves can be achieved by the use of 
the last by the composition from nonpolar solid dielectric 
with good adhesive properties to metals and uniformly 
distributed in its volume high-disperse inclusions from low-
molecular polar liquids, having wave dispersions in SHF 
region. 
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The single crystals of the intermediate phase of system (GaIn)2S3-Fe4 of composition Ga0,5Fe0,25In1,25S3 have grown from the melt by 
Bridgemen method. The single crystals are layered, the symmetry is orthorombic, grating constants in the hexagonal device a=3,786⋅2, 
c=36, 606Å, sp.gr. R3m, z=16. 

The edge of the optical absorption in the wide energy photon interval has been investigated and the forbidden band width Eg=1,843eV 
for Ga0.5Fe0.25In1.25S3  have been defined.  
The structure In-Ga0.5Fe0.25In1.25S3-In has been prepared and its VAC and the temperature dependence in the temperature interval 100÷360K 

have been studied. The parameters of the given structure: 12.56 сm2/V⋅ sec, nk=1.55⋅1010 cm-3; 
*
kD =2⋅10-2; kd =5.6⋅10-9 сm; 

ε∆ =0.497eV have been calculated by the method of the differential analysis.  
 

1. Introduction 
 

The significance of the physical-chemical and structural 
study of substance with semiconductor properties is obvious. 
The synthesis and single crystals growth, the study of their 
physical-chemical and structural peculiarities, phase-
formation regularities and the mechanism of structural phase 
transition have a great scientific –practical mean. In this 
aspect Ga2S3 – In2S3 system compounds are perspective 
objects for the solution of questions of the structurization, 
polymorphic, polytype, methods of the phase stabilization 
and the clarification of characteristics physical-chemical 
properties.  

The phase equilibrium in Ga2S3 – In2S3  quasi-binary cut 
of the triple system Ga-In-S were for the first time studied by 
authors [1], where the formation of just one triple phase 
GaInS, melting uncongradually, was established. It should be 
noted that in these papers there is a visible discrepancy in the 
state diagram and values of hexagonal cell parameters. 
Neither was determined the crystal structure of the 
compound.  

Judging from experimental facts on the presence of some 
polymorphy modifications in sesqui chalcogenide of A2S3 
(A-Al,Ga,In) type, authors [2-6] investigated in details the 
phase –formation in the given system. 

Applying the method of chemical transport reaction 
(CTR), the presence of polymorphy phases line, polytype 
forms and three independed compounds (table 1) was 
established. As result of X-ray analysis of crystals, obtained 
from before synthesized contents Ga0.5In1.5S3 and GaInS3 in 
various temperature gradients. 

To reveal the influence of multivalent tetrahedral atoms 
on the stabilization of polymorphy modifications (GaIn)2S3, 
partially substituting tetrahedral placed atoms Ga and In by 
atoms Cu and Sn (conserving the total balance of the 
valence) by the method of direct synthesis, authors [7,8] 
realized 2H and 3R polytypes, having the layered structure of 
polytype line a=3.82Å, c=15Å⋅n (n=2,3) and a=6.52Å, 
c=18Å⋅n (n=2). 

The present paper are dedicated to structural research, 
definition of nature of optical transitions and current –
conduction mechanism of layered Ga0.5Fe0.25In1.25S3 single 
crystals in a wide temperature range (100÷360K). 

 
Table 1 

Crystallographic data of polymorphic phases and polytype forms of 
compounds of (GaIn)2S3  

 
 

The content 
of the phase 

 
Sp.gr. 

 
a, Å 

 
b, Å 

 
c, Å 

 
Z 

 
GaInS3 
GaInS3 
GaInS3 
GaInS3 
GaInS3 
GaInS3 
Ga0.5In1.5S3 
Ga0.5In1.5S3 
Ga0.67In1.33S3 
GaInS3 
Ga0.25In1.75S3 
 
GaInS3 

 

 
P3m1 
P3m1 
P61 
P63mc 
P3m 
Bb21m 
P3m1 
R3m 
2H 
R3m 
C2/m 
 
Shpinell 
Str.type 

 
3.81 
3.81 
6.65 
3.81 
3.81 
19.06 
3.84 
3.81 
7.64 
3.82 
6.55 
 
10.79 

 
 
 
 
 
 
6.19 
 
 
 
 
3.72 
 
 

 
18.19 
54.61 
17.92 
30.62 
45.89 
3.81 
12.33 
100.04 
74.00 
63.41 
12.62 
β=1000 

 
2 
6 
6 
10/3 
5 
4 
1 
11 
8 
6 
4 
 
8 

 
 

The present paper is devoted to the structural 
investigation of the layered single crystals Ga0.5Fe0.25In1.25S3, 
definition of the character of the optical transitions and 
conduction current mechanism in the wide temperature 
interval (100÷360K). 
 

2. Experimental results and discussion 
2.1. The single crystals growth.  

 
The crystallization from the melt by Bridgemen method 

of Ga0.5Fe0.25In1.25S3 has been carried out in the following 
mode and constants: the quantity of the beforehand 
synthesized substance ~5,6gr, the melt high is 30mm, the 
diameter of the container from the quartz is 8mm, the initial 
temperature is ~1273K, the cooling velocity is ~290K/h, the 
annealing band is 673K, the annealing time is 30 hours. The 
experiment result was successful. The all mass of the sample 
was crystallized in the form of the disoriented crystal blocks, 
which have absolute cleavage and easily crush on the thin 
layers of the needed forms and sizes. About the quality of the 
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grown single crystals can see on the given Laue photograph 
(fig.1). 

 
Fig.1. Laue X-ray diffraction for Ga0.5Fe0.25In1.25S3  

 
2.2. X-ray investigations. 

 
For the definition of the crystal lattice parameters, 

symmetry and the structural type were obtained. The 
following roenthgenodifractional experiments: 1) by Laue 
methods and pumping were adjusted the crystalographical 
directions and defined their values: 2) the 
roenthgenoflections fro the plane-parallel planes for the 
definition of the character of the diffraction type ool were 
obtained; 3) powder diffractogram (DRON-20; Ni is filter, 
limit is 0,5°<2θ<70°). 

On the base of the calculations and analysis of the 
obtained results it was established, that single crystals 
Ga0,5Fe0,25In1,25S3 are crystallised in the rombohedral lattice 
with periods, in the hexagonal device а=3.786⋅2Å, 
с=36.606Å; sp. gr. R3m, z=16, V=1817.57Å, Vs = 37.86Å3. 
 

 
Fig.2. The variant of distribution of atoms in the lattice  
           of  Ga0.5Fe0.25In1.25S3  

 
By the crystalochemical analysis it is established that 

investigated single crystals are triple-packet polytype of the 
set c=12⋅nÅ and its structure is polytype on the base of 
Ga0,5Fe1,5S3 structure in the ordered variant. The variant of 
atom distribution in the lattice is given on the fig.2. As it is 

seen from the figure, the layer consequence is correspond to 
the variant -гkkг- and the “a” period of the lattice is total 
because of the statistical filling of the octahedron empties. It 
is need to note, that in the difference from the changing 
atoms of Cu and Sn, the iron atoms stabilize the formation of 
the another kind of polytype, but not one- and divalent 
cations. 

 
2.3. Optical properties. 
 
For the definition of the electron effect mechanisms in 

the single crystals Ga0,5Fe0,25In1,25S3 the optical investigations 
in the wide interval of photon energy were carried out.  

On the device, constructed on the base of the 
monochrometer MDR-12, the transmitted spectrums T of 
single crystals Ga0,5Fe0,25In1,25S3 at the wave length 400-
800nm were obtained. The different single crystal samples by 
the thickness 10÷40mkm were investigated. 

The optical absorption coefficient α has calculated from 
the experimental values of T, using the formulae [9] 

 

    ( ) ( )kdexpR1T 2 −−=   ,            (1) 
 
here R is the reflection coefficient, d is the sample thickness. 
The spectral dependence of optical absorption coefficient 
α(hv) for the samples from Ga0,5Fe0,25InS3 is given on the 
fig.3a. 
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Fig.3 a. Spectral dependence of  k(hν) for  Ga0.5Fe0.25In1.25S3  

 
As it is seen from the figure, at the absorption energy 

hv~~Eg, k strongly increases and achieves the value 103sm-1, 
and in the big energy region its slowly decrease is observed. 

The theory of the interband optical transitions [10] 
shows, that k in the dependence on the photon energy hv 
changes according to the expression: 

 

             ( ) ( )rgEhAhk −= νν                  (2) 

 
where h is Plank constant, v is frequency, A is constant, r is 
quantity, having values 2,3,1/2, 3/2 in the dependence on the 
optical transition nature. The obtained results have been 
analyzed on the base of the theory of the direct transition [9]. 
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Fig.3 b. Spectral dependence of  k2(hν) for  Ga0.5Fe0.25In1.25S3 

 
In the region of the longwave absorption edge, the 

experimental data were given in the coordinates k2~hv(r=1/2) 
(fig.3,b). It is seen that at the energies hv≥1,85eV the k 
values are well laid on the line in the coordinates k2=f(hv). 
The line dependence k2 on hv is the evidence that intrinsic 
absorption edge in the single crystals Ga0,5Fe0,25In1,25S3 forms 
by the direct allowed optical transitions. 

The values of the forbidden band width for the direct 
allowed transition, which are 1,843eV are obtained by the 
extrapolation of the lines k2=f(hv) to the value k=0. 

 
2.4. Electric properties. 
 
The injection effects have been studied by the way of the 

investigation of volt-ampere characteristics (VAC) of 
structures In-Ga0,5Fe0,25In1,25S3 –In (in the sandviche form) in 
the electric fields till 3⋅105 V/cm in the temperature interval 
100÷360K with the aim of the revealing of the charge 
transition mechanism, definition current carrier movement 
and their concentrations, trap parameters (activation energy, 
concentration and e.t.c.) in the single crystals 
Ga0,5Fe0,25In1,25S3. 

The typical VAC for the investigated samples are 
presented on the fig.4. With the increase of the electric field 
from 5⋅102 till 3⋅105V/sm, the current changes in the wide 
interval (10-4÷4⋅104A). It is especially seen, that in spite of 
the big change of the electric field, the ohmity destroys after 
the 105V/sm. Starting from 105V/smthe current increases 
faster and on the VAC line the quarter region is observed. 
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Fig.4. Volt-ampere characteristic of Ga0.5Fe0.25In1.25S3  
           single crystal at temperatures: 1-131K; 2-236K; 3- 
            270K; 4-300K;5-317K;6-340K. 
 
This fact is proved in the graphics of the temperature 

dependence of the current at the different electric fields 
(fig.5), including the region of the carrying out of Ohm law 
and nonlinear region of VAC. It is seen that inclination of the 
curves 1-3 is the same, but inclination of the curve 4 is 
slowly decreases. 

 
Fig.5. The dependence of α ~ U  at T=300 K. 
 
For the clarifying of the current change mechanism in 

the single crystals Ga0,5Fe0,25In1,25S3 in the dependence on the 
electric current and the temperature, the obtained results were 
analyzed on the base of the method of injective spectroscopy 
[11], i.e. power current I dependence on voltage U(I~Uα). 

 

                           
dU
dI

I
U

Ud
Id
==

lg
lgα  .            (3) 
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Such approach allows to more clearly realize the VAC 
structure, to fix its special points and to border the injection 
mode [12-14]. 

The dependence α(U,I) at the temperature 300K has the 
one experimental point (αmin=0,677 at 
Umin=180V(Imin=4,65.10-6A) (fig.6). 

0 100 200 300 400 500
0,5

1,0

1,5

2,0

2,5

3,0

α

U, V

 
Fig.6 
 
The local levels in the forbidden band (Et=0,52eV), 

trapping the injected charge carriers, in the result of which 
the slow current increase takes place, are defined by the 
formulae 

 

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
+

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

mmm

mm
t LI

SUe
h

kTmkTE
)85(2

)1(322ln 22

23

2

*

αα
µαπ                                                                                                                                

                                                                                 (4) 
where  

cN
K

T
m
m–“

h
kTm

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
≈⎟⎟

⎠

⎞
⎜⎜
⎝

⎛ −

2/3*
319

2

*

300
1022 π

 

 
is the effective state density in the conductivity band, 
mn=0,4me is the effective mass, h is Plank constant, k is 
Bolzman constant, T is Kelvin temperature, L is samples 
thickness, S is contact area. 

The definitions of the main carrier movement by 
formulae (1) (µ=12,56sm2/V⋅sec) give the possibility to 
estimate the initial (I=0) contact concentration of these 
carriers by the formulae 

 

   
( ){ }

min

min

min

minmin
0 11

111exp
SUe

LInk µα
αα

−−
−−−

=       (5) 

 
According to [11] VAC approximation 
                        

             
ε
ρπ 22 L

VV k
k =>>                   (6) 

 
(here kk en=ρ -) is the density module of the space 

charge of the cathode, Vk is the cathode strength), when the 

applied shifting is in many times more than volume back 
strength, caused by the charge(or recombination) barrier in 
the semiconductor, the approximation Mott-Gerni takes place 
 

ε
µπµ Lne

V
L
ne

j kk
2
0

2
0 8

>>=  

 
which is the result of the noncreation of the space charge 
because of the high value of the field.  

In fact, the condition (3) is also the criteria of strength 
constant of the electric field in the structure. That’s why the 
existence of the sublinear region on the VAC of structure In-
Ga0,5Fe0,25In1,25S3-In with 0<αmin<1 degree, characterises the 
constant field mode on the intercontact layer, which allows to 
estimate also the transparency of the contact landing barrier 
Dk*, its thickness dk [11-15] and effective high 

0

ln
k

c

n
NkT=∆ε . 

Corresponding to the given formulae, the VAC 
processing gives the following parameters: nk=1.55⋅1010cm-3; 

*
kD =2⋅10-2; dk=5.6⋅10-9сm; ∆ε=0.497eV. 

 
Conclusion. 
 
In conclusion, we note that at the interaction in the 

system (GaIn)2-xS3-Fe1-x in the difference from the edge 
consisting phases GaFeS3 and InFeS3, the intermediate 
phases of the layered structure of polytypes of trigonal 
modification of Ga0,5In1.5S3 with lattice periods a=3,796, 
c=12,210A.     

The single crystals of the composition Fa0,5Fe0,25In1,25S3 
have been grown and it has established that its structure 
consist on the 3 packets with 3R symmetry with sera atom   -
гkkг. In the result of the statistical occupation of the 
tetrahedron and octahedron positions, the identification 
period of the lattice ”a” increases in two times and become  
a=3,786.2, c=36,606Å. 

By the crystal analysis it is established, that partial 
permutation of In and Ga atoms by the trivalent Fe atom, 
causes the stabilization of the polytype modification form 
c=12⋅nÅ. Besides the changes of Fe atom quantity in the 
composition give the possibility to control the forbidden 
band width, as with the increase of Fe atom quantity, the 
forbidden band width decreases (Eg for Ga0.5Fe0.5InS3 - 
1.885eV, where z=5.33 and for Ga0.5Fe0.25In1.25S3 -1.843eV, 
where z=16) in the comparison with the matrix modifications 
of GaInS3 [16], the forbidden band width of which changes 
from 2,40 till 2,60eV. 
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Ã.Ù.ÙÖÑÅÉÍÎÂ, Í.Í. ÌÓÑÀÉÅÂÀ, È.Á.ßÑßÄÎÂÀ 
 

Ga0.5Fe0.25In1.25S3 ËÀÉËÛ ÉÀÐÛÌÊÅ×ÈÐÈÆÈÍÈÍ ÅËÅÊÒÐÈÊ Âß ÎÏÒÈÊ ÕÀÑÑßËßÐÈ 

 
Áðèæìàí ìåòîäó èëÿ (GaIn)2S3—Fe ñèñòåìèíèí àðàëûã ôàçàñû îëàí Ga0.5Fe0.25In1.25S3 ìîíîêðèñòàëû éåòèøäèðèëìèøäèð. Ìîíîêðèñòàëëàð ðîìáîýäðèê 

ñèììåòðèéàëû òÿáÿãÿëè ãóðóëóøà ìàëèêäèð âÿ ãÿôÿñèí ïåðèîäó à=3.786õ2, ñ=36.606 Å, ïð.ãð. R3m, z=16. 
Ôîòîíëàðûí ýåíèø èíòåðâàëû ö÷öí îïòèê óäóëìàíûí êÿíàðû òÿäãèã îëóíìóø âÿ  Ga0.5Fe0.25In1.25S3 ö÷öí ãàäàüàí îëóíìóø çîëàüûí åíè òÿéèí 
îëóíìóøäóð. 
In- Ga0.5Fe0.25In1.25S3-In ñòðóêòóðó äöçÿëäèëìèø âÿ îíóí âîëò-àìïåð õàðàêòåðèñòèêàñû âÿ 100÷360Ê òåìïåðàòóð èíòåðâàëûíäà òåìïåðàòóð àñûëûëûüû 
þéðÿíèëìèøäèð. Äèôôåðåíñèàë àíàëèç ìåòîäó èëÿ ýþñòÿðèëÿí ñòðóêòóðóí ïàðàìåòðëÿðè òÿéèí îëóíìóøäóð: µ=12.56 ñì2/Â ñåê, nk=1.55 1010 cì-3; 

*
kD =2 10-2; dk =5.6 10-9 ñì; ∆ε=0.497 ýÂ. 

 

О.Н. Гусейнов, Н.Н. Мусаева, И.В. Асадова 
 

ЭЛЕКТРИЧЕСКИЕ И ОПТИЧЕСКИЕ СВОЙСТВА СЛОИСТОГО ПОЛУПРОВОДНИКА   
Ga0.5Fe0.25In1.25S3 

 
Методом Бриджмена из расплава выращены монокристаллы промежуточной фазы системы (GaIn)2S3–Fe состава 

Ga0.5Fe0.25In1.25S3. монокристаллы слоистые, симметрия ромбоэдрическая, периоды решетки в гексагональной установке а=3.786х2, 
с=36.606 Å, пр.гр. R3m, z=16. 

Исследован край оптического поглощения в широком интервале энергии фотонов и определены ширины запрещенной зоны Eg 
=1.843 эВ для Ga0.5Fe0.25In1.25S3 .   

Изготовлено структура In- Ga0.5Fe0.25In1.25S3-In и изучено его ВАХ и температурный зависимость в интервале температур 
100÷360К. Методом дифференциального анализа вычислены параметры указанной структуры: µ=12.56 см2/В сек,   nk=1.55 1010 cм-

3; 
*
kD =2 10-2; dk=5.6 10-9 см; ∆ε=0.497 эВ. 
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THE TRANSIENT RADIATION OF NONINVARIANT SOURCE IN THE 

 PLANE-LAYERED MEDIUM II. 
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The process of the transient radiation of noninvariant source, particularly, the magnetic moment in the plane-layered medium is 
considered. The eigen field and radiation field are calculated with the help of Hertzian vectors.  
 

In the previous ref [1] the expressions for Hertzian 
vectors, which are the initial functions for the calculation of 
the field, had been obtained by us. 

The field of the magnetic moment in the plane-layered 
medium in the first approximation has the form: 

                            

         ,BBB,EEE 00 rrrrrr
δδ +=+=                  (1) 

 
where 0E

r
 and 0B

r
 are field’s vectors in the homogeneous 

medium, E
r

δ  and B
r

δ  are deposits in the first approximation 
to the electric and magnetic fields. It is noticed, that any  of 
electromagnetic field sources, moving in the homogeneous 
medium with the constant velocity, which is less, than phase 
radiation velocity, don’t radiate. Therefore, the complete 
eigen field is defined by the expressions: 
                             

      ,BBB,EEE s0ss0s rrrrrr
δδ +=+=                  (2) 

 

and radiation field is as follows 
 
                     .BB,EE rrrr rrrr

δδ ==                          (3). 
 
Moreover, the field’s vectors 0E

r
 and 0B

r
 are expressed 

by Hertzian vectors by the following formulae: 
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Fourier-images of which are equal to: 
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where 2

s /k υωυχ rrr
+=  is the wave vector of the eigen field. 

The vectors 0E χω r
r

 and 0B χω r
r

 describe the eigen field of the  

magnetic moment in the homogeneous isotropic nonmagnetic 
medium [2]. The eigen field is defined by the residue of the 
integrands in the pole ξ=ω/υ and radiation field - in the poles 
ξ=ξ1 and ξ=ξ2. Moreover, the general expressions are for the 
addition to the field’s vectors: 
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 It is noticed, that Resδεξ in the poles ξ=ξ1 and ξ=ξ2 is equal 
to 0 (zero) (the first figured bracket in (7) disappears), and in 
the pole ξ=ω/υ for the chosen concrete expressions (see (23)-
(25) in ref [1]) gives the same result: 
 

                      [ ] is πεδε
υωξξ 2/Re

/
∆=

=
                (10) 

Based on the expressions, obtained in ref [1] from 
formulae (6)-(8), we obtain the following final expressions 
for the change of the eigen field: 
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and for the radiation field we have: 
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In the formulae (10)-(14) the longitudinal and transversal 

parts are divided, moreover the expressions of the unit vector 
υυ /e3

rr
=  are the longitudinal part of the field, and all rest 

are transversal part of the field. 
  

The formulae (13) and (14), describing the transient radiation 
of the magnetic moment in the plane-layered nonmagnetic 
medium become simpler strong enough at the meaning on all 
possible directions of vector χr : 
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  From above formulae we obtain the simple relation for 
the radiation field lengthways (against) on the source moving 

direction (θ=0, π; χ=0): 
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From (16) it is seen, that at the ultrarelativistic velocities 

the radiation field in the direction of magnetic moment 
moving, is plane wave with the wave vector 

( ) 3
0 ec/''k

rr
εω= , that we can’t say about other directions 

(θ≠0). 
The sign “±“ of the vector 2,1rEωδ

r
 is caused by that at the 

wave propagation against the moving direction, vector 
2,1rEωδ

r
 as polar one changes the direction on the opposite 

direction in the way, that vectors 2,1rEωδ
r

, 2,1rHωδ
r

, 3e
r

−  
constitute the rightsrew orthogonal system. 

Analogically, in the ultrarelativistic approximation, for 
the eigen field of the magnetic moment, moving in the plane-
layered nonmagnetic medium, mean on all possible directions 
of vector χr  in plane, which is perpendicular to its velocity 
and oriented lengthways its direction, we obtain: 
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From formulae (18), (19) it is seen, that change of the 

eigen fields depends on the velocity and inhomogeneous of 
the dielectric constant, moreover this change increases in the 
source moving direction (z>0), and decreases in the opposite 
direction(z<0). 

As it is known, the field of the ultrarelativistic source on its 
properties is close to the one of the light wave field. 
Moreover, the condition c/ωχ<<r  should be carried out and 
projection of the magnetic moment in moving direction 

0mz ≅ , i.e. the radiation field is defined by the transverse 

component ⊥m
r : 
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Moreover, the deposit to the eigen field becomes the transversal wave: 
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From formulae (21) it follows, that )(E)(E ss υδυδ ωω

rr
=−  is 

even function, and )(H)(H ss υδυδ ωω
rr

−=−  is odd function 
of source velocity. The value of field’s vectors of the 
radiation field is even velocity function: 
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  Because of that in ultrarelativistic case 
21 ξξ δεδε >> , 

the relation of the values of field’s vectors can express in the 
form of the function: 
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it means that radiation forward is stronger, than radiation 
back. For the function (22) at the different distributions of the 
inhomogeneous of the dielectric constant (see (16)-(18) ref 
[1]), accordingly, we have: 

                                               

          

)1(n
2

)nexp(
)(f

0
2

02
)n(

1

εβ
β
π

επυ
−

=  ,           (23) 

 

      )n4exp(
1

1
)(f 0

0

0
)n(

2 επ
εβ

εβ
υ

−

+
=  ,        (24) 

 

 
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⋅⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

−

+
= 02

2

0

0
)n(

3 n
2

exp
1

1
)(f εβ

β
π

εβ

εβ
υ  . (25) 

 
  On the fig.1 the graphics of these functions for the case, 

when n=∆z/λ=1 are presented. 
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Fig.1. The dependence of function f(n)(υ) on γ=(1-β2)-1/2. 
           1 - function f1

(n)(υ);  
           2 - function f2

(n)(υ)⋅10; 
           3 - function f3

(n)(υ)⋅10-10. 
 
From fig.1it is seen, that radiation forward is stronger, 

than radiation back, moreover it increases with the velocity 
increase, that is corresponds to ultrarelativistic case (γ>>1), 
when transversal radiation is almost caused by radiation 
forward. 

  
Fig.2. The dependence of functions (see(23)-(25) ref [1] on ∆z/z.  
          1- function Φ(∆z/z); 
          2 - function th (∆z/z); 
          3 - function arctg (∆z/z). 
 
Morewover, the radiation forward has the main part of the 

energy. In the fig.2. the graphics of functions ref [3], 
expressing the nonhomogeneous of dielectric constant from 
which it is seen, that graphic 1 of probability integral function 
achieves the maximal value, are given, that causes the 
increase of function 3 with the comparison of the functions 1 
and 2. 
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ГЕЙРИ-ИНВАРИАНТ МЯНБЯНИН МЦСТЯВИ ТЯБЯГЯЛИ МЦЩИТДЯ КЕЧИД ШЦАЛАНМАСЫ II 

 
Гейри-инвариан мянбянин, магнит моментинин, мцстяви-тябягяли мцщитдя кечид шцаланмасына бахылмышдыр. Щерс векторлары 
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SIMULATIONS OF RELAXATION PROPERTIES OF FERROELECTRIC  
LIQUID CRYSTALS 

 
A.R. IMAMALIYEV 
Baku State University, 

Z. Khalilov str., Baku, 370145 
 
The numerical analysis of relaxation properties of ferroelectric liquid crystal (FLC) in the case of one-dimensional model is made. The 

dependence of uniform state relaxation time both on material parameters of FLC and surface conditions is considered. At some value of 
dispersion part of anchoring energy the relaxation time rises abruptly i.e. a memory effect is obtained. 

 
The linear electrooptic effect in ferroelectric liquid 

crystals (FLC) occurs with memory (bistability) under some 
circumstances [1,2], that allows essentially to simplify the 
addressing scheme of FLC display. In spite of this we do not 
see the mass production of FLC displays today so it is not 
possible to obtain the reproducible bistable switching of FLC. 
From this point of view there is some necessity for theoretical 
and experimental investigation of this phenomenon in order 
to correct the condition of bistability for FLC cell. The 
investigation of relaxation process of  after switching of an 
electric field would be help us to understand the reason of 
bistability.  In this paper on the base of one-dimensional mo-
del the dependence of relaxation time on various material 
parameters of FLC and surface conditions has been studied. 

The FLC cell geometry is shown in fig.1. 
)cos,sinsin,cos(sinn φφθφθr  and SP

r
 are  

the director  and the spontaneous polarization respectively. 
The tilt angle θ mainly depends on temperature and usually 
far from smectic A -  smectic C* phase transition  tem-
perature its value gets nearly constantly. So at low tempera-
tures the space-time distribution of director )t,r(n

rr  can be   

replaced by azimuthal angle distribution .)t,r(
rφ  For 

monodomain samples this angle changes only in the direction 
normally to sample plane that allows us to suggest 

.)t,x()t,r( φφ =
r  The latter can be determined from 

balance toque equation [3] 
 

 
Fig.1. 
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with boundary conditions  

( ) 2/d212/d 2sinWcosW
dx
d

G ±± ±= φφφ
     (2) 

2/2/,2/dx0 πφπ ≤≤−≤≤  

 The following notations are used: G is an elastic 
constant, PS is a spontaneous polarization, E is an electric 
field strength, ⊥−=∆ εεε || is an anisotropy of dielectric 

permittivity, ⊥χ  is a transversal component of the dielectric 
susceptibility, m/pF85,80 =ε  is electric constant. 

The first term in the right hand side of equation (3) 
expresses the polar interaction of molecules with the 
substrate surface. The polar interaction tends to orient the 
spontaneous polarization toward, or out of the surface. It is 
equivalent to a condition 2/)2/d()2/d( πφφ =−−=  for 
given geometry. The second term is a dispersive part of the 
surface energy: the dispersion interaction is responsible for 
planar orientation of molecules and required 

2/)2/d()2/d( πφφ =−= . The appropriate anchoring 
energies are denoted by W1 and W2. The signs «-» and « +» 
concern to top and bottom surfaces respectively. 

The equation (3) is a nonlinear diffusion equation with 
boundary conditions (2) of general form and can’t be solved 
analytically. We have solved it numerically by using the 
sweep method [4] and MATHCAD 2001 calculating 
program.  

As an initial solution we take the twist state  

( πφ ⋅=
d

x
)0,x( ). After applying the voltage exceeding the 

threshold this state switches to uniform state (
2

)x(
π

φ = ). 

Then we remove this voltage and this state relaxes to twist 
state. It is seen clearly from the time dependence of light 
transmittance of the cell (fig. 2). As a relaxation time it has 
taken the time during witch the light transmittance decreases 
from Imax to 0.1(Imax-Imin). As mentioned above the 
dependence of this time from the material parameters of FLC 
and surface parameters help us to understand the reason of 
memory.  
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Fig.2. 

               
Fig. 3. 
 

The relaxation time strongly decreases with increasing of 
spontaneous polarization (fig. 3). We connect it with 
influence of polarization charges field.  In uniform state the 
spontaneous polarization is oriented uniformly as well as the 
director that creates the excess of free energy density 

⊥χε0

2
S

2

P
. This factor plays a destabilizing role and the 

uniform state quickly relaxes to uniform state. 

       
Fig. 4.  
 

The increasing of elastic constant causes the slow 
increasing of the relaxation time (fig. 4). The relaxation of 
the uniform state leads to excess of elastic free energy 

2
2

d
G

2

1
⎟
⎠
⎞

⎜
⎝
⎛ πθ . This energy increases with increasing of the 

elastic constant and the relaxation process becomes difficult. 
With increasing of the polar anchoring energy the 

relaxation time decreases almost linearly (fig. 5). For uniform 
state the polar anchoring creates the destabilizing excess 

energy 
d

W1  for one of substrates that causes the relaxation of 

the uniform state.  

  

 
Fig. 5.  
 

          
Fig. 6.  

                 
Fig. 7. 
 

           
Fig.8.  
 
For most cases one assumed that the polar anchoring 

energy linearly depends on the spontaneous polarization: 
 

                            S11 PWW α+=                             (3) 
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By taking into account this expression in our calculation 
the dependence τrel(PS) remains almost unchanged whilst the 
dependence τrel(W1) takes qualitatively different form (fig.6,7). 

As expected the dependence of relaxation time on 
dispersion anchoring energy have the form of monotonically 
increasing function (fig.8). This part of anchoring energy 
plays a stabilizing role both for upper and lower surfaces and 

tends to hinder the relaxation of uniform states. At the some 
value of dispersion anchoring energy the relaxation time 
approaches infinity i.e. the uniform state do not relaxes and a 
memory effect is obtained.  

All of these results are well-known facts and confirmed 
by experiments. 
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1987, v. 26, p. 1. 

[3] H.E. Abbasov, A.R. Imamaliyev. Journal “Fizika” of 
Azerbaijan National Academy of Science, 2003,  v. 9, 
№1, p. 6. 

[4] A.A. Samarskiy, A.B. Gulin. Chislenniye metodi. M.: 
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А.Р. Имамялийев 
 

СЕГНЕТОЕЛЕКТРИК МАЙЕ КРИСТАЛЛАРЫН РЕЛАКСАСИОН ХЦСУСИЙЙЯТЛЯРИНИН МОДЕЛЛЯШДИРИЛМЯСИ 
 

Бирюлчцлц щал цчцн сегнетоелектрик майе кристалын (СМК) релаксасийа хассяляри ядяди цсулла анализ олунмушдур. Биржинс щалын 
релаксасийа мцддятинин щям СМК-нын мадди параметрляриндян, щям дя сятщ шяраитиндян асылылыьына бахылмышдыр. Илишмя енеръисинин 
дисперсион щиссясинин мцяййян гиймятиндя сычрайышла артыр, йяни йаддашлы кечид алыныр. 

 
А.Р. Имамалиев 

 
МОДЕЛИРОВАНИЕ РЕЛАКСАЦИОННЫХ СВОЙСТВ СЕГНЕТОЭЛЕКТРИЧЕСКИХ ЖИДКИХ 

КРИСТАЛЛОВ 
 

      Проведен численный анализ релаксационных свойств сегнетоэлектрического кристалла (СЖК). Рассмотрена зависимость 
времени релаксации от материальных параметров СЖК и поверхностных условий. При некотором значении дисперсионной части 
энергии сцепления время релаксации растет скачком, т.е. получается переключение с памятью. 

Received: 05.02.04 
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        THE UNSTABLE THERMOMAGNETIC WAVE IN THE ANISOTROPIC SOLIDS 
 

E.R. GASANOV 
Baku State University 

Az-1148, Baku, Z. Khalilov str., 23 
 

It is shown, that in the anisotropic crystals the unstable thermomagnetic wave propagates. The frequencies and increase increment have 
been calculated. The directions of wave propagations are defined. It is proved, that in the anisotropic crystals it is possible the simultaneous 
propagation of several increasing waves. 

 
In the ref [1] it is shown, that hydrodynamic motions in 

the nonequillibrium plasma, which has the temperature 
gradient ∇ T, lead to the magnetic fields appearing. Plasma 
with the temperature gradient ∇ T has vibrational properties, 
which are strongly differ from usual plasma properties. In 
such plasma in the absence of external magnetic field the 
transversal ( Tk

rr
∇⊥ ) thermomagnetic waves are possible, in 

which the oscillation of only magnetic field takes place. If 
there is the constant external magnetic field 0H

r
, so the wave 

vector of thermomagnetic waves should be perpendicular to 
it and lay in the plane ( T,H0

rr
∇ ). The homogeneous 

magnetic field in such plasma rotates in the temperature 
gradient direction. In plasma Ωeτ>>1 (Ωe is Larmor electron 
frequency, τ is frequency of their collisions) the 
thermomagnetic wave increases with the increment 

( )KTH~ e

rrr
∇ΛΩ τγ . 

In the solid-state there is the electron flux and that’s why 
is possible the thermomagnetic wave appearance at the 
existence of ∇ T in the absence of external magnetic field. 
The probability of excitation of thermomagnetic waves in the 
isotropic solid-state was investigated in the ref [2]. In this 
work we will investigate the thermomagnetic waves 
appearance in the anisotropic solid-states and conditions of 
the increase of these waves, i.e. the instability of the 
thermomagnetic waves in the anisotropic solid-states without 
external magnetic field. 

The electric current density in the isotropic current solid-
states at the presence of the electric field E

r
, temperature gradient 

∇ T, electron concentration gradient ∇ n, and hydrodynamic 
motions with velocity )t,r(v

r , has the form: 
 

         [ ] [ ]H,TTH*E*Ej 11 rrrrrrrr
∇−∇−+= αασσ              (1) 

 

          )0e(,
n
n

e
T

c
]Hv[

E*E >
∇

++=
rrrrr

                        (2) 

 
The definition of E

r
 from formulae (1), taking into 

consideration the formulae (2), lead to solution of vector 
equation: 

                           
                     ]x,b[ax vvrr +=                              (3) 
 

in respect of the unknown vector xr . 
From formulae (3) we obtain  
 

                ]]xb[b[]ab[]x,b[baxb
rrrrrvvrrrr +=+=           (4) 

 
Substituting the formulae (4) in formulae (3), we obtain 
 

           2b1
b)ba(]ab[a

x
+
++

=
rrrrrv

r
                      (5) 

 

  Using Maxwell equations j
c

Hrot
rr π1

= , taking into 

consideration the formulae (1,2,5), we obtain the complete 
electric field at the existence of the external magnetic field 
and temperature gradient in the isotropic solid-state

                            H)HT(]HT[TH)Hj(]Hj[jE 111111 rrrrrrrrrrrvv
∇Λ+∇Λ+∇Λ+++= ηηη                     (6) 

 
Here η is the opposite value of ohmic resistance, Λ is the 

differential thermoelectromotive force, Λ1is the Nernst-
Ettingshausen effect. 

In the anisotropic solid-state all coefficients in the 
equation (6) are tensors. Then the equation (6) for the 
anisotropic solid-state will have the form:

 
              k

11
ikk

1
ikkikk

11
ikk

1
ikkiki H)HT(]HT[TH)Hj(]Hj[jE

rrrrrrrrr
∇Λ+∇Λ+∇Λ+++= ηηη       (7). 

 
We consider the case, when the external magnetic field 

0H
r

=0. Then in the equation (7), the members, having η1, 
η11, Λ11 are equal to zero. Added to the equation (7) Maxwell 
equations, we obtain the following system of equations: 
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We propose, that all variable values have the plane 

monochromatic wave character. 
Then from formulae (8) we obtain 
 

1
kik

1
kke

1
ik

ikkeik
1
i EZETK

c
BKKE =⎥

⎦

⎤
⎢
⎣

⎡
∇

Λ
++Α=

ω
ηη    (9) 

 

ωπ4
ic2

=Α , 
ωπ

ω
4

kc
iB

222 −
= ; 

 

kik
1
i EE δ= , 

ki
kiik

=
≠= ,1

,0δ  

 
the solution of the equation (9) in respect of the frequency ω 
is very difficult. That’s why we consider the thermomagnetic 
wave propagation in the transversal ( Tk

rr
∇⊥ ) and 

longitudinal ( Tk
rr

∇ ) directions. 
 
Waves at Tk

rr
∇⊥ . 

 
 The dispersion equation |Zik-1|=0 after writing on 

components has the form: 
 

(Z11-1) (Z22-1) (Z33-1) +Z31Z21Z23+Z21Z32Z13-Z31Z13 (Z22-1)-Z32Z23 (Z11-1)-Z21Z12(Z33-1)=0  (10). 
 
Substituting values Zik from formulae (9) in the formulae 

(10) for the definition of the frequency ω, we obtain the 
equation of the form 

 
     0i

i =∑ ωϕ ,  where i=0, 1, 2, 3, 4, 5           (11) 
 
The values of  all ϕ can be obtained easily from the equation  

(9). It is impossible to solve the equation (11) in the common 
case and that is why we will consider the crystals with the 
concrete symmetry properties in respect of the conductivity 
σik and - λ’ik – Nernst-Ettingshausen effect. 

In the crystal σik=σki=σ and λ’21=λ’31 from the formula 
(11) at Tk

rr
∇⊥ we obtain:                                                                           

 
                   

                     064
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32i64
16

i
48

i T
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2
2 =+−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−+ ωπ

σ
πωπω

σ
πω

σ
                     (12) 

 
     Tck111

T
11 ∇Λ=ω ,  ckT221

T
21 ⋅∇Λ=ω ,    k=k1,      k2=k3=0 

 
From the formula (12) after the simple algebra, we obtain  

                  

                                      ( ) ⎟
⎠
⎞

⎜
⎝
⎛ −±==+±⎟

⎠
⎞

⎜
⎝
⎛ +−= πσωρσ
ω

ω 2y
2

1
iiiyx2i

23
1

0
11

2,1                                        (13) 

 
 

3
kc2

u
2

1

2

1
x

22

+== ; 

 

3
kc2

u
2

1
y

22

−= ; 

 
2/122

11
21

222

18
4

3
kc2

u
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
++⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=

ω
ωσπ  

 
From the formulae (13) it is seen, that for the increase of 

waves with the frequency ω0 the following condition is 
needed: 

       

                      σπ2y
2

1
>                               (14) 

The inequality (14) executes at any ratio 
11

21

ω
ω

 in the 

crystals 

                                  
π

ω
σ

4
11=                             (15) 

 and needs the execution of the following inequality. 
                         

                   118116
2

11

21 >
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

ω
ω

            (16) 

 

We can to simplify the frequencies of the thermomagnetic 
wave, taking into consideration the formulae (14-16), and 
obtain the equation for the real part of the frequency 
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2/1

211111
0 26

⎟
⎠
⎞

⎜
⎝
⎛+−=

ωωω
ω              (17) 

 
As it is seen from the formula (17), the frequency ω0 is 

high and changes in the region ω0>ck. 
 
    Waves at  Tk

rr
∇ . 

Substituting the values of Zik for the longitudinal 
thermomagnetic waves in the formulae (10) from formula (9) 
we obtain the equation: 

     

            0F i
i =∑ ω ,  i=0, 1, 2, 3, 4, 5.             (18) 

 
However, the values ( )σω ,F T

11i  is obtained very 
difficult, that’s why we will analyze the existence and 
conditions of instability of the longitudinal thermomagnetic 
waves for the crystals, which were investigated in the case 

Tk
rr

∇⊥ . 
In the crystals ηik-ηki=σ  and 1

ki
1
ik Λ=Λ  from the 

formulae (18), we obtain the dispersion equation: 
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It is seen easily from the formulae (20), that waves with 

the frequencies ω1 and ω2 are damped. At 34

ck

π
σ ≈  the 

wave has thermomagnetic character with the frequency  
 
                         Tωω 960 ≈  .                                (21) 

 As it is seen from the formulae (20), thermomagnetic 
wave with the frequency ω0 damps very quickly with the 

increment 
48

T
1

ω
ω ≈ . 

  If we consider the thermomagnetic wave propagation in 
the crystals ηik=ηki=σ and Λ23=Λ22, Λ32=ω33, then we obtain 
the dispersion equation. 

 

( ) ( )( ) ( ) 0
3

4
i

3
kc2

3
64

48
i

3322

322

33223112

2
3

T
2 =−+−−−+−− ωωσπωωωωπσπωω    (22) 

 
From formula (22) for the crystals with 

3
T

64π

ω
σ = формула we obtain the following expressions 

 

( ) ( )[ ] 2/12/1222/122
2,1 rRirR2 −++±=ω   (23) 
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2
c
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2
2

3
ωωωωπ
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3
kc2 22

2
c =ω , ( )3322

2
2

3
4 ωωσπωη −= ,  

 
ωT=ω33-ω22-ω13-ω21 . 
 

From formulae (23), it is seen, that wave with the 

increments ( ) 4/122
T rR2 −=ω  increases. 

The ratio 1
rR

rR
22

22

0

1 <
+

−
=

ω

ω
that was needed for the 

obtaining of the dispersion equation (22). The analysis 
shows, that wave with the frequency 

( ) 4/122
0 rR

2

1
+=ω  has the pure thermomagnetic 

character at ωT ≥ ck. At ωT = ck the mixed wave and at ωT<ck 
the electromagnetic wave can be unstable. 

For the obtaining of the frequency numerical value of 
these waves it is needed (in the different crystals) it is needed 
to know ∇T and Λ1. In the crystals ∇TΛ~1 ωo~ck~1010Herz. 
It is known, that Gunn semiconductor devices, prepared from 
the compound GaAs work in the frequency intervals 
ω~109÷1011Herz. If we prepare the crystal technologically 
with data ∇TΛ1~1, then prepared device on the base of this 
crystal can change Gunn devices, that is more benefit. 
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Е.Р. Щясянов 
 

АИИЗОТРОП КРИСТАЛЛАРДА ДАЙАНЫГСЫЗ ТЕРМОМАГНИТ ДАЛЬАЛАРЫ 
 

Анизотроп кристалларда дайаныгсыз термомагнит дальаларын йайылмвасы исбат едтлмишдир. Термомагнит дальаларынын артма 
инкременти щесабланмышдыр. Дальаларын йайылма истигамятляри тяйин едилмишдир. Кристалларда бир нечя артан термомагнит дальаларынын 
йайылмасы исбат едилмишдир.  

 
Э.Р. Гасанов 

 
НЕУСТОЙЧИВАЯ ТЕРМОМАГНИТНАЯ ВОЛНА В АНИЗОТРОПНЫХ ТВЕРДЫХ ТЕЛАХ 

 
Показано, что в анизотропных кристаллах распространяется неустойчивая термомагнитная волна. Вычислена частота и 

инкремент нарастания. Определены направления распространения волн. Доказано, что в анизотропных кристаллах одновременно 
возможно распространение нескольких нарастающих волн. 
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THE NONREFLECTION ABSORPTION OF THE MICROWAVES 
IN THE SOLUTIONS OF THE ACETONITRIL IN BENZOL 

 
S.T. AZIZOV, M.A. SADICHOV, E.R. KASIMOV, CH.O. KADJAR, R.M. KASIMOV 

Institute of Physics of Azerbaijan National Academy of Sciences 
Baku, Az-1143,  H. Javid ave. 33. 

 
The conditions of nonreflected resonance absorption for the polar dielectric materials with the regular layer thickness are given.  

 
The obtaining and investigation of the materials, 

absorbing the electromagnetic radiation without its noticed 
reflection represent the scientific and especially practical 
interest. The all possible compositional materials, the 
technology of the obtaining of which is the comparable 
simple are the most perspective in this connection. 

In the ref [1,2] it was shown, that under the certain 
conditions in the polar dielectrics, having the wave 
dispersion and carried out on the metallic substrate, the full 
blanking of the going through electromagnetic radiation, and 
its reflection from the conducting surface, can take place. 
However, the experimental discovering of this effect by the 
direct investigation of the reflected characteristics in the wide 
frequency band is troubled by the specifications. 

Moreover, the probability of the observing the effect of 
the full absorption of the electromagnetic radiation was 
proved by the investigations of the dielectric properties and 
reflection characteristics of the binary solutions of the polar 
liquids in the unpolar solvents in the band of the centimeter 
waves [3,4]. It was established, that the full nonreflection 
wave absorption appears at the defined layer thicknesses and 
compositions of the solutions at the given incident radiation 
frequency and solution temperature. As the revealing of the 
given effect is possible in the solutions, the polar components 
of which have the dispersion in the microwave wave region, 
so the carried out its studying as an example binary solutions, 
which are different on its dielectric properties of the polar 
liquids in the same unpolar solvent. They could be used for 
the working on of the technique of the effect observing of the 
full wave absorption in the polar solutions on its reflection 
characteristics on the first steps of these investigations. 
Taking into consideration, that earlier have been investigated 
the properties of the aceton-benzol solutions, the solutions of 
the polar acetonitril in the unpolar benzol, dielectric 
properties of which have been studied enough in the range of 
the SHF had been chosen as an object. 

The investigations were carried out at the wave length 
λ=1.5 and temperature 20°C, taking into consideration that 
dispersion region of acetonitril lies in the region of the 
centimeter and millimeter waves. 

The measurements of the reflecting characteristics of the 
given solutions were carrying out with the use of the 
panoramic standing-wave meter P2-66 and I2P-67 and short-
circuit measured waveguide cell on the end, connected with 
it. This cell had been thermostating and had the device for the 
graded regulation of the thickness of the solution layer. The 
minimum Rmin were defining in the cell and investigating 
their dependences on the concentration of the polar 
component in the solution on the experimentally taken 
dependences of the wave reflection coefficient R module on 
the solution layer thickness l in the cell. The quantitative 

estimation of the dielectric properties of the investigated 
solutions was carrying out parallelly with the use of the 
mentioned in the ref [5] the measurement method. This 
method is based on the definition of the dielectric constant ε’ 
and dielectric loss ε’’of the solution on the data of the 
measurement of the standing-wave ratio and solution layer 
thickness l in the point of the first minimum of the 
dependences R on l. The acetonitril and benzol by the kind 
ХЧА were using as the components of the investigated 
solutions. 

 
Fig.1. The dependences of the module of reflection wave  
           coefficient R the molecular concentration for the  
           acetonitril-benzol solution at the temperature T=20°C  
           and wave length λ=1,5 cm. 
 
The typical family of the dependences of obtained 

concentration Rmin on l for the solutions acetonitril-benzol, 
obtained at λ=1.5 is given on the fig1. The concentration 
dependences R of the given solutions have the clear marked 
zero minimums Rmin, according to defined values of benzol 
concentration irrespective of choose of number N of function 
minimum Rmin(l). The zero minimum Rmin of the 
concentration dependences shifts to the side of the low 
concentrations of polar component of the solution with N 
increase. Moreover, the distance between nearest minimums 
Rmin decrease and leads to the zero values at big N. At the 
later increase of benzol concentration in the investigated 
solution conditions for the appearing of the nonreflected 
absorption of the electromagnetic waves and at the high 
values N of function minimums Rmin(l) will be generating.  

Obtained experimental values of the chosen 
concentrations of acetonitril in benzol are given in the table 
1. The selective values ϕ, obtained by the calculated way 
with the use of measurement data ε’ and ε’’ solutions were 
given also.  
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  The following technique was working for their location. 
According to the ref [6] the selective values ε’ and ε’’, at 
which the full wave absorption in the substance layer takes 
place, are defined from the following equations: 
 
        (1+y2)⋅λ b/λg  = tg (2πyх) -y tg (2πх)   
                                                                           (1)                                                                                              
         y⋅sh (4πyх) + sin (4πх) = 0, 
 
where х=l0/λg, y= tg∆/2; ∆= arc tg ε′′/(ε′-p); p = (λ/λk)2;    

bb )p1(/ λλλ −= λb =λ /v (1- p) λb , λg, is the length of 

the electromagnetic wave in the waveguide system, null and 
fill up by the dielectric correspondingly; λk is the critical 
wavelength of the waveguide; l0 is the thickness of the 
substance layer, at which the reflection is absent. 

  The value l0, including (1), closes to (2n-1)λg/4   and 
differs from the last on the small value, depending on the 
substance properties and number N of dependence minimum 
Rmin on l. 

  As 
 

           ε′=p+(λ/λg)2⋅(1-y2);ε′′=2y(λ/λg)2,             (2) 
 
so dependences between selective values ε’, ε’’, l0/λg have 
the given type in the coordinate plane [ε’, ε’’] on the fig.2. 
The dependence ε’’ on ε’ increases monotonely with the 
increase of ε’ and at the big values N reaches to the abscissa. 
The inverse dependence is observed for the functions l0/λg ε′ 
and ε′′ . 

The values ε′ and ε′′ of the solutions at the different 
benzol concentrations, obtained in the experiment were using 
for the construction of the values dependences ε′ on ε′′ of the 
corresponding solutions in the same coordinate plane. The 
coordinates of points of intersection of the experimental and 
theoretical dependences fig.2 were discovered by the 
graphical way by their compatibility with the family of the 
curves selective values ε′ , ε′′ , calculated on the equations 
(1)-(2), and later the corresponding resonance values of 
benzol concentrations in the solution were observed on them. 

As it follows from the table 1 the calculated values of ϕ 
are close enough to the experimental ones. The calculated 
and experimental values of ϕ  for the aceton-benzol 
solutions, given in the ref [4] are also in the table. They 
prove the defined influence of the solvent on the effect of the 
full wave absorption appearance in such solutions. 
 

 
Fig.2. The dependences between values of the dielectric  
          constant ε’ and dielectric loss ε’’, corresponding to the  
          nonreflected absorption condition of the electromagnetic  
          radiation in the polar substances (A); and obtained  
         experimentally (B) for the acetonitril solution in benzol at  
         temperature T=20°C and wave length λ=1,5cm. The  
         molar concentrations of the polar components of solution  
         in percents. 
 
The studied effect of the selective nonreflected absorption 

of the electromagnetic waves in the solutions has the 
common character and can be discovered at the defined 
selection of the measurement frequency, temperature and 
composition of the investigated solution. 

                                       
                                                                                     Table 1 
Experimental x and calculated xp values of resonance polar 

concentrations of the polar component of solutions of acetonitril and 
anizol in benzol at temperature 20°C and wave length 1,5 sm. 
 
Solutions   

ε0 , τ 
acetonitril-benzol  anizol-benzol 

    36,8 3,3 4,39 12,3 

 ХP Х ХP Х 

number of zero 
minimums     

N 
1 
2 
3 
4 

 
 

19,4 
7,4 
4,8 
3,6 

 
 

19,4 
6,6 
4,6 
3,4 

 
 
- 

65,0 
37,2 
26,0 

 
 
- 

63,5 
34,6 
24,5 
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Мягалядя галинлиьы тянзим олунан полйар диелектрик материаллар цчцн яксолунмайан резонанс удулма шяртляри верилир. 
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БЕЗОТРАЖАТЕЛЬНОЕ ПОГЛОЩЕНИЕ МИКРОВОЛН В РАСТВОРАХ  

АЦЕТОНИТРИЛА В БЕНЗОЛЕ 
 
Показаны условия безотражательного резонансного поглощения для полярных диэлектрических материалов с регулируемой 

толщиной слоя. 
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CHARACTER OF DISTRIBUTION OF LOCAL LEVELS IN THE QUASI-FORBIDDEN BAND 
OF POLYMER PHASE OF POLYMER-PIEZOELECTRIC COMPOSITE 

 
M.A. KURBANOV, S.N. MUSAEVA, E.A. KERIMOV 

Institute of Physics of Azerbaijan National Academy of Sciences 
Baku, Az-1143,  H. Javid ave. 33. 

 
On the basis of the analysis of temperature dependences of electrical conductivity, values of  activation energy it is found, that 

electrothermopolarization results in change of a position of Fermi level in the quasi-forbidden band of a polymer phase of a polymer-
piezoelectric composite.  Dynamical position of  Fermi level, related in it a decrease of an activation energy testify for the benefit of a 
monotonic distribution of local levels on energy in the quasi-forbidden band of polymer. It is considered, that in process of filling traps Fermi 
level rises and gets in region of local levels with a smaller activation energy. 

 
The effect of deduction of charges inside volume of a 

polymer phase at electrothermopolarization of a polymer-
piezoceramic composite is caused by presence in energy 
structure of polymer of set of the located levels being traps of 
injected charges. Infringements of structure of a polymer 
phase, conformation of macromolecules, connected with their 
inevitable deviation from a correct linear arrangement at 
dispersion polymer by piezoelectric particles are the 
precondition to this. Really, for a linear polymer circuit it is 
shown [1], that defect of  it, depending on a sign on potential 
energy, causes eliminating a level from a strip of the allowed 
states of electron, or from its bottom, or the top edge, in 
immediate proximity from its space arrangement. Presence of 
such states in energy structure of polymer causes downturn of 
potential energy of the entrapped electron (carrier) and, as 
consequence, its fastening in one of low possible energy 
states and localization in spatial area which sizes correspond 
to extent of infringement of potential energy generated this 
state. Movement of the carrier is probably only by or tunnel 
jump on other located state with suitable energy, or its 
activation in area of located states. That the interval of the 
forbidden energies in polymer is very wide (Е~10 eV), both 
opportunities do not result in the appreciable contribution to 
mobility of carriers. In immediate proximity from the 
occupied level there can be a free level with suitable energy, 
presence of such level far from occupied inefficiently as 
overlapping of wave functions of such states is not enough 
and probability of tunnel transition decreases. Activation in 
area of located states demands rather high energy, 
approximately 0,5E. To have such energy action with 
phonons or an electric field practically it is not possible. 

Features of distribution of energy levels in the quasi-
forbidden band and localization of charges in them, and also 
the effects connected to them (the piezo-, piroelectric effects) 
are an object of research of given article. Interest to studying 
questions touched in the given article is dictated first of all by 
the purpose of perfection of piezo-, piroelectric properties 
and an ensure of  their stability at various mechanisms of 
ageing in that physical and chemical conditions which 
corresponds   to conditions of their work. 

Composites on the basis of polyvinylidenftoride (PVDF), 
polypropylene (PP) and piezoceramics of lead-zirconate-
titanate families (PZT) such as PCR were investigated. 
Composites are received by the hot pressing method at 
temperature 493K and pressure 30 MPа. Composite samples 
were polarized at the temperature Tp=393K, the electric field 
intensity Ep=1÷3MV/m and time of polarization tp=0,5 hour. 

Let's note, that though in polymer there are carriers of a 
charge, but it remains good dielectric and the relaxation of 
charges in it demands big enough time. Consideration of 
electrothermopolarization process demands composites to 
understand character of change stationary electrical 
conductivity of phases by action of a polarizing strong field 
Ep and the high polarizing temperature Tp, working 
simultaneously. There are certificates of an opportunity of the 
electronic mechanism of conductivity of polymer in case of 
injection of carriers from electrodes and orientation of 
dipoles under action Ep and Tp [2-4]. By virtue of specificity 
of the conditions realized at electrothermopolarization of a 
composite, it is possible to count, that electronic conductivity 
is inherent in the character of this process. The conditions 
accompanying of piezo-, piroelectric states of a composite 
with the generated volume charges are the base of above 
mentioned. Formation of volume charges is connected to 
development of the following processes: injection of 
electrons and their transport to the phase boundary under 
action Ep; stabilization of electrons at local levels of the 
quasi-forbidden band of a polymer phase; occurrence of the 
strong local field acting on piezoparticles. Only injection of 
electrons, their transport to the phase boundary and the 
orientation of domains connected to these phenomena in 
piezophase it is possible to explain formation of high piezo- 
and piroelectric effects in composites [5-7] (fig. 1 and fig. 2). 

 

 
Fig. 1.  Dependences of piezomodule d33 (1),  pyrocoefficient   
            γ (2)  and  electric charge Q (3) on volume contents  Ф  
            of piezoceramics in the composite  PVDF+PCR-3М.  
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Fig. 2.  Dependences of  piezomodule  d33 (1), pyrocoefficient   
            γ (2) and electric charge Q (3) on polarization electric 
            field intensity  Ep for the composite PVDF+PCR-3М.  
 
In table 1 values of activation energy WA, calculated from 

the temperature dependence of electrical conductivity of the 
composite PVDF+PCR-3М are presented. It is experimentally 
found, that at a constancy of time and temperatures of 
polarization with increase of polarization electric intensity the 
activation energy  decreases (fig. 3). It is possible to believe, 
that such change WA  is connected to change of  Fermi level in 
the quasi-forbidden band of a polymer phase in process of 
filling local levels at electrothermopolarization. 

 
                                                                                Table 1. 
Composites Polarization 

voltage, V 

Activation 

energy, eV 

Piezomodule 

d33, 10-12 C/N 

 

PVDF+PCR-3M 

50 

200 

400 

600 

0,69 

0,63 

0,57 

0,47 

18 

32 

56 

106 

 

PP+PCR-3М 

50 

200 

400 

600 

0,72 

0,68 

0,63 

0,45 

12 

28 

59 

120 

 

PP+PZT-19 

50 

400 

600 

0,68 

0,64 

0,59 

10 

48 

66 

 
Let's consider the possible mechanism of this effect. For 

the disorder structures two models of density of states are 
known. It is model CFО (Cohen - Fritzshe-Оwshinsky) and 
model Мott [8,9]. In both models there are tails of density of 
states of conduction and valence bands, coming into the 
forbidden zone. In model CFО  tails of bands can be blocked 
without qualitative change of the general form of density of 
states in the field of overlapping. In model Моtt tails of bands 
can not penetrate into the forbidden zone very deeply, 
however, in this area the peak of density of states to which 
Fermi level is adhered is formed. At a choice of model for 
composites at which the polymer phase is disorder, it is 
possible to use the model CFО. However, in this case it is 
necessary stability of Fermi level in an interval of energy 

where tails of bands are blocked also. Thus, in case of model 
Моtt and areas of overlapping of tails of bands enable to 
allow presence of peak of density, that during polarization 
where there is a strong injection of carriers of charges, Fermi 
level should not change. The results of research resulted in 
the table 1, and also change of values of the injected charges 
(fig.2) and the activation energy (fig.3) at polarization show, 
that Fermi level changes after electrothermopolarization. 
Dynamism of Fermi level testifies that at polarization in a 
polymer phase charges are stabilized and in process of filling 
local levels of the quasi-forbidden band of this phase Fermi 
level rises and gets in area of local levels with rather smaller 
activation energy. Such it is possible if to assume, that 
distribution of local levels on energy in the quasi-forbidden 
band of a polymer phase is monotonous. If to consider 
models Моtt or CFО appreciable change of activation energy  
and the big accumulation of charges in the quasi-forbidden 
band of a polymer phase was impossible. Appreciable change 
of activation energy, and also formation of high piezo-, 
piroelectric effects and electret states in composites testify for 
the benefit of monotony of distribution of local levels on 
energy in the quasi-forbidden band of polymer. 

 
Fig. 3.  The dependence of   the activation energy on   
             polarization electric field intensity. 1- PVDF+PCR-3М;  
             2 -  PP+PCR-3М; 3 - PP+PZT-19. 
 
Temperature dependences electrical conductivity on the 

basis of which the activation energy is determined (table 1) 
and experimental results on piezo-, piroelectric properties of 
composites (fig. 1, 2) show, that more comprehensible model 
for polymer - piezoelectric composites is monotonous 
distribution of local energy levels in the quasi-forbidden 
band. Really, to growth of concentration of the traps of 
charge carriers a seized at levels there is a rise of Fermi level 
and its approach a level of course. In process of rise of Fermi 
level there is its hit in area of local levels of the big density, 
but to smaller activation energy of charges in it. Only such 
distribution of local states on energy will allow the big 
accumulation of charges on the phase boundary that 
experimentally proves. All this allows to suppose, that the 
density of states in the quasi-forbidden band of a polymer 
phase monotonously falls down from edge of mobility deep 
into the quasi-forbidden band. 
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ПОЛИМЕР-ПЙЕЗОЕЛЕКТРИК КОМПОЗИТДЯ ПОЛИМЕР ФАЗАНЫН КВАЗИГАДАЬАН ОЛУНМУШ ЗОНАСЫНДА 

ЛОКАЛ СЯВИЙЙЯЛЯРИН ПАЙЛАНМА ХАРАКТЕРИ 
 
Полимер-пйезоелектрик композитлярдя електриккечирижилийинин температур асылылыьына вя активляшмя енеръисинин арашдырылмасына 

ясасян мцяййян едилмишдир ки, композитин електротермополйаризасийасы полимер фазанын квазигадаьан олунмуш зонасында Ферми 
сявиййясинин вязиййятинин дяйишмясиня сябяб олур. Ферми сявиййясинин динамиклийи вя онунла ялагядар олараг активляшмя 
енеръисинин азалмасы полимерин квазигадаьан олунмуш зонасында локал сявиййялярин енеръийя эюря монотон пайланмасынын 
эюстярир. Фярз едилир ки, локал сявиййяляр долдугжа, Ферми сявиййяси йухары галхыр вя даща аз активляшмя енеръисиня малик локал 
сявиййяляр областына дцшцр. 

 
 

М.А. Курбанов, С.Н. Мусаева, Э.А. Керимов 
 

ХАРАКТЕР РАСПРЕДЕЛЕНИЯ ЛОКАЛЬНЫХ УРОВНЕЙ КВАЗИЗАПРЕЩЕННОЙ ЗОНЫ 
ПОЛИМЕРНОЙ ФАЗЫ В КОМПОЗИТЕ ПОЛИМЕР-ПЬЕЗОЭЛЕКТРИК 

 
На основании анализа температурной зависимости электропроводности и значений энергии активации найдено, что 

электротермополяризация приводит к изменению положения уровня Ферми в квазизапрещенной зоне полимерной фазы композита 
полимер-пьезоэлектрик. Динамичность положения уровня Ферми и связанное с ней уменьшение энергии активации свидетель-
ствуют в пользу монотонности распределения локальных уровней по энергии в квазизапрещенной зоне полимера. Считается, что 
по мере заполнения ловушек уровень Ферми поднимается и попадает в область локальных уровней с меньшей энергией активации. 
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ЭЦНЯШ КОНСЕНТРАТОРЛАРЫНЫН НОРМАЛ ИШ 

МЦДДЯТИНИН ЩЕСАБЛАНМАСЫ 
 

С. М. МЯММЯДОВ, Э. С. ГЯМБЯРОВА 
Азярбайжан МЕА Нахчыван Бюлмяси Тябии Ещтийатлар Институту физики тядгигатлар лабораторийасы 

Нахчыван МР, Нахчыван шящяри, Бабяк кцч 10 
 

Эцняш шцаларыны топлайараг кичик юлчцлц нцмуняляри йцксяк температура гядяр гыздырмаг цчцн истифадя олунан эцняш 
консентраторлары анжаг мцяййян мцддят нормал иш габилиййятини сахлайыр. Мягалядя бу мцддятин мцхтялиф материаллардан 
щазырланмыш консентраторлар цчцн щесабланмасы меодикасы верилир. 
 

Чох илляр ярзиндя апарылан щесабламалара эюря 
мялумдур ки, Йер кцряси ил ярзиндя 

Эцняшдян орта щесабла 1,5·1024 Ж енеръи алыр. [1] Бу 
о демякдир ки, планетин сят-щинин щяр квадрат метриня бир 
санийядя тягрибян σ0=150 Ж енеръи дцшцр. Бу енеръини 
сферик эцзэцйя ясасланан хцсуси гурьунун – 
консентраторун кюмяйи иля топлайыб кичик юлчцлц 
нцмуняляри йцксяк температура гядяр гыздырмаг олар. 
Бу заман анжаг тядгиг олунан нцмуня дейил, щям дя 
консентраторун юзц гызыр. Нятижядя мцяййян мцддятдян 
сонра мцхялиф термик ямсаллара малик олан гайта-рыжы 
сятщ вя алтлыг тябягянин фяргли эенишлянмяляри 
консентраторун гайтарма ямсалыны кяскин ашаьы салыр. 
Мясялян, алтлыг тябягянин мисдян, гайтарыжы сятщин ися 
алцминиумдан щазырланмасы заманы консентраторун 
гайтарма ямсалы йцз саат ярзиндя дохсан фаизлик сабит 
гиймятини сахлайа билмишдир. [2] Сонра алцминиум 
тябягянин яримяси консенраторун ишини дайандырмышдыр. 
Чох сайлы беля фактлар консентраторун ишиндя щансы метал 
жцтцнцн даща узунмцддятли нормал ишя малик олажаьыны 
билмяк зярурятини йаратды.  

Яйрилик радиусу R, диаметри d, дяринлийи α олан сферик 
эцзэцдян ибарят консентраторун нормал иш мцддятини τ 
ашаьыдакы кими щесабламаг олар.(шякил 1)  

 
Шякил 1. Эцняш консентратору. 
 
Эцняш енеръисинин консентратор тяряфиндян гябул 

олунан мигдары  
  

               τσ ⋅⋅= o01 SQ                   (1) 

     

Бурада 4/dS 2
0 π= консентраторун эцняш 

шцаларыны гябул едян кясийинин сащясидир. Гайтарыжы 
сятщдя шцаларын удулма ямсалыны k иля ишаря етсяк, 
консентраторда удулан енеръи Q2=kQ1 олар. Удулан 
енеръинин щям алтлыг тябягя-нин, щям дя гайтарыжы сятщин 
гызмасына вя нящайят яримясиня сярф олундуьуну гя-бул 
етсяк      
 

      222112 m)t(mc)t(mcQ λθθ +−+−=   (2)    
 
олар.Бурада ж1 вя ж2  уйьун олараг алтлыг тябягянин вя 
гайтарыжы сятщин хцсуси исти-лик тутумлары, м1  вя м2  ися 
щямин тябягялярин кцтляляридир; т – консентраторун илк 
температуру, θ - сон температурудур, λ- гайтарыжы сятщин 
материалынын хцсуси яримя истилийидир. Истилик балансы 
тянлийиндя т = 0, ж1м 1>>с2м 2 нязяря алсаг 

                           

    21100 mmcSk λθτσ +=           (3) 
 
Бурада kσ=λm2/S кямиййяти τ мцддятиндя гайтарыжы 

сятщин, σ=c1m1θ /S ися алтлыг тябягянин ващид сятщинин 
алдыьы енеръини эюстярярся  

                                                     

           S)k(Sk 00 σστσ +=  

                                                  

           
00Sk

S)1k(
σ

στ ⋅+
=

                  (4) 

 
олар. Бурада С – консентраторун сятщинин сащясидир. 
Мялумдур ки, сферик эцзэцнцн баш симметрийа охунун 
ян кянар радиус иля ямяля эятирдийи бужаг ϕ оларса

           aR2
R
a

R2)
R

aR
1(R2)cos1(R2S 222 πππϕπ ==

−
−=−=  
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           22
0 d

aR8
4/d

aR2
S
S

==
π

π
          (5) 

 
олар. Бу ифадяляри (4) – дя нязяря алсаг  
 

                        2
0dk

aR)1k(8
σ

στ +
=         (6) 

                   
Ващид сятщя дцшян енеръинин σ тяйининдян эюрцндцйц 

кими  
 

              S
m

S
mc

k 211 λθ
=⋅ ;     θ

λ

11

2

mc
m

k=
       (7) 

 
Нязяря алсаг ки, м2 =ρ2в2= ρ 2х2С  вя м1 = ρ1в1=ρ 1х1С   

   

                              θρ
λρ

111

22

xc
x

k =                      (8) 

 
олар. Бурада х1 – алтлыг тябягянин, х2 – ися гайтарыжы 
сятщин галынлыьыдыр. эюрцндцйц кими х1 >>х2  олдуьундан 
к<<1 олур. она эюря дя (6) ифадясини  
 

                      2
0dk
aR8

σ
στ =        (9) 

 
кими йазмаг олар. Верилмиш консентратор цчцн α , R вя d 
– ни хятти юлчмяляр васи-тясиля σ - ны ися 
                            

                             

          θρ
θ

σ 111
11 xc

S
mc

==       (10) 

 
ифадясиндян тяйин етмякля ики нюв материалдан 
щазырланмыш консентаторун минимал нормал иш мцддятини 
щесабламаг олар.  

Нязяри вя експериментал нятижялярин ня дяряжядя 
узлашмасыны эюрмяк цчцн тяклиф олунан методика иля мис 
вя алцминиумдан ибарят олан консентраторун нормал иш 
мцддятини щесаблайаг.  

Бу заман консентраторун конвексион сойумасыны 
нязяря алмайажаьыг. Чцнки сойума просеси нормал иш 
мцддятини анжаг артыра биляр. Жядвял мялу-матларына 
эюря 

 

kq/c109,3 5⋅=λ , 
33

2 m/kq107,2 ⋅=ρ ,   
33

1 m/kq109,8 ⋅=ρ , 

Kkq/c380c1 ⋅= ,    

S6500=θ , 
 

консентраторда апарылан хятти юлчмяляря эюря  
 

m103a 3−⋅= , m102R 2−⋅= , m103d 2−⋅= ,  

m103x 3
1

−⋅= ,  m102x 4
2

−⋅=  
 
(8), (9) вя (10) дцстурларында бу гиймятляри нязяря алсаг   
τ≈250 (саат) олар. 

Яэяр консентраторун нормал ишиндя сойума 
просесинин ики дяфя мцддяти ар-тырдыьыны гябул етсяк, онда 
тяжрцби вя нязяри нятижялярин узлашдыьыны эюрярик. Сойума 
вя гызма просесляринин бярабяр ещтималлы олмасы бу 
нятижяни чыхармаьа имкан верир. 

.  
 

[1] Энергетическая программа СССР, изд. «Знание», 
Москва 1986 

[2] Использование солнца и других источников лучистой 
энергии в материало-ведении. Киев, науковая 
думка, 1983. 
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             ВЫЧИСЛЕНИЕ ВРЕМЕНИ НОРМАЛЬНОЙ РАБОТЫ СОЛНЕЧНЫХ  КОНЦЕНТРАТОРОВ 
 
В статье объясняется уменьшение коэффициента отражения солнечных лучей при нагреве солнцем самого концентратора. 

Дается методика вычисления времени нормальной работы концентратора, если заранее известно из каких материалов он состоит. 
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In this paper the increase of the coefficient of the reflection of sunrays by heat of own concentrator of sun is explained. The 

technique of the calculation of normal work time of sun concentrator, if its composition is known, is given.  
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By electron diffraction investigations peculiarities of film formation of А3В3С2

6 group compounds have been established. It is shown that 
the interval of amorphous film compositions obtained at room temperature is much higher than the interval in massive samples. There have 
been determined kinetic parameters of phase transformations in amorphous films TLInSe2, TLGaSe2 and TLInS2 obtained under the usual 
conditions and the influence of external field. There have been established 3 superstructural phases of TLGaSe2 and TLInTe2 compounds, 
two of them are formed as a result of epytaxial growth of TLGaSe2 for NaCl and one of TLInTe2 compound for KCl. 

 
In 6

2
33 CBA  system there have been formed a number of 

ternary compounds TlInSe2, TlInS2, TlInTe2, TlGaSe2, 
TlGaS2, TlGaTe2 having special physical properties which 
are the results of strong anisotropy of bond forces between  
atom groups [1]. Structural characteristics of bulk samples 
concerning the group of semiconductor materials with the 
common formula 6

2
33 CBA  are given in table 1. There are a 

great number of works dedicated to different properties of 
these compounds. On the basis of the mentioned semiconduc-
tor materials there have been created sensitive elements of 
photodetectors, detectors of optic radiation, strain gauges and 
etc. 

It is known that physical properties and in some cases the 
structure of semiconductor films obtained by vacuum evapo-
ration differ from the properties of the single crystals of the 
corresponding composition .Many problems related to the 
diagram of state and phase equilibrium of 6

2
33 CBA  system

compounds are unsolved so far. Therefore, the investigation 
of phase formation, phase transformations and features of 
thin films substructures of abovementioned compounds ob-
tained by vacuum condensation are of high-priority. 

 
I Phase composition of Tl-In-Se system. 
 
According to data [12-13] in Tl-In-Se system at TlSe-

InSe in the 1:1 ratio there  have been found Tl InSe2 com-
pound. X – ray data [14-17] of some phases formed in TlSe-
InSe system are contradictory. In [14] it is noted that In2Se3 
has a low – symmetric structure, so author can not induce the 
debaegram. In [17] the possibility of In2Se3 existence  in two 
modifications has been established, in [15-16] it is stated that 
In2Se3 has at least three different modifications: α, β and γ. 
They are resistant: α - at room temperature, β- over 473 K 
and γ - 779-873K. At present determination of crystal struc-
ture of α-and β - modifications is considered to be finished.

 
                                                                                                                   Table 1. Structural parameters of  thallium chalcogenides. 

 

Lattice periods and angles in degrees  ( nm) 
Description Singony Space 

group 

a b C β 

Num
-ber 
of 
for-
mula 
units 
(Z) 

Note Refer-
ences 

1 2 3 4 5 6 7 8 9 10 
TlGaSe2 tetra-

gonal 
I4/mcm 0,7620  3,0500  16  [2] 

TlGaSe2 tetra-
gonal 

I4/mcm 0,8053  0,6417  4 Faze of high 
pressure 

[3] 

TlGaSe2 mono-
clinic 

6
h2

4
SorCC  1,0770 1,0770 1,5620 100° 16  [4] 

TlGaSe2 mono-
clinic 

P21/m 0,7260 0,7270 1,4900 90°20′ 8  [5] 

TlGaSe2 mono-
clinic 

)C(Cc
4
s  1,0772 1,0771 1,5636 100°6′ 16  [6] 

TlGaS2 tetra-
gonal 

I4/mcm 0,7290  2,9900  16  [2] 

TlGaS2 mono-
clinic 

P21/m 0,7000 0,7600 6,2720 90°20′ 32  [7] 

TlGaS2 mono-
clinic 

6
h2

4
SorCC  1,0400 1,0400 1,5170 100° 16  [4] 

TlInS2 tetra-
gonal 

I4/mcm 0,7740  3,0030  16  [2] 
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TlInS2 tetra-
gonal 

I4/mcm 0,8000  0,6720  4 α-mod [8] 

1 2 3 4 5 6 7 8 9 10 
TlInS2 tetra-

gonal 
I4/mcm 0,7680  2,9760  16 β-mod [8] 

          
TlInS2 mono-

clinic 
6

h2
4
SorCC  1,0950 1,0950 1,5140 100° 16  [4] 

TlInS2 mono-
clinic 

P21/m 0,7760 0,7760 3,0010 90°15′ 1
6 

β-mod [9] 

TlInS2 Hexa-
gon 

P6/mcm 0,7670  1,4980  8 α-mod [9] 

TlInS2 – II hexa-
gon 

P3m 0,3830  2,2230  3 Faze of high 
pressure 

[10] 

TlInS2 –III Hexa-
gon 

P6/mcm 0,3830  1,4880  2  [10] 

TlInS2 Rhom-
bic 

2
6D  0,6560 0,3810 1,4940  4  [4] 

TlInSe2 tetra-
gonal 

 0,8075  0,6847  4  [11] 

TlInSe2 tetra-
gonal 

 0,8494  0,7181  4  [11] 

TlInSe2 tetra-
gonal 

 0,8429  0,6865  4  [11] 

 
Existence of thallium selenides have been pointed in the 

diagram of Tl-Se system state: Tl2Se (16,19 weight % of Se, 
Tm(melting) = 563K); TlSe (27,28 weight % of Se; Tm(melting) = 
661K) and Tl2Se3 (36,69 weight % of Se). Tl2Se3 is melted 
over the temperature range 547-553 K and has two points of 
transformation at 445K and 465K [18-19]. Existence of TlSe 
and Tl2Se compounds is confirmed by X-ray analysis, how-
ever, it is not confirmed for Tl2Se [14,20]. According to elec-
tronographic data [21] TlSe is  crystallized in tetragonal lat-
tice with constants: a = 0,852; c = 1,268 nm. In Tl-Se system 
composition of stoichiometric composition TlSe [22] is the 
most resistant and of interest as semiconductor.  

 
II Phase composition of films Tl-In-S system. 
 
In Tl-S [18] according to the results of thermal and X-ray 

investigations there have been established four stoichiometric 
compounds: Tl2S, Tl4S3, TlS and TlS2. Only the phase of the 
Tl2S composition has a congruent melting point (623K). In 
papers [23-24] it is established that there are intermediate 
phases in Tl-S system: Tl2S5 (28,6 at % of Tl), Tl8S17 (32,0 at 
% of Tl), TlS (50,0 at % of Tl), Tl4S3 (57,1 at % of Tl) and 
Tl2S (66,7 at % of Tl). With the regard of data [23-24] in [25] 
there have been given specified version of diagram of Tl-S 
system state. Phase Tl8S17 in case of long storage at room 
temperatures and annealing breaks down into Tl2S5 and TlS 
phases. In [25] there have been confirmed existence of  Tl2S5 
which was under suspicion in [18]. Phase Tl2S5 is formed 
peritectically from Tl8S17 and sulphur. In [26] there have been 
pointed to the production of massive amorphous samples of 
TlS composition. In [2,4,8-9] existence of phase of TlInS2 
composition of different modification has been established. 

Solid phases of In-S system are investigated in sections 
In-In2S3. Obtained results show that In3S4 does not exist in-
dependently and appears in the region of solid solution on the 
base of  In2S3(56,3 ÷ 60,0 at % of S) at 873K and 54,5 ÷60,0 
at % of S at 973K. In [28] there have been found In2S as a 

primary component – pair being in equilibrium with In2S. 
Melting temperature of In2S3 is 1368K [29]. In [30-31] phase 
β-In2S3 with tetragonal cell period is established: a = 0,7620 
nm; c = 3,2300 nm relating to progressive symmetry I4/amd, 
with 16 formula units in elementary cell and being of non-
ordering modification α-In2S3 is. 

III Phase composition of films of Tl-In-Te system. 
 
According to state diagram in Tl-Te system the following 

phases are: Tl2Te3, TlTe, Tl2Te and α - phase (Tl5Te3) 
[14,32-36]. There have been contradictory evidence about 
Tl2Te. In [32-34] Tl2Te phase is not revealed, in [14] exis-
tence of Tl2Te phase on the base of X-ray analysis of Tl and 
Te alloys is expected. The presence of Tl2Te phase in Tl-Te 
system is established by thermodynamic and roentgen inves-
tigations, and microhardness [35-36]. The structure of Tl2Te 
compound is not coded. Contradictory data about the exis-
tence of Tl2Te phase can be explained by complexity of pre-
venting of oxidative processes during the work with Tl and 
its compounds, particularly with Tl2Te. In fact, authors [35] 
point to the instability of Tl2Te phase in the air. According to 
data [37], thallium hydroxide remaining in Tl5Te3 alloy as a 
pollution in synthesis process prevents crystal growth. Data 
[14,32-37] by Tl-Te system relate to massive samples with 
the exception of [38] where films of Tl5Te3 composition are 
formed at evaporation of Tl2Te alloy.  

By chemical and metallographic analysis of samples ob-
tained by zone melting there have been found intermediate 
compounds In3Tl4 and In3Tl5 [39]. Formula In9Tl7 is assigned 
to intermediate compounds of in rich content. By investiga-
tions [40] existence of In3Tl4 is confirmed. Melting tempera-
ture of In3Tl4 is 938K. In [41] there have been determined 
InTe and In2Tl3 compositions;  50,8±0,1 at. % of Te and 
59,7±0,1 at.% of Te, respectively. On the base of X-ray 
analysis it is suggested that range of homogeneity of high–
temperature modification In2Tl3 (β-In2Tl3) is more than low-
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temperature modification (α-In2Tl3) and unequality under-
goes eutectoid decay. 

Structure of ternary compound TlInTe2 is determined ro-
entgenographical [11], its melting point (Tm) is 1045K, den-
sity (ρ) is 9,31 g/cm3 [42]. The aim of this paper is the deter-
mination of phase composition of Tl-In-Se (S,Te) systems in 
thin films formed at vacuum condensations of components, 
determination of kinetic parameters  of phase transformations 
in TlInSe2, TlGaSe2, TlInS2 obtained as at normal conditions 
of deposition of molecular beam in electric field. There have 
been considered possibilities of phase transitions from one 
modification into another and also formation of superlattices 
of matching one or another phase and not found in massive 
samples of TlGaSe2, TlInTe2 compositions. 

 
Experimental details. 
 
I. Phase composition of films of  Tl-In-Se (S,Te) system 

is investigated at the component condensation on the sub-
strate of NaCl crystals in vacuum 3⋅10-4 Pa. Three sources are 
placed  along the condensation plane so that Tl and In sam-
ples are set in outer ones. Distance between samples is 13 cm 
from each other and they are at the height of 7 cm above con-
densation plane. The third source with Se (S and Te) is lo-
cated at the height of 8 cm above the average point of con-
densation plane between Tl and In sources. 

Investigation of films of Tl-In-Se system (S,Te) is of ex-
perimental difficulties connected with the oxidation of Tl in 
the contact with air on the one hand, and with the evaporation 
of Se (S and Te)  by heating in vacuum on the other hand. For 
prevention of highly evaporating component and oxididatie 
processes as a result of further thermal treatment of films 
they are placed in carbon capsules. Preliminary  carbon film 
is applied on the substrate surface of single crystals NaCl by 

the method of vacuum deposition, then investigated subject is 
deposited and carbon is applied above again. Maximum 
thickness of films with the regard of carbon ones does not 
exceed 50 nm. Phase composition of forming films under the 
condition of simultaneous and sequential deposition of Tl, In 
and Se (S and Tl) has been studied by electron- diffracting 
method for passage  on devices ZG, ZGR – 102. 

II. Kinetics of phase transitions in thin amorphous films 
TlInSe2, TlGaSe2, TlInS2 condensed under normal conditions 
and under the conditions of effect of external electric field 
has been studied by method of kinematical electron-
diffraction examination on device ZG. Amorphous films of 
TlInSe2, TlGaSe2, TlInS2 compounds for investigation of 
crystallization kinetics are produced by evaporation of 
TlInSe2, TlGaSe2, TlInS2 alloy cuts in vacuum ∼10-4 Pa from 
tungsten helical tapered furnaces. Small newly made spalls of 
rock salt are as substrates. The calculated thickness of films 
applied on crystals NaCl with the rate 1,5 nm/c is ∼ 30 nm. 

Electric field with strength 3000 v.cm-1 is between paral-
lel copper plates with the high – voltage rectifier. Substrates 
are arranged on the surface of the negative-charged plate. 
There have been hole in diameter of 5 mm in the upper plate 
through which molecular beam can pass and reach substrate 
surface.  

 
Results and their discussions. 
 
I. Phase formation in thin films in Tl-In-Se (S,Te) sys-

tems. 
1. Electron-diffracting analysis of forming films in Tl-In-

Se system showed that at simultaneous evaporation of Tl, In, 
Se along the condensation plane amorphous films are formed. 
Values of S=4πSinθ/λ corresponding to diffusion rings on 
electron-diffraction photographs are given in Table 2. 

 
                                                                                             Table 2. Characteristics of phases of Tl- In- Se systems. 

 
Description Diffu-

sional 
ring 

S= 4πsinθ/λ 
( nm-1) 

Crystal 
system 

Space 
group 

Lattice periods and angles in de-
grees    ( nm) 

 

References 

     A b c  
Tl2Se 1 

2 
 

21,40 
32,90 

tetragonal 3
h4C  

P4/n 

0,8520 - 1,2680 [21] 

TlSe 1 
2 
3 
4 

21,50 
33,90 
42,90 
52,10 

tetragonal I4/mcm 0,8010 - 0,7000 [20] 

TlInSe2 1 
2 
3 

20,60 
33,90 
50,40 

tetragonal I4/mcm 0,8075 - 0,6847 [11] 

In2S3 1 
2 
3 
4 

19,50 
32,00 
54,00 
65,00 

cubic initial - 1,0100 - - [43] 

InSe 1 
2 
3 

20,00 
33,20 
60,00 

hexagonal R3m 0,4046 - 2,4960 [44] 

In4Se3 1 
2 
3 

22,30 
40,00 
51,50 

rhombic Pnnm 1,5297 1,2308 0,4081 [45] 

 
Crystallization of amorphous films allows six differ-

ences according to phase composition and structure Tl2Se, 
TlSe, TlInSe2, In2Se3, InSe and In4Se3 to be established. 
Crystallization of Tl2Se and TlSe films are taken place at 
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493K and 363K, respectively. Ternary compound TlInSe2 
is crystallized at 443K. Obtained amorphous films are 
crystallized on the base of tetragonal crystal system. 

By thermal heatment of amorphous phase In2Se3 the 
latest is crystallized in cubic crystal system [43] at 473K. 
At 653K there have been observed phase transition into 
lois-symmetric phase described in [43] too. Symmetry of 
this modification is not revealed yet, it is kept up to 
1123K. Above 1123K there have been taken place film 
melting in capsule. Transition temperature from amor-
phous into crystalline phase for compounds InSe and 
In4Se3 is 413K and 433K, respectively. Mentioned phases 
are induced on the base of two crystal systems given in 
table 2. 

Crystallization temperature of films is determined with 
the accuracy ±5K. We pay attention that amorphous film 
of Tl2Se composition is not formed at interaction of Tl and 
Se [46]. In this case stablization of amorphous state can be 
explained by the presence of In impurity. It is known that 
the prescuse of In in Se (up to 10 at.%) retards crystalliza-
tion process [47] with the formation of rather strong bonds. 
As it is seen from the given data amorphous formations in 
films obtain compositions from Tl2Se up to Se whereas in 
massive samples they are limited from Tl by composition 
«TlSe2» [48-49]. 

 

 
Fig. 1 . Diagram of phase distribution in condensation plane for 

Tl-In-Se system . 
 
At sequential deposition of Tl, In and Se in vacuum in

dependent on evaporation order of phase composition of 
films does not differ from the case of simultaneous deposi-
tion of components. Range extent of forming phases (fig.1) 
at simultaneous and subsequent depositions of components 
is similar.       

2. There have been formed six amorphous and one 
crystalline phase at simultaneous evaporation of Tl, Se and 
In on substrates at room temperature. 

Structural characteristics of crystalline phases and val-
ues of S=4πSinθ/λ corresponding to diffusion lines on 
electron – diffraction photographs of amorphous phases – 
1) Tl2S, 2) Tl4S3, 3) TlS, 4) Tl2S5, 5) TlInS2, 6) In2S3 are 
given in Table 3. 

By thermal treatment of films of the first and second 
amorphous phases there have been formed polycrystalline 
Tl2S and textured Tl4S3. Annealing of correspon-ding 
amorphous film at 435K leads to formation of textured 
TlS. The fourth amorphous phase observed in region 
abounding in S has been realized by prolonged heating 
below 373K. This process causes transition of amorphous 
phase into crystalline with the structure of red Tl2S5. Crys-
tallized samples as in case Tl4S3 and TlS are textured. 
Amorphous films of ternary compound of composition 
TlInS2 and β-In2S3 are crystallized at 443 and 433K, re-
spectively. Crystalline phase being formed  at simultane-
ous evaporation of Tl, S and In gives textured diffraction 
pattern with unsharp lines. Further recrystalline annealing 
at 100 leads to texture perfection. The comparison  of elec-
tron-diffraction photographs with powdergram for Tl8S17 
[24] allows to consider that  crystalline phase has the same 
composition. Except main diffraction lines coinciding with 
lines given [24] on electron – diffraction photographs there 
have been observed weak lines (altogether 40 reflections). 
Diffraction pattern is induced on the base of primitive cu-
bic lattice with elementary cell parameter a=1,0600 nm. 

Taking into consideration that average volume falling 
at one atom in elementary cell for tallium sulfides V = 
2,6600 nm3 we find that a number of structure unity in 
elementary cell for Tl8S17 is z ≈ 2. And calculated value of 
density ρcalc.= 6,0 g/cm3 is well coincided with data for 
TlS2 (ρcalc.=5,8 g/cm3) [50].  

Thermal treatment of Tl8S17 films showed that unlike 
massive samples [24] the films are stable up to 393 K. Fur-
ther rise of temperature brings about mechanical destruc-
tion of films. 

  
Table 3. The structural characteristics of crystal phases and values 

S= 4πsinθ/λ of amorphous phases of systems Tl-In-S. 
 
Descrip-
tion 

Diffu-
sional 
ring 

S= 4πsinθ/λ 
(nm-1) 

Crystal 
system 

Space 
group 

Lattice periods and angles in degrees     
( nm) 

 

N
ote 

R
efer-
ences 

     A b c β   
Tl2S 1 

2 
3 

14,22 
22,01 
34,14 

hexa-gonal R3 1,2200 - 1,8170   [18] 

Tl4S3 1 
2 

22,03 
37,63 

monoclinic P21/a 0,7720 1,2980 0,7960 103°50′ β-
modi-
fica-
tion 

[51] 

TlS 1 
2 
3 
4 

17,84 
21,52 
34,31 
54,12 

tetra-gonal I4/mcm 0,7790 - 0,6800 -  [14] 
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TlS2 - - tetra-gonal P42/nmc 2,3200 - 5,4800 -  [50] 
Tl2S5 
(red) 

1 
2 
3 

14,41 
22,03 
43,02 

rhombic P212121 0,6660 0,6520 1,6750 -  [14, 24]

           
Tl2S5 
(black) 

- - rhombic Pbcn 2,3450 0,8800 1,0570 -  [14] 

TlInS2 1 
2 
3 

20,32 
26,06 
38,43 

monoclinic P21/m  0,7760 0,7760 3,0010 90°15′ β-
modi-
fica-
tion 

[9] 

In2S3 1 
2 
3 

8,55 
27,73 
40,62 

tetragonal I41/amd 0,7620 - 3,2300 - β-
modi-
fica-
tion 

[30, 31]

 
Decomposition of Tl8S17 massive samples by treatment 

appears to be connected with partial change of composition at 
the expense of S (sulphur) volatility that doesn’t take  place 
in investigated films placed in coaly capsule up to 393K. 
Above this temperature vapour pressure of S increases highly 
inside the capsule and the latter is destroyed with film to-
gether. 

We note that two phase regions consisting of mixture of 
mentiond phases are observed on the substrate. At sequential 
deposition of Tl and S independent on deposition order, on 
condensation plane by film interaction at room temperature 
there have been formed four amorphous phases at first: Tl4S3, 
TlS, TlInS2 and In2S3. Sample treatment at 373-443K initiates 
film crystallization and besides mentioned phases another 
phase of Tl2S is revealed. Tl4S3 and TlS composition phases 
are textured. Texture axis (axis C) is perpendicular to sub-
strate surface. 

3. Electron-diffractometry analysis of films deposited at 
simultaneous evaporation of Tl, In and Te showed that on 
condensation plane there have been formed phases known 
from state diagram of Tl-Te, In-Te and one ternary com-
pound of TlInTe2 composition. On electron-diffraction pho-
tograph of film forming in the vinicity of Tl source there have 
been revealed about 40 diffraction lines. Its calculation and 
comporison of experimentally obtained interplane distances 
with X-ray data [35] shows the presence of Tl2Te phase 
which we induce on the base of primitive cubic lattice with 
a=1,2620 nm. Tl2Te phase is formed in a very narrow ex-
perimentally hard – established region of composition. 

In region enriched in Tl (according to calculation up to 85 
at.% of Tl) there have been observed phase with facecentered 
cubic lattice, space group F4132 a=1,2620 nm which compo-
sition we do not establish. This phase is not stable and at 
403K it goes over the phase with primitive cubic lattice with 
the same parameter of elementary cell. With the increase of 
Te content in the vinicity of Tl2Te phase there have been ob-
served wide region where γ-phase (Tl5Te3) has been found. 
Electron – diffraction photograph of this phase is well in-
duced on the base of familiar tetragonal lattice with parame-
ters a=0,8920; c=1,2630nm. Thus in thin films both Tl2Te 
phase and γ-phase of Tl5Te3 composition are realised.  

In region enriched in Te there have been observed 
tetragonal TlTe with parameters of elementary cell a=1,2950; 
c=0,6180 nm which are in agreement with data [33] and 
Tl2Te3 phase of familiar monoclinic structure with a=1,3500; 
b=0,6500; c=0,7900nm, β=73° [33]. On condensation plane 
there have been revealed presence of TlInTe2 ternary com-
pound films with constants of tetragonal lattice a=0,8494; 

c=0,7181nm [11] and familiar: hexagonal In2Te5 with con-
stants of elementary lattice a=1,3270; c=0,3560nm [40] and 
rhombic In2Te with a=0,4450; b=1,2580; c=1,5360nm [52]. 
At sequential deposition of Tl, In and Te substantially differ-
ent results are not found. Phase composition of films on con-
densation plane is as in case of simultaneous deposition of 
components. 

 
II. Crystallization kinetics of amorphous  
films of TlInSe2, TlGaSe2 and TlInS2. 
 
Study of formation process of kinetics growth and crystal-

lization of semiconductive material films is of great interest 
for semiconductive science material. The difficulty in study 
of these problems is that the growth mechanism is unknown. 
Evidence of growth mechanism and dependence of rate of 
crystallization on temperature can be obtained by considering 
temperature – time dependence of film crystallization. 

Thermodynamic conditions of new phase formation are 
established in [53]. Common equation describing kinetics of 
phase transitions running with the formation of centres of 
new phase and their subsequent growth providing for statisti-
cal character of overlapping centres of increasing phase has 
been obtained in [54]. Kinetic equation [54] is the general for 
describing the kinetics of growth as in case of constant speed 
of originating as in intermediate cases (decreasing speed of 
originating) 

. 
                    Vt = V0[1- exp(-ktm)]                                   (1) 
 

where Vt- fraction of substance volume undergone transfor-
mations to moment t, V0 - initial volume, k – constant of reac-
tion rate. Value m is different for possible types of transfor-
mation and depends on measuring of growth. On the base of 
m exponent value one may infere about possible mechanism 
of transformation. However it should be noted that for pro-
duction of reliable results with this theory we must have ex-
act experimental data about value Vt. 

Amorphous films TlInSe2 in thickness ∼30,00 nm applied 
by evaporation of synthesized substance on crystals NaCl at 
room temperature have amorphous structures. Amorphous 
phase is found in the temperature range of substrate from 
room temperature up to Ts=403K. On electron – diffraction 
photographs there have been observed three diffusion rings 
corresponding to S=4πsinθ/λ=2,060; 3,390; 5,040nm-1 given 
in fig.1.  
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Crystallization of amorphous films at 423K leads to for-
mation of polycrystalline tetragonal TlInSe2 being in the 
agreement with the data of paper [11] . 

For determination of kinetic parameters of crystallization 
from amorphous films TlInSe2 there have been obtained iso-
thermic kinematical electron – diffraction photographs at 
403K, 418K, 433K and 453K. We understand that the higher 
temperature the quicker transition from amorphous state to 
crystalline is taken place. In case of film overheating at above 
453K sharp phase transition is occurred. On kinematical elec-
tron-diffraction photographs obtained at mentioned tempera-
tures it is seen that diffusion lines of amorphous phase disap-
pear and lines of crystalline phase TlInSe2 arise. One of these 
electron – diffraction photographs measured at 433K is given 
in fig.2. 
 

 
 

Fig. 2. Kinematical electron-diffraction photograph showing 
crystallization of TlInSe2 at 433K. 

 

 
Fig. 3. Microphotographs of isothermal electron-diffraction pho- 
            tograph of TlInSe2 at 433 K. Figures at curves annealing  
            time (sec.) 
 
Region of existence of both phases has been followed. 

Line intensities of increasing crystalline phase of TlInSe2 
corresponding to different time moments are microphotomet-
rically determined. In fig.3 microphotographs of kinematical 
electron-diffraction photographs measured at 433K are 
shown. There have been determined diffraction line intensi-
ties (200), (211), (312), (400), (420), (422), (440), (442) of 

crystalline TlInSe2 depending on annealing time. Transition 
from intensity value to quantity of crystallized substance are 
carried out by normalization taking into account that in kin-
ematical approximation electron scattering intensity is in pro-
portion to the volume of scattering substance according to 
paper [55]. In the investigated temperature range there have 
been carried out kinetic curves of crystallization of amor-
phous TlInSe2, i.e. dependence of volume of crystallized part 
of TlInSe2 on time at various temperatures (fig.4). 

 

 
Fig. 4. Kinetic curves of TlInSe2 crystallization. Values of Tc. 1-403, 

2-418, 3-433,  4-453K. 
 

 
Fig. 5. Dependence of lnln(V0/V0-Vt ) on lnt 

 
There have been carried out dependences lnln(V0/(V0-Vt)) 

on lnt for 403K, 418K, 433K and 453K (fig.5). Experimental 
points are arranged on straight lines for all temperatures. 
Value of “m” exponent in equation (1) determined from shift 
of given straight lines appeared to be close to three points 
(m=2,68; 2,73; 2,90 for 453K, 433K, 418K and 403K). It 
points out that in case of crystallization of amorphous films 
TlInSe2 in the investigated temperature range two – dimen-
sional growth of chips is taken place. In this case constant k 
appearing in formula (1) is equal to 2

snVV31 π . Here Vn- 
rate of crystallization centre formation is as amount of nu-
cleus changing in the center into per unit of time in per unit 
of volume of metastable phase; Vs-linear rate of crystalliza-
tion being defined as rate of change of linear sizes of increas-
ing centers of new phase. 

Values lnK for various temperatures are the following 
 

K 403 418 433 453 
lnK - 

16,70 
- 

14,66 
-

12,62 
-

10,44 
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On the base of mentioned data there have been carried out 
chart of dependence lnk on reverse temperature which is lin-
ear. This dependence indicates that rate of nucleus formation 
and linear growth of chips can be described by expression of 
Arrhenius equation [53]. 

 

           ( )sn EE
RT
1

Akln +−=                   (2) 

 
where En- activation energy of nucleus formation; Es – acti-
vation energy of chip growth; R –universal gas constant; A –
constant not depending on temperature . 

There have been determined total energy of crystallization  
activation along the shift of direct dependence lnk on 1/T, 
which is equal to 45,7 kkal/mol. Activation energy of nucleus 
formation En calculated along the shift of direct dependence 
1/τ on lnt (where τ-experimentally observed time for crystal-

lization start – incubation time) which is equal to 
16,3kkal/mol. 

Activation energy of chip growth Es from ratio Es=Eg-
En/2 is equal to 14,7 kkal/mol. Crystallization kinetics inves-
tigation of amorphous films TlInSe2 obtained under the effect 
of external electric field have been made similarly for films 
obtained under normal conditions. 

From the change of diffraction line intensities of increas-
ing crystal phase according to above-mentioned method there 
have been carried out kinetic curves of crystallization and 
kinetic parameters of film crystallization of tetragonal TlInS2 
[3]  and TlInSe2 [2] condensed under normal conditions and 
under the effect electric film are determined. Values of sum-
mary activation energy of crystallization process Eg=En+2Es  
and magnitudes of activation energy of nucleus formation 
(En) and growth (Es) are determined. For comparison the ob-
tained values are given in Table 4. 

                                                                                                                                        Table 4. Values of activation energy 
 

Description Electric field strength m Eg 
kcal / mol 

En 
kcal / mol 

ES 
kcal / mol 

TlInSe2 E=0 3 45,7 16,3 14,7 
TlInSe2 E=3000 B cm-1 3 38,0 11,0 13,5 
TlGaSe2 E=0 3 61,8 17,6 22,1 
TlGaSe2 E=3000 B cm-1 3 53,3 15,1 19,1 
TlInS2 E=0 3 42,0 11,0 9,0 
TlInS2 E=3000 B cm-1 3 36,2 9,5 7,7 

 
From the obtained data it is seen that in all three cases 

there have been observed two-dimensional growth of chips: 
activation energy values of crystallization for films TlInSe2, 
TlGaSe2 and TlInS2 obtained under the effect of external 
electric field are less corresponding magnitudes for films 
deposited under normal conditions. 

Thus with the crystallization of amorphous films TlInSe2, 
TlGaSe2, TlInS2 under the effect of electric field there have 
been obtained more unstable states than in case of absence of 
field. 

Influence of electric field on crystallization of amorphous 
films TlInSe2, TlGaSe2, TlInS2 can be explained that in ex-
ternal electric field, in TlInSe2, TlGaSe2, TlInS2 structures of 
chained molecules during deposition there have been formed 
deformations increasing  the probability of chain break in 
short fragments, i.e. it causes increase of their mobility dur-
ing subsequent thermal treatment and as a result decrease of 
crystallization activation energy of TlInSe2, TlGaSe2 and 
TlInS2 is taken place. 
 

III. Formation of superlattices of phase transforma-
tions in TlGaSe2 and TlInTe2. 

 
1. TlGaSe2 structure is determined by  roentgenography-

cally and it is shown that it is isostructural with TlSe and it 
forms individual structural type of space group I4/mcm. 

Tetragonal lattice parameters of TlGaSe2 are:a=0,8053; 
c=0,6417nm, molecule number in elementary cell z=4, 
[V=41,62nm3] [3]. Given results in paper [6] published at the 
same time with [3] are not in agreement with each other. Ac-
cording to [4-6] TlGaSe2 has monoclinic crystal system, 
phase with tetragonal lattice is not fixed. This circumstance 
makes open the discussion of possible modifications of the 
mentioned compound. 

Below we present results of formation of the thin films 
TlGaSe2 and TlInTe2 obtained by vacuum condensation of 
synthesized compounds on the surface of alkalihaloid com-
pounds of crystals (NaCl, KCl). There have been studied the 
formation of epytaxial monocrystalline films and the influ-
ence of substrate temperature and subsequent thermal treat-
ment on structural characteristics of forming thin films . 
There have been studied scope for existence of TlGaSe2, 
TlInTe2 phases depending on films production conditions. 
There have been considered scope for phase transitions from 
one modification into another, and also superstructure forma-
tions matching one or another phase and not found in massive 
samples so far. 

On the base of investigations we establish the following 
peculiarities of film formation of TlGaSe2 compound: 
TlGaSe2 films in thickness ∼30,00 nm prepared by deposition 
of synthesized substance on NaCl, KCl crystals and celluloid 
at room temperature  are formed at amorphous state. 

On electron – diffraction photograph there have been ob-
served three diffusion rings corresponding to values 
S=4πsinθ /λ=2,102; 3,445; 4,473 A-1 . Storage of amorphous 
films during 4 months at room temperature does not bring 
about spontaneous crystallization. Amorphous phase on the 
surface of mentioned substrates up to Ts=413 K. Crystalliza-
tion of isolated amorphous films from substrate in electron – 
diffraction examination column at temperature and heating 
rate 20 deg/sec leads to formation of polycrystalline TlGaSe2 
with familiar monoclinic lattice.  

Evaporation of TlGaSe2 on heated substrates up to 443K 
also leads to formation of polycrystalline film. Before in-
creasing temperature of substrates till 483K there have been 
formed films which electron – diffraction photographs show 
that observed reflections can be divided into two groups. Dif-
fraction reflexes applies to the first group inducing in mono-
clinic crystal system with above mentioned parameters of 
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unit cells. The second group of reflexes (solid lines with ar-
ranged points on them) are induced on the base of tetragonal 
modification [3].With temperature rise of substrates up to 
523K the number of monoclinic phase lines is decreased. 

 
 

Fig. 6. Electron-diffraction photograph of TlGaSe2 textured films. 
 
Films obtained on NaCl, KCl substrates at Ts=543K with 

subsequent holding at given temperature over 30 minutes 
detect the presence of only tetragonal phase TlGaSe2. This 
phase is retained at room temperature. Co-existence of these 
two structures is due to process of phase transition accompa-
nied by change of atom coordination and bond characteristics 
between them. Quite a different picture emerges during the 
production of films on NaCl substrates heated above. Elec-
tron-diffraction photographs of forming films under these 
conditions indicate about the presence of predominant orien-
tation of chips. However formed texture is not perfect. Re-
flections on electron – diffraction photographs are diffused 
out, reflection splitting is observed. Intensity distributions in 
the sports do not follow any regularities. Finally at the tem-
perature of substrates of the order of 330 we obtain samples 
on which electron – diffraction photographs there have been 
reflections arranged closely along layer lines. By electron – 
diffraction photographs of mentioned films (fig.6) it is estab-
lished that TlGaSe2 chips form texture with axis “c” being 
perpendicular to substrate. Parameters of tetragonal lattice 
with periods are determined: a=0,8050; c=1,3050nm. Extinc-
tion system brings about space group I 2

4S4 −  other than 
initial phase referring to group I4/mcm. Here period “a” is 
unchanged but there is value for period “c” which is close to 
the value of body diagonal of cell of initial tetragonal phase. 
It points to the appearance of some ordering taking place not 
along all the directions of cell but only along axis “c”. 

TlGaSe2 films  grown on (NaCl) monocrystalline sub-
strates at Ts=623-643K are monocrystalline with different 
degree of perfection. By point electron – diffraction photo-
graphs there have been determined lattice periods (photogra-
phy with NH4Cl standard) which are equal to: a=1,5980; 
c=1,1680nm. In fig.7 electron-diffraction photograph of 
monocrystalline film of superstructure TlGaSe2 is presented. 
Period “c” is determined by electron-diffraction photographs 
measured with the angle ϕ=35°. Space group I41/ amd ( )19

n1D  
is established. 

Good crystallographic agreement of conjugating substrate 
planes and new phase is responsible for formation of perfect 
monocrystalline films with superperiods. By epytaxial 
growth of TlGaSe2 on NaCl one elementary cell of phase 
superstructure is conjugated with three cells of NaCl, and 
comparative incompalility of conjugated lattices is 5%. 
Monocrystalline films TlGaSe2 are orientated by the plane 
[001] paralleled to face [100] of NaCl. According to data [3] 
cell includes 4 formula units. Consequently there must be 16 
formula units in cell of TlGaSe2 superstructure, i.e. 16 atoms 
of Tl, Ga and 32 atoms of Se. Over crystallization occurs at 
higher temperature and compound leaning by high-volatile 
component is possible, as a consequence   stabilization of 
tetragonal phase [3] is possible too. For explanation and co-
ordination of X-ray data we suggest the following. TlGaSe2 
structure is laminated and is alternating packets of two oppo-
site big tetrahedral group of (Ga4Se10) composition combined 
by Van- der -Waals forces [3,6]. 

 

 
 

Fig. 7. Electron-diffraction photograph of TlGaSe2 single crystal. 
 
Distances between packets are 0,3 nm. We assume that 

the presence of such weak link while the  thermal treatment  
undergoing deformation in dynamic conditions monoclinic 
laminated structure TlGaSe2 falls apart into separate frag-
ments arranging in chain tetragonal structure of TlSe – type. 
Thus it is shown that phase transformation connected with 
layer reconstruction in TlGaSe2 brings about formation of its 
tetragonal modification. Similar processes of tetragonal phase 
formations are observed under investigation of phase trans-
formations in thin films of IB subgroup chalkogenides of 
periodic system. In [56] it is shown that tetragonal modifica-
tion is the intermediate formation and is manifested due to 
enrichment (leaning) of subject by one of components. It is 
possible that similar processes are realized for system under 
investigation. Period difference of revealed superlattices (in 
the fiest case it is the period “a”, in the second case both pe-
riod «a» and period «c») can be connected with different de-
gree of atom ordering and vacancies of selenium in tetragonal 
lattice. They are due to the change of selenium content in 
different positions, in consequence in structure on the whole. 
Superstructural phase is formed as a result of ordering of se-
lenium atom defect positions. 
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2. Below we consider formation conditions of TlInTe2 
thin films with different substructure and growth peculiarities 
of epytaxial layers.  

We do not suggest that during evaporation there have 
been arisen substance decomposition or oxidation of this 
compound, films with different conditions of preparation 
have been obtained i.e. due to rate of evaporation and sub-
strate temperature. With point electron-diffraction photo-
graphs of single crystal there have been obtained electron-
diffraction photographs of polycrystal inducing completely 
on the base of tetragonal lattice with periods: a=0,8494; 
c=0,7181 nm space group I4/mcm ( );18

h4D  z=4 [11]. 
We obtain amorphous films under specific conditions for 

this compound. We establish that TlInTe2 layers can be ob-
tained on substrate cooled tentatively up to 213K. In having 
films on substrates with temperature above 213K there have 
been observed mesophase transition into crystalline structure. 
On electron-diffraction photographs of amorphous films three 
diffusion rings with corresponding S=4πsinθ / λ=0,275; 
0,335; 0,453 nm-1 have been observed. Later on the base of 
investigations there have been established the following pe-
culiarities of film formation of TlInTe2 compound: films in 
thickness ∼30 nm obtained by evaporation of synthesized 
substance on NaCl, KCl crystals and celluloid at 223K up to 
room temperature and at 443K they are obtained in polycrys-
talline state. During sublimation of ternary alloy TlInTe2 on 
newly made spall of KCl single crystal heated up to 493K 
there have been observed film formation with mosaic crystal 
structure. On electron-diffraction photographs of such films 
there have been presented point reflections indicating the 
prescuse big chips in film closely oriented in an azimuth 
about each other however these electron-diffraction photo-
graphs cannot be induced on the base of tetragonal crystal 
system by relations c/a. 

On all electron-diffraction photographs of monocrystal-
line films forming on the surface of single crystal heated up 
above 493K there have been observed superstructural lines 
which intensity rises with temperature and at 563K these 
lines reach good sharpness. At T close to 593K substrates 
form monocrystalline films with perfect structure and peri-
ods: a=2,500 nm. Period “c” is also tripled and equal to 2,185 
nm. Between lattice periods a0 and c0 of initial and super-
structural phases simple relationship are taken place: 

 
asup.stp.= 3a0 = 2,500 nm; csup.stp. = 3c0 = 2,185 nm; 

 
And one elementary cell of superstructural phase is con-

jugated with four cells of substrate, relative incompatibility of 
conjugated lattice period is 4,8%. Exact extension law being 
in agreement with space group I41/amd ( )19

h4D  is established. 
As base area of superstructural cell is nine times as much 

as base area of initial phase there must be 36 formula units in 
superstructural cell TlInTe2, i.e. 36 atoms of Tl, In and 72 
atoms of Te. TlInTe2 monocrystalline films is oriented by 
plane (001) parallel to KCl face (100). 

Observed orientation relations during epytaxial growth of 
TlGaSe2 and TlInTe2 films as in TlInSe2 [56] are defined by 
relationship of atomic configuration of metal layers in crystal 
lattice of growing film and substrate surface. In TlGaSe2 and 
TlInTe2 lattices metal atoms form orthogonal lattices with 
distances between points equal to 0,402 and 0,421 nm, re-

spectively. Similar orthogonal lattices with distances between 
0,399 and 0,444 nm point form cations or anions on NaCl 
and KCl crystal face (100), respectively. 

However in [56] for TlSe clear epytaxial relationship is 
not realized in although incompability parameter conjugating 
lattices is only ∆=0,5% and three different crystallographic 
orientations is realized at which ∆≈40%. Similar phenome-
non is known for the case of epytaxial growth of metals on 
alkalaloid crystals [57-58] and is due to the fact, that the rela-
tionship of parameters of conjugating lattices defines perfect 
epytaxy at initial phases of growth according to Frank-van-
der-Merve mechanism [59] but it does not bear the responsi-
bility for epytaxial relationship in Folmer-Veber mechanism. 

As the substances under investigation are characterized by 
mixed covalent and ionic links there must be Folmer-Veber 
mechanism characteristics for weak adhesion between crystal 
and substrate. 

Superstructural phase formation is connected with order-
ing of chalkogen atom vacancies forming at temperature rise 
because of its volatility. Ordering of point defects can play an 
important role in compensation of parameter incompability of 
conjugating lattices at epytaxial growth of thin – filmed sam-
ples [60] that takes place in our experiment in TlGaSe2, 
TlInTe2 and according to [56] in TlInSe2 thin films. Nuclea-
tion and ordering of point defect vacancies in experimentally 
grown film appears to be brought about decrease of incompa-
bility stress in them and formation of more perfect monocrys-
talline samples. It seems  that observed orientation relations 
for pair “film – substrate” are defined by relationship of 
atomic configuration TlGaSe2 –NaCl, TlInTe2-KCl and that 
brings about formation of perfect monocrystalline films with 
super periods. 

 
CONCLUSIONS.  
 
1. At sequential deposition of Tl, In and Se evaporation 

order and simultaneous evaporation of components there 
have been isolated six differences in composition and com-
pound structure Tl2Se, TlSe, TlInSe2 , In2Se3, InSe, In4Se3. 
Formed at room temperature films are amorphous and ranges 
over compositions from Tl2Se to Se, that are considerably 
wider than range in massive samples obtained by quick cool-
ing of melts limiting from Tl by Tl2Se composition. Amor-
phous films are stable at room temperature and are crystal-
lized at 363-373K. 

2. In case of simultaneous deposition of components in 
Tl-In-S system there have been observed one crystalline and 
six amorphous phases which are stable at room temperature 
and ranges over composition from Tl2Se to Tl2S5 much wider 
than the range obtained by quick cooling of melts (TlS-
Tl2S5). For the first time there have been obtained phase 
Tl8S17 where primitive cubic lattice with period a=1,060 nm 
with number of structural units in elementary cell z=2. 

3. At simultaneous and sequential evaporation of Tl, In 
and Te by interaction on the substrate there have been possi-
ble production of all phases of system Tl2Te, Tl5Te3, TlTe, 
Tl2Te3 and ternary compound TlInTe2. There have been es-
tablished existence of metastable phase with FCC lattice and 
elementary cell parameter a=1,262 nm, space group F4132 
which changes over the phase Tl2Te at ∼ 403K crystallizing 
into primitive cubic lattice with the same parameter «a». 

4. Values of activation energy of crystallization for 
TlInSe2, TlGaSe2 and TlInS2 films obtained under the effect 
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of external electric field are less corresponding values for 
films deposited at standard conditions. In both cases two-
dimensional growth of TlInSe2, TlGaSe2 and TlInS2 chips are 
observed. 

5. For the first time there have been established three su-
perstructural phases of TlGaSe2 and TlInTe2 compounds, two 

of them are formed by epytaxial growth of TlGaSe2 on NaCl 
and one phase of TlInTe2 composition on KCl. Good crystal-
lographic agreement of conjugating planes of substrates and 
new phases is responsible for formation of perfect monocrys-
talline films with superperiods. 
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Ф3И3С2

6 – ИШКДЦЖЬЦДЦКШТВЦ АФЯФ KУЮШВДЦКШТШТ УДУKЕКЩТЩПКФАШK ЕЦВЙШЙШ 
        
Удуkекщтщйкфашл ъыгд шдц Ф3И3С2

6 йкгзгтф вфчшд щдфт ишкдцжьцдцкшт, тфяшл ецицйцдцк мцяшннцештвц фдэтьф чъыгышннцедцкш ецвйшй 
увшдьшжвшк. Пбыецкшдьшжвшк, лш щефй еуьзукфегкгтвф ащкьфдфжфт фьщка ецицйудцкшт ецклшидцкштшт ецжлшд уевшнш штеукмфд, рцсьдш 
тъьгтцдцкштлштвцт вфрф путшжвшк. Фвш жцкфшевц мц чфкшсш удулекшл ыфрцыштшт ецышкш фдеэтвф фдэтьэж TLInSe2, TLGaSe2 мц TLInS2 тфяшл 
фьщка ецицйцдцкшт афяф лусшвдцкштшт лштуешл зфкфьуекдцкш ецншт щдгтьгжвгк.  Узшефлышфд ибнъьц тцешсцыштвц TLInTe2 ецицйцдцкштшт 
KCl, TLGaSe2 ецицйцдцкштшт шыц NaCl ьщтщлкшыефддфкэ ъяцкштвц ибнъьцыш тцешсцыштвц гнхгт щдфкфй 1 мц 2 цвцв шакфе йгкгдгждг 
афяфдфкэт ьбмсгвдгхг ьъцннцт щдгтьгжвгк. 

       
Д. И. Исмаилов 

 
ЭЛЕКТРОНОГРАФИЧЕСКОЕ ИССЛЕДОВАНИЕ ФАЗОВЫХ ПЕРЕХОДОВ 

 В СОЕДИНЕНИЯХ А3В3С2
6 

 
Электронографическими исследованиями установлены особенности формирования пленок соединений группы А3В3С2

6. Пока-
зано,что интервал составов аморфных пленок при комнатной температуре значительно шире интервала в массивных образцах. Оп-
ределены кинетические параметры фазовых превращений в аморфных пленках TLInSe2, TLGaSe2 и TLInS2 полученных в обычных 
условиях и в условиях воздействия внешнего электрического поля. Установлены 3 сверхструктурные фазы составов TLGaSe2 и 
TLInTe2, две из которых формируются в результате эпитаксиального роста TLGaSe2 на NaCl и одна - состава TLInTe2 на KCl. 
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Тяклиф олунан автоматлашдырылмыш системдя диагностик мялумат кими дяринин импедансы параметри эютцрцлмцшдцр. Бармаглара 

баьланмыш еластик браслет дяри мцгавимятини гейд едяряк ону емосионал щалы тяйин едян жищаза ютцрцр. Сонра ися жищаздан бу 
сигнал персонал компцтерин сяс платасындакы “Game” портуна ютцрцлцр. Хцсуси програм  тяминатынын кюмяйи иля алынан мялуматлар 
ишлянилир вя пасиент тяйин едилмиш алгоритм цзря  диагноз едилир. Диагнозун вя мцалижянин програмлашмасы, онларын автоматик 
системдя ишляниб щазырланмасы, тятбиг едилмяси беля мцалижя методларынын еффективлийини артырыр, щяким персоналынын тясадцфи 
сящвляринин гаршысыны алыр. Бу систем ясасян персоналын емосионал вязиййятлярини тяйин етмяк, онларын щяр бири цчцн эцндялик архив 
базасы йаратмаг вя бу архивдян истифадя етмякля бахыш кечирмяйя имкан верир. 

 
Мцасир дюврдя диагностиканын етибарлылыьыны вя 

еффективлийини артырмаг цчцн компцтер вя йени техникадан 
истифадя етмяк тяляб олунур. Автоматлашдырылмыш системин 
еффективлийи щялледижи дяряжядя диагностикада истифадя 
олунан алгоритимин етибарлылыьындан асылыдыр. Беля системляр 
цчцн оптимал щазырланмыш алгоритмляр мцхтялиф 
хястяликлярин кифайят гядяр етибарлылыгла мцяййян 
олунмасы иля йанашы, щямчинин кцтляви бахыш заманы 
нятижяляри гиймятляндирмяйя имкан верир.  

Тохумаларын импедансы тякжя актив мцгавимят иля 
дейил, щям дя тутум мцгавимяти иля мцяййян олунур.  
Мялум олдуьу кими организм тохумаларынын импедансы 
онларын физиолоъи щалындан асылыдыр. Мясялян, реографийа 
адланан диагностик метод цряк-дамар системинин 
фяалиййяти заманы онун щалындан асылы олараг импедансын 
дяйишмясиня  ясасланыб [1]. Юлчмяни адятян кюрпц 
схеми иля апарырлар ки, бу да щяссаслыьын кифайят гядяр 
олмамасы иля нятижялянир. Инсанын емосионал щалыны тяйин 
едян жищаз чох заман истинтаг практикасында тятбиг 
едилир. Беля ки, мцяййян едилмишдир ки, жинайяткарлар йалан 
данышдыгда вя йа тягсири бойнуна алмадыгда бу щал 
ясяб эярэинлийи иля мцшаият едилир ки, нятижя етибари иля 
мцхтялиф физиолоъи щадисяляр баш верир: ган тязйиги галхыр, цз 
гызарыр, дяринин мцгавимяти дяйишир [2]. Ади щалда дяри 
мцгавимяти 3…100кОм тяшкил едир, щяйяжанланманын 
тясириндян ися тяхминян 5% дяйишир. Чыхыш сыхажына йа 
галванометр йа да юзцйазан машын гошулур[3]. 
Мялуматын бу жищазлардан алыныб вя онларын ишлянмяси 
тибб персоналы тяряфиндян фярди гайдада йериня йетирилир, ки 
бу заман субйективлийя вя техники сящвляря йол вериля 
биляр. 

Тяклиф олунан автоматлашдырылмыш систем ашаьыдакы 
кими ишляйир: 

Диагностик мялумат кими дяринин импедансы 
параметри эютцрцлмцшдцр. Бармаглара баьланмыш еластик 
браслет дяри мцгавимятини гейд едяряк ону емосионал 
щалы тяйин едян жищаза – 1 ютцрцр. Сонра ися жищаздан бу 
сигнал персонал компцтерин - 3 сяс платасындакы “Game” 
портуна ютцрцлцр. Хцсуси програм  тяминатынын кюмяйи иля 
алынан мялуматлар ишлянилир вя пасиент тяйин едилмиш 

алгоритм цзря диагноз едилир. Диагнозун нятижясиндян  
асылы олараг компцтерин дисплейиндя електростимулйаси-
йанын верилиб – верилмямясиня даир тяклиф чыхыр. Диагноз 
щяр щансы бир пасиентин жари импедансыннын гиймятинин 
архив верилянлярин орта гиймятиндян фяргиня ясасян 
апарылыр. Бу фяргин фаизля мигдары, тяклиф олунан електро-
стимулйасийа проседурларынын сайы вя онларын тясир мцд-
дяти физиотерапевт тяряфиндян яввялжядян сифариш едилир вя 
алгоритмя дахил едилир. Диагнозун нятижясиндян асылы ола-
раг импедансын орта гиймятинин нормадан кянара чых-
масы заманы систем стимулйатору - 2 пасиентя гошур. 
Диагнозун вя мцалижянин проглашмасы, онларын 
автоматик системдя ишляниб щазырланмасы, тятбиг едилмяси 
беля мцалижя методларынын еффективлийини артырыр, щяким 
персоналынын тясадцфи сящвляринин гаршысыны алыр.  

Бу систем ясасян персоналын емосионал вязиййят-
лярини тяйин етмяк, онларын щяр бири цчцн эцндялик архив 
базасы йаратмаг вя бу архивдян истифадя етмякля бахыш 
кечирмяйя имкан верир. Бундан ялавя  систем щяр щансы 
бир шяхсин еммосионал вязиййятини мцяййян едян 
мцддятдя онун емосионал  вязиййяти нормадан кянара 
чыхдыгда автоматик сурятдя стимулйасийа блокуну бирляш-
дирмяк цчцн физиотерапевтин  тясдигини эюзляйир (шяк. 1). 
Бундан сонра тяйин едилян вахт муддятиндя пасиент 
стимулйасийа олдугдан сонра тякрар юлчмя апарылыр. Бу 
просес мцяййян олунмуш дюврдя давам етдирилир, 
стимулйасийа олмагла еммосионал вязиййят нормайа 
уйьун вязиййятя эятирилир. Юлчмянин нятижяляри бцтцн 
щалларда архивляшдирилир. 

 
Шяк. 1.  Системин мянтиги блок схеми 
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Системин ишлямяси цчцн минимал тялябат кими, 
ямялиййат системи олараг – WINDOWS  ямялиййат 
системинин щяр щансы бир версийасы, техники тялябат кими ися  
HDD- 0.4 Gb, оператив йаддаш- 8 Мб олмасы кифайятдир. 

Програмда истифадя олунан  менйулар щаггында: 
Инпут информатион менйусу системин информасийа 

базасына физиотерапевт тяряфиндян лазымы информасийалары 
дахил етмяк (лазым эялся онлары редакте етмяк) вя 
пасиентлярин еммосионал вязиййятини юлчмяк цчцн 
нязярдя тутулуб 

Параметрс алт менйусу ясасян параметрлярин 
гиймятлярини дахил етмяк цчцн нязярдя тутулуб 

Лоокинэ информатион менйусу щяр щансы сечилмиш 
пасиентин емосионал вязиййяти щаггында архив 
мялуматлара бахмаг цчцн нязярдя тутулуб. Бунун 
цчцн онун адыны вя йа кодуну дахил етдикдян сонра 
“адvанъед информатион’’ дцймясини басмаг лазымдыр  

Тестинэ менйусу  емосионал вязиййяти юлчмяк цчцн 
нязярдя тутулуб. Бундан сонра екрана чыхмыш 
пянжярядя (шяк.2) average (old) мятн гутусунда 
сечилмиш пасиентин емосионал вязиййятини характеризя 
едян кямиййяти лазым эялся илк дяфя физиотерапевт 
дяйишдиря биляр. Бундан сонра пасиентин бармагларына 
електродлары баьлайыб юлчмяйя башламаг цчцн старт 
дцймясини басмаг лазымдыр. 

Гейд едяк ки, юлчмянин нятижясиндян асылы олараг 
нятижя нормайа уйьун олдугда нятижя архивдя йадда 
сахланылыр, якс щалда ися  стимулйасийа  реъими автоматик 
ишя салыныр. 

Бу менйуларын щяр щансы бириндян Ехит дцймясини 
басмагла чыхмаг олар.  

 

 
Шяк. 2    Дисплейдя системин ишчи пянжяряси 
 
Системин ясас цстцн жящятлярдян бири диагноз вя 

мцалижянин автоматик систем васитяси иля еффектив цсулла 
апарылмасы, оперативлик вя садяляшдирилмиш иш гайдасыдыр. 
Диэяр фярглярдян бири ися мялуматын компцтеря 
ютцрцлмяси вя гябулу заманы стандарт эириш портундан 
истифадядир ки, бу да хцсуси тяйинатлы чевирижи гурьулардан 
истифадя етмяк зярурийяти йаратмыр. Бу ися юз нювбясиндя 
системин майа дяйяринин хейли азалмасына вя ади фярди 
компцтерлярин бу мягсядля истифадясиня эениш имканлар 
ачыр.

 
 

[1] А.Н. Ремизов. Курс физики, электроники и кибернетике 
для медицинских институтов. Москва "Высш. школа" , 
1982, стр.265  

[2] Справочник по схемотехнике для радиолюбителя. Киев, 
"Техника",1987, стр.211 

[3] Техника и методики физиотерапевтических процедур/ 
Под ред. В.М.Боголюбова. – М.: Медицина, 1983, 
352с. 

 
N.A. SAFAROV, Sh.Sh. AMIROV, F.A. AKHUNDOVA 

 
AUTOMATIC SYSTEM OF CONNECTION OF THE ELECTROSTIMULATOR ON THE SKIN IMPEDANCE 

 
In the suggested automated system as diagnostic parameter it is taken a skin impedance. The elastic bracelet fixed on 

finger registers skin resistance and transfers in the device for definition emotional conditions of the person. After that the signal 
from this device is sent on "Game" port of a computer. The received information will be processed with the help of the special 
software and on the certain algorithm the patient diagnosis. Depending on result of diagnostics on the screen of the display 
there is a recommendation on inclusion of an electro stimulator. Programming of diagnostics and therapy, application of the 
automated system raises efficiency of therapy, promote elimination of possible omissions and mistakes in medical practice. This 
system serves the basic for definition emotionalо a condition of personnel’s, creation for each of them of everyday archival base 
and using this base permit to inspect. The basic advantages is carrying out of diagnostics and therapy in an automatic mode, 
efficiency, simplicity works and use of standard entrance ports at a sending of the information to a computer.  

 
 

Н.А. САФАРОВ, Ш.Ш. АМИРОВ, Ф.А. АХУНДОВА 
 

АВТОМАТИЧЕСКАЯ СИСТЕМА ПОДКЛЮЧЕНИЯ ЭЛЕКТРОСТИМУЛЯТОРА ПО КОЖНОМУ 
ИМПЕДАНСУ 

 
В предложенной автоматизированной системе как диагностический параметр взят кожный импеданс. Эластичный браслет, 

закрепленный на пальцах, регистрирует кожное сопротивление и передает в прибор для определения эмоционального состояния 
человека. После этого сигнал с этого прибора посылается на  “Game” порт компьютера. Полученная информация обрабатывается с 
помощью специального программного обеспечения и по определенному алгоритму пациент диагнозируется. В зависимости от 
результата диагностики на экране дисплея появляется рекомендация по включению электростимулятора. Программирование 
диагностики и терапии, применение автоматизированной системы повышает эффективность терапии, способствуют устранению 
возможных упущений и ошибок во врачебной практике. Эта система в основном служит  для определения эмоционального 
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состояния персонала, создание для каждого из них каждодневной архивной базы и, используя эту базу, позволяет провести осмотр. 
Основными достоинствами является проведение диагностики и терапии в автоматическом режиме, оперативность, простота работы 
и использование стандартных входных портов при посылке информации к компьютеру.  

 
Received: 16.01.04 
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THE MAGNETIC AND ELECTRIC PROPERTIES OF CoCr2Te4 
  

A.A. ABDURRAGIMOV, K.Z. SADIKHOV, SH.O. ORUDJEVA 
Institute of Physics of Azerbaijan Academy of Sciences 

370143, Baku, H.Javid ave. ,33  
 
The magnetization, electroconduction and thermoelectromotive force of the compound CoCr2Te4 were investigated in the temperature 

interval 80-300K. It is shown, that compound is ferrimagnetic with Curie temperature 275K and electric characteristics have changes in the 
magnetic transformation region. 

  
In the refs [1, 2] Hall effect and the magnetic resistance, 

and in the ref [3] the heat properties of CoCr2Te4 were 
investigated. In the given refs the authors discovered the 
influence of the magnetic order in CoCr2Te4 on the 
investigated physical properties. However, the character of 
the  magnetic order in CoCr2Te4 is unclear, because of the 
absence of magnetic investigations. 

With the aim of the definition of the magnetic order 
character in the given paper, the temperature and field 
dependences of the magnetization of the CoCr2Te4 compound 
have been investigated. The influence of the magnetic order 
on the several electric properties of the CoCr2Te4 has also 
investigated. 

The synthesis of the samples for the measurement was 
carried out in the evacuee quartz ampoules in the result of the 
interaction of the initial high purity components in the 
following consequence. The temperature in the metallurgical 
furnace increases slowly till 950K, was keeping at this 
temperature during 4 days, and later it was cooled till the 
room temperature with the velocity 100 grad/h. The obtained 
powdery samples were carefully crushing, later they were 
pressing above high pressure~ 6t/sm2 and were carrying out 
by annealing at the temperature 500K during 10 days.  

The roentgenphased analysis of the samples was carried 
out on the diffractometer DRON-3M in CuKα-radiation. 

The angular permission of the film was~0,1°. The 
diffractogram was recording continuously, the diffraction 
angles were defined by the measurements method on the 
intensity peak. The mistake of the definition of reflection 
angles didn’t be higher than ±0,02°. 

The roentgenphase analysis shows, that compound 
CoCr2Te4 is crystallized in the monoclinic structure with 
lattice parameters a=6,70; b=3,77; c=12,52Å; β=90°201, that 
agrees with the results [1,2].  

The magnetization has measured on the pendulum 
magnetometer Domenikalli, thermoconduction and 
thermoelectromotive force have measured by compensation 
method. 

The measurements have been carried out in the 
temperature interval 77÷300K. The spontaneous 
magnetization at the fixed temperature is defined by 
extrapolation of magnetization, measured in the different 
fields, on the zero field. 

On the fig.1 the dependence of the specific magnetization 
of CoCr2Te4 on the magnetic field at 80K is given. As it is 
seen from the figure, the dependence M(H) is characterized 
for the materials with the spontaneous magnetization and the 
considered paraprocess is observed after the final of the 
technical magnetization. 

2.50 5.0 7.5 10.0 12.5

10

20

30

40

Н,кэ

М, еmu/g

 
 
Fig.1. The dependence of the specific magnetization of  
          CoCr2Te4 on the magnetic field at 80K. 
 
The similar dependence M(H) is observed in the 

ferrimagnetic materials with the different crystal structure, 
including the several sublattices (in the dependence on the 
member of the magnetic ions). In the compound CoCr2Te4 
such sublattices are formed by the two-and trivalent ions 
Co2+ and Cr3+. 

If we propose, that in CoCr2Te4 is any weaked 
intrasublattice and intersublattice changeable interaction (for 
example, interaction Co2+-Co2+   Cr3+-Cr3+), then in it the big 
number of disoriented by the thermal motion spins can exist, 
at the low temperatures, which are responsible the intensive 
paraprocess. 

It is noted, that intensive paraprocess in CoCr2Te4 can be 
also the consequence of spin orientation by the magnetic 
field, disoriented near defects of compound crystal lattice, in 
the result of local change of the changeable interaction. 

At 80K the magnetic moment CoCr2Te4 has calculated in 
the magnetic field 10,8ke, which was equal to 3,9µb. This 
experimental value is some higher than theoretical value 
(3µb) of the magnetic saturation moment, calculated as the 
difference of the spin magnetic moments of the sublattices, 
having Co2+ and Cr3+ ions.  

It can be connected with the noncollinear of the magnetic 
moments in the sublattices, having Co2+ ions. In this case the 
magnetic moment of this sublattice increases and the 
resulting magnetic moment of the compound increases, 
correspondingly. 

The temperature dependence of the specific 
magnetization, measured in the magnetic fields 6,7,9,5 and 
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10,8 kE, is evidence of the spontaneous magnetization in 
CoCr2Te4 fig. 2. . 
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Fig.2. The temperature dependence of the specific  
           magnetization of CoCr2Te4. 
 
 
With the aim of definition Curie temperature of CoCr2Te4 

in the magnetic transformation region the thermodynamical 
coefficient method is applied [4]. The transition temperature 
of ferrimagnetic-paramagnetic was equal to 275K and equal 
to the value, defined by the extrapolation of the spontaneous 
magnetization on the temperature axis. 

The magnetic order in CoCr2Te4 influenced on the 
electroconduction and thermoelectromotive force of this 
compound (fig.3). As it is seen from the fig.3, the 
electroconduction decreases slowly with the temperature, in 
the temperature region 100-275K б practically doesn’t 
depend on the temperature higher than~275K (magnetic 
transformation region). 
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Fig.3. The temperature dependencies of the electroconduction  
           and thermoelectromotive force of CoCr2Te4.  

 
The thermoelectromotive force of CoCr2Te4 is positive at 

the low temperatures, i.e. in this region the compound has p-
type conductivity. The thermoelectromotive force coefficient 
decreases slowly with the increase of the temperature, and 
at~ 150K the sign inversion takes place, after that α increases 
with the increase of the temperature. The some bending   
takes place in dependence α(T) in the region~275K, that can 
be connected with the magnetic phase transition 
ferrimagnetic-paramagnetic. 

Thus, investigations show, that compound CoCr2Te4 is 
ferrimagnetic with Curie temperature 275K, at which some 
electric characteristics have changes.
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Я.Я. Ябдцррящимов , Р.З.Садыхов, Ш.О.Оружова 

CоCr2Te4 МАДДЯСИНИН МАГНИТ ВЯ ЕЛЕКТРИК ХАССЯЛЯРИ 

 
80-300К температур интервалында CoCr2Te4 маддясинин електрик кечирижилийи, термо е.щ.г вя магнитлянмяси тядгиг едилмишдир. 

Мцяййян едилмишдир ки, бу маддя Кцри температуру, 275К олан ферримагнетикдир вя магнит кечиди областында електриккечирмя, термо 
е.щ.г-си дяйишиклийя уьрайыр. 

 
А.А.Абдуррагимов, Р.З.Садыхов, Ш.О.Оруджева 

 
МАГНИТНЫЕ И ЭЛЕКТРИЧЕСКИЕ СВОЙСТВА CoCr2Te4 

 
В интервале температур 80-300К исследованы намагниченность, электропроводность и термоэдс соединения CoCr2Te4. 

Показано, что соединение является ферримагнетиком с температурой Кюри 275К и электрические характеристики испытывают 
изменения в области магнитного превращения. 

 
Received: 24.01.04 
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NGR AND THE MAGNETIC SUSCEPTIBILITY OF THE LAYERED CRYSTALS 
 Bim+1BmO3m+3 (B=Ti, Fe) 

 
G.D. SULTANOV, M.A. ALDJANOV, A.B. ABDULLAYEV, M.D. NADJAFZADE,  

M.B. GUSEINLY 
Institute of Physics of Azerbaijan Academy of Sciences 

370143, Baku, H. Javid ave.,33. 
 
In the given paper the discussion of the results of magnetic and mossbauer investigations of the compounds Bim+1BmO3m+3(B=Ti, Fe) 

revealing in the result of the specific of crystal structure, properties, which are character for the thin magnetic films has been carried out. It 
was shown, that the influence of the concentration of the magnetic iron ions on the magnetic transition temperature in these compounds 
significantly differs from the similar influence in the three-dimensional magnetic substance.  

 
The structure of the compound with the general formulae 

Bm+1BmO3m+3 (where m is number of monooctahedronic 
layers in the perovskite-like packet) is build by the following 
principle: in the direction [001] the perovskite-like layers 
(packets) [Bim-1BmO3m+1]2-take turns with the bismuthooxigen 
layers [Bi2O2]2+ (fig.1) [1]. The thickness of the perovskite-
like layers is defined by the m value, including in the 
formulae: these layers have oxygen octahedrons, connected 
by their vertexes. Inside the oxygen octahedrons are B 
cations, where B-Ti, F. Because of the octahedron positions 
are as the magnetic ions of iron, so and the diamagnetic ions 
of Ti, so these compounds can be considered as the 
magnetodiluted systems. The magnetic properties of such 
systems, particularly, the temperature of the transition in the 
magnetoordered state, depend on the concentration of the 
magnetic ions.  

 
Fig.1. The cell projection of compound Bim+1BmC3m+3 with the 

layered structure (m=5) on (001). 
 
In the refs [3-5] it is shown, that compounds Bm+1BmO3m+3 

reveal the properties, which are characteristic for the thin 
magnetic films. The revealing of the properties, which are 
characteristic for the thin magnetic films, by the given 
crystals is caused by the following reason. In these 
compounds the magnetic ions of iron, situated in the one 
packet, are divided from the iron ions, being in the neighbour 
perovskite-like packets, by the layer, consisting on the 
diamagnetic ions Bi3+ and O2-. That’s why the magnetic 

properties of the investigated crystals will be defined by the 
interaction of the iron ions only inside the packet, i.e. each 
packet can be considered as the thin magnetic film. The 
thickness of such film will be defined by the number of the 
ionooctahedron layers in the one packet, i.e. by m. It is 
known, that the magnetic properties of the thin magnetic 
films are strongly differ from the thickness of the films. 
Firstly, the dependence of the spontaneous magnetization 
with Curie point (Neel), values of the internal magnetic field 
on the nucleus from film thickness and the revealing of its 
supermagnetic behaviour in the wide temperature region can 
be considered in these properties. All these peculiarities of 
the investigated crystals were revealed in the refs [3-5]. The 
big interest is the following question. If the compounds 
Bm+1BmO3m+3, in the respect of the magnetic properties, 
behave themselves as the magnetic films, so the influence of 
magnetic ion concentration on the magnetic properties 
(particularly on the magnetic transition temperature) will 
depend on the film thickness and differ from the similar 
influence for the massive three-dimensional magnetic 
substance. And with this point of view in the given paper the 
discussion of the results of mossbauer and magnetic 
investigations is carried out.  

The values of concentration © of iron magnetic ions in 
the octahedron positions, leading to the appearing of the 
magnetic order, investigated compounds are defined by 
method [2] and given in the table1. 

                                                                  Table1 
Compound         C M 
Bi6Ti8Fe2O18 0,4 5 
B6Ti2Nb0,5Fe2,5O18 0,5 5 
Bi7Ti3Fe3O21 0,6 6 
Bi2Ti3Fe5O27 0,62 8 

 
The mossbauer measurements were carried out in the 

temperature interval 5-300K, but magnetic measurements - 
77-950K. In the compounds Bi6Ti8Fe2O18 and 
B6Ti2Nb0,5Fe2,5O18 the number of the octahedron layers in the 
perovskito-like packet are equal, i.e. the thicknesses of the 
films are equal. However, the magnetic ion concentrations in 
the octahedron states of these compounds are different: 
Bi6Ti3Fe2O18 c=0,4, and in Bi6Ti2Nb2,5O18 c=0,5. From the 
mossbauer investigations of these compounds it follows, that 
magnetic transition temperature in Bi6Ti2Fe3O18 is between 
20-30, but in Bi6Ti2Nb0,5Fe2,5O18 is between 150-170K. 
Under the magnetic transition temperature is meant the 
temperature, lower of which in the spectrum begin to appear 
the lines of the magnetic fission. It is seen, that the change of 
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the magnetic ion concentration in the octahedron positions on 
0,1 leads to the change of the transition temperature on 130-
140°C. 

In the compound Bi9Ti3Fe5O27 the number of the 
monooctahedron layers in the perovskito-like packet is equal 
to 8. The iron magnetic ion concentration in the octahedron 
positions is equal to 0,62. The lines of the superthin magnetic 
structure in the mossbauer spectrums of this compound 
disappear between 260 and 280K, i.e. the magnetic transition 
temperature is in this region.  

  The lines of the magnetic fission in the mossbauer 
spectrums of Bi7Ti3Fe3O21 compound, in which the number 
of the monooctahedron layers and magnetic ion concentration 
in the octahedron positions are equal to 6 and 0,5 
accordingly, and disappear between 200 and 220K. The 
temperature difference of the magnetic transition, defined 
from the mossbauer measurements in the compounds 
Bi9Ti3Fe5O27 and Bi7Ti3Fe3O21 is ~60°C. The more high 
value of the magnetic transition temperature in Bi9Ti3Fe5O27 
with the comparison of the transition temperature in 
Bi7Ti3Fe3O21 is caused by two reasons. The first reason is the 
number of layers (thickness on the film) in is Bi9Ti3Fe5O27 
more, than in Bi9Ti3Fe5O27 is also more, than in Bi7Ti3Fe3O21. 
It is followed, that it can be proposed that in these 
compounds the temperature difference, caused by the only 
increase of the concentration of magnetic ions, will be less 
than 60°. 

 
Fig.2. The temperature dependences of the reversible specific 

magnetic susceptibility of compounds Bi7Ti3Fe3O21 and 
Bi6Ti2Nb0,5Fe2,5O18. 

 
Later let’s consider the results of the magnetic 

measurements. On the figures 2 and 3 the temperature 
dependencies of the inverse specific magnetic susceptibility 
are given. For all compounds at the high temperatures the 

Weiss-Curie law 
θ

χ
+

=
T

C
 is carried out. The 

effective magnetic moment, on the each iron ion, defined 
from these curves, well agrees with the theoretical value 
5,92µ for the trivalent iron. About the trivalent state of the 
iron ions the values of the isomer shifts, defined from the 
mossbauer  spectrums of the investigated compounds at the 
room temperature is also evidence. 

 

 
Fig.3. The temperature dependences of the reversible specific 

magnetic susceptibility of compounds Bi6Ti3Fe2O18 and 
Bi9Ti3Fe5O21 (low curve). 

 
  The negative values of the paramagnetic Curie O 

temperatures, given in the table 2, show on the 
antiferromagnetic interactions between iron ions in the 
compounds Bim+1BmO3m+3 in the magnetoordered phase. 

 
                                                                                 Table2. 

Compound    m θ,K      TNmag. TNmoss. 
Bi6Ti3Fe2O18 5 -390 120 20-30 
B6Ti2Nb0,5Fe2,5O18 5 -550 260 150-170 
Bi7Ti3Fe3O21 6 -560 330 200-220 
Bi9Ti3Fe5O27 8 -780 400 260-280 

 
At the decrease of the temperature, the change of 

inclination of the curve of temperature dependence of the 
inverse magnetic susceptibility takes place. The temperatures, 
at which the change of inclination of curve χ(T) takes place, 
for the different compounds are different. They are given in 
the table2 (TN mag). 

As it is seen from the figures 2 and 3, the behaviour of the 
magnetic susceptibility of the compounds Bim+1BmO3m+3 
lower, than TN, differs from the behaviour of the massive 
three-dimensional samples lower the temperature of 
antiferromagnetic order. In the difference from the massive 
three-dimensional samples, the increase of the magnetic 
susceptibility value of the compounds Bim+1BmO3m+3 is lower 
than the temperature of antiferromagnetic order can be 
explained, if these compounds are lower than TN, defined 
from the magnetic measurements, transfer in the 
supermagnetic state, i.e. the state with the antiferromagnetic 
order with spin fluctuation. 

Firstly, the theoretical propositions of the essential 
increase of the magnetic susceptibility of antiferromagnetic 
substance, being in the supermagnetic state, were given by 
Neel (see example 6). These propositions were proved in the 
refs [7,8].  

It is noted, that lines of the magnetic fission, showing on 
the magnetic order, in the mossbauer spectrums of the 
compounds Bim+1BmO3m+3 appear at the more low 



NGR AND THE MAGNETIC SUSCEPTIBILITY OF THE LAYERED CRYSTALS  Bim+1BmO3m+3 (B=Ti, Fe) 

 47

temperatures (these temperatures are also given in the table2), 
than TN, defined from the magnetic measurements, are the 
transition temperatures of the compounds Bim+1BmO3m+3 in 
the superparamagnetic state. Indeed, vice versa, if Tn, 
defined from the magnetic measurements, would be the 
transition temperatures in the stable (without spin fluctuation) 
antiferromagnetic state, so the lines of the magnetic fission in 
the mossbauer spectrums should be appear , lower than Tn at 
once. 

The absence of the lines of the magnetic fission in the 
spectrums in the temperature region from mag. till mes. 
connects with that in this temperature region the fluctuation 
frequency of spins (ωii) is more, than the frequency of 
Larmor precession (ωi) [9]. At the decrease of the 
temperature, as ωii becomes the ωi  degree, so in the spectrum 
began to appear the lines of magnetic fission. 

Now we carry out the comparison of the results of 
mossbauer and magnetic measurements for two couples of 
compounds. The first couple Bi6Ti3Fe2O18 and 
Bi6Ti2Nb2,5O18, in which the magnetic ion concentrations 
differ on 0,1. The second couple are compounds 
Bi9Ti3Fe0,5O27 and Bi7Ti3Fe3O27. The concentrations of iron 

ions in these compounds differ on 0,125, i.e. not the more, 
than for the first couple of compounds.  

From mossbauer investigations of first couple of 
compounds it follows, that temperature difference of the 
magnetic transition is 130-140°C. Such difference of the 
transition from the paramagnetic state in the supermagnetic 
state takes place for this couple from the magnetic 
measurements. For the second couple of compounds the 
considering differences are ~60-70°C.  

It is noted, that dependence of magnetic transition 
temperature in the massive three-dimensional magnetodiluted 
systems on the magnetic ion concentrations were studied in 
refs [10, 11]. 

Thus, from the obtained results we can do the conclusion, 
that in the compounds with the less number of 
monooctahedron layers in the perovskito-like packet (in more 
thin film), the change of the magnetic transition temperature, 
than in the compounds with big number of the 
monooctahedron layers in the perovskito-like packet (in more 
thick film).
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Г.Ж. Султанов, М.Я. Алжанов, А.М. Абдуллайев, М.Ж. Няжяфзадя, М.Б. Щцсейнли 

 
Bim+1BmO3m+3 (B=Ti, Fe) ЛАЙЛЫ КРИСТАЛЛАРДА НГР ВЯ МАГНИТ ГАВРАЙЫЖЫЛЫЬЫ 

 
Бу ишдя лайлы гурулуша малик Bim+1BmO3m+3 (B=Ti, Fe) бирляшмяляринин магнит вя мессбауер тядгигатларынын нятижяляри мцзакиря 

едилмишдир. Мцяййян едилмишдир ки, дямир ионларынын консентрасийасынын магнит кечиди температуруна тясири, цчолчцлц 
магнетиклярдякиндян кяскин фярглянир. 

 
Г.Д. Султанов, М.А. Алджанов, А.М. Абдуллаев, М.Ж. Наджафзадя, М.Б. Гусейнли 

 
ЯГР И МАГНИТНАЯ ВОСПРИИМЧИВОСТЬ СЛОИСТЫХ КРИСТАЛЛОВ Bim+1BmO3m+3 (B=Ti, Fe)  

 
В настоящей работе проведено обсуждение результатов магнитных и мессбауровских исследований соединений Bim+1BmO3m+3 

(B=Ti, Fe), прявляющих вследствии специфичности кристаллической структуры свойства, характерные для тонких магнитных 
пленок. Показано, что влияние концентрации магнитных ионов железа на температуру магнитного перехода в этих соединениях 
существенно отличается от подобного влияния в трехмерных магнетиках. 
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THE INVESTIGATION OF GELATINCREATION PROCESSES IN THE SYSTEM OF 
AGAROSA-WATER-CARBAMIDE 
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In the given paper the influence of carbamide on the gelatincreation process on the structuring in the water agarosa solutions with the use 

of the dispersion method of the optical density, has been studied. The temperature dependences of the optical density at the cooling of the 
solutions and heating of gelatins are obtained. The temperatures of gelatincreation and melting, sizes and number concentration (particle 
number in the volume unit) of the submolecular particles, are obtained. It is established, that carbamide dumps the gelatincreation process, 
shifting the temperatures of the melting and the beginning of the gelatincreation to the region of more low temperatures. Carbamide, 
destroying the intermolecular and helium communications, the water structure, weakens the gelatin strength. 

 
Key words: agarosa, carbamide, water solutions, 

gelatincreation, structuring, gelatincreation temperature, 
melting temperature, gelatin strength, hysteresis. 

 
The solutions of some polymers at the definite 

concentration and conditions have the possibility of the 
gelatincreation. This takes place after the achieving of such 
state, at which the energy of the polymer interaction with the 
solvent becomes less, than the energy of macromolecul 
interaction [1]. In the result between macromolecules, and 
between their associates and agregates also are the local 
communications, leading to the grid creation. At the detail 
considering of the gelatin structure it is need to take into 
consideration, that the submolecular structures of the 
fluctuation character with the different continuous of “life” 
appear besides of the stable compounds in the polymer 
systems. Gelatins, formed by polymer solutions at the change 
of the temperature and composition are heterogeneous and 
that’s why they have the such high light scattering, as the 
colloid systems. In the dependence on the gelatincreation 
conditions, the number and size of dispersion phase particles 
change and the light scattering intensity changes 
correspondingly. The gelatin of the solutions of many 
polymers can be achieved by the addition of the precipitant to 
them, and at the change of the chemical composition of the 
solved polymer, also. In all these cases the gelatin takes place 
in the result of the system transition in the state of the limited 
compatibility of the polymer with the solvent. 

 
Fig.1. The temperature dependences of optical for 1% agarosa  
           solution at the different wave length: • - 400, ▲ - 490,  
           o -540, x - 670. 

 
Fig.2. The temperature dependencies of optical density of  
          1%water agarosa solutions without (•) and at the  
          carbamide addition: 1M(∆) and 3M(◊) λ=400nm. 
 
In the given paper the gelatin of the water solutions of the 

one from the gelatincreating polymers is considered, 
especially agarosa at the change of the temperature and 
solvent composition. Using the concentration photoelectric 
calorimeter (KFK-2), the temperature dependencies of the 
optical density of the (D) solutions, given on the fig.1 with 
the dependence D=f(t°) for 1% agarosa solution at the 
different wave lengths, were fixed. (Such dependencies had 
been obtained for the rest solutions).The agarosa 
concentration was kept constant -1%, but carbamide 
concentration, used as the addition, was 1,5 and 3 moles. The 
dependencies D=f(t°)  for the all investigated solutions at 
λ=400nm were given on the fig.2. The technique of 
investigation is described in [2]. The temperature 
dependences of the optical density were obtained as at the 
cooling from ≈80°C till the room temperature, so at the 
heating from the room temperature till the gelatin melting 
temperature (tml). These temperature dependences don’t 
combine, but they create the hysteresis loops, because of the 
discombination of the gelatin and melting temperature. It is 
well known [3] that in always gelatincreating system the 
melting temperature is higher, than gelatin temperature (tgel). 
The hysteresis reason of the melting and gelatin is in the 
clear difference of the mechanisms of the creation and 
melting of the gelatins. The gelatin creation takes place 
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through the consequence of many steps, demanding the 
definite cooling and time, but melting of the gelatin has all 
signs of the cooperate transitions. The system turbidity 
increases at the agregiroation and creation of the grid points. 
In the overwhelming majority of the gelatins the grid points 
are created by submolecular elements or so-called by the 
submolecular particles (SMP), the sizes of which change 
with the temperature and solvent nature. For the defining of 
the R sizes and number concentration of N particles (number 
of particles in the volume unit), the method, worked by   
Clenin with collaborations [4] on the base of Mi theory and 
being in the optical density measurement at the different 
wave lengths of the fallen light, is used. 

Taking into consideration the experimental data, we can 
say the following. According to the generally accepted Ris 
model for the polysaccharides [5], one of which agarosa is, 
macromolecules in the solution at the high temperatures are 
rolled in balls. They unroll at the temperature decreases and 
create the spirals, later bispirals. These bispirals join in the 
aggregates (SMP). As at the high temperatures the optical 
density doesn’t change, so it is clear, that sizes of these 
particles are small yet. The SMP increase at the temperature 
decrease, and when their size becomes enough, the turbidity 
takes place, at which is equal to the strong increase of the 
optical density (fig.1 and 2). In this time the first local 
communication between SMP appear, i.e. the rudiments of 
the space gelatin grid also appear. This is equal to the 
bendings on the cooling curves D=f(t°). Temperature, 
considering to such   is the temperature, beginning with 
which the creation of gelatin (tgel) is possible. At the later 
temperature decrease the number of communications 
increases, leading finally to the creation of the gelatin grid. 
For the clarity tgel was fixed also by kinetic dependencies of 
the optical density D=f(t°), where t is time. Moreover, the D 
values in the bending region were taken through 1°C or 
0,5°C. For example, in the paper the such dependencies 

D=f(t°) for 1% solution of agarosa (fig. 3) are given. As it is 
seen from the fig.3, the optical density at the temperatures, 
which are higher, than tgel, is kept constant. But at the first 
signs of gelatin creation, i.e. at t≤tgel, the temperature 
becomes change with time. After the full forming of the 
gelatin, the optical density again stays constant with the time 
change. 

 
Fig.3. The kinetic dependencies for 1% water agarosa solution  
           at λ=400nm 
 
If we consider the heating curves, that it is seen on them, 

that with the temperature increase the optical density firstly 
doesn’t change till the definite temperature, considering to 
the be beginning of the gelatin destruction, but later it 
decrease till the temperature of full gelatin melting (tmel), at 
which the optical density becomes equal to D at high 
temperatures, from which the measurements of cooling 
curves had begin. The defined by such way, tgel and tmel are 
given in the table 1.

                                                                                                                           Table1 
                                                                                   System:1% agarosa+water+carbamide 
 

Squares of hysteresis, Sh Concentration 
of carbamide, 
mole       

λ=400 λ=490 λ=540 λ=670 
tgel , 
 °C 

 tmel ,  
°C 

- 31.9 27.65 24.1 23.6 33.0 73.5 
1.5 30.3 26.73 22.9 22.48 26.5 66.0 
3.0 29.3 24.55 21.1 21.78 21.0 60.0 

 
On the base of the experimental data and according to the 

ref [4], the sizes of SMP and their number concentration in 
the dependence on the temperature for all investigated 
solutions, taking into consideration the optical density values, 
obtained at the cooling of the solutions, had been calculated. 
The temperature dependences of values R and N are given on 
the figures 4-6. From the figures it is seen, that dependencies 
R=f(t°) are analogical to the dependencies D=f(t°). In the 
high temperature region the particle sizes stay constant, but 
beginning from the some temperature t≤tgel, the growth of 
these particles, which continues till the room temperature, 
when solution transfer to gelatin, takes place. For the SMP 
number the inverse dependence is observed, i.e. if there are 
polymer chains join, so there are many R, and there are less 
N. 

Let’s consider the influence of the carbamide on the 
gelatincreation process in the water solutions of agarosa. It is 
known, that carbamide destroys the water structure, 
increasing the part of water in the monomolecular state, and 
by this increases the growth of its activity as solvent [6.7]. 
The creation of stable helium communications of water 
molecules with carbamide molecule, leads to the such 
orientation of water molecules, which difficulties the creation 
of the helium communications in the solvent and this is 
caused the water structure destruction. In the ref [8] for the 
water solutions of carbamide the structure temperatures (Tstr), 
characterising the degree of the solution structuring in 
respect to the pure water, are defined. The structure 
temperatures, given in the ref [8] for the carbamide water 
solutions in the wide interval of its concentrations, decrease 
from Tstr for pure water (≈147°K) till 0°K at carbamide 
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concentration, which is equal to 10 moles, that proves about 
decrease of water structuring with the increase of carbamide 
concentration till full destroying at 10 moles of carbamide. 
The investigation of 0,1% solution of agarosa, not creating 
the gelatin [8], shows, that with the addition of carbamide 
(from 1 till 8 moles), the structure temperature of solutions 
decreases and although Tstr of agarosa solutions is higher 
than Tstr for pure water at carbamide concentrations 1,5 and 3 

moles, it becomes lower, than Tstr for the agarosa water 
solution without carbamide (table2). This says about that 
although carbamide destructures the water and increases of 
its solving capability, that leads to the Tstr of agarosa water 
solutions with carbamide, but agarosa itself keeps some 
structuring capability to the water, and weakens the 
carbamide action on the water.

 
                                                                                                                                            Table 2  
                                                                System:Agarosa (0,1%)+carbamide+water(data of ref [8]) 
 

Carbamide concentration, 
mole 

Structural temperature of 
carbamide water solutions 

Tstr, K 

Structural temperature of 
agarosa water solutions 
with carbamide Tstr, K 

- 147 253 
1 135 193 

1.5 126 180 
3 110 154 
5 88 138 
7 65 130 
8 55 114 

 
 

 
Fig.4. The temperature dependencies of R and N for 1% water  
          agarosa solution. 
 

 
Fig.5. The temperature dependencies of R and N for 1% water  
          agarosa solution at the presense of 1,5M carbamide. 
 

 
Fig.6. The temperature dependencies of R and N for 1% water  
          agarosa solution at the presence of M carbamide. 
 
In the case of solutions, creating the gelatins, besides the 

carbamide influence on the water, carbamide molecules act 
on polymoleculaes, destroying the helium communications. It 
all should be lead to worth of gelatin and decrease of 
parameters, characterising the gelatincreating systems, that is 
proved in ref [9,10], where reological investigations, carried 
out with the water solutions of agara and agarosa at urea 
concentrations from 1 till 10 moles, show the strong 
carbamide influence on the gelatin creation processes in these 
solutions. The results of the given paper prove this. The 
values D, tgel, tmel and R with the carbamide addition (fig.2,4-
6 and tables), i.e. with the increase of activity, i.e/ the solving 
capability of solvent (water) strongly decrease, that is proved 
about weak of points of the space grid of gelatin and 
destruction of gelatin itself. It is possible, that the influence 
of intermolecular and helium communications decreases, that 
leads to the decrease of the intensity of gelatins in urea 
presence. This also proves the decreases about creation of 
less intensive gelatins at the addition of carbamide. 
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АГАРОЗА-СУ-КАРБАМИД СИСТЕМИНДЯ ЭЕЛЯМЯЛЯЭЯЛМЯ ПРОСЕСИНИН ТЯДГИГИ 

 
Ишдя оптик сыхлыьын дисперсийасы методу иля карбамидин агарозанын сулу мящлулларында эелямяляэялмя просесиня тясири 

юйрянилмишдир. Мящлулларын сойудулмасы вя гыздырылмасы просесиндя оптик сыхлыьын температур асылылыьы алынмышдыр. Мящлулларын 
эелямяляэялмя вя яримя температурлары, молекулцстлц щиссяъиклярин консентрасийасы вя юлчцляри тяйин олунмушдур. Мцяййян 
олунмушдур ки, карбамид эелямяляэялмя просесини лянэидир вя онларын температурун кичик гиймятляри истигамятиндя сцрцшдцрцр. 
Карбамид молекулларарасы щидроэен рабитялярини гырыр вя бунунла да эелин мющкямлийини  азалдыр. 

 
Э.А.Масимов, В.В.Прудько, А.А.Гасанов, Р.Н.Исмаилова 

 
ИССЛЕДОВАНИЕ ПРОЦЕССОВ СТУДНЕОБРАЗОВАНИЯ  

В СИСТЕМЕ АГАРОЗА-ВОДА-КАРБАМИД 
 

В данной работе изучено влияние карбамида на процесс студнеобразования, на структурирование в водных растворах 
агарозы с использованием метода дисперсии оптической плотности. Получены температурные зависимости оптической 
плотности при охлаждении растворов и нагревании студней. Определены температуры студнеобразования и плавления, 
размеры и числовая концентрация (число частиц в единице объема) надмолекулярных частиц. Установлено, что карбамид 
тормозит процесс студнеобразования, сдвигая температуры плавления и начала студнеобразования в область более низких 
значений. Карбамид, разрушая межмолекулярные и водородные связи, разрушая структуру воды, ослабляет прочность 
студней. 
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In the paper “Universal theory of three-wave ozonometric measurements” the theoretical possibility of almost full compensation of sum 

error of three-wave ozonometer measurement, used for the measurement of the common ozone content in the atmosphere is shown. The 
algorithm of working of device is presented; the theoretical substantiation of compensation is given.  
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ozonometer, optical density, two-wave technique. 
 
As it is known [1], nowadays the base method for the 

common content of ozone in the atmosphere is the two-wave 
method of measurement, based on the reducing law of the 
radiation in the atmosphere - Buger law, which has the 
following form: 

 
10

0

mmX
10SS λλλ δβµα

λλ
++−⋅=            (1) 

 
where Sλ is the flux of the direct sun radiation on Earth 
surface; 

0λ
S  is the same flux on the top surface of the 

atmosphere; αλ is the absorption index of the ozone radiation,    
to the wave length λ; X is the sum ozone in the atmosphere;, 
measured in atm/cm; 

0λ
β  is the optical density of the reley 

atmosphere; δλ is the optical density of the atmospheric 
aerosol for the wavelength λ; µ, m, m1 are relative optical 
densities of the ozone layer of the reley atmosphere and 
aerosol layer, which are ratios of the considering optical 

densities in the gradient direction to the mentioned optical 
densities in the vertical direction. 

  The physical mean of the formulae (1) is that reducing 
of radiation in the atmosphere takes place because of: 1) 
absorption in the band; 2) stray radiation in the pure air; 3) 
reducing of the radiation in the aerosol. 

Also, it is known [1], that common error of the 
measurement of the common ozone content (COC) by the 
two-wave method is defined as 
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In the ref [2] the three-wave ozonometer was given, 

allowing to increase the exactness of the ozonometric 
measurements. Before, that we consider the functional 
possibilities of the given ozonometer, we note the 
conventional signs, which will be used in the following 
explanations: 

δ=δ(λ) is the functional dependence of aerosol optical 
density on the radiation wave length. According to the ref 
[1], δ(λ) is the line function in the diapazon300-340 nm, 
practically: 

β=β(λ) is the functional dependence of the reley 
atmosphere optical density on the radiation wave length: 

λ1 is the first main wave length, where the first main 
calculation (measurement) 

1
Sλ  takes place; 

λ2 is the second correct wave length, where the second 
auxiliary calculation (measurement) 

2
Sλ  takes place; 

D1 is the operator of the calculation working S1 and S2 for 
the obtaining of the following calculated values: 

1)  Calculated value Sp, depending 
1

Sλ  and 
2

Sλ , i.e. 

( )
21

S,SfS 1p λλ= ; 

2)  Calculated value βp, depending on 
1λ

β  and 
2λ

β , 

i.e. ( )
21

S,Sf2p λλβ = ; 

3)  Calculated value δp, depending on 
1λ

δ  and 
2λ

δ , 

i.e. ( )
21

S,Sf1p λλδ = ; 

4)  Calculated value length λp, defined or on δp or on βp: 
5)  λ3 is the third main wave length, where the third 

main calculation (measurement) S3 takes place; 
6)  D2 is the operator of λ3 change; 
7)  D3 is the operator of the operations carrying out 

under the exit values D1 and D2 for the calculation of the 
found value X. 
The algorithm of the three-wave measurer working has 

the different form at the carrying out of the COC 
measurements in the dependence on the concrete given aim. 
That’s why it is needed to consider the tasks, which are 
solved by the three-wave method step by step. 

  The algorithm of the three-wave COC measurer working 
generally has the following form (fig.1). 

 
Fig.1. Common algorithm of three-wave oozonometric     
          measurements. 
  By words, the algorithm of the device working can be 

expressed in the form of the following consequence of the 
carried out operations: 

1)  Carrying out of the measurements Si on λI (i=1,2,3) 
2)  Applying of D1 to S1 and S2 
3)  Applying of D2 to S3 
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4)  Applying of D3 to the exit values D1 and D2 
  The private algorithms of the device are differ from the 

general algorithm, i.e. in this case operators D1, D2, D3 have 
the concrete mathematic meaning. 

 
1. USING OF THREE-WAVE METHOD FOR THE  
     DECREASE OF THE AEROSOL ERROR. 
 
As it is known [1], the relative aerosol error in the two-

wave ozonometer is calculated as  
 

( )
( ) X

%100
%100

X

XX

αα
δδ

′−
⋅′−

=⋅
′−

,             (2) 

 
where the first three of parameters (X, δ, α) are equal to the 
wave length л1, but second three parameters (X’, δ’ α’) are 
equal to the wave length λ2. 

  The operator D1 for the three-wave ozonometer has the 
meaning of the following consequence of the mathematic 
operations 

                             D1=M⋅R 
 

where M is multiplication operation; R is       
The operator D2 in the given case has the shift meaning 

S3(λ3) till the value ( )333 λλ ∆±′S . 
  The cases, when the applying of D2 isn’t necessary, are 

possible. The operator D3 in the given case has the meaning 
of the fission and logarithmic of the D1 and D2 results. 

  Thus, the algorithm of the three-wave ozonometric 
measurements with the aerosol error compensation has the 
form (fig.2). 

 
Fig.2. The algorithm of three-wave ozonometric measurements  
          with compensation of aerosol component. 
In the device in the given case the equality 

3λ
δ and 

pλδ , 

where 
pλδ  is the aerosol density of the considering to the 

calculated wave length λp, takes place. 
  As it was mentioned earlier, λp can be defined on the 

base λ1  and λ2 , on the dependence δ(λ) or on dependence 

β(λ) (in the dependence on the given aim). In the considered 
case     

D1=M⋅R , 
 

where M is the multiplication operation; R is λp is calculated 
by the formulae  

 

2
21 λλλ +

=p  
 

Moreover, ideally the condition λ3 =λp should be kept. 
However, there are set of reasons, because of which 

pλλ δδ ≠
3

. They are: 

1)  Error of λp calculation 
2)  Error of δ(λ) nonlinearity. 

  For the clearing of the given error, the measurer 
algorithm is changed by the way of the input of the operator 
R (fig.3) regulation possibility. 

 
Fig. 3. Correction of error by the way of R* regulation. 
 
The meaning of that correction is in the some shifting of 

λp, in order to obtain 
pλλ δδ =

3
. 

Such correction also can be obtained by the shifting of λ3, 
however this would need the applying of set of filters with 
the nearest pass bands (set of bands), that is connected with 
the technical difficulties. 

 
2. EFFECT OF FULL COMPENSATION OF SUM 
ERROR IN THE THREE-WAVE OZONOMETER. 
 
As it was also mentioned, the full error of the two-wave 

ozonometer at the absence of the external impurity in the 
atmosphere is calculated by the formulae (2). In general case  
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( ) ( )δχβχχ 21 +=Π        , 
 

where χΠ is the full error of ozonometer; χ1(β) is error 
component  because of the scattering of pure atmosphere; 
χ2(β)  is error component because of aerosol influence. 

The common conception of the mutual compensation of 
components χ1(β) and χ2(β) is in the such choose of the 
calculated wave length λp, that χ1 and χ2, calculated on the 
results of measurements in λ3 and λp, would have the 
opposite signs and equal values on the absolute value. For the 
achieving of the given condition, the two ways can be used: 

1) The regulation of operator R*, i.e. the regulation in the 
calculated device, in the result of which λp will be differ from 

2
21 λλ +

on the value ±∆λ*, i.e. *21

2
λλλλ ∆±

+
=p  

2) λ3  regulation by the way of using of many optical 
filters with the band in nii ,1;3 =λ . However, as it was 

mentioned earlier, this way unpractical and too difficult.  
Block is circuit of algorithm working of device is shown 

on the fig.4. 
 

 
Fig.4. Block is circuit of algorithm of working of device.  

 
The condition of practically full mutual compensation of 

error components χβ and χδ can be expressed by the 
following way: 

                        

δβ χχ =  

or 
 

             ( ) ( ) 1
**

3
**

3 mm pp βλδβλβ −=−   .      (4) 

 
Thus, the meaning of the full compensation of sum error 

of three-wave ozonometer is in the carrying out of regulation 
*
3λ  or *

pβ  with the aim of the carrying out of the condition (4). 

Let’s give the graphic interpretation of the mutual 
compensation of the above considered error components.  

 

( ) 0
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Fig.5. The graphics of dependencies βλ and δλ on wave length λ. 

 
The graphics of the dependencies βλ and δλ  on the wave 

length λ are shown on the fig.5. Taking into consideration 
m≈m1, effect of the mutual compensation from the graphic 
statements can be expressed by the following way: 

 
           pp δδββ λλ −=−

33
, 

 
where 

3λ
β  is the value of reley scattering of atmosphere on 

the wave length λ3; 3λ
δ is aerosol optical density on the 

wave length λ3; βp is the calculated value of β component, 
calculated on the curve β(λ) , from the condition 

2
21 λλ ββ

β
+

=p ; δp is the value of δ component on the 

calculated wave length 
δ

λp , calculated on the curve δ(λ) 

from the condition 
2

21 λλ δδ
δ

+
=p . 

  In the end we note, that revealed additional possibilities 
of later increase of the three-wave ozonometer clarity are 
realized by the famous technical means and don’t present any 
difficulty in the practical realization plan. 

 



ФИЗИКА                                                         2004                                                      ЖИЛД X №1,2 
[1] G.P. Gushshin, N.N. Vinogradov. Summarniy ozon v 

atmosphere. Leningrad, Gidrometeoizdat, 1983. (in 
Russian).  

[2] Polojitelnoye resheniye № а20030134 ot 23.06.03 o  

[3] vidache Patenta Azerbaijanskoy Respubliki na izobre-
teniye “Tryekhvolnoviy ozonometr”avtorov: Kh.G. 
Asadova, A.A. Isayeva. (in Russian). 

 
 

    
Щ.Щ. Ясядов, М.М. Ялийев, А.А. Исайев  

 
ЦЧДАЛЬАЛЫ ОЗОНОМЕТРИК ЮЛЧМЯЛЯРИН ЦМУМИ НЯЗЯРИЙЙЯСИ 

 
"Цчдальалы озонометрик юлчмялярин цмуми нязяриййяси" мягалясиндя атмосфердя озонун цмуми мигдарынын юлчцлмяси цчцн 

истифадя едилян Добсон спектрофотометринин цчдальа модификасийасынын ъям юлчмя хятасынын там компенсасийасы имканынын нязяри 
мцмкцнлцйц эюстярилмишдир. Юлчмя гурьусунун иш алгоритми вя компенсасийа шяртляринин нязяри ясаслары верилмишдир 

 
 
 

Х.Г. Асадов, М.М. Алиев, А.А. Исаев 

ОБЩАЯ ТЕОРИЯ ТРЕХВОЛНОВЫХ ОЗОНОМЕТРИЧЕСКИХ ИЗМЕРЕНИЙ 
 

В статье "Общая теория трехволновых озонометрических измерений" показана теоретическая возможность почти полной 
компенсации суммарной погрешности измерения трехволнового озонометра, используемого для измерения общего содержания 
озона в атмосфере. Приведен алгоритм работы устройства, дано теоретическое обоснование условия компенсации. 
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THE UNIVERSAL INTERCOMMUNICATION AND MUTUAL CAUTION 
OF THE CRYSTAL PROPERTIES 

 
N.A. ABDULLAYEV 

The Institute  of Physics of NAS of Azerbaijan,  
Baku Az - 1143, av. Javid, 33. 

 
In the present paper the intercommunication, interaction and mutual caution of the main five crystal properties are discussed. On the 

example of the real physical laws it is shown, that these intercommunication, interaction and mutual caution are observed clearly and 
revealed. 

 
It is known, that the dialectical approach to the nature 

perception proposes, that non effect can’t be understood, if it 
takes in the isolate form, out of the connection with the 
surrounding phenomena. The dialectics considers the nature 
not as the accidental accumulation subjects, separating, 
isolating and independent from each other, but as the unit 
ones; where subjects and phenomena are connected with 
each other organically, depend and cause each other. In the 
above mentioned context, the physical phenomena and 
physical crystal properties aren’t the exception. Moreover, 
the thermodynamical development, addition of the 
thermodynamical principles to the reversible processes has 
revealed, that for every from the physical effects, connecting 
these or that physical properties, the reversible effects should 
exist. For example just in 1887, the electrocaloric effect, 
reversible to the pyroelectric one, was predicted by Calvin on 
the base of thermodynamics. Analogically, firstly the 
existence of the inverse piezoelectric and many other effects 
was theoretically predicted, later it was experimentally 
proved. 

 
Fig.1. 
 
Earlier the attempts of the circuit considering of the set of 

physical crystal properties in their interaction and mutual 
caution were considered. For example, the Heckman triangle, 
described in the famous book of J.Nai in details and Kedy 
tetrahedron exist, with the help of which the authors show 
clearly the intercommunication, interconnection and mutual 
caution of three (mechanical, heat and electric properties) [1] 
or four (mechanical, heat, electric and magnetic properties) 
[2] of the main physical crystal properties. In the present 
paper, the pyramid is given by author (fig.1), with the help of 
which the interconnection, interaction and mutual caution of 

the five main physical crystal properties - mechanical heat, 
electric, magnetic and optical ones. On the coincidence that 
the experiments were carried out by the  author of present 
paper and the mechanical (Grunaisen parameters and elastic 
constants) [3], heat (heat expansion and heat conduction) 
[4,5], electric anisotropy of electric conduction and jump 
conduction), [6], galvanomagnetic (Hall effect and 
magnetoresistance) [7], and optical (the influence of the 
uniaxial deformation on the exciton energetic position in the 
absorption spectrums) [8] crystal properties were studied. 
Therefore, in all cases the temperature dependencies of 
physical characteristics - from the helium temperatures till 
room temperatures were investigated.  

In the vertexes of the given pyramid (fig.1), 
characterising the intercommunication, interaction and 
mutual caution of five main physical crystal properties, the 
Rome numbers are dedicated: 

I - heat properties 
II - electric properties 
III - optical properties 
IV - magnetic properties 
V - mechanical properties 
It is need to note the several peculiarities of the given 

pyramid. The first peculiarity is the presence in the vertexes 
of so-called main effects, inherent to each of physical 
properties. The main effects are expressed by the very simple 
ratios (line and one-argument functions) mathematically, but 
in the different forms. For example, in scalar form - heat 
(∆Q=C∆T) and optical properties (Plank formulae E=hv), in 
vector form - electric( ED

vr
ε= ) and magnetic ( HB

rr
µ= ) 

properties, in tensor form - elastic properties (Guk law 
σik=ciklmulm). In these main effects the intercommunication 
between action of the external “forces” is revealed, in role of 
which are temperature change ∆T, frequency v, strengths of 
electric E

r
 and magnetic H

r
 fields, voltage σik and crystal 

reaction, which are quantity of heat ∆Q , energy E, electric 
H
r

 and magnetic B
r

  inductions, deformation uim, 
accordingly. 

The second peculiarity is the fact, that all physical effects 
in crystals, characterising this or that physical crystal 
property reveale, interact between each other and are 
described with the help of the fields, theoretically. Heating 
the crystal in the definite place, we create the temperature 
gradient or temperature field. The electric and magnetic 
properties of the compounds are revealed especially with the 
help of electric and magnetic fields. The light is optical 
radiation presenting itself the electromagnetic field. Giving 
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the some mechanical action on the crystal, we create the field 
of the mechanical stresses in the crystal. 

Third, by the number, but not by the importance, 
peculiarity is interconnection and mutual caution of physical 
properties and effects, that show the mutual direction of the 
communications in the pyramid (fig.1). For example, the 
communication of the heat I and electric properties II is 
mutual. From the one side (the direction of the pointer 1), the 
temperature change in the crystal can be followed by the 
electric induction (pyroelectricity) or electric current 
(thermoelectricity, Zeebek effect), that is caused the 
existence and change of the electric resistance, but from the 
other side (pointer 2) - the existence of the effects of heat 
generation or absorption, caused by the electric field 
(electrocaloric Jouel-Lenz effect, Peltye effect). The 
communication of the heat I and optical III properties is also 
mutual. As it is known, the heat bodies radiate (heat 
radiation) – pointer 3 and vice versa of optical pyrometers is 
based on the effect of the heat radiation influence – pointer 4. 
The intercommunication of the electric II and magnetic IV 
properties is also mutual (pointers 5, 6) and are described by 
the well known Maxwell equations, and galvanomagnetic 
and other effects also. The communication of the optical III 
and magnetic IV properties is also mutual - in the magnetic 
field (pointer 7) is the rotation of polarization plane of the 
transmitted beam (Faradei effect) and the rebuilding of the 
atom energetic levels (Zeeman effect), from the other side the 
light is the electromagnetic wave with the magnetic field 
component of the electromagnetic field. The physical 
properties are also mutual, being on the diagonal of the 
pyramid base I and IV, and II and III also. For example, the 
temperature dependence of the magnetic susceptibility 
(Curie-Lanjevena law) or the existence of Curie point in the 
ferromagnetics - pointer 9 and the effect of the obtaining of 
the ultralow temperatures by the technique of adiabatic 
demagnetization or the effect of the temperature gradient 
appearance, perpendicular to the magnetic field and electric 
current (Ettingshausen effect) - pointer 10. The photoelectric 
effects in the crystals (photoeffect, photoconduction and 
others) – pointer 11 and from the other side, electrooptical 
effects, acts of light absorption and radiation, rebuilding of 
the energetic levels under electric field action (Stark effect) – 
pointer 12.  

The fourth peculiarity is that circumstance, that in the 
vertex of pyramid the mechanical properties are situated- V. 
This is evidence to the fact, that the character sizes of the 
crystal, parameters of the crystal lattice are the more sensitive 
characteristics, mostly defining its crystal properties. The 
essential role of deformation effects in the layered crystals 
was described in the review [9]. The interconnection and 
mutual caution of mechanical V and other physical properties 
are shown on the fig.1. Heating the body is caused by its 
deformation as a result of the thermal expansion effect 
(pointers 14), and vice versa, the elastic adiabatic 
deformation of the crystal is caused by change of its 
temperature - so-called thermoelastic effect (pointer 13). The 
set of the crystals crystallise at the deformation (piezoelectric 
effect) - pointer 15, and vice versa, the polarization under 
electric field action is caused by the mechanical deformations 
of the crystal (so-called inverse piezoelectric effect or 
electrostriction effect, differ from it) - pointer 16. The light 

gives the mechanical pressure (Stoletov experience), under 
the light action the elastic properties of the crystal change 
(photoelectric effect) – pointer 18, but from the other side 
under deformation action the index of substance refraction 
changes (piezoelectric or photoelectric effect), the rebuilding 
of the energetic levels takes place (deformation potential 
theory) – pointer 17. The sizes of the magnetic substance 
change at the magnetization (so-called the magnetostriction 
effect) – pointer 20, and vice versa, the magnetic state of the 
crystal changes at its deformation (piezomagnetism, 
magnetoelastic effect) – pointer 19.  

The practical treasure of the above mentioned pyramid 
circuit of the intercommunications of the physical properties 
and effects is that firstly all possible ways of the interactions 
and interdependencies are clearly seen at the considering any 
physical functional dependence. For example, as it is known, 
the temperature change of the forbidden band width in the 
semiconductors is caused mainly by two factors: electron-
phonon interaction and deformation of crystal lattice. In the 
given pyramid circuit (fig.1) this transition from the heat 
properties I to the optical ones III takes place with the help 
of the more two ways, besides the direct way - heat radiation 
(pointer 3): on the pointer 1 (intrinsic interaction of electron 
and phonon), later on the pointer 12 (act of the phonon 
absorption with small energy) or on the pointer 14 (heat 
deformation of the crystal lattice as a result of the thermal 
expansion), later on the pointer 17 (rebuilding of the 
energetic spectrum with the help of deformation potential). 
The induction effect at the temperature change (transition 
from the heat properties I to the electric ones II) can be done 
or by direct way on the pointer 1 (pyroelectric effect), either 
by indirect way on the pointer 14 (heat deformation of the 
crystal lattice as a result of the thermal expansion), later on 
the pointer 15 (piezoelectric effect). 

Secondly, from the given circuit it is seen, that besides 
the direct way of the interaction, the other side ways of 
physical process are possible. This leads to the appearance of 
the “false” effect, besides “true” one. Therefore, in several 
cases the “false” effect can be higher in several times, than 
“true” effect. For example, we can mention the above 
mentioned pyroelectric effect. The “false” pyroelectric effect, 
caused firstly by the mechanical deformation at the 
temperature change (i.e. thermal expansion, pointer 14) with 
the latest electric induction as a result of the mechanical 
deformation (piezoelectric effect, pointer 15) is possible 
besides the “true” pyroelectric effect, which is the electric 
induction effect at the temperature change (pointer 1). 
Analogically we can say about “true” and “false” effects of 
the thermal expansion in the piezoelectric crystals. The “true” 
effect is caused by the crystal deformation at the temperature 
change (pointer 14), but “false” effect is caused firstly by the 
electric induction appearance at the temperature change 
(pyroelectric effect, pointer 1) with the following later 
mechanical deformation (inverse piezoeffect, pointer 16).  

It is need to add, that in the case of the solids it is need to 
distinguish the heat conductivity at the constant voltage and 
the heat conductivity at the constant deformation or elastic 
constants at the constant temperature (isothermic) and at the 
constant entropy )adiabatic). Thus, taking into consideration 
the above mentioned, at the considering of the values of that 
kind it is need to clarify also if the electric field and 
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polarization should be constant. As the alternating 
mechanical stress, so the electric alternating field as a result 
of the electrocaloric effect leads to the quantity of heat 
change. 

Thus, in the present paper the intercommunication, 
interaction and   of the main five physical crystal properties 

are shown on the example of the real physical effects. The 
given pyramid circuit more fully shows the functional 
dependencies of crystal physical values and allows to 
establish the presence of the “false” physical effects.
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ÊÐÈÑÒÀËËÀÐÛÍ ÔÈÇÈÊÈ ÕÀÑÑßËßÐÈÍÈÍ ÖÌÓÌÈ ÃÀÐØÛÐÛÃËÛ ßËÀÃßÑÈ 

Âß ÃÀÐØÛÐÛÃËÛ ØßÐÒËßÍÌßÑÈ 
 

Ìÿãàëÿäÿ êðèñòàëëàðûí áåø ÿñàñ ôèçèêè õàññÿëÿðèíèí ãàðøûðûãëû ÿëàãÿñè, ãàðøûðûãëû òÿñèðè âÿ ãàðøûðûãëû øÿðòëÿíìÿñè ìöçàêèðÿ îëóíóð. Êîíêðåò 
ôèçèêè ãàíóíëàðûí ìèñàëûíäà ýþñòÿðèëìèøäèð êè, áó ãàðøûðûãëû òÿñèð, ãàðøûðûãëû ÿëàãÿ âÿ ãàðøûðûãëû øÿðòëÿíìÿ äÿãèã íÿçÿðÿ ÷àðïûð âÿ þçöíö 
ýþñòÿðèð.   
 

Н.А. Абдуллаев 
 

ВСЕОБЩАЯ ВЗАИМОСВЯЗЬ И ВЗАИМООБУСЛОВЛЕННОСТЬ 
ФИЗИЧЕСКИХ СВОЙСТВ КРИСТАЛЛОВ 

 
В настоящей статье обсуждается взаимосвязь, взаимодействие и взаимообусловленность основных пяти физических свойств 

кристаллов. На примере конкретных физических законов показано, что эта взаимосвязь, взаимодействие и взаимообусловленность 
чётко отслеживается и проявляется. 
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In the paper the results of researches processes of complex purification of sewage with application of electrical discharge effect. It is 
shown that application of electrical discharge barrier type and ozonizing significantly raises the efficiency of adsorptive clearing of sewage 
from impurities. Offered method represents the very promising purification technology for  industries’ sewage. 

 
In conditions of a snowballing of various industries 

problems of water reclamation as means of conservation of 
water resources, sewage purification and ordering of water 
consumption at the factories are actual for today and demand 
the urgent solution. Sewage of the various industrial factories 
contain suspended matters in the composition - calcium, 
magnesium, sodium+kalium, hydro carbonates, carbonates, 
sulfates, chlorides, ammonia (on nitrogen), nitrates, nitrites, 
phosphorus, mineral oil, organic compounds (including 
phenol), ions of metals, salts of barium, bismuth, strontium, 
iron, zinc, aluminum, titanium, kalium. In some events 
sewage appear is radioactive infected, contain in the 
composition heavy atoms of iodine and other impurities 
which getting as the waste in reservoirs or ground, pollute 
them and intoxicates living and vegetable organisms.  

Presence of an affluent spectrum of impurities in sewage 
demands development of qualitatively new purification 
processes providing hard ecological requirements. 

Most of cleaning technique of waste waters now is are 
periodic, multiphase processes having series of an essential 
limitation. The basic key defect existing methods is that with 
the purposes of clearing waste water from admixtures there 
are used the contact them to acids, alkali and other reagents 
that clears water from admixtures, but at the same time 
remain in water and by that negatively effects on a nature. 

From put into practice cleaning technique of waste waters 
the adsorptive methods with use of solid natural adsorbents, 
have some advantages [1]. The adsorptive processes taking 
place at contacting a liquid with solid surface are widely used 
in a chemical industry and other branches of engineering. 
Availability of the adsorptive method, requirement of 
practice demand study of possibilities of the further 
application of the adsorptive processes, developing of control 
facilities by them during carrying out of processing steps.  

One of such control facilities is influence of electric fields 
and discharges on the adsorptive process [2-4]. Effectiveness 
of influence electric discharge on sorption processes is 
determined not only a possibility of control but also other 
advantages of electrical influence: a possibility of direct 
effect in passing sorption process, small power consumption 
and manufacturability. 

In the present work results of researches on sewage 
purification on the plastic manufacturing plant, the thermal 
electric station and gas processing factory and oil seam 
waters are given. 

The combined physicochemical methods of purification 
including reagent and adsorptive purifications at action of the 
ozone, the strong electric fields and discharges were used in 
processes [5].  

Experiments were carried out on samples of water, both 
taken immediately from a concrete industrial installation and 
synthetically prepared in laboratory conditions. 

Let's consider results on reagent purification of water 
from salts of hardness in conditions of action of electric 
discharge of barrier type. The offered purification method is 
carried out as follows. 

The water containing salts of hardness was treated by 
mixture consisting of 97 % weight Silicate of alkali metal, 
0,6 % weight Alcohol and 2,4 % weight Calcium chloride at 
environing temperature, and before compounding silicate of 
alkali metal was exposed by electric discharge. 

Action of electric discharge was carried out in the glass 
pot with the built - in electrode system formed the 
configuration of weak non-uniform electric field with 
dielectric barriers in an interelectrode interval. At the 
application to electrode system the sufficient value of 
alternating voltage there was an electric discharge of barrier 
type in the interelectrode interval. Silicate of alkali metal was 
passed with fixed velocity through an interelectrode interval 
in which the discharge was initiated. Laboratory experiments 
have shown that action of electric discharge during even 30 
seconds apparently increases effect of water purification by 
silicate of alkali metal. Therefore for optimization of process 
the reagent was exposed the discharge within (1-5) minutes. 
After treatment the water is fed on settling. The allocated 
sediment as gel was separated from solution by 
centrifugation.  

Purified water can be used in the industrial and technical 
purposes in a cycle of self-contained water service, and the 
sediment can be used for preparation the construction 
materials or fertilizing, or for the further processing. Action 
of electric discharge on the mixture’s basic component - 
silicate of alkali metal, considerably activates it that results in 
increasing of water purification velocity. As a result of faster 
sedimentation of salts of hardness the productivity of process 
increases. 

Besides the activation of silicate of alkali metal causes 
smaller specific expenses of the reagent that results both in 
reduction in price of purification   process, and to absence or 
sharp decreases of reagent traces in water. 

The mixture of composition, weight, treated the initial 
water with hardness, equal 200 mg.equ/l, incorporating the 
salts of barium, bismuth, strontium, iron, zinc, aluminum, 
titanium and kalium. %: 

   Silicate of sodium - 97 
           Alcohol - 0,6 
   Calcium chloride - 2,4 
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The mixture is introduced as 1,5 % of water solution. 
Thus silicate of sodium is not exposed to electric discharge. 

   

 
 

Fig. Principal electric scheme of discharge action at clearing 
           process 

 
The charge of mixture makes 70 g / m3. The processed 

water settled within 1,5 hours, then the allocated sediment 
was separated by centrifugation. As has shown analysis, 
purified water has zero hardness. In the following 
experiment, saving identical all requirements of experiment, 
before compounding carried out action of electric discharge 
on silicate of sodium at the voltage between the electrodes of 
16 kV (fig.). The average value of field intensity in a 
discharge gap of 4 mm was equal 40 kV/cm. Action of the 
discharge on a reagent carried out during 3 minutes. In the 
given experiment the charge of an mixture made 50 g / m3, 
and the processed water was settled within 1 hour, then the 
sediment was separated. Purified water also had zero 
hardness. 

From comparison of results it is visible, that action by 
electric discharge on silicate of sodium gives an opportunity 
to reduce the charge of a reagent and to reduce the 

sedimentation time till 1 o'clock. The further experiments in 
this direction have shown, that the preliminary activation of 
silicate of alkali metal by means of electric discharge results 
in the considerable expansion of cleared impurities 
assortment in water, such, as mineral oil, organic compounds 
(including phenol), ions of metals. 

In work researches of clearing processes with use of 
ozone actions are carried out. Results of researches have 
shown that ozone is effective at clearing of the various 
factories sewage from such bonds, as ethylene amine, 
ammonia, polyesters, sulfur-containing bonds, etc. 

In an event of application of ozone during sewage 
clearing, besides a direct effect of a disinfecting of water, the 
positive side effect, the bound with sharp decrease of 
sedimentations on the walls of pipelines and reactors is 
observed still. Results of work can be the useful at polymeric 
materials manufacturing, for a wood pulp and paper industry, 
for the slate factories, in dyeing business, a dry-cleaner, etc. 
Ozonization is an efficient method of deodorization of water 
polluted by mineral oil. At ozonization of the water keeping 
mineral oil in concentration 1 mg/l, i.e. approximately in 10 
times is higher than their threshold on an smell, the complete 
deodorization of water was observed as a result of 3-5 minute 
treatment by ozone dose of 3 mg/ l. 

By researches it fixed, that use of actions of electric 
discharges in various gaseous environments allows increasing 
efficiency of the adsorptive methods of sewage purification 
essentially. 

In work as adsorbents Silica Gel of КСМ mark, synthetic 
zeolites and natural zeolite of Ay-Dag deposits (Azerbaijan) 
were used. 

On the basis of obtained results, in dependence on 
impurities composition of initial water, some alternatives of 
clearing processes that are successfully tested in laboratory 
conditions are offered. Some results have been tested and 
introduced in the relevant industrial factories.
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ÒÓËËÀÍÒÛ ÑÓËÀÐÛÍ ÒßÌÈÇËßÍÌßÑÈ ÏÐÎÑÅÑËßÐÈÍÄß ÅËÅÊÒÐÈÊ ÑÀÙßËßÐÈ Âß 

ÁÎØÀËÌÀËÀÐÛÍÛÍ ÒßÒÁÈÃÈ 
 

Ìÿãàëÿäÿ åëåêòðèê áîøàëìàëàðûíûí òÿñèðè âàñèòÿñèëÿ òóëëàíòû ñóëàðûí àäñîðáñèéà öñóëó èëÿ òÿìèçëÿíìÿñèíèí òÿäãèãèíäÿí ÿëäÿ åäèëìèø 
íÿòèúÿëÿð âåðèëìèøäèð. Ýþñòÿðèëìèøäèð êè, àðàêÿñìÿëè åëåêòðèê ãàç áîøàëìàñûíûí âÿ îçîíëàøìàíûí òÿñèðè òóëëàíòû ñóëàðûí àäñîðáñèéà öñóëó èëÿ 
òÿìèçëÿíìÿñèíèí åôôåêòèâëèéèíè íÿçÿðÿ ÷ÿðïàúàã äÿðÿúÿäÿ éöêñÿëäèð. Òÿêëèô îëóíàí öñóë ñÿíàéå òóëëàíòû ñóëàðûí òÿìèçëèíìÿñè òåõíîëîýèéàñû 
ö÷öí ÿùÿìèééÿò êÿñá åäèð. 
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ЭЛЕКТРИЧЕСКИЕ ПОЛЯ И РАЗРЯДЫ В ПРОЦЕССАХ  
ОЧИСТКИ СТОЧНЫХ ВОД 

 
В статье приводятся результаты исследований процессов адсорбционной очистки промышленных сточных вод с 

использованием воздействия электрического разряда. Показано, что использование воздействия электрического разряда барьерного 
типа и озонирования значительно повышает эффективность адсорбционной очистки сточных вод от примесей. Предлагаемый 
метод представляет интерес для технологии очистки промышленных сточных вод. 
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HOMOGENEOUS PHASES OF TlInS2-TlCoS2 and TlGaSe2-TlCoS2 SYSTEMS 
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The interaction in the quasi-binary systems TlInS2-TlCoS2 and TlGaSe2-TlCoSe2 has been studied. The regions of the homogeneous 
phases in these systems are revealed. In the temperature interval 77-400K the dielectric properties of TlInS2, TlgaSe2 and magnetic and 
electric properties TlCoS2, TlCoSe2 also have been investigated. The experimental results showed, that TlInS2. TlGaSe2 are ferrooelectrics, 
TlCoS2 is ferrimagnetic-semimetal, TlCoSe2 is ferrimagnetic-metal. The coexistence of polar and magnetic order in the crystals TlIn1-xCoxS2 and TlGa1-

xCoxSe2 is proposed. 
 
1. Introduction 
 
The triple disulfides and diselenides of thallium with the 

common crystalchemical formulae TlMeX2 (where Me=Ga, 
In, Cr, Fe, Co; X=s, Se) presents themselves the wide class of 
the strong -anisotropic (layered, chained) compounds with 
the physical properties , having practically all investigation 
range in the modern region, of condensed state. Between 
them are semiconductors (for example, TlGaS2) [1,2] 
ferroelectrics - semiconductors TlInS2, TlGaSe2 [3÷6], 
ferromagnetic substance (TlCrS2, TlCrSe2) [7,8], 
ferrimagnetic substance (TlCoS2-semimetal, TlCoSe2-metal) 
[9], antiferromagnetic substance-semiconductors (TlFeS2, 
TlFeSe2, TlMnS2, TlMnSe2) [10-12], disorder structures 
(TlInS2, TlGaSe2) [3-6, 13] and e.t.c. Moreover, each of the 
components can be in the different phase states in the 
dependence on the temperature, hydrostatic pressure and 
defection degree, and transfer from one phase state to another 
(in respect of TlInS2, TlGaSe2, see refs [14-17]). However, 
the most interest and important from the scientific point of 
view is the possibility of the purposeful variation of the 
factual chemical composition of above mentioned 
compounds with the aim of the obtaining in the one crystal 
the state, of the coexistence of the polar and magnetic order 
(ferromagnetic substance). 

 
2. Phase diagrams of TlInS2-TlCoS2 and TlGaSe2- 
    TlCoSe2 systems. 
 
For the solving of the given physical problem it is need to 

identify the solubility intervals in the ferroelectrics TlInS2, 
TlGaSe2 of above mentioned magnetic substance. The 
polythermal cuttings of TlInS2-TlCoS2 and TlGaSe2-TlCoSe2 
have been investigated by us by the method of the 
differential-thermal; analysis (DTA).  

For the construction of phase diagram of TlInS2-TlCoS2 
the 14 compositions had been prepared. The initial phases of 
TlInS2 and TlCoS2 were synthezed by the forward melting of 
the elements, suspended in the stoichiometric ratio, in 
vacuum quartz ampoules, having the residual pressure 1,3⋅10-

2 Pa. The phase synthesis mode, suspended in the 
equimolecular ratio on the base of the initial triple 
compositions, already done in the fine-disperse state, was 
chosen with the orientation of the melting point of TlInS2 
(1050K) and TlCoS2(690K). The quartz ampoules with the 
compounds were done the vacuum ones, after that put into 

furnace, heated higher than melting points of the initial 
compositions and kept at this temperature during 6-7 hours. 
The synthesized alloys for the homogenization are annealed 
during 27 days at 700K in the case of alloys, enriched by In 
and during 29 days at 460K, in the case of alloys, enriched 
by Co. The annealed alloys were investigated by the DTA 
method, which was carried out on the device NTR-73, 
allowing to fix the temperatures of phase transformations 
with exactness ±10K. The heating velocity was 2-4K/min. 
The temperature was controlled by Pt-Pt/Rh-thermocouple, 
measured on reference substances in the interval 430÷1560K.  

The phase diagram of system state TlInS2-TlCoS2, 
constructed on DTA results is represented on the fig.1. This 
system is quazibinary of the eutectic type with wide regions 
of solid solutions on the base of TlInS2 and TlCoS2, reached 
till 35 mol%. The eutectic melts at 400K and has the 
composition (TlInS2)0,5 and (TlCoS2)0,5. 

 
Fig.1. The phase diagram of the system TlInS2-TlCoS2. 

 
For the construction of phase diagram of state TlGaSe2-

TlCoSe2 was prepared the 13 compositions. The triple 
compounds TlGaSe2 and TlCoSe2 were synthesized in the 
vacuum quartz ampoules (the residual pressure 1,3⋅10-2Pa) by 
the element allowing, suspended in the stoichiometric ratio. 
The phase synthesis mode, suspended in the equimolecular 
ratio on the base of the initial triple compounds, already done 
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in the fine-disperse state, was chosen in the orientation of the 
melting points of TlGaSe2 (1080K) and TlCoSe2(650K). The 
quartz ampoules with the compositions were done the 
vacuum ones, after that put into furnace, higher than melting 
points of the initial compounds and kept during 5-6 hours at 
this temperature. The obtained alloys for the homogenization 
were annealed during 23 days at 810K in the case of the 
alloys, enriched by Ga and - 25 days at 520K in the case of 
alloys, enriched by Co, after that investigated by DTA 
method. 

 
Fig.2. The phase diagram of the system TlGaSe2-TlCoSe2. 

 
The phase diagram of the system TlGaSe2-TlCoSe2, 

constructed on DTA results, is given on the fig.2. This 
system is quazibinary of the eutectic type. The eutectic melts 
at the temperature 610K and has the composition 
(TlGaSe2)0,69(TlCoSe2)0,31. In the left part of the diagram 
between eutectic point and TlGaSe2 at 300K appear the solid 
solutions on the base of TlGaSe2 with the dissolution of 
TlCoSe2 till 14mol%. In the right part of the diagram 
(between eutectic point and TlCoSe2) appears the simple 
eutectic. 

 
3. The preparation of the samples and the 

experimental techniques. 
 
For the investigation of the temperature dependence of 

the dielectric constant (ε(T)) of the layered crystals TlInS2, 
TlGaSe2, the samples in the form of the plates of polar cut, 
catted from the monocrystal ingots of the both compounds, 
grown by the modificated method by Bridgemen-
Stockbarger, were used. In the capacity of the electrodes the 
silver paste was applied. ε(T) of TlInS2 and TlGaSe2 were 
measured with the help of the alternating current bridge on 
the frequency 1kHc. 

The temperature dependence of the magnetic 
susceptibility (χ(T)) of the magnetic substance TlCoS2, 
TlCoSe2 was investigated by Faradei method on the 
magnetoelectric scales.  

The temperature dependences of the electric 
conductivity (σ(T)) and thermoelectromotive force (S(T)) of 
TlCoS2, TlCoSe2 were investigated by the tetrazond 
compensated method. The samples for the measurements 

had the form of parallelepiped with sizes 7,15⋅4,86⋅2,06mm3 
(TlCoS2) and 9,72⋅4,85⋅2,37mm3 (TlCoSe2). The Ohmic 
contacts were created by the way of the electrodeposition of 
cuprum on the edges of the samples. 

The investigations were carried out in the temperature 
interval 77-400K in the quazistatic mode, moreover the 
velocity of temperature change was 0,2K/min. During the 
measurements the samples were inside of the nitrogen 
cryostat and in the capacity of the temperature gauge the 
differential cuprum-constantan, the thermojunction of which 
was stationary fixed on the crystalokeeper near the sample, 
was used. The supporting thermojunction stabilized at the 
temperature of the thawing ice. 

 
4. The experimental results and their discussion. 
 
The temperature dependence of the dielectric constant 

TlInS2, measured at the atmosphere pressure given on the 
fig.3. As it is seen from the figure, the curve ε(T) is 
characterized by the set of anomalies in the maximum forms 
at 206,3K and 202,4K and the existence of the some 
bending in the neighbourhood 201K, also. As it is known, 
the layered crystal TlIn S2 with the temperature decrease at 
the atmosphere pressure has the complex consequence of 
the structural phase transitions (PT), including the PT in the 
noncommensurable(NC) and the commensurable© 
ferroelectric phases [3-6]. The initial paraelectric phase 
TlInS2 is characterized by the space symmetric group (Ssg) 

6
h2C  PT in NC -phase connects with the soft water 

condensation (at Ti=216K) in the Brillyoin band point with 
the wave vector ik

r
=(δ; δ; 0,25), where δ is the 

noncommensurable parameter [13]. At Tc~201K the δ value 
transforms by jump in the zero and the crystal TlInS2 
transfers in the no intrinsic ferroelectric (vector of 
spontaneous polarization is situated in the plane of layer) C-
phase with the wave vector ck

r
=(0; 0; 0,25) [13-17].  

 
Fig.3. The temperature dependence of the dielectric constant  
           of TlInS2. 
 
Comparing our results with data, given in [3-6,17] one 

can conclude that curve ε(T) of the investigated crystal 
strongly differs from the analogical curves, given in the 
literature, as by the number of anomalies, so by their 
temperature states. Let’s note, that the color of the 
investigated sample TlInS2, differed by orange shadow, 
whereas crystals of TlInS2, chosen from the different parties 
and investigated in the refs [3-6] on the color gamma had 
the different shadows of the yellow color. Taking into 
consideration the data of refs [15, 16] in which the strong 
sensitivity of the physical properties (PT temperature also) 
of the layered crystal TlInS2 to the impurity quantity in the 
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sample and to the defect degree of its crystal structure, is 
fixed so it can be proposed that observed by us anomaly on 
the curve ε(T) at 206,3K connects with PT in NC-phase, but 
at 202,4K - with PT in commensurable ferroelectric phase. 
Moreover, “bending”in the neighbourhood ~201K is the 
temperature interval of the remainder co-existence of the 
undistorted solutions of NC-phase and domains of the low 
temperature C-phase [3].  

 
Fig.4. The temperature dependence of the dielectric constant  
          of TlGaSe2. 

 
The temperature dependence of e of TlGaSe2, measured 

at the atmosphere pressure was given on the fig.4. As it is 
seen from the figure, the dependence curve ε(T) of TlGaSe2 
is characterised by the anomalies in the maximum form, 
connected with the phase transition points in the 
noncommensurable phase at T=117,2 and commensurable 
ferroelectric phase at Tc=114K. In the both crystals the 
temperature curve e in the paraelectric and ferroelectric 
phases is well approximated by Curie -Weiss law with the 
value of Curie constant ~103K. It is noted, that temperature 
state of the anomalies on the curve ε(T), and the value of 
Curie constant also TlGaSe2 are well agreed with the refs 
[5,18,20].  

 

 
Fig5. The temperature dependence of magnetic susceptibility 

of TlCoS2, TlCoSe2. 
 
The temperature dependence χ of the compounds 

TlCoS2 and TlCoSe2 is given on the fig.5. As it is seen from 
the dependence χ(T) for the both compounds has the 
parabolitic form, characteristic for the ferrimagnetic order of 
spin system, caused by the competing influence of two types 
of magnetic interactions-ferromagnetic substance (inside the 
layers) and antiferromagnetic substance (between layers).  

 
Fig.6. The temperature dependences of electric conductivity  
          (.) and thermoelectromotive force (0) of ferrimagnetic  
          semi-metal TlCoS2. 
 
The temperature dependence σ and S of ferrimagnetic 

TlCoS2 is given on the fig.6. As it is seen from the figure, σ 
decreases with the temperature increase from 77K. In the 
neighbourhood 113K on the curve σ(T) of TlCoS2 the 
bending is observed, caused as it is known from the 
literature of the ref [21], by the electron scattering on the 
spin nonhomogeneous, forming at the transition of the spin 
magnetic spin system from the magnetoordered state to the 
paramagnetic one. The decrease of the electroconduction of 
TlCoS2 is observed till ~250K, then б increases 
insignificantly in the interval 250÷325K. The later decrease 
of conduction ofTlCoS2 in the interval 325÷400K, connects 
with the achieving of the intrinsic conduction temperature of 
semi-metal TlCoS2. From the fig.6 it is seen that S(T) of 
TlCoS2 increases insignificantly in the temperature interval 
77÷113K, achieving its maximum value (2,42mkV/K) at 
~113K. After that with the increase of the temperature the 
change of the conduction type from p- till n-type is 
observed. Let’s note that temperature (~113K), at which on 
the dependencies σ(T) and S(T) of TlCoS2, the anomaly, 
close to the temperature Tc=112Kof phase transition of spin 
ferrimagnetic system TlCoS2 takes place from the 
magnitoordered state to the paramagnetic, defined in the ref 
[9], takes place. 

 
Fig.7. The temperature dependencies of the electric  
          conductivity (.) and thermoelectromotive force (0)  
          of ferrimagnetic metal TlCoSe2.   
The temperature dependences б and S of compound 

TlCoSe2 are presented on the fig.7. As it is seen from the 
figure, the curve σ(T) and S(T) of TlCoS2 has the metallic 
character in all investigated temperature interval. 

Thus, basing on the carried out investigations, we can 
prove that in the crystals TlIn1-xCoxS2(0<x<=0,35) and 
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TlGa1-xCoxSe2(0<=x<=0,14) the coexistence of the polar 
and magnetic order is possible, i.e. the changes of the 
dielectric constant of the ferroelectrics TlInS2, TlGaSe2 are 

possible from the applied electric and magnetic fields with 
the solubility of ferrimagnetic substance TlCoS2(till 
35%mol), TlCoSe2(till 14%mol) in them, correspondingly.
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TlInS2-TlCoS2 вя TlGaSe2-TlCoSe2. СИСТЕМЛЯРИНИН ЩАЛ ДИАГРАММАСЫ ВЯ  

ЩОМОГЕН ФАЗАЛАРЫНЫН МАГНИТОДИЕЛЕКТРИК ХАССЯЛЯРИ  
 

TlInS2-TlCoS2 вя TlGaSe2-TlCoSe2 квазибинар системляриндя гаршылыглы тясир юйрянилмишдир. Бу системлярдя щомоген фаза 
областлары ашкар олунмушдур. 77К÷400К температур интервалында TlInS2, TlGaSe2-нин диелектрик хассяляри вя щямъинин TlCoS2, 

TlCoSe2-нин магнит вя електрик хассяляри тядгиг олунмушдур. Тячрцби тядгигатлар TlInS2, TlGaSe2-сегнетоелектрикдир, TlCoS2 -
ферримагнетик- -йарымметалдыр, TlCoSe2 ися ферримагнетик-металдыр. TlIn1-xCoxS2 вя TlGa1-xCoxSe2 кристалларында полйар вя магнит 
низамланмасынын бирэя олмасы эюзлянилир.  

 
Р. К. Велиев, Мир-Гасан Ю. Сеидов, Э.М. Керимова, Ф.М. Сеидов, Р.З. Садыхов, А.И. Джаббаров 

 
ДИАГРАММА СОСТОЯНИЯ И МАГНИТОДИЭЛЕКТРИЧЕСКИЕ СВОЙСТВА 

 ГОМОГЕННЫХ ФАЗ СИСТЕМ TlInS2-TlCoS2 и TlGaSe2-TlCoSe2. 
 

Изучено взаимодействие в квазибинарных системах TlInS2-TlCoS2 и TlGaSe2-TlCoSe2. Выявлены области гомогенных фаз в 
этих системах. В интервале температур 77К÷400К исследованы диэлектрические свойства TlInS2, TlGaSe2, а также магнитные и 
электрические свойства TlCoS2, TlCoSe2. Экспериментальные результаты показали, что TlInS2, TlGaSe2 являются сегнетоэлектри-
ками, TlCoS2 -ферримагнетиком –полуметаллом, TlCoSe2 - ферримагнетиком – металлом. Предположено сосуществование поляр-
ного и магнитного упорядочения в кристаллах TlIn1-xCoxS2 и TlGa1-xCoxSe2. 
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EFFECT DEFORMATİON İN M1 TRANSİTİONS BETWEEN STATES WİTH  
DİFFERENT SHAPES 

 
M. GÜNER 1, E. GULİYEV 2 

1 Sakarya Univ.,Fac. of Science.and Art,  Dept. of Math., 54100 Mithatpasa-Adapazarı 
2 Institute of Physics, Azerbaijan National Academy of  Science, Baku, Azerbaijan 

 
In Random Phase Approximation (RPA), using the analytic properties of the nucleus transition matrix 

elements and by means of contour integrals and residue theorem, we obtain an analytic formula containing 
the dependence of deformation of the energy-weighted sum rule (EWSR) for the magnetic dipole 
transformations. Numeric calculations show that the transition probability between levels, which have 
different forms decreases sharply compatible with experimental data. 

 
Keywords: sum rules, transitions M1, Residue theorem 

and contour integrals. 
 
Microscopic nuclear models are successfully used to 

investigate the properties of nuclear collective excitations [1]. 
Approximate calculation methods are used to investigate the 
structure of nucleus within the framework of assumed 
models. In order to evaluate the success of used methods and 
nucleus models, the obtained results are compared with 
suitable experimental data. 

In quantum mechanics, the transition probability of the 
system from one state to the other is restricted to the sum 
rules which are independent from the model and subject to 
transitions matrix elements. The sum rules in nucleus physics 
are very important to finding parameters and understanding 
the reliability of used models [2]. Experimental reviews in 
heavy nuclei show that the theoretical values of sum rules of 
matrix elements of the electromagnetic transition parameters 
are greater by a factor of almost 1,5-2 than the experimental 
values corresponding to them. The reason for this 
disagreement between the theory and the experiments is not 
exactly explained. According to our hypothesis, the main 
reason of these disagreements is the change of nucleus shape 
caused by the transitions between different energy levels. It is 
experimentally known that in some nuclei, the velocity of 
transition between levels having different structure decrease 
[4,5]. 

While investigating the structure of nucleus, 
electromagnetic and β-transition probabilities play a very 
important role in determination of spin forces among 
nucleons in nucleus. For this reason, analytically calculating 
the sum rules for the transition matrix elements in levels, 
which have deformation parameters different from the ground 
state is very important.  

There are two types of sum rules: Energy-weighted sum 
rule and none energy-weighted sum rule and the energy-
weighted sum rule (EWSR) is widely used in the nucleus 
physics: 
 

∑
>

+ ><=><−
0k

2

0k 0]]M,H[,M[0
2
1

0|M|k)EE( . (1) 

 
Here energy Ek and wave function k  are eigenvalues 

and eigenfunctions of Hamiltonian operator of nucleus, 
respectively.  M is transition operator, E0 and  0  also 
denote the energy and wave function of the ground state, 

respectively. Since the right-hand side of the sum rule (1) 
does not contain the internal movement parameters of 
nucleus, this is independent from models and has constant 
values. On the other hand, since the left-hand side of the sum 
rule (1) contains wave functions and energy levels of nucleus, 
its values depend on models and used methods. Thus, the 
sum rule (1) is very important in investigating the structure of 
nucleus. In Ref. [6], assuming that the spin forces creates  1+ 
excitations in deformed nuclei, the Hamiltonian describing 
these levels can be expressed in the following form [6]: 

 
                                 στVHH sqp +=                         (2) 
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Here στV  and sqpH  denote isovector spin forces and 

quasi-particle Hamiltonian in the model of superfluid, 
respectively. Further, σ and τ are Pauli matrices which 
represent respectively spin and isotopic spin. All relations 
which are used and not explained all relations in this paper 
are similar to those in Ref. [6]. In RPA, the wave functions of 
1+  states can be viewed as single-phonon function:  

 

   ∑ −== ++

µ
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1

0Qk kk
k   (4) 

             
Where +

kQ  and 0  describe, respectively, phonon-
creation operator and phonon vacuum corresponding to the 
ground state in even-even nuclei. Our system has a discrete 
spectrum and the wave functions k  form complete set 
satisfying 1kk

k

=∑ . Thus, two quasi-particle 

amplitudes ψµ ve ϕµ corresponding to the operator Cµ and 
+
µC  are normalized as follows: 

 

                    ( ) k,i
kiki δϕϕψψ

µ
µµµµ =−∑  .                    (5) 

 
In order to find the eigenvalues and the eigenfunctions of 

Hamiltonian H, by solving the motion equation 
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    [ ] ++ =+ kkksqp QQ,VH ωστ                         (6) 
 

and using the well-known RPA procedure, dispersion 
equation for ωk roots which are energy of 1+ states is taken in 
the form: 

 
    ( ) 0)(F)(F1)(D k

p
kk

n
kk =++= ωωχω        (7) 

 
where 
 

2
k

2

22

kk

L
2)(F

ωε
σε

ω
µ

µµµ

µ

ττ

−
= ∑ ,    τ =n,p.        (8) 

 
Here εµ and σµ are quasi-particle energy of nucleons and 

single-particle matrix elements of the spin operator, 
respectively. Two-quasi particle amplitudes ψµ and ϕµ have 
the form:  
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On the other hand, since energies of the magnetic dipole 

1+ states are the solutions of the function D(ωi), we can write 
 

                        ( ) ( )ii D
1

Y ω
χ

ω ′=                         (12) 

where 

dz
)z(dD

D =′ . 

 
Due to the symmetry between the used spin-spin forces 

and magnetic dipole operator, the most characteristic quantity 
of the 1+ states is transition matrix elements M1 from ground 
state to all excited states in nucleus: 

 
                           0MkM k =                                   (13) 
 

where the magnetic-dipol operator is 
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Here τ

sg  and τ
lg  are the spin and the orbital 

gyromagnetic ratios of nucleons, respectively. By using  the 
wave function (4) and by means of (9) and (10), transition 

matrix elements of 1+ states from ground state to excited 
states can be expressed as 
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Here  jµ  denote the single-particle matrix elements of the 

angular momentum operator.  
Let us now generalize the sum rule in Eq. (1) for 

transitions between the ground and excited states which have 
different form. Let us suppose that shape of the excited state 
levels k  have different deformation from the ground state. 
After this, the quantities corresponding to excited states 
which have different form from the ground state are denoted 
by ~(tilda) over themselves. Also, by taking the fact that the 
excited level wave function 0Qi i

+=  in the ground state 
bases form a complete set into consideration, we obtain the 
generalized sum rule of Eq. (1) for different forms as follows: 
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Here iδ and kδ  are quadrupole deformation parameters 

characterizing the forms of the ground and excited states. The 
sum rules are successfully calculated in spherical nuclei. 
However, in the deformed nuclei, since the levels of the 
nucleus have high density, computing eigenvalues iω  from 
Eq. (7) is numerically quite difficult. Hence, when computing 
transition matrix elements iM  and the sum rules 
corresponding to them may occur considerable errors. In [7], 
the solution methods of this problem are given and by 
exploiting mathematical properties of β -transition matrix 
elements, even β -decomposition sum rule is analitically 
calculated. Later, the method developed in [7] is successfully 
applied to electromagnetic transitions in [8]. In this study, we 
calculate this method which is put forward in [7] by applying 
to the sum rule given in [15] that we have generalized for 
transitions having different form. 

For the sum rule (17), by exploiting the equations (7)-
(12), we obtain:  
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ДОЛДУРУЖУНУН ТИПИНДЯН ВЯ МИГДАРЫНДАН АСЫЛЫ  ОЛАРАГ ЛАЗЫМИ 

ТЯЙИНАТЛЫ ЕЛЕКТРИК КЕЧИРИЖИЛИ ПОЛИМЕР КОМПОЗИСИЙАЛАРЫН ИШЛЯНМЯСИ 
 

А.М. РЯЩИМОВ, И.И. ЩЯСЯНОВ, П.М. ЯЩМЯДОВ, Ч.А. ЯЛИЙЕВ,  Ъ.Ш. МЕЩТИЙЕВ 
«Нефтин, газын эеотехнолоъи проблемляри вя кимйа ЕТИ» 

 
Мягалядя эюстярилян електрик кечирижили композисийалар йцксяк вя алчаг електрик модулуна малик олдугларындан онлардан 

кипжяклярин вя бярк, газ вя майе щалында олан йанажаг маддялярин нягли цчцн тутумларын щазырланмасында истифадя олуна билярляр. 
Бу материаллар йаранан електрик йцкляринин ани бошалмасыны тямин етмяйя гадирдирляр. 

 
Електрик кечирижили полимер композисийалар композисийа 

материалларын йени нювляриндян олмагла эениш 
функсийалылыьа эюря чох ящямиййятли материаллардан биридир. 
Бир чох тядгигатчылар артыг композисийа материалларын 
сыраларынын сцрятля эенишлянмясини нязяря алараг онларын 
асанлыгла ядябиййатлардан тапылмасыны тямин етмяк 
мягсядиля, йени груплашдырма принсиплярини тяклиф 
едирляр.[1]. 

Електрик кечирижили полимерлярин вя йа композисийаларын 
ишлянмяси йарымкечирижилярин, антистатик вя с. мягсядля 
мцхтялиф сащялярдя истифадя олуна билян материалларын 
алынмасына имкан йарадыр. Бу сащядя эениш ишляр эюрян 
алимлярдян Баллджин, Норман, Гул, Сагалайевин ишлярини 
мисал эятирмяк олар. Азярбайжан Дювлят Нефт 
Академийасынын ямякдашлары бу сащядя мцяййян 

ящямиййяти кясб едян елми монографийа вя ясярляр дярж 
етмишляр.[2;5]. 

Бир чох сащяляри ящатя едя билян електрик кечирижили  
полимер композисийаларын йарадылмасы юнямли мясяля-
лярдян биридир. 

Мцяййян едилмшдир ки, електрик йцкляринин йаранма-
масы цчцн електрик кечирижили полимер композисийасынын 
хцсуси щяжми електрик мцгавимяти 106 Ом⋅м чох 
олмамалыдыр. Истещсал олунан материалларын електрик кечи-
рижилийи эюстярилян гиймятдя оларса статики електрик йцк-
ляриндян горунмаг цчцн ялавя тядбирлярин эюрцлмясиня 
ещтийаж галмыр. 

Бу мягсядля бир сыра полимер ясаслы метал вя графит 
долдуружулу, електрик кечирижили полимер материалларын 
тящлилини нязярдян кечиряк. (жяд.1)   

                                                                                     
Жядвял1.    

Електрик кечирижили полимер композисийа материалларынын тяркиб щиссяляри, кцт.%-ля 
Сцртцнмя ямсалы Електрик 

Кечирижили 
компози-
сийа 
материал-
лары 

Полимер Графит Терман 
Трасит 

Мис 
тозу 

Дисул-
фид 
mо-
либден 

Хцсуси 
щяъми 
електрик 
мцгави
мят 

 

Ишчи 
темпе-
ратурu, 
0С 

Тяз-
йиг 
Мпа 

Йаьлы йаьсыз 

Мян
бя 

АТМ-2 50 5 45 - - 106 110 40-50 0,02 0,12 7 
ЕПК-7 70 20 - - 10 103 50-60 15-20 0,015 0,16 3 
Епоксид 
+ Графит 

40 60 - - - 10-3 200-250 60-70 0,07 0,17 1 

Ф Ф+Ъу 30 30 - 40 - 10-3 200-250 60-70 - 0,07-
0,01 

9 

 
Еластиклиййят модулу бюйцк олан фенолфомалдещид вя 

епоксид гатранларын ясасында йарадылан електриккечирижили 
полимер композисийалары кипжяк материаллары кими йцксяк 
тязйиг вя температур шяраитиндя ишляйян аваданлыгларын, 
щидрогурьуларын вя с, вакуум шяраитиндя ишляйян 
гурьуларда киплийин узун мцддят тямин едижи олмасына 
имкан верир. Термопластик кцтля капрон ясасында 
йарадылмыш АТМ-2 газ-компрессор гурьусунда кипжяк 
материалы кими чох йахшы нятижяляр вермишдир.[6]. 

Жядвялдя эюстярилян електрик кечирижили полимер компо-
зисийалар мцхтялиф цсулларла алынмышдыр. АТМ-2 компоисийа 
материалы фасилясиз ишляйян ики роторлу гарышдырыжыда алыныр. 
Яввял капрон ярийир сонра долдуружу иля гарышараг га-
рышдырыжы башлыьындан чубуг шяклиндя чыхыр вя сойудугдан 
сонра бычаглы гранулйаторда хырдаланыр. 

ЕПК-7 материалы ися полимерзасийа вя йа да АТМ-2 
материалы кими щазырлана биляр [8]. Диэяр епоксид вя фенол-
формалдещид гатранлары ясасында механики гарышдырма иля 
щазырланыр. 

Йцксяк долдуружулу композисийа материалларында 
долудуружу мцхтялиф дисперсийалы щиссяжиклярдян истифадя 
едилмяси материалын йцксяк сыхлыьыны тямин едир, йяни ири 
щиссяжикляр арасында йаранан бошлуглар хырда 
щиссяжиклярля долур вя алынан мямулун монолитлийини тямин 
едир. 

Епоксид ясаслы композисийа материалларында 100 
кцт.%-каолинин олмасы графитин критик консентрасийасыны 40-
50 кцт.%-я ендирир, нятиъждя материалын нцмуняляриндя 
алынан эюстярижилярин фяргини азалдыр [4].. 

Жядвял 1-дя верилянляря эюря щямин електрик кечирижили 
полимер композисийаларын мцхтялиф долдурулма гиймят-
ляриндя щяжми хцсуси електрик мцгавимятинин гиймятлярини 
регресийа дцстуруна эюря мцяййян етмяк олар. Мяся-
лян, АТМ-2 материалы цчцн ашаьыдакы кими эюстярилир. 

 

                         bfeav −⋅= 1310ρ                       (1) 
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бурада   а вя б  сабит кямиййяилярдир, ф  - долдуружунун  
мигдары кцт   %, 1013 капронун щяжми  хцсуси електрик 
мцгавимятидир 
 

АТМ-2 цчцн  vρ =
5534.01310318.0 −

⋅ e  

 
Беляликля, електрик кечирижили композисийа материаллар 

цчцн  γ -нин мцхтялиф гиймятляриндя  ρ в-нин гймятини 

тяйин етмякля материалын антистатик хассясини мцяййян 
етмиш олуруг. 

Долдуружунун типини вя мигдарынын цмуми мащиййятини 
эюстярмяк цчцн [7] елми мягалядян верилмиш рийази 
моделдян истифадя етмяк олар. 

 
 
Шякил 1. Електрик кечирижили полимер композисиайларынын долд 
             уружудан асылы олараг сечилмя ардыжыллыьы. 
 
Шякилдян эюрцнцр ки, долдуружудан асылы олараг елек-

трик кечирижили полимер ясаслы композисийаларда хцсуси 
щяжми електрик мцгавимятинин истисмар шяраитини нязяря 

алмагла 106 Ом⋅м шяртини юдямяси цчцн ня кими 
долдуружулардан истифадя олунмасы цчцн тювсиййя 
характерли рийази моделдян истифадя етмякля онларын 
електрик кечирижилийинин вя йа мющкямлилик эюстярижиляринин 
прогнозлашдырылмасыны тяртиб етмяк олар. 

Бу жцр йени електрик кечирижили полимер композисийа-
ларын йарадылмысы мцхтялиф сащялярдя онларын эениш 
тятбигини тямин етмякля йанашы, еколоъи проблемлярин 
щяллини дя тямин етмяк олар. Мясялян, партлайыжы 
маддялярин, йанажаг мящсулларынын сахланмасы вя нягл 
олунмасы цчцн тутумларын, конистрлярин, габларын 
щазырланмасында, йарым кечирижи кими вя саиря истифадя 
олунмасыдыр. 

θ -нцн гиймяти ашаьыдакы дцстурдан щяр бир 
композисийа цчцн тапыла биляр.[7].     
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Цмумиййятля електрик кечирижили полимер композисийа-

ларынын електрик кечирижилярини юлчцлмясин истилик кечирмя 
кими апарылыр. Цмуми ганунауйьунлуглардан мцяййян 
мейлликляринин олмасы йерли електрик дешмя щалы иля изащ 
едилир ки, бунун да сябябляри чох мцхтялифдир. 

Беляликля, бахылан електрик кечирижили полимер 
композисийлар йцксяк вя алчаг еластиклик модулуна малик 
олдугларындан онларын кипжяклярин вя бярк, газ вя майе 
щалында олан йанажаг маддялярин нягли цчцн туллантыларын 
щазырланмасында истифадя олуна билярляр. Бу материаллар 
йаранан електрик йцкляринин ани бошалмасыны тямин 
етмяйя гадирдирлир. 
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                              k

k

k
k gg νµµν ωΩ ∑=                         (21) 

 
µµµ ϕψ +=g   ,  µµµ ϕψ −=w  . 

 
Here, the sums with respect to i and k contain all positive 

and negative forces of the Eq. (7). Since iω are the zeros of 

the function )( iD ω , the basic theorem of the theory of 

residues [8] now allow us to write the expression for µd  in 
the form of the contour integral: 
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The contour iL  in the complex plane are shown in Fig. 1 

and contain first-order singularities of the integrands at 

iz ω±=  which are the zeros of the corresponding function 

)(zD .  
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The contour of integration in the complex plane for (20) 

 
However, it is well-known from analysis that, outside iL , 

the integrand in Eq. (22) have simple poles at  µε±=z   
and the corresponding residues can be evaluated easily. Since 
the sum of all residues of the an analytic function is equal to 
zero, we have 
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Using Cauchy theorem, we find 
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 (24) 
After laborious calculations, we show that 0=≠νµΩ , 

hence the Eq. (21) becomes 
 

                                  µνµµν δεΩ ~2= .                      (25) 
 

Finally, by exploiting (19), (22) and (23) formulas, we 
derived very simple formula for the generalized expression of 
the sum rule (17):  
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where τ

µs  and µε
~  are the single particle matrix elements of 

the spin operator in the ground state base and two-quasi 
particle energies corresponding to the form of excited states 
which are calculated in  different base. According to this, 
when ki δδ = , the formula (24) is transformed into the 
known sum rule expression [6] for magnetic dipole 
transitions. For the spin transitions, the sum rule becomes 
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Numerical calculations are performed in a wide interval 

of the deformation parameter for the nucleus 140Ce in the 
deformed Woods-Saxon potential [10]. The calculations are 
performed by using the sum rule (26) for the spin 
taransitions. When calculating the spin transitions using the 
sum rule (26), the quadrupole deformation parameter δ0 
=0.09 given in [11] from an experimental data of the ground 
state is taken and the deformation parameter of excited levels 
is  changed in the 0.05 and 0.3 interval. As shown in Fig. 2., 
while the difference between the forms of the transition levels 
increases, the transition probability or the numerical values of 
the sum rule S declines sharply. 

 
 

Fig. 2. The change in the sum rule (25) with respect to δ  for the  
               spin transitions ( in MeV ) 
 
Consequently, the known energy weighted sum rule for 

the magnetic dipole transitions is generalized for transitions 
to levels, which have different forms from the ground state. 
Later, by using the theory of residue and contour integrals, 
analytical expressions is obtained for these sum rules. In 
numerical calculations, in the case of the spin transition 
operator, while the form of the nucleus changes, the 
numerical values of the energy-weighted sum rule decline 
sharply. 
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СЦРЦШЯН  КОНТАКТЛЫ  ЖЯРЯЙАНГЯБУЛЕДИЖИЛЯРДЯ  ЩЯРЯКЯТ ЗАМАНЫ ЙАРАНАН  
ТЕМПЕРАТУРУН  ЩЕСАБЛАНМАСЫ 

  
П.М. ЯЩМЯДОВ 

«Нефтин, газын эеотехнолоъи проблемляри вя кимйа ЕТИ» 
 
Мягалядя сцрцшян контактлы жяряйангябуледижилярдя щярякят заманы йаранан температурун щесабланмасы апарылмышдыр.Мялум 

олмушдур ки, жяряйангябуледижилярдя щярякят заманы йаранан температур доьрудан да щесабламадан алынан температурдан 
йцксяк олмур. Бу да тяклиф етдийимиз полимер+метал ясаслы електрик кечирижили композисийа материалларындан фасилясиз иш реъиминдя 
ишлядилян жяряйангябуледижиляринин щазырланмасына имкан йарадыр. 

 
Сянайенин мцхтялиф  сащяляриндя сон заманлар жя-

ряйангябуледижилярдян эениш истифадя олунур. Жяряйан-
гябуледижиляр [1] ясасян сярнишин няглиййатында, тямир вя 
гурашдырма сехляриндя, йералты тунеллярдя, даь-мядян 
шахталарында вя с. башга йерлярдя тятбиг олунурлар. Бун-
лардан ян мараглысы сярнишин няглиййатында ишлядилян жя-
ряйангябуледижилярдир. Бу жяряйангябуледижиляр [2] ачыг 
щава шяраитиндя ишлядилдийиндян онлар атмосфердяки бир 
сыра тясирляря истийя, йаьыша,гара вя шахтайа мяруз галыр-
лар. Истилийин артмасы, йаьыш, гар, сойуг вя шахталы щава  
шяраити жяряйангябуледижилярин ишиня юз мянфи тясирини эю-
стярир.         

Бунлары нязяря алараг, жяряйангябуледижийя гойулан 
тяляблярдян бири дя онун щярякят заманы йаранан тем-
пература [7] дюзцмлцлцйцдцр. Мялумдур ки, темпе-
ратурун артмасы иля мямулатларын тяркибиндя структур дяй-
ишмяси мцшащидя олунур, бу да онларын яввялки формала-
рынын дяйишмясиня сябяб олур вя бунунла онларын тятбиг 
олундуьу сащяляр дя фасиляли иш шяраити йараныр. 

Жяряйангябуледижидя йаранан температур  ясасян 
електрик жяряйанынын вя сцртцнмянин щесабына йараныр. 
Електрикин жяряйангябуледижидя йаратдыьы температур (ят-
раф мцщитин температуру да нязяря алынмагла) ГОСТ 
12058 – 72 цзря айрыд едилир. Йухарыда дейилдийи кими 
температурун артмасы жяряйангябуледижинин структур 
дяйишмяси иля онун йейилмясинин  артмасына вя щятта 
даьылмасына сябяб олур. Буна эюря дя контакт сащяля-
риндя йаранан температурун щесабланмасы жяряйан-
гябуледижийя гойулан ясас тяляблярдян биридир. 

Щярякят заманы жяряйангябуледижидя йаранан 
цмуми температур ашаьыдаки кими щесабланыр [3]. 

                                          

               гыьсятелцм VVVV ++=            (1) 
 

бурада: Vел - електрик енержисинин йаратдыьы истилийин щяъми 
температурудур; Vсят – сцртцнмя вя контакт мцгавимя-
тиндян йаран температур; V-гиэ – температур алышмасы;Vet - 
електрик  ъяряйанынын йаратдыьы температур ахыны ашаьыдакы 
йолла тапылыр. 
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бурада: J- ъяряйанын эцжц А ; д – нагилин диаметри  м; σ’- 
конвексийанын истилик юлчмя ямсалы вт/(м2·°ъ). 
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бурада ; λf - щаванын истиликкечирмя ямсалы вт/(м2·°ъ); У- 
щаванын кинематик юзлцлцк ямсалы м2/с; Т0 – щаванын 
температуру °С; э- сярбяст дцшмя тяжили м/с2. 

Сятщдя йаранан температур щям сцртцнмядян вя 
щям дя електрикдян йараныр. Она эюря дя  [3] 
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бурада; г0- контакт сятщиндя  фриксион сцртцнмя вя елек-
трик щесабына йаранан истилик ахыныдыр. 
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бурада; σ - контактда тябягянин йаратдыьы нисби мцгави-
мят; αтп1- истилик ахынынын пайланма ямсалы олуб 0,75 - 
0,90; аралыьында дяйишдийиндян 0,85 гябул едилир; λ1; α1 – 
нагилин  истиликкечирмя вя температуркечирмя ямсалыдыр ; 
l1- нагил иля жяряйангябуледижинин ялагя (контакт) сятщи-
нин узунлуьудур.                          

Температурун йаратдыьы алышма (гыьылжым) [3,5] ишиндя 
йазылдыьы цсулла тяйин едилир. 
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бурада; дор – контактда йаранан лякянин орта диаметридир. 

Бунлары нязяря алараг нагил (мф-85) мис, жяряйангя-
буледижи ися 40% мис; 30% фенолформалдещид; 30% ися 
графит овунтусундан щазырланмышдыр. Аа=0,5⋅10-3м2; 
Ар=1,1⋅10-8м2; ф=0,12; ρ=1,75⋅10-6Ом⋅см; σ=10-3ом⋅см2; 
Н=150Щ; ЩБ 118…123; И=500А; в=50м/с; л1=0,12м; 
л2=0,00417м; λ1=λ2=398вт/(м.°Ж); а=0,111⋅10-3м2/с; 
дор=10-6м; мялум гиймятляри  (2), (3), (4), (5), вя (6)- да 
нязяря алсаг онда (1)-дян В=417,5 °Ж алыныр. 

Апарылмыш щесабламалар эюстярир ки, доьрудан да 
максимум йарана биляжяк температур ГОСТ 12058-82 
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цзря эюстярилмиш щяжми температурдан йцксякдир. Она 
эюря дя щесаблама вя йа сынаг апарылан заман мцтляг 
бу температур нязяря алынмалыдыр [3, 4]. Жяряйангябуле-
дижидя температурун електрик жяряйаны иля сцртцн-мядян 
йарандыьыны нязяря алсаг онда эюрярик жяряйангябуледи-
жинин мис нагиля сыхылмасы икили характер дашыйыр. Биринжиси 
мис нагиля йахшы сыхылмыш жяряйангябуледижи електрик итки-
синя йол вермямякля контакт мцгавимятини [9, 10] азал-
дыр бу да онун фасилясиз иш реъими йаратмаьына мцсбят 
тясир эюстярир. Икинжи тяряфдян сыхылма жяряйангябуледижи-
нин механики йейилмясинин артмасына [6] сябяб олур. 
Мцхтялиф материаллардан щазырланмыш жяряйангябуледижи-
лярин кечирижи мцгавимятляринин сыхылмадан асылылыг графики 
шякил-1 дя эюстярилмишдир. 

 
Шякил 1. Ъяряйангябуледиъи цчцн сыхылмадан мцгавимятин  
              асыллыьы. 
             1. Мис. 

       2. 40% - мис; 30% - ф.ф.; 30% графит.  
       3. Металкирямит. 
       4. Кюмцр. 

 

Електрик жяряйанынын итмямясинин вя йейилмянин ми-
нимум щяддя ендирилмяси цчцн сыхылманын (55-150) Щ 
арасында эютцрцлмяси [8] мяслящят эюрцлцр.  

Температурун артмасына тясир эюстярян амиллярдян 
биридя троллейбусун сцрятидир. Сцрят артдыгжа [5] мялум-
дур ки, сцртцнян жисимлярин щяр биринин температуру артыр. 
Мисин йахшы истиликкечирмя габилиййятини нязяря алараг 
апарылан сынаг заманы мцшащидя едилмишдир ки, жяряйан-
гябуледижинин сятщиндя йаранан температурун артмама-
сы онун фасилясиз иш реъими йаратмаьына мцсбят тясир эю-
стярир. 

Жяряйангяьуледижидя йаранан температурун артма-
масына сябяб онун тяркибиндя 40%-я гядяр мисин ол-
масы иля бярабяр онун ачыг щава шяраитиндя ишлямясидир. 
Бунунла бярабяр мялумдур ки, дайанажагларда няг-
лиййатын сахландыьы мцддят дя температурун дцшмяси 
мцшащидя олунур.  

Апарылан бир чох арашдырмалар вя сынаглар заманы мя-
лум олмушдур ки, бу материаллар ичярисиндя юзцнц ян ети-
барлы елемент кими тяркиби 40-% мис; 30%-фенол-
формалдещид вя 30%- графит тозу олан жяряйангябуледижи 
эюстярмишдир. Сынаг заманы жяряйангябуледижинин мак-
симум  температура дюзцмлцлцйц юйрянилмишдир.Бу жя-
ряйангябуледижи башга мямулатларла бирликдя йцксяк 
эярэинлик вя температур шяраитиндя ишляйян електрик ава-
данлыгларында да тятбиг олуна биляр. 

Беляликля тяклиф етдийимиз полимер+метал ясаслы електрик 
кечирижили композисийа материалларынын истисмар шяраитини 
там мянасы иля нязяря алан щесабламаларын нятижяляри 
тяжрцбя нятижяляри иля сцбута йетирилмишдир. 
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П.М. Ахмедов 

 
РАСЧЕТ ТЕМПЕРАТУРЫ, ВОЗНИКАЮЩЕЙ ВО ВРЕМЯ ДВИЖЕНИЯ В  ТОКОСЬЕМНИКАХ  СО 

СКОЛЬЗЯЩИМИ  КОНТАКТАМИ 
   

В статье приводятся результаты расчета температуры, возникающей во время движения в токосъемниках со скользящими кон-
тактами.  Выявлено, что полученная расчетным путем температура, возникающая в токосъемниках во время скольжения не превы-
шает приведенные в опубликованной литературе действительные значения температуры.  Полученные результаты  позволяют соз-
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давать токосъемники из предлагаемого электропроводящего композиционного материала: полимер + металл, в условиях эксплуа-
тации в беспрерывном режиме. 

 
 

P.M. Akhmedov 
 

CALCULATION OF THE TEMPERATURE ARISINIG DURING MOVEMENT IN SLIP RINGS WITH 
SLIDING CONTACTS  

  
 In article results of calculation of the temperature arising during movement in slip rings with sliding contacts are exposed. It is revealed 

that, the temperature received by settlement way arising in slip rings during sliding does not exceed the valid values of temperature resulted 
in the published literature. The received results allow to create slip rings from offered electroconductive composite material: polymer+metal, 
under operating conditions in a conditions mode.  
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THE INFLUENCE OF THERMAL ANNEALING ON PHOTOSENSITIVITY 
OF TlInSe2 SINGLE CRYSTALS 
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The paper  is devoted to results of study of influence of thermal annealing on spectral photosensitivity of TlInSe2 single crystals. The 

crystals TlInSe2 have positive temperature coefficient of photosensitivity in an interval 77÷300 K and above. The thermal annealing consist 
in endurance of photosensitive elements at 475 K within 24 hours and subsequent cooling up to temperature of liquid nitrogen. As a result of 
thermal annealing the photosensitivity of various samples raised 1630÷3330 times at 77 K and 35÷100 times at 300 K. 

 
The crystals TlInSe2 are the typical representatives of 

ternary semiconductor compounds of AIIIBIIICVI
2 groups, 

being materials with good photosensitivity and distinguished 
by stability of the performance capabilities. In particular, the 
compound TlInSe2 is the physical analogue of quasione-
dimensional materials, the study which  promotes finding - 
out of essence much important phenomena in physics of the 
condensed matters [1]. 

Semiconductor behaviour of electroconductivity of 
compound TlInSe2 and their high photosensitivity for the first 
time are established in [2, 3]. 

The actuality of research of TlInSe2 crystals and 
application of them as the photosensitive element of 
photodetectors are obvious, with the following reasons: 
• high photosensitivity; 
• simple and accessible way of reception of crystals; 
• high adaptability to manufacture, thanking cleavability 

on planes of cleavage; 
• the opportunity of isovalent replacement of components 

within the frame of the given structural type, opens the 
large prospects of selection of the mixed crystals 
allowing purposefully to vary the performance 
capabilities of detectors over a wide range. 
The photosensitive elements are made as rectangular 

plates with two reciprocally parallel by mirror sides of natural 
chip. The sizes of samples are about (1÷3) х (2÷9) х (0,05÷1) 
mm3. As measuring electrodes are used, mainly, welded in a 
flow of the heated up inert gas by the condenser category of 
nickel wire with a diameter ~ 0,1 mm, and also sprayed in 
vacuum, indium lags. The performance capabilities of active 
elements are determined at meanings of voltage, which not 
exceeding 10÷20 V in /001/ crystallographic direction. 
Current-voltage characteristics within the limits of the 
specified working voltage, for all investigated samples at 
various temperatures in darkness and at illumination light of 
appropriate length of the wave, have appeared linear.  

The creation of photodetectors is preceded by detailed 
definitions of the performance capabilities of photosensitive 
elements on the basis of TlInSe2 single crystals and also 
parametrical dependence of the performance capabilities. 

Initial item of all researches became the definition of the 
performance capabilities of photosensitive elements on the 
basis of TlInSe2 single crystals in stationary conditions. 
Stationary conditions are considered as: 
• ohmic contacts; 
• the photon flux is constant and is distributed in regular 

intervals on a surface; 

• the fixed meanings of temperature and other parametrical 
conditions; 

• ligth intensity from a linear site lumineus - current 
characteristics (LCC); 
In fig. 1. is presented the curve of spectral distribution of 

stationary photoconductivity  given to equal number photons 
at 77 and 300 K for five samples of photosensitive elements 
with various parameters. Intensity of the electrical field Е ≅ 
20÷30 V/sm  is enclosed in the direction parallel axis /001/, 
and monochromatic light are directed perpendicularly to the 
plane (110).  

 
Fig.1. Spectral dependence of photodetectors at 77 K (dotted  
           line) and 300 K (firm line). 

 
As following from the fig. 1. spectral sensitivity with 

increase of temperature increases sharply. The ratio of values 
of stationary photoconductivity on spectral maxima at the 
appropriate temperatures makes 20 ÷ 750.  

As a rule, the known semiconductor photodetectors have 
negative temperature coefficient of photocurrent (TCIph ). For 
example, sulfide-cadmic photoresistors,  have the least 
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negative value TCIph =  -10-3÷4.10-3 degree-1   [4]. Unlike 
known, TCIph for active elements on the basis of TlInSe2 
single crystals is positive in the temperature interval 77÷300 
K and above. For example, for an active element of  №1 
temperature coefficient, average value, makes 0,46 degree-1. 

As it is already mentioned above, the increase of 
temperature is one of the factors increasing sensitivity of 
photodetectors on the basis of TlInSe2 crystals. The carried 
out researches have revealed that the spectral sensitivity of 
photodetectors substantially can also be increased by 
preliminary thermal annealing of photosensitive elements. In 
fig. 2 the results of influence of   thermal annealing on 
spectral photosensitivity of TlInSe2 crystals are shown. 

The thermal annealing thus consist in endurance of 
photosensitive elements at 475 K within 24 hours and 
subsequent cooling up to temperature of liquid nitrogen (77 
K). As the spectral sensitivity of photodetectors follows from 
the diagrams, given in the fig. 2, at a maximum of 
photoconductivity (calculated from area LCC, where α = 1), 
k = Jмакph/I⋅V, in consequence of the mentioned above thermal 
annealing increased: for the sample № 7 3330 times at 77 K 
and 100 times at 300 K, and for the sample № 8,  1630 times 
at 77 K and 35 times at 300 K.  

LCC at the noted temperatures both up to, and after heat 
treatment carried power-dependence Jph~ Iα with a parameter 
of degree α = 0,5 ÷1. And with thermal annealing is observed 
the contiguity to the linear recombination case (α→1). 

 

Fig. 2. Influence of preliminary thermal processing on spectral  
            sensitivity of photodetectors with a photosensitive  
            element on the basis p- TlInSe2 at 77 K (dotted line)  
            and 300K (firm line). (Samples № 7a and № 8a, as the  
            same as in the fig.. 1 up to thermal processing, and  
            samples № 7b and № 8b after thermal processing). 
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ТЕРМИК ЕМАЛЫН TlInSe2 МОНОКРИСТАЛЛАРЫНЫН ФОТОЩЯССАСЛЫЬЫНА ТЯСИРИ 

 
Мягаля TlInSe2 монокристалларынын спектрал фотощяссаслыьына термик емалын тясириня щяср олунмушдур. Бу кристалларда 77÷300К 

интервалында вя бундан йухары температурларда фотощяссаслыьын температур ямсалы мцсбят ишарялидир. Термик емалын мащиййяти 
ондан ибарятдир ки, фотощяссас елементляр 475К температурда 24 саат сахландыгдан сонра тядрижян майе азот температуруна 
гядяр сойудулур. Термик емал нятижясиндя мцхтялиф нцмунялярин фотощяссаслыьы 77К температурунда 1630÷3330 дяфя, 300К 
температурунда ися 35÷100 дяфя артыр. 

В.Д. Рустамов 
 

ВЛИЯНИЕ ТЕРМИЧЕСКОЙ ОБРАБОТКИ НА ФОТОЧУВСТВИТЕЛЬНОСТЬ   
МОНОКРИСТАЛЛОВ TlInSe2 

 
Статья посвящена результатам изучения влияния термической обработки на спектральную фоточувствительность 

монокристаллов TlInSe2. Кристаллы TlInSe2 обладают положительным температурным коэффициентом фоточувствительности в 
интервале  77÷300 К и выше. Термическая обработка заключалась в выдержке фоточувствительных элементов при 475 К в течение 
24 часов и последующем охлаждении до температуры жидкого азота. В результате термической обработки фоточувствительность 
различных образцов повышалась в 1630÷3330 раз при 77 К и в 35÷100 раз при 300 К. 
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Photoelectric spectrums of Shottky barriers on InSe, GaSe and GaS layered crystals are investigated from band edge of corresponding 

crystals up to ultra-violet (6.5eV) quantum energies. Spectral dependence of photo-resistors and barrier structures are essentially different, 
especially in the region of intermediate type excitons. It is shown that InSe-Au Shottky barrier structure is high sensitive photo detector 

( WtV /1010 76 − ) in ultra-violet region.      
 
1.INTRODUCTION 
 
Semiconductor materials are used widely in problems of detection of electromagnetic radiation with different quantum 

energies- from far infrared (FIR) up to γ -radiation regions. 
The most of semiconductor photo detector devices operate on the base of the conductivity changeδσ  of the material under 

the radiation. For different regions of quantum energies ωh the mechanisms of interaction of radiation with carriers in 
semiconductor, and as a consequence the change of conductivity, is due to different mechanisms.  

For FIR these mechanisms are the shallow impurity photo ionization, free carriers heating and, for small and zero gap 
semiconductors, increase of free carrier concentration due to interband absorption. 

For near IR and visible regions the interband absorption is the main mechanism (HgxCd1-xTe- and PbSnSe type 
semiconductors in IR and InSb, InSe, GaAs, GaSe ZnSe CdSe CdS and so on in visible regions).  

With increasing of the quantum energy from the visible to ultra violet (UV) region the interband absorption still remains 
the main mechanism of photo conductivity (PC). But with increasing of the energy gap- gE of semiconductor the efficiency of 

PC is decreased because the increase of carriers effective mass takes place. As a result the mobility iµ = e */ ip mτ  ( pτ - 

carriers elastic scattering time) and lifetime iτ of photo-excited carriers decrease take place 

( ∑ =≈
i

iiiii Gnne τδδµδσ , where −G the rate of carriers generation).  

  There is another more valuable reason for decreasing of PC efficiency with increasing of quantum energy. This is the 
decrease of the radiation penetration length )exp()( 0 xJxJ α−= , ( 1−≈ αpx ) inside of semiconductor as a result of 

absorption coefficient (α ) increase with quantum energy. For example at UV energies gE4>ε for the most of above 

indicated semiconductors 1710 −≥ cmα  and penetration 1−α is about of a few tens 
o
A . This means that all radiation would 

be absorbed at the surface of semiconductor. But from scattering of carriers point of view the situation is different inside and 
on the surface of semiconductor. The existing of 3 types of surface states causes the decrease of PC at small penetration length. 
For this reason in classic semiconductors the PC efficiency falls to zero at UV region.  

As against this the absence of surface states is characteristic for layered semiconductors (LS), because all bindings between 
atoms are directed inside of layered packets, and forces between layers are very weak- Van-der-Wals ones. 

 
2.PHOTO ELECTRIC SPECTRUMS OF 63BA LAYERED CRYSTALS AND THEIR SHOTTKY BARRIERS 
 
We have investigated PC of some LS (InSe, GaSe and GaS) from band edge up to UV (6.5 eV). The results showed that at 

some quantum energies (2.4eV; 2.9 eV in InSe and 3.5; 3.9eV inGaSe) PC is decreased. The more detailed investigations have 
proved the existence of deep interband excitonic states in the region where PC decreases [1]. This excitons are characterized 
with small Bohr radius ( Br ~ A&10 ) and higher binding energies ( bε ~ meV100 ) than the band edge Wannier-Mott excitons 

(about meV1410 − in these semiconductors). They are so called intermediate type excitons (ITE) which were widely 
investigated in alkaline-haloid crystals [2]. So the decrease of PC in the indicated region is due to the excitation of carriers 
from the higher effective masses bands, which are immediately captured to each other forming ITE. Being the highly binding 
carriers pair they can not broken up to free carries and do not give the contribution to the PC in indicated PC decreasing region. 
At higher energies (4-6.5eV) the PC efficiency of these layered semiconductors increases again, reaching the values much 
more than band edge PC. So these semiconductors are high sensitive photo detectors in UV region. But the full of PC in near 
UV as a result of binding of photo-excited carriers in ITE restricts the application of these photo detectors. To avoid this we 
have prepared the semitransparent metal (Au with 200-300A thickness) and LS Shottky barrier structures. The PC spectra of 
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this device for two directions of applied electric field as 
well I-V characteristics are shown in figure1. As seen 
from curve 2 there is not PC decrease for barrier structure 
in the region where for semiconductor the PC full takes 
place. In opposite direction of the applied field the 
spectral characteristic of PC is similar to that of  InSe 
photo resistor (curve1) [1]. The absence of the PC 
decreasing region is due to ionization of ITE in the 
electric field of the barrier, which according to our 
estimation is about cmV /1010 65 − . Decreasing of PC 
in opposite direction of applied electric field proves this 
fact (curve1). Note that the higher PC value in the UV 
than that in near band gap region can not be explained by 
perfect surface of LS only. So, in this case the UV PC 
would has the value as band gap one, at the best. Our 
comparative photo-Hall effect and photo excited carriers 
life-time experiments at near band gap and UV regions 
testifies that in the UV region photo signal is mainly due 
to the excitation of the holes with smaller effective masses 
from the deeper hole bands than band gap carriers. The 
same results as indicated in fig1 were obtained for GaSe 
and GaS Shottky barriers with ITE energy positions at 
3.5-3.9eV and 4.1-4.5eV correspondingly.  So we 
established that the main reasons of high effectiveness 
photo detectors of LS InSe and GaSe in UV region of 

radiation are: higher mobility (µ = e */ mpτ ) of photo excited carriers, perfect condition of surface of LS and higher life time 

of photo-excited carriers iτ .   These devises are high sensitive ( WtV /1010 76 −  with noises smaller than 0.1 mkV ) photo 
detectors.  

 
 

[1] O.Z. Alekperov, M.O. Godjaev, M.Z.Zarbaliev and R.A. Suleimanov, Solid State Communications, 77, 65 (1991). 
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Fig.1. Photo conductivity and sensitivity spectral dependencies  
          of Au-InSe-In barrier Shottky structure for two directions 
          of applied electric field. The I-V – characteristics of the  
          structure are shown in inset.  
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