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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 &, dielectric loss &’ 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 o 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 | 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
dopmyna of the filler in the covering material and achieves
value 0,1 at ¢=10%. The following increase of content ¢ 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 (Galn),S;-Fe4 of composition Gag sFes5In; 55S; 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,

=36, 606A, 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 E,=1,843eV

for Gay sFe(,5In; »5S; have been defined.

The structure In-Gay sFeg,5In; »5S3-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 em?V- sec, n=1.55-10"" cm; Dk =2.10% d; =5.6-10° cm;

A& =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 Ga,S; — In,S; 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 Ga,S; — In,S; 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
GalnS, 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 A,S;
(A-AlLGa,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 GagsIn; sS; and GalnS; in
various temperature gradients.

To reveal the influence of multivalent tetrahedral atoms
on the stabilization of polymorphy modifications (Galn),S;,
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=3.824, c=154n (n=2,3) and a=6.524,
c=184-n (n=2).

The present paper are dedicated to structural research,
definition of nature of optical transitions and current —
conduction mechanism of layered GagsFegosIn;,sS; single
crystals in a wide temperature range (100+360K).

Table 1
Crystallographic data of polymorphic phases and polytype forms of
compounds of (Galn),S;

The content Sp.gr. a,A | bA c, A Z

of the phase
GalnS; P3ml1 3.81 18.19 2
GalnS; P3ml1 3.81 54.61 6
GalnS; P6, 6.65 17.92 6
GalnS; P6;mc 3.81 30.62 10/3
GalnS; P3m 3.81 45.89 5
GalnS; Bb2;m 19.06 | 6.19 | 3.81 4
GaygsIn, 5S; P3ml 3.84 12.33 1
Gagsln 5S;3 R3m 3.81 100.04 11
Gagerln; 3S; | 2H 7.64 7400 |8
GalnS; R3m 3.82 63.41 6
GagysIn; 75S; C2/m 6.55 3.72 | 12.62 4

£=100°
GalnS; Shpinell | 10.79 8
Str.type
The present paper is devoted to the structural

investigation of the layered single crystals GaysFeg,sIn; »5Ss,
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 GaysFeg,sIn;»5S; has been carried out in the following
mode and constants: the quantity of the beforechand
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 GagsFeg,sIn; 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; N; is filter,
limit is 0,5 <26<70°9).

On the base of the calculations and analysis of the
obtained results it was established, that single crystals
GagsFeposIn; 2585 are crystallised in the rombohedral lattice
with periods, in the hexagonal device a=3.786-24,
¢=36.6064; sp. gr. R3m, z=16, V=1817.574, V,=37.864".

xl

Fig.2. The variant of distribution of atoms in the lattice
of GagsFepaslng 25S;

By the crystalochemical analysis it is established that
investigated single crystals are triple-packet polytype of the
set c=12xA and its structure is polytype on the base of
GagsFe; sS; 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 -ekke- 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 GagsFesIn; 2555 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 7' of
single crystals GagsFeg,sIn;»sS; at the wave length 400-
800nm were obtained. The different single crystal samples by
the thickness 10+40mkm were investigated.

The optical absorption coefficient & has calculated from
the experimental values of 7, using the formulae [9]

T = (1 - R exp(- kd) , 1

here R is the reflection coefficient, d is the sample thickness.
The spectral dependence of optical absorption coefficient
ao(hv) for the samples from GagsFeg,sInS; is given on the
fig.3a.

1400
1200 4
1000
800
600 ~
400

200

0

T T T T T T T T T
14 16 18 20 22 24 26 28 30 32
hv, eV

Fig.3 a. Spectral dependence of k(hv) for GagsFeg,sln»sSs

As it is seen from the figure, at the absorption energy
hv~~Eg, k strongly increases and achieves the value 10°sm™,
and in the big energy region its slowly decrease is observed.

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

k(hv) = Alhv - E, i @)

where / is Plank constant, v is frequency, 4 is constant, » 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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14 16 1,8/ 20 22 24
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Fig.3 b. Spectral dependence of kz(hv) for GaysFegosIn;»5S;

In the region of the longwave absorption edge, the
experimental data were given in the coordinates k’~hv(r=1/2)
(fig.3,b). It is seen that at the energies Av>1,85eV the k
values are well laid on the line in the coordinates &°=f{(hv).
The line dependence &° on hv is the evidence that intrinsic
absorption edge in the single crystals Gag sFeg2sIn; 25S; 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 K’=f{Av) to the value £=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-Gay sFeg2sIn; 25S; —In (in the sandviche form) in
the electric fields till 3-10° 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 et.c.) in the single crystals
GagsFegpsIng 2sSs.

The typical VAC for the investigated samples are
presented on the fig.4. With the increase of the electric field
from 5-10% till 3-10°V/sm, the current changes in the wide
interval (10+4-10%A). It is especially seen, that in spite of
the big change of the electric field, the ohmity destroys after
the 10°V/sm. Starting from 10°V/smthe current increases
faster and on the VAC line the quarter region is observed.

1x10* F 4 44“

1x10° + )

10-10 1 1 1 J

Fig.4. Volt-ampere characteristic of Gag sFeg,sIn; 2553
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.

10°

10™

T T T T L L T T
26 28 3.0 32 34 36 38 40 42 44 48

10%T, K
Fig.5. The dependence of o~ U at T=300 K.

For the clarifying of the current change mechanism in
the single crystals GagsFesIn; »5S; 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~U%).

_digl _Udl

o= =
digy 14u Y
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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 a(U,I) at the temperature 300K has the
one experimental point (4nin=0,677 at
Upi=180V(1,,,=4,65.10°A) (fig.6).

3,04
2,54
2,0
1,5

1,0

0,5 T T T T T 1
0 100 200 300 400 500
u,v

Fig.6

The local levels in the forbidden band (£~0,52¢V),
trapping the injected charge carriers, in the result of which
the slow current increase takes place, are defined by the
formulae

2am kT )" 3(14a, YeuSU
h’ 2a(5-8a )L,

“)

E,=kT In 2[

where

. N 3/2
2zm kT wslm T
2 —5— ~10" -7 — | =N,
h m 300K

is the effective state density in the conductivity band,
m,=0,4m, is the effective mass, 4 is Plank constant, k£ is
Bolzman constant, 7 is Kelvin temperature, L is samples
thickness, S is contact area.

The definitions of the main carrier movement by
formulae (1) (u=12,56sm’/V-sec) give the possibility to
estimate the initial (/=0) contact concentration of these
carriers by the formulae

_exp{\/ l—a (J —a,, - 1)} Lol
o™ 1= 1=, CHSU i

&)

According to [11] VAC approximation

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

8e’ yn, L
j:e'unkOV>> e :ano

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-
GagsFesIn; 25S;-In with 0<e,,;,<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 d; [11-15] and effective high

Ae =kTIn N
Mio

Corresponding to the given formulae, the VAC

processing gives the following parameters: n=1.55-10'"%cm™;

D, =2.10?; d;=5.6-10"cm; As=0.497¢V.

Conclusion.

In conclusion, we note that at the interaction in the
system (Galn),,S;-Fe;, in the difference from the edge
consisting phases GaFeS; and InFeS;, the intermediate
phases of the layered structure of polytypes of trigonal
modification of GagsIn;sS; with lattice periods a=3,796,
c=12,210A.

The single crystals of the composition FagsFeg,sIn; 25S;
have been grown and it has established that its structure
consist on the 3 packets with 3R symmetry with sera atom -
ekke. 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, ¢=36,606A.

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=12nA. 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 (£, for GagsFeosInS; -
1.885eV, where z=5.33 and for GagsFejosIn; »5S; -1.843¢eV,
where z=16) in the comparison with the matrix modifications
of GalnS; [16], the forbidden band width of which changes
from 2,40 till 2,60eV.

27\ p, L
V>>Vk:ﬁ'zk (6)

(here |,Ok| =en, -) is the density module of the space

charge of the cathode, Vj is the cathode strength), when the
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Ga, sFe,,sIn,,:S; LAYLI YARIMKECIRIJININ ELEKTRIK VO OPTIK XASSOLORI

Brijman metodu ile (Galn),S;—Fe sisteminin araliq fazas1 olan Ga, sFe, ,sIn, ,5S; monokristal1 yetisdirilmisdir. Monokristallar rombogdrik
simmetriyali tobagoli qurulusa malikdir ve qofesin periodu a=3.786x2, s=36.606 E, pr.qr. R3m, z=16.
Fotonlarin genis intervali ii¢lin optik udulmanin kenar1 tedqiq olunmus ve Ga,sFe,,sIn,,sS; iiclin gadagan olunmus zolagin eni toyin
olunmusdur.
In- Ga, sFe,sIn, ,5S;-In strukturu diizeldilmis ve onun volt-amper xarakteristikas: vo 100+360K temperatur intervalinda temperatur asililig1
Syrenilmisdir. Differensial analiz metodu ile gésterilen strukturun parametrleri teyin olunmusdur: £=12.56 sm*/V sek, n,=1.55 10" cm™;

Dy =2 10% d,=5.6 10” sm; 46=0.497 gV.

O.H. I'yceiinos, H.H. Mycaesa, U.B. AcagoBa

JIEKTPUUECKHUE U OITUYECKHUE CBOMCTBA CJIOUCTOIO MOJYIIPOBOJHUKA
GaysFegsIng 25S;

Meronom bBpumpkmena w3 paciulaBa BbIpalleHbl MOHOKPHCTaJUIBI IPOMeKyTouHOH (a3bl cucrembl (Galn),S;—Fe cocraa
Gay sFegosIng 25S;. MOHOKPUCTAIIIBI CIIOMCTBIC, CHMMETPHSI POMOO3IPUYECKas, TIEPHO/IbI PEIICTKH B TeKCArOHANBHON yCTaHOBKE a=3.786x2,
¢=36.606 A, np.rp. R3m, z=16.

Hccnenosan kpaif onTHYeCKOro NOrJIOIEHHUs B IMPOKOM HHTEpBalle SHEPIUH (HOTOHOB U ONpeseIeHb INMPHHBI 3aMPEIeHHON 30HbI By
=1.843 »B ms Gag sFeg,5In; 55S5.

Msroroneno crpykrypa In- GagsFeg,slng 2sS;-In u nzyyeno ero BAX u TemneparypHblii 3aBUCUMOCTh B MHTEpBAJe TEMIIEPATyp
100+360K. MeTonom muddepeHnnaasHoro aHaau3a BEMHUCICHB! TapaMeTphl YKa3aHHOH CTPYKTYphL: £=12.56 eM’/B cex, m=1.55 10" e

’ Dy =2 107 d=5.6 10 cm; 4e=0.497 5B.

Received:18.11.03
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THE TRANSIENT RADIATION OF NONINVARIANT SOURCE IN THE
PLANE-LAYERED MEDIUM II.

I.M. ABUTALIBOV, M.B. ASADOVA, 1.G. JAFAROV
The Azerbaycan State Pedagogic University
370000, Baku, Uz. Hajibekov str., 34

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 and radiation field is as follows
vectors, which are the initial functions for the calculation of
the field, had been obtained by us. ET=0FE* , B =5B". 3).
The field of the magnetic moment in the plane-layered
medium in the first approximation has the form:
Moreover, the field’s vectors E° and B’ are expressed

E=F°+SE , BE=B°+SB , (1) by Hertzian vectors by the following formulae:
0 0 _ _,  4rmP 1 _, &’ om
where E° and B~ are field’s vectors in the homogeneous E = ;- t — rotjrotll — — 4)
medium, SE and 8B are deposits in the first approximation & & c 0ot
to the electric and magnetic fields. It is noticed, that any of
electromagnetic field sources, moving in the homogeneous B'—rotrotii®+ i i (ro £ ﬁo) (5)
medium with the constant velocity, which is less, than phase - ™ & Bt e/

radiation velocity, don’t radiate. Therefore, the complete

eigen field is defined by the expressions: Fourier-images of which are equal to:

E°=E’+0E", B°=B"+6B°, 2)
|
. 4P . A S ]]
Ez);"( (Z):_ ngZ - ? [ks [ksﬂga)j c [k H may (6)

~0 Imagnetic moment in the homogeneous isotropic nonmagnetic
Ba)j (Z = _[k [k 1 mfuz]] + — [ ewz (7)  medium [2]. The eigen field is defined by the residue of the
integrands in the pole &=/ v and radiation field - in the poles

- B &=& and £=&. Moreover, the general expressions are for the
where k_ =y+0w/v" is the wave vector of the eigen field. addition to the field’s vectors:

The vectors E 7 and Bzuz describe the eigen field of the,

Re so¢ - 1 -
5Esr( ) g T {47er- + [K_[K HZW]]} - 8—0 {[K [k 51‘[2{%]] mw;(]} (8)
s, _ 7 7 TS, r a |- s, r
5B(u;( (Z - _[ks,r[ks,ranmwj]] + Z [ks,r5Hemz]' (9)
It is noticed, that Resde; in the poles £&=¢& and {=4, is equal ! Based on the expressions, obtained in ref [1] from

to 0 (zero) (the first figured bracket in (7) disappears), and in ~ formulae (6)-(8), we obtain the following final expressions
the pole £&=al v for the chosen concrete expressions (see (23)-  for the change of the eigen field:
(25) in ref [1]) gives the same result:

Resl&:sz/u =Ag/2n (10)
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2 B
5B;;(z) = z Asc exga(la;z/u) (6‘0 -c® /v - yict s a)2)_2 X
2| (2r) v
a)]/—Z a)27/—2
X {53;(2(1712 - > 177;?] - ;}(mza) /U + 177;2) + ﬁu(;ﬁ + > j}, (11)
vy v

B (2) = 2 Aec® expl(iwz / v)

o2\ = || (272')21)602(80 )2

X (é3 @ ;Zj[;?ﬁq] L (250—c2/02 —y’c? /a)z) - w(g ) [7m] + —(8 )Ua: a [ﬁzﬁ] ,

v e c

(6‘0 A }(2C2 /602)_2 y
(12)

and for the radiation field we have:

. 0_ 2 4032 .22 2 Y1
55;%(,2 Z)Zi _1c 56‘5 (5 cT /vy ct /o ) exp(iia)z 80—)(2C2/a)2 / C)X
210 1,2 \/6‘0 _ }(2C2 /w2
wr2
X égzz(mz - 7/2 ﬁ?;?] - ;?(*;? +m, @ 50—)(202/0)2) + (13)
vy c
-2
cale s e et )|
1y C & C
i (80—C2/U2—}(2C2/a)2)_1

exp(i iwzle'—y ct Jw® / c) X

=t——— 5 0¢&; .
27[0((9 ) , ’EO_ZZCZ/Q)Z

2 2 4 2,2
. @[ﬁ]{_ R R R AR ﬂ Sl x
@ v @ ®
ve’ (¢ v 2 (go)za)y*Z
x —+(—— e’ -y’ /w® j(goi = 1/(’;“O—;(Zc2/a)2j —(50) [7m], +—L—— [mé.];.
c v c v

In the formulae (10)-(14) the longitudinal and transversal I The formulae (13) and (14), describing the transient radiation
parts are divided, moreover the expressions of the unit vector ~ of the magnetic moment in the plane-layered nonmagnetic

&,=0 /v are the longitudinal part of the field, and all rest medium become simpler strong enough at the meaning on all

are transversal part of the field. \ possible directions of vector y :

1 C[ﬁﬂéa’]
or ua)(go )5 /e

AL (-2 Yo s 245 )| L g s )

2 c v c cvL

= — —1
OE™? = F o€ (80 —-c?/ 02) X
w &0

(15)

2

= 7 _ 1 v
SHI=F T 5z, (6°=c” /v°) 1{;{2— 12(1 Y \/goj + 97 \/50} x
’ & C

cv
X exp(i iwz\E? / c),

(16)
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From above formulae we obtain the simple relation for
the radiation field lengthways (against) on the source moving

im @

2
2nc

sE = e 8,08 =

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

En=\ove’ / c)é3, that we can’t say about other directions
(620).
The sign “+“ of the vector §E "

wave propagation against the moving direction, vector

is caused by that at the

e,

,2

direction (6=0, z; y=0):

1-0v?/c”
1-¢&%? /c?

Vs’
z

expl + 1

(17)

2

—-rl,2
, OH, ", e,

direction in the way, that vectors 6E, Erl

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 y in plane, which is perpendicular to its velocity

and oriented lengthways its direction, we obtain:

55;1'2 as polar one changes the direction on the opposite
= = = m 1- 1)2 C2 z Aeg 1)2 1
H; = H, + 6H, = — - 2/ 1+ = —— — = | expliwz), (18)
2r°v 1 - &° /¢ lzZ| 2 ¢ 1-¢&" /c
=s _ =0 _|lgsn As it is known, the field of the ultrarelativistic source on its
E, = E, * - lH’”’H l’ (19) properties is close to the one of the light wave field.

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). |

Moreover, the condition y<<@/c should be carried out and

projection of the magnetic moment in moving direction

m,_=0, i.e. the radiation field is defined by the transverse

component m, :

- j 1-0v/c e’
\/575Er1’2 = |0HA| = + 19 s mn|exp * 1 z | (20)
¢ [ onc? 1 — %7 /&P 7.7 c
Moreover, the deposit to the eigen field becomes the transversal wave:
_ z  Aegv 1-0v/c . o5 .
SES(z) = |6B3 ()| = = |m, B exp(la)z/u). (1)
|Z| (2mc)’ (l - %7 / c2)
From formulae (21) it follows, that SE, (-v) = SE. (v)is |
even function, and §H, (-v) = —SH, (v) is odd function £ w) = exp (7°nVe") 23)
of source velocity. The value of field’s vectors of the n(l - f le )
radiation field is even velocity function:
rl2( U)—5Er12() 5Hr12( U):é.rJZ()
Because of that in ultrarelativistic case O » >>0€ . | I+p6Ne
< <z )= e exp (4rnNe’) . (24)

the relation of the values of field’s vectors can express in the
form of the function:

555
= >>

1, (22)

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:

12

z—ﬂ\/g_

1,8«/_ep
1-pe”

On the fig.1 the graphics of these functions for the case,
when n=4z/1=1 are presented.

£ ()=

(2 j 0’ e’ b 23
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s .
™(v) D(Az/z), th(Az/z), arclg (Az/z)

10’ 4

iﬂ'i 18

10"}
n i i i A i :.

2 4 6 B 10 Az/:
10° AN T
10 20 30 40 ?‘ Fig.2. The dependence of functions (see(23)~(25) ref [1] on Az/z.
1- function &(4z/z);
Fig.1. The dependence of function f”(v) on y=(1-p%">. 2. funciionth:]( (Az/)z);

1 - function f,V(v);
2 - function £, (v)-10;
3 - function f;™(v) 107,

3 - function arctg (A4z/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

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 (7>>1),  achieves the maximal value, are given, that causes the

when transversal radiation is almost caused by radiation jncrease of function 3 with the comparison of the functions 1
forward. and 2.

[1] I.M.Abutalibov, M.B.Asadova, |.G.Jafarov.J. «Fizika», [3] Spravochnik po specialnim funkciyam. Pod. red. M.

vol.9,number2,2003,p.34-38 Abramovica i I. Sigan, Moskva, «Nauka»,1979. (in
[2] I.G. Jafarov, .M. Abutalibov, M.B. Asadova. «Izvesti- Russian).

ya» NAN, Ser. Fizika, matematika I tekhnika, Ne5(1), [4] A.R. Yanpolskiy. Giperbolicheskiye funkcii, GIFML,

2003, s. 104-109.(in Russian). Moskva, 1960. (in Russian).

i.M. Abutalibov, M.B. Asadova, i.H. Cafarov

QEYRI-INVARIANT MONBaNIN MUSTaVi TOBaQaLI MUHITDS KEGID SUALANMASI II

Qeyri-invarian manbanin, magnit momentinin, mistavi-tebagali mihitde kegid sialanmasina baxilimisdir. Hers vektorlari
vasitesile maxsusi sahs va stialanma sahasi hesablanmisdir.

N.M. AbyTansiooB, M.b. AcagoBa, .I'. I:xadapos

NMEPEXO/HOE U3JIYYEHUE HEUHBAPUAHTHOI'O HCTOYHUKA B IIJIOCKOCJOUCTOM CPEJIE 11

PaccMmoTpeH mpomnece nepexoaHOr0 W3TyYeHUs] HEMHBAPUAHTHOTO MCTOYHHKA, B YACTHOCTH, MarHUTHOTO MOMEHTA, B TNIOCKOCIOUCTOMN
cpene. C moMompio BeKTOpoB ['epIia BEIYUCIEHB! COOCTBEHHOE MOJIE U TIOJIE M3y ICHHS.

Received: 25.03.04
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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.l.

i (sin @ cos ¢, sin 0 sin ¢, cos ¢) and P are

the director and the spontaneous polarization respectively.
The tilt angle € 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-

replaced by azimuthal angle distribution #F, ). For

monodomain samples this angle changes only in the direction
normally to sample plane that allows us to suggest
Ar, ) = AX, ). The latter can be determined from

balance toque equation [3]

A A

- %chc layer

tures the space-time distribution of director fi(F, t) can be| Fig.1.
2 P Aeg,0°E? | .
y9? 9 _ o7 9 f + PECOS ¢ + (5 + ~F0 )sin 2¢ (1
ot OX X8

with boundary conditions

c 92

dx idIZZ(Wl cos ¢ * Wz sin 2¢)¢d/2

2

0<x<d/2, —n/2<¢<n/2

The following notations are used: G is an elastic
constant, Ps is a spontaneous polarization, E is an electric

field strength, Ae = & — &, is an anisotropy of dielectric
permittivity, y, is a transversal component of the dielectric
susceptibility, &,=8,85 pF/m 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 #d/2)=——d/2)=r/2 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

| Hd/2)=(-d/2)=x/2. The appropriate anchoring

energies are denoted by W; and W,. 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

X
(KX,O):E- 7). After applying the voltage exceeding the

threshold this state switches to uniform state (Kx)zz).
2

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 lpex to 0.1(lpax-lmin). 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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Spontaneus polarization, nC/em”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

2
P.
S . This factor plays a destabilizing role and the
26,1,
uniform state quickly relaxes to uniform state.
L 1175, 1.3 '
g
o
g rel
g
= 0.5 =
&
I.OJ 0 L
30 100
10 K1 100,

Elastic constant, pIN
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
1 Vg
= 66? (5) . This energy increases with increasing of the

2
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

W
energy El for one of substrates that causes the relaxation of

the uniform state.

» 1.137, 1
g
-
5 1 n
£ rd
__
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0, g | |
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1 Wl 10
Polar anchoring energy, mkN/m
Fig. 5.
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Fig. 7.
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Dyzpersive anchonng energy, mkdim
Fig.8.

For most cases one assumed that the polar anchoring
energy linearly depends on the spontaneous polarization:

W, =W, + aPg 3)

15
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By taking into account this expression in our calculation
the dependence 7(Ps) remains almost unchanged whilst the
dependence 7(W,) 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.

(1]
(2]

N.A. Clark, S.T. Lagerwall. Mol.Cryst.&Liq.Cryst.,
1983, v. 93, p. 213.

Y. Ouchi , H. Takezoe , A. Fukuda. Jap. J. Appl. Phys,
1987, v. 26, p. 1.

[3] H.E. Abbasov, A.R. Imamaliyev. Journal “Fizika” of
Azerbaijan National Academy of Science, 2003, v. 9,
Nel, p. 6.

A.A. Samarskiy, A.B. Gulin. Chislenniye metodi. M.:

Nauka, 1987, 427s. (in Russian).

(4]

A.R. imamaliyev

SEQNETOELEKTRIK MAYE KRISTALLARIN RELAKSASION XUSUSIYYSTLORININ MODELLO$DIRILM3SI

Birdlcill hal Ggiin seqnetoelekirik maye kristalin (SMK) relaksasiya xasseleri adadi Usulla analiz olunmusdur. Bircins halin
relaksasiya middatinin ham SMK-nin maddi parametrlarinden, heam da sath garaitinden asiliigina baxiimisdir. llisma enerjisinin
dispersion hissasinin miayyan giymatinds sigrayisla artir, yani yaddash kegid alinir.

A.P. UmamanueB

MOJIEJIJMPOBAHUE PEJIAKCAIIMOHHBIX CBOMCTB CETHETORJIEKTPUYECKHUX JKUIKHAX
KPUCTAJLUIOB

[IpoBeneH YHCICHHBIA aHANW3 PENAKCAMOHHBIX CBOWCTB cernerosnekrpuueckoro kpuctamia (CXKK). Paccmorpena 3aBucmMocTh
BpPEMEHH penakcanuu oT Marepuanbibix napamerpoB CXKK u noBepxHocTHBIX ycinoBuid. ITpu HEeKOTOPOM 3HAYEHUM AUCIIEPCUOHHON 4acTH
SHEPIuy CUEIICHUS BpeMsl PeIaKCalluy PacTeT CKAYKOM, T.€. I0JIy4aeTcs EPEKII0UEHHE C aMAThIO.

Received: 05.02.04

16



FiZIKA

2004

CiLD X Ne1,2

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 VT, lead to the magnetic fields appearing. Plasma
with the temperature gradient VT has vibrational properties,
which are strongly differ from usual plasma properties. In
such plasma in the absence of external magnetic field the
transversal (K_LVT ) thermomagnetic waves are possible, in

which the oscillation of only magnetic field takes place. If
there is the constant external magnetic field Hy , so the wave

vector of thermomagnetic waves should be perpendicular to
it and lay in the plane (H,, VT ). The homogeneous

magnetic field in such plasma rotates in the temperature
gradient direction. In plasma (27>>1 (¢2 is Larmor electron
frequency, 7 is frequency of their collisions) the
thermomagnetic wave increases with the increment
7~QrA(HVT K.

In the solid-state there is the electron flux and that’s why
is possible the thermomagnetic wave appearance at the
existence of VT 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 , temperature gradient
VT, electron concentration gradient V'n, and hydrodynamic

motions with velocity W(r, t), has the form:
|

E =) + 7'00A1 + #"QHHA + AVT + A[VTH] + A"™(VTHNH

Here 7 is the opposite value of ohmic resistance, A is the
differential thermoelectromotive force, Alis the Nernst-
Ettingshausen effect.

Ei = nadk + nilkLiH]k + nilli(jﬂ)_ik + Aikvk-r + Alik[v-rﬂ]k + Alilk(v-rﬂ)-lk

We consider the case, when the external magnetic field
Hy =0. Then in the equation (7), the members, having ,

J=oB*+G EH}avVT-a* VT H] (1)
E'*:E'JF@JFI va , (e>0) 2)
C e n

The definition of E from formulae (1), taking into
consideration the formulae (2), lead to solution of vector
equation:

X = a+[b,X] (3)
in respect of the unknown vector X .
From formulae (3) we obtain
bx=ab+[b, x]{bal{{b[bx]]  ©

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

2 = a + [ba] +2(ab)b )
1+Db

Iz _
Using Maxwell equations rotH = — J, taking into
c

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

(6)

" 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:

(.

! 7, A are equal to zero. Added to the equation (7) Maxwell

equations, we obtain the following system of equations:
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A_iCZB_ia)z—Czkz'
Ei =my Ji + AW [VTH], Ao’ Arew
H!

rotg! = 0 . 1,i=k

c ot ®) Ei = JiEx. di ~0.i=k

. 4r . 1oH! ’

rotH' =—7 +——— . _ .

C c ot the solution of the equation (9) in respect of the frequency @

is very difficult. That’s why we consider the thermomagnetic
wave propagation in the transversal (KLVT) and

We propose, that all variable values have the plane longitudinal(R”Vf)directions.
monochromatic wave character.

Then from formulae (8) we obtain Waves at K LVT .

1
CA;\

E%:{AnikKeKk.q.Bmk.g. KerT}Ei:ZikEi 9) The dispersion equation |Zy-1|=0 after writing on

| components has the form:

(Z11-1) (Z22-1) (Z33-1) +Zs1ZnZo3+Z21Z39213-231213 (Z22-1)-Z32Z 23 (Z11-1)-Z21Z12(Z33-1)=0 (10).

Substituting values Zj, from formulae (9) in the formulae ' (9). It is impossible to solve the equation (11) in the common
(10) for the definition of the frequency @, we obtain the case and that is why we will consider the crystals with the

equation of the form concrete symmetry properties in respect of the conductivity
o and - A’j — Nernst-Ettingshausen effect.
z ¢_mi = 0. wherei=0.1.2.3.4.5 (11) In the crystal oy=oy=c and A’;1=A4’3; from the formula
i 9 2 b b b b

(11) at KLVT we obtain:

The values of all ¢ can be obtained easily from the equation |

_ 4 . 1677 _ ?K?
i 48 o® + [I 6x ), - 647r3ja) - 1327° c +647°w), =0 (12)
(o2 O (o2
o, = A,CK VT, @), = A,,V,Tck, k=ki, ky=ks=0
From the formula (12) after the simple algebra, we obtain
1 - - - (1
@, , :—§ [%HZpajt(XHy):l:wo + I[E y—27raj (13)
1 1 2ck? 1
- = - = ) — VY > 2n0 (14)
X ﬁ > u + 3 ; ﬁ
- The inequality (14) executes at any ratio in the
1 2c°k w
y = — Ju- : 1 11
J2 3 crystals
Wy,
172 o= 4 (13)
oc2k? VP 5 \2 Ar
u = ( C J 4{47[6(021 + &] and needs the execution of the following inequality.

2

16 |1 + 18(%J > 1 (16)

From the formulae (13) it is seen, that for the increase of @4

waves with the frequency ay the following condition is

needed: 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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> Fo' =0,i=0,1,2,3,4,5. (18)

o @ N7 2
w, = — 611 +( 112 21) (17)

However, the values F; (a)Il, o-) is obtained very

difficult, that’s why we will analyze the existence and
As it is seen from the formula (17), the frequency @y is  conditions of instability of the longitudinal thermomagnetic
high and changes in the region ay>ck. waves for the crystals, which were investigated in the case

k 1L VT.

Waves at k”VT' In the crystals 7y-7=oc and Alik = Alki from the
Substituting the values of Zy for the longitudinal
thermomagnetic waves in the formulae (10) from formula (9)

we obtain the equation:

formulae (18), we obtain the dispersion equation:

3 212
o +i| & 4 4r’o ® 2cK =0, @, =CKA'V.T (19)
24 3 3
a3 5 53 5L/ 2
. 4
a;12=—|w—T+”Ui\/:ck1+%ﬁ+ 79 (20)
’ 48 3 3 4c°k” (48 3
It is seen easily from the formulae (20), that waves with ! As it is seen from the formulae (20), thermomagnetic

ck wave with the frequency ®, damps very quickly with the
the frequencies @, and @, are damped. At ¢ = —3 the

arn increment @; = ——.
wave has thermomagnetic character with the frequency 48
If we consider the thermomagnetic wave propagation in
®, ~96w; . (21) the crystals 7x=m=0 and Ay3=Ay,, A3;=ws3, then we obtain
| the dispersion equation.
- 2 21,2 3
i T 2c°k _4rio
2 3
@ - E( —64r O-)"' ?(wlz _a)Sl)(a)ZZ _0)33)_ 3 +1 3 (0)22 _a)ss) =0 @

From formula (22) for the crystals with From formulae (23), it is seen, that wave with the

increments @y :\/E (R 2_p2 )1 /4

o = 7 bopmyna we obtain the following expressions increases.
64r 2 2
@ -
/s The ratio —1=ﬁ < 1that was needed for the
1/2 1/2
W, , =1 ﬁ[(R2+r2) + iR?- r?) ]1 (23) @ RO+
’ obtaining of the dispersion equation (22). The analysis
shows, that wave with the frequency
202 v 1 1/4
,
R? = |Q* + 0! + 0 + = Wy=—= (R2+I’2) has the pure thermomagnetic
c n 2 ’ \/E

character at oy > ck. At @r = ck the mixed wave and at or<ck
2 the electromagnetic wave can be unstable.
r’=w?+0? szﬂ_ (a) - )(a) - ) For the obtaining of the frequency numerical value of
c 1> 31~ Wio \Wrp ~W33 . . . .

these waves it is needed (in the different crystals) it is needed

to know VT and A. In the crystals VTA~1 os~ck~10""Herz.

It is known, that Gunn semiconductor devices, prepared from

((022 —W33 ), the compound GaAs work in the frequency intervals
©~10°+10""Herz. If we prepare the crystal technologically

with data VTA'~1, then prepared device on the base of this

, 2c’k® , 4r°c
a)C = , a)ll =
3 3

O1= (W33~ W22~ (013~ (W1 - crystal can change Gunn devices, that is more benefit.
[1] L.E. Gurevich. JETF, 1963, 44. (in Russian) [3] L.R. Landau i E.M. Lifshits. “Mechanika sploshnikh
[2] E.R. Gasimov. AMEA, Xabarlar, c.XXIII, N5, s.6. sred”, M., 1954. (in Russian)
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AiiZOTROP KRISTALLARDA DAYANIQSIZ TERMOMAQNIT DALGALARI

Anizotrop kristallarda dayanigsiz termomagqnit dalgalarin yayilmvasi isbat edtlimisdir. Termomagnit daldalannin artma
inkrementi hesablanmisdir. Daldalarin yayilma istigamatleri teyin edilmisdir. Kristallarda bir nega artan termomagqnit dalgalarinin
yayllmasi isbat edilmigdir.

3.P.T'acanoB
HEYCTOMYHBASI TEPMOMATHUTHAS BOJTHA B AHU30TPOIIHBIX TBEPJIBIX TEJIAX

[loxa3zaHo, 4TO B AHM30TPONHBIX KPHUCTAJUIAX PACIPOCTPAHAETCS HEYCTOMYMBAas TEPMOMArHWTHAas BOJHA. BpluuciieHa wacrtota u

MHKpEMEHT HapacTaHus. OnpeneneHsl HallpaBIeHUs PaclpoCTpaHeHUs BOJH. J[0Ka3aHO, YTO B aHM30TPONHBIX KPHCTAJIaX OJHOBPEMEHHO

BO3MOXHO pacrpoOCTPAaHCHUE HECKOJIBbKUX HapacTarOUIUX BOJIH.

Received: 05.04.04
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THE NONREFLECTION ABSORPTION OF THE MICROWAVES
IN THE SOLUTIONS OF THE ACETONITRIL IN BENZOL

S.T. AZIZOV, M.A. SADICHOYV, E.R. KASIMOV, CH.O. KADJAR, RM. 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
A=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 12P-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 R,,;, 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 / 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 &’
and dielectric loss ¢’ ’'of the solution on the data of the
measurement of the standing-wave ratio and solution layer
thickness / in the point of the first minimum of the
dependences R on /. The acetonitril and benzol by the kind
XYA 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 7=20°C
and wave length 4=1,5 cm.

The typical family of the dependences of obtained
concentration R,,;, on [ for the solutions acetonitril-benzol,
obtained at A=1.5 is given on the figl. The concentration
dependences R of the given solutions have the clear marked
zero minimums R,,;,, according to defined values of benzol
concentration irrespective of choose of number N of function
minimum R,;,(/). The zero minimum R,;, 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
R,;, 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 R,,;,() will be generating.

Obtained  experimental values of the chosen
concentrations of acetonitril in benzol are given in the table
1. The selective values ¢, obtained by the calculated way
with the use of measurement data &’ and &’ solutions were
given also.
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The following technique was working for their location.
According to the ref [6] the selective values & and &, at
which the full wave absorption in the substance layer takes
place, are defined from the following equations:

(1+y°) A /2 = tg (27yx) -y tg (270)

vsh (4nyx) + sin (4mx) = 0,

)

where x=Iy/A, y= 1gA2; A= arc tg "/(-p); p = (VA)’
A=A £ LA=PDA, 4 =1 NV (1- p) 4y, Ay, is the length of

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

The value [, including (1), closes to (2n-1)A,/4 and
differs from the last on the small value, depending on the
substance properties and number N of dependence minimum
R, on [

As

£ =pH (WA’ (15);6"=29(W/2s)’, @

so dependences between selective values g, &, [/Ag have
the given type in the coordinate plane [¢’, £’’] on the fig.2.
The dependence &’ on &’ increases monotonely with the
increase of ¢’ and at the big values N reaches to the abscissa.
The inverse dependence is observed for the functions /y/A, &’
and &”.

The values ¢” and &” of the solutions at the different
benzol concentrations, obtained in the experiment were using
for the construction of the values dependences £”on &” 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 ¢”, &”, 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 ¢
are close enough to the experimental ones. The calculated
and experimental values of ¢ 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.

N/

o =% | [\ [ /] 8
r‘ ISy
3 ¥ 4 06
2 “/’/ {////::;/ a4
1 / f - Loz
= £ ’
e
2 3 4 5 G L] 3 10

-~ &

Fig.2. The dependences between values of the dielectric
constant ¢ and dielectric loss £”, 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 7=20°C and wave length A=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 x, 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 acetonitril-benzol anizol-benzol
&, T
36,8 33 4,39 12,3
X, X Xp X
number of zero
minimums
N 19.4 19,4 - .
1 7,4 6,6 65,0 63,5
2 4.8 4.6 37,2 34,6
3 3,6 34 26,0 24,5
4

[1] L Preissner. NTZ Arch., 1989, 4, p. 175.
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Magqgaladas qalinligi tanzim olunan polyar dielektrik materiallar iglin sksolunmayan rezonans udulma sartleri verilir.

C.T. A3zuzoB, M.A. Caapixos, C.P. Kacumosa, 4.0. Kax:kap, P.M. Kacumon

BE3OTPAXKATEJIBHOE ITOI'VIOIMEHUE MUKPOBOJIH B PACTBOPAX
AIETOHUTPUJIA B BEH30JIE

TToka3zaHbl ycioBHsl 0€30TPaKATEIBHOTO PE30HAHCHOTO MOTJIOIICHHS JUIS MOJIAPHBIX JUDICKTPUUSCKHX MATCPHATIOB C PEryJIHpyeMOi
TOJIIUHOM CJI0S.
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CHARACTER OF DISTRIBUTION OF LOCAL LEVELS IN THE QUASI-FORBIDDEN BAND
OF POLYMER PHASE OF POLYMER-PIEZOELECTRIC COMPOSITE

M.A. KURBANOYV, 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 (E~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 MPa. Composite samples
were polarized at the temperature 7,=393K, the electric field
intensity £,=1+3MV/m and time of polarization £,=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
E, and the high polarizing temperature 7, ~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 E, and 7, [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 E,; 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).
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Fig. 1. Dependences of piezomodule d3; (1), pyrocoefficient
7(2) and electric charge QO (3) on volume contents @
of piezoceramics in the composite PVDF+PCR-3M.
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Fig. 2. Dependences of piezomodule d3; (1), pyrocoefficient
7(2) and electric charge Q (3) on polarization electric
field intensity E, for the composite PVDF+PCR-3M.

In table 1 values of activation energy W,, calculated from
the temperature dependence of electrical conductivity of the
composite PVDF+PCR-3M 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 W, 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 | Activation | Piezomodule
voltage, V energy, eV | di3, 102 C/N
50 0,69 18
PVDF+PCR-3M 200 0,63 32
400 0,57 56
600 0,47 106
50 0,72 12
PP+PCR-3M 200 0,68 28
400 0,63 59
600 0,45 120
50 0,68 10
PP+PZT-19 400 0,64 48
600 0,59 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 CFO (Cohen - Fritzshe-Owshinsky) and
model Mott [8,9]. In both models there are tails of density of
states of conduction and valence bands, coming into the
forbidden zone. In model CFO tails of bands can be blocked
without qualitative change of the general form of density of
states in the field of overlapping. In model Mott 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 CFO. 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
Mott 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 Mott or CFO 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.
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Fig. 3. The dependence of the activation energy on

polarization electric field intensity. 1- PVDF+PCR-3M;
2 - PP+PCR-3M; 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.

25



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

[1] B. Koiller, H.S. Brandi. Theoret. Chem. Acta, 1981, [6] M.A. Kurbanov, S.N. Musaeva, 1. A. Farajzade, R.I.
v.60, Nel, p.11-17. Najafov. On the role of interphase space charges and

[2] Electrets. By G. Sesler's edition. Moscow, Mir, 1983, their  related effects in  polymer-piezoelectric
486 p. composites. Fizika, 2001, v.4, Ne2, p.71-73.

[8] M.E. Borisova, S.N. Koykov. Physics of dielectrics. [7] M.A. Kurbanov, A.O. Orudzhev, S.N. Musaeva, R.I
Leningrad: LSU, 1979, 240 p. Najafov. On interphase space charges and their related

[4] M.G. Shaktakhtinsky, M.A. Kurbanov, S.N. Musaeva. effects in active dielectric composites. Works of the
Physics of active composite materials. Materials of the Third International conference «Electrical isolation -
scientific conference, devoted to the 80 anniversary of 2002», June 18-21 2002, Sankt- Peterburg, p. 78-81.
the president of the Azerbaijan Republic of H.A.Aliyev, [8] N.F. Mott, E.A. Devis. Electronic processes in non-
IPh ANAS, Baku, 2003, p.155-167. crystal substances. Moskow: Mir, 1982, 603 p.

[51 M.G. Shakhtakhtinsky, M.A. Kurbanov, A.I. Mamedov, [9] D.S. Sanditov, G.M. Bartenev. Physical properties of
S.N. Musaeva, I.A. Faradzhzade. The role of the the disorder structures. Novosibirsk: Science, 1982,
interphase interaction in formation of the properties of 368p.

polymer-piezoelectric composites. News of ANAS, a
series of physical-technical and mathematical sciences,
1999, v. XIX, Ne6, p, 178-182.

M.9. Qurbanov, S.N. Musayeva, E.A. Karimov

POLIMER-PYEZOELEKTRIK KOMPOZITDS POLIMER FAZANIN KVAZIQADAGAN OLUNMUS ZONASINDA
LOKAL S3ViYYSLORIN PAYLANMA XARAKTERI

Polimer-pyezoelektrik kompozitlerde elektrikkegiriciliyinin temperatur asiliigina ve aktiviesma enerjisinin arasdirimasina
asasan miayyean edilmisdir ki, kompozitin elektrotermopolyarizasiyasi polimer fazanin kvaziqadagan olunmus zonasinda Fermi
saviyyasinin vaziyyastinin dayismasina sebab olur. Fermi saviyyssinin dinamikliyi ve onunla elagadar olarag aktivlesma
enerjisinin azalmasi polimerin kvaziqadagan olunmus zonasinda lokal seviyyelerin enerjiya gére monoton paylanmasinin
gbstarir. Farz edilir ki, lokal saviyyalar dolduqca, Fermi saviyyasi yuxarl qalxir vo daha az aktiviesma enerjisine malik lokal
saviyyaler oblastina dusur.

M.A. Kyp6anos, C.H. Mycaesa, J.A. Kepumon

XAPAKTEP PACHPEAEJTEHUA JTOKAJIbHBIX YPOBHEM KBA3HU3ANIPEIIIEHHOM 30HBI
HNOJIMMEPHOMU ®A3bI B KOMITIO3UTE ITOJIMUMEP-IIBE302JIEKTPUK

Ha ocHoBanum ananmusa TemmIepaTypHOM 3aBUCUMOCTH AJIEKTPOIIPOBOJHOCTH W 3HAYEHMHW OSHEPruM axkTHBALlMM HANHJEHO, YTO
NIEKTPOTEPMONIONIAPU3ANUS IPUBOJANT K M3MEHEHHIO MONOXKEHHUS ypoBHS DepMu B KBa3W3alpenIeHHOW 30HE TTOMMMEpHOIT (a3sl koMmosura
MOJIUMEP-IIbE30ICKTPUK. JIMHAMUYHOCTD MOJIOKEHUS ypoBHA depMu U CBS3aHHOE C HEH YMEHBIICHUE PHEPrUM aKTHBAallUU CBHUJCTEINIb-
CTBYIOT B II0JIb3y MOHOTOHHOCTHU PacIpeeICHUs JOKaIbHBIX YPOBHEH IO 3HEpruy B KBAa3U3alPELICHHOU 30He nonumepa. Cuuraercs, 4ro
0 Mepe 3al0JIHeHNs JIOBYIIEK ypoBeHb DepMu OIHUMAETCS U MOTalaeT B 00J1aCTh JIOKAIBHBIX YPOBHEH C MEHbIIEH SHEPrieil akTHBALIU.

Received: 20.05.04
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GUNSS KONSENTRATORLARININ NORMAL i$
MUDDSTININ HESABLANMASI

S. M. M©MMaDOV, G. S. Q9MBIROVA
Azoarbaycan MEA Naxcgivan Bélmasi Tobii Ehtiyatlar Institutu fiziki tadqiqatlar laboratoriyasi
Naxgivan MR, Naxgivan seheri, Babak kii¢ 10

Glines sualarini toplayaraq kigik 6l¢ili nimunsleri ylksek temperatura gader qizdirmaq Uglin istifade olunan giinag
konsentratorlari ancag misayysan middat normal is qabiliyystini saxlayir. Magalede bu muddatin muxtslif materiallardan
hazirlanmis konsentratorlar tG¢lin hesablanmasi meodikasi verilir.

Gox ller earzinde aparilan hesablamalara gore
malumdur ki, Yer kurasi il arzinda

Giinesdan orta hesabla 1,510 C enerji alir. [1] Bu
o demakdir ki, planetin sat-hinin har kvadrat metrina bir
saniyada teqgriban cp=150 C enerji disur. Bu enerjini
sferik glzglya esaslanan xlsusi qurdunun —
konsentratorun komayi ile toplayib kigik dlguli
nimunalari yiksak temperatura gadar qizdirmaq olar.
Bu zaman ancaq tedqig olunan nimuna deyil, ham deo
konsentratorun 6zu qizir. Naticade miiayyan muddatdan
sonra muxalif termik emsallara malik olan gayta-rici
seth ve althq tebsgenin fargli genislanmalari
konsentratorun gaytarma amsalini keskin asagi salir.
Masaloen, altlq tabaqgenin misden, gaytarici sathin ise
aliminiumdan hazirlanmasi zamani konsentratorun
gaytarma amsall yiz saat erzinde doxsan faizlik sabit
giymatini saxlaya bilmisdir. [2] Sonra aliminium
tebaqanin erimasi konsenratorun isgini dayandirmisdir.
Cox sayl bels faktlar konsentratorun isinde hansi metal
cutindn daha uzunmuiddatli normal ise malik olacagini
bilmak zaruratini yaratd.

9yrilik radiusu R, diametri d, darinliyi « olan sferik
glizgliden ibarat konsentratorun normal is muddatini ¢
asagidaki kimi hesablamagq olar.(sakil 1)

Sekil 1. Glnas konsentratoru.

Glinas enerjisinin  konsentrator terafindan
olunan migdari

gabul
|

S = 22R(1 - cos ¢) = 22R(1 -

Q =

Oy " S, - T (1)

2
S 0=7Zd /4 konsentratorun glines

sualarnni  gabul edan kasiyinin sahasidir. Qaytarici
sothde slalarin udulma emsalini k ile isara etsak,
konsentratorda udulan enerji Q,=kQ; olar. Udulan
enerjinin ham althq tebaga-nin, ham da gaytarici sathin
gizmasina ve nahayat arimasina sarf olundugunu gs-bul
etsok

szclml(e_t)-l_CZmZ(Q_t)-l_ lmz 2)

olar.Burada c; ve ¢, uygun olaraq althq tebaganin va
gaytarici sathin xususi isti-lik tutumlan, m; ve m, isa
hamin tebaqgelarin kutlsleridir; t — konsentratorun ilk
temperaturu, @ - son temperaturudur, A- qaytarici sathin
materialinin  xiisusi erimo istiliyidir. istilik balansi
tenliyinds t = 0, c;m >>s,m , nazers alsaq

Burada

kGOSOT = Clm1(9 + ﬂmz 3)

Burada ko=Am,/S kemiyyati r middatinde qaytarici
sothin, o=c/m;6/S ise altlq tabaqgenin vahid sathinin
aldigi enerjini gosterarsa

ko, Sy7 = (ko + o)

Ak +1)-S
koS,

(4)

olar. Burada S - konsentratorun sathinin sahasidir.
Maolumdur ki, sferik glizginun bas simmetriya oxunun
an kanar radius ile amala gstirdiyi bucaq ¢ olarsa

R - a

) = 272R* £ = 27aR

a
R
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S 2maR

S, d>/4

8aR
d 2 (5)

olar. Bu ifadsleri (4) — de nazare alsaq

_ 8ok + DaR
 koyd? ©)

Vahid satha disan enerjinin o tayininden géruindiyu
kimi

ke Am,

c,mg

K c,m6_Am, |
S S

Nazare alsaq ki, my-paVa= p2X2S v my = p1vi=p 1X1S

k _ ﬂ’IOZXZ
- (8)
C1 1%, 0
olar. Burada x; — althg tebaqgenin, x, — isa qaytarici

sathin galinhi@idir. gériindiyi kimi x; >>x, oldugundan
k<<1 olur. ona gors da (6) ifadesini

8oaR

£ T ko,d? ©)

kimi yazmagq olar. Verilmis konsentrator G¢ln « , R va d
— ni xatti 6lgmaler vasi-tasile o- niisa

c,m@
_ 11 —
o = = C,pX,0 (10)
S
ifadesinden tayin etmokls iki ndév materialdan

hazirlanmis konsentatorun minimal normal is muiddatini
hesablamagq olar.

Nozari va eksperimental naticalerin na darecads
uzlasmasini gérmak Ugln taklif olunan metodika ile mis
va alliminiumdan ibarat olan konsentratorun normal is
muddatini hesablayaq.

Bu zaman konsentratorun konveksion soyumasini
nazers almayacadig. Clnki soyuma prosesi normal is
middsetini ancaq artira biler. Cadval malu-matlarina
gore

A =39-10c/ kq.
p, = 2,0 -10°kq / m*®
p, = 8,9 -10°kqg / m®,
c, = 380c/ kg - K
6 = 650°S .

>

konsentratorda aparilan xatti 6lgmelare gore

a=310°m R=2107°m_ d=3107°m.
x,=3107°%m, X,=210"*m

(8), (9) va (10) dusturlarinda bu giymatlari nazars alsaq
=250 (saat) olar.

9ger konsentratorun normal isinde soyuma
prosesinin iki defe muddati ar-tirdigini gebul etsak, onda
tecriibi ve nazari naticelarin uzlasdigini goérarik. Soyuma
va qizma proseslerinin barabar ehtimalll olmasi bu
naticani ¢gixarmaga imkan verir.

[11 Gnerqgeticeskas programma SSSR, izd. «Znaniey,
Moskva 1986

[2] Ispolgzovanie solniia i drugix istognikov lugistoy
gnergii v materialo-vedenii. Kiev, naukovas
dumka, 1983.

C. M. Mawmenos, I'. C. F'amb6apos

BbIYACJEHUE BPEMEHU HOPMAJIbHOM PABOTHI COJTHEUHBIX KOHIIEHTPATOPOB

B crarbe 00ObsCHSAeTCS yMeHbIIEHHE KO3(G(UIMEHTa OTPaKCHHs COJHEYHBIX JIy4eH IPHM HArpeBe COJHIEM CaMOro KOHLCHTPATopa.
JlaeTcst METOIMKA BHIYUCICHHS BpEMEHN HOPMAIbHOH Pab0ThI KOHIIEHTPATOPa, ECIN 3apaHee H3BECTHO M3 KaKMX MaTePHaIoOB OH COCTOUT.

S.M. Mamedov, G.S. Gambarova

CALCULATION THE TIME OF NORMAL WORK OF THE SUN CONSENTRATORS

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.

Received: 05.02.04
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ELECTRON DIFFRACTION INVESTIGATION OF PHASE
TRANSITIONS IN A’B*C,* COMPOUNDS

D.I. ISMAILOV
Institute of Physics, Academy of Sciences of Azerbaijan
Az-1143, H. Javid av., 33, Baku.

By electron diffraction investigations peculiarities of film formation of A*B*C,® 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 TLInSe,, TLGaSe, and TLInS, obtained under the usual
conditions and the influence of external field. There have been established 3 superstructural phases of TLGaSe, and TLInTe, compounds,
two of them are formed as a result of epytaxial growth of TLGaSe, for NaCl and one of TLInTe, compound for KCI.

In ASB?’C(; system there have been formed a number of

ternary compounds TlInSe,, TIInS,, TIlInTe,, TIlGaSe,,
T1GaS,, TlGaTe, 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 A?’BgCg 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 ASB3C2 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 TIl-In-Se system.

According to data [12-13] in Tl-In-Se system at TISe-
InSe in the 1:1 ratio there have been found Tl InSe, com-
pound. X — ray data [14-17] of some phases formed in TISe-
InSe system are contradictory. In [14] it is noted that In,Se;
has a low — symmetric structure, so author can not induce the
debaegram. In [17] the possibility of In,Se; existence in two
modifications has been established, in [15-16] it is stated that
In,Se; has at least three different modifications: «, £ and .
They are resistant: « - at room temperature, - over 473 K
and y - 779-873K. At present determination of crystal struc-
ture of a-and £ - modifications is considered to be finished.

Table 1. Structural parameters of thallium chalcogenides.

Num
-ber
o . Space Lattice periods and angles in degrees (nm) | of Refer-
Description| Singony for- Note
group ences
mula
a b C Y} units
2)
1 2 3 4 5 6 7 8 9 10
T1GaSe, tetra- I4/mem 0,7620 3,0500 16 [2]
gonal
T1GaSe, tetra- [4/mcm 0,8053 0,6417 4 Faze of high [3]
gonal pressure
T1GaSe, mono- Cgongh 1,0770 1,0770 1,5620 100° 16 [4]
clinic
T1GaSe, mono- P2,/m 0,7260 0,7270 1,4900 90°20’ 8 [5]
clinic
T1GaSe, mono- Cc(C4) 1,0772 1,0771 1,5636 100°6’ 16 [6]
clinic s
T1GaS, tetra- 14/mcm 0,7290 2,9900 16 2]
gonal
TIGaS, mono- | P2;/m 0,7000 0,7600 6,2720 90°20’ 32 [7]
clinic
TIGaS, mono- c gorcgh 1,0400 1,0400 1,5170 100° 16 [4]
clinic
TIInS, tetra- I14/mcm 0,7740 3,0030 16 [2]
gonal
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TIInS, tetra- I4/mcm 0,8000 0,6720 4 o-mod [8]

gonal
1 2 3 4 5 6 7 8 9 10

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

TIInS, mono- Cgorcgh 1,0950 1,0950 1,5140 100° | 16 [4]
clinic

TIInS, mono- | P2;/m 0,7760 0,7760 3,0010 90°15’ 1 | B-mod [9]
clinic 6

TIInS, Hexa- P6/mcm | 0,7670 1,4980 8 | a-mod 91
gon

TlInS,—1II | hexa- P3m 0,3830 2,2230 3 | Faze of high [10]
gon pressure

TlInS,-IIT | Hexa- P6/mcm | 0,3830 1,4880 2 [10]
gon

TlInS, Rhom- Dg 0,6560 0,3810 1,4940 4 [4]
bic

TlInSe, tetra- 0,8075 0,6847 4 [11]
gonal

TlInSe, tetra- 0,8494 0,7181 4 [11]
gonal

TlInSe, tetra- 0,8429 0,6865 4 [11]
gonal

Existence of thallium selenides have been pointed in the
diagram of T1-Se system state: T1,Se (16,19 weight % of Se,
Tinmetting) = 563K); TISe (27,28 weight % of Se; Tumetting =
661K) and TI,Se; (36,69 weight % of Se). Tl,Se; is melted
over the temperature range 547-553 K and has two points of
transformation at 445K and 465K [18-19]. Existence of TISe
and T1,Se compounds is confirmed by X-ray analysis, how-
ever, it is not confirmed for TI,Se [14,20]. According to elec-
tronographic data [21] TISe is crystallized in tetragonal lat-
tice with constants: a = 0,852; ¢ = 1,268 nm. In TI-Se system
composition of stoichiometric composition TISe [22] is the
most resistant and of interest as semiconductor.

IT Phase composition of films TI-In-S system.

In TI-S [18] according to the results of thermal and X-ray
investigations there have been established four stoichiometric
compounds: TL,S, TL,S; TIS and TIS,. Only the phase of the
TS composition has a congruent melting point (623K). In
papers [23-24] it is established that there are intermediate
phases in TI-S system: T1,Ss (28,6 at % of T1), TlgS,; (32,0 at
% of T1), TIS (50,0 at % of T1), TL4S; (57,1 at % of TI) and
TLS (66,7 at % of T1). With the regard of data [23-24] in [25]
there have been given specified version of diagram of TI-S
system state. Phase TlgS;; in case of long storage at room
temperatures and annealing breaks down into T1,Ss and TIS
phases. In [25] there have been confirmed existence of T1,Ss
which was under suspicion in [18]. Phase TI,Ss is formed
peritectically from TlgS;; and sulphur. In [26] there have been
pointed to the production of massive amorphous samples of
TIS composition. In [2,4,8-9] existence of phase of TlInS,
composition of different modification has been established.

Solid phases of In-S system are investigated in sections
In-In,S;. Obtained results show that In;S, does not exist in-
dependently and appears in the region of solid solution on the
base of In,S3(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 In,S as a
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primary component — pair being in equilibrium with In,S.
Melting temperature of In,S; is 1368K [29]. In [30-31] phase
B-In,S; with tetragonal cell period is established: a = 0,7620
nm; ¢ = 3,2300 nm relating to progressive symmetry 14/amd,
with 16 formula units in elementary cell and being of non-
ordering modification a-In,S; is.

III Phase composition of films of TIl-In-Te system.

According to state diagram in TI-Te system the following
phases are: TL,Te;, TlTe, Tl,Te and « - phase (TlsTes)
[14,32-36]. There have been contradictory evidence about
Tl,Te. In [32-34] Tl,Te phase is not revealed, in [14] exis-
tence of Tl,Te phase on the base of X-ray analysis of Tl and
Te alloys is expected. The presence of Tl,Te phase in TI-Te
system is established by thermodynamic and roentgen inves-
tigations, and microhardness [35-36]. The structure of Tl,Te
compound is not coded. Contradictory data about the exis-
tence of Tl,Te phase can be explained by complexity of pre-
venting of oxidative processes during the work with Tl and
its compounds, particularly with T, Te. In fact, authors [35]
point to the instability of TI,Te phase in the air. According to
data [37], thallium hydroxide remaining in TlsTe; 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 TlsTe; composition are
formed at evaporation of T, Te alloy.

By chemical and metallographic analysis of samples ob-
tained by zone melting there have been found intermediate
compounds In;Tl, and In3Tls [39]. Formula IngTl, is assigned
to intermediate compounds of in rich content. By investiga-
tions [40] existence of In;Tly is confirmed. Melting tempera-
ture of In;Tly is 938K. In [41] there have been determined
InTe and In,Tl; 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 In,Tl; (f-In,Tl;) is more than low-
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temperature modification (a~In,Tl;) and unequality under-
goes eutectoid decay.

Structure of ternary compound TlInTe, is determined ro-
entgenographical [11], its melting point (Ty) is 1045K, den-
sity (p) is 9,31 g/em’ [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 TlInSe,, T1GaSe,, TlInS, 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 TlGaSe,, TlInTe, compositions.

Experimental details.

I. Phase composition of films of TI-In-Se (S,Te) system
is investigated at the component condensation on the sub-
strate of NaCl crystals in vacuum 3-10™* 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 TI and In sources.

Investigation of films of Tl-In-Se system (S,Te) is of ex-
perimental difficulties connected with the oxidation of TI 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 T1, In
and Se (S and TI) has been studied by electron- diffracting
method for passage on devices ZG, ZGR — 102.

II. Kinetics of phase transitions in thin amorphous films
TlInSe,, TlGaSe,, TlInS, 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
TlInSe,, TlGaSe,, TlInS, compounds for investigation of
crystallization kinetics are produced by evaporation of
TlnSe,, TlGaSe,, TlInS, alloy cuts in vacuum ~10" 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™ 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 TI, In,
Se along the condensation plane amorphous films are formed.
Values of S=4zSin&/A corresponding to diffusion rings on
electron-diffraction photographs are given in Table 2.

Table 2. Characteristics of phases of T1- In- Se systems.

Description| Diffu- | S= 4xsin6/A Crystal Space Lattice periods and angles in de- References
sional (nm™) system group grees (nm)
ring
A b c

T1,Se 1 21,40 tetragonal C 3 0,8520 - 1,2680 [21]

2 32,90 4h
P4/n

TISe 1 21,50 tetragonal I14/mcm 0,8010 - 0,7000 [20]
2 33,90
3 42,90
4 52,10

TlInSe, 1 20,60 tetragonal 14/mcm 0,8075 - 0,6847 [11]

2 33,90
3 50,40

In,S; 1 19,50 cubic initial - 1,0100 - - [43]
2 32,00
3 54,00
4 65,00

InSe 1 20,00 hexagonal R3m 0,4046 - 2,4960 [44]
2 33,20
3 60,00

In,Se; 1 22,30 rhombic Pnnm 1,5297 1,2308 0,4081 [45]
2 40,00
3 51,50

Crystallization of amorphous films allows six differ-
ences according to phase composition and structure Tl,Se,
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TISe, TlInSe,, In,Ses;, InSe and InsSe; to be established.
Crystallization of Tl,Se and TISe films are taken place at
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493K and 363K, respectively. Ternary compound TlInSe,
is crystallized at 443K. Obtained amorphous films are
crystallized on the base of tetragonal crystal system.

By thermal heatment of amorphous phase In,Se; 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
IngSe; 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 Tl,Se 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 Tl,Se up to Se whereas in
massive samples they are limited from TI by composition
«TISe,» [48-49].

. TISe
s TlnSe;
h MM tnase
InSe
rerass| [ImaSe

Fig. 1. Diagram of phase distribution in condensation plane for
TI-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 T, Se and
In on substrates at room temperature.

Structural characteristics of crystalline phases and val-
ues of S=4nSin6/A corresponding to diffusion lines on
electron — diffraction photographs of amorphous phases —
1) TLS, 2) TLS;, 3) TIS, 4) TLSs, 5) TlInS,, 6) In,S; are
given in Table 3.

By thermal treatment of films of the first and second
amorphous phases there have been formed polycrystalline
T1,S and textured TI;S;. Annealing of correspon-ding
amorphous film at 435K leads to formation of textured
TIS. 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 T1,Ss. Crys-
tallized samples as in case TI,S; and TIS are textured.
Amorphous films of ternary compound of composition
TlInS, and AIn,S; 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 TlgS;;
[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 nm® we find that a number of structure unity in
elementary cell for TlgS7 is Z = 2. And calculated value of
density peaic.= 6,0 g/cm3 is well coincided with data for
TIS; (Peaic=5,8 g/lcm®) [50].

Thermal treatment of T1gS;; 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= 4nsinB/A of amorphous phases of systems TI-In-S.

Diffu- | S=4nrsin6/A | Crystal Space Lattice periods and angles in degrees N R
Descrip-| sional | (nm™) system group (nm) ote efer-
tion ring ences
A b c B
T1L,S 1 14,22 hexa-gonal R3 1,2200 - 1,8170 [18]
2 22,01
3 34,14
T14S; 1 22,03 monoclinic P2,/a 0,7720 1,2980 0,7960 103°50" | B [51]
2 37,63 modi-
fica-
tion
TIS 1 17,84 tetra-gonal I14/mecm | 0,7790 - 0,6800 - [14]
2 21,52
3 34,31
4 54,12
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TIS, - - tetra-gonal P4,/nmc | 2,3200 - 5,4800 - [50]
T1,S5 1 14,41 rhombic P2:2:2; | 0,6660 0,6520 1,6750 - [14, 24]
(red) 2 22,03
3 43,02
T1,S5 - - rhombic Pbcn 2,3450 0,8800 1,0570 - [14]
(black)
TlInS, 1 20,32 monoclinic P2,/m 0,7760 0,7760 3,0010 90°15' B- | [9]
2 26,06 modi-
3 38,43 fica-
tion
In,S; 1 8,55 tetragonal 14,/amd | 0,7620 - 3,2300 - B- | [30,31]
2 27,73 modi-
3 40,62 fica-
tion

Decomposition of TlgS;; 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: T1,S;,
TIS, TlInS, and In,S;. Sample treatment at 373-443K initiates
film crystallization and besides mentioned phases another
phase of T1,S is revealed. T14S; and TIS 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 TI-Te, In-Te and one ternary com-
pound of TlInTe, 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 TI,Te phase
which we induce on the base of primitive cubic lattice with
a=1,2620 nm. T,Te phase is formed in a very narrow ex-
perimentally hard — established region of composition.

In region enriched in T1 (according to calculation up to 85
at.% of T1) there have been observed phase with facecentered
cubic lattice, space group F4,32 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 Tl,Te phase there have been ob-
served wide region where y-phase (TlsTe;) 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; ¢=1,2630nm. Thus in thin films both TIl,Te
phase and y-phase of TlsTe; composition are realised.

In region enriched in Te there have been observed
tetragonal TITe with parameters of elementary cell a=1,2950;
¢c=0,6180 nm which are in agreement with data [33] and
T1,Te; phase of familiar monoclinic structure with a=1,3500;
b=0,6500; ¢=0,7900nm, £=73° [33]. On condensation plane
there have been revealed presence of TlInTe, ternary com-
pound films with constants of tetragonal lattice a=0,8494;
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¢=0,7181nm [11] and familiar: hexagonal In,Tes with con-
stants of elementary lattice a=1,3270; ¢=0,3560nm [40] and
rhombic In,Te with a=0,4450; b=1,2580; c=1,5360nm [52].
At sequential deposition of T1, 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 TlInSe,, TIGaSe, and TIInS,.

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)

Ve = Vo[1- exp(-kt™)] (M
where V- fraction of substance volume undergone transfor-
mations to moment t, V- 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 V.

Amorphous films TlInSe, 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 Te=403K. On electron — diffraction
photographs there have been observed three diffusion rings
corresponding to S=47sin@/=2,060; 3,390; 5,040nm™ given
in fig.1.
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Crystallization of amorphous films at 423K leads to for-
mation of polycrystalline tetragonal TlInSe, being in the
agreement with the data of paper [11] .

For determination of kinetic parameters of crystallization
from amorphous films TlInSe, 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 TlInSe, arise. One of these
electron — diffraction photographs measured at 433K is given
in fig.2.

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

Tempersture of annealing 433 4

Time of annealing

n Feconds

169 140 71:

Fig. 3. Microphotographs of isothermal electron-diffraction pho-
tograph of TlInSe, 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 TlInSe,
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
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crystalline TlInSe, 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 TlInSe,, i.e. dependence of volume of crystallized part
of TlInSe, on time at various temperatures (fig.4).
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Fig. 4. Kinetic curves of TlInSe, crystallization. Values of T.. 1-403,
2-418, 3-433, 4-453K.
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Fig. 5. Dependence of InIn(Vy/V,-V; ) on Int

There have been carried out dependences InIn(Vy/(Vo-Vy))
on Int 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
TlInSe, 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 1/3 7Z'VnVS2 . Here V,-

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; V;-linear rate of crystalliza-
tion being defined as rate of change of linear sizes of increas-
ing centers of new phase.

Values InK for various temperatures are the following

K
InK

403 418 433 453

16,70 14,66 | 12,62 | 10,44




ELECTRON DIFFRACTION INVESTIGATION OF PHASE TRANSITIONS IN A*B*C,* COMPOUNDS

On the base of mentioned data there have been carried out
chart of dependence Ink 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].

1

Ink = A -—(E E
n RT(n+s) @

where E;- 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 Ink on 1/T,
which is equal to 45,7 kkal/mol. Activation energy of nucleus
formation E, calculated along the shift of direct dependence
1/7 on Int (where t-experimentally observed time for crystal-

lization start — incubation time) which is
16,3kkal/mol.

Activation energy of chip growth E; from ratio E=Eg-
E./2 is equal to 14,7 kkal/mol. Crystallization kinetics inves-
tigation of amorphous films TlInSe, 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 TlInS,
[3] and TlInSe, [2] condensed under normal conditions and
under the effect electric film are determined. Values of sum-
mary activation energy of crystallization process Eg=E,+2E;
and magnitudes of activation energy of nucleus formation
(E,) and growth (Es) are determined. For comparison the ob-
tained values are given in Table 4.

equal to

Table 4. Values of activation energy

Description | Electric field strength m | E, E, Eg
kcal /mol | kcal/mol | kcal / mol
TlInSe, E=0 3 45,7 16,3 14,7
TlInSe, E=3000 B cm’ 3 38,0 11,0 13,5
T1GaSe, E=0 3 61,8 17,6 22,1
T1GaSe, E=3000 B cm’’ 3 53,3 15,1 19,1
TIInS, E=0 3 42,0 11,0 9,0
TlInS, E=3000 B cm’’ 3 1362 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 TlInSe,,
T1GaSe, and TIInS, 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 TlInSe,,
T1GaSe,, TlInS, 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 TlInSe,, TIGaSe,, TlInS, can be explained that in ex-
ternal electric field, in TlInSe,, TIGaSe,, TlInS, 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 TlInSe,, TlGaSe, and
TlInS; is taken place.

I11. Formation of superlattices of phase transforma-
tions in TlGaSe; and TlInTe,.

1. T1GaSe, structure is determined by roentgenography-
cally and it is shown that it is isostructural with TISe and it
forms individual structural type of space group I4/mcm.

Tetragonal lattice parameters of TlGaSe, are:a=0,8053;
c=0,6417nm, molecule number in elementary cell z=4,
[V=41,62nm’] [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] TlGaSe, has monoclinic crystal system,
phase with tetragonal lattice is not fixed. This circumstance
makes open the discussion of possible modifications of the
mentioned compound.
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Below we present results of formation of the thin films
TlGaSe, and TlInTe, obtained by vacuum condensation of
synthesized compounds on the surface of alkalihaloid com-
pounds of crystals (NaCl, KCI). 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 TlGaSe,,
TlInTe, 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 TIGaSe, compound:
T1GaSe, 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=47sin0/1=2,102; 3,445; 4,473 A . 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 T~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 T1GaSe,
with familiar monoclinic lattice.

Evaporation of TlGaSe, 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 TIGaSe, textured films.

Films obtained on NaCl, KCI substrates at T=543K with
subsequent holding at given temperature over 30 minutes
detect the presence of only tetragonal phase TlGaSe,. 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 TlGaSe, 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 14 - Sf other than

initial phase referring to group 14/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”.
T1GaSe, films grown on (NaCl) monocrystalline sub-
strates at Ts623-643K are monocrystalline with different
degree of perfection. By point electron — diffraction photo-
graphs there have been determined lattice periods (photogra-
phy with NH4CI standard) which are equal to: a=1,5980;
c=1,1680nm. In fig.7 electron-diffraction photograph of
monocrystalline film of superstructure TlGaSe, is presented.
Period “c” is determined by electron-diffraction photographs

measured with the angle ¢=35°. Space group 14,/ amd (Di,? )
is established.
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Good crystallographic agreement of conjugating substrate
planes and new phase is responsible for formation of perfect
monocrystalline films with superperiods. By epytaxial
growth of TlGaSe, 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 TlGaSe, 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 TlGaSe, 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. TlGaSe,
structure is laminated and is alternating packets of two oppo-
site big tetrahedral group of (GasSe o) composition combined
by Van- der -Waals forces [3,6].

Fig. 7. Electron-diffraction photograph of TlGaSe, 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 TlGaSe, falls apart into separate frag-
ments arranging in chain tetragonal structure of TISe — type.
Thus it is shown that phase transformation connected with
layer reconstruction in TlGaSe, 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 TlInTe,
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;
=4 [11].

We obtain amorphous films under specific conditions for
this compound. We establish that TlInTe, 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=47sing / 1=0,275;
0,335; 0,453 nm™ have been observed. Later on the base of
investigations there have been established the following pe-
culiarities of film formation of TlInTe, 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 TlInTe, on
newly made spall of KCI 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: 8=2,500 nm. Period “c” is also tripled and equal to 2,185
nm. Between lattice periods ay and ¢, of initial and super-
structural phases simple relationship are taken place:

¢=0,7181 nm space group [4/mcm (Diﬁ );

Asup.stp.= 380 = 2,500 NM; Csyp.stp. = 3Co = 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 14;/amd (Dig ) 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 TlInTe,, i.e. 36 atoms of Tl, In and 72
atoms of Te. TlInTe, monocrystalline films is oriented by
plane (001) parallel to KCI face (100).

Observed orientation relations during epytaxial growth of
T1GaSe, and TlInTe, films as in TlInSe, [56] are defined by
relationship of atomic configuration of metal layers in crystal
lattice of growing film and substrate surface. In TlGaSe, and
TlInTe, lattices metal atoms form orthogonal lattices with
distances between points equal to 0,402 and 0,421 nm, re-
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spectively. Similar orthogonal lattices with distances between
0,399 and 0,444 nm point form cations or anions on NaCl
and KCI crystal face (100), respectively.

However in [56] for TISe clear epytaxial relationship is
not realized in although incompability parameter conjugating
lattices is only 4=0,5% and three different crystallographic
orientations is realized at which 4=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 TlGaSe,,
TlInTe, and according to [56] in TlInSe; 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 TlGaSe, —NaCl, TlInTe,-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 T1,Se, TISe, TlInSe, , In,Se;, InSe, InsSe;.
Formed at room temperature films are amorphous and ranges
over compositions from TI,Se to Se, that are considerably
wider than range in massive samples obtained by quick cool-
ing of melts limiting from Tl by Tl,Se 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 T1,Se to TI,Ss much wider
than the range obtained by quick cooling of melts (TIS-
T1,Ss). For the first time there have been obtained phase
TlgS17; 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 Tl,Te, TlsTes, TlTe,
Tl,Te; and ternary compound TlInTe,. There have been es-
tablished existence of metastable phase with FCC lattice and
elementary cell parameter a=1,262 nm, space group F4,32
which changes over the phase Tl,Te at ~ 403K crystallizing
into primitive cubic lattice with the same parameter «a».

4. Values of activation energy of crystallization for
TlInSe,, TlGaSe, and TlInS, 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 TlInSe,, TIGaSe, and T1InS, chips are
observed.

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

of them are formed by epytaxial growth of TlGaSe, on NaCl
and one phase of TlInTe, composition on KCI. 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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ELECTRON DIFFRAKTION INVESTIGATION OF PHASE TRANSITIONS IN A*B*C,* COMPOUNDS

C. . ismayilov
A’B’C,° - BIRLOSMOLORIND® FAZA KECIDLORININ ELEKTRONOGRAFIK TaDQiQi

Elektronografik tUsul ile A’B*C,° grupuna daxil olan birlesmalerin, nazik tabagsler vaziyystinde alinma xususiyyatleri tadqiq
edilmisdir. Gostarilmisdir, ki otaq temperaturunda formalasan amorf tebaqgelerin terkiblorinin teskil etdiyi interval, hacmli
ndmunalarinkinden daha genisdir. Adi seraitds va xarici elektrik sahasinin tasiri altinda alinmis TLInSe,, TLGaSe, va TLInS, nazik
amorf tebagalarin faza kecidlerinin kinetik parametrlari teyin olunmusdur. Epitaksial boylima naticasinde TLInTe, tabagalerinin
KCI, TLGaSe, tebagalarinin ise NaCl monokristallar tUzarinde bdyimasi naticasinde uygun olarag 1 ve 2 adad ifrat quruluslu
fazalarin mévcudlugu misyyan olunmusdur.

J. A. Ucmaniios

SJEKTPOHOI' PA®UYECKOE UCCJIEJOBAHUE ®A30BBIX IEPEXO/IOB
B COEJIMHEHMUSIX A’B*C,°

IeKTPOHOrPapHIECKIMI HCCIEHOBAHUSAME YCTAHOBICHB! 0COBEHHOCTH (hOPMHUPOBAHKS IUICHOK coemuuenuii rpymmsr A BC,°. IToka-
3aHO,YTO HHTEPBAJI COCTAaBOB aMOP(HBIX IUICHOK IIPH KOMHATHOW TeMIepaType 3HAYUTEIRHO IIUpEe HHTEPBAJIa B MACCUBHEIX oOpasmax. Omn-
peleNicHbl KWHETHUCCKHE mapaMeTphl (a30BbIX MpeBparieHuii B amopdHbix mieHkax TLInSe,, TLGaSe, u TLInS, nony4ueHHBIX B OOBIYHBIX
YCIOBHSIX M B YCJIOBHSX BO3/CHCTBHS BHELIHETO JJIEKTPHYECKOTO IOJIS. Y CTAHOBIECHBI 3 CBEPXCTPYKTypHBIE (a3zbl coctaBoB TLGaSe, u
TLInTe,, 1Be n3 KOTOPBIX GOPMHUPYIOTCS B pe3ynbTate anutakcuansHoro pocta TLGaSe, na NaCl u ogna - cocrasa TLInTe, na KCl.
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DORIi IMPEDANSINA GORO ELEKTROSTIMULYATORUN AVTOMATIK QOSULMA
SISTEMI

N.9. SOF9ROV
Azarbaycan EA Fizika Institutu
371143, Baki, Cavid pr., 33

S.S. 9MIROV, F.A. AXUNDOVA
Azarbaycan Dévlet Tibb Universiteti
371022, Baki, Bakixanov kig., 23

Taklif olunan avtomatlasdiriimis sistemds diagnostik malumat kimi derinin impedansi parametri gétiriimisdir. Barmaglara
baglanmis elastik braslet deri miqgavimatini geyd edarek onu emosional hali tayin edan cihaza 6tirlr. Sonra ise cihazdan bu
signal personal komputerin sas platasindaki “Game” portuna 6turdlir. Xdsusi program taminatinin kémayi ile alinan malumatlar
islonilir va pasient tayin edilmis alqoritm Uzre diagnoz edilir. Diagnozun ve mualicanin programlasmasi, onlarin avtomatik
sistemda iglonib hazirlanmasi, tetbiq edilmasi bele mialice metodlarinin effektivliyini artinr, hakim personalinin tesadufi
sohvlarinin qarsisini alir. Bu sistem asasan personalin emosional vaziyyatlarini teyin etmak, onlarin har biri G¢ln gindaslik arxiv
bazasi yaratmaq ve bu arxivden istifade etmakle baxis kegirmays imkan verir.

Muasir doévrde diagnostikanin etibarlihigini  ve
effektivliyini artirmagq tgln komplter ve yeni texnikadan
istifade etmak taleb olunur. Avtomatlasdiriimis sistemin
effektivliyi halledici dereceds diagnostikada istifade
olunan alqgoritimin etibarliigindan asilidir. Bele sistemlar
Uclin  optimal  hazirlanmig  algoritmlar ~ muUxtalif
xastaliklorin  kifayat qgader etibarliigla muisyyen
olunmasli ile yanasi, hemginin kitlavi baxigs zamani
naticeleri giymatlandirmaya imkan verir.

Toxumalarin impedansi tekce aktiv muiqgavimet ile
deyil, ham da tutum mugavimati ile muiayyen olunur.
Malum oldugu kimi organizm toxumalarinin impedansi
onlarin fizioloji halindan asilidir. Masalen, reografiya
adlanan diagnostik metod Urak-damar sisteminin
fealiyyati zamani onun halindan asili olarag impedansin
deyismesine esaslanib [1]. Olgmeni adsten korpii
sxemi ile aparirlar ki, bu da hassashgin kifayst qader
olmamasi ile naticalenir. insanin emosional halini tayin
edan cihaz ¢ox zaman istintaq praktikasinda tatbiq
edilir. Bels ki, muayyan edilmisdir ki, cinayatkarlar yalan
danisdigda ve ya tegsiri boynuna almadigda bu hal
aseb gerginliyi ilo musaist edilir ki, natica etibari ila
muxtalif fizioloji hadisaler bas verir: qan tazyiqi galxir, iz
qizanr, darinin mugavimati dayisir [2]. Adi halda dari
miqavimati 3...100kOm teskil edir, hayacanlanmanin
tasirinden ise texminan 5% dayisir. Cixis sixacina ya
galvanometr ya da Ozlyazan masin qosulur[3].
Malumatin bu cihazlardan alinib va onlarin isleanmasi
tibb personall terefindan fardi qaydada yerina yetirilir, Ki
bu zaman subyektivliya va texniki sehvlare yol verila
biler.

Toklif olunan avtomatlagdirimis sistem asagidaki
kimi iglayir:

Diagnostik melumat kimi derinin  impedansi
parametri gotiridlmasdir. Barmaglara baglanmis elastik
braslet deri miigavimatini geyd edarek onu emosional
hali tayin edan cihaza — 1 6tlrur. Sonra ise cihazdan bu
signal personal kompditerin - 3 sas platasindaki “Game”
portuna oturulir. Xisusi program teminatinin kdmayi ile
allnan melumatlar iglenilir ve pasient tayin edilmis

alqoritm Uzre diagnoz edilir. Diagnozun naticasindan
asill olaraq kompduterin displeyinda elektrostimulyasi-
yanin verilib — veriimamasina dair toklif ¢ixir. Diagnoz
har hansi bir pasientin cari impedansinnin giymatinin
arxiv verilonlerin orta giymetinden fargine asasan
aparilir. Bu fargin faizle migdari, taklif olunan elektro-
stimulyasiya prosedurlarinin say! va onlarn tesir mud-
dati fizioterapevt terafinden evvalceden sifaris edilir ve
alqoritma daxil edilir. Diagnozun naticasindan asili ola-
raq impedansin orta giymatinin normadan kanara ¢ix-
masl zamani sistem stimulyatoru - 2 pasiente qosur.
Diagnozun va miualicenin  proglasmasi, onlarin
avtomatik sistemds iglanib hazirlanmasi, tatbiq edilmasi
belo mdualice metodlarinin effektivliyini artinr, hakim
personalinin tasadufi sehvlerinin garsisini alir.

Bu sistem asasen personalin emosional vaziyyat-
larini teyin etmak, onlarin har biri G¢ln gindselik arxiv
bazasi yaratmaq ve bu arxivden istifads etmakle baxis
kecirmaya imkan verir. Bundan elave sistem har hansi
bir sexsin emmosional veziyystini muisyyen edan
muiddatde onun emosional vaziyysti normadan kenara
¢ixdigda avtomatik suretda stimulyasiya blokunu birlag-
dirmak Ugln fizioterapevtin tesdiqini gozleyir (sak. 1).
Bundan sonra tayin edilan vaxt muddstinde pasient
stimulyasiya olduqdan sonra tekrar dlgme aparilir. Bu
proses muayyan olunmus doévrde davam etdirilir,
stimulyasiya olmagla emmosional vaziyysat normaya
uygun veziyyste gatirilir. Olgmenin naticeleri bitiin

hallarda arxivlesdirilir.
3
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DORI IMPEDANSINA GORS ELEKTROSTIMULYATORUN AVTOMATIK QOSULMA SiSTEMI

Sistemin islemasi G¢lin minimal talsbat kimi,
amaliyyat sistemi olarag — WINDOWS  amaliyyat
sisteminin har hansi bir versiyasi, texniki talebat kimi isa
HDD- 0.4 Gb, operativ yaddas- 8 Mb olmasi kifayatdir.

Programda istifade olunan menyular hagginda:

input information menyusu sistemin informasiya
bazasina fizioterapevt tersfinden lazimi informasiyalari
daxil etmek (lazim gelse onlarn redakte etmak) ve
pasientlorin emmosional vaziyystini 6lgmak Ugln
nazerds tutulub

Parametrs alt menyusu osasaen parametrlarin
giymatlarini daxil etmak G¢ln nazards tutulub

Looking information menyusu har hansi segilmis
pasientin  emosional vaziyysti haqgginda  arxiv
malumatlara baxmaq Ugln nazards tutulub. Bunun
dgln onun adini vo ya kodunu daxil etdikden sonra
“advanjed information” diilymasini basmaq lazimdir

Testing menyusu emosional vaziyyati 6lgmak Ugln
nazarde tutulub. Bundan sonra ekrana c¢ixmis
pancerada (sak.2) average (old) matn qutusunda

Bu menyularin her hansi birinden Exit diymasini
basmagla ¢ixmaq olar.

T eesh Dow pomesstiomal slatiees ol sorkes

Sok. 2 Displeyds sistemin isci pancarasi

Sistemin asas Ustln cehatlorden biri diagnoz ve
mualicenin avtomatik sistem vasitasi ilo effektiv lsulla

secilmis pasientin emosional vaziyystini xarakteriza
edan kamiyyeti lazm gelse ilk defe fizioterapevt
dayisdire biler. Bundan sonra pasientin barmaglarina
elektrodlar baglayib o6lgmaya baslamaq Ugln start
diymasini basmagq lazimdir.

Qeyd edak ki, dlgmanin naticesindan asili olaraq
natice normaya uygun olduqda natice arxivde yadda
saxlanilir, aks halda ise stimulyasiya rejimi avtomatik
iso salinir.

apariimasi, operativlik ve sadalasdirilmis is qaydasidir.
Diger farglorden biri ise malumatin komputere
oturalmasi ve gabulu zamani standart giris portundan
istifadadir ki, bu da xiisusi tayinath gevirici qurgulardan
istifade etmak zaruriyati yaratmir. Bu ise 6z névbasinda
sistemin maya dayaerinin xeyli azalmasina ve adi fordi
komplterlarin bu magsadle istifadasine genis imkanlar
acir.

[11 A.N. Remizov. Kurs fiziki, glektroniki i kibernetike
dle meditinskix institutov. Moskva "Viss. skola" ,
1982, str.265

[2] Spravognik po sxemotexnike dle radiolobitels. Kiev,
"Texnika",1987, str.211

[3] Texnika i metodiki fizioterapevticeskix protedur/
Pod red. V.M.Boqolébova. — M.: Medilina, 1983,
352s.

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 emotionalo 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.

H.A. CA®APOB, 1II.III. AMUPOB, ®.A. AXYHIOBA

ABTOMATHUYECKAS CUCTEMA INOAKIIOYEHUS JIEKTPOCTUMYJISITOPA ITO KO)KHOMY
NUMIIEJAHCY

B mpemioxxeHHONW aBTOMAaTH3MPOBAHHON CHCTEME KaK AMAarHOCTHUECKHH MapameTp B3ST KOXKHBIM MMIeNaHc. DIACTHYHBIA Opacier,
3aKpEeIUICHHBIM Ha IMajblaX, PETHCTPUPYET KOXKHOE CONPOTUBICHUE U IEPEfacT B IPHUOOP Ul ONpeeNIeHUs] YMOINOHATIBHOTO COCTOSHUS
yenoBeka. [Tocie aToro curnai ¢ aToro npudopa moceriaercs Ha “Game” nopt xkommsiotepa. [loxyuennas nadopmanus obpadarsBaeTcs ¢
HOMOIIBIO CIIELMAIIBHOTO TPOrpaMMHOr0 o0OecHedYeHHs ¥ IO OIpeeIeHHOMY aJTOPUTMY IMAlMEeHT IUarHosupyercs. B 3aBucumoctn ot
pe3yibTaTa JUAarHOCTUKU Ha DKpaHe IUCIUIes HOSABJISETCS PEKOMEHJAalUs II0 BKIIOUCHHIO JJIEKTpocTHMYyJsiTopa. IlporpammupoBaHue
JIMAaTHOCTUKY M Tepanuy, NpUMEHEHHe aBTOMAaTU3MPOBAHHON CHCTEMBI HOBBINIAET 3()(EKTUBHOCTD TEPaNUH, CIOCOOCTBYIOT YCTPAHEHUIO
BO3MOJHBIX YMYIIEHUH M OIIMOOK BO BpaucOHOM NpakTHKe. DTa CHCTEMa B OCHOBHOM CIYKHT JUIS ONpPEAENEHUS 3MOLUOHATBHOTO
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COCTOsIHUS IIEpCOHATIA, CO3AaHUE I KaXXA0T0 U3 HUX KaKJIOHEBHOM apXPIBHOﬁ Oasbl U, UCIIOJIB3YS OTY 6a3y, TIO3BOJIAET MIPOBECTHU OCMOTP.
OCHOBHBIMH JIOCTOMHCTBAMU SIBJIICTCS IMPOBEACHUE TUArHOCTUKU U TEPAIIMU B aBTOMATUYCCKOM PEKUME, ONIEPATUBHOCTD, IIPOCTOTA paGOTBI
1 UCIIOJIb30BAHUE CTaHAAPTHBIX BXOAHBIX ITOPTOB ITPHU ITOCHUIKE I/IH(l)OpMaI_II/II/I K KOMITBIOTEPY.
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THE MAGNETIC AND ELECTRIC PROPERTIES OF CoCr,Tey

A.A. ABDURRAGIMOYV, 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 CoCr,Te, 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 CoCr,Te, were
investigated. In the given refs the authors discovered the
influence of the magnetic order in CoCr,Te, on the
investigated physical properties. However, the character of
the magnetic order in CoCr,Te, 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 CoCr,Te, compound
have been investigated. The influence of the magnetic order
on the several electric properties of the CoCr,Te, 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/sm” 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 CuK-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
CoCr,Te, is crystallized in the monoclinic structure with
lattice parameters a=6,70; b=3,77; c=12,52A,; ﬂ=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 CoCr,Te, 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.

M, emu/g

401

0 2.5 5.0 75 10.0 125 Hxo

Fig.1. The dependence of the specific magnetization of
CoCr,Te, 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 CoCr,Tey
such sublattices are formed by the two-and trivalent ions
Co™" and Cr**.

If we propose, that in CoCr,Te; is any weaked
intrasublattice and intersublattice changeable interaction (for
example, interaction Co**-Co®" Cr**-Cr*"), 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 CoCr,Te4 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 CoCr,Te, has calculated in
the magnetic field 10,8ke, which was equal to 3,9ub. This
experimental value is some higher than theoretical value
(3ub) of the magnetic saturation moment, calculated as the
difference of the spin magnetic moments of the sublattices,
having Co*" and Cr’" ions.

It can be connected with the noncollinear of the magnetic
moments in the sublattices, having Co®" 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
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1o 150 200 B0 g 300 and thermoelectromotive force of CoCr,Tey.

Fig.2. The temperature dependence of the specific ’
magnetization of CoCr,Tey.

Fig.3. The temperature dependencies of the electroconduction

The thermoelectromotive force of CoCr,Tey 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 & increases

With the aim of definition Curie temperature of CoCr,Te,
in the magnetic transformation region the thermodynamical

coefficient method is applied [4]. The transition temperature it the increase of the temperature. The some bending

of ferrimagnetic-paramagnetic was eq?lal to 275K and equal takes place in dependence o(T) in the region~275K, that can
to the value, defined by the extrapolation of the spontaneous be comnected with the magnetic phase transition

magnetization on the temperature axis. ferrimagnetic-paramagnetic

The magnetic order in CoCr,Te, influenced on the Thus, investigations show, that compound CoCr,Tey is

electrocoréduc;lor; anlgi therrpoelectrorrflotlve Eorc; °3f ﬂﬁs ferrimagnetic with Curie temperature 275K, at which some
compoun (1g. ). As it is seen trom the fig.5, t'e electric characteristics have changes.
electroconduction decreases slowly with the temperature, in

the temperature region 100-275K 6 practically doesn’t
depend on the temperature higher than~275K (magnetic
transformation region).

[1] L.M. Valiyev, I.G. Kerimov, A.A. Abdurragimov, [3] A.A. Abdurragimov, M.A. Aljanov, N.G. Guseinov,
N.B. Nabiyeva. I1zv. AN Azerb. SSR, ser. Fiz.-tekh. i A.G. Guseinov. Phys. Stat. Sol. (a), 1989, v. 113, p.
mat.nauk, 1976, N1, s. 52. (in Russian). k207.

[2] L.M. Valiyev, I.G. Kerimov, A.A. Abdurragimov, [4] K.P.Belov, A.N. Goryacha. Fizika metallov I
N.B. Nabiyeva. Neorganicheskiye materiali, 1977, t. metallovedeniye. 1956, t. 2, N3, s. 441. (in Russian)

13, N4, s. 51. (in Russian).

9.9. 9bdirrahimov , R.Z.Sadixov, $.0.0rucova
CoCr,Te, MADD3SININ MAQNIT VO ELEKTRIK XASSOLORI

80-300K temperatur intervalinda CoCr,Te, maddasinin elektrik kegiriciliyi, termo e.h.q ve magnitlenmasi tedqiq edilmisdir.
Muayyan edilmisdir ki, bu madds Kuri temperaturu, 275K olan ferrimagnetikdir voe maqnit kegidi oblastinda elektrikkegirma, termo
e.h.g-si dayisikliys ugrayir.
A.A.Abdnypparumos, P.3.Caapixos, 111.0.OpynxeBa
MATHUTHBIE U DJJEKTPUUECKHUE CBOMCTBA CoCr,Te,

B untepBane temneparyp 80-300K uccienoBaHbl HaMarHUY4EHHOCTb, 3IEKTPOIPOBOAHOCTh M TepModiac coenuHeHus CoCr,Tey.
INokazano, 4T0 coeanHEHHE SBISETCS (heppUMarHeTHKoM c Temreparypoil Kiopu 275K u snexTpudeckne XapakTepUCTHKU HCIBITHIBAIOT
HU3MEHEHUs B 00JIaCTH MarHUTHOTO IIPEBPAICHIS.
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NGR AND THE MAGNETIC SUSCEPTIBILITY OF THE LAYERED CRYSTALS
Bim:1BmOsm: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 Bi,,.1B;,03,3(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
Biut1BmOsmss (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_leO3m+1]2'take turns with the bismuthooxigen
layers [Bi,0,]*" (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 Bi,1BymCapes with the
layered structure (m=5) on (001).

In the refs [3-5] it is shown, that compounds B.,+1B,O3mi3
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 Bi'" and O*. 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
Bi+1BmOsmis, 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 tablel.

Tablel
Compound C M
BiﬁTigFCzOlg 0,4 5
BéTingO 5F82 5018 0,5 5
Bi;TisFe;0,; 06 |6
BizTi3Fe5027 0,62 8

The mossbauer measurements were carried out in the
temperature interval 5-300K, but magnetic measurements -
77-950K. In the compounds BigTigFe,O;3 and
BTi,Nbg sFe, 5015 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:
BisTi3Fe,0,5 ¢=0,4, and in BiGTing2,5018 ¢c=0,5. From the
mossbauer investigations of these compounds it follows, that
magnetic transition temperature in BigTi,Fe;Oqg is between
20-30, but in BiéTiszo,sFezjolg 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 BigTi;FesO,; 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 Bi;Ti;Fe;0,; 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
BiyTi;FesO,; and Bi;TizFe;0,; is ~60°C. The more high
value of the magnetic transition temperature in BigTi;FesO,;
with the comparison of the transition temperature in
Bi;Ti3Fe;0,; is caused by two reasons. The first reason is the
number of layers (thickness on the film) in is BigTi;FesO,;
more, than in BigTi3FesO,; is also more, than in Bi,; Ti;Fe;0,;.
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°.

10 ke
1 i
o
iy TiaFae O
o
B
|
|
A
!
1=
T A
Ui
| P v"”
{ g Bie ThaMbgs e O™
o

o

g L

TR T m @ w0 & A

Fig.2. The temperature dependences of the reversible specific
magnetic susceptibility of compounds Bi;Ti3Fe;0,; and
BiGTiszo‘sFez’Solg.

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

C
T+ 6
effective magnetic moment, on the each iron ion, defined
from these curves, well agrees with the theoretical value
5,92u 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.

Weiss-Curie law Yy = is carried out. The
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Fig.3. The temperature dependences of the reversible specific
magnetic susceptibility of compounds BigTi;Fe,0,5 and
BigTig,FeSOz] (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 Biy,B,Osn3 in the magnetoordered phase.

Table2.
Compound m oK Thimag. Tmoss.
BigTi3Fe,045 5 -390 120 20-30
B6Ti2Nb0 5Fez 5018 5 -550 260 150-170
Bi;TizFe;0, 6 -560 330 200-220
BiyTi;FesO,; 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 y(T) takes place,
for the different compounds are different. They are given in
the table2 (T mag)-

As it is seen from the figures 2 and 3, the behaviour of the
magnetic susceptibility of the compounds BiyBuOsms
lower, than Ty, 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 Biy+1B,Ospm43 is lower
than the temperature of antiferromagnetic order can be
explained, if these compounds are lower than Ty, 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 BipnByOsmis appear at the more low
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temperatures (these temperatures are also given in the table2), ions in these compounds differ on 0,125, i.e. not the more,
than Ty, defined from the magnetic measurements, are the than for the first couple of compounds.

transition temperatures of the compounds Bin 1 B,Osnis in From mossbauer investigations of first couple of
the superparamagnetic state. Indeed, vice versa, if Tn, compounds it follows, that temperature difference of the
defined from the magnetic measurements, would be the magnetic transition is 130-140°C. Such difference of the
transition temperatures in the stable (without spin fluctuation)  transition from the paramagnetic state in the supermagnetic
antiferromagnetic state, so the lines of the magnetic fission in  state takes place for this couple from the magnetic
the mossbauer spectrums should be appear , lower than Tn at  measurements. For the second couple of compounds the
once. considering differences are ~60-70°C.

The absence of the lines of the magnetic fission in the It is noted, that dependence of magnetic transition
spectrums in the temperature region from mag. till mes. temperature in the massive three-dimensional magnetodiluted
connects with that in this temperature region the fluctuation  systems on the magnetic ion concentrations were studied in
frequency of spins (@) is more, than the frequency of refs[10, 11].

Larmor precession (@) [9]. At the decrease of the Thus, from the obtained results we can do the conclusion,
temperature, as @; becomes the @ degree, so in the spectrum  that in the compounds with the less number of
began to appear the lines of magnetic fission. monooctahedron layers in the perovskito-like packet (in more

Now we carry out the comparison of the results of thin film), the change of the magnetic transition temperature,
mossbauer and magnetic measurements for two couples of than in the compounds with big number of the
compounds. The first couple BigTi;Fe;O;3 and monooctahedron layers in the perovskito-like packet (in more
BisTi;Nb, 505, in which the magnetic ion concentrations  thick film).
differ on 0,1. The second couple are compounds
BiyTi;Fe( 50,7 and Bi;TisFe;0,;. The concentrations of iron
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Q.C. Sultanov, M.9. Alcanov, A.M. Abdullayev, M.C. Nacafzade, M.B. Huseynli

Biyy+1BnOsm+3 (B=Ti, Fe) LAYLI KRISTALLARDA NQR V3 MAQNIT QAVRAYICILIGI
Bu isda layl qurulusa malik Bim+1BmOam+3 (B=Ti, Fe) birlagmalarinin magnit voe messbauer tadgigatlarinin naticaleri mizakira

edilmisdir. Muayyan edilmisdir ki, demir ionlarinin konsentrasiyasinin maqnit kegidi temperaturuna tasiri, Ugolglll
magqnetikloerdakindan kaskin farglenir.

I'.A. CyaranoB, M.A. AnzkanoB, A.M. AoayuiaeB, M.JK. Hapkadszaas, M.B. I'yceitnian

ATP 1 MATHUTHASI BOCITIPUMMYUBOCTD CJIOUCTBIX KPUCTAJIJIOB By 1ByOsm+s (B=Ti, Fe)

B Hacrosimeir paboTe mpoBeeHO 00CYXKICHUE Pe3yIbTaTOB MATHUTHBIX M MECCOAypOBCKUX HCCIeNOBaHMA coeuHEHUH Biy:1B,Osmi3
(B=Ti, Fe), npsBasronux BCIEACTBUHA CHEHUPUYHOCTH KPUCTAUTHICCKOW CTPYKTYphI CBOWCTBA, XapaKTEPHBIC U TOHKAX MarHUTHBIX
meHoK. [Toka3aHo, 4To BJIMsSHUE KOHIEHTPALMU MAarHUTHBIX MOHOB JKeJie3a Ha TEeMIIepaTypy MarHUTHOTO IEpexoJia B ATHX COSAMHEHUSX
CYIIECTBEHHO OTIMYAETCS OT MOI0OHOTO BIUSHUS B TPEXMEPHBIX MarHeTHKaX.
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THE INVESTIGATION OF GELATINCREATION PROCESSES IN THE SYSTEM OF
AGAROSA-WATER-CARBAMIDE

E.A. MASIMOYV, V.V. PRUDKO, A.A. GASANOV, R.N. ISMAYLOVA
NII”’Physchemistry of macromolecule solutions™ of physic facultee
of Baku State University,
370148, Baku c, ac. Z. Khalilov str., 23.

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.
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Fig.1. The temperature dependences of optical for 1% agarosa
solution at the different wave length: e - 400, A - 490,
0 -540,x -670.
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Fig.2. The temperature dependencies of optical density of

1%water agarosa solutions without () and at the
carbamide addition: 1M(A) and 3M(0) A=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(t9 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(t9 for the all investigated solutions at
A=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 (ty). 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 (tge).
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(t9. Temperature,
considering to such is the temperature, beginning with
which the creation of gelatin (g) is possible. At the later
temperature decrease the number of communications
increases, leading finally to the creation of the gelatin grid.
For the clarity ty was fixed also by kinetic dependencies of
the optical density D=f(t 9, 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 9 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 tg, is kept constant. But at the first
signs of gelatin creation, i.e. at t<ty, the temperature
becomes change with time. After the full forming of the
gelatin, the optical density again stays constant with the time
change.
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Fig.3. The kinetic dependencies for 1% water agarosa solution
at /=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 (ty), 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, tg and tye are
given in the table 1.

Tablel

System:1% agarosatwater+carbamide

Concentration | Squares of hysteresis, Sy tgel tmel »
of carbamide, | A=400 | A=490 | A=540 | A=670 | °C °C
mole

- 31.9 27.65 24.1 23.6 33.0 | 73.5
1.5 30.3 26.73 22.9 2248 | 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(t9) are analogical to the dependencies D=f(t9. In the
high temperature region the particle sizes stay constant, but
beginning from the some temperature t<tyy, 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 (Tgy),
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 Ty 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 Ty of agarosa solutions is higher
than Ty, for pure water at carbamide concentrations 1,5 and 3

moles, it becomes lower, than Ty 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 Ty, 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, Structural temperature of Structural temperature of
mole carbamide water solutions agarosa water solutions
Tetr, K with carbamide Tg,, K
- 147 253
135 193
1.5 126 180
3 110 154
5 88 138
7 65 130
8 55 114
1000 - 600 - 11
*s-et00 o 5 — 500 -
{600 s 3
800 r '.:: x 11200 &
- of 400 f -
L ) =
600 1 400 = {36
400 + 200
14
1 200 100
200
- 4] - L L L 0
ol .as 0 0 20 40 60 80 100
0 20 40 B0 80

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

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

[1] Enciklopediya polimerov. M.: izd. Sov. enc., 1977, t. III,

s. 556. (in Russian).

0
0

N, 10 cm?

50

t°C
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, tgl, tner 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.

[2] S.A. Gadziyev, E.A. Masimov, V.V. Prudko. Izv. AN Az.
SSR, 1981, Ne 4, s. 90-95. (in Russian).



THE INVESTIGATION OF GELATINCREATION PROCESSES IN THE SYSTEM OF AGAROSA-WATER-CARBAMIDE

[3] L.Z. Rogovina, G.L. Slonimckiy. Uspekhi kimii, 1974, polymers. Part 3. — Colloid and Polym. Sci., 1982, v. 260,
t.XLIII, vip. 6, s 1102-1135. (in Russian). Ne 1, p. 37-45.
[4] V..  Klenin, S.Yu. Shshegolev, V.I. Lavruilin. [8] E.A. Masimov, A.A. Gasanov, R.N. Ismailova. Fizika, izd.
Kharakteristicheskiye funkcii svetorasseyaniya Elm, Baki, 2000, cild VI, Ne4, s. 55-58.
dispersnikh system. Izd. Saratovskogo gosud. Un-ta, [9] E.A. Masimov, V.V. Prudko, L.I. Khomutov. Khimiya i
1977. (in Russian). kim. tekhnologiya, 1985, t. 28, vip. 11, s. 74-77. (in
[5] D.A.Rees. Structure, conformation and mechanism in the Russian).
formation of polysaccharide gels and network. — Adv. [10] E.A. Masimov, V.V. Prudko. Strukturno-mekhanicheskiye
Carbohydrate Chem. Biochem., 1969, v. 24, p.267-332. svoystva vodnikh I vodno-organicheskikh studney
[6] S.P.Moulik, D.P.Khan. Activation parameters for fluidity agarozi 1 agara. V sb. Elektronniye yavleniya v tverdikh
of water influenced by glucose, sucrose, glycerol, telakh i gazakh. Baku, izd. AGU, 1982, s. 57-61. (in
mannitol, sorbitol. — Indian J.Chem., 1978, v. 16A, p.16-19. Russian).

[7] K.Ueberreiter. Change of water structure by solvents and
E.D.Masimov, V.V.Prudko, A.A.Hasanov, R.N.ismailova

AQAROZA-SU-KARBAMID SiISTEMINDS GELOMALOGOLMS PROSESININ TaDQiqi

isde optik sixigin dispersiyasi metodu ile karbamidin agarozanin sulu mehlullarinda gelemalegelme prosesine tasiri
oyranilmisdir. Mahlullarin soyudulmasi ve qizdirimasi prosesinds optik sixligin temperatur asiliigi alinmisdir. Mahlullarin
gelemalagalma ve arima temperaturlari, molekulistli hissajiklarin konsentrasiyasi va Olglleri tayin olunmusdur. Muiayyan
olunmusdur ki, karbamid gelemalagalma prosesini langidir ve onlarin temperaturun kigik giymatleri istiqgamatinde strtisdirir.
Karbamid molekullararasi hidrogen rabitalerini qirir ve bununla da gelin méhkamliyini azaldir.

9.A.MacumoB, B.B.Ilpyasko, A.A.I'acanos, P.H.McmannoBa

HCCJIEJOBAHME IMPOLHECCOB CTYJHEOBPA30BAHUSA
B CUCTEME AT'APO3A-BOJA-KAPBAMMUN/J]

B nmanHoit paboTte n3ydyeHo BiamMsHHME KapOampaa Ha IpoLecc CTyAHeoOpa3oBaHMS, HA CTPYKTypHPOBAaHME B BOAHBIX PAacTBOPAX
arapo3bl C HCIOJNB30BaHMEM METOAA JWCIEPCHH ONTHYECKOH IUIOTHOCTH. [loiydeHBI TemmepaTypHBIE 3aBHCHMOCTH ONTHYECKON
IUIOTHOCTH TIPH OXJIAXKACHWH PAacTBOPOB M HAarpeBaHUM CTyAHeH. OIpeneseHbl TeMIlepaTypsl CTyJHEOOpa30BaHUS W ILIABICHUS,
pa3Mepsl U YHCIOBas KOHIEHTpALHs (YHCIO YacTHIl B eIUHUIE 00beMa) HaJMOJEKYISIPHBIX YacTHIl. YCTaHOBJIEHO, YTO KapOamun
TOPMO3HT TIPOIIECC CTyAHEOOpa30BaHMUS, CABUTAsI TEMIIEPaTyphl IUIABICHNS M Hadana CTyJHeOoOpa30BaHUS B 00IacTh Ooliee HU3KHX
3HaueHni. KapGamun, paspymas MeXMONEKyJSIpHbIE W BOAOPOAHBIE CBSI3H, pa3pymias CTPYKTYpy BOJIbBI, OCIA0IseT MPOYHOCTH
CTyIHEM.

Received: 05.02.04
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THE UNIVERSAL THEORY OF THE THREE-WAVE OZONOMETRIC MEASUREMENTS

H.G. ASADOV, M.M. ALIYEV, A.A. ISAYEV
Azerbaijan National Aircosmic Agency

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.

Key words: The common ozone content, aerosol error,
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:

SAZSZO .10—‘aZX;z+ﬂA‘Om +5/1m1‘ (1)

where S is the flux of the direct sun radiation on Earth

surface; S o is the same flux on the top surface of the

atmosphere; a; is the absorption index of the ozone radiation,
to the wave length 4; X is the sum ozone in the atmosphere;,

measured in atm/cm; ﬂ Ao is the optical density of the reley

atmosphere; J; is the optical density of the atmospheric
aerosol for the wavelength A; £, m, m; 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

AX _ (B-p)m
X (a-a)uX

(5_5’)”‘1
(@-a)uX’

2

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:

6=) is the functional dependence of aerosol optical
density on the radiation wave length. According to the ref
[1], &A4) is the line function in the diapazon300-340 nm,
practically:

P=p(1) is the functional dependence of the reley
atmosphere optical density on the radiation wave length:

Ay is the first main wave length, where the first main
calculation (measurement) S P takes place;

Ay is the second correct wave length, where the second
auxiliary calculation (measurement) S 2 takes place;

D, is the operator of the calculation working S; and S, for
the obtaining of the following calculated values:

1) Calculated value Sp, depending S, and S, , i..
S, =%, (5,..S,,):

2) Calculated value /3, depending on 3, and S, ,
ie. B,="F,1(8,.S,):

3) Calculated value &, depending on &, and O, ,
ie. 5, =% (5,.8, );

4) Calculated value length A,, defined or on & or on £3;:

5) 23 is the third main wave length, where the third
main calculation (measurement) S; takes place;

6) D, is the operator of A3 change;

7) D is the operator of the operations carrying out
under the exit values D; and D, 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).

Measurements Sl on /l|

Measurements S, on A,

Measurements S, on A,
I

PPIYINg O
D, to S, (ifitis

Applying of 1J| To
S,and S,
Calculation 5 and 0,

'

Applying of 1, to results of operators
D, and D,.

alculation X

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:

need)

1) Carrying out of the measurements S; on 4, (i=1,2,3)
2) Applying of D; to S; and S,
3) Applying of D, to S3
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4) Applying of Ds to the exit values D; and D,
The private algorithms of the device are differ from the
general algorithm, i.e. in this case operators D;, D,, 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

(5 -6')-100%
(@ —a')X

u.loo%:

, )

where the first three of parameters (X, J, &) are equal to the
wave length nl, but second three parameters (X’, & «’) are
equal to the wave length A,.

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

D;=MR

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

S3(s) till the value S} (1, +A4,) .

The cases, when the applying of D, isn’t necessary, are
possible. The operator D3 in the given case has the meaning
of the fission and logarithmic of the D; and D, results.

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

Measurement:
S, on 4,
Sy on A,
83 on 23

Ay = ?’(;"ij'z'Di )

Y

,5.) |

., 52)]

D, {5, R (5., 5210

Calculated X

Fig.2. The algorithm of three-wave ozonometric measurements
with compensation of aerosol component.

In the device in the given case the equality 0, and & P

where O 2, is the aerosol density of the considering to the

calculated wave length A, takes place.
As it was mentioned earlier, A, can be defined on the
base 4; and A, , on the dependence & 1) or on dependence

53

B(A) (in the dependence on the given aim). In the considered
case

Di=MR,

where M is the multiplication operation; R is A, is calculated
by the formulae

Moreover, ideally the condition A3 =4, should be kept.
However, there are set of reasons, because of which

o, ¢54p . They are:

1) Error of 4, calculation
2) Error of &) 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.

Measurements:

S, and 4,
S2 a.ndﬁ.z
’?'.0 =99(.1[,/12,D1)
Gad
M(S,,S,)

l

R'[M(S,,S,)]

Meas. R

A J

No

v

D, [s, , K]

Calculated X

Fig. 3. Correction of error by the way of R* regulation.

The meaning of that correction is in the some shifting of
Ap, in order to obtain 6, =0 2

Such correction also can be obtained by the shifting of A,
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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An=7X (ﬂ)"'lz (5)

where y;7 is the full error of ozonometer; y:(f) is error
component because of the scattering of pure atmosphere;
22(p) is error component because of aerosol influence.

The common conception of the mutual compensation of
components yi1(f) and p,(f) is in the such choose of the
calculated wave length A, that y; and y», calculated on the
results of measurements in A3 and A, 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 A, will be differ from
A+A

2

2

+A "
on the value £41*, i.e. ﬂp = l'zziAﬂ
2) A3 regulation by the way of using of many optical
filters with the band in A;;; 1 =1,N. 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.

Measurements:

S, on 4,
Sy on 4,
S, calculates

as @ (4, A,, R)

Per. R |

R* (Sl > Sz )

No Yes

D, s, R

A

Calculated X

r

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

The condition of practically full mutual compensation of
error components yz and ys can be expressed by the
following way:

‘Zﬁ‘z‘}(&‘

or
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m=/s(4)-4m . @

)5

Thus, the meaning of the full compensation of sum error
of three-wave ozonometer is in the carrying out of regulation

A, or B ; 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.

B
0,54

5,

0,20
0,53
0,521
0,514
0,50+
0,49+
0,481
0,47

0,460,
0,45+
0,441
043
0,42+
0,411
0,40
0,301
0,38

3(1)

)

6, -3,)>0

19

<>
1,

>

«>

A

0,

300 302 304306308310312314316318 320322 324326 328

3»3

¥

Fig.5. The graphics of dependencies f; and &, on wave length A.
The graphics of the dependencies £, and J; on the wave

length A are shown on the fig.5. Taking into consideration

mam,, effect of the mutual compensation from the graphic
statements can be expressed by the following way:

E

Bi~By| =] 8, -5,

where [ 1 is the value of reley scattering of atmosphere on

the wave length A3; O a is aerosol optical density on the

wave length Ag; £, is the calculated value of B component,

calculated on the curve A1) from the condition

3 B, + 5,

>

; 0p is the value of & component on the

2
calculated wave length ﬂp)_ , calculated on the curve &A1)
0, +0,
from the condition &, 21?2

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.
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[1] G.P. Gushshin, N.N. Vinogradov. Summarniy ozon v [3] vidache Patenta Azerbaijanskoy Respubliki na izobre-
atmosphere. Leningrad, Gidrometeoizdat, 1983. (in teniye “Tryekhvolnoviy ozonometr’avtorov: Kh.G.
Russian). Asadova, A.A. Isayeva. (in Russian).

[2] Polojitelnoye resheniye Ne a20030134 ot 23.06.03 o

H.H. 8sadov, M.M. 3liyev, A.A. isayev
UCDALGALI OZONOMETRIK OLCMSLARIN UMUMi N9Z9RiYY3Si

"Ugdalgali ozonometrik dlgmalerin imumi nezeriyyesi" meqalesinde atmosferde ozonun {imumi migdarinin dlgiilmesi (iciin
istifade edilen Dobson spektrofotometrinin tigdalga modifikasiyasinin jem Glgma xatasinin tam kompensasiyasi imkaninin nazari
mUmkunliyd gosterilmisdir. Olgma qurdusunun is alqoritmi ve kompensasiya sartlarinin nazari asaslar verilmigdir

X.I'. AcagoB, M.M. AsuneB, A.A. UcaeB

OBIIASI TEOPHS TPEXBOJIHOBBIX O30HOMETPUYECKHAX U3MEPEHUI

e

B crarbe "OOmas TEOpHUs TPEXBOJHOBBLIX O30HOMETPUYECKUX HU3IMECPECHUMU TIIOKa3aHa TCOPETHYCCKAsA BO3MOXKXHOCTH IOYTH TTOJTHOM
KOMIICHCAaIlUU CyMMapHOﬁ NOrpe€lIHOCTU U3BMEPEHHUSA TPEXBOJIHOBOI'O O30HOMETPA, HMCIIOJIL3yEMOI'0 IJid U3MEPCHUSA O6I.H€FO COoACpIKaHU
O30Ha B aTMocd)epe. HpPIBeZ[eH AJIrOPpUTM pa6OTLI ychOfICTBa, J1aHO TEOPETUYECKOC 000CHOBaHHE YCJI0BUA KOMIICHCAllUU.
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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
(AQ=CAT) and optical properties (Plank formulae £=hv), in
& E)and magnetic (B=,u H)

vector form - electric(lj =

properties, in tensor form - elastic properties (Guk law
Ou=Citmlin)- In these main effects the intercommunication
between action of the external “forces” is revealed, in role of
which are temperature change A7, frequency v, strengths of

electric E and magnetic H fields, voltage oy and crystal
reaction, which are quantity of heat AQ , energy E, electric

H and magnetic B inductions, deformation u;,,
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 ITI
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
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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 are shown on the example of the real physical effects. The
mechanical stress, so the electric alternating field as a result  given pyramid circuit more fully shows the functional
of the electrocaloric effect leads to the quantity of heat dependencies of crystal physical values and allows to
change. establish the presence of the “false” physical effects.

Thus, in the present paper the intercommunication,
interaction and of the main five physical crystal properties
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KRISTALLARIN FiZiKi XASSOLORININ UMUMI QARSIRIQLI OLAQOSI
VO QARSIRIQLI SORTLONMOSI

Maoqaladae kristallarin bes osas fiziki xasselerinin qarsiriqh alagesi, qarsirigh tesiri ve qarsiriqlt sertlonmesi miizakire olunur. Konkret
fiziki qanunlarin misalinda gosterilmisdir ki, bu qarsiriglt tesir, qarsiriqlt elage ve qarsiriqlt sertlonme deqiq nezere garpir ve Oziinil
gostorir.

H.A. A0ayinaeB

BCEOBIIASA B3AUMOCBA3b U B3BAUMOOBYCJIOBJIEHHOCTD
®U3NYECKUX CBOMCTB KPUCTAJLJIOB

B HaCTOﬂH.ICﬁ CTaTbC 06cy>1<;[aeTcx B3anMOCBsI3b, B3aHMOHeﬁCTBHe u B38.I/IMOO6yCJ'IOBJ'IeHHOCTI: OCHOBHBIX IISATH (1)PI3PI‘{€CKI/IX CBOWCTB
KpUCTAJIIOB. Ha NpUMEPE KOHKPETHBIX (bPI?,I/I'-ICCKPIX 3aKOHOB ITIOKa3aHO, YTO 3Ta B3aUMOCBA3b, B3aHMOZ[eI>iCTBPIe u B33HMOO6yCJ’IOBHeHHOCTL
4ETKO OTCJIC)KUBACTCS U MPOSABJIACTCA.
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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-+tkalium, 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 / m’. 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 / m’,
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/ 1.

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 KCM 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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TULLANTI SULARIN TOMIZLONMOSI PROSESLORIND® ELEKTRIK SAHOLORI VO
BOSALMALARININ TOTBIQI

Mogqaloado elektrik bosalmalarinin tesiri vasitesile tullanti sularin adsorbsiya iisulu ile temizlenmesinin tedqiginden olde edilmis
naticolor verilmisdir. Gosterilmisdir ki, arakesmali elektrik qaz bosalmasinin ve ozonlagmanin tesiri tullant1 sularin adsorbsiya iisulu ile
tomizlonmesinin effektivliyini nezere ¢orpacaq derocede yiikseldir. Toklif olunan iisul senaye tullant: sularin tomizlinmaesi texnologiyasi

liciin ohamiyyet kosb edir.
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SJIEKTPUUYECKHUE ITOJISA U PA3PS/IbI B TIPOHECCAX
OYHUCTKHA CTOYHBIX BOJ,

B cratee mnpuBOAATCS peE3yNBTATHI HCCICAOBAHMI MPOLECCOB aACOPOLMOHHON OYHMCTKM MPOMBIIUICHHBIX CTOYHBIX BOI C
HCTIOJIE30BaHUEM BO3ICHCTBHS SJICKTPHUECKOTO pa3psiaa. [lokazaHo, YTO HCIOIB30BaHUE BO3ICHCTBHS AIIEKTPUIECKOTO paspsiaa 6aprepHOTO
TUIA U O30HHPOBAaHWS 3HAYMTEIHLHO MOBHIIIAET 3PPEKTUBHOCTH aICOPOLMOHHON OYHCTKH CTOYHBIX BOJ OT mpuMmecei. [Ipemmaraemprit
METOJI IPEJCTABISET UHTEPEC JJISI TEXHOJIOTMH OUUCTKHU MPOMBIIIJICHHBIX CTOYHBIX BOJ.
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THE PHASE DIAGRAM AND MAGNITODIELECTRIC PROPERTIES OF THE
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The interaction in the quasi-binary systems T1InS,-TICoS, and TlGaSe,-TICoSe, has been studied. The regions of the homogeneous
phases in these systems are revealed. In the temperature interval 77-400K the dielectric properties of TlInS,, TlgaSe, and magnetic and
electric properties T1CoS,, TICoSe, also have been investigated. The experimental results showed, that TlInS,. T1GaSe, are ferrooelectrics,
TICoS, is ferrimagnetic-semimetal, TICoSe, is ferrimagnetic-metal. The coexistence of polar and magnetic order in the crystals TlIn;,Co,S, and T1Ga,.

«Co,Se; is proposed.
1. Introduction

The triple disulfides and diselenides of thallium with the
common crystalchemical formulae TIMeX, (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, TIGaS,) [1,2]
ferroelectrics - semiconductors TIlInS,, TIGaSe, [3+6],
ferromagnetic  substance  (TICrS,, TICrSe,) [7,8],

ferrimagnetic substance (T1CoS,-semimetal, TICoSe,-metal)
[9], antiferromagnetic substance-semiconductors (T1FeS,,
TlFeSe,, TIMnS,, TIMnSe,;) [10-12], disorder structures
(TlnS,, TIGaSe,) [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 TlInS,, TIGaSe,, 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 TlInS,-TICoS, and T1GaSe,-
TICoSe, systems.

For the solving of the given physical problem it is need to
identify the solubility intervals in the ferroelectrics TlInS,,
TlGaSe, of above mentioned magnetic substance. The
polythermal cuttings of TlInS,-TICoS, and T1GaSe,-T1CoSe,
have been investigated by us by the method of the
differential-thermal; analysis (DTA).

For the construction of phase diagram of TlInS,-T1CoS,
the 14 compositions had been prepared. The initial phases of
TlInS, and TICoS, 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°
> 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 TlInS,
(1050K) and TICo0S,(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 TIInS,-TICoS,,
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 TlInS, and T1CoS,, reached
till 35 mol%. The eutectic melts at 400K and has the
composition (T1InS;)g s and (T1C0S;)g s.
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Fig.1. The phase diagram of the system TlInS,-T1CoS,.

For the construction of phase diagram of state TlGaSe,-
TlCoSe, was prepared the 13 compositions. The triple
compounds TIGaSe, and TICoSe, were synthesized in the
vacuum quartz ampoules (the residual pressure 1,3-10Pa) 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 TlGaSe, (1080K) and T1CoSe,(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.
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Fig.2. The phase diagram of the system TlGaSe,-T1CoSe,.

The phase diagram of the system TIlGaSe,-TICoSe,,
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
(T1GaSey)o 6o(TIC0Ses)031. In the left part of the diagram
between eutectic point and TlGaSe, at 300K appear the solid
solutions on the base of TlGaSe, with the dissolution of
TICoSe, till 14mol%. In the right part of the diagram
(between eutectic point and TICoSe;) appears the simple
eutectic.

3. The preparation of the and the
experimental techniques.

samples

For the investigation of the temperature dependence of
the dielectric constant (&7)) of the layered crystals T1InS2,
T1GaSe2, 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. &7) of TlInS, and TlGaSe, were
measured with the help of the alternating current bridge on
the frequency 1kHec.

The temperature dependence of the magnetic
susceptibility (y(7)) of the magnetic substance TICoS,,
TlCoSe, was investigated by Faradei method on the
magnetoelectric scales.

The temperature dependences of the electric
conductivity (o(7)) and thermoelectromotive force (S(7)) of
TICoS,, TICoSe, were investigated by the tetrazond
compensated method. The samples for the measurements
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had the form of parallelepiped with sizes 7,15-4,86-2,06mm’
(TICoS,) and 9,72-4,85-2.37mm’ (T1CoSe,). 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 &7) 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 S, 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
TInS, is characterized by the space symmetric group (Ssg)

Cgh PT in NC -phase connects with the soft water
condensation (at T;=216K) in the Brillyoin band point with
the wave vector K;=(5 & 025), where & is the

noncommensurable parameter [13]. At 7,~201K the ¢ value
transforms by jump in the zero and the crystal TlInS,
transfers in the no intrinsic ferroelectric (vector of
spontaneous polarization is situated in the plane of layer) C-

phase with the wave vector RC =(0; 0; 0,25) [13-17].

5500 | T4k | | T-263K

] o

] ==

] L 1 I |
200 20 220 TK
Fig.3. The temperature dependence of the dielectric constant
of TlInS,.

Comparing our results with data, given in [3-6,17] one
can conclude that curve g7) 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 TIInS,, differed by orange shadow,
whereas crystals of TlInS,, 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 TlInS, 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 &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].
ex 10°
r jT=1172K

Te=114K
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Fig.4. The temperature dependence of the dielectric constant
of TlGaSe,.

L )
120

The temperature dependence of e of TlGaSe,, measured
at the atmosphere pressure was given on the fig.4. As it is
seen from the figure, the dependence curve g7) of TIGaSe,
is characterised by the anomalies in the maximum form,
connected with the phase transition points in the
noncommensurable phase at 7=117,2 and commensurable
ferroelectric phase at 7.=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 ~10°K. It is noted, that temperature
state of the anomalies on the curve &7T), and the value of
Curie constant also TlGaSe, are well agreed with the refs
[5,18,20].

L -
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| ®
04 %
| *
| X
r = Fx“ Ry
x X x
gz ¥y *xx TECoS,
X

".Xxx
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—

1 S S —
100 300 T,K

Fig5. The temperature dependence of magnetic susceptibility
of TICoS,, TICoSe,.

The temperature dependence y of the compounds
T1CoS, and TICoSe?2 is given on the fig.5. As it is seen from
the dependence y(7) 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).
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40V KT

100

Fig.6. The temperature dependences of electric conductivity
(.) and thermoelectromotive force () of ferrimagnetic
semi-metal T1CoS,.

The temperature dependence o and S of ferrimagnetic
T1CoS, is given on the fig.6. As it is seen from the figure, o
decreases with the temperature increase from 77K. In the
neighbourhood 113K on the curve o(7) of TICoS, 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
TICoS, 1is observed till ~250K, then 6 increases
insignificantly in the interval 250+325K. The later decrease
of conduction ofT1CoS, in the interval 325+400K, connects
with the achieving of the intrinsic conduction temperature of
semi-metal TICoS,. From the fig.6 it is seen that S(7) of
T1CoS2 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 o(7) and S(7) of TICoS,, the anomaly,
close to the temperature 7,=112Kof phase transition of spin
ferrimagnetic system TICoS2 takes place from the
magnitoordered state to the paramagnetic, defined in the ref
[9], takes place.

d
|
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v
har YOO
R L P,
-

200 TH

Fig.7. The temperature dependencies of the electric
conductivity (.) and thermoelectromotive force ()
of ferrimagnetic metal TICoSe,.

The temperature dependences 6 and S of compound
TlCoSe2 are presented on the fig.7. As it is seen from the
figure, the curve o(7) and S(7) of TICoS; has the metallic
character in all investigated temperature interval.

Thus, basing on the carried out investigations, we can
prove that in the crystals TlIn1-xCoxS,(0<x<=0,35) and
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T1Gal-xCoxSe,(0<=x<=0,14) the coexistence of the polar = possible from the applied electric and magnetic fields with
and magnetic order is possible, i.e. the changes of the the solubility of ferrimagnetic substance TICoS2(till
dielectric constant of the ferroelectrics TlInS,, TlGaSe, are 35%mol), TICoSe2(till 14%mol) in them, correspondingly.
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TlInS,-TICoS, va TIGaSe,-TICoSe, SISTEMLORININ HAL DIAQRAMMASI V3
HOMOQEN FAZALARININ MAQNITODIELEKTRIK XASSOLORI

TIInS,-TICoS, ve TIGaSe,-TICoSe, kvazibinar sistemlerinda qarsliligh tasir dyrenilmisdir. Bu sistemlerde homogen faza
oblastlar askar olunmusdur. 77K+400K temperatur intervalinda TIInS,, TIGaSe,-nin dielektrik xassaleri vo hamijinin TICoS;,
TICoSe,-nin maqgnit ve elektrik xassalori tadqiq olunmusdur. Togriibi tedgigatlar TIInS,, TIGaSe,-seqnetoelektrikdir, TICo0S, -
ferrimagnetik- -yannmmetaldir, TICoSe; ise ferrimagnetik-metaldir. TlIn,,Co,S, ve TIGa,.,Co,Se, kristallarinda polyar ve maqgnit
nizamlanmasinin birge olmasi gozlanilir.

P. K. Beanes, Mup-I'acan FO. Cennos, 3.M. Kepumona, ®@.M. Cennos, P.3. Caasixos, A.W. /I:xa60apos

JIUATPAMMA COCTOSIHUSI U MATHUTOJIUIJIEKTPUUECKHAE CBOMCTBA
IT'OMOTI'EHHbBIX ®A3 CUCTEM TIInS,-TICoS, u TIGaSe,-TICoSe;,

W3ydeHo B3ammoneiicTBue B kBa3ubuHapHbix cuctemax TlInS,-TICoS, u TlGaSe,-T1CoSe,. BoisiBiensr obaacti roMoreHHsix ¢as B
9TUX cucremax. B untepBane temneparyp 77K+400K ucciaenoBansl auanexrpuueckue coiicrsa T1InS, TlGaSe,, a Taxxe MarHUTHbIC U
anexrpuyeckue coiictBa T1CoS, TICoSe,. DxcnepuMenTanbHble pe3yibTarsl nokaszany, uto TlInS,, TIGaSe, ABIAIOTCA CErHETONIEKTPU-
kamu, T1CoS, -peppumarnernkom —moaymeramioM, TICoSe; - ¢peppumardeTukoM — MetaisioM. [IpeamnonokeHo cocynecTBOBaHUE MOJISIP-
HOTO ¥ MarHUTHOTO ynopsaoueHus B kpuctaax Tllng,Co,S, u TIGa; (Co,Se,.
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EFFECT DEFORMATION iN M1 TRANSITIONS BETWEEN STATES WITH
DIFFERENT SHAPES

M. GUNER ', E. GULIYEV ?
! Sakarya Univ.,Fac. of Science.and Art, Dept. of Math., 54100 Mithatpasa-Adapazari
? 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 f-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:

> EAEXK MO =

k>0

% < oM, H, M1 > (1)

Here energy E; and wave function <k| are eigenvalues

and eigenfunctions of Hamiltonian operator of nucleus,
respectively. M is transition operator, £, 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]:

H= qup +V,, 2)
where
1 .
V.= —ZO_rZGiGJ-Z'i Tl 3)
2 i#j

Here V_ . and qup

quasi-particle Hamiltonian in the model of superfluid,
respectively. Further, o and 7 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:

denote isovector spin forces and

+ 1 +
| k) = Q,|0) = ﬁZ(wZCﬂ - ¥C,)0) 4
u

Where Q) and |O> 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 Z\k><k\ = 1. Thus, two quasi-particle
k

amplitudes y, ve ¢, corresponding to the operator C, and
C,, are normalized as follows:

Y lwiwh -0k )=6.
Y7

)

In order to find the eigenvalues and the eigenfunctions of
Hamiltonian H, by solving the motion equation
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[qup + Vs Q;] = 0,Q (6)

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

o)=1+ Z(Fkr(a)k) + ka(a)k)) =0 @)
where
& o?l?
Flo) = 22 ’ % t=np. (8)
H g,u - k

Here ¢, and o, are quasi-particle energy of nucleons and
single-particle matrix elements of the spin operator,
respectively. Two-quasi particle amplitudes y, and ¢, have
the form:

; 1 O'#Lﬂ ©)
Vu = (@) &, - o
i 1 GHL/J

= . 10

(/)# \/'(wl) & + a)l ( )

where

e o?L?

Y(w,) = 4o, Z “_"w" > (11)

On the other hand, since energies of the magnetic dipole
1" states are the solutions of the function D(®,), we can write

V() = 1 Do) (12)
y4
where
o _ dx@
dz

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:

M, =(k|M]|0) (13)
where the magnetic-dipol operator is
v 3 T
M= _Z (gv -8 )Sm_gejm (14)
A7 e

Here g; and g, 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
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matrix elements of 1” states from ground state to excited
states can be expressed as

—_—

(gq -g/ )F g |
M, \/7 (15)
Y(a)
where
Jioayrtudn (16)

,u i

Here j, 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 |z> = Q;’|0> 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:

S(:-6¢) Z%ZMlk a7
k>0 i>0
(1K) =lyiwt —olk). (18)

Here 51‘ and 5k 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 @; from

Eq. (7) is numerically quite difficult. Hence, when computing
M, and the

1
corresponding to them may occur considerable errors. In [7],
the solution methods of this problem are given and by
exploiting mathematical properties of /3 -transition matrix

transition matrix elements sum rules

elements, even [F-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:

-3 Sa,d,0, (19)
uv
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where

utu

Flo;)
@)
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Maqgaleda gosterilon elektrik keciricili kompozisiyalar yiuksak ve alcaq elektrik moduluna malik olduglarindan onlardan
kipcaklarin ve bark, gaz ve maye halinda olan yanacaq maddalerin naqgli Giglin tutumlarin hazirlanmasinda istifads oluna bilarler.
Bu materiallar yaranan elektrik yuklarinin ani bogsalmasini temin etmays qadirdirlar.

Elektrik kegiricili polimer kompozisiyalar kompozisiya
materiallarin  yeni  ndévlerinden olmaqgla genis
funksiyaliiga gbra ¢cox shamiyyatli materiallardan biridir.
Bir cox tedgiqatgilar artiq kompozisiya materiallarin
siralarinin suratla genislenmasini nazare alaraq onlarin

asanligla adabiyyatlardan tapilmasini tamin etmak
magqsadile, yeni qruplasdirma prinsiplerini  taklif
edirler.[1].

Elektrik kegiricili polimerlerin ve ya kompozisiyalarin
islonmasi yarimkegiricilerin, antistatik ve s. magsadle
muxtelif sahelerde istifade oluna bilan materiallarin
allnmasina imkan yaradir. Bu sahade genis islar géran
alimlarden Balldcin, Norman, Qul, Saqalayevin islarini
misal gstirmak olar. Azarbaycan Dovlet Neft
Akademiyasinin emekdaslari bu sahada muiayyan

shamiyyati kesb edan elmi monoqrafiya ve asarler darc
etmislor.[2;5].

Bir ¢ox saheleri shate eda bilon elektrik kegiricili
polimer kompozisiyalarin yaradilmasi énemli masale-
lordan biridir.

Mueayyen edilmsdir ki, elektrik ylklarinin yaranma-
masi Ugln elektrik kegiricili polimer kompozisiyasinin
xususi hacmi elektrik migavimati 10° Om'm COX
olmamalidir. istehsal olunan materiallarin elektrik kegi-
riciliyi gosterilon qiymeatde olarsa statiki elektrik ylk-
larindan qorunmagq Ugin slave tadbirlarin gériimasina
ehtiyac qalmir.

Bu magsadla bir sira polimer asasli metal va grafit
dolduruculu, elektrik kegiricili polimer materiallarin
tahlilini nazardan kegirak. (cad.1)

Cadval1.

Elektrik kegiricili polimer kompozisiya materiallarinin tarkib hissaleri, kit.%-le

Elektrik Polimer | Qrafit | Terman | Mis Disul- | Xususi isci Toz- Sirtiinme amsall | Man

Kegiricili Trasit tozu fid hajmi tempe- yiq ba

kompozi- mo- elektrik gaturu, Mpa

siya libden | mugavi S = =

m);terial- me? Yagh | yagsiz

lar

ATM-2 50 5 45 - - 10° [ 110 40-50 0,02 0,12 7

EPK-7 70 20 - - 10 10° | 50-60 15-20 0,015 0,16 3

Epoksid 40 60 - - - 10° | 200-250 | 60-70 0,07 0,17 1

+ Qrafit

F F+Ju 30 30 - 40 - 10° | 200-250 | 60-70 - 0,07- 9
0,01

Elastikliyyat modulu bdyik olan fenolfomaldehid ve
epoksid qatranlarin ssasinda yaradilan elektrikkegiricili
polimer kompozisiyalari kipcek materiallari kimi ylksak
tozyiq ve temperatur seraitinde isloeyan avadanliglarin,
hidroqurdularin  ve s, vakuum seraitinde islayan
qurgularda Kipliyin uzun muiddat temin edici olmasina
imkan verir. Termoplastik kitle kapron asasinda
yaradilmis ATM-2 gaz-kompressor qurdusunda kipcak
materiali kimi gox yaxs! naticaler vermisdir.[6].

Cadvalda gostarilan elektrik kegiricili polimer kompo-
zisiyalar muxtalif Gsullarla alinmisdir. ATM-2 kompoisiya
materiall fasilesiz islayan iki rotorlu qarisdiricida alnir.
9vval kapron eriyir sonra doldurucu ile qarisaraq qa-
risdirict bashdindan gubuq saklinds ¢ixir ve soyudugdan
sonra bigaqgli granulyatorda xirdalanir.

EPK-7 materiali ise polimerzasiya ve ya da ATM-2
materiall kimi hazirlana bilar [8]. Digar epoksid va fenol-
formaldehid gatranlari esasinda mexaniki garisdirma ile
hazirlanir.

Yuksak dolduruculu kompozisiya materiallarinda
doludurucu mixtslif dispersiyali hissaciklarden istifade
edilmasi materialin yiksak sixligini temin edir, yoni iri
hissaciklor arasinda yaranan bosluglar xirda
hissaciklarle dolur ve alinan mamulun monolitliyini temin
edir.

Epoksid asasli kompozisiya materiallarinda 100
kit.%-kaolinin olmasi grafitin kritik konsentrasiyasini 40-
50 kit.%-s endirir, natijcde materialin nimunalerinde
alinan gostericilarin fargini azaldir [4]..

Cadval 1-de verilanlare gore hamin elektrik kegiricili
polimer kompozisiyalarin muxtslif doldurulma giymsat-
larinde hacmi xususi elektrik miqgavimatinin giymatlerini
regresiya dusturuna goéra misyyan etmak olar. Mase-
lon, ATM-2 materiali G¢lin agadidaki kimi gostarilir.

p, =a-10"%e—bf (1)



DOLDURUCUNUN TiPINDSN VS MIQDARINDAN ASILI OLARAQ LAZIMi TOYINATLI ELEKTRIK KECIRICILi POLIMER...

burada a ve b sabit kemiyyailardir, f - doldurucunun
migdan kat %, 10" kapronun hacmi xususi elektrik
mugavimatidir

ATM-2 Ggiin p,=0.318-10"%¢

Belalikla, elektrik kegiricili kompozisiya materiallar
dgin 7 -nin muxtalif giymatlerinde o ,-nin qymatini
tayin etmokle materialin antistatik xassasini muayyan
etmis olurug.

Doldurucunun tipini va migdarinin imumi mahiyyatini
gOstermak uciun [7] elmi maqaladan verilmis riyazi

modeldan istifade etmak olar.
3

— Srars,

Saokil 1. Elektrik kegiricili polimer kompozisiaylarinin dold
urucudan aslli olaraq secilma ardicilig.

Sakilden gorindr ki, doldurucudan asili olaraq elek-
trik kegciricili polimer esasl kompozisiyalarda xususi
hacmi elektrik miqavimatinin istismar seraitini nazera

almagla 10° Om:m sortini 6demasi Uglin na kimi
dolduruculardan istifade olunmasi Ugln tdvsiyys
xarakterli riyazi modeldan istifade etmakle onlarin
elektrik kegiriciliyinin vo ya moéhkemlilik gdstaricilarinin
prognozlasdiriimasini tertib etmak olar.

Bu cur yeni elektrik kegiricili polimer kompozisiya-
larin  yaradilmisi mixtelif sahslerde onlarn genis
totbigini temin etmoakle yanasi, ekoloji problemlarin
hallini de temin etmak olar. Maesslen, partlayici
maddalarin, yanacag mahsullarinin saxlanmasi va naq|
olunmasi dgun tutumlarin, Kkonistrlerin, qablarin
hazirlanmasinda, yarim kegirici kimi ve sairo istifade
olunmasidir.

@-nin qiymeti asagidaki dusturdan her  bir
kompozisiya Ugun tapila biler.[7].
tg= Pu
Xy =X

Umumiyyaetle elektrik kegiricili polimer kompozisiya-
larinin elektrik kegiricilerini dlglilmasin istilik kegirma
kimi aparilir. Umumi ganunauygunluglardan miiayyen
meylliklarinin olmasi yerli elektrik desma hali ile izah
edilir ki, bunun da sabablari cox muxtalifdir.

Beloliklo, baxilan elektrik  kegiricili  polimer
kompozisiylar yiksak ve algaq elastiklik moduluna malik
olduglarindan onlarin kipcaklerin ve bark, qaz ve maye
halinda olan yanacaq maddalerin naqli Ggun tullantilarin
hazirlanmasinda istifade oluna bilarler. Bu materiallar
yaranan elektrik yudklerinin ani bosalmasini tamin
etmaya gadirdirlir.

[1] A.M.Rshimov, i.iHassnov, P.M.Shmadov. Neft
avadanliglarinda yeni kipcak materiallari. ADNA
ETi, Elmi aserler IV jild, Baki-2003, s 245-249.

[2] B.E.Qul, L.Z.Senfil. Elektroprovodyassnu poli-
merniye kompozisii. Moskva. izd. «Ximiya»
1984, 240 s. (rusca)

[3] A.M. Raqgimov. Eksperimentalno - teoreticeskiye
osnovi razrabotki metodov pererabotki i rejimov
izqotovleniya detaley iz elektroprovodnix
kompozisionnix plasticeskix mass. Avtoreferat,
dokt. Dis. Baku, 1996. (rusca).

[4] AM.  Berlyand, Namizadlik.diss. Taskent,
Tagkentskiy politexnigeskiy institut,1972.(rusca).

[56] A.M.Rahimov. Elektrik kegiricili polimer kom-
pozisiyalarinin elektrik xassslarinin tedqigi. Elmi
asarler ADNA.Baki, 1997, Ne3 s 68-71.

[6] N.M. Bistrov i dr. «issledovaniye iznosostoykosti
ATM-2 primenitelno k salnikam porsnevix
kompressorov», «Ximiceskoye i neftyanoye
masinostroenie», Ne9, 1971,s 67.(rusca)

[7] A.A.Babaeva, A.M.Ragimov. Matematiceskiye
modeli dlya prognozirovaniya elektrigeskix i
prognostnily svoystv polimernix materialov. Uge-
niye zapiski. AQNA Baku 1995, Ne4, s 75-79.
(rusca)

[8] Gniiklopediya polimerov 1 tom M, 1972, s 278.
(rusca).

[9] T.I. Sahtaxtinski, P.M. ®hmadov, Mis Aliiminium
surtnma juatinlin elektrikkegirmasi haqqinda
ADNA, NQGP vs ETI, EImi aserler, Baki 2001,
s.181-184

A.M.Rahimov, P.M.Ahmadov, |.l.Hasanov, Ch.A.Aliyev, G.Sh.Mehtiyev

THE USE OF DIRECT APPOINTING POLIMER COMPOSITIONS WITH ELECTRIC CONDUCTION
DEPENDING ON THE TYPE AND QUANTITY OF FILLER

The polymer compositions with electric conduction pointing in the article have high and low module of electricity and they
can be used stuffing-box for conduction of hard gas and liquid, fuel substances and preparing of reservoirs. These materials can

provide momentary relaxation of electric loadings.
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Here, the sums with respect to i and & contain all positive
and negative forces of the Eq. (7). Since @); are the zeros of

the function D(®;), the basic theorem of the theory of

residues [8] now allow us to write the expression for d p in

the form of the contour integral:

(22)

The contour L; in the complex plane are shown in Fig. 1
and contain first-order singularities of the integrands at
Zz = *@®; which are the zeros of the corresponding function

D(z2).

Rea

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

However, it is well-known from analysis that, outside Li s

=+
zZ=I€& u
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

the integrand in Eq. (22) have simple poles at

a)iF(a)iz)
b L a ey eV e R )
. (23)
Using Cauchy theorem, we find
zF(z)
d, :—fLy gfl . (Z)dz:2aﬂL#.
(24)

After laborious calculations, we show that 2,., =0,

hence the Eq. (21) becomes

Q0 = 28,6, (25)

0

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

3 ~T T T T T T
S(6,.6,) :;Zey [(gl-g)si,—glinl’ (26)

y784

T
where s u and ¢ P

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 J; =9, , the formula (24) is transformed into the

are the single particle matrix elements of

known sum rule expression [6] for magnetic dipole
transitions. For the spin transitions, the sum rule becomes

$,(5,8,)=2Y 80 L, 27)
ur

Numerical calculations are performed in a wide interval
of the deformation parameter for the nucleus '“°Ce 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 &y
=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.

&
20 q

a0
40 4

20 1

0 0,1 02 03

Fig. 2. The change in the sum rule (25) with respect to & 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.

[1T V.G.Solovyov. Theory of Complex Nuclei. Pergamon
Press, New York,1976.

[2] D.J.Rowe. Nuclear Collective Motion, Methuen,
London,1970.
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SURUSON KONTAKTLI COROYANQOBULEDICILORD® HOROKST ZAMANI YARANAN
TEMPERATURUN HESABLANMASI

P.M. SHMS9DOV _
«Netftin, qazin geotexnoloji problemloari ve kimya ETI»

Magqalads sirtisen kontaktl cerayangabuledicilards harskat zamani yaranan temperaturun hesablanmasi apariimisdir.Malum
olmusdur ki, cerayanqgabuledicilorde harakat zamani yaranan temperatur dogrudan da hesablamadan alinan temperaturdan
yuksak olmur. Bu da taklif etdiyimiz polimer+metal asasl elektrik kegciricili kompozisiya materiallarindan fasilasiz is rejiminds

isladilen cerayanqgabuledicilarinin hazirlanmasina imkan yaradir.

Senayenin miixtalif sahslerinde son zamanlar ce-
reyangabuledicilardan genis istifade olunur. Cerayan-
gabulediciler [1] asasan sarnisin naqliyyatinda, temir va
qurasdirma sexlerinda, yeralti tunellarde, dag-madan
saxtalarinda ve s. basqa yerlerds tetbiq olunurlar. Bun-
lardan an maraglisi sarnisin nagliyyatinda iglediloen ca-
reyanqgabuledicilerdir. Bu carayangabulediciler [2] agiq
hava seraitinde isladildiyinden onlar atmosferdaki bir
sira tesirlers istiys, yagisa,qara ve saxtaya maruz qalir-
lar. Istiliyin artmasi, yadis, qar, soyuq ve saxtall hava
soraiti carayangabuledicilerin isine 6z manfi tasirini go-
storir.

Bunlar nazare alaraq, cerayangabulediciya qoyulan
telablerdan biri de onun harekst zamani yaranan tem-
peratura [7] dozumlGliytdir. Melumdur ki, tempe-
raturun artmasi ile mamulatlarin terkibinde struktur day-
ismasi misahida olunur, bu da onlarn avvalki formala-
rnin dayismasina sabab olur va bununla onlarin tatbiq
olundugu sahaler ds fasileli is seraiti yaranir.

Cerayangabuledicide yaranan temperatur asasan
elektrik cerayaninin ve surtinmanin hesabina yaranir.
Elektrikin carayanqgsbuledicide yaratdi§i temperatur (at-
raf muhitin temperaturu da nazsrs alinmagla) QOST
12058 — 72 Uzre aynd edilir. Yuxarda deyildiyi kimi
temperaturun artmasi cereyangabuledicinin  struktur
dayismasi ile onun yeyilmasinin artmasina vea haetta
dagiimasina sabab olur. Buna géra de kontakt sahale-
rinde yaranan temperaturun hesablanmasi cerayan-
gabulediciys qoyulan asas talablerdan biridir.

Herskat zamani carayanqabuledicide
Umumi temperatur asagidaki kimi hesablanir [3].

yaranan

V. =

um

Vg + Vg + Vg (1)

burada: ¥ - elektrik enercisinin yaratdidi istiliyin hajmi
temperaturudur; Vst — surtlinma va kontakt migavima-
tinden yaran temperatur; V-4, — temperatur alismasi; V,, -
elektrik jereyaninin yaratdi§i temperatur axini asagidaki
yolla tapilir.

47° p

\%4
a’d’c’ - 107

el

)

burada: J- jerayanin gicu A ; d — naqilin diametri m; o-
konveksiyanin istilik 6lgma amsali vt/(m2-°j).

g2 (qry Y21
V. =0,00887 T (#j 3)
g

burada ; A - havanin istilikkecirma amsali vt/(m2'°j); V-
havanin kinematik 6zliilik smsali m%s; T, — havanin
temperaturu °C; g- serbast disma tacili m/s®.

Ssathds yaranan temperatur hem surtinmaden ve
ham de elektrikdan yaranir. Ona gére de [3]

0,942q,a.,, [a1,

VS 2] = 4
t 2, . 4)

burada; qo- kontakt sathinda friksion sirtiinma va elek-
trik hesabina yaranan istilik axinidir.

g, = i{fNu + I7( VEB GHB)} (5)
A, JTN N

burada; o - kontaktda tabaganin yaratdigi nisbi miqavi-
mat; oy~ istilik axininin paylanma smsali olub 0,75 -
0,90; araliginda dayisdiyindan 0,85 gabul edilir; A4; a5 -
naqilin istilikkegirma ve temperaturkegirma amsalidir ;
;- naqil ile careyangabuledicinin alaga (kontakt) sethi-
nin uzunlugudur.

Temperaturun yaratdidi alisma (qidilcim) [3,5] isinda
yazildidi Gsulla tayin edilir.

fNvd,,
vd__ j%

24

Vv

g = 1,707

(6)

A A4+ (7[

burada; d,,— kontaktda yaranan laskenin orta diametridir.

Bunlari nazare alarag naqil (mf-85) mis, cerayange-
buledici ise 40% mis; 30% fenolformaldehid; 30% iso
grafit ovuntusundan hazirlanmisdir.  A,=0,5-10"m?;
A=1,110°m?% £=0,12; p=1,7510°0Omsm; o=10"omsm?
N=150H; HB 118...123; [=500A; v=50m/s; [,=0,12m;
1,=0,00417m;  A4=A,=398vt/(m.°C); a=0,111-10"°m?s;
do=10"°m; malum giymatlari (2), (3), (4), (5), vo (6)- da
nazers alsaq onda (1)-den V=417,5 °C alinir.

Aparilmig hesablamalar gosterir ki, dogrudan da
maksimum yarana bilecek temperatur QOST 12058-82
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Uzro gdstarilmis hacmi temperaturdan yiksskdir. Ona
g0Ore da hesablama ve ya sinaq aparilan zaman matlaq
bu temperatur nazara alinmalidir [3, 4]. Carayangabule-
dicida temperaturun elektrik cerayani ilo surtin-madan
yarandigini nazears alsaq onda goérarik careyangabuledi-
cinin mis naqila sixilmasi ikili xarakter dasiyir. Birincisi
mis nagile yaxs! sixilmis cerayangabuledici elektrik itki-
sina yol vermamakle kontakt mugavimatini [9, 10] azal-
dir bu da onun fasilesiz is rejimi yaratmagina muisbat
tosir gosterir. ikinci terafden sixilma cerayangebuledici-
nin mexaniki yeyilmasinin artmasina [6] sabab olur.
Mixtslif materiallardan hazirlanmis cerayangabuledici-
lerin kegirici miqavimatlerinin sixilmadan asililiq grafiki
sokil-1 da gostarilmisdir.

r-10%, Om

40

4
30 \\</3 2
20 AN \! f :
~ \b#/

2 4 6 8§ 10 PH

Sakil 1. Jarayangabulediji Giglin sixilmadan migavimatin
asilhg.
1. Mis.
2. 40% - mis; 30% - f.f.; 30% qrafit.
3. Metalkiramit.
4. Kémir.

Elektrik cerayaninin itmamasinin ve yeyilmanin mi-
nimum hadds endirilmasi Ug¢ln sixiimanin (55-150) H
arasinda goturulmasi [8] maslahat géruldr.

Temperaturun artmasina tasir gosteran amillardan
biride trolleybusun siratidir. Sirst artdigca [5] malum-
dur ki, sirtiinen cisimlarin har birinin temperaturu artir.
Misin yaxsi istilikkegirma qabiliyystini nazare alaraq
aparilan sinaq zamani misahide edilmisdir ki, cerayan-
gabuledicinin sathinde yaranan temperaturun artmama-
sI onun fasilasiz is rejimi yaratmagina musbat tesir go-
storir.

Cerayangaguledicida yaranan temperaturun artma-
masina sabab onun terkibinde 40%-o qader misin ol-
masi ila barabar onun agiq hava seraitinds islemasidir.
Bununla bearabar mealumdur ki, dayanacaglarda nag-
liyyatin saxlandi§i muddat de temperaturun dismasi
musahida olunur.

Aparilan bir gox arasdirmalar va sinaglar zamani ma-
lum olmusdur ki, bu materiallar igerisinde 6zinu on eti-
barli element kimi tarkibi 40-% mis; 30%-fenol-
formaldehid va 30%- grafit tozu olan carayangeabuledici
gOstermisdir. Sinaq zamani cerayangabuledicinin mak-
simum temperatura dézimlultyd éyrenilmisdir.Bu ce-
royanqgabuledici basqa memulatlarla birlikde ylksak
gerginlik ve temperatur geraitinde isloyen elektrik ava-
danliglarinda da tatbiq oluna biler.

Belslikla taklif etdiyimiz polimer+metal asasli elektrik
kegiricili kompozisiya materiallarinin istismar soraitini
tam meanasi ile nazers alan hesablamalarin naticaleri
tocriiba naticaleri ila slibuta yetirilmigdir.

[11 A.N. Trafimov. Kontaktnie vstavki tokosgemnikov
trolleybusov, M., 141 s.

[2] P.M. ©hmeadov. Elekirik kegirijili plastik kitlolorin

tetbiginin bir sahasi haqqinda, Azarbayjan Dovlst

Neft Akademiyasinin 80 illiyine hasr olunmus

«Quyuda iglayan neft avadanliglarinin etibarliigi ve

effektivliyi»  movzusunda elmi-texniki konfransin

materiallar, BAKU-2000, sah. 35-37.

V.V. Alisin, B.M. Astaskevig, G.D. Braun i dr. «Tre-

nie, iznasivanie i smazka» Spravocnik. V 2-x kni-

gax. Kn. 2. «<Masinostraenie» M., 1978, 439 s.

[4] I.A. Belsev. Tokopriemniki glektropodvicnogo so-
stava. M., Transport, 1970, 160 s.

[5] A.Q. Qinzburq, A.M. Maxangko, A.V. Ciginadze.

(3]

proxocdeniem glektriceskoqo toka gerez skol§zahiy

kontakt. M., Nauka, 1974, -S.79-85.
[7]1 A.V. Ciginadze, A.M. Maxangko, A.S. Pastala. Me-
todika opredelenia glektrofrikiionnoy teplostoykosti
materialov. V sb.; Teplovasa dinamika i modelirova-
nie vnesnogo trenis. M., Nauka, 1975, -S. 97-101.
E.M. Pokusaev, V.Q. Baranovskiy, 1.S. Malevaniy.
instrukiiie po ustroystvu i gkspluatatiiy trolleybusa.
Vilgnés, 1965, 191 s.
T.I. Sahtaxtinski, P.M. ©hmadov. Mis-aliminium
surtinma jutinin elektrik kegirmasi haqqinda.
Azoarbayjan Dovlet Neft Akademiyasi. «Neftin, gazin
geotexnoloci problemlari ve kimya» Elmi-Tedgigat
institutu. ELMI 9SORLOR. 2-ji jild. Baki-2001. sah.

[8]

(9]

Rascet sredney temperaturi skolgzatheqo kontakta 181-184.
pari kontaktnoy provod-tokosgemnie plastini panto- [10] D.N. Qarkunov. Tribotexnika. M. Masinostroenie,
grafa. V sb., Trenie i iznos friklionnix materialov. 1989, 328 s.
M., Nauka, 1977, -S. 20-26.
[6] A.V. Cicinadze, A.M. Maxangko. Metodika prove-
denia ispitaniy materialov na trenie i iznos s
II.LM. AxmenoB

PACYET TEMITIEPATYPBI, BOSHUKAIOIIENA BO BPEMS IBUKEHHUSI B TOKOCBEMHHUKAX CO
CKOJIB3AIMMU KOHTAKTAMU

B craTtbhe npuBoasTcs pe3yabTaThl pacuera TeMIEpaTyphl, BO3HUKAIOLIEH BO BpeMsl ABUKEHHS B TOKOCBEMHUKAX CO CKONB3SIUMU KOH-
TaKkTaMu. BBIABIEHO, 4TO MOJy4YEHHAasl paCUETHBIM IIyTeM TeMIIepaTypa, BO3HUKAIOIAs B TOKOChEMHHUKAX BO BPEMsI CKOJIbXKEHUSI HE IIPEBbI-
LIaeT MPUBEJCHHbIEC B OMyOIMKOBAHHOM IUTEpaType NeHCTBUTENbHBIE 3HAUEHHs TeMiepaTypbl. IlomyueHHbIe pe3ynbTaThl MO3BOJSIOT CO3-
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JaBaTb TOKOCHLEMHUKU U3 MPEAIAaracMoro 3JIEKTPOIIPOBOAALICIO KOMIIOSUIITUOHHOI'O MaT€puala: noJimMep + MeTajul, B YCJIOBHUAX OKCIUTya-
Taluu B GGCHpepLIBHOM pexKUME.

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.

Received: 25.03.04
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THE INFLUENCE OF THERMAL ANNEALING ON PHOTOSENSITIVITY
OF TlInSe; SINGLE CRYSTALS

V.D. RUSTAMOV
Gyanja State University
Khatai ave., 187, AZ 2000, Gyanja, Azerbaijan

The paper is devoted to results of study of influence of thermal annealing on spectral photosensitivity of TlInSe, single crystals. The
crystals TlInSe, 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 TlInSe, are the typical representatives of
ternary semiconductor compounds of A™B"™CY', groups,
being materials with good photosensitivity and distinguished
by stability of the performance capabilities. In particular, the
compound TlInSe, 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 TlInSe, and their high photosensitivity for the first
time are established in [2, 3].

The actuality of research of TIlInSe, crystals and
application of them as the photosensitive element of
photodetectors are obvious, with the following reasons:

e high photosensitivity;

e simple and accessible way of reception of crystals;

e high adaptability to manufacture, thanking cleavability
on planes of cleavage;

e 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) x (2+9) x (0,05+1)
mm’. 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 TlInSe, 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 TlInSe, single crystals in stationary conditions.
Stationary conditions are considered as:

e  ohmic contacts;

e the photon flux is constant and is distributed in regular
intervals on a surface;

o the fixed meanings of temperature and other parametrical
conditions;

e 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 £ =
20+30 V/sm is enclosed in the direction parallel axis /001/,
and monochromatic light are directed perpendicularly to the
plane (110).

=~
A

X
o

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 (TCl,;, ). For
example, sulfide-cadmic photoresistors, have the least
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negative value TCl,;, = -10°+4.107 degree’  [4]. Unlike
known, TCl,, for active elements on the basis of TlInSe,
single crystals is positive in the temperature interval 77+300
K and above. For example, for an active element of Nel
temperature coefficient, average value, makes 0,46 degree'l.

As it is already mentioned above, the increase of
temperature is one of the factors increasing sensitivity of
photodetectors on the basis of TlInSe, 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 TlInSe;, crystals are shown.

The thermal annealing thus consist in endurance of
photosensitive elements at 475 K within 24 hours and _ e
subsequent cooling up to temperature of liquid nitrogen (77 Py
K). As the spectral sensitivity of photodetectors follows from : jf\;\\\
the diagrams, given in the fig. 2, at a maximum of A =77 %
photoconductivity (calculated from area LCC, where o = 1), i * N L
k= J"",;/I-V, in consequence of the mentioned above thermal O L
annealing increased: for the sample Ne 7 3330 times at 77 K
and 100 times at 300 K, and for the sample Ne 8, 1630 times

e

Fig. 2. Influence of preliminary thermal processing on spectral
sensitivity of photodetectors with a photosensitive

at 77 K and 35 times at 300 K. element on the basis p- TlInSe, at 77 K (dotted line)
LCC at the noted temperatures both up to, and after heat and 300K (firm line). (Samples Ne 7a and Ne 8a, as the

treatment carried power-dependence J,;~ I“ with a parameter same as in the fig.. 1 up to thermal processing, and

of degree = 0,5 +1. And with thermal annealing is observed samples Ne 75 and Ne 8b after thermal processing).

the contiguity to the linear recombination case (@—1).
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[2] G.D. Guseinov, A.M. Ramazanzade, E.M. Kerimova, Solidi, 1969, v.34, N 1, pp.33-44.

M.Z. Ismailov. Physica Status Solidi, 1967, v.22, N 2, [4] S.M. Sze. Physics of Semiconductor Devices. V.2,

pp-k117-k122. Toronto-Singapore, 1981, p.344.

V.D. Ristamov

TERMIiK EMALIN TlinSe, MONOKRISTALLARININ FOTOHOSSASLIGINA TOSIRI

Magale TlInSe,; monokristallarinin spektral fotohassash@ina termik emalin tasirine hasr olunmusdur. Bu kristallarda 77+300K
intervalinda ve bundan yuxari temperaturlarda fotohassashgin temperatur amsali misbat isarslidir. Termik emalin mahiyyati
ondan ibaratdir ki, fotohassas elementler 475K temperaturda 24 saat saxlandigdan sonra tadricen maye azot temperaturuna
gadar soyudulur. Termik emal naticasinde muixtsalif nimunalerin fotohassasligi 77K temperaturunda 1630+3330 dafs, 300K
temperaturunda ise 35+100 dafa artir.

B.J. PycramoB

BJUSHUE TEPMAYECKOM OBPABOTKHA HA ®OTOYYBCTBUTEJbLHOCThH
MOHOKPHUCTAJLJIOB TlInSe,

CraThsl TIOCBSIIEHA pe3yabTaTaM U3YYEHMS BIUSHUS TEPMUUSCKOH O0O0pabOTKM Ha CICKTPATBHYI0 ()OTOUYBCTBHTEIBHOCTD
moHokpuctaiuoB TlInSe,. Kpucramier TlInSe, 06nagaoT MONOKHUTEIBHEIM TEMIEPATYPHBIM KOI(QQUIMEHTOM (HOTOTYBCTBHUTEIBHOCTH B
nuarepBane 77+300 K u Bemre. Tepmudeckast 00paboTKa 3aKiIiodanach B BBIAEPKKE (POTOTYBCTBHTEIBHBIX d1eMeHTOB 1pu 475 K B Teuenue
24 4acoB M MOCIEIYIOIEeM OXJIXIACHUN 10 TEMIIEPaTyphl JKHIKOTro a30Ta. B pesynbrate Tepmudeckoit 00paboTkH (oTOUyBCTBUTEIBHOCTD
pasn4HbIX 00pa3noB moeimanack B 1630+3330 pa3 mpu 77 K u B 35+100 pa3 npu 300 K.
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HIGH SENSITIVE ULTRA-VIOLET PHOTO DETECTOR AND INTERMEDIATE TYPE
EXCITONS IN SEMITRANSPARENT METAL-A®B® SEMICONDUCTOR BARRIER
STRUCTURES

0O.Z. ALEKPEROV, A.l. NADJAFOV
Institute of Physics, Azerbaijan National Academy of Sciences,
Javid av. 33, Az-1143, Baku, Azerbaijan

Photoelectric spectrums of Shottky barriers on InSe, GaSe and GaS layered crystals are investigated from band edge of corresponding
crystals up to ultra-violet (6.5¢V) 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

(1()6 —-10"V /Wt ) 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 } -radiation regions.

The most of semiconductor photo detector devices operate on the base of the conductivity change 0 of the material under
the radiation. For different regions of quantum energies 7@ 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 (Hg,Cd; Te- 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- Eg of semiconductor the efficiency of
PC is decreased because the increase of carriers effective mass takes place. As a result the mobility /4 =€ Ty / mi* (7,-

carriers  elastic  scattering  time) and lifetime  7;of photo-excited carriers  decrease take  place

(00 = & u,on;, 0N, = Gr, where G — the rate of carriers generation).
i

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 J(X) =J,exp(-ax), (X, = a™') inside of semiconductor as a result of

absorption coefficient (¢ ) increase with quantum energy. For example at UV energies & > 4Eg for the most of above

0]
indicated semiconductors & >10"Cm™" and penetration @ 'is about of a few tens 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 A’B°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; 3.9¢V 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 (f3~10A) and higher binding energies (&, ~100meV ) than the band edge Wannier-Mott excitons

(about 10 —14meV 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 (4-6.5e¢V) 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 figurel. 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 (curvel) [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 10° —10°V /cm . Decreasing of PC
in opposite direction of applied electric field proves this
fact (curvel). 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
E, eV to the excitation of the holes with smaller effective masses

from the deeper hole bands than band gap carriers. The

Fig.1. Photo conductivity and sensitivity spectral dependencies same results as indicated in figl were obtained for GaSe
of Au-InSe-In barrier Shottky structure for two directions and GaS Shottky barriers with ITE energy positions at

of applied electric ﬁc.eld.. The I-V — characteristics of the 3.5-3.9¢V and 4.1-4.5eV  correspondingly. So we
structure are shown in inset. established that the main reasons of high effectiveness
photo detectors of LS InSe and GaSe in UV region of

radiation are: higher mobilit =er, / m*) of photo excited carriers, perfect condition of surface of LS and higher life time
g y (H p p p

o
Sensitivity, V/W

PC, arb.am

of photo-excited carriers 7;. These devises are high sensitive (10° =107V /Wt 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).
[2] F.Bassani and G. Pastory Parvachini, Electronic states and optical transitions in solids, Sidney, Pergamon Press, 1975,
391p.
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