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THE PECULIARITIES OF ELECTRIC AND GALVANOMAGNETIC PROPERTIES OF 

Fe1,2Cr1,8S4 
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Institute of Physics, Azerbaijan National Academy of Sciences, 

Baku. Az - 1143, H. Javid av. 33 
 

Electric and galvanomagnetic properties of ferrimagnetic compound Fe1,2Cr1,8S4 were investigated. It is revealed, that magnetic 
resistance is negative with the sharp peak in the range of Tc≅250K and it is shown, that the spontaneous Hall coefficient reduces 
exponentially with the temperature in the region of the magnetic ordering. 

 
FeCr2S4 has the spinel structure and is the ferrimagnetic 

semiconductor with the Curie temperature ~180K [1,2]. The 
chromium ions in the octahedral sublattice are replaced 
partially by the enelyse ions in order to get  magnetic 
semiconductors with the high Curie temperature and it was 
shown, that Fe1,2Cr1,8S4 has also spinel structure and is 
ferrimagnetic with the Curie temperature Tc≅250K [3,4]. 
However the information lack on the electric and in particular 
galvanomagnetic properties gives no chance to present the 
full picture of the semiconductive properties and its 
correlation with the magnetic structure. Therefore the 
temperature dependences of the electroconductivity, the Hall 
effect and magnetoresistance of the given content in the wide 
temperature of the magnetic phase transition, were 
investigated. The receipts and the samples analysis were 
conducted by the technology described earlier [4]. 

The electroconductivity was measured by the compensated 
method on the constant current, but galvanomagnetic 
properties in the magnetic field of the strength up to 12K. 

 

 

Fig.1. The dependence of lgσ and 
ρ

ρ∆
 on the temperature for  

           Fe1,2Cr1,8S4. 

The dependence of lgσ and 
ρ

ρ∆
 on 

T

103

 for this constant 

is presented on fig.1. As it is seen from the figure, the content 
has the semiconductive nature of the conductivity. So that in 
the range 100÷2500K the electroconductivity increases with 
the temperature growth with the activation energy ~ 0,02eV. 

The activation energy of the conductivity changes in the 
range of the magnetic ordering, and it becomes equal to 
~0,07eV. Therefore the activation energy of the conductivity 
reduces by ~0,05eV at the transition in the magnetic ordering 
state. This result is in agreement with the theory, developed 
in the paper [5], in which the electroconductivity of the 
antiferromagnetic semiconductors was examined by means of 
S-d exchange model. It is concluded in these papers, that 
magnetic sublattice with the opposite orientation of spins, 
which in consequence of the exchange interaction with the 
conductivity electrons create the additional periodical 
potential, having more low symmetry, than that of crystals, 
occur at the transition into the magnetic-ordered state and the 
energy bands fission and the reduction of the activation 
energy, may occur, what we have confirmed experimentally. 

The dependences of on 
T

10 3

 are also presented on fig.1. 

It is seen, that the value of 
ρ

ρ∆
 is negative, moreover it 

achieves the maximum (12%) in the region of the magnetic 
phase transition. Such anomalies of the magnetoresistance at 
the Curie point in the ferromagnetic semiconductors achieve 
quiet essential values, for example 80% for FeCr2S4 
(Tс=130K) and even 104 times for EuSe (Tс=8K) [6]. 

 

 
Fig.2. The field dependence of the Hall potential at various     
           temperatures for Fe1,2Cr1,8S4. 
 
Such behavior of the magnetoresistance is connected both 

with the energy bands splitting and with the current carriers 
scattering on the disordered spins. Such relatively low value 
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of the jump of 
ρ

ρ∆
 at the Curie point in Fe1,2Cr1,8S4 in 

comparison with the ferromagnetic semiconductors with high 

agility values proves once more, that the jump value of 
ρ

ρ∆
 

is connected obviously with the value of the current carriers 
agility, what is discussed in the paper [6]. 

The field (0-12К) and temperature (90÷250K) 
dependences of Hall potential of Fe1,2Cr1,8S4 are also 
investigated. The field dependences of the Hall potential at 
various temperatures of Fe1,2Cr1,8S4 is presented on fig.2. 

 
Fig.3. The temperature dependence of the spontaneous  
           magnetization Ms and paramagnetic susceptibility χm

-1 for  
           Fe1,2Cr1,8S4. 
 
The Hall-e.m.f. in the magneto-ordered compounds (ferro 

and ferrimagnetics) is presented by the sum: 
 

d
J M)RH(R V 10x +=  

where 
d

J
 HR0  is classical and 

d

J
MR1  is anomalous 

potential, correspondingly. The anomalous Hall potential at 
H→0 turns out into the spontaneous Hall potential, which has 
the form: 

d

J
 sMsRxsV = , since 0

d

J
 HR0 = , where Rs is the 

spontaneous Hall coefficient, Ms is the spontaneous 
magnetization, d is the sample thickness, J is the sample 
current. Vxs and Ms are determined by the extrapolation of 

Vx(H) and M(H) from the region of the paroprocess on the 
H=0 axis and the coefficient Rs is calculated as a ration: 

 

JM
dV R

s

xs
s =  

 
The magnetization and paramagnetic susceptibility of 

Fe1+xCr2-xS4 (0≤x≤0.5) system are investigated by us before 
[4]. The values of the spontaneous magnetization in the 
temperature interval 90÷250K and the paramagnetic 
susceptibility of the compound Fe1,2Cr1,8S4 calculated from 
these experiments are presented on fig.3. 

 

 
Fig.4. The dependence of the Hall coefficient lgRs on the   
           temperature for Fe1,2Cr1,8S4. 
 
The value are Vxs is calculated from the dependence of 

Vx∼H at various temperatures in the range T<Tc, in which 
values Vxs are determined by the value extrapolation Vx for 
Н→0 in the process region. 

The dependence of lgRs on 
T

10 3

 is presented on fig.4. As 

it is seen from the figure, the spontaneous Hall coefficient 
reduces exponentially with the temperature increase. Since 
the spontaneous Hall coefficient is the consequence of the 
spin-orbital interaction between the current carriers and the 
localized magnetic moments, it indicates on the fact that the 
magnetic heterogeneity of the given compound increases with 
the temperature increase. 
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                                                           Л.М. Вялийев  , Ш.О. Оружова, А.И. Ящмядов 
 

Fe1,2Cr1,8S4-ЦН ЕЛЕКТРИК ВЯ ГАЛВАНОМАГНИТ ХАССЯЛЯРИНИН ХЦСУСИЙЙЯТЛЯРИ 
 
Fe1,2Cr1,8S4 бирляшмясинин електрик вя галваномагнит хассяляри тядгиг едилмишдир. Магнит мцгавимятинин Тc≈250 К-дя кяскин 

пикя малик олмагла мянфи гиймят алдыьы мцшащидя едилмиш вя спонтан Щолл ямсалынын магнит низамлы областда температурла 
експоненсиал азалдыьы эюстярилмишдир. 

 
Л.М. Валиев , Ш.О. Оруджева, А.И. Ахмедов 

 
ОСОБЕННОСТИ ЭЛЕКТРИЧЕСКИХ И ГАЛЬВАНОМАГНИТНЫХ СВОЙСТВ Fe1,2Cr1,8S4 

 
Исследованы электрические и гальваномагнитные свойства ферримагнитного соединения Fe1,2Cr1,8S4. Обнаружено, что 

магнитное сопротивление отрицательно с резким пиком в области Тc≈250К и показано, что в области магнитного упорядочения 
спонтанный холловский коэффициент экспоненциально уменьшается с температурой. 

 
Received: 28.11.02 
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The one-dimensional model of thin planar ferroelectric liquid crystal cell has been considered. The dependences of threshold voltage 

both on some material parameters of ferroelectric liquid crystal (spontaneus polarization, anisotropy of dielectric permittivity, elastic 
constants) and on some external parameters (cell thickness, anchoring energies) have been obtained. The qualitative explanation of obtained 
results has been proposed. 

 
One of the basic problems by utilizing of liquid crystal 

displays is to reduce the operating voltages as much as 
possible. The later can be essentially reduced in the case of 
ferroelectric liquid crystals (FLC) [1]. The first reason of so 
high sensitivity to an external electric field is the strong 
coupling of the electric field with spontaneous polarization. 
Except of spontaneous polarization, the threshold voltage of 
electrooptical effect is influenced by elastic constants, 
anisotropy of dielectric permittivity of FLC, surface 
conditions etc. In this paper the attempt was made to study 
influence of each of these factors on the FLC switching 
threshold on the basis of numerical calculations.  

 

 
Fig.1. The cell geometry 

 
      The description of electrooptic properties of FLC-cell can 
be reduced to determination of the director field ),( trn rr . The 
later is given in the given point of space by two angles: the 
tilt angle θ and the azimuthal angle φ  (fig. 1): 
 
                 )cos,sinsin,cos(sin θφθφθnn rr

=            (1) 
 

The tilt angle depends mainly on temperature and the 
electric field essentially does not change its value. But the 
azimuthal angle varies spatially in absence of an electric 
field, and additionally in time under the field action. In thick 
samples, where the spirally twisted structure takes place, the 
angle φ  varies both in a direction, perpendicular to layers, 
and in layers plane (φ =φ (x, z)), but in thin samples, only in a 
layer plane [2]. Therefore, for not too high fields the task of 
finding of a director field ),( trn rr  is reduced to the task of 
searching of azimuthal angle φ (x, t) distribution, what is 
determined by the competition of elastic and surface forces, 
and also by the electric field force.  
     It is not difficult to deduce the balance torque equation 
allowing us to determine the equilibrium configuration of the 
system φ (x) (the thickness is less than pitch of spiral 
structure: Ld << ): 
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under boundary conditions 
 

       ( ) 2/d212/d 2sinWcosW
dx
dG ±± ±= φφφ

             (3) 

 
2/2/,2/dx0 πφπ ≤≤−≤≤      

 
The following notations are used: G is an elastic constant, 

Ps is a spontaneous polarization, E is an electric field 
strength, ⊥−= εεε∆ || is an anisotropy of dielectric 

permittivity, ⊥χ is transversal component of the dielectric 
susceptibility, ε0=8.85pf/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 φ(d/2)=-φ(-d/2)=π/2 for our geometry. 
The second term is a dispersion part of the surface energy: 
the dispersion interaction is responsible for planar orientation 
of smectic A phase and required φ(d/2)=φ(-d/2)=π/2. The 
appropriate anchoring energies are denoted by W1 and W2. 
The signs «-» and «+» concern to top and bottom surfaces 
respectively. 

For FLCs, used in electrooptical cells the typical values of 
Ps, G, θ, ⊥χ  and ∆ε have the order of 10-4cm-2, 10-11N, .0.4, 
10, -3, respectively. Other external parameters W1, W2, d and 
E have the order of  

 

m

V610,m105,mJ10,mJ10 62524 −−−−− ⋅⋅⋅ , 
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 respectively. Furthermore, we represent the polar part of 
anchoring energy as  

 
                       S101 PWW ⋅+= α                                 (4) 
 

where W10 is the permanent (independent of spontaneous  

polarization) component of polar anchoring energy, the 
second term is the contribution due to the spontaneous 
polarization. It is reasonable to take  25

1 mJ10W −− ⋅≅  and  
V5.0≅α . 

 The dynamics of the switching process can be  described 
by the equation similar to (2): 

 

                                   φ
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φφθφγθ 2sin)

2
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                                           (5) 

 
under the same boundary conditions. φγ  is a rotational 

viscosity that has the order sPa ⋅1.0 . 

 

 
Fig. 2. Volt-contrast characteristics of FLC cell: a)the initial   

                state is twist; b) the initial state is uniform 
 

   

 

              

                        

             

              
Fig 3. The dependence of threshold voltage on a) spontaneous  
          polarization b)dielectric anisotropy; c)elastic constant;  
          d)cell thickness; e)polar anchoring energy; f) azimuthal  
           anchoring energy 



H.F. ABBASOV, A.R. IMAMALIYEV 

 8

The equation (5) is a nonlinear heat conduction equation 
with boundary conditions (2) of general form and can be 
solved by the sweep method [3]. 

 To know the dependence )t,x(φ , it is not difficult  to 
find light transmittance of FLC cell in the crossed polarizers, 
for example, by Johnes’ (2x2) retardation matrix method 
[4].To study the threshold characteristics of the FLC cell the 

slowly rising electric field (with the rate of order 
s

V
1 ) has 

been applied. As seen from a fig. 2a, the transition from twist 
state to uniform state has not threshold character. But if as the 
initial state to take the uniform state )2/( πφ −= , the 
transition to other uniform state )2/( πφ =  has clearly 
expressed threshold character (fig. 2b).  

The results of numerical calculations are shown in fig.3, 
as dependences of a threshold voltage on spontaneous 
polarization, dielectric anisotropy, cell thickness, elastic 
constant and anchoring energies. 

As expected, the threshold voltage is proportional to 
spontaneous polarization (fig. 3a). A small deviation from 
this low in the range of weak spontaneous polarizations is 
related, on our opinion, to polar anchoring of molecules with 
a surface, which appears as a destabilizing factor. For upper 

surface there is an excess of free energy of density about 
d

W1  

that is comparable with field energy PsE. 
 
 The dielectric permittivity also influences on the value of 

the threshold. As, the interaction of a field with negative 

dielectric anisotropy appears as the stabilizing factor 

(appropriate density of energy has the order 2

2
0

d2
Uεε∆−

), 

with increasing of  ε∆  the threshold voltage slowly rises 
(fig. 3b). 
         The transition from one homogeneous state to another 
occurs by creation of intermediate twist state of energy 

density about 2d
G

. Therefore the threshold voltage increases 

with rising of an elastic coefficient. This dependence has the 
form of direct proportionality with surprising accuracy 
(fig.3c). 
         The increasing of cell thickness leads at first to the 
diminishing of the threshold voltage, however, in further this 
tendency loosened (fig.3d). A reason of it also is weakening 
of polar anchoring energy density. 
        The destabilizing role of polar anchoring is expressed 
also in following: the threshold  voltage diminishes with 
increase of polar anchoring energy W1 (fig. 3e). The breaks 
observed in a graphics hint about qualitatively different ways 
of switching at different intervals of values W1. 

  As the dispersion interaction of molecules with a surface 
acts as the stabilizing factor, the threshold voltage slowly 
rises with increase of dispersive part of anchoring energy W2 
(fig. 3f). 

Note that the proposed model is one – dimensional where 
the switching by domain wall motion is not under 
consideration.  
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Щ.Ф. Аббасов, А.Р. Имамялийев  

 
СЕГНЕТОЕЛЕКТРИК МАЙЕ КРИСТАЛЫН ЕЛЕКТРООПТИК ХАССЯЛЯРИНИН МОДЕЛЛЯШДИРИЛМЯСИ 

 
Бирюлчцлц щал цчцн назик планар сегнетоелектрик майе кристал нцмунясинин рийази модели гурулмушдур. Астана эярэинлийинин 

щям майе кристалын мадди параметрляриндян (спонтан полйаризасийа, диелектрик нцфузлуьунун анизотропийасы, еластик сабит), щям дя 
харижи параметрлярдян (йуважыьын галынлыьы, илишмя енеръиляри) асылылыьы мцяййян олунмуш вя бу асылылыгларын кейфиййятжя изащы 
верилмишдир. 
 

 Х.Ф. Аббасов, А.Р.  Имамалиев  
 

МОДЕЛИРОВАНИЕ ЭЛЕКТРООПТИЧЕСКИХ СВОЙСТВ СЕГНЕТОЭЛЕКТРИЧЕСКОГО  
ЖИДКОГО КРИСТАЛЛА 

 
В данной работе представлена одномерная модель тонкой планарной ячейки сегнетоэлектрического жидкого кристалла. 

Установлена зависимость порогового напряжения, как от материальных параметров жидкого кристалла (спонтанной поляризации, 
анизотропии диэлектрической проницаемости, упругой постоянной), так и от внешних параметров (толщины ячейки, энергий 
сцепления). Приведена качественная интерпретация полученных результатов. 
 

Received: 26.02.03 
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The structural phase transition in Cu1.50Ag0.5Te were investigated by the high-temperature roentgenodiffractometric method, and it was 

shown, that at the room temperature Cu1.50Ag0.5Te is two-phase and is composed of the rhombic phase with the lattice parameters a=7.319Å, 
b=22.236Å, c=36.458Å and the rhombic phase with the lattice parameters a=3.12Å, b=4.04Å, c=6.87Å. The both rhombic phases transfer into 
the two primitive cubic phases with the parameters a1=7.0091Å и a2=6.8787Å, respectively, by the temperature increase at 469K. 

 
The Cu2Te compound on the state diagram of the Cu-Te 

system corresponds to the compound 33,3 at % Te and melts 
at 1393 K[1]. In [2] it is shown, that Cu2Te is crystallized in 
the hexagonal structure with lattice parameters: aο=4.237Å, 
cο=7.274Å, a space group P6mmm, the elementary cell 
contains Z=2, the density ρx=7.274 g/сm3. 

According to [3] for Cu2Te the rhombic structure with the 
lattice parameters a=7.319Å≈ 3 aο, b=22.236Å≈3cο, 
c=36.458Å≈5cο, which is the superstructural hexagonal 
phase, is determined at the room temperature. In [3-9] it is 
shown by various authors and naturally by various methods, 
that in Cu2Te five structural transformations at 448, 548, 593, 
638 and 848K occur in the temperature range 290-1220K. 

In [10] it is shown by the high-temperature roentgeno-
diffractogramic method, that: 
a) The second hexagonal phase with the lattice parameters 

a=8.4191Å, c=21.8733Å is yielded at 448 K from the 
Cu2Te crystal, composed of the rhombic and hexagonal 
phase with the lattice parameters: a=7.319Å, b=22.236Å, 
c=36.458Å and a=4.1418Å, c=7.1833Å. The parameter c 
of the rhombic phase is sharply cut ∆c=0.72Å with the 
phase formation, what gives reasons to make conclusion, 
that the second hexagonal phase is formed at the expense 
of the rhombic phase. 

b) At 540 K the parameters a and b of the rhombic phase 
reduce by the jump, but the parameters a and c of the 
first hexagonal phase increase by the jump. The reason is 
the displacement of the cations and the cation vacancies. 

c) At 590 K the rhombic and first hexagonal phases transfer 
into the second hexagonal phase and crystals Cu2Te 
become one-phase at the temperature range 590-638 K. 

d) At 638 K the diffraction reflections, belonged to the 
rhombic phase, are restored with the appearance of the 
reflection from the plane (111) of the high-temperature 
fcc phase. 

e) At 848 K the rhombic and second hexagonal phases 
transfer into the fcc phase with the lattice parameters 
a=6.1140Å.  

In [11] it is shown, that the crystals Cu1.50Zn0.50Te at the 
room temperature, as Cu2Te, are two-phase and composed of 
the hexagonal phase with the lattice parameters a=4.2478Å, 
c=7.2334Å and the rhombic phase with the lattice parameters 
of the corresponded lattice parameters Cu2Te. 

At 811±2 K the rhombic phase transfers into the 
hexagonal phase. In this process the parameters of the 
hexagonal phase do not suffer the jump. It testifies the fact, 
that at the transformation of the rhombic phase into the 
hexagonal, the latter is to be the primer. The hexagonal phase 

itself at 970±2 K transfers into the high-temperature fcc 
phase of the lattice parameter a=6.1187Å. 

It follows from the above-presented, that in crystals 
Cu2Te the partial substitution of Cu atoms by the Zn atoms, 
having the same charge and close ion radii, cut the number of 
the phase transformations from five in Cu2Te up to two in 
Cu1.50Zn0.50Te. 

The results of the high-temperature roentgenodiffractogram 
researches of the influence of the partial substitution of the 
cooper atoms by the silver atoms on the structure, mechanism 
and the temperature of the structural transformations in the 
crystal Cu2Te are represented in the present paper. With this 
purpose, the method of the direct synthesis, i.e. the chemical 
interaction of the initial components, is used for the receipt of 
the homogeneous samples of the Cu1.50Ag0.5Te compound. 
The initial components, taking part in the compound, have 
the following purities: cooper is electrolytic, silver and 
tellurium are of the special pure mark (SP). The synthesis 
conditions and the crystals growth by the Bridgemann’s 
method are represented in [10]. 

The temperature roentgenographic researches was carried 
out on the diffractometer DRON-3M with the temperature 
attachment URVT-2000. 

Experiments were carried out in the vacuum (10-2 Pa). 
The condition of the survey permission was made ~1º. The 
diffractograms are recorded persistently, the diffraction 
angles are determined by the method of the intensities peaks 
measurement. In experiments the error of the reflection angle 
determination did not exceed the value ∆θ=±0.02º. 

From the crystal ingot Cu1.50Ag0.5Te the thin plane of the 
size 2×4×4 mm was cut off and at the room temperature 18 
diffraction reflections (table 1) are fixed from the indicated 
sample in the angle interval 20º≤2θ≤80º.  

For the precious indexing of the diffraction data from 
Cu1.50Ag0.5Te they were compared with the calculated values 
of the interplane distances di, and corresponding indices hikili 
of the reflection planes, calculated on the base of the 
parameters of the elementary cell Cu2Te, CuAgTe and 
Ag2Te. As it is seen from the table 1, the experimental values 
are satisfactorily coincided with the calculated parameters di 
of the lattice parameters of the rhombic phase Cu2Te. From 
experimental di, as it is seen from the table 1, some d, i.e 
d=2.4715 (110); 2.0060 (112); 1.7177 (004); 1.5608 (200) 
and 1.4145 (114) are indexed on the base of the parameters of 
the rhombic phase CuAgTe. It follows hence, that the crystals 
Cu1.50Ag0.5Te at the room temperature are two-phase, i.e 
crystallized in the rhombic structure Cu2Te and CuAgTe, 
besides the relative number (quantity) of Cu2Te is more than 
CuAgTe.
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                                                                                                                                                                         Table 1 
The diffractogram's calculation of Cu1.50Ag0.50Te. CuKα(λα=1.5418 Å), filter – Ni, Regime: 38 кV, 22 mA. 

 

Cu2Te CuAgTe 

Parameters of 
the elementary 
cell,  Å 

Texp 
  K N

N
 

θ I/I0 dexp.(Å) 

dcal.(Å) hkl dcal(Å) hkl   

1 2 3 4 5 6 7 8 9 10 
1 15º41´ 17 2.8534 2.8534 208    
2 16º30´ 33 2.7144 2.7155 209    
3 16º52´ 100 2.6574 2.6586 084   Rhombic 
4 17º30´ 95 2.5636 2.5623 256   a=7.3193 
5 18º11´ 15 2.4715 2.4707 090 2.4716 110 b=22.2435 
6 18º39´ 42 2.4107 2.4181 302   c=36.3636 
7 20º11´ 50 2.2345 2.2340 340    
8 21º27´ 40 2.1081 2.1093 099    
9 21º45´ 30 2.0807 2.0807 319    

10 22º36´ 42 2.0060 2.0059 348 2.0064 112 Rhombic 
11 22º48´ 19 1.9893 1.9887 364   a=3.1216 
12 23º29´ 18 1.9352 1.9349 370   b=4.0423 
13 24º14´ 52 1.8788 1.8775 2103   c=6.8708 
14 25º02´ 11 1.8224 1.8224 411    
15 26º40´ 11 1.7177 1.7185 393 1.7177 004  
16 28º44´ 9 1.6040 1.6032 3105    
17 29º36´ 4 1.5608 1.5614 459 1.5608 200  
18 33º02´ 12 1.4145 1.4145 541 1.4111 114  

293 

1 15º39´ 10 2.8584 2.8560 208    
2 16º29´ 35 2.7173 2.7176 209    
3 16º51´ 100 2.6601 2.6622 084   Rhombic 
4 17º28´ 97 2.5688 2.5661 256   a=7.3367 
5 18º09´ 20 2.4748 2.4748 090 2.4746 110 b=22.2732 
6 18º33´ 50 2.4227 2.4239 302   c=36.4101 
7 20º07´ 48 2.2410 2.2391 340    
8 21º25´ 34 2.1109 2.1110 099    
9 21º43´ 30 2.0835 2.0838 319    

10 22º33´ 36 2.0102 2.0089 348 2.0093 112 Rhombic 
11 22º46´ 35 1.9920 1.9924 364   a=3.1280 
12 23º26´ 23 1.9389 1.9390 370   b=4.0522 
13 24º12´ 45 1.8807 1.8804 2103   c=6.8860 
14 24º59´ 15 1.8255 1.8259 411    
15 26º36´ 13 1.7215 1.7218 393 1.7215 004  
16 28º42´ 10 1.6054 1.6060 3105    
17 29º32´ 10 1.5640 1.5642 459 1.5640 200  
18 33º00´ 10 1.4155 1.4178 541 1.4132 114  

373 

1 15º38´ 5 2.8605 2.8595 208    
2 16º28´ 30 2.7202 2.7206 209    
3 16º49´ 100 2.6647 2.6660 084   Rhombic 
4 17º27´ 90 2.5714 2.5700 256   a=7.3477 
5 18º07´ 15 2.4788 2.4788 090 2.4784 110 b=22.3092 
6 18º35´ 50 2.4189 2.4275 302   c=36.4280 
7 20º06´ 45 2.2429 2.2428 340    
8 21º24´ 32 2.1126 2.1141 099    
9 21º42´ 30 2.0852 2.0865 319    
10 22º31´ 35 2.0128 2.0117 348 2.0121 112 Rhombic 
11 22º45´ 30 1.9935 1.9956 364   a=3.1312 
12 23º24´ 20 1.9413 1.9418 370   b=4.0622 
13 24º10´ 40 1.8830 1.8838 2103   c=6.8940 
14 24º57´ 14 1.8276 1.8282 411    
15 26º34´ 12 1.7235 1.7247 393 1.7235 400  
16 28º40´ 10 1.6070 1.6087 3105    
17 29º30´ 10 1.5656 1.5663 459 1.5656 200  
18 32º54´ 10 1.4192 1.499 541 1.4149 114  

423 
 

 
After the diffraction reflection record at the room 

temperature, without changing the angle interval and the 
crystals orientation the furnace was switched on and the 

record was carried out every 50 K. Before every record the 
corresponding temperature was kept constant during 40 min. 
Under this conditions, the essential changes did not occur in 
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the reflection number and their intensities up to 423 K. Only 
at 423 K the four couple diffraction reflections (fig.1), whose 
calculations are represented in the table 2, are fixed in the 
previous angle interval. As it is seen from the table 2 and 
fig.1 the low-temperature two-phase crystal Cu1.50Ag0.5Te at 
469±1 K transfers into the two primitive cubic phases with 

the lattice parameters: a1=7.009Å и a2=6.878Å, distinguished 
by the elementary cell parameters and the diffraction 
reflections intensities, where 1

)220(I > 2
)220(I , 1

)222(I > 2
)222(I , 

1
)320(I < 2

)320(I  and 1
)400(I < 2

)400(I . 

 

 
 

 

 
Fig.1.  The crystal’s diffractogram  of Cu1.50Ag0.50Te ( the rhombic phase reflex is marked by the star) 
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                                                                                                                                            Table 2 
The diffractogram's calculation  of Cu1.50Ag0.50Te. 

 
(P)1 (P)2 N

N
 θ I/I0 dexp.(Å) 

dcal.(Å) hkl dcal.(Å) hkl 

Parameters of  
the elementary cell , Å 

Texp. 
K 

1 18º07´ 100 2.4788 2.4781 220 - - 
2 18º29´ 40 2.4319 - - 2.4320 220 
3 22º24´ 80 2.0228 2.0234 222 - - 
4 22º51´ 30 1.9853 - - 1.9857 222 

(P)1 
a=7.0091 

5 23º22´ 40 1.9438 1.9436 320 - - 
6 23º50´ 20 1.9082 - - 1.9078 320 
7 26º06´ 10 1.7524 1.7523 400 - - 
8 26º38´ 5 1.7196 - - 1.7197 400 

(P)2 
a=6.8787 

473 

1 18º06´ 100 2.4812 2.4801 220 - - 
2 18º27´ 38 2.4365 - - 2.4362 220 
3 22º23´ 83 2.0244 2.0249 222 - - 
4 22º48´ 38 1.9824 - - 1.9891 220 

(P)1 
a1=7.0146 

5 23º21´ 22 1.9452 1.9455 320 - - 
6 23º48´ 45 1.9105 - - 1.911 320 
7 26º05´ 10 1.7536 1.7537 400 - - 
8 26º35´ 10 1.7227 - - 1.7226 400 

(P)2 
a2=6.8906 

573 

 

 

                               
Fig.2. The temperature dependencies of the lattice parameters of both rhombic and cubic phases. 
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Fig.3. The scheme of the structural transformations in Cu2Te, Cu1.50Zn0.50Te and Cu1.50Ag0.50Te.  
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At the further heating the both primitive cubic phases kept 

their individuality, but at the reverse cooling below 469 K 
they transfer into the two ordered phases, one of which is 
identical by the lattice parameters to the low-temperature 
phase Cu2Te, and another to CuAgTe. As it was noticed, the 
low-temperature rhombic phase Cu2Te after the four 
intermediate phase transformations at 848 K transfers into the 
high-temperature fcc phase with the lattice parameters 
a=6.114Å. It is known about the second phase, i.e CuAgTe, 
that at the room temperature it is crystallized in the structural 
type of the rhombic CuTe with the lattice parameters 
a=3.12Å, b=4.05Å, c=6.875Å, ρ=8.20g/сm3. However, the 
space groups with Pmmm on Pmm2 (the suppression is 
absent) is changed with regard to the ordered substitution of 
the half of Cu atoms by Ag atoms. 

In spite of the fact, that the compound Cu1.50Ag0.5Te at the 
room temperature is two-phase and crystallized in the 
structural type Cu2Te and CuAgTe, neither the 
transformation temperature nor the high-temperature 
modifications structures do not correspond. 

The schemes for the comparison of the structural 
transformations in Cu1.50Ag0.5Te, Cu2Te and Cu1.50Zn0.5Te are 
represented on fig.2. These differences represented on the 
scheme are mainly connected with the spreading of two types 
of cations between the layers of tellurium atoms in the 
tetrahedral and octahedral vacuums. 

The temperature dependencies of the lattice parameters 
Cu1.50Ag0.5Te are represented on fig.3. As it is seen from 
fig.3, the parameters a(T), b(T), c(T), of both rhombic and 
a(T) of both cubic phases increase in a linear fashion. The 
coefficient of the line expansion, calculated from the 
temperature dependencies of the existing phases lattice 
parameters. 

As it is seen from the table 3, the rhombic phase, crystallized 
by the structural type Cu2Te, is strongly deformed in the 
direction [100], i.e. αa>αb≈αc but the rhombic phase, 
crystallized by the structural type CuAgTe, is deformed in the 
direction [010], i.e. αa<αb>αc. It is the main reason of the 
instability of the both rhombic phases, which at 469 K 
transfer into the high-temperature primitive cubic phase. 
 

                                                                                                                                                                           Table 3 
The heat expansion  of Cu1.50Ag0.50Te. 

 

The line expansion coefficient  10-6 degree-1 

Тstr. К Modification Тexp.  К 

aα  bα  cα  
3

iαα
∑

=  

Cu2Te 293-373 
293-423 

29.7 
29.8 

16.7 
22.7 

16.0 
13.6 

20.8 
22.0 

CuAgTe 293-373 
293-423 

25.6 
23.7 

30.6 
37.9 

27.7 
26.0 

28.0 
29.2 469 

P1 
P2 

473-573 
473-573 

0.80 
17.3    
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 Й.Э. Ясядов, Р.Б. Байкулов 

 
Cu1.50Ag0.50Te КРИСТАЛЫНДА ГУРУЛУШ ЧЕВРИЛМЯСИ 

 
Йцксяк температур рентэендифрактометрик методу иля Cu1.50Ag0.50Te кристалында гурулуш чеврилмяси тядгиг едилмишдир вя 

эюстярилмишдир ки, отаг температурунда гяфяс параметрляри a=7.319 Å, b=22.236 Å, c=36.458 Å вя a=3.12 Å, b=4.04 Å, c=6.87 Å олан 
ики ромбик фазадан ибарят олуб, 469 К-дя гяфяс параметрляри a1=7.0091 Å вя a2=6.8787 Å олан ики примитив куб фазайа кечир. 
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Ю.Г. Асадов, Р.Б. Байкулов 
 

СТРУКТУРНЫЕ ПРЕВРАЩЕНИЯ В Cu1.50Ag0.50Te 
 

Высокотемпературным рентгендифрактометрическим методом исследовались структурные фазовые переходы в Cu1.50Ag0.50Te и 
было показано, что при комнатной температуре Cu1.50Ag0.50Te является двухфазным и состоит из ромбической фазы с параметрами 
решетки a=7.319Å, b=22.236Å, c=36.458Å и ромбической фазы с параметрами решетки a=3.12Å, b=4.04Å, c=6.87Å. С повышением 
температуры при 469 К обе ромбические фазы превращаются в две примитивные кубические фазы с параметрами a1=7.0091Å и 
a2=6.8787Å соответственно.  
 

Received: 27.02.03 
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THE ELECTRIC AGEING OF THE POLYETHYLENE AND  

POLYPROPYLENE POLYMER MIXTURES IN THE REGION OF LOW  
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The Institute of Radiation problems, Azerbaijan NAS, 
370143, Baku, H. Javid ave. 31”a” 

 
The influence (1-10 weight %) of polypropylene (PP) concentrations in polyethylene (PE) upon the durability to the electric ageing was 

studied. It is shown, that the injection of the low (1-2 weight %) PP concentrations into PE increase the PE durability to the erosion and 
oxidation, caused by the electric discharge effect and leads to the growth of the PE electric solidity. 
 

INTRODUCTION 
 

One of the reasons of the high-voltage insulation break is 
the development of the electric discharge in the place of the 
gas inclusion inside the insulation [1]. The second main 
reason of the insulation break under the long influence of the 
electric field is the appearance and development of the partial 
break channels in the parts with the sharp heterogeneity field, 
i.e. dendrites or triings, leading to the gradual loss of the 
material mass (erosion) and the local reduction of its 
thickness and at last to its full break. 

In order to increase the high-voltage polymer insulation 
lifetime it is necessary to create the material, having the 
monolith structure (with the minimal number of the gas 
inclusion and heterogeneities), and having the resistance to 
the electric discharge effect. 

Recently the polymer mixtures have attracted the 
researcher attention. The obtained materials have the 
complex of the new properties, which are absent at the initial 
polymers [2]. 

There are a number of works, devoted to the research of 
the PP-PE mixtures with the purpose of the PP shock strength 
increase, fragility temperature drop, but there is no 
information on the research of the PP-PE mixtures with the 
purpose of the application as a polymer insulation. 

The properties of the polymer mixtures, components of 
which do not come into the chemical interaction with each 
other, essentially depend on its structure, which, in its turn, is 
determined by the concentration relationship between the 
components, with the increase of the component content in 
the matrix of another the mixture structure passes by the 
sequence the row of stages: the solution, the region of the 
interphase dissolution, the dispersed microheterogenous 
structure, the coagulation net, the inversion structure [3]. 

It might be supposed, that the mechanism of the polymer 
mixture damage under the influence of the external factors 
will also essentially depend on the concentration relationship 
between components. 
 

THE EXPERIMENTAL PART 
 

The work purpose is to investigate the electric ageing of 
the polypropylene (PP) and polyethylene (PE) mixtures films 
in the region of the low (up to 5-10) weight % of one of the 
components. The mixtures PP with PE were prepared from 
non-inhibited isotactic powders PP ( the average weight mass 

51086.2M ⋅=ω , the average numerical molecular 

mass 4
n 1023.6M ⋅= , 6.4M/M n =ω , the crystallization 

degree 64=χ ) and PE / 41015.4M ⋅=ω , 
4

n 1071.2M ⋅= , 53.1M/M n =ω  49=χ ) on the ball 
mill during 60 minutes with the following passing through 
the microextruder with the three regulated temperature bands-
140, 160, 190°. The isotropic films were obtained by the 
extrudate pressing during 30 minutes at 200° and the pressure 
200 atm. on the substrate from the polyimide film. The film 
thickness makes 100-120 mcm. The film were tempered in 
water at 30°C right after the pressing. 

The influence of the electric discharge is realized in the 
asymmetric test cell, composed of the flat metal electrode, on 
which the tested sample of the polymer film was placed, with 
the air gap of the value 1.5 mm and the glass plate of the 
same thickness: the high electric voltage U=9 kV of the 
industrial frequency was applied to the metallized cover on 
the interface of the glass plate. 

The sample weighing before and after the influence was 
made on the balance VLP-200 to a precision up to 0.05 mg. 
The oxidation is followed by the band of the carbonyl (C=0) 
groups at 1720 cm-1 by means of the UK-spectrophotometer. 
The electric strength Estr is determined on the current of the 
industrial frequency as the arithmetical average from the 
results of 10 independent relations measurements. Ubr /h, 
where Ubr is the break voltage, increasing with the velocity 
2kV/s, h is the average thickness round the break place. The 
tangent of the corner of the dielectric losses tgδ and the 
dielectric constant ε of the films were measured by means of 
the bridge P-589. 
 
RESULTS AND THEIR DISCISSION 
 

The results of the polymer compositions PE-PP test are 
presented in the table 1. It is seen from the table 1, that the 
admixture of PP (0-5%) in PE causes the negligible changes 
of the electric characteristics of the following compositions. 

The polyethylene and polypropylene are incompatible 
polymers. PE crystallizes in more stable orthorhombic lattice, 
while PP in the monoclinic shape. However, both 
components have the mutual influence on the crystallization 
process and the low-molecular structure formation [3-7]. 

The injection of the low (1-2 weight %) concentration PP 
in PE increases the PE resistance to the erosion and oxidation, 
caused by the electric discharge effect (fig.1 and 2). 
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                                                                                                                                                         Table 1. 
                                                                   The polymer compositions PE-PP characteristics 
 

 Sample PE PE+0.5%PP PE+1%PP PE+2 %PP PE+5 %PP 
Characteristics      
Еstr кV/mm 118 116 120 118 116 

tgδ 410−⋅  7 6 5 4 6 

ε 2.2 2.4 2.8 2.9 2.7 
Lg (ρv, ohm*m)  14.5 13.8 14.6 14.3 14.2 

 

 
Fig. 1. The dependence of the mass losses ∆m (1) and the  
            oxidation degree (2) of the PE sample versus the PP  
            content Uagi= 9 kV, tagi=20 hours. 
 
It is known, that PP is less stable to the electric discharge 

influence, than PE, what is explained by the presence of the 
tertiary atoms of the carbons in the macromolecules. 
Actually, for 20 hours of the electric ageing in our conditions 
the mass decrease at the individual PP has made about 20 mg; 
but at the individual PE it is only 8mg. 

It is seemed, that the injection of PE in PP should increase 
its resistance to the electric discharge influence and vice 
verse, however, it is not observed in the region of the low 
admixtures. The external nature of the mass and oxidation 
loss in the region 0.5-1 weight % PE in PP and in the region 
1-2 % PP in PE may be explained by means of the interphase 
layer presentations. 

 

 

 
Fig. 2. The dependence of the electric strength Estr of the PE  
            samples with the various PP content: Uagi= 9 kV, tagi=10    
            hours. 
 
According to [8,9] the external nature of the changes of 

the polymer mixtures properties in the region of the very low 
admixtures of one of the components (modifier) is explained 
by the spilling of the polymer solution at the determined 
modifier content, its emission in the dispersed phase and the 
formation of the interphase layer with the specific properties. 
The modifier may form the reinforced cage or fill the 
structural defects of the polymer matrix, i.e provide more 
small and one-phase structure or vice verse, expand the 
matrix structure and increase its defects. 

Therefore, the reduction of the free volume occurs at the 
injection of the low admixture of PP in PE, the interphase 
layer becomes more dense, and the resistance to the electric 
ageing becomes maximal (table 2) 

                                                                                                                                                  Table 2  
                                                    The polymer compositions characteristics after the electric ageing 

Sample-
characteristics 

PE PE+0.5%PP PE+1%PP PE+2%PP PE+5%PP 

Еstr кV/mm 43.0 38.0 60.0 64.0 32.0 

tgδ 410−⋅  95.0 80.0 26.0 32.0 78.0 

ε 3.2 3.8 4.7 4.8 4.2 
lg, ρv, оhm*m  9.32 9.47 11.6 10.6 9.4 
∆m, mH 7.5 6.6 0.87 0.93 14.8 
∆Dc=0 3.75 3.56 0.03 0.02 1.48 

 
At the moment of the interphase spilling a number of the 
modifier particles of the small sizes are formed and the value 
of the interphase layer is maximal. The particles sizes 
increase with the further growth of the modifier content and 
their concentration falls [10] and the interphase layer reduces. 

Actually, in our case the sharp oxidation reduction and 
the mass loss under the influence of the partial discharges, 
and also the electric strength growth are observed after the 
concentration of PP 1 weight % in PE. 
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А.Я. Ялийев 

 
ПОЛИЕТИЛЕН ВЯ ПОЛИПРОПИЛЕН ПОЛИМЕР ГАРЫШЫГЛАРЫН КОМПОНЕНТЛЯРИНДЯН БИРИНИН 

 КИЧИК АШГАРЛАР САЩЯСИНДЯ ЕЛЕКТРИК «ГОЖАЛМАСЫ» 
 

Полиетиленя полипропиленин мцхтялиф консентрасийалары дахил едилмякля (1-10 чяки%) електрик «гожалмасына» гаршы дайаныглыьы 
юйрянилмишдир. Щямчинин, полиетиленя кичик консентрасийалы (1-2% чяки иля) полипропиленин ялавя едилмяси иля полиетилендя електрик 
бошалмалар нятижясиндя йаранан ерозийа вя оксидляшмяйя гаршы дайаныглыьын вя електрик мющкямлийин артмасы эюстярилмишдир.  
 

А.А. Алиев 
 

ЭЛЕКТРИЧЕСКОЕ «СТАРЕНИЕ» ПОЛИМЕРНЫХ СМЕСЕЙ ПОЛИЭТИЛЕНА И ПОЛИПРОПИЛЕНА  
В ОБЛАСТИ МАЛЫХ ДОБАВОК ОДНОГО ИЗ КОМПОНЕНТОВ 

 
Изучено влияние (1-10 вес %) концентраций ПП в ПЭ на стойкость к электрическому старению. Показано, что введение малых 

(1-2 вес %) концентраций ПП в ПЭ повышает стойкость ПЭ к эрозии и окислению, вызванному действием электрических разрядов 
и приводит к возрастанию электрической прочности ПЭ.   
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In the article the physicochemical processes, proceeding in the system under the influence of the electric discharge (SF6 is the dielectric 
discharge), are investigated. Taking into consideration the content changes in the SF6 gas medium, the results, confirming the strong 
influence of the gas medium and electric discharge on the materials, are presented. 

 
Gas, named electric gas (elegas) SF6, having high electric 

strength, has found wide use in the high-voltage technique as 
an insulator [1,2,3]. In spite of the fact, that the elegas, 
consisting of two chemically active atoms and being passive 
in the form of the SF6 molecule, creates the medium, 
conserving its simplicity for a long time, and provides the 
stable work of the high-voltage equipment. 

The mechanism of the elegas molecule formation and the 
connection nature of the new sulphur atoms and six floor 
atoms have not been studied. Until last years the elegas 
molecule formation and the idea on the creation of the six 
covalent connection between sulphur atoms and six floor 
atoms were submitted as a common hypothesis. The results 
of the research, conducted in the last years, have called the 
hypothesis and the mechanism of the SF6 molecule formation 
in questions [4]: the idea of the electron charge 
transformation from sulphur atoms into floor atoms has been 
put forward. Thus, in the SF6 molecule the presence of the 
covalent and ion connection is taken into consideration. 
According to the two mechanisms, the SF6 molecule, having 
the high symmetry, is formed at the expense of the location 
of sulphur atoms in the center and floor atoms at the 
octahedral corners. As in the molecule structure the distance 
between the sulphur and floor atoms is low, the numerical 
value 1,57·10-10 has been determined. 

The high symmetry and compression, observed in the 
elegas molecule, provide the resistance to the physic-
chemical influence. 

As the elegas is subject to the electric discharge influence, 
a number of changes occur in the SF6 molecule and it may 
have the negative effect on the elegas medium. From this 
point of view SF6, subjected to the electric influence, has the 
scientific-technical value in the research of the gas medium 
[3]. 

The influence of the torch (flare) electric discharge has 
been used in experiments. The electrode system, forming the 
torch electric discharge, enters the close volume and the 
discharge regime is chosen by the application of the variable 
voltage on the electrodes. In the case of the value of the 
applied high voltage is U=25 kV, the value of the electric 
current is 35 mcA. 

After the receipt of the vacuum in the system 10-6 Pa 
experiments were conducted by the introduction of the SF6 
gas in the system before the atmospheric pressure. In the 
close system applying the influence of the electric discharge 
on the SF6 gas the changes in the gas medium have been 
registered by the mass-spectrometer. 

The spectrogram, registered by the SF6 gas in the system, 
is represented on fig.1. 

As it is seen from the fig.1, the spectrogram consists of 
the SF6 molecule and the residual gas of the atmosphere air. 
In spite of the presence of a low number of the water 
evaporation, oxygen, carbon, nitrogen atoms and molecules, 
SF6 shows its neutrality. 

 

 
Fig.1. The mass-spectrogram, registered in the gas medium SF6 

 
In the above-presented regimes the spectrogram, 

registered by the influence of the torch electric discharge on 
the SF6 gas, is represented on fig.2.  

As it is seen from fig.2, the SF6 gas (SF6, SF5, SF4, SF3, 
SF2, SF, S, F) and another ions have been formed under the 
influence of the electric discharge. It should be noticed, that 
unlike SF6 molecule the formed ions, being chemically 
active, have the strong influence on the gas atoms and 
molecules and contacting surface. Therefore, as it is seen 
from the mass-spectrogram, C2F5, C2F10, SOF3, S2N3, SO2F2, 
SOF4, SOF, SO2, So and another molecules have been 
formed like the above-presented gas SF6. 

On the spot of the drawn by the needle lines the traces of 
the depth 100-150 mc are observed on the surface of the 
ceramic plates and glass, whose surface is fully covered by 
the dielectric lacquer and placed on the surface of the flat 
electrode. The results shows, that the medium, formed under 
the effect of the electric discharge on the SF6 gas and having 
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the destructive power on the indicated materials, has a strong 
influence. 

At the formation of the traces on the glass and another 
materials surface it has been determined by the application of 
the discharge power and the influence dependence, that both 

factors increases the traces depth on the surface and it is 
possible to cut the glass plate, placed on the flat electrode 
surface and having the thickness 150 mc, from the desired 
place during the fixed time and to open holes of the low 
diameter on its surface. 

 
Fig.2. The mass-spectrogram, registered by the influence of the electric discharge on the gas medium SF6. 
 
With the purpose of the change of the adhesion, polishing 

and another properties of some dielectric materials, the 
indicated properties of the SF6 gas, subjected to the influence 
of the electric discharge, are used as a non-mechanical, non-
chemical and superior method. 

It should be noticed at the same time, that the use of the 
SF6 gas as an insulator in the high-voltage equipment 
production may lead to some difficulties and may have the 
negative influence on the stable work of the equipment. 
Taking this into consideration the strict demands should be 
applied to the simplicity of the SF6 gas content, used in the 
high-voltage equipment, to the chosen materials for the 
production of the technical equipment and to the gas medium 
content. It is known from the research results, that each of the 
above-indicated factors has the significant value and the 
research results, conducted in three directions, have been 
submitted useful from the point of view of the expansion of 
the SF6 gas application sphere. Applying the influence of the 
electric discharge on the elegas, the new achievements, 
obtained by the research of the chemical reaction in the gas, 
have been widely used in the production of the technical 
devices and materials. 

The research results, having the scientific-technical use, 
have also the significant value in the determination of the 

research directions, the modern technological processes, the 
technical facilities production and the possibility of the 
scientific base application. 

Thus, it is known from the research, that as a result of the 
gas reaction realization in the gas medium, placed on the 
discharge interval and influenced by the electric discharge, a 
row of the momentary, considerable changes are observed in 
the initial gas medium. In the system versus the initial gas 
content the various new gas atoms and their compounds, 
realized by means of the gas reaction, may be formed under 
the influence of the electric discharge on the material surface 
and volume, and from the point of view of various aspects it 
has the significant value in the content research. It is known, 
that polymer-dielectrics, applied as isolation materials, in the 
technique and technological processes are subject to the 
influence of the electric discharge and strong electric region. 
During the application the changes, observed in the chemical 
and electro-physical properties of dielectrics, may disable 
these materials, applied as insulator. In these processes side 
by side with the another factors the medium, surrounded by 
the dielectrics, and changes, occurring in this medium under 
the effect of the electric discharge, have the decisive 
influence.

 
[1] N.N. Tihodeyev. The transmission of the electric energy-
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[2] Ch.M. Juvarl, Y.V. Gotin, R.N. Mehdizade.The corona 

discharge in the electronegative gas-“ELM”, 1988. 
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[4] I.M. Bortnik.-Elegas-M: “Nauka”, 1982. 
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ГАЗБОШАЛМАСЫНЫН SF6 ГАЗ МЦЩИТИНЯ ТЯСИРИНИН ТЯДГИГИ 
 

Мягалядя  електрик газбошалмаларынын тясири нятижясиндя «SF6 – газбошалмасы тясири» системиндя мцшащидя олунан физики 
просесляр тядгиг едилмишдир. SF6 газ мцщитиндя тяркиб дяйишмяляри гейдя алынараг, SF6 газ мцщитинин, газбошалмаларынын тясири 
шяраитиндя, материаллара эцжлц тясир васитяси олмасыны тясдигляйян нятижяляр тягдим олунур. 
 

К.Б. Гурбанов 
 

ИССЛЕДОВАНИЕ ВОЗДЕЙСТВИЯ ЭЛЕКТРИЧЕСКОГО РАЗРЯДА 
НА ГАЗОВУЮ СРЕДУ SF6 

 
В статье представлены результаты исследований физико-химических процессов, происходящих в системе «SF6 – воздействие 

электрического разряда». Выявлены изменения газовой среды SF6 в условиях воздействия факельного электрического разряда. 
Установлены факты, подтверждающие химическую активность ионов элегаза, образованных вследствие воздействия электричес-
кого разряда. 
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The various modern evolutionary models for the binary Wolf-Rayet stars are considered. The evolutionary connection between various 

groups of binary WR stars is investigated. Proposed that WR stars with the OVI lines (WR-OVI stars) may be binary systems with compact 
components and WN+WC stars may be evolutionary transition objects between WN and WC stars.    

  
1. Statement of the problem 
 
After accumulation observational facts for the stars we 

must constrain physically reliable evolutionary models for 
these objects. Various models have been proposed for the 
understanding formation and evolution of Galactic Wolf-
Rayet (WR) stars of population I, depending on the initial 
mass, chemical composition and binarity. In this paper we 
considered the models evolution of binary WR stars which are 
sufficiently verified with the observations and theoretical 
investigations. The evolutionary connection between various 
groups of binary WR stars is investigated. 

In fact we know:  
a) binary WR stars: WR stars with O components, WR stars 
with compact components – neutron stars or black holes, WR 
stars with mixing subtypes – WN+WC stars;  
b) single WR stars.  

Therefore we must explain origin and evolution of binary 
and single WR stars and evolutionary connection between 
different group of WR stars.    

 
2. Formation and evolution of binary WR stars 
 
In this section the evolutionary properties of close binary 

system and formation binary WR stars in this system are 
considered. It is known that a large part of the stars of the 
galactic disk are binaries. It is also known that progenitors of 
WR stars are massive O stars locating in the galactic disk. 
According to [1] 36% of the O stars are binaries. During the 
evolution the components of the close binary system can fill 
their Roche volumes, and lose mass in order to keep the star 
within the allowed surface. WR phenomena are observed 
namely when sufficiently mass loss takes place. The mass 
overflow via Roche surface and mass loss by stellar wind 
makes binary systems more convenient for the formation WR 
properties. Formation and evolution of WR stars in binary 
systems have been investigated in [2, 3, 4]. According to this 
investigations evolution massive close binary systems take 
place following way: 

     
     O1 + O2 → WR1+O2 → c +O2 → c + WR2        (1) 

 
The evolution of the stars in binary systems is different 

from the evolution of a single star with the same mass and 
chemical composition. It is known that progenitors of the 
binary WR systems are massive close binary O1+O2 systems 
with a circular orbit. The O1+O2 system is called massive if 
at least one of its components will explode as SN and 
becomes to neutron star or a black hole. The O1+O2 system is 

called close binary if the period of this system is small 
enough that during evolution one or both components will fill 
the Roche lobe (Roche surface) – the critical equipotential 
surface of the star. The equipotential surfaces of components 
are crosses at first Lagrangian point L1, which is the point of 
gravitational balance between two components. Effective 
gravity is zero in point L1 and matter can flow from one 
component towards the other. Process in which the star fills 
its Roche lobe and starts losing mass trough L1 is called 
Roche lobe overflow - RLOF. The component losing mass 
due to RLOF is a mass loser, and the component that accepts 
matter is a mass accretor.  

According to (1) in massive close binary system O1+O2  
initially higher mass  component (O1) evolves more rapidly 
and system becomes to WR1+O2 and  further WR1 star in this 
system explodes as supernova (SN) and WR1+O2 system 
converts  into c+O2 where c is compact star (c- neutron star 
or black hole). The probability that the binary system remains 
bound is high, since the less massive star explodes [5]. From 
the evolutionary model (1) we may conclude that if the SN 
explosion does not disrupt the system the WR phase can 
appear twice, the first as WR+O system, the second as WR+c  
system. Another infer from (1) is that the number of WR+c 
systems might be expected to be similar to that of WR+O 
systems. Establishment the binary nature of WR+c stars from 
the spectral and photometric observations is very difficult 
because small amplitude of light and radial velocity (RV) 
variations. For the verifying theories on the formation of WR 
stars is important to determine what fraction of the WR stars 
are truly single. With the aid of model (1) we also can explain 
formation of c+O2 system (O stars with compact 
components). WR+c and c+O type binary systems are called 
runaway stars because their location at high distances from 
the galactic disc.     

As long as the radii of components of binary system 
O1+O2  are smaller than their Roche radius the system is 
detached system – only weak interactions can occur, i.e. 
interactions by tides, radiation, stellar winds, magnetic forces. 
For a given binary system, the Roche radius determined by 
the masses of the components and orbital period can be 
calculated. When one of the components (beginning more 
massive component) of the binary system during its evolution 
expands so that it fills its Roche surface (the stellar radius 
exceeds the Roche radius), mass transfer through the vicinity 
of the inner Lagrangian point (L1) starts. The binary system 
becomes too semi-detached. In semi detached systems the 
primary (more massive component) can lose of its initial 
mass sufficiently that is important for the formation of WR 
stars. 
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If the mass ratio of the components is near to 1 the two 
components can evolve simultaneously, while one component 
fills its Roche surface and loses matter, the another 
component can also expand and fill its Roche surface. In this 
case a contact binary is formed. The system can rotate as a 
solid body. The common surface can reach the outer 
Lagrangian point (L2), and mass loss through the vicinity of 
this point can occur. From this discussion it is obvious that 
the binary systems with the mass ratios less than 1 are 
convenient for the formation of the binary WR stars. Namely 
these systems become semi- detached and losses sufficiently 
mass that is necessary for the formation of WR stars.  

Evolution of the stars in a massive close binary systems is 
strongly depends from the mass loss via RLOF. More 
massive component of the binary system is called primary. 
When the primary fills its Roche lobe, mass transfer starts.  
The gas on the surface of the primary will flow through the 
first Lagrangian point L1 to the component.  Depending on 
an initial period and masses in binary system, primary star 
can fill its Roche lobe: 
1. core hydrogen burning phase - case A,  
2.  shell hydrogen burning phase - case B (the most 

frequent case),  
3.  shell helium burning phase - case C  

When the Roche surface overflow phase ends, the 
remnant of the primary becomes to helium star. It is assumed 
that the accreting secondary evolves like a normal main 
sequence star. As a consequence of the rapid mass transfer 
the secondary can also expand and fill its Roche lobe. In this 
case contact system is formed, and the two stars have a 
common envelope. Namely in the case mass loss starts during 
core hydrogen burning the contact system forms. In the case 
mass transfer starts during shell hydrogen burning, it is easier 
to avoid contact phase. Therefore the binary systems where 
stellar radius increases during shell hydrogen burning or core 
helium burning are more convenient for the formation of 
binary WR stars. 

Most model computations for the evolution of close 
binary stars were made under conservative assumptions, i.e. it 
is proposed that the total mass and the orbital angular 
momentum of the system are conserved during the mass 
transfer phase [6,7]. The conservative evolutionary 
computations lead only to a rough correspondence between 
observed and calculated parameters because factual loosing 
total mass and angular momentum by system. It is not very 
difficult to take into account mass and angular momentum 
losses from the system. Only a fraction β of the mass lost by 
the primary is accreted by the secondary, and also that a 
fraction γ of the total angular momentum is taken away by 
the matter leaving the system. This type of investigations is 
important for the obtaining real results which may be 
verifying by the observations. 

WR stars with O components: WR+O stars 
The presence the absorption lines in the spectrum of some 

WR stars, the light and RV variations led astronomers to 
suggest O components for these stars. In 1939 for the first 
time was discovered the WR spectroscopic binary V444 Cyg 
[8]. For the being time we know many binary WR+O stars. 
According to modern evolutionary theories of close binary 
systems progenitors these systems are massive O1+O2 
systems (see evolutionary model (1)). As noted above more 
massive component in binary system O1+O2 due to mass loss 
via RLOF and by stellar wind becomes to WR star. 

In the seventies it was observationally confirmed that the 
absorption lines could originate in the WR star as well [9]. 
According to authors [10, 11] many of the WR stars with 
absorption lines are single. Therefore the WR stars can be 
called binaries only if light and RV variations was discovered. 
Since the discovery of WR stars, the problem of duplicity 
among WR stars has been a major one. Several years ago all 
WR stars were believed to be components of close binary 
systems. Therefore one of the important question concerning 
WR stars was whether all of them are members of close 
binary systems or single WR stars are also exist. Discovery 
the binary nature of WR stars is actual due to two reasons: 
first, for the understanding the role of the component in the 
formation of a WR star; second, the difficulty to determine 
the binary nature of the WR stars due to the widths of the 
spectral lines and low amplitude of the light and RV 
variations. After the discovery of WR binaries with compact 
components, we may estimate the real number binary WR 
stars. According to [12] 25% of WR stars are WR+O binaries. 
According to evolutionary model (1) the number WR+O 
system must be same with the number of WR+c ones. 
Therefore after to take into account the number of WR stars 
with compact components the percentage of binary WR’s 
increases up to 50%.  

 The study of WR+O binaries is important for the 
determination masses of WR stars. By measuring the 
velocities of both components in a WR+O system, we can 
determine the minimum masses and mass ratio of the two 
stars; if we can get some information about orbital 
inclination, we may calculate the masses of the WR stars.           
The determination of masses of WR stars in binary systems is 
complicated by two factors: a) uncertainties in the value of 
orbital inclination b) the errors in the determination velocity 
semi-amplitude. However, the mass ratio of the component of 
binary system may be determined correctly. 

 Observational properties some WR+O systems are 
investigated in [13]. The WR binaries in which the absorption 
spectrum of the O component is present and moves in the 
opposite sense than the WR emission lines denotes as SB2. In 
a some cases, the WR star is sufficiently brighter than its 
component that the spectra of O component is not present in 
the visible region, although the mass function of these  
systems implies with the presence of the massive component. 
Such WR binary systems denotes as SB1. Most of the WR 
binaries with massive components are SB2.  

The masses of WR stars span a very large range: the mass 
of WR component of CX Cep is 11 MO   and the mass of WR 
component of HDE 311843 is 40 MO. According to [14] the 
minimum masses of WR stars were strongly correlated with 
the mass ratios; stars with smaller masses were found in 
systems with smaller MWR/MO values. It is interesting that 
there are not correlation between WN and WC types and 
masses, though the mass ratios of WR binaries are correlated 
with types [15].    It is also interesting that the WC stars are 
not, in general, less massive than the WN stars. The reason 
may be that either not all WN stars become WC stars, or low 
mass WC stars are shorter lived than massive ones [16].  

Another interesting problem is to determine the minimum 
mass that an O star must lose in order to be identified as a 
WR star. By extrapolation the current masses of the WR type 
components we may approximately determine the beginning 
mass of the O star. For the WR+O systems mass ratios 
approximately less than 0.6. Since the initial mass ratio of 
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O+O systems are nearly unity. From this we may infer that 
the WR components in binaries have lost at least 40% of their 
initial mass. 

According to scenario Conti [17], a single O star will turn 
into a single WR star by stellar wind mass loss, while a binary 
O+O system will turn into a binary WR+O system by wind 
mass loss and mass loss via  Roche surface. In this case are 
interesting: a) relative importance of wind mass loss and 
mass loss via Roshe surface b) what fraction of mass is 
accreted by the component?  

It is interesting to compare the orbital eccentricities of the 
O+O and WR+O systems. All the WR stars with massive 
components have circular orbits except γ Vel (e=0.40), 
HD190918 (e= 0.43) and HD 92740 (e ≈ 0.6). The longest 
period WR+O system with a circular orbit is CV Ser (P≈30 
days). Most of the O stars with periods below 30 days have 
circular orbits. All the long period systems have non-circular 
orbits. In short period systems tidal interactions will 
circularize an orbit. If mass transfer has played a dominant 
role we might expect for the longer period systems to have 
circular orbits as well, since this is a consequence of mass 
transfer [18]. 

In some cases WR stars are member of eclipsing binary 
systems: V444 Cyg, CX Cep, CQ Cep, and CV Ser. 
Investigation of light curves of this eclipsing WR+O binary 
systems give us important information about physical 
characteristics of the WR stars that is necessary for 
understanding of their nature and evolution.  

WR+WR  binaries: 
Besides the WR+O systems there are some binary 

systems in which both members are WR stars (WN+WC 
stars). These stars have spectroscopic properties intermediate 
between WN and WC stars. It is known that the spectra of the 
most WN stars do not contain carbon, only lines of 
CIVλλ5801 in the optical region and CIVλλ1550 in the UV is 
observed. However strongest CIII lines (CIIIλ4650 and 
CIIIλ5696) are not generally observed in WN stars. If these 
lines are seen, the star is given subtype WN+WC, as if two 
stars were present. Although this does not mean that two 
separate stars are present. For the establishment the binary 
nature such systems RV and light variation investigations 
were need. Our photometric observations revealed light 
variation one of the WN+WC stars AS422=MR111 with the 
period 20d [19].  

The theory of the evolution of close binary stars predicts 
that WN+WC binaries might exist. The existence of such 
transition nitrogen-carbon stars indicate also an evolutionary 
connection between WN and WC stars. When CNO cycle 
approaches to the end and helium burning will begin and the 
carbon should manifest itself in the composition of the star. 
To produce WR+WR system the O star in a WR+O system 
must evolve into a WR during the lifetime of the other WR 
star. It is known that the lifetime of a WR stars is typically 
10% of its O star life. Therefore the number of WN+WC 
systems must be small.  

     Investigation WN+WC system is very important for 
the understanding nature of WR phenomenon.     

WR stars with compact components: WR+c stars 
The discovery of OB binary X– ray sources was important 

for understanding of massive binary star evolution with mass 
exchange and mass loss. One of the important conclusion 
from this was the prediction of the second WR binary phase 

(WR+c) in the evolution of massive binaries in which the 
component of the WR star is a neutron star of mass 1-2 MO, or 
in some cases even  more massive black hole [20]. 

The first observational fact that WR+c stars do exist to 
become clear from a study of the distribution (z distribution) 
perpendicular to the galactic plane of galactic WR stars for 
which  distances was known. It was supposed that the SN 
explosion in a binary system has ‘kicked’ these stars out of 
the galactic plane and that they could be binary systems with 
the neutron-star component. Therefore WR+c stars must 
situate far from the galactic plane. It is found that single line 
WR stars (the WR stars presumed as single) tend to lie further 
from the galactic plane in the mean than double-line  
(presumed  WR+OB binary) stars, which behave like normal 
population I of the galaxy. For a limited number within 6 kpc 
and v<12mag for which the duplicity was reliable 
determined, found ⎢z⎢=133 pc for single-line and 79 pc for 
double-line WR stars (z is distant from the galactic plane) 
[21]. From this concluded that, among the single-line stars, 
there exist a significant number WR+c stars. Among the O 
stars also there are runaway stars i.e. stars situated far from 
the galactic plane. This fact interpreted analogously runaway 
WR stars.  

The next reasonable step would be photometric and 
spectral observations (for the revealing possible radial 
velocity, line profile, light variations) of individual WR stars 
for the establishment their duplicity. The spectral and 
photometric detection the duplicity of WR+c stars is very 
difficult because the radial velocity and light variations are 
very low. Spectral detection of duplicity more comfortable 
for the narrow line WNL (WN6-8) stars.  A necessary 
minimum requirement is a reliable measure of the RV semi-
amplitude of the WR component, which leads to an estimate 
of the mass of the compact component, after assuming a mass 
for the WR stars and the orbital inclination. If the masses of 
the secondary is in the range ∼ 1-2 MO, it could be a neutron 
star; if more than ∼3 MO a black hole component. Additional 
observational prove would come from the investigation phase 
dependent line profile variations. 

he spectral and photometric searching for the duplicity 
among the WR stars with high probability of finding WR + c 
systems; e.g. single-line WR stars with  high ⎢z ⎢ in the 
galaxy, surrounded by a ring nebula (ejected during the 
during rapid mass transfer from the pre-WR star to the 
component) lead to detection of WR+c stars. Presumably, 
many more WR+c stars remain to be detected.  

The low mass-function for the WR+c stars  indicate for 
the compact components  mass ∼0.5-2MO in most cases, 
compatible with the presence of neutron star (NS) component. 
We thus assume 1.6 MO, an appropriate mean value for NS in 
X ray binaries [22], in order to derive the WR star masses. 

HD 197406 is more probably WR+Black Hole. The 
distance from the galactic plane for the HD 197406 is 799 pc 
because this star is called the extreme runaway. Obtained that 
the mass of compact component in HD 197406 is  ∼14 MO . 
The light curve of this star shows a shallow dip of ∼ 0.04mag.  

Beside orbital motion, there are other physical processes 
which could produce the observed low-amplitude, periodic 
RV and light variations. One of them is pulsation of the star. 
It is known that massive He burning stars as identified  with 
the late WN(WN6-8) and WC stars have radial pulsation 
periods in the range of 30 min [23].This period much shorter 
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than any periods observed in WR+c systems.  Another reason 
of observed periodic variations may be also rotation. Rotation 
of the star associated with the surface inhomogeneities (may 
be associated with the magnetic field) might give periodic 
variations. However following observational facts make more 
probably that observed periodic variation is due to presence 
compact component of the WR star: 

1. location at high z distance from the galactic plane 
2. the presence ring nebulae around star   
WR stars with the enhanced lines of OVI: WR–OVI    
stars 
Another interesting group of stars is Pop. I WR stars 

whose optical spectra display the emission doublet 
OVIλλ3811, 3834. These stars are called WR – OVI stars 
[24]. According to our investigations at least some of these 
stars may be close binary systems with the probable compact 
components. We revealed following observational facts in 
favor this assumption: 

a) similar z distribution of WR stars with OVIλλ3811, 
3834 lines and WR stars with the probable compact 
components 

b) rapid spectral variability of some spectral lines in the 
spectra of the WR-OVI stars; such a rapid spectral 

variability is characteristic for the WR + c stars [25] 
c) considerable scattering in the dependence ‘emission 

line widths – ionization potential’ and uncertainty of 
spectral subtypes as estimated from the different 
criteria. These effects may be due to compact objects 
which are components of the WR–OVI stars [26]. 

d) the observation of the ring nebulae around some WR–
OVI stars. Such ring nebulae are observed also around 
WR+c stars [27]. 

e) the discovery of the periodic variability of the light 
and radial velocity of the WR–OVI star HD 16523 [24]    

     
3. The probable evolutionary connections between  
     different group of binary WR stars     
 
It is known that WR stars have been divided into three 

spectral types: the WN, WC and WO. It is suggested that the 
separation of WR stars to types is connected with the different 
chemical composition and related to stellar evolution [24]. 
We know WN+O, WC+O, WO+O systems. Progenitors of 
these systems are massive close binary O1+O2 systems. 
Therefore the evolutionary model (1) may be written in 
following form: 

   

                        (2)          
 
As noted above the evolution of the stars in a massive 

close binary systems is strongly depends from the mass loss 
via RLOF. For a given binary system, the Roche radius 
depends from the masses of the component and orbital 
period. Therefore RLOF also depends from the mass ratio of 
the component. We suggest that formation WN+O, WC+O or 
WO+O systems from O1+O2 system depend from mass ratio 
in binary O1+O2. As noted above the mass ratios of WR 
binaries are correlated with types WN and WC. This 
observational fact is favor to our suggestion. According to 
[24] there is such evolutionary connection between WN, WC 
and WO types: 

 
                  WN  → WC → WO                             (3) 
 
There is analogous evolutionary connection between 

WN+O, WC+O and WO+O binaries. In evolutionary model 
(2) we show arrows between these systems indicating 
probable evolutionary connection. 

We suggest that transition from O1+O2 to WR+O2 system 
also depends from that at what stage takes phase RLOF in 
binary system O1+O2. If RLOF takes place at core hydrogen 
burning phase (case A) formation of WN+O system more 
probable. If RLOF takes place at shell helium burning phase 
then (case C) the formation of WC+O and WO+O systems 
more probable.  

It is known that there are evolutionary transition objects 
(Of/WN) between O and WN stars. Therefore must be 
evolutionary transition binary Of/WN+O2 systems (quasi WR 
binaries) between O1+O2 and WR+O2 type binaries. We also 
proposed that there are evolutionary transitional   c+Of/WN 
objects between c+O and c+WR stars. 

The evolutionary model (2) prorosed by us for the first 
time and is more detailed than model (1). 

 
4. Main conclusions: 
 

1. Progenitors of binary WR systems are massive close binary 
O1+O2 stars. 
2. The masses of WR stars span a larger range than do their O 
type components. The average mass of a WR star is about 
20MO.  
3. The masses of WC stars are not less than those of WN 
stars. 
4. The mass ratios of WR+O binaries are correlated with the 
types WN and WC. 
5. WR stars in binaries have lost at least 40% their mass in 
becoming WR stars. 
6. The short period WR+O systems have circular orbits, 
identical to what is know for the O1+O2 systems.  
7. Some WR-OVI stars may have compact components. 
8. WN+WC stars may be in the intermediate position of the 
evolution from WN to WC stars. 
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Ж.Н. Рцстямов 
 

ГОША ВОЛФ-РАЙЕ  ТИПЛИ  УЛДУЗЛАРЫН  МЦАСИР   
ТЯКАМЦЛ СТАТУСУ 

 
Гоша Волф-Райе улдузларын мцасир тякамцл моделляриня бахылмышдыр. Мцхтялиф група дахил олан гоша WR улдузлары арасында 

тякамцл ялагяляри тядгиг олунмушдур. OVI хятляри олан WR улдузларын (WR - OVI улдузларынын) компакт компонентляри олан гоша 
системляр ола билмяси фикри иряли сцрцлмцшдцр. Ола билсин ки, WN + WC улдузлары тякамцлжя WN вя WC улдузлары арасында кечид 
обйектляридир.    

  
Д.Н. Рустамов 

 
СОВРЕМЕННЫЙ  ЭВОЛЮЦИОННЫЙ СТАТУС ДВОЙНЫХ ЗВЕЗД  ТИПА  ВОЛЬФА-РАЙЕ 

 
Рассмотрены различные современные эволюционные модели для звезд Вольфа-Райе. Были исследованы эволюционные связи 

между различными группами двойных звезд  WR. Предположено, что звезды Вольфа-Райе с линиями OVI  (звезды WR - OVI) могут 
являться двойными системами с компактными компонентами. Звезды WN + WC  могут являться эволюционно переходными 
объектами между  WN и WC звездами.    
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THE POTENTIAL RELIEF CLOSE TO THE ISOLATED DISLOCATION IN Si 
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By the investigation of the Frenkel-Pull effect in the silicon, containing the one electrically active edge dislocation, it has been 
established that it creates the deep centers of Coulomb type. The relief of the potential energy of an isolated charge dislocation interaction 
with the charge carriers has been determined. 

 
INTRODUCTION 
 
The actual task of semiconductors physics is to reveal the 

mechanism and peculiarities of the defects influence on the 
electron process in semiconductor devices. This issue 
acquires the special actuality in microelectronics, as the small 
sizes of the active elements of the integrated circuits lead to 
the fact, that the defects occupy the considerable part of their 
working volume, in consequence of what the degree of the 
defects influence on their parameters increases. 

Among the known defects edge dislocations are worthy of 
the special observation, due to their considerable influence on 
the electron processes in semiconductors. 

As the analysis of numerous papers [1-6], devoted to the 
research of the dislocation electron activity shows that it was 
carried out in samples, containing the uncontrollable number 
of the dislocations. The complexity of their interaction 
picture both between each other and with the charge carriers 
and with the point defects makes the analysis of the obtained 
results more difficult.  In consequence of these measured 
values have the high statistical spread, and the results are 
speculative and sometimes contradictory. 

Therefore the study of the electric properties of an 
isolated dislocation has a considerable scientific and practical 
interest. The valuable information on the electric properties 
of an isolated dislocation may be obtained by research of the 
dependence of the height change of the potential barrier’s 
bulk charge (BC) about the dislocation and dislocation 
conductivity on the electric field. These properties of the 
dislocation versus the direction and the electric field strength 
become apparent in a variable extent. In [7] we investigated 
in details conductivity along dislocation. However the 
unambiguous information on the relief and properties of the 
potential barriers, created by an isolated dislocation, which 
plays the determining role in the generation-recombination 
properties of the dislocation, is absent in the literature. Such 
factors as the dislocation interaction with the charge carriers 
and the impurity atoms, and also the electric and elastic 
disturbance of the adjacent regions of the lattice have the 
influence on the potential relief of BC. The simultaneous 
account of these factors and the construction of the 
theoretical model of the potential relief about the dislocation 
are very complicated. Therefore the experimental 
determination of such relief may give the valuable 
information on the real behavior of the BC potential barrier 
and the electric activity of the dislocation. 

The present paper is devoted to the research of the height 
change of the BC potential barrier close to an isolated edge 
charge dislocation under the influence of the perpendicular 
external electric field with the purpose of the determination 
of the potential energy relief. The relief of the potential 

energy of the carrier’s interaction (the shape of the potential 
barrier) with the dislocation has been determined from the 
research of the Frenkel-Pull effect (FPE) [8]. 

 
METHODS AND THE EXPERIMENT 
 
The method of the thermostimulated currents (TSC), 

whose peculiarities are applicable to the investigated 
samples, represented in [7], is direct and experimentally 
convenient for the determination of the dependence of the 
potential barrier change on the electric field. 

The research was carried out on the silicon epitaxy-planar 
n+-p junctions of the integrated circuits. The basic region of 
the junction consists of the boron alloyed (≈5·1016cm-3) part 
of the epitaxy film of 111-surface with ~2.1µm thickness. 
The collector region consists of the n+- buried layer, formed 
in p-substrate by the As diffusion (≈1020cm-3) and adjacent to 
it the vertical layer, created in the epitaxy film of the 
phosphorus diffusion (≈5·1018cm-3), which comes out on the 
film surface. The small area of the structure (~10-6cm2) 
allows selecting samples, containing in the p-basic region an 
electrically active dislocation. 

The complex of the independent methods [9-13]: the 
analysis of the J-V and C-V characteristics, the analysis of 
the thermostimulated currents (TSC), DLTS methods of the 
transmission and scanning electron microscopy (SEM), 
regime of the secondary electrons and the induced current, 
and methods of chemically selective and by-layered etching 
have been applied to reveal and study the electrically active 
dislocation (EAD). The type of the deep centers and their 
dislocation place in the p-n junction are determined by these 
methods, the region of the cylindrical bulk charge and the 
EAD core are revealed. The selected method makes possible 
to reveal and carry out the research of the electric activity of 
an individual dislocation at the absence of the electrically 
active defects. The statistic spread of the measured values is 
excluded, and the experiment is carried out in the controllable 
conditions. The microphotography of the investigated p-n 
structures, obtained by SEM in the combined regime of the 
secondary electrons and the induced current, is represented 
on fig.1a. Only one generation-recombination region, 
localized between basic and collector contacts in the form of 
the hollow light cylinder, (the region on the photo has elliptic 
shape because of the fact, that the electron beam of SEM falls 
on the sample surface under the oblique angle) has been 
revealed on the microphotography, i.e. only one electrically 
active defects has been revealed. The white spots over the 
basic region represent the contamination in the isolated SiO2-
layer, which disappears after the etching of this layer. The 
dark core of the defects (the cavity of cylinder) testifies the 
fact, that it is charged positive and intensive absorbs 
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electrons, in consequence of what it looks dark and the light 
region, surrounding the core, is charged negative, in 
consequence of what the intensity of the reflected from this 
region electrons is high, therefore it looks light on the 
microphotography. 
 

a)       
 

b)  
           
Fig.1. The microphotography of the p-n junction with the one  
           electrically active defect (it is shown by the pointer):  
           a) in the combined regime of the secondary electrons and  
               induced current of SEM. E=20 kV, x1400. 1 and 2 are  
               the metallic contacts, respectively to the base and  
               collector. The dark region corresponds to SCL. 
           b) after the selective chemical etching-1 and 2 are  
               windows under the basic and collector contacts. 
 
The method of the chemical selective etching is applied 

for the determination of the defect nature. The 
microphotography of the investigated p-n structure after the 
etching, on which the dislocation etching pits are seen, is 
represented on fig.1b. The symmetry shape of the dislocation 
etching pits testifies the fact that the asymmetry etching pits 
[14, 15] correspond to 30 and 60˚ dislocations. As it is seen 
from the microphotography comparison (a and b), the 
secondary (without the impurity atmosphere) dislocation is 
revealed between the basic and collector contacts under the 

electrically active defect, the low value of the etching pit in 
comparison with another etching pit testifies this fact 

Such difference in the size of the etching pits is explained 
by the dislocation genesis. Large etching pits correspond to 
the grown dislocations, which are germinated from the 
substrate in the film and are acquire in the process of the film 
growing by the impurity atmosphere. It is quickly dissolved 
by the selective etching [16], what causes the extra sizes of 
the etching pits. The secondary dislocations, occurring at the 
final stage of the technological process of the device 
production, have not time for acquisition the impurity 
atmosphere, therefore the etching pits, corresponding to them 
have the small sizes. 

Thus, it is seen from the microphotography comparison (a 
and b- fig.1), that the electric activity show only the 
secondary dislocation (without the impurity atmosphere), its 
nuclear is charged positive. The latter testifies the donor type 
of the deep centers, created by the dislocation nuclear. 

 
RESULTS AND THEIR DISCUSSION 
 
Curves of the thermostimulated currents (TSC), obtained 

at the p-n junction only from the one electrically active edge 
dislocation in the basic region, at the various values of the 
reverse bias are represented on fig.2. As it was shown above, 
the absence in the basic region of the investigated p-n 
junction of another electrically active defects has been 
established by means of SEM. 

 
Fig.2. The thermostimulated currents at the various values of the  
           reverse bias UR on the p-n junction: UR=(0, 2, 3, 4, 5, 6)  
           В is for curves 1-6. The corresponding values of the  
           electric field close to the dislocation are (0,6; 1; 1,24;  
           1,35; 1,5; 1,6)⋅105V⋅/сm. The velocity of the sample   
           heating is b=0,35 K⋅s-1. 
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Fig.2a. The p-n junction cross-section with the one electrically   
            active dislocation: 1 is the dislocation, 2 is the Al, 3 is  
            SiO2, 4 is the base, 5 is the collector, 6 is p-Si (the  
            epitaxy layer), 7 is n+-buried layer, 8 is p-Si- the  
            substrate, 9 is the space charge layer and the field  
            direction is shown by pointers. 
 

These dislocations generate from the surface sources (the 
scratches, cut, microcracks) in the form of the half-loop and 
all of them (as a result of the low thickness of the film ~2 
microns) approach the space charge layer (SCL) at the result 
of the slipping from the source under the influence of the 
voltage, occurring in films because of their nonuniform 
cooling. As it is shown in [17], in the heavy doped n+-region 
the activation energy of the dislocation motion is more on 
0,4eV, than in p-region. Therefore the n+-region will prevent 
the dislocation motion, as a result the dislocation half-loop, 
approaching the n+-heavy layer, i.e. the metallurgic interface 
of the p-n junction, will “spread” on the plane of the p-n 
junction, at the result the main part of the secondary 
dislocation will be localized in the space charge layer. It is 
confirmed by the by-layered etching of the film. As the field 
of the space charge layer is directed perpendicular to the 
plane of the p-n junction, and then it will be also directed 
perpendicular to the dislocation, placed in this plane. The 
section scheme of the investigated p-n junction and the place 
of the electrically active (secondary) dislocation localization 
(1) in the space charge layer are represented on fig.2a. It 
should be noticed, that in consequence of the fact, that the 
donor impurity concentration in the collector is two orders 
more, than that of the acceptor impurity in the base, SCL of 
the p-n junction will be wholly concentrated in p-base [11, 
12]. The external reverse bias, applied to the p-n junction, 
increases the field of the space charge layer and increases its 
width. Because of the free carriers absence in SCL, the 
dislocation will cause all kinetic phenomena. As rising to the 
surface the dislocation hall-loop part, which takes its 
negligible part, is localized between basic and collector 
contacts (2), then the external field, applied to these contacts, 
will also be directed perpendicular to the dislocation part. 
Another rising to the surface dislocation half-loop part 
penetrates possibly the region of the SCL vertical part of the 
collector-base junction and therefore it is not presented on 
fig.1. Therefore, the external field, applied to the basic 
region, will be directed perpendicular to the dislocation. As it 
was established before [9, 11, 12], the peaks on the curves of 
TSC are caused by the thermal emission of the carriers, 
captured at levels, created by the dislocation. As it is seen 
from fig.2, by the field increase the TSC peak shifts at the 

temperature scale to the low value part and its height 
increases. As the peak on the curve of the thermostimulated 
current is directly caused by the emission of carriers, 
captured at the dislocation deep centers, then its shift at the 
temperature scale with the change of the external electric 
field at the given velocity of the sample heating indicates to 
the change of the height of the potential barrier, which 
carriers get over at the emission, i.e. .the Frenkel-Pull effect 
is observed (FPE). The value of the potential barrier decay 
∆φ has been determined as the difference of the activation 
energy values, calculated by the peaks position at the 
temperature scale at various values of the electric field (fig.3) 

 
Fig.3. The dependence of the decay of the potential barrier  
          height on the electric field. 
 

It has been established by methods, represented in [9-11, 
14], that the deep centers, created by the dislocation, are 
donor. By processing the experimental curves of TSC by 
means of the formula [10] the main parameters of the deep 
centers are determined: 
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where Tm is the temperature corresponding to the maximum 
of TSC, b is the velocity of the sample heating, k is 
Boltzmann constant, φ is the activation energy (the height of 
the potential barrier), B is the emission coefficient. The 
activation energy determined of ( )b/Tln 4

m  on 1/Tm 
dependence makes ϕ=0.38eV and the emission coefficient, 
calculated by the cross point of the same straight line with the 
ordinate axis is B=5.33⋅103c-1⋅K-2. Moreover, on the TSC line 
(fig.2) beside the main peak 1, on right and left, at the reverse 
bias on the p-n junction VR=5B, two peaks1′ and 1″, which 
coincide with the dislocation levels DH1 and DH3, obtained 
in [18] and also with the peaks A,B,C on the DLTS line, 
represented in [6]. These data testifies the authentic of the 
obtained results. 

 As it is seen from fig.3, the dependence φ(E) is linear. By 
the extrapolation of the dependence to the zero value of the 
field, we will obtain for φ0 the value 0,39eV, which coincides 
with the dislocation energy DH2 in p-Si, obtained in [18]. 

The experimentally obtained dependence ∆ϕ(E) allows 
carrying out the identification of the deep centers type and 
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the form of their screening. According to the criterion, 
represented in [19.20], the line dependence ∆ϕ(E) testifies 
the Coulomb type of the dislocation centers and statistic 
nature of their screening, just as the dependence ∆ϕ≈E1/3 
occurs in the case of the dynamic screening. Thus, it follows 
from fig.3, that the dislocations in Si create the deep centers 
of the Coulomb type. 

From experimentally determined dependence ∆ϕ(E), it is 
possible to construct the dependence of the potential barrier 
height on the distance to the dislocation nuclear ∆ϕ(X), i.e. to 
determine the form of the potential barrier irrespective of the 
type of the capture centers. 

The dependence, represented in [21], has been applied for 
the determination of the potential barrier form (the relief of 
the potential energy). 

 

                           ∆ϕ(X)= Eϕ’(E)+ ∆ϕ(E)          (2) 
 

where ∆ϕ’(E) is the derivative of the ∆ϕ(E) function, which 
is determined by the graphic differentiation of the 
experimental dependence ∆ϕ(E) from fig.3. 

The curve of the potential energy of the carrier’s 
interaction with the one isolated edge dislocation (the form of 
the potential barrier) is represented on fig.4. Having φ(E), it 
is possible to determine the distance to the maximum of the 
potential barrier: Xm=∆ϕ(E)/q (where q is the electron 
charge). 

 

CONCLUSION 
1. It is shown, that the charge edge dislocation in the silicon 
creates the deep centers of the Coulomb type. 
2. The dependence of the change of the potential barrier 
height close to the charge edge dislocation in the silicon on 
the external perpendicular field has been determined and it is 
shown, that this dependence is linear by its nature. 
3. The potential relief of the interaction energy of an isolated 
charge dislocation with the charge carriers has been 
determined. 

 
            
 Fig.4. The relief of the potential energy close to the             
            dislocation in the silicon. X is the distance from the  
            dislocation core.  
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С.Г. Рзайев, З.М. Зющраббяйова 
 

СИЛИСИУМДА ТЯКЛЯНМИШ ДИСЛОКАСИЙАНЫН ЯТРАФЫНДАКЫ ПОТЕНСИАЛ РЕЛЙЕФ 
 

  Тяркибиндя бир електрик актив гыраг дислокасийа олан силисиум кристалында Френкел-Пул еффектинин тядгигаты нятижясиндя мцяййян 
едилмишдир ки, онун активлийинин сябяби юзяйиндя олан атомларын доймамыш рабитяляридир. Эюстярилмишдир ки, дислокасийа кулон типли 
дярин мяркязляр тюрядир. Тяклянмиш йцклц дислокасийанын йцкдашыйыжыларла гаршылыглы тясиринин потенсиал енеръисинин релйефи 
мцяййянляшдирилмишдир. 

C.Г. Рзаев, З.М. Захрабекова 
 

ПОТЕНЦИАЛЬНЫЙ РЕЛЬЕФ ВБЛИЗИ ИЗОЛИРОВАННОЙ ДИСЛОКАЦИИ В Si 
 

Исследуя эффект Френкеля-Пула в кремнии, содержащем одну электрически активную краевую дислокацию, установлено, что 
она создает глубокие центры кулоновского типа. Определен потенциальный рельеф энергии взаимодействия одной изолированной 
заряженной дислокации с носителями заряда.  
        Received: 19.03.03 
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The analysis of experimental results of some optical researches which have been carried out on pure and alloyed 0,03% Fe crystals of 

lithium niobate is resulted. The publication is continuation of ref. [20]. 
 
Before discussing the results of calculations in [20], we 

shall pay attention to the following experiments. 
Thin plates of crystals LiNbO3 and Fe(0.03 %): LiNbO3, 

annealed during one hour at temperature near 500К, are 
positioned in the vacuum lightproof camera, in which they 
are anchored on a thin thread above a semitransparent 
metal plate. Oscillations of a crystal are checked on a 
diversion of an optical beam from the light pocket mirror 
anchored on a thread (the mass of a crystal is many times 
greater than mass of pocket mirror). The control of 
distance changes between a crystal and a plate, at 
appearance of a charge on a surface of a crystal, is carried 
out with the help of the interference microscope with the 
accuracy up to 0.5 micron. The temperature, during 
recording of a diffraction grating, is determined by 
measuring of an optical trajectory in dark area of a crystal. 

In all cases, radiation from laser He-Ne (λ=6328Å, 
power of 30 Watt/cm2) is created by the standard 
methodics for crystals LiNbO3. Recordings of 
diffractograms from a crystal, in a time dependence of an 
exposure, have fixed changes of diffraction strips forms in 
the area of a light stain (fig. 1а, б), and also distribution of 
∆n on amplitude and section in one (fig.2.). It is necessary 
to note, that intensity distribution on the area of a light 
stain was created uniform one practically no more than 
0,03%. Maximal values ∆n are observed, when radiation 
from the laser is directed perpendicularly to an axis "C" of 
a crystal. The further experiments have shown that 
distribution ∆n during lightning appreciably differs from 
distribution after removal of lightning. During 
investigations of relaxation time ∆n, the quick and slow 
components are observed. 

The observable effect is the result of appearance of an 
electric field in a crystal (strength about 105V/cm), causing  
∆n change and the appearance of a charge on a crystals 
surface depending on temperature, intensity and a wave 
length of laser radiation.  

It is necessary to note, that there is no new effects in the 
obtained results, because in 1966 in paper [2] the 
observation of the effect of photoinduced change of the 
index of refraction and after that [3] on a possibility of the 
use this effect for the recording phase holograms with high 
efficiency [4-9]. Results of similar observations, but in an 
electric field (by electrical compass method) also have 
been published in paper [1]. The fact is known, that the 
spatial charge is formed in ferroelectrics - 
photoconductors, on boundaries of uniformly lightning 
area. Change of spontaneous polarization of crystal Ps in a 
place of lightning causes the appearance of depolarization 
electric field E which can save it self long-lived time at the 
low conductance of a crystal (in case of the mobility for 
LiNbO3 is approximately equal to   10-4cm2⋅s-1⋅V-1 [13]). 

This electric field strength is the magnitude of interatomic 
interactions degree and, therefore, leads to deformations of 
electronic configurations not only the impurity centers, but also 
in atoms constituting this crystal structure. This consequence is 
a result of observable changes of Ps and ∆n. The change Ps on 
the other hand, causes the appearance of a depolarization 
electric field. Due to a photoconduction this field is screened, 
i.e. the electric field inside the light stain area will have zero 
value at long enough time of lightning. At this moment the 
quantity ∆n can be calculated, as it has been done in paper [10]. 
 
 

 
 

 
 

Fig.1. a. The diffraction pattern, when effect on crystal it is not  
               observed yet;  
           b. Contortions of the diffraction strips in area light stain 

 
In calculations by cluster method of electronic structure LiNbO3 
it has been received the data on spontaneous polarization Ps 
(0,77cm-2) [11], taking place in the consent with the 
experimental results 0,71cm-2 [12]. Ionization or excitation of 
an impurity increases its polarizability in two times and so the 
ferroelectric impurity is polarized by a macroscopic field so the 
dipole moment of an impurity changes also. The deformation 
lattice near the impurity causes of the dipole moment change of 
the impurity centre [17]. 

a 

b
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Fig.2. Distribution ∆n in the area of a light stain 

 
In [10] the expression of distribution function P(r) is 

obtained taking into consideration [18]. From this we have 
the following expression 
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where f  is the Lorentz factor; E=f Ps is a macroscopic 
field; α* is a polarizability of an impurity; αf Ps is change 
of the dipole moment of an impurity. For the case aB<rc 
(shallow impurities) f is equal to zero. Thus, quantity of 
change ∆Ps and consequently  ∆n, are obtained by deep 
levels. The macroscopic field leads to zero at the 
homogeneous lightning of the short-circuited crystal. In 
this case the change of n is caused by change of the 
polarizability α of the impurity centers. The value ∆α0 
depends on the optical polarization of the same impurity 
atoms and the deformation area of the crystal. After 
stopping of the lightning, because of relaxation process of 
excited states of impurities, Ps returns to an initial 
equilibrium value. However, ∆n does not return to an 
initial value. That means that the inducted field with very 
large relaxation time appears in the earlier lightning area 
(fig.3). 

 

 
 
Fig.3  Changes of a photoelectric of a short circuit in crystal  
           Fe: LiNbO3.  
 
Time of scan of a signal is 250s. The first emission of a 

signal corresponds to insert of light, second - to lockout.  

The electric field at the non-homogeneous lightning (so it is 
possible for itself to present a problem on distribution of light 
on o a crystal taking into consideration of lightning and non-
lightning areas) is determined by concentration of free electrons. 
It is necessary to take into account that concentration of free 
electrons is, less, than the trapped electrons one. Thus, the 
photoinduced field Е is defined by the charge distribution on 
traps and as follows from the above mentioned, leads to the 
unreturning of ∆n to the initial value after stopping of   
lightning. On the other hand, the photoinduced field can be 
obtained using the equivalent circuit:  

 
where R is the loading resistor, Rc in internal resistance of a 
crystal (Rc<<R), Uf  is a voltage drop on the loading resistor, Ir 
is the intensity light, impinging on a crystal, j is spatial 
component of a current j

r
, directed to normal to an face surface 

of the plane-parallel plate thickness d, Ef is photoinduced field 
strange in the capacitor C. The induced field strange is 
determined by charge density ρ on the capacitor plates which 
have arisen as a result of lightning of a crystal by light, more 

over Ej
dt
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exp1E)t(E . At t>> td, j =-σEf.. Here it is 

possible to present σ as the total of the some two contributions: 

σf - a photoconductivity and σd - eigen conductivity, more over 

σf is not a small value in comparison with σd. Defining j as αGJ, 
where α is an absorption constant; G is Glass coefficient and 

σf=αKfJ where Kf is a conductivity coefficient, we have:  
 

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
+

−=

1K

GE

f

d
f

f

σ
σ

 

 
and, if  σf >> σd , then Ef is defined only by a material plate 

parameters, i.e. by the relation ⎟
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. For Fe:LiNbO3 the 

values of Glass’s constants are given by the relation in [19]: 
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At t<< td and the minor current j, the charge separation 
will be only because of photovoltaic field. In the case of 
niobate lithium, it is necessary to take into account also, 
that there is a dependence of cross spatial orientation of a 
polar axis of the crystal C

r
 and the current j

r
. The 

quantity of a photorefraction field, estimated in the 
experiment on LiNbO3, is equal to 850 V/cm. Also the 
storage charge is equal to 4⋅10-12 Q, and field of a spatial 
charge - 1800 V/cm. For Fe:LiNbO3 value of 
photorefraction field is equal to ≈1.5⋅104V/cm.  

The solution of distribution problem of a spatial charge 
and the field near the boundary of homogeneously lighted 
area at the presence and absence of the external electric 
field is well-known [1]. The size of area of a spatial charge 
at presence of the external field Ео is defined by following 
expression:   
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where lD is a screening distance of Debye which at 
presence of the concentration traps N, is defined by the 

expression 
Ne4

kT
l 2D π

ε
= . Under conditions 

D
0 el
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the character size of area of the spatial charge will be 

expressed from. 
eN4

E
l 0

π

ε
= . For Ео≈104V/cm and 

N≈1018cm3 the character size of area is approximately 
equal 10-7cm that it is less, than the character size of area 
of the non-homogeneous lightning, which is equal to the 
wave length or more. It allows to use a quasi-neutrality 
condition analyzing photorefraction effect at which it can 
be proposed that local electron concentration is defined by 
the light intensity in the given point (it usually means that 
∆n connects with an intensity distribution weakly at the 
enough strong lightning and is defined only by value of an 
external field). The diffusion field appears usually at the 
external field absence at the non-homogeneous lightning, 
for example at recording holograms on LiNbO3 in [15]. Its 

value is expressed by 
eL

kT
, where L is a character length of light 

intensity change, for example the character wave is defined by 
the sinusoid wave length for the sinusoidal spatial distribution 
of light intensity. It is confirmed by the experimental results on 
hologram recording in which it is shown, that the first Fourier-

component value of a diffusion field is equal to 
λ

πkT2
 (but only 

it is of interest at calculations of the hologram diffraction 
efficiency). This value is equal to 1.5⋅103V/cm at room 
temperature and λ≈10-4cm.  

In ref. [14] it is informed about investigations of temperature 
and spectral dependences of photovoltaic current in 
ferroelectrics, in LiNbO3 particularly. It has been shown, that a 
photoconductivity and photovoltaic effect in LiNbO3 are 
connected to interband or impurity to band transitions. The 
appearance of the photovoltaic current can be consequence of 
volumetric photovoltaic effect in the homogeneous and 
homogeneously lighted LiNbO3 [19.] In this case the current 
direction is defined by the axes direction of spontaneous 
polarization, even in the absence of the electric field. At 
ionization of the impurity centre in a polar crystal, as it is shown 
in ref. [16], the free made electrons have a privaled velocity 
direction on spontaneous polarization direction or against one, 
i.e. the probability of the appearance of electrons as a result of 
ionization, which has the velocity direction parallel to Ps, differs 
from the probability of the appearance of the electron having an 
opposite direction of velocity. It is connected with the distortion 
of wave functions in an unsymmetrical field of the impurity 
centre. The application of this model has difficulties because of 
small carriers mobility in LiNbO3 (conductivity must have the 
jump character), and the recombination time essentially exceeds 
10-8 s, but quite agrees to Fe: LiNbO3 in which the supplier of 
electrons is the impurity atom Fe2+ in a conduction band.  

Thus, the expression for a current, determining the 
volumetric photovoltaic effect j=σE+KαФ where K is the 
proportional coefficient of spontaneous polarization Ps, α is an 
absorption constant of light, is applicated completely in the case 
of Fe: LiNbO3 and if we use the results of ref. [20], then j will 
explain the fact and character of changes of an absorption 
constant completely. On the other hand, the presence of 90°-
phase shift between lattices at hologram recording on LiNbO3 
[15] is a necessary condition of realization of the diffusion 
mechanism of recording. 
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Тялят Р. Мещдийев 
 

LiNbO3 –НИН ОПТИК ХАССЯЛЯРИ 
 

Тямиз вя 0.03%-ли Fe-ла ашгарланмыш необат литиум кристаллары цзяриндя апарылмыш бязи оптик тядгигатларын експериментал 
нятижяляринин анализи верилмишдир. Бу мягаля [20] – нин давамыдыр.  

 
Талат Р. Мехтиев 

 
ОПТИЧЕСКИЕ СВОЙСТВА LiNbO3. 

 
 
Приведен анализ экспериментальных результатов некоторых оптических исследований, проведенных на кристаллах ниобата 

лития чистого и легированного 0,03% Fe.  Данная публикация является продолжением статьи [20]. 
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In the present work there have been presented the results of our previously carried out investigations of electrophysical properties of solid 

solutions of n-Ge1-xSix [1, 2] and conductivity compensation of an electronic Ge1-xSix under irradiation has been studied. The irradiation was 
conducted at 77 K and at room temperature by electrons with energy of 4.5 MeV and by γ-quanta of  60Co. 

  
The results of study of Hall effect and conductivity and 

the influence on them of isochronous annealing of Ge1-xSix 
monocrystals grown by Chokhralsky method and alloyed Sb 
(5⋅10-14-1⋅1015cm-3) have been presented. Atomic content of 
Si was 0.05-0.15%. The annealing was carried out at 300-420 
K, exposure time at each temperature was 15 min. 

The levels Ec-0.13eV, Ec-0.2eV in a lower part of the 
forbidden zone belong to the most electrically active 
acceptors in a spectrum of arising in n-Ge1-xSix radioactive 
defects. The annealing temperatures 350, 420 K correspond 
to the acceptor states. The structure of defects to which the 
acceptor states belong was discussed in [2].   

In the present work we’ll only emphasize that the 
acceptors energetic characteristics and their radioactive 
constants depend on Si content and in formation of a defect 
corresponding to the acceptor state E, an atom of V group 
element takes part. The similar process of defect formation 
occurs also in Ge. 

The concentrations of donors and acceptors were 
calculated with the use of the temperature dependence of 
electrons concentration by a law of active masses. The results 
obtained by means of two calculation methods [3, 4] which in 
use to the irradiated Ge have been analyzed in [5], coincide. 
The calculation was made in approximation of equality of 
electron effective masses and long-orbit splitting of basis 
donor state in Ge and Ge1-xSix, therefore the quantitative 
comparison with the data for Ge had been presented only for 
Ge1-xSix with Si 0.05% at. 

In the case of n-Ge1-xSix due to the increase of acceptors 
during irradiation the compensation of conductivity increases 
up to the change a type of conductivity.  

The kinetics of the electrons concentrations change in 
germanium and solid solutions with Si 5% at and Si 10% at 
with conductivity of n-type is presented in fig. 1. In Ge 
samples at relative integral flow corresponding to the sharp 
pass of Hall coefficient through the minimum the n→p 
conversion of conductivity type occurs. 

At Ф/N0 respective doses in samples of solid solution with 
Si 5% at and Si 10% at the n→p conversion of conductivity 
type (defined by Lissajous figure) also takes place. However, 
these transitions are not accompanied by passing Hall 
coefficient through the minimum and in the indicated 
sections the samples are in a compensated state.  

It has been established that as the silicon content in a solid 
solution increases, a dose necessary for the n→p conversion, 
decreases. It follows from this that the more silicon in the 
samples of solid solution of n-Ge1-xSix irradiated by the same 
respective doses of electrons, the greater the concentration of 
holes after conversion of conductivity type which for the 
samples with Si content 0; 5; 10% at amount to 6.5⋅1011cm-3, 

2⋅1012cm-3, 1.4⋅1013cm-3, respectively. In fig. 2 the doses 
dependences of ND (1) and NA (2) for n-Ge1-xSix with Si 
0.05% at are presented. As for donor states, it was observed 
experimentally both decrease and increase of donor 
concentration with Ф dose. In fig.3 the temperature 
dependences of Hall mobility of the electrons for the same 
sample are given. 

 

 
 
Fig. 1. Dependence of Hall coefficient on relative integral  
            dose for different samples of n-type Ge1-xSix. 
            55 – Ge samples alloyed Sb, 57 and 58 - the samples of  
            Ge1-xSix solid solution with 5% and 100% of Si  
            respectively.   

 
Fig. 2. Dose dependence of ND (1) and NA (2) for n-Ge1-xSix  
            with 0.05% Si at. 
 
The Hall mobilities of current carriers have been 

estimated on experimental temperature dependences of Hall 
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coefficient and electrical conductivity. In order to discuss 
experimental results, the temperature dependences of Hall 
mobility are presented prior irradiation and after the proper 
annealing. It has been established that mobility of p-type 
samples with Si 0; 5; 10; 15% at within the temperature range 
80-300K is significally higher than prior irradiation. 

 

 
Fig. 3. Temperature dependences of Hall mobility of electrons        
            Ge1-xSix with x=0.05. 
 
The annealing of the irradiated samples at 300 K slightly 

decreases the value of Hall mobility except the germanium 
sample of p-type in which the mobility increases a little. 

The annealing at T=420K leads to the increase of Hall 
mobility as compared with the mobility values prior 
irradiation. In a sample with Si 15% at the mobility is almost 
reduced to the initial value. For comparison of the 
experimental results in different samples, in fig. 4 there have 
been given the dependences of relative Hall mobilities 
(M/M0) on Si% at measured at temperature 80 K, where M0 is 
a value of mobility the prior irradiation. The mobility in all 
samples measured at once after irradiation, increased on an 
average by a factor of 2 (curve 1). The annealing at 300K 
almost reduces the initial mobility except germanium (curve 
2) in which the mobility still increased by 3.7 times, the 
further annealing at 420K increased inversely the value of 

Hall mobility (curve 3) except a sample of solid solution of 
Ge1-xSix with Si 15 % at. 

 

 
Fig.4. Dependence of relative Hall mobilities (M/M0) on Si in %  
          for p-Ge1-xSix. 
 
The analysis of temperature dependences of Hall 

coefficient and mobility of charge carriers in irradiated and 
annealed samples of Ge and Ge1-xSx permits to draw the 
following conclusions: 

1. Decrease of ND during irradiation observed 
experimentally along with the other dose dependences of ND 
is not connected to electrically inactive defects in a model 
[6]. The stability of such defects as the acceptor states 
Ec=0.2eV is limited within the temperature range 350-420K. 

2. The number of the radioactive levels and their 
ionization energies depend on Si content in solid solutions. 

3. One can change markedly the values of Hall mobility 
depending on the temperature of irradiation, annealing and Si 
content in solid solution. Indeed, as it is seen from fig. 3 
(curve 3), the mobility in samples of solid solution with Si 0-
10 % at, irradiated at 100K and annealed at 420K, increases 
on an average by a factor of two, as compared with the initial 
mobility. This seems to be connected to a change of charge 
state of the non-homogeneities regions. 
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Ш.М. Аббасов 
 

Ge1-x Six БЯРК  МЯЩЛУЛУНДА ЙАРАНАН РАДИАСИЙА ДЕФЕКТЛЯРИНИН  
КИНЕТИК ТАБЛАМАСЫНДА АШГАРЛАРЫН РОЛУ 

 
Бу ишдя бизим тяряфдян яввялляр юйрянилмиш n - Ge1-xSix бярк мящлулунун електрофизики хассяляриня електрон шцаларынын тясиринин 

давамы олараг,  n - Ge1-xSix бярк мящлулуна γ вя електрон шцаларынын тясири иля компенсасийа олунма вя йаранан радиасийа 
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дефектляринин кинетик табламасында ашгарларын ролу юйрянилмишдир. Бунун цчцн шцаланма мянбяйи кими 60Со - γ гурьусундан вя 
енеръиси 4,5 МеВ олан електрон сцрятляндирижисиндян истифадя олунмушдур. Шцаланма температуру 77К÷300К-дир. 

 
Ш.М. Аббасов 

 
ВЛИЯНИЕ ПРИМЕСЕЙ НА КИНЕТИКУ ОТЖИГА РАДИАЦИОННЫХ  

ДЕФЕКТОВ Ge1-x Six 
 
В настоящей работе приведены результаты начатых  нами ранее исследований электрофизических свойств твердых растворов 

n-Ge1-x Six [1,2] и изучена компенсация проводимости электронного Ge1-x Six  при облучении. Облучение осуществлялось при 77К и 
при комнатной температуре электронами с энергией 4,5 МэВ и γ - квантами 60Со. 
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EFFECTS OF WEAK NEUTRAL CURRENTS IN THE SEMI-INCLUSIVE 

hXlNl mm → REACTIONS 
 

S.K. ABDULLAYEV, A.I. MUKHTAROV, M.Sh. GODJAYEV 
Baku State University 

Z. Khalilov st., 23, Baku, 370143 
 
The investigation of electroweak asymmetries in the deep-inelastic scattering of polarized lepton on polarized nucleons is carried out in 

framework of the standard theory and in the quark-parton model. The expressions for left-right, polarization, charge-polarization and charge 
asymmetries are obtained.  

 
1. The standard model (SM) of the electroweak 

interactions of the elementary particles [1] has achieved a 
great success in the description of series of the experiments, 
which have been carried out in the various laboratories of the 
world. In particular, one of its exact checking has been alone 
on the e-e+ – colliders LEP, SLC and TRISTAN, as the result 
of which the agreement with the experimental data has been 
obtained. Alongside with e-e+ - annihilation the deep-inelastic 
scattering processes of the polarized leptons on the polarized 
nucleons play the important role in the check of standard 
theory and they are intensive investigated experimentally at 
the present time [2-6].  

In the present paper the effects of weak neutral currents 
(SNT) in the semi-inclusive reactions are considered 
 

           ,Xh)Z*;(N 0 ++→→+ mm ll γ                 (1) 
 

in which the lepton and the picked out inclusive adron h are 
registered on the coincidence and X is the system of non-
detectering adorns. 

The especial attention is paid to p-add polarization 
effects. The polarization fenomena are more sensitive to the 
reaction mechanism and allow to recognize the contributes of 
SNT easily. The investigation of the polarization particle 
correlations give the possibility to check the series of OCD 
predictions, to calculate the spin structure functions of 
adrons, to define the momentum distribution of the quarks 
and gluon inside of the polarized nucleons. The study of the 
polarization phenomena has got the special actuality last 
years, because of the obtaining of the high-energy beams of 
the polarized leptons and the creation of the polarized proton 
–antiproton beams and targets.   

The Feynman diagrams for lepton creation of the 
inclusive adron h are presented in the fig.1. 

 

 −l −l

X
N

*γ h

−l −l

X
N

0Z
h

 

Fig. 1.  Deep-inelastic leptocreation of adron h: hXN mm
ll → . 

 

2. At first we consider the parton subprocess 
 

          ,q)Z*;(q 0 +→→+ −− ll γ                       (2) 

and discuss the series of its qualitative properties at high 
energies. It is easy to be convinced, that in the process (2) of   
the exchange of proton and Z°- bozon the spiralities of lepton 
and quark must be kept separately. That is why the process 
(2) is characterized by four independent spiral amplitudes 
FLL,FRR,FRL and FLR (the first and the second indexes show 
the spiralities of lepton and quark correspondingly), that 
describe the following reactions:  

 

            ,qq LLLL +→+ −− ll   RRRR qq +→+ −− ll , 

            ,qq RLRL +→+ −− ll   LRLR qq +→+ −− ll . 
 

In the SM framework the spiral amplitudes are defined by 
expressions:  

 

     2
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 ( R;L, =βα ) 

 

where 2qt =  is the square of the transfer momentum, MZ is 

the mass of Z°- bozon,   l
Lg  and l

Rg  ( q
Lg  and q

Rg ) –are the 
chiral bond constants of lepton (quark) with Z°- bozon, the 
values of which are equal to: 
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where xw=sin2θw is the Weinberg’s parameter; Qq is the 
electric charge, T3 is the third projection of the weak isospine 
of quark q .Let us  give the cross-section of the subprocess 
(2) at the determined values of the spiralities of  initial and 
final particles. 
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where s is the square of the total energy of the system q−l in 
c.m.s the variable y is connected with the lepton scattering 
angle θ~  in c.m.s by the following relation 
 

                               ).~cos1(
2
1

s
ty θ−=−=  

The differential cross-section of the parton subprocess (2) 
is given by the following expression  
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where λ and hq are spiralities of lepton and quark.           

3. Let us consider the distribution function of quark (anti-

quark) in the polarized nucleon ( ))x(f)x(
)Nh(N

)qh(q
)Nh(N

)qh(qf , 

which describes the probability of quark q (antiquark q ) 
revealing in the nucleon with the momentum part x, having 
the spirality )h(h qq . This function satisfies the following 
equations: 
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                 (7) 

 

where fq(x) presents itself as the usual distribution function of 
quark q in nucleon. According to QCD the quark distribution 
functions in nucleon depend on the square of the transfer 
momentum :q2  )q,x(f 2

q  also. 
In SM frameworks the differential cross-section of hall-

inclusive reaction hXN −− → ll  must be written in the 
following form: 
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                             ),q,x(f)q,x(f)q,x(f 2)1(N
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22 ⋅⋅=⋅⋅=⋅−=+=  

 
hN  is the nucleon spirality; k, P and ph are 4 momentums of 
an initial lepton, nucleon and final adron h; q-k-k’ is  4-vector 
of the momentum transfer; )z(Dh

q ))z(D( h
q  is the 

fragmentation function of quark (antiquark) in adron h. 

The differential cross-section of process 
hXN ++ → ll must be obtained from (8) with the help of 

neutral substitutions   FRβ↔FLβ (β=R; L): 
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The W.N.C displays can be observed by the means of 

revealing of character P - and S - odd effects. Such effects 
are: 

1. left -right asymmetries 
 

,][][)(A )(
R

)(
L

)(
R

)(
LRL

)( mmmmmmm ll σσσσ +−=−   (10) 
 

][][)(A )(
R

)(
L

)(
R

)(
LRL

)( ±±± +−=− σσσσ mmmm ll ;   (11) 
 
2. polarization asymmetries 
 
     ( ) ( ) ( ) ( ) ( ) ,][][A LLRRLLRRp

mmmmm σσσσ +−=                (12) 
 
     ( ) ( ) ( ) ( ) ( ) .][][A LRRLLRRLa

mmmmm σσσσ +−=                (13)                   
 
3. charge-polarization asymmetries 
 
      ( ) ( ) ( ) ( ) ( ) ,][][B LLRRLLRRp

±± +−= σσσσ mmm             (14)      
 

     ( ) ( ) ( ) ( ) ( ) .][][B LRRLLRRLa
±± +−= σσσσ mmm              (15) 

 
4. Charge asymmetries 
 

( ) ( ) ( ) ( ) )L;R,(,][][C =+−= +−+− βασσσσ αβαβαβαβαβ

.                                                                                           (16) 
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 ( )(
L
+σ  and )(

R
+σ )-differential cross-sections semi-inclusive 

GNR of the left- and right-polarized lepton (antilepton) on 
nucleons, )(

RL
)(

LL
)(

RR ,, mmm σσσ  and )(
LR
mσ  are cross-sections 

of process (1) at the spiralities of collising particles λ=1, 
hN=1; λ=-1, hN=-1; λ=-1, hN=-1 and λ=-1, hN=1.  

The electroweak asymmetries (10)-(16) are expressed by 
the spiral amplitudes Fαβ, as it takes place in the electron-
position annihilation processes [7-9]. For example, the left-
right asymmetry )(A RL

+− − ll  is defined by the following 
expression 
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Fig. 2.Dependence of the left-right asymmetries )ee(A RL

+− − , 

          )ee(A LR
+− − , )ee(A RL

)( −−− − , )ee(A RL
)( +++ − y=0,7. 

 
4. The expressions of observed values have the 

phenomenological parameters that are quark and antiquark 

distribution functions in the polarized nucleons, values of 
which are defined by the experiment. In references [10-14] 
there are the assembages of quark distribution functions in 
adrons. For numerical estimates of the electroweak 
asymmetries we used the distribution functions of the valence 
and sea polarized quarks (antiquark) in nucleons given in 
[14]. 

We presented the numerical calculations of electroweak 
asymmetries (10)-(16) in the case of π - mezon 
electrocreation Xepe πmm →  at 300s =  Gev (ep-collider 
HERA), xw=0.232. The quark fragmentation function in π 

mezon is parametrized in the form ,
z

)z1(
N)z(D

n

q
−

=π  

where N and n are constant. It is supposed that strange quark 
and antiquark part in the fragmentation process in π - mezons 
is a small one. In dependences of left-right asymmetries 

)ee(A RL
+− − , )ee(A LR

+− − , )ee(A RL
)( −−− − , 
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)ee(A RL
)( +++ −  and the charge asymmetries CRR, CLL, CRL, 

CLR on a variable x at the  fixed value y=0,7 is given on the 
figures 2 and 3. As it is seen, the left-right asymmetries 

)ee(A RL
+− − , )ee(A LR

+− − , )ee(A RL
)( −−− −  and the charge 

asymmetries CRR, CLL increase monotonously with increase of 
X, and the asymmetries )ee(A RL

)( +++ − , CRL and CLR 
decrease monotonously.  

 
Fig. 3. Dependence of charging asymmetries CRR, CLL, CRL, CLR  
            (curves 1, 2, 3 and 4 accordingly) from variable x  at                                                                                                                                     
            y=0,7. 
 

 
 
Fig.4. Dependence of charge-polarizing asymmetries  

          )(
p

)(
a

)(
p B,B,B +−−  and )(

aB +  (curves 1, 2, 3 and 4    

           correspondingly) on variable y at x=0,5. 
 

The analogous behaviour of asymmetries is observed for 
its y-dependences at fixed x (see fig. 4), where the 
dependence of charge-polarization asymmetries )(

pB m  and 
)(

aB m  on y at x=0.5 is presented. 
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С.К. Абдуллайев, А.И. Мухтаров, М.Ш. Гожайев 

 
ЙАРЫМИНКЛЙУЗИВ hXlNl mm →  ПРОСЕСЛЯРИНДЯ ЗЯИФ НЕЙТРАЛ ЖЯРЯЙАН ЕФФЕКТЛЯРИ 

 
Стандарт вя квант-партон моделляри чярчивясиндя полйаризя олунмуш  електронларын полйаризя олунмуш нуклонлардан дярин гейри-

еластики сяпилмя просесляриндя електрозяиф асимметрийалар тядгиг едилмишдир. Саь-сол, полйаризасийа, йцк вя йцк-полйаризасийа 
асимметрийалары цчцн ифадяляр алынмышдыр. 

 
С.К. Абдуллаев, А.И. Мухтаров, М.Ш. Годжаев 

 
ЭФФЕКТЫ СЛАБЫХ НЕЙТРАЛЬНЫХ ТОКОВ В ПОЛУИНКЛЮЗИВНЫХ hXlNl mm →  РЕАКЦИЯХ 

 
В рамках стандартной теории и кварк-партонной модели проведено исследование электрослабых асимметрий в глубоконеупру-

гом рассеянии поляризованных лептонов на поляризованных нуклонах. Получены выражения для лево-правых, поляризованных, 
зарядово-поляризационных и зарядовых асимметрий.  
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ИКИ ПЙЕЗОЕЛЕМЕНТЛИ ПЙЕЗОЕЛЕКТРОМЕХАНОТРОН ЩЯРЯКЯТ ЧЕВИРИЖИСИНИН 

ЙАРАДЫЛМАСЫНЫН ХЦСУСИЙЙЯТЛЯРИ 
 

Н.Е. ЩЦСЕЙНОВ 
Азярбайжан Техники Университети 

370073,  Щ.Жавид кцчяси, 25 
 

Бу ишдя тяклиф олунан ики пйезоелементли ПЕМЩЧ-нин характеристикаларынын експериментал тядгигинин нятижяляри верилмишдир. 
 

Диск формасында пйезоелементлярдян истифадя 
етмякля щазырланмыш ики пйезоелементли пйезоелектроме-
ханотрон щярякят чевирижисинин (ПЕМЩЧ) ишинин кейфий-
йятини анализ етмяк вя параметрлярини уйьунлашдырмаг 

цчцн онларын динамик характеристикаларынын юйрянилмяси 
важиб мясялялярдян биридир [1]. Динамик характеристикалар 
ПЕМЩЧ-нин конструксийасындан, пйезоелементин форма 
вя юлчцляриндян асылы олараг дяйишир.  
 

 
Шякил  1.     ПЕМЩЧ-нин динамик характеристикаларыны тядгиг едян гурьунун структур схеми. 

 

 
 
Шякил  2. Резонанс тезлийиндя (фр) мцхтялиф механики кейфий -     
               йятлилийя малик пйезоелементлярдян щазырланмыш  
                ПЕЩМЧ-нин динамик характеристикалары (н=ф(у)).  
                1.Гм=200(СТГ-24м); 2.Гм=500(СТГ-24);  
                 3.Г=600(СТГ-35). 
 
Тядгигат дягиглийини артырмаг цчцн яввялжя мцхтялиф 

механики кейфиййятлилик (Г) ямсалларына малик сирконат-
титан-гурьушун (СТГ) аилясиндян олан вя ейни юлчцлц 
пйезоелементлярдян тяшкил едилмиш диск (даиряви) форма-
сында бир пйезоелементли ПЕМЩЧ-нин динамики 
характеристикаларыны, мясялян, онун роторунун дюврляр са-
йынын (n) пйезоелементя верилян эярэинликдян асылылыьыны 

юйряняк. Бунун цчцн шякил 1-дя эюстярилян гурьудан 
истифадя олунмушдур. Гурьунун иш принсипи ашаьыдакы 
кимидир. Эенератордан тезлийи ПЕМЩЧ-нин резонанс тез-
лийиня бярабяр эярэинлик верилир. ПЕМЩЧ-нин роторуна бир 
нюгтядян дешийи олан диск бяркидилмишдир. Дискдяки деши-
йя уйьун нюгтядя дискин бир тяряфиндян фотошцаландырыжы, 
диэяр тяряфиндян ися фотогябуледижи диод дешийин оху 
цзяриндя гаршы-гаршыйа гурашдырылмышдыр. ПЕМЩЧ-я эене-
ратордан мцяййян амплитудлу эярэинлик верилдикдя 
ПЕМЩЧ-нин ротору фырланмаьа башлайыр. Ротора бяркидил-
миш диск фырландыгда, дешик олан щисся фотодиодун гаршы-
сындан кечдикдя сайьаж бир импулс гябул едир, бу ися 
роторун бир дювр етмяси демякдир. Нятижядя бюйцк дя-
гигликля ПЕМЩЧ-нин роторунун бир санийядяки дюврляр 
сайы гейд олунур. Мцхтялиф механики кейфиййятлилийя малик 
пйезоелементляр цзяриндя гурулмуш бир елементли 
ПЕМЩЧ-нин роторунун дюврляр сайынын (n) пйезоелемен-
тя верилмиш эярэинликдян (u) асылылыьы шякил 2-дя эюстярилмиш-
дир. Шякилдян эюрцнцр ки, пйезоелементя верилян эярэинлик 
(u) артдыгжа n яввялжя артыр вя сонра ися стабилляшир. 

Шякил 3-дя верилмиш сабит эярэинликдя (у=жонст) вя 
резонанс тезлийиндя н=ф(у) асылылыьын стабил щиссяси цчцн 
н-нин Г-дян дяйишмяси верилмишдир. Эюрцндцйц кими ме-
ханики кейфиййятлилийи йцксяк олан пйезоелементдян иба-
рят ПЕМЩЧ-нин динамики характеристикалары даща йук-
сякдир. Механики кейфиййятлилик йцксялдикжя н-нин артмасы 
гейри-хяттидир. 

Инди ися ики пйезоелементли ПЕМЩЧ-нин характерис-
тикаларынын тядгигиня нязяр йетиряк. Бу щалда ашаьыдакы 



ИКИ ПЙЕЗОЕЛЕМЕНТЛИ ПЙЕЗОЕЛЕКТРОМЕХАНОТРОН ЩЯРЯКЯТ ЧЕВИРИЖИСИНИН ЙАРАДЫЛМАСЫНЫН ХЦСУСИЙЙЯТЛЯРИ 

 43

шяртляр дахилиндя тядгигат апарылмышдыр: 1)пйезоелемент-
лярин резонанс тезлийи бир-бириндян фярглидир (фр1 ≠ фр2), ам-
ма онларын механики кейфиййят ямсаллары бярабярдир 
(Гм1=Гм2); 2)пйезоелементлярин резонанс тезликляри бя-
рабяр (фр1 = фр2), амма онларын механики кейфиййят ямсал-
лары мцхтялифдир (Гм1≠Гм2). Биринжи щалда ики пйезоеле-
ментли ПЕМЩЧ-и цчцн ики ядяд эенератор тяляб олунур. 
Ики пйезоелементли ПЕМЩЧ-нин ики ядяд эенератордан 
истифадя етмякля чыхарылмыш динамики характеристикасы шякил 
4-дя эюстярилмишдир. Щяр ики пйезоелементин гидаланмасы 
цчцн эенератордан 80В гядяр эярэинлик верилмишдир. 
Шякилдян эюрцндцйц кими 2-жи яйри 1-жи яйрийя нисбятян 
даща йахшы динамики параметрляря уйьундур вя роторун 
дюврляр сайы у=50В-а кими хятти артыр. 

 

 
Шякил 3.  ПЕМЩЧ-нин роторунун дюврляр сайынын (н) пйезо- 
                елементин механики кейфиййятлилик ямсалындан (Г)  
                асылылыьы (н=ф(Г)). у=50В. 

 
 

 
 
Шякил 4.  Ики пйезоелементли ПЕМЩЧ-нин роторунун дюврляр  
               сайынын (н) пйезоелементляря тятбиг олунмуш эяр- 
                эинликдян асылылыьы (н=ф(у)). 1. Биринжи  елементя фр1- 
                дя верилмиш эярэинлик 70 В-а гядяр дяйишдирилир.  
                Гм1=200; 2.елементляр ардыжыл бирляшдирилир вя фр1>фр2;  
                Гм1=Гм2=200; л1< л2; елементляря верилмиш эярэин 
                лик 70В-а гядяр артырылыб. 
 
Мялумдур ки, сцтун шякилли чевирижиляр цчцн механики 

резонансын шярти вя резонанс тезлийи (фр) уйьун олараг 
беля тяйин олунур [2,3]. 
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Бурада л – сцтун шякилли пйезоелементин узунлуьу, Ж 

– еластик модулдур. (1)-дян эюрцнцр ки, пйезоелементин 
еластик модулу вя механики кейфиййятлилийи ейни олдугда, 
йяни Ж1 =Ж2 вя Г1р=Г2р, фр – артдыгжа елементин узунлуьу 
(л) азалыр вя бу да якс пйезоелектрик реъиминдя пйезоеле-
ментин цмуми деформасийасынын (∆l) азалмасына вя 
ПЕМЩЧ-нин роторунун фырланма сцрятинин кичилмясиня 
сябяб олар. Диэяр тяряфдян мялумдур ки, пйезоелемент-
лярин механики кейфиййятлилийи (Гм) артдыгжа онун резо-
нанс тезлийи (фр) азалыр [2,3,4], йяни  
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π
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Бурада Жк – пйезоелементин деформасийа етмяк га-
билиййятидир; Рк – резонанс мцгавимятидир. 

(2) - дян эюрцнцр ки, механики кейфиййятлилийи бюйцк 
олан пйезоелементлярин резонанс тезлийиндяки електрик 
мцгавимяти кичик олур, бу да пйезоелементин верилмиш 
електрик эярэинлийиндя (тярс пйезоелектрик реъиминдя) бю-
йцк механики енеръийя малик олмасыны эюстярир. Пйезо-
електрик керамик материалларын домен структуруна малик 
олмасы механики рягсляр заманы онларда эцжлц енеръи ит-
киляриня сябяб олур вя механики кейфиййятлилик (Гм) азалыр. 
Она эюря дя пйезоелементляр арасында гурулмуш пйе-
зорезонаторлар адятян хятти еластик систем реъиминдя (йя-
ни Щук гануну чярчивясиндя) ишлямялидир.Яэяр ПЕМЩЧ-я 
пйезорезонатор кими бахсаг, онда онун роторунун 
фырланма сцрятинин верилмиш эярэинликдян асылылыьын (н=ф(у)) 
гейри-хяттлилийини пйезоелементдяки енеръи иткиляриля ялагя-
ляндирмяк олар. Она эюря дя н=ф(у) асылылыьын дцзхяттли 
щиссясинин эенишлийи ПЕМЩЧ цчцн бюйцк ящямиййят кясб 
едир вя роторун фырланма сцрятини бюйцк мигйасда тянзим 
етмяйя имкан верир. 

Йухарыда гейд етдик ки, ПЕМЩЧ-дя пйезоелемент-
лярин узунлуьу фр иля, н ися Г иля сых ялагядядирляр. Узун-
луьун кичик эютцрцлмяси резонанс заманы пйезоелемен-
тин рягс амплитудунун (∆л) азалмасы иля нятижяляндийи 
цчцн фр еля сечирляр ки, ∆л кяскин азалмасын. Лакин пйе-
зоелементин узунлуьунун бюйцк эютцрцлмяси дя 
технолоъи (полйаризасийа) вя електрик параметрляри (бюйцк 
тутум мцгавимяти вя кичик електрик тутуму) бахымында 
писляшмя иля нятижялянир. Она эюря дя шякил 1-дя эюстярил-
ян ПЕМЩЧ пйезорезонатору ики елементли сексийадан 
ибарятдир. Пйезоелементлярин бирляшдирилмясиндян асылы 
олараг пйезорезонаторун механики кейфиййятлилийини 
дяйишмяк олар. Мясялян, ардыжыл бирляшдирилмиш пйезоеле-
ментлярдян ибарят пйезорезонаторун цмуми механики 
кейфиййятлилийи  (Гцм.) 
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кими тяйин олуна биляр. Бизим щалда: Гм1=500 вя 
Гм2=600 пйезоелементлярдян ибарят пйезорезонатор 
цчцн  
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олажагдыр. Експериментляр эюстярир ки, пйезоелементлярин 
Г, л вя фр параметрлярини тянзим етмякля ПЕМЩЧ-дяки 
пйезорезонаторун реъимини еля сечмяк олар ки, н=ф(у) 
асылылыьын дцзхяттли областы даща чох эенишлянсин (шякил 5). 

Шякилдян эюрцнцр ки, Гм1=500 олан пйезорезона-
торун н=ф(у) характеристикасынын дцзхяттли областы тягрибян 
42В (яйри 1), Гм2=600 олан пйезорезонаторун н=ф(у) 
характеристикасынын дцзхяттли щиссяси 50В (яйри 2) вя бу 
пйезоелемент ардыжыл бирляшдирилмяси нятижясиндя алынан 
ПЕМЩЧ-нин н=ф(у) характеристикасынын ися дцзхяттли щис-
сяси 70В-а гядярдир. Шякилдян эюрцнцр ки, ардыжыл бирляш-
миш ики пйезоелементли ПЕМЩЧ-нин мцяййян эярэинлик-
лярдя роторун дюврляр сайы да йцксякдир. Беляликля, пйезо-
резонаторлардан ибарят ПЕМЩЧ-нин динамики характеристи-
касыны онун тяшкил олундуьу пйезоелементлярин фр, Г вя 
щяндяси юлчцлярини дяйишмякля тянзим етмяк олар. 

 
 

Шякил 5.  н=ф(у) асылылыьы. 1.Гм1=500; 2. Гм2=600; 3. елемен- 
              тляр ардыжыл бирляшдирилир; фр1=фр2. Пйезоелементляря  
              верилмиш эярэинлик 70В-а гядяр артырылыб. 
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THE PECULIARITIES OF CREATION OF TWOPIEZOELEMENT  

PIEZOELEKTROMECHANOTRON ACTION TRANSISTOR 
 

Here is presented results of investigation on expantion of the linear area of dependence of the number of turns on voltage n=f(u) of 
twopiezoelement piezoelektromechanotron action transistor. 
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ОСОБЕННОСТИ СОЗДАНИЯ ДВУХПЬЕЗОЭЛЕМЕНТНОГО  
ПЬЕЗОЭЛЕКТРОМЕХАНОТРОННОГО ПРЕОБРАЗОВАТЕЛЯ 

 
Представляются результаты исследования по расширению линейного участка зависимости числа оборотов ротора от 

напряжения  (n=f(u)) двухпьезоэлементного пьезоэлектромеханотронного преобразователя движения. 
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THE STRUCTURE OF THE SHORT-RANGE ORDER OF THE AMORPHOUS TlInSe2 
 

D.I. ISMAILOV, E.A. ALAKBAROVA, F.I. ALIYEV 
Institute of Physics, Azerbaijan National Academy of Sciences, 

Baku. Az - 1143, H. Javid av. 33 
 
The short-range order in thin amorphous TlInSe2 films has been investigated. The curves of radial distribution of atoms in the amorphous 

TlInSe2 films are constructed on the base of the integral analysis of the fast electrons scattering intensity and the parameters of the short-
range order: the radii of the coordination spheres and numbers of the nearest neighbor have been determined. 

 
According to data [1,2] in the Tl-In-Se system the triple 

TlInSe2 compound having the effective photo and strain 
sensitive semiconductive properties, has been revealed. 
Electron  diffraction research [3] of the phase content of the 
TlInSe2 films, obtained by the simultaneous and consequent 
vacuum settling of Tl, In, Se  at room temperature, shows the 
formation of the TlInSe2 compound with the structure of TlSe 
type, the Tl-In-Se films are amorphous irrespective to  the 
order of the components settling. 

 

 
 
Fig. 1. Electron diffraction photograph from amorphous TlInSe2 
           films. 
 
The purpose of the present paper is to determine the 

short-range order parameters of amorphous TlInSe2, obtained 
from the vapor phase. The amorphous TlInSe2 films of the 
thickness ~200Å have been obtained by the evaporation in 
the vacuum from the tugsten furnace on the NaCl substrate 
and celluloid at room temperature, the settling velocity was 
~20Å/Sec. The obtained amorphous films are characterized 
by the diffraction figures (fig.1), on which the diffusion lines 
corresponding to S=4π⋅sinθ/λ=2,00Ǻ; 3,39Ǻ and 5,04Ǻ are 
well seen. These data coincide with the data, obtained before 
[3]. The subsequent crystallization of these films at ~170ºC 
leads to the TlInSe2 crystal formation with the known 
parameters of the tetragonal lattice a=8,075Ǻ, c=6,847Ǻ [4]. 

The curve of the experimental intensity has been obtained 
on the PC, conjugated to the electronograph ER-102. The 
curve of the radial distribution of atoms (CRDA) of 
amorphous TlInSe2, is presented on fig.2. The curve contains 
three, obviously expressed maximums at r1=2,70Ǻ, r2=3,68Ǻ 
and r3=4,25Ǻ. The areas under the corresponding maximums 
are equal to ∆=28,4, ∆=31,2 and ∆=67,6, respectively. 

The distance r1=2,70Ǻ may be interpreted as average 
from the distance between In-Se and Tl-Se atoms, the 
tetrahedral covalent radii are, according to [6], equal to 1,47Ǻ 
for thallium, 1,17Ǻ for selenium and 1,44Ǻ for indium. The 
calculation of the area value under the first peak gives the 
value ∆=25,9, what coincides with the corresponding 
experimental data of the interatomic distance in TlInSe2. 

 
Fig. 2.  The curve of the radial distribution of atoms in   
             amorphous TlInSe2 films. 
 
The second coordination sphere with r2=3,68Ǻ may be 

interpreted as average of the distances In-Se and Tl-Se. There 
are Tl-Se distances approximately equal to r2 in the crystal 
lattice of TlInSe2. These distances are more than the sum of 
the octahedral covalent radii of Tl(In) and selenium atoms, as 
the sum in the case of Tl-Se is equal to 1,73Ǻ+1,40Ǻ=3,13Ǻ 
and In-Se1,53Ǻ+1,40Ǻ=2,93Ǻ. The calculation of the area 
value under the second peak of TlInSe2, CRDA gives the 
value ∆-39,0. It is possible to explain by the fact, that 
obviously, in the second coordination sphere the Tl-Se 
distance is more possible, than that of In-Se. The distance 
r3=4,25Ǻ corresponds to the distance between same-named 
atoms Se-Se, Tl-Tl, In-In. 

There are the same distances in the crystal lattice TlInSe2, 
in consequence of what unlike the double structural and 
crystallochemical analog of the A2B4C5

2 semiconductors, in 
which atoms of the IV group have undeformed tetrahedral 
anions [6], in compounds A3B3C6

2, whose representative is 
TlInSe2, analogous tetrahedrons of which are deformed. 
Beside the tetrahedrons deformation the specific deformation 
of octahedrons is observed in amorphous films TlInSe2. 
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Possibly, it is connected to the fact, that in amorphous 
films TlInSe2 the connection between particles is provided 
not only by the electrostatistic attraction of the opposite ions, 
but by the combination with the intermediate valence. 

It has been shown by the research of the amorphous 
phases of the compound Ti-Se and Tl-S, that in amorphous 
phases of the compounds with the TlSe structure nSe, Se=6, 
and nTl, Tl=4.  It is possible to assume, that nIn, In is equal to 4. 
Then the calculation of the area value under the 

corresponding peak gives the value ∆=67,3, what almost 
coincides with ∆3=67,6. 

 
Thus, it is possible to make a conclusion: 
 

•   The short-range order in the amorphous and crystal phases 
of TlInSe2 are close and the structural elements of the 
crystal phase are conserved in amorphous films. 
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АМОРФ TlInSe2 ТЯБЯГЯЛЯРИНДЯ ЙАХЫН НИЗАМ ГУРУЛУШУ 
 

TlInSe2 назик аморф тябягяляринин йахын низам гурулушу тядгиг едилмишдир. Сцрятли електронларын сяпилмя интенсивликляринин 
интеграл анализи ясасында атомларын радиал пайланма яйриляри гурулараг йахын низам параметрляри координасийа сфераларынын 
радиуслары вя йахын гоншулугдакы атомларын сайы - координасийа ядядляри тяйин олунмушдур. 
 

Д.И. Исмаилов, Э.А. Алекберова, Ф.И. Алиев 
 

СТРУКТУРА БЛИЖНЕГО ПОРЯДКА АМОРФНЫХ ПЛЕНОК TlInSe2 
 

Исследован ближний порядок в тонких аморфных пленках состава  TlInSe2. На основе интегрального анализа интенсивности 
рассеяния быстрых электронов построены кривые радиального распределения атомов в аморфных пленках соединения TlInSe2 и 
определены параметры ближнего порядка: радиусы координационных сфер и числа ближайщих соседей.   
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MEMORY EFFECT IN FERROELECTRIC - SEMICONDUCTOR WITH IN 

COMMENSURATE PHASE OF TlGaSe2 
 

V.P. ALIYEV, S.S. BABAYEV, T.G. MAMMADOV, MIR-HASAN YU. SEYIDOV, 
 M.M. SHIRINOV 

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

 
R.A. SULEYMANOV  
Baku State University 

Z. Khalilov st., 23, Baku, 370143 
 

The paper is devoted to the research of the non-equilibrium properties of the incommensurate (INC) phase of the improper ferroelectric-
semiconductor TlGaSe2. The influence of the prehistory of the heat treating of the crystal, i. e. annealing at the fixed, stabilized temperature 
in the region of INC- phase on the dielectric constant (ε) behavior of the sample in the vicinity of the phase transition  (PT) – INC phase – 
the commensurate (C) ferroelectric phase studied. The peculiar case of the memory effect realization leading to the temperature range change 
of the INC-phase existence is observed for the first time in TlGaSe2. 

 

 
 INTRODUCTION 
 

The layered crystal TlGaSe2 belongs to the 
ferroelectrics-semiconductors group and attracts attention by 
its unusual dielectric [1], elastic [2, 3], thermodynamic [4-6], 
optical [7, 8] and other properties near the structural PT. In 
the paraelectric phase TlGaSe2 is a monoclinic crystal with 
the space group (SG) of the symmetry С2h

6 [9]. The X-ray 
investigations [10] have revealed the formation of the several 
polytypes of the monoclinic modification (С2

2, Сs
4, С2h

2) of 
TlGaSe2. To the present time it has been experimentally 
shown, that the TlGaSe2 polytype with SG in the paraphase 
С2h

6 suffers the consequence of the structural PT with 
temperature decrease at the atmosphere pressure [11]. At      
Тi~116К the second order PT realizes from the high-
temperature paraelectric phase into INC-phase, and the first 
order PT from the INC-phase into  the  improper ferroelectric  
C-phase, Тс≈106К, accompanied by the quadrupling of the 
crystallographic axis cr . In the polar phase the spontaneous 
polarization vector is placed on the layer plane. The 
modulated structure of the INC-phase is caused by the soft 
mode condensation near the Brillouin zone edge with the 
wave vector ( )25.0,,ki δδ=

r
, where δ is the 

incommensurable parameter. In spite of numerous attempts 
the symmetry of the low-temperature polar phase and the 
temperature dependence of δ in the INC-phase region have 
not been established up to the present time. 

It was shown in [7, 8, 12-15], that the temperature 
behavior of some physical parameters of TlGaSe2 
demonstrates the strong sensitivity to the thermocyclization 
due to which the physical properties of TlGaSe2 are 
ambiguous and depend on the sample prehistory. The 
impurity and defect states in TlGaSe2 and their influence on 
PT and physical properties of this crystal have not yet been 
revealed. 

In the present work we describe for the first time the 
anomalous memory effect in TlGaSe2 demonstrated itself on 
the curve ε(T) in the C-phase near Tc as a result of the 
annealing of the sample at the fixed temperature in the INC-
phase region. 

 

SAMPLES AND EXPERIMENT METHODS 
 

The TlGaSe2 sample in the form of the plane-parallel 
plate of the sizes 3,3х4х4 mm3, cut out from the monocrystal 
ingot grown by the modified Bridgeman-Stockberger method 
was used. Electrical contacts were provided by application of 
Ag-paste to the working surfaces of the crystal. 
Measurements of ε(T) have been conducted in a quasi-static 
regime with the temperature change velocity 0,5 K/min far 
from and 0,1 K/min near Tc by the application of the 
alternating current bridge at the frequency 50 KHz. The 
sample has been in the thermostatic chamber of the cryostat 
during the measurement. The temperature has been measured 
by the platinum thermometer. The stabilization precision of 
the temperature has not been worse than  ± 0,01К.  

The following measurement procedure has been applied. 
At first the sample has been cooled up to the liquid nitrogen 
temperature and kept at this temperature during 30 min. This 
condition provides the disappearance of the initial non-
equilibrium states in the C-phase. Then in the smooth 
temperature change regime the sample has been heated up to 
the given temperature in the region of the INC-phase and 
kept  (annealed) at this temperature during an hour and 
cooled again up to the liquid nitrogen temperature. The ε(T) 
curve has been recorded during the subsequent sample 
heating up to the thermostabilization temperature. The 
subsequent ε(T) measurement cycles have been conducted by 
the analogous temperature conditions of the experiment. 
Before the change of the annealing temperature of the 
sample, the latter has been heated up to the room 
temperature, then cooled and kept during an hour at the liquid 
nitrogen temperature. 
 

EXPERIMENTAL RESULTS AND THEIR  
DISCUSSION 
 
The temperature dependence of ε in TlGaSe2 in wide 

temperature range, including the structural PT points, has 
been measured at the sample heating after its cooling from 
the room temperature is shown in fig.1,a. As it is seen from 
fig. 1a, the curve ε(T) is characterized by anomalies in the 
form of precise maxima at the PT point from the paraelectric 
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phase to the INC- phase at Тi=114,9K and near PT point 
from INC-phase to the C - phase at Тс=106,5K. It follows 
from the measurements, that the ε(T) dependence in the 
high-temperature paraelectric phase follows the Curie-Weis 
law. The Curie constant value and PT temperature values are 
in good agreement with the existing data [16-18]. The 
distinct anomaly on the ε(T) curve from the C-phase side at 
T=102 K has been revealed in TlGaSe2 sample of the given 
technological quality (see fig.1a). It has been shown on the 

example of the layered TlInS2 crystal, isostructural to 
TlGaSe2, that the similar anomaly is also observed on the 
ε(T) dependence below Тс and is connected with the 
coexistence in the registered temperature range of the polar 
regions of the C-phase and non-disintegrated parts of the 
INC-phase modulation wave [19]. It is possible to suppose, 
that the anomaly below Тс in the ε(T) curve in TlGaSe2 has 
the same nature as in TlInS2. 
 

 

Fig.1. The temperature dependence ε of the layered crystal TlGaSe2, measured at the heating mode after: a) previous cooling of the  
           crystal from the room temperature, b) the four hours annealing of the crystal inside the INC-phase at Тan =110К, c) the five hours  
           annealing of the sample inside the INC-phase at Тan =110К. 
 
The ε(T) dependences for TlGaSe2 crystals, obtained at 

heating process after the crystal annealing  in the fourth and 
fifth times in the INC-phase at Тan=110К during an hour are 
presented in figs. 1b and 1c, respectively. The fact of the 
extra anomaly appearance on the ε(T), beginning with the 
fourth measurement cycle, in the form of the low maximum 
at T=105,9 K is clearly seen. At the same time temperature 
stabilization of the sample at Тan leads to the shifting of the 
PT temperature from INC phase to the C phase to the lower 
temperature side. This shifting for the fourth cycle of 
annealing is about 0,3K. The fifth annealing cycle does not 
practically change the Tc, but leads to the shifting of the 
second maxima from 105,9K to 105,1K.  

As it is known [20-23], the annealing of the crystal 
during the long time within the incommensurate phase leads 
to the formation of the long-live metastable states, connected 
with the defects density wave (DDW) which is formed in the 
crystal, as a resuet of the spatial redistribution of impurities 
and structural defects in the periodic field of the INC phase. 
Since the relaxation time of the mobile defects, determined 
by their diffusion mobility, considerably exceeds the time, 
required for the measurement of ε(T) from the ferroelectric 
phase to Тan, it is possible to assume the conservation of 
DDW (and consequently solitons in the potential relief, 
created by the impurities and mobile defects) out of the INC-
phase region. As it is shown in [24, 25] this peculiarity of 

INC phase leads to the shifting of the Tc in TlInS2 crystals to 
the low temperature region. 

To explain the appearance of the second peak in ε(T) 
dependence of TlGaSe2 after annealing at Тan within INC 
phase one can suppose, that the structure of the real TlGaSe2 
crystal is essentially heterogeneous. The fracture of the 
investigated sample by cleaving has revealed the presence of 
two qualitatively distinct by its dielectric properties 
macroscopic parts: TlGaSe2 –I and TlGaSe2 –II. The ε(T) 
curves for TlGaSe2 –I (fig. 2a) and TlGaSe2 –II (fig. 2b), 
obtained at sample heating after its cooling from the room 
temperature, are presented in fig. 2. 

As it is seen from fig.2a, the dependence ε(T) of the 
smaller by the size sample TlGaSe2 –I (3,3х1,6х4 mm3) is 
qualitatively similar to the initial crystal ε(T) with Тi=112,8К 
and Tc=106K. The temperature dependence ε(T) for the larger 
by its size sample TlGaSe2 –II (3,3х2,3х4 mm3) distinguishes 
essentially from ε(T) for TlGaSe2–I. As it is seen from fig. 
2b, the anomaly, connected with PT to INC – phase occurs at 
Тi=111,8К and becomes strongly diffused. The temperature 
Tc, determined from the given experiment for the sample 
TlGaSe2 –II makes 106,2 K. The fact of the sudden rise of the 
ε for the sample TlGaSe2 –II beginning from T=107K is 
connected with the significant growth of the 
electroconductivity of the indicated part of the sample. It 
should be noticed, that the multiple annealing of the samples 
TlGaSe2 –I and TlGaSe2 –II during an hour inside the INC-



MEMORY EFFECT IN FERROELECTRIC - SEMICONDUCTOR WITH IN COMMENSURATE PHASE OF TlGaSe2 

 49

phase has not been accompanied by the extra anomaly 
appearance on the curve ε(T). At the same time the thermal 
annealing of the samples within the INC phase leads to low 
temperature shifting of Tc in TlGaSe2 –II  by 1,9K, and  0,4K 
in TlGaSe2 –I. 

Taking into consideration the possible formation of 
different polytypes of TlGaSe2, it is possible to assume, that  

 
 
Fig. 2. The temperature dependence ε of the sample parts  
            TlGaSe2, obtained by the consequent spalling:  
            a- TlGaSe2-I; b- TlGaSe2-II. The measurements have             
            been conducted in the heating mode after the previous  
            cooling of both samples from the room temperature. 
 

TlGaSe2 –I and TlGaSe2 –II belong to the various 
polytypes. However, in this case, TlGaSe2 polytype, whose 
symmetry of the high-temperature phase is distinguished 
from С2h

6, should be supposed. The structural research data 
present in reference [9] testifies the presence of the INC-
phase only in polytypes TlGaSe2 with the symmetry of the 
high-temperature paraphase С2h

6. In papers [18, 26-28] 
attempts, made to reveal the INC-phase in other 
modifications of TlGaSe2 by the methods of the neuron 
diffraction and X-rays, have not been successful. 

We suppose, that the concentration of impurities and 
mobile defects, essentially distinct in the various parts of the 
sample, has existed in the initial real crystal TlGaSe2 and the 
part of the initial sample, i.e. TlGaSe2 -II, is characterized by 
the higher concentration of impurities and structural defects 
in comparison with TlGaSe2 -I. Therefore, in the initial 
sample TlGaSe2 the phase transition from the INC-phase to 
the commensurate ferroelectric phase after a long stay of the 
sample inside the INC-phase will be realized in two 
neighboring temperature points, in accordance with the 
different values of shifting of Tc in different parts of the 
sample. 

 
CONCLUSION 
 

Thus, in the present paper the results of the qualitatively 
new case of the memory effect realization- influence of the 
sample prehistory on the temperature behavior of ε, presented 
by the extra anomaly appearance in ε(T) in the neighborhood 
of INC-C PT point have been for the first time represented in 
the TlGaSe2 crystal. It is suggested, that in the various parts 
of the crystal the “frozen” states of defects and impurities 
with the various concentration, occur after the annealing of 
the sample in the INC-phase due to the irregular distribution 
of the impurities and defects existed in the initial sample. 
Therefore, PT to the commensurate ferroelectric phase in the 
different parts of the initial sample TlGaSe2, subjected to the 
thermal annealing in the INC-phase, occurs at various, but 
close temperatures. 
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В.П.Алыйев, С.С. Бабайев, Т.Г. Мяммядов, Мир-Щясян Й.Сейидов, Р.А. Сцлейманов,  

М.М. Ширинов  
 

TlGaSe2 КРИСТАЛЫНЫН НИСБЯТЛИ СЕГНЕТОЕЛЕКТРИК ФАЗАСЫНДА ТЕРМИК ЙАДДАШ ЕФФЕКТИ 
 

Мягалядя гейри-мяхсуси сегнетоелектрик TlGaSe2 кристалынын нисбятсиз фазасынын (НФ) гейри-таразлыг хассяляри 
тядгиг олунур. Эюстярилмишдир ки, кристалын нисбятсиз фазада стабилляшдирилмиш, мцяййян температурда сахланмасы НФ-
дан нисбятли сегнетоелектрик фазайа кечиди ятрафында илк дяфя олараг НФ-нын температур интервалынын дяйишмяси вя 
сегнетофазада Tc йахынлыьында ε(Т) асылылыьында ялавя аномалийанын ямяля эялмяси кими йаддаш еффекти мцшащидя 
олунур.    
 

В.П.Алыев, С.С. Бабаев, Т.Г. Мамедов, Мир-Гасан Ю. Сеидов, Р.А. Сулейманов,  
М.М. Ширинов  

 
ЭФФЕКТ ТЕРМИЧЕСКОЙ ПАМЯТИ В СОРАЗМЕРНОЙ СЕГНЕТОЭЛЕКТРИЧЕСКОЙ  

ФАЗЕ КРИСТАЛЛА TlGaSe2. 
 

Работа посвящена исследованию неравновесных свойств несоразмерной (НС) фазы несобственного сегнетоэлектрика 
полупроводника TlGaSe2 , а именно, изучению влияния предыстории – температурной выдержки кристалла во времени (отжиг) при 
определенной, стабилизированной температуре в области НС – фазы – на поведение диэлектрической проницаемости (ε)   образца в 
окрестности фазового перехода (ФП) НС – соразмерная  (С) сегнетоэлектрическая фаза. Впервые зарегистрирован своеобразный 
случай реализации эффекта памяти, сводящийся к изменению температурного интервала существования НС – фазы и к появлению 
дополнительной аномалии на кривой ε(Т) в сегнетофазе в окрестности Тс. 
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The results of investigation on establishment of the changes in the catalysts magnetic properties depending on the conditions of their 

synthesis, incineration temperature and duration have been presented in the article for comparison of these properties with the catalysts 
activity in propane dehydrogenation reaction. The interaction of Ni2+ ions with a carrier is established. 
 

The paper deals with the study of (Ni, Sb, Cr, K)/y⋅Al2O3 
magnetic-phase state of catalysts and electron properties of 
promotors with purpose to find out their interaction with the 
carrier (y⋅Al2O3) in propan dehydrogenation reaction. 

From the point if view of catalysts the special meaning 
has the character of metal oxides and ion distributions on the 
surface and in the volume of the carrier in the dependence on 
preparing conditions, thermotreatment of catalysts and the 
influence of reaction medium on the temperature of magnetic 
phase transfer in the Neel’s point.  

To solve these tasks it is necessary to apply magnetic and 
thermal methods (thermal capacity and temperature 
conductivity), allowing to study the structures of catalysts. 
The catalysts samples, taken for analysis are distinguished by 
the conditions of their preparing. 

The catalysts were prepared under conditions of the 
atmospheric pressure and low atmospheric pressure (P=10-
15mm⋅Hg). 

The incineration time was variated from 1.5h to 5h. The 
incineration temperature was changed from 400°C to 650°C. 
For investigation of the influence of the dehydrogenation 
medium on the magnetic characteristics of catalyst, the 
propan dehydrogenation reaction at the temperature 580-
620°C and propan valume velocity of feed 150-300h-1 is 
carried out on these catalysts.  

The essential change of porouso-structural catalyst 
characteristics preparing in the conditions of lowed 
atmospheric pressure was established by the author earlier 
and in addition, the influence of these changes on the thermal 
conductivity and temperature conductivity (K) [1] was 
established also. 

The magnetic permittivity (χ) of catalyst is investigated 
by Faraday method on the installation with photoelectric 
compensation [2] in the magnetic field strength interval 
1000-7000 Gauss (Gs). The value χ of all investigated 
catalysts didn’t depend on the field strength that shows on the 
absence of ferromagnetic impurities in the catalyst (metallic 
nickel). For calculation of χ and magnetic momentum (µ), 
the correction on the diamagnetism Al2O3, Sb2O3, K2O and 
ions Ni2+, Cr3+ was introduced.  

The temperature change of magnetic phase transfer in the 
Neel’s point (TN) in the dependence on incineration 
temperature of samples was investigated by heat capacity 
method on the installation for measurements of thermal 
material coefficients by the impulse – light method [3,4]. 

The solution of the problem of the thermal distribution 
inside of the thermal isolated sample, boundered by two 
parallel is the base of this method. 

The increase of the interaction between ions Ni2+ in the 
incinerated samples is confirmed by the increase of Neel’s 
temperature and as a result the change of magnetic interaction 
energy is observed [5]. 

It is established by the author earlier, that the increase of 
incineration temperature of the catalyst up to 600°C increases 
the exchange interaction between ions Ni2+ and rises the 
catalyst activity [6]. 

The Bete-Payerlsa-Weissa (BPW) method was used for 
estimate of the change interaction. 

The magnetic interaction energy of non-compensated 
spins of neighbouring ions at the room temperature is less, 
than value kT(Emagn<kT), where k is Boltzmann constant, 
therefore the spins oriented almost antyparallelly and 
antiferromagnetism is observed. However, the energy, which 
equal to kT2 is enough one to excite some fluctuations of 
summary magnetic moment of unpaired spin system. If the 
temperature is hire that Neel’s temperature, then the magnetic 
interaction energy becomes more, than  kT(Emagn>kT) and 
therefore the ferromagnetism is destroyed and the system 
becomes paramagnetic one. 

The changes of the magnetic permittivity (χ), the 
magnetic moment (µ), the Neel’s temperature (TN) and 
catalytic activity (Ni-Cr-Sb-K)/Al2O3 of the catalysts of the 
propan dehydrogenation, prepared in the conditions of lowed 
atmospheric pressure in dependence on the incineration 
temperature change (Tinc.) are presented in the fig 1.  

With the increase of the incineration temperature from 
400 to 650°C, TN shifts to the high temperatures and 
increases from 220 to 270°C. The symbat change of TN and A 
(activity) in the dependence on Tinc. is observed. 

The shift of TN to the high temperature, when Tinc. 
increases, shows that the antiferromagnetic interaction degree 
between metal ions increases. From another side, the 
formation process of catalyst structure can take place with the 
formation of new magnetic phases of types: NiAl2O4 and 
NiSb2O6.   

As it follows from fig.1, the TN. and C3H6 yield increase 
with the increase of Tinc.. The symbat change and activity are 
caused by the active centers, which are the analogical phases, 
being in non-antiferromagnetic state. The forming 
antiferromagnetic phases at the temperature more, than 300-
400°C destroy with the increase of incineration temperature. 
They become paramagnetic at the temperature higher, than 
TN. In the internal Tinc.=580-600°C where the reaction goes, 
the catalyst will be in the paramagnetic state. 

The Neel’s temperature states constant and activity 
decreases at the temperature higher, than 650°C. Probably, it 
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is caused by the formation of catalyst structure and new 
antiferromagnetic phases leading to the decrease of 
paramagnetic centers concentration..  

In the fig.1 the dependence of magnetic moment (µ) of 
catalyst on the incineration temperature is shown. As it 
follows from fig.1, the increase of the µ with the increase Tinc. 
from 400 to 650°C is observed. In the incineration 
temperature interval Tinc.=750°C the essential decrease of the 
paramagnetic centers concentration is observed. However, in 
this interval TN states constant. It shows that with the order of 
catalyst structure the TN states unchangeable and the activity 
decreases. 

 
Fig.1. The dependence of magnetic characteristics (χ,µ) of (Ni- 
           Cr-Sb-K)/γ⋅Al2O3 catalyst and Neel’s temperature (TN)  
            on the catalyst incineration temperature (Tinc.°K) 
            1. magnetic permittivity (χ);  
            2. magnetic moment (µ, mB); 
            3. Neel’s temperature (TN°K); 
            4. catalyst activity (%mass.). 
 
The decrease catalyst activity connects with the decrease 

of active catalyst surface in consequence of baking of catalyst 
poros in this case. 

Thus, resuming the above mentioned, we can do the 
conclusion that the changes of activity and Neel’s 
temperature allow to propose, that active centers in the 
propan dehydroqenation reaction are caused by the 
paramagnetic centers, which form at the increase of 
incineration temperature of catalyst higher, than TN.  

In the fig.2 the dependences of the magnetic permittivity 
and catalyst activity (Ni-Cr-Sb-K)/Al2O3 on the incineration 
time are shown. At the increase of the incineration time the 
magnetic permittivity increases and after 3,5 hours reaches 
the maximal value. The increase of the paramagnetic 
permittivity is caused by the increase of paramagnetic centers 
concentration. Later the decrease of χ value is observed 
(fig.2, curve 1.2). The identical picture is observed also for 
the dependence of the activity on the incineration time (fig.2, 
curve 3). Thus, the comparative date of permittivity and 
activity show, that catalyst activity is caused by the increase 
of the paramagnetic centers concentration. At this cause 
probably, the symbat change of activity and permittivity is 
observed.  

The investigation of magnetic properties NiO-Al2O3 of 
catalyst gives the important information about the ions Ni2+ 
interactions and their localization in a lattice Al2O3. 

The obtained results of magnetic moments are very 
interested. We propose, that Ni in the catalyst is as in the 
microcrystals NiO form, as ion Ni2+ form, introduced in a 
lattice Al2O3. As well known, that the theoretical value µ of 
the ion Ni2+ is equal to 3.4 mB in the octahedron empties, but 
the experimental one is equal to 3.0-3.2mB. The hydrate of 
protoxide of Ni has the layer structure, in which the every ion 
is in the octahedron, having six OH-groups.  

 
Fig.2. The dependence of magnetic permittivity and activity  
           of (Ni-Cr-Sb-K)/γ⋅Al2O3 catalysts of propan  
           gehydrogenation reaction on the incineration time of  
           catalyst. 1. magnetic permittivity of fresh catalyst;  
                          2. magnetic permittivity of waste catalyst; 
                          3. catalyst activity (%mass.). 
 
The results of the defining of magnetic permittivity (χ), 

calculated on 1 gr., and the magnetic moment (µ) for (Ni-Cr-
Sb-K)/Al2O3 catalysts are given in the table 1. 

The magnetic permittivity value (χNi) of the catalyst, 
obtained under the usual conditions before the reaction 
(sample №1) is equal to 55⋅10-6SGSE, but the magnetic 
moment value, calculated on the ion Ni2+ is equal to 
µ=2.81mB, that well agree with µ of ion Ni2+ for the pure 
spin value (2.83mB). 

For the catalyst, prepared at the low atmospheric pressure 
(sample №2) the µ is equal to 3.1mB, that is accordance with 
µ for Ni2+, being in the octahedron positions (µ=3-3.2mB). 

The weak enough interaction between ions Ni2+ states 
constant in the non-incinerated samples of catalyst. 

The magnetic properties of the systems (Ni-Cr-Sb-
K)/γ⋅Al2O3, prepared at the low atmospheric pressure and 
incinerated from 400°C to 650°C, differ abruptly from the 
magnetic properties of catalysts, prepared under the usual 
conditions (sample №1). The differences are caused by the 
presence of antiferromagnetic microcrystals NiO. For the 
catalysts before and after the work in the propan 
dehydrogenation reaction, the χNi and µ change from 16-22⋅10-6 

SGSE to 1.53-2.83mB correspondingly. The magnetic 
moments of samples before and after reaction, and 
incinerated up to 680C during 5 hours also are essentially 
less, than the magnetic moment value (µ) of the ion 
Ni2+/µ=2,83 mB).  

The obtained results show, that in the catalyst the big part 
of NiO is in the form of the large enough crystals of 
antiferromagnetic phase NiO with strong interaction between 
Ni ions, that explains the low values of χNi and µ.   
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                                                                                                                                                                                     Table 1. 

Magnetic characteristics of  (Ni-Cr-Sb-K)/Al2O3 catalysts 
Treatment conditions 

(Tc.=650°C) 
Sample 
№ 

Catalyst composition, 
% 

Incineration 
time 

Pressure, 
mmHg 

fresh waste 

Makeweight 
m, mg 

f 
Aav=

m

f
 

χ⋅10-6 µ, mB 

1 NiO – 3 
Sb2O3 - 3 

Cr2O3 – 7.5 
K2O – 2.5 

 
5 

 
760 

 
fresh 

 
- 

 
6.6 

 
12.21 

 
1.85 

 
55 

 
2.81 

2 -  « - 5 15 fresh - 5.21 13.96 2.68 68 3.11 
3 NiO – 6 

Sb2O3 - 8 
Cr2O3 – 8 
K2O – 3.0 

 
5 

 
760 

 
fresh 

 
- 

 
2.655 

 
2.86 

 
1.076 

 
21 

 
4.71 

4 -  « - 5 760 - waste 6.515 5.798 0.89 16.46 1.53 
5 -  « - 5 15 fresh - 5.75 6.38 1.109 21.4 1.79 

fresh - 3.76 3.61 0.96 19.75 1.67 6 
7 

-  « - 1.5 15 
 waste 8.8 9.06 1.03 21.13 1.73 

3.5 fresh - 4.32 4.31 0.997 20.03 1.704 8 
9 

-  « - 
 3.0 

15 
 -  waste 6.3 6.34 1.006 20.65 2.23 

fresh - 11.6 12.59 1.085 19.9 1.68 10 
11 

-  « - 
 

5.0 15 
- waste 1.165 1.14 0.98 20.14 2.2 
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1998, №1, p. 40-43. 
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“Koordinatsionnaya khimiya”, 1981, v.7, №1, p.25-33. 
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v.57, p.3503. 
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С.Я. Жамалова 
 

ПРОПАНЫН ДЕЩИДРОЭЕНЛЯШМЯ РЕАКСИЙАСЫНДА (Ni-Cr-Sb-K)/γ⋅Al2O3 КАТАЛИЗАТОРУНУН МАГНИТ 
ФАЗА ЩАЛЫНЫН ВЯ ПРОМОТОРЛАРЫН ЕЛЕКТРОН ХАССЯЛЯРИНИН ЮЙРЯНИЛМЯСИ 

 
Мягалядя катализаторларын магнит хассяляриндя баш верян дяйишикликлярин онларын синтез шяраитдян, кюзяртмя температурундан 

вя мцддятиндян асылылыьыны мцяййян етмяк цчцн, щямчинин, бу хцсусиййятлярин пропанын дещидроэенляшмя реаксийасында 
катализаторларын активлийи иля мцгайися мягсяди иля, чюкдцрцжц иля Ni2+ ионлары арасында гаршылыглы тясир дяряжясинин мцяййян едилмяси 
апарылан тядгигатларын нятижяси якс олунур. 
 
 

С.А. Джамалова 
 

ИЗУЧЕНИЕ МАГНИТНО-ФАЗОВОГО СОСТОЯНИЯ (Ni-Cr-Sb-K)/ γ⋅Al2O3 КАТАЛИЗАТОРОВ И 
ЭЛЕКТРОННЫХ СВОЙСТВ ПРОМОТОРОВ В РЕАКЦИИ ДЕГИДРИРОВАНИЯ ПРОПАНА 

 
В статье представлены результаты исследования по выявлению изменений, происходящих в магнитных свойствах 

катализаторов в зависимости от условий их синтеза, температуры прокалки и ее продолжительности и сопоставление этих свойств 
с активностью катализаторов в реакции дегидрирования пропана.  

Установлена степень взаимодействия ионов Ni2+ с носителем. 
 
Received: 05.04.03 
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MGR INVESTIGATIONS IN Ga0,8Fe0,02S6 CRYSTALS 

 
GEIS SULTANOV, MAZAHIR ALDJANOV, ELMIRA KERIMOVA 

Institute of Physics, Azerbaijan Academy of Science, 
Baku. Az - 1143, H. Javid st. 33 

 
The magnetic and Mossbauer investigation of GaS:Fe crystals have been carried out. In the temperature region 80÷300 К magnetic 

susceptibility is found to be weakly dependent on temperature. The value of quadrupole splitting determined from the room-temperature 
Mossbauer spectrum is equal to ∆ΕQ=2.95 ±0.03 mm/s. In GaS:Fe iron is assumed to substitute for gallium and to exist in low-spin divalent 
state This assumption is confirmed by a good agreement between the experimental and theoretical values of ∆ΕQ obtained from the 
calculation of the [GaFe2+S6]8- impurity complex electronic structure by the Hukkel's method. 

 
Keywords: Magnetic, susceptibility, quantum, splitting, 

spectrum. 
 

Introduction 
 

According to crystallographic data [1] GaS has hexagonal 
structure with space group of Р6з/mmC and lattice 
parameters: a=3.587Å and c=15.492Å . Because of Ga and S 
atoms location the crystalline structure of GaS can be 
presented as alternation of dense packed layers...S-Ga-Ga-S... 
moreover each atom of Ga us tetraedrically connected with 
three atoms of S and one atom of Ga, thus R(Ga-S)=2.33Å , 
R(Ga-Ga)=2.447Å (fig.l) and are clouse to the value of sum 
of and covalent radiuses (R cov Ga=1.23Å and R cov S=1.04E) 
that indicates to covalent character of chemical bond. 

 
Fig.1.   Mюssbauer spectra of GaS:Fe at room temperature. 
 

The fact that each Ga atom is connected with three S 
atoms and one Ga atom indicates to the fact that chemical 
bond of Ga atoms must be anisotropy. In fact, such 
anisotropy of chemical bond is sharply displayed in many 
physical properties of this crystal [2-4]. 

That's why the investigation of chemical bond anysotropy 
in GaS is in interested. Method of nuclear gammaresonance 
(NGR) is one of method widely used in investigation of 
chemical bond and its anysotropy. Such parameters of NGR 
as a result of quadrupole splitting and effect possibility, 
strongly depends on anysotropy of chemical bond. The 

pollycrystallic Ga0.98Fe0.02S sample have been used during 
investigations. 

 

Experimental results 
 

Mюssbauer spectrum of GaS:Fe has a from of well 
allowed quadrupole dublet with quadrupole splitting 
∆ΕQ=2.95±0.03 mm/s (fig.l). The temperature dependence in 
range of 80-300К of magnetic susceptibility of GaS:Fe 
crystal is represented on. Experimental values of χ(T) weakly 
depend on temperature. The interpretation of quadrupole 
splitting value in Mossbauer spectra of ion compositions are 
usually carried out within the theory of lygand field (see for 
example [5]). But in many cases such method is found to be 
too roudh. That's why numerical quantocemical methods of 
Mossbauer parameters calculation have been developed for 
the last year. 

We carried out quantochemical calculation of electron 
structure of impure complexes by widened Hynkel method 
[6]. Table data have been taken from [7]. Calculation of 
Mossbauer parameters have been carried out on program 
used in [8]. 

 

Calculation and discussion of results 
 

Quadrupole splitting for 57Fe nucleuses with spin of state 
J=1/2 and excited one J=3/2 is determined by expression [5] 
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Where "val" and "lat" indexes concern to the introduction 
of Fe valence electrons and lygand one. As it follow, for 
example, from [9, 10], valence introductions of five 3d-and 
three p-orbitals are equal to 
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where (1-R)d and (1-R)4p-Shternheymer factors for 3d and 4p 
electrons, <1/r3>3d and <1/r3>4p –average values of reverse 
cubes of radiuses of 3d- and 4p-membrans, Nα- populations 
of α orbitals. 

According to [10, 5], (1-R)3d=0,68, and <1/r3>3d values 
depend on valent state of Fe ion; forming (calculating) 4.78 
a.e. for Fe3+ and 4.44 a.e. for Fe2+. 

Introductions of 4p electrons to quadrupole splitting are 
usually not large huge and approximate correlation can be 
used in their estimation [11]: 

 

(1-R)4p <1/r3>4p=1/3 (1-R)3d <1/r3>3d 
 

Lattice introductions are calculated on following formulas [4]: 
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Where xi, yi, zi-decart coordinates of lygands in axles 
system, connected with metal, -metal ri-lygand distance, ei-
lygand charges. Besides, it’s usually assumed that (1-γ∞)=12 [5,6]. 

To determine unknown values in (1)-(5) we applied to 
widen Hynkel method. 

As its known, standard numerical method of quantum 
chemistry allows to calculate electron structure final system 
only. That’s why to obtain a sensible results we need right 
part of crystal, the calculation will be made for. 

From GaS crystalline structure, examined above, one can 
see that minimum cluster, reproducing (showing) 
crystallochemical peculiarities of whole lattice have to be 
chosen like eight atoms Ga2S6 grouping which is represented 
on fig.2. 

 
Fig.2 . Structure of Ga2S6 cluster. 
 
Decart coordinates of atoms calculated from known 

crystallographic data are given in table 1. 

                                                                           Table 1.  
                 Decart coordinates of atoms of [Ga2S6]8 cluster. 
 

Atom x, Å y, Å z, Å 
Ga1 0 0 0 
Ga2 0 0 2.448 
S1 0 -2.071 -1.075 
S2 -1.793 1.035 -1.075 
S3 1.793 1.035 -1.075 
S4 0 -2.071 3.523 
S5 -1.793 1.035 3.523 
S6 1.793 1.035 3.523 

 
Right cluster charge, obtained in neutral crystal can be 

determined by following method. As one atom lygand S atom 
has oxidation degree equal to -2. Then, due GaS to crystal 
electro neutrality, atom should be given oxidation degree 
equal to +2. Thus, we deal with [Ga2S6]1- cluster. It is 
important to stress that oxidation degree equal to +2 doesn't 
contradict to well known fact that Ga is three valent, quite the 
opposite, it's proved by GaS structure peculiarities. In fact, 
oxidation degree equal to +2 means that only 2 valent of 
atom are saturated as a result of interaction with S atom. In 
this case the saturation of third valent is possible because of 
Ga-Ga covalent bond formation only, which is vally taken 
place. 

In connection with this fact we made a calculation of 
[GaFe2+Se ]8-  and [GaFe3+S6]7- clusters containing Fe atoms 
in 2 more stable oxidations degrees by means of widen 
Hynkel method. In connection with the magnetic 
measurements results, Fe atoms are considered to be low-
spin. Clusters structure replies are shown on fig.2 with 
substitution Ga2 to Fe. 

The composition and energies of some bordering MO of 
[GaFe2S6]2- cluster are given. [GaFe3+Se6]7- cluster is 
different for the reason it has not one electron. It follow that 
upper of both clusters maintain considerable introduction Fe 
of atom АО. That's why their Mossbauer parameters must be 
too different, which principally gives a possibility to 
determine valent state of Fe atoms in GaS:Fe. Besides one 
can see that comparatively large splitting and high degree of 
electron decolization is typical for B3MO and low vacant 
MO. It proved that the conclusion about low spin state of Fe 
atoms is correct. Finally, unlike the [Ga2S6] clusters, 
[GaFeSe6] clusters do not maintain metal. Metal bond: the 
lowest orbital, in which АО of S, Pz and dZ2 types are 
represented completely is ϕ30∆ΕQ orbital. 

Calculated popularization of Fe atoms АО and charges of 
all cluster's atoms are given in table 2. 

 

                                                                                                                                                                   Table 2 
                                     Calculated popularization of Fe atoms AO and charges of all cluster’s atoms. 
 

Charges of atoms Populations Clusters 
e(S) e(Ga) e(Fe) 4S 4Py 4Pz 4Px dxy dyz d2

xy dxz dx
2
-y

2 

[GaFe2+S6]8+ -1.52 
-1.38 

1.28 -0.64 0.40 0.14 0.04 0.14 1.42 1.65 1.75 1.65 1.42 

[GaFe3+Se6]7- -1.52 
-1.24 

1.28 0.02 0.40 0.08 0.04 0.08 1.26 1.55 1.75 1.55  

Upper number corresponds to GaS3 group; under number-to Fe2S3 group. 
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As it is expected, S atoms carry negative charges, 

moreover charges in GaS groups are larger that in FeS3, 
groups. It indicates to large electropositiveness of Ga in 
comparison with Fe, which also has a reflection in 
correlation of Ga and Fe charges. Orbitals population of Fe 
atoms changes enough (visibly) in the process to transition 
from [GaFe2+Se]1- clusters to [GaFe3+Se6]1- one 

that should be displayed in theoretical values of quadrupole 
splitting. ∆ΕQ values calculated on (1.!)-(!.5) formulas for 
both type of cluster in the processes of consistent increasing 
of mentioned introduction are given it table 3. One can see 
that anysotropy of electron density splitting on Fe atom gives 
only a half of full value of ∆ΕQ. 

                                                                                    
                                                                                                                                          Table 3 

Theoretical values of ∆ΕQ(mm/s) for [GaFe2+S6]8- and [GaFe3+Se6]7- clusters. 
 

Group Clusters 
Fe Ga-Fe S3Ga-Fe S3Ga-FeS3 S3Ga-eS*3 

[GaFe2+S6]8- 2.2 2.71 2.45 2.9 2.82 
[GaFe3+Se6]7- 3.18 3.79 3.56 4.01 3.9 

 
In the beginning this results is seemed to be a little 

unexpected, but it becomes quite clear, if large positive 
charge о atoms and large value of field gradient created by 
single charge are taken into consideration. 

Three S atoms complete formally the coordination sphere 
of Fe atoms to tetrahedr. How-ever ∆ΕQ does not decrease, 
but increases, that is interpreted by differences of Ga and S 
charges mark. Introduction of S atoms in is not large in 
general. It allow to considering obtained estimation of to be 
reliable enough, even when S atoms is located in clusters 
border, hence error in estimation of their charge can be large. 

As GaS atoms are the nearest to S atoms in GaS crystal, then 
negative charge in atoms is probably overestimated.  

Considering ∆ΕQ values given in last three columns one 
can see that the model of [GaFe3+Se6]7- cluster is not 
satisfactory independently of e(S) estimation, as theoretical 
values of ΕQ are different from experimental ∆ΕQ=2.66 mm/s 
by 2. Quite opposite, [GaFe2+S6]8- cluster is corresponds to 
experiment very well. That's why we can confidentially 
make a conclusion that impure center in crystals GaS:Fe has 
structure of [GaFe2+S6]8-. 
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Ga0,8Fe0,02S6 КРИСТАЛЫНДА МЕССБАУЕР СПЕКТРИНИН ТЯДГИГИ 

 
GaS:+57Fe кристалында апарылан магнит вя Мессбауер тядгигатлары 80÷300 К температур областында магнит гаврайыжылыьынын 

температурдан зяиф асылылыьыны мцяййянляшдирди. 
Отаг температурунда Мессбауер спектриндян тяйин олунмуш квадрупол парчаланманын гиймяти Е=2,95мм/сан. Е-нин тяжрцби 

гиймяти иля GaFe2+S6 ашгар комплексинин електрон гурулушунун МК-щесабланмасы ясасында алынмыш нязяри гиймяти арасындакы 
уйьунлугла тясдиглянир. 

 
Г.Д. Султанов, М.А. Алджанов, Э.М. Керимова  

 
ИССЛЕДОВАНИЕ МЕССБАУЭРОВСКИХ СПЕКТРОВ   КРИСТАЛЛОВ Ga0,8Fe0,02S6  

 
Проведены магнитные и мессбауэровские исследования кристаллов GaS:Fe. Установлена слабая температурная зависимость 

магнитной восприимчивости в области температур 80÷300К. Величина квадрупольного расщепления, определенная из 
мессбауэровского спектра при комнатной температуре, равна Е=2,95мм/сек. Сделанное предположение дает хорошее согласие 
между экспериментальным и теоретическим значением величины Е, полученным на основе результатов МК- расчета электронного 
строения примесного комплекса GaFe2+S6. 
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On the basis of Pb0,99Tm0,01Te single crystals and PbTe epitaxial layers the photoreceivers which are sensitive at 5-12 µm wavelength 

band have been fabricated.  Spectral, volt-ampere and volt-farad characteristics have been studied on multielement scales of photosensitive 
structures. It was established that at 77 K product of differential resistivity at null dislocation and active area. R0A is equal to 10 ohm⋅cm2 
(R0A=10 ohm⋅cm2). It has also determined that a main mechanism of current traverse is generation - recombination of charge carriers. The 
concentration gradient of electroactivity centers in field of volumetric charge band is about ~ 0,54⋅1021 cm-4, and therefore the generated p-n 
transitions are abrupt. 

 
1. Introduction. 
 

PbTe and solid solutions on its basis have wide 
application in semiconducting optoelectronics for creation of 
photoreceivers and injection layers operating at 3-5 µm and 
8-14 µm wavelength band. Possibility of fabrication of 
devices operating at such a spectra of range is conditioned by 
alteration of the size of prohibited zone width, by way of 
regulating the stechiometric compound, which affaires simple 
to implement within the limit of homogeneity surfaces. 
Consequently, solid solutions of Pb1-xTmxTe can be 
exceedingly suitable for creation of photosensitive structures 
with practically valuable parameters. The present information 
contains results of investigations of some photoelectrical, 
volt-ampere and volt-farad characteristics of infrared 
emission receivers created by way of epitaxial build up of - 
PbTe thin layers into n-Pb1-xTmxTe single crystals.  

 
2. Experimental.  
 

Single crystals of n-Pb1-xTmxTe solid solutions have been 
grown by directed crystallization method and were used as a 
substrate for preparation of photosensitive structures. 
Mechanical processing was initially carried out, and after 
cutting of single crystals in a (100) plane direction aimed to 
removal of disturbed layers, their surfaces were treated with 
chemical etching in 6 % Br2 solution in HBr. Then Electro-
chemical polishing of the surface was provided in Norman 
etching (H2O:KOH:glyserine and ethyl spirt=15ml:20g 
35ml:20 g), with further removal of etching residues by deep 
flushing in dionized water flow. With the help of a “hot wall” 
method by using of two-phase lead and tellurium mixture (in 
stechiometri ratio), PbTe films were grown on these 
backings. To decrease concentration of self defects (eigen 
defects) in condensed films and to enable the courtral over 
charge carriers concentration in PbTe films, an additional 
source of tellurium vapor was used [1]  in the process of 
growth. Thickness of grown pate epitaxial layer was within 
the margin of 5 to 10 µm. Scales of photosensitive elements 
were formed with the help of photolithography`, but prior to 
laying it onto the surface of films, metallic contact indium 
layer was applied by thermal evaporation in vacuum of 
prepared meza-structures formed 0,2 mm2 and that of 
bonding pad was 0,05 mm2. Gold wires of diameter. ~30 µm 
were joined to bonding pads by using of low-temperature 

solder (TπΛ≈333K) consisting of 50%   
Br+25%Pb+12,5%Sn+12,5%Cd. 

Volt-ampere and spectral characteristics of prepared p-n 
transitions in temperature interval of 77-300 K were studied 
as in [2]. Prepared structures were observed to have 
rectifying characteristics even at ~300 K. 

 
3. Results and Discussion. 
 

Fig.1 demonstrates volt-ampere characteristics (VACh) of 
p-PbTe/n-Pb1-xTmxTe diode structures at 77K. VACh 
forward-bias region is qualitatively described by a function 
I=Isexp(eV/βkT). Based on temperature dependence 
calculations β coefficient of which is equal to 2. It testifies to 
predominance of recombination constituent of electric 
current. Substantial distinction of I~f (U) dependence is 
existence at U>150 mV in reverse-bias region of a section 
corresponding to tunnel break-through of p-n transition. 
Mentioned section gradually disappears by increasing the 
temperature. It is well known that in p-n transitions at 300 K 
is diffusional.  It is well known that in p-n transitions of 
materials close in their contents to the materials preferred 
with the help of a device described in present work, 
considerable number of electroactive centers are refereed to 
exist, and increase of their concentration gradients affects on 
decrease of width of volumetric charge bend, and the 
concentration value of charge carriers on the boundary of 
volumetric charge carriers on the boundary of volumetric 
charge band may also increase in this case [3].  

 
Fig.1. Volt-ampere characteristics of p-n structures  
           p-PbTe/n-Pb0,99Tm0,01Te pieced at 77 K. 
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In produced solid state structures of p-PbTe/n-Pb1-xTmxTe the 
growth of R0A value against the degrease of temperature is 
bound up with diffusional constituent of the current, thus 
testifying to existence of above mentioned mechanism in 
them.  At zero bias, the produced structures had R0=7,5 kΩ 
(at 300K) and R0=5kΩ (at 77K). Determination the 
concentration gradient of electroactivity centers in field of 
volumetric charge band (a) was provided with the help of [4] 

 

W
npa +

=    (cm-4). 
 

Where p and n are concentrations of charge carriers in p 
and n bands of p-n transitions and W is the width of 
volumetric charge band. According to voltage-capacitance 
characteristics of created structure W=0,003cm, and 
n=0,43⋅1018cm-3 [5].  

Hall finding [5] have established that p=1,2⋅1018cm-3 in 
Pb0,99Tm0,01Te single crystal. Consequently, a=0,54⋅1021cm-4 
derived value of volumetric charge concentration evidences 
to the formed p-n transition to be sharp.  

Fig.2. shows the spectral characteristic of produced IR 
photoreceivers. Maximum of spectral characteristic is in 
agreement with wave length equal to 5,7 µm. Volt-watt 
sensitivity value of Sζ was calculated with Sζ=V (λ) / P (λ) , 
(V/W) formulae, where V(ζ) is a photo-electromotive force 
(e.m.f.) on ж wave length for separate meza-structures 
V(ζ)=(70-94) µV, P(ζ)  is a power of radiation with χ wave 
length, incident on specimen, at 77K,  the  value  of   Sζ   for  

separate meza-structures amounted from 121 to 162 V/W. 
Photocurrent was defined as per measured value of photo-
e.d.f (Vs) and the value of meza-structure resistance at zero 
shift of (R0) :  

Iphoto=Vs(ζ) / R0 . 
 

At 300K the value of Iphoto=12,5µA, and at 77K the value 
of  Iphoto=18,8 nA. 

 

 
Fig.2. Spectral characteristic of photoreceiver on  
          p-PbTe/n-Pb0,99Tm0,01Te structure basis ( -prism from  
          LiF; •-prism from NaCl).
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p-PbTe/n-Pb0,99Tm0,01Te  п-н  КЕЧИДЛЯРИНИН ХАРАКTЕРИСTИКАЛАРЫНЫН  ХЦСУСИЙЙЯTЛЯРИ 
 

Pb0,99Tm0,01Te mонокрисtаллары вя ПбTе епиtаксиал tябягяляри ясасында 5-12mкm дальа узунлугларында щяссас олан 
фоtогябуледижиляр щазырланmышдыр. Чохсайлы елеmенtлярин дцзцлцшцндян ибаряt олан фоtощяссас гурулушларда волtаmпер, спекtрал вя 
волtфарад харакtерисtикалары tядгиг едилmишдир. Mцяййян олунmушдур ки, 77К tеmпераtурунда tаразлыг щалында дифfеренсиал 
mцгавиmяtин акtив сащяйя щасили R0A=10 Оm⋅сm2. Жяряйанын ахmа mеханизmи йцкдашыйыжыларын эенерасийа-рекоmбинасийасы иля 
айдынлашыр. Щяжmи йцкляр обласtында елекtроакtив mяркязлярин консенtрасийа градийенtи ~0,54⋅1021 sm-4 олдуьундан, йарадылан   п-н 
кечид кяскиндир.  

 
Ч.И. Абилов, Ю. Бабур 

 

ОСОБЕННОСТИ ХАРАКТЕРИСТИК  
p-n ПЕРЕХОДОВ p-PbTe/n-Pb0,99Tm0,01Te 

 
Изготовлены фотоприемники на основе монокристаллов Pb0.99Tm0.01Te и эпитаксиальных слоев PbTe, чувствительных в 

диапазоне длин волн 5-12 мкм. На многоэлементных линейках фоточувствительных структур исследованы спектральные, 
вольтамперные и вольтфарадные характеристики. Установлено, что при 77 К произведение дифференциального сопротивления при 
нулевом смещении на активную площадь R0A=10 Ом⋅см2. Определено, что основным механизмом протекания тока является 
генерация-рекомбинация носителей заряда. Градиент концентрации электрически активных центров в области объемного заряда 
порядка ~0,54⋅1021 см-4 и поэтому сформированные p-n переходы являются резкими. 
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ГАДОЛИНИУМ ЕЛЕМЕНТИНИН ИШТИРАКЫ ИЛЯ SnSe ЯСАСЫНДА ОЛАН БЯРК  

МЯЩЛУЛЛАРЫН ГАЛВАНОМАГНИТ ХАССЯЛЯРИ 
 

М.С. МУРГУЗОВА, М.И. МУРГУЗОВ,  Ш.С. ИСМАЙЫЛОВ 
Азярбайжан Тибб Университети 

370022, Бакы, Бакыханов кцч., 23  
 
Ишдя (SnSe)1-x-(GdSe)x (0,25≤х≤2,0 мол %) систем яринтиляринин Т=77÷420К температур интервалында Щолл ямсалы (Rx), електрик 

мцгавимяти (ρ) вя магнит мцгавимяти тядгиг едилмишдир. Мцяййян олунмушдур ки, Т=285÷310К температурлар интервалында 
эюстярилян параметрляр аномал дяйишир. Мцгавимятин температур асылылыьы Т<Та (Та=285÷310К) интервалында металлик, Т>Та 
интервалында ися йарымкечирижилик хассяси эюстярир. Бу хассялярин дяйишмясинин цмуми ганунауйьунлуьу арашдырылмышдыр. 

 
Sn-Gd-Se систем яринтиляринин физики-кимйяви хассяляри 

[1-3] мцяллифляр тяряфиндян юйрянилмишдир. Gd металынын 
иштиракы иля SnSe ясасында алынмыш яринти зяиф деформасийа 
олунмуш орторомбик гурулушда кристаллашыр [3,4]. Мад-
дялярин физики тябияти вя кинетик хассяляри там юйрянил-
мямишдир [4] вя онларын ятрафлы юйрянилмяси елми вя практик 
мараг кясб едир. Ферромагнит тябиятли Gd металынын ишти-
ракы иля олан яринтилярдя мцхтялиф нюв мараглы физики хас-
сяляр мцшащидя олунур [5,6]. Диэяр тяряфдян деффект вя 
лайлы гурулуша, аьыр елементя малик олан яринтиляр мцряк-
кяб зона гурулушуна маликдирляр. SnSe бирляшмяси вя 
онун ясасында алынмыш бярк мящлул бу тип йарымке-
чирижилярдяндир. Бу хцсусиййятляри ясас  эютцряряк 
(SnSe)1-x-(GdSe)x системиндян х=0,25; 0,5; 1,0 вя 
2,0мол % GdSe тяркибли маддяляр синтез олунмуш [1,2] 
вя онларын Т=77÷4200К температур интервалында эюстяри-
лян параметрляри тядгиг едилмишдир. 

Електрик мцгавимяти ρ вя Щолл эярэинлийинин юлчцлмяси 
компенсасийа методу иля сабит жяряйан дюврясиндя 
апарылмышдыр вя бурахылан хяталар 6,2% тяшкил етмишдир. 

( )Hf
J

dU x
x ==ρ  ифадясиня ясасланараг магнит сащя-

синдян асылылыьындан Rn- нормал вя Ra- аномал Щолл ям-
саллары щесабланмышдыр:  

 

                          p
x

a
xnx HR ρρρ ++=                       (1) 

 
Бурада Ux - Щолл эярэинлийи, J - нцмунядян кечян 

жяряйанын гиймяти, d - нцмунянин галынлыьы (H - магнит 

сащяси истигамятиндя), ρx - Щолл мцгавимяти, p
xρ -

парапросесля баьлы Щолл мцгавимятини характеризя едир. 

Бизим щесабламаларда p
xρ -ин гиймяти тяхминян 10-5 

тяртибиндя олдуьу цчцн ону нязяря алмамаг олар. Она 
эюря дя (1) ифадясини  

 

                       an
a
xnx RRR +=+= ρρ                    (1а) 

 
шякилдя йазмаг олар [6]. Нцмунялярдя термо е.щ.г. (α)-
нын ишарясинин дяйишмясиня ясасян маддялярин 
кечирижилийинин п-тип олдуьу мцяййян едилмишдир.  

Тяжрцбяляр эюстярир ки, маддялярин електрик кечирижилийи 
Т=77÷285К температур интервалында металлик вя Т>310К 
температурларда ися йарымкечирижиляря мяхсус ганунла 
дяйишир (шякил 1). Т=285÷310К температур интервалында 
ися максимумдан кечяряк азалыр. 2-жи шякилдя нормал 

Щолл ямсалынын Rn температур асылылыьы верилмишдир. 
Шякилдян эюрцндцйц кими Rn-ин дяйишмяси нцмунялярдя 
хцсуси мцгавимятин (ρ) дяйишмясиня уйьундур (шякил 2) 
вя Т=285÷3100К температур интервалында ρ-нун 
гиймятиндя олдуьу кими максимумлуг мцшащидя олунур. 

 

 
Шякил 1. (SnSe)1-x(GdSe)x систем мящлулларында мцгавимя- 
             тин температурдан асылылыьы: 1 - 0- x=0,25 mol % 

                                                             2 - x- x=0,50 mol % 
                                                             3 - ∆- x=1,00 mol % 
                                                             4 - - x=2,00 mol % 

 
Даща мараглы бир фактор ися магнит мцгавимятинин 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ ⊥

0

 

ρ

ρ∆
 температур асылылыьында мцшащидя олунур. Беля 

ки, 
0

 

ρ

ρ∆ ⊥  T<Ta интервалында (Та=285÷3100К) ишаряси мцс-

бят вя T>Ta-да ися мянфидир (шякил 3). Бу температур 
интервалы ися металлик кечирижиликдян йарымкечирижилик хасся-
синя кечид температуруна уйьундур. ρ=f(T) вя Rn=f(T) 
асылылыьы графикляриндян эюрцндцйц кими температурун ве-
рилмиш гиймятиндя тяркиблярдя Gd металынын мигдары арт-
дыгжа онун мцгавимяти вя Щолл ямсалы мцтянасиб артыр. 
Бу ися тяркиблярдя Gd атомунун консентрасийасынын арт-
масына уйьундур. Тядгигатлар эюстярир ки, алынан 
тяркибляр мящлулларда Sn атомунун бир гисминин Gd 
атому иля явяз олунмасы иля кристаллашыр [4,5]. Gd цч 
валентли метал атому олдуьундан алынмыш тяркибляр 
гисмян щяр бир годалиниум атомундан бир електрон 
щесабына компенсасийа олунмуш маддяляр олур. 
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Шякил 2. (SnSe)1-x(GdSe)x систем мящлулларында Щолл ямса- 
              лынын  температурдан асылылыьы: 1-x=0,25 mol % 

                                                                     2-x=0,50 mol % 
                                                                     3-x=1,00 mol % 
                                                                4-x=2,00 mol % 

 
 
Шякил 3. (SnSe)1-x(GdSe)x систем  яринтиляриндя магнит  
              мцгавимятинин температурдан асылылыьы: 

                   1-x=0,025 mol % 
                    3-x=1,00  mol %  
                    4-x=2,00  mol % 

 

 
Жядвялдя Т=3000К  температурунда бязи параметрлярин тяркиб асылылыглары верилмишдир. 

 
 Тяркибляр ρ, 

Ом⋅см 
Rn, 

см3/Кл 
p, 

1018 см3 
µ, 

см2/Б⋅.с 
α,  

мкВ/дяр 
1 х=0,25 0,11 10,835 0,577 99 310 
2 x=0,50 0,17 11,848 0,528 71 246 
3 x=1,06 0,901 18,051 0,346 20 123 
4 x=2,00 1,587 22,221 0,281 14 62 

 
Жядвялдян эюрцндцйц кими тяркиблярдя консентрасийа 

Gd атомунун артмасы иля мцтянасиб 0,58⋅1018-дян 
0,28⋅1018см-3-я гядяр азалыр. Йцкдашыйыжыларын Щолл 
йцрцклцйц ися U=99-дан 14см2/Б⋅с-йя гядяр азалыр. Бу 
ися гейд етдийимиз кими маддялярин компенсасийа 
олунмуш тяркибляр олдуьуну билаваситя эюстярир. 

Графиклярдян эюрцндцйц кими (шякил 1 вя 2) ρ=f(T) вя 
Rn=f(T) асылылыглары тяркиблярдя Gd атомунун мигдары арт-
дыгжа Т=77÷285К температур интервалында металлик кечи-
рижилийи интенсивляшир. Диэяр тяряфдян температурун верилмиш 
гиймятиндя тяркиблярдя Gd атомунун мигдарынын артмасы 
иля кечирижилик артмаг явязиня, яксиня азалыр. Бу тярс мц-
тянасиблийи Rn=f(T) асылылыьы да тясдиг едир. Буна сябяб 
магнит тябиятли Gd атомунун мигдарынын артмасыдыр. Эц-
ман едилир ки, кичик консентрасийаларда Gd атомларынын 
йаратдыглары локаллашмыш магнит мяркязляри айрылыгда 
“магнит екситонлары” кими зяиф мяркязляр йарадыр. Бу мяр-
кязляр кечирижиликдя иштирак етмир. Gd атомунун мигда-
рынын артмасы иля яринтилярдя бу мяркязлярин бир-бири иля 
ялагяляри артараг ферромагнит микромяркязляря чеврилир. 
Бурада Gd3+ иону щесабына йаранан локаллашмыш мяр-
кязляр ади йарымкечирижиляря хас олан фонон жязб етмя-
синдян башга  ялавя магнит тябиятли мяркязлярин жязб ет-
мяси, “магнит екситону” ролуну ойнайыр. 

Gd3+ ионунун вердийи електрон нисбятян йцксяк енеръи 
сявиййясиндя йенидян щямин ион тяряфиндян (вя йа де-
фект) тяряфиндян тутулараг баьлы вязиййятдя галыр. Тутул-
муш електрон Gd3+ иону иля бирликдя низамлы магнит хас-
сяли електронлара чеврилир.  

 
Шякил 4. (SnSe)1-x(GdSe)x систем  яринтиляриндя магнит  
              мцгавимятинин H-магнит сащясиндян асылылыьы.  
              Т=3040К 
              2-x=0,5 mol % 
              3-x=1,0  mol % 
              4-x=2,0  mol % 
 
Нисбятян эцжлц рабитядя олан бу тип локаллашмыш 

микромагнит мяркязляри ашаьы температурларда кечирижи-
ликдя иштирак етмирляр. Она эюря дя ашаьы температурларда 
Т-нин артмасы иля кечирижилийин азалмасы мцшащидя олунур. 
Т артдыгжа бу мяркязлярин, о жцмлядян кристаллик гуру-
лушун щяйяжанланмасы артараг Та-да парамагнит хассяли 
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мяркязляря чеврилмяси баш верир. Бу ися консентра-
сийанын зяиф артмасына (шякил 2) вя ялавя мцбадиля енер-
ъисинин гейри еластики сяпилмясинин эцжлянмясиня сябяб 
олур.  

Максимум кечид областында (Т=3000К) 

( )2

0

Hf
 

=⊥

ρ

ρ∆
асылылыьы графики анализ едилмишдир (шякил 4). 

Шякилдян эюрцндцйц кими харижи H-магнит сащясинин 
кичик гиймятляриндя, H-сащя истигамятиндя щям сярбяст 

вя щям дя локаллашмыш микромяркязлярин истигамятлян-
миш спин дцзцлцшцндя енеръи сярф олунмур [7]. H-сащя-
синин артмасы иля спиня эюря орталанмыш електронларын сайы 

артыр вя H-ын мцяййян гиймятиндя - 
0

 

ρ

ρ∆ ⊥   хятти артыр. Бу 

ися йухарыда эюстярдийимиз кими тяркиблярдя олан 
локаллашмыш микроферромагнит мяркязляринин парамагне-
тизмя кечмясиня уйьундур. 
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М.С. Мургузова, М.И. Мургузов, Ш.С. Исмайылов 
 

ГАЛЬВАНОМАГНИТНЫЕ СВОЙСТВА ТВЕРДЫХ РАСТВОРОВ НА ОСНОВЕ SnSe  
С УЧАСТИЕМ ЭЛЕМЕНТА ГАДОЛИНИУМА 

 
В работе исследованы коэффициент Холла (Rx), электрическое (ρ) и магнитное сопротивления системы сплава (SnSe)1-x-

(GdSe)x (0,25≤x≤2,0мол%) в температурном интервале Т=77÷420К. Определено, что в температурном интервале Т=285÷310К 
обсуждаемые параметры меняются аномально. Температурная зависимость сопротивления выявляет в температурном интервале 
Т<Ta (Ta=285÷310К) металические, а и при Т>Ta полупроводниковые свойства. Исследована общая закономерность изменения этих 
свойств. 

 
M.S. Murguzova, M.I. Murguzov, Sh.S. Ismayilov 

 
GALVANOMAGNETIC PROPORTIES OF SOLID SOLUTIONS ON THE BASE OF SnSe WITH TAKING 

PART OF GADOLINIUM ELEMENT 
 

In this work the Holle coefficient (Rx), electric (ρ) and magnetic resistances of the melting systems on the base GaSe (SnSe)1-x-(GdSe)x 
(0,25≤x≤2,0 mol%) in the temperature interval T=77÷420K have been investigated. It was found that, the discussed parameters change 
anomally in the temperature interval T=285÷310K. Temperature dependence of resistance shows metalic proporties in the temperature 
interval T<Ta (Ta=285÷310K) and semiconductor proporties when T>Ta. A general rules of change of these proporties has been investigated. 
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THE INFLUENCE OF THE THERMAL TREATMENT ON THE AIR ON THE DRIFT 
AND RECOMBINATION BARRIERS IN THE FILMS Cd1-xZnxS (x=0÷0,6) 

 
E.N. ZAMANOVA 

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

 
The values of the drift and recombination barriers for the main carriers have been calculated in the films Cd1-xZnxS (x=0-0,6), obtained 

by the deposition from the solution. It has been established, that the height of the recombination barrier is higher, than drift, and it leads to 
the charge accumulation and remanent conductivity. The role of these barriers reduces effectively as a result of the thermal treatment on the 
air and the light sensitivity increases. 

 
The films CdS, obtained by the method of the chemical 

deposition, distinction by the high technological reproduction 
of parameters and are applicable for the formation on their 
base a large number of devices. Therefore they are actively 
investigated for the recent years [1-5]. It is possible to 
observe the heterogeneities (defects) by the structure and 
local fluctuation in the impurity spreading with the internal 
electric fields, taking the part of the potential barriers in the 
polycrystal films, obtained by the deposition from the 
solution. Therefore the research of the heterogeneous barrier 
relief in these films has the practical and scientific interest. 
The temperature dependence of the dark current, 
photoconductivity, thermostimulated current and remnant 
conductivity of films Cd1-xZnxS, obtained on the sitall 
substrate by the method of the chemical deposition from the 
aqueous solution, containing salt of Cd, Zn and thiourea has 
been investigated. The samples with the remanent 
conductivity (RC), anomaly conductivity and high 
photosensitivity have been obtained by the parameters change 
(such as the deposition time, the film thickness, the reaction 
mixture content, the thermal treatment (TT) regime). The 
conditions: the concentration is 0,05m CdCl2, 5÷10ml -
NH4OH, 0,05m (NH2)2CS, the temperature is 90° C, the 
deposition time is 20÷30 min. are the optimal to receive the 
stable film of the highest thickness (8÷12mcm), achieved at 
the single deposition, adhesion to the substrate and 
heterogeneities. 

The specific dark conductivity of the initial samples 
makes 10-9÷10-10 (Ohm⋅cm)-1, the ratio of the photocurrent to 

dark is 2

d

ph 10
I
I

==γ . RC has been observed both at room 

and nitrogen temperatures. In the range 90÷140K the 
anomalies of the activation energy 0,147eV have been 
observed at the temperature dependence of the dark current 
(fig.1). 

After cut-off the photocurrent reduces to the fixed value 
(RC) and then it remains practically invariable. The remanent 
conductivity occurs, when the relaxation time of non-
equilibrium carriers τ exceeds the observation interval τ0. The 
relaxation time of RC  is τ=103÷106s for the various samples 
and depends on the duration and intensity of the preliminary 
illumination.  

The sudden maximum has been observed on the curves of 
the thermostimulated currents (TSC) at the temperature range 
240÷270K [5]. 

Samples, subjected to TT on the air at 500°C during 
15min. have high specific resistivity (ρ≈5÷7⋅10-9Ohm⋅cm) 

and are photosensitive with the multiplicity γ=107÷108. After 
TT the peak intensity on TSC at 240÷270 K have reduced 
and anomalies in the temperature dependence of the dark 
current and RC at the nitrogen temperature have disappeared. 

 
Fig.1. The temperature dependence of the current of the initial  
           films Cd1-xZnxS in the darkness (1, 2, 3) and in the state  
           of RC (4, 5, 6)  (1,4-x=0; 2,5-x=0,1; 3,6-x=0,6) 

 
Fig.2. The spectral dependence of the films photoconductivity  
           Cd1-xZnxS (x=0,2) versus the thermal treatment time on  

             the air at 500°C (I - t=3 min, 2 - t=5 min, 3 - t=7 min,  
             4 - t=10 min, 5 - t=15 min.) 
 
The maximum of the spectral characteristic of the samples 

photocurrent, subjected to TT on the air is in the range 
0,47÷0,048mcm (fig.2). It should be noticed, that the 
maximum bias of the spectral sensitivity of the films Cd1-xZnxS 
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to the short-wave side has been observed by the x increase. 
The samples has the sensitivity in the ultrasound region of the 
spectrum (0,32÷0,4mcm). One more peak has been observed 
on the spectral curves at λ=0,57mcm. The appearance of the 
extra maximum on the spectral curves of the 
photoconductivity, obviously, is connected with the 
formation of the cubic phase [6]. The spectrum dependence 
of the photoconductivity on TT time testifies the statement. 
The recrystallization of films occurs during the thermal 
treatment on the air at the temperature 500°C and it leads to 
the formation on the substrate more perfect by the structure 
films. In spite of the fact, the specific resistivity reduces, the 
relative intensity of the extra maximum increases. 

The obtained results have the explanation in the 
framework of the barrier model, connected with the 
recombination and drift barriers for the main charge carriers. 
The macroscopic barriers of such type may occur, for 
example, in consequence of the density fluctuation of the 
surface state [7]. In framework of the observed model the 
current ratio through the drift barriers in the RC state (IRC) 
and in the darkness (Id) have been determined by the formula: 

  

                        ⎟
⎠
⎞

⎜
⎝
⎛=

kT
exp

I
I ST

d

RC ϕ
                               (1) 

 

Hence it follows, that the height of the dark drift barrier at 
80 K makes ϕST = 0,045÷0,06 eV. The typical relaxation time 
of RC depends on the height of the recombination barrier in 
the form: 

                            
kT

exp0
ϕττ =                                  (2) 

 
The barrier height, calculated on the base of the formula 

(2) and experimental data ϕ=0,11÷0,14eV coincides with the 
activation energy value of the optimal temperature 
dependence, i.e the recombination barrier is higher, than drift 
and therefore the charge accumulation occurs and the 
anomaly conductivity phenomenon with the following RC at 
the nitrogen temperature has been observed. The potential 
barriers reduce the section of the main carriers capture of the 
recombination center, and it leads to the sudden delay of the 
relaxation time. 

The presence of the peaks on the curves of TSC predicts 
that  there exist traps, surrounded by the powerful potential 
barriers in the samples. The role of these barriers reduces 
effectively in the process of TT. It is testified by the increase 
of the light sensitivity and peak reduction at 240÷270K on 
the curves of TSC after TT on the air at 500°C. 
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Cd1-xZnxS ТЯБЯГЯЛЯРИНДЯКИ РЕКОМБИНАСИЙА ВЯ ДРЕЙФ БАРЙЕРЛЯРИНЯ 

ЩАВАДА ТЕРМОЕМАЛЫН ТЯСИРИ 
 

Мящлулдан чюкцлмя цсулу иля алынмыш Cd1-xZnxS (x=0÷0,6) тябягяляриндя ясас йцкдашыйыжылар цчцн дрейф вя рекомбинасийа 
барйерляри щесабланыб. Тяйин олунуб ки, рекомбинасийа барйерляринин щцндцрлцйц дрейфдян йцксякдир, бу да йцклярин топланмасына 
вя   галыг кечирижилийинин йаранмасына сябяб олур. Тябягялярин щавада термоемалы барйерлярин ролуну зяифлядир, ишыьа щяссаслыьы 
артырыр.  
 

Э.Н. Заманова 
 

ВЛИЯНИЕ ТЕРМООБРАБОТКИ НА ВОЗДУХЕ НА РЕКОМБИНАЦИОННЫЕ И ДРЕЙФОВЫЕ 
БАРЬЕРЫ В ПЛЕНКАХ Cd1-xZnxS (x=0-0,6) 

 
В пленках Cd1-xZnxS (x=0-0,6), полученных осаждением из раствора, вычислены значения дрейфового и рекомбинационного 

барьера для основных носителей. Установлено, что высота рекомбинационного барьера выше, чем дрейфового, что приводит к 
накоплению зарядов и остаточной проводимости. В результате термообработки на воздухе роль этих барьеров эффективно 
снижается, светочувствительность увеличивается. 
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SPARTIAL STRUCTURE OF HEXADECAPEPTIDE FRAGMENT  

OF BAM-20P`MOLECULE 
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Baku-22, Bakikhanov str.,23.  

 

G.A. AKHVERDIYEVA, N.A. AKHMEDOV 
Baku State University, 

Z.Khalilov str., 23, Baku, 370143 
 

Using a method of the theoretical conformational analysis, a spatial structure of the Tyr1-Asp16 hexadecapeptide fragment of BAM-20P 
molecule (Tyr1-Gly2-Gly3-Phe4-Met5-Arg6-Arg7-Val8-Gly9-Arg10-Pro11-Gly12-Trp13-TRp14-Met15-Asp16-Tyr17-Gln18-Lyz19-Arg20), 
isolated from adrenal medulla was investigated. 

The potential energy of the molecule is given as the sum of the contributions of Van der Vaals, electrostatic, torsional interactions and 
hydrogen bonds energy. It has been shown that the spatial structure of tyr1-asp16 fragment is represented by ten backbone forms. 

 
The opioid peptide Tyr1Gly2-Gly3-Phe4-Met5-Arg6-

Arg7-Val8-Gly9-Arg10-Pro11-Glu12-Trp13-Trp14-Met15-
Asp16-Tyr17-Gln18-Lys18-Lys19-Arg20 is isolated from 
medulla of bovine adrenal, indicated as BAM-20P (bovine 
adrenal medulla 20 reside peptide). The opiate activity of the 
BAM-20P in several times higher, than the activity of Met-
enkefalin and β-endofine. There are Met-enkefalin (Tyr1-
Met5), adrenorfine (Tyr1-Val1), BAM-12P (Tyr1-Glu12), in 
the succession of BAM-20P, and the molecule BAM-20P 
itself is the part of composition of peptides E and I [1, 2]. 
Therefore the investigation of the spatial structure of the 
molecule BAM-20P is the big interest as for elucidation of 
structure-functional organization of the molecule itself, as all 
the above mentioned peptides. 

The study of structure-functional organization of the 
hormone on the atom-molecule level requests firstly the 
knowledge of set of low-energy molecule states and 

consequently the potential physiological active conformation 
ones. 

The spatial structure of the molecule BAM-20P is 
investigated fragmently. At first the conformation 
probabilities of fragments Val6-ValP, Arg10-Glu12,Trp13-
Asp16, Asp16-Arg20 were studied on base of the low-energy 
states of according aminoacid residues. The spatial structures 
of the molecules of Met-enkefalin (Tyr1-Met5) and 
adrenorfine (tyr1-Val8) were investigated by us earlier, the 
results are presented in ref [3, 4]. On the second stage the 
three-dimensional structure of molecule BAM-12P (Tyr1-
Glu12) was found on the base of stable conformations Tyr1-
Val8, Gly19, Arg10-Glu12. 

The conformation probabilities of fragment Tyr1-Asp16 
(fig.1) were studied on the following stage on the base of the 
stable three-dimensional structures of fragments Tyr1-Glu12 
and Trp13-Asp15. 

 
Fig.1. Circuit of the calculation of the hexadecapeptide fragment of the molecule BAM-20P. 
 

In this paper the results of theoretical conformation 
analysis of the N-ended hexapeptide fragment, Tyr1-Gly2-
Gly3-Phe4-Met5-Arg6-Arg7-Val8-Gly9-Arg10-Pro11-
Glu12=Trp13-Trp14-Met15-Asp16 of the molecule BAM-
20P are given. The potential function of the system is taken 
in the sum form of the nonvalence, electrostatical and torque 
interactions and the energy of the hydrogene bonds. The 
calculation of the fragments is made on the base of the theory 
and method, which are presented in ref [5-8]. The 
classification of the peptide structure on conformations, 
forms of the fundamental chain and the shapes of the peptide 
scelet, proposed in ref [5-8] was used at the presentation of 
calculation results. 

The optimal conformations of the molecule (Tyr1-Glu12) 
BAM-12P, established as a result of calculation, the energy 
of which isn’t more, than 10kcal/mol are given in the table 1. 
The four conformations of Met-enkefalin (Tyr1-Met15) and 
the eleven conformations of adrenorfine (Tyr1-Val8) were 
between the lowenergy conformations BAM-12P and are 
presented in the table 1. In geometrical interpretation of 
adrenorfine fragment, given in this table, the conformations 
of molecule BAM-12P, which are preferred on the energy, 
disintegrate on the four groups (A-D). These 23 
conformations are chosen as the initial approximations for the 
calculation of the N-ended hexapeptide fragment Tyr1-Asp16 
of the molecule BAM-20P. 
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                                                                                                                                                                                        Table 1 
The relative energy and energy contributions of nonvalence (Unv.), electrostatic (Uel.), torsional interactions 

of optimum conformations of the molecule BAM-12P. 
 

Gr. № Conformation Unv. Uel. Utor. Urel. 
 
 

A 

1 
2 
3 
4 
5 

B211PRR21B332R2222R3222R2BL22RR32 
B211PRR21B332R2222R3222B2RB21RR32 
B211PRR21B332R2222R3222R2PB21RR32 
B211PRR21B332R2222R3222R2PL22RR32 
B211PRR21B332R2222R3222R2LL22RR32 

-41.4 
-39.6 
-44.2 
-42.7 
-42.2 

8.5 
14.7 
18.0 
18.7 
18.2 

6.4 
8.0 
7.7 
5.9 
6.4 

0 
9.7 
8.0 
8.5 
9.1 

 
 
 
 

B 

6 
7 
8 
9 
10 
11 
12 
13 

B131BPB21B212B1222B2222R2BL22RR32 
B131BPB21B212B1222B2222R2PB21RR32 
B131BPB21B212B1222B2222B2RB21RR32 
B131BPB21B212B1222B2222B2BL22RR32 
B131BPB21B212B1222R2222B2BL22RR32 
B131BPB21B212B1222R2222B2RB21RR32 
B131BPB21B212B1222R2222B2BB21RR32 
B131BPB21B212B1222R2222B2RL22RR32 

-41.1 
-37.4 
-39.8 
-39.7 
-42.7 
-41.4 
-42.2 
-39.9 

10.3 
13.4 
11.2 
10.9 
15.9 
15.3 
15.2 
16.3 

6.0 
7.1 
8.0 
8.8 
7.0 
6.7 
7.8 
5.3 

1.8 
9.7 
6.1 
6.5 
6.8 
7.2 
7.4 
8.3 

 
 
 
 

C 

14 
15 
16 
17 
18 
19 
20 
21 

B132RPB33B222B1222B2222R2BL22RR32 
B132RPB33B222B1222B2222B2RB21RR32 
B132RPB33B222B1222B2222B2BL22RR32 
B132RPB33B222B1222R2222B2BB21RR32 
B132RPB33B222B1222R2222B2BL22RR32 
B132RPB33B222B1222R2222B2RB21RR32 
B132RPB33R222B1222R3222B2BL22RR32 
B132RPB33R222B1222R3222B2BB21RR32 

-40.2 
-40.0 
-38.4 
-41.6 
-41.7 
-40.2 
-42.8 
-40.9 

10.1 
9.1 
11.7 
14.8 
15.7 
15.8 
14.8 
15.5 

5.8 
9.6 
8.4 
7.2 
7.3 
6.6 
9.5 
8.2 

2.2 
5.3 
8.4 
7.0 
8.0 
8.7 
8.1 
9.3 

 
D 

22 
23 

B212BPR21R212B1222B2222R2BL22RR32 
B212BPR21R212B1222B2222B2RB21RR32 

-43.3 
-43.3 

11.8 
11.8 

9.1 
12.9 

4.1 
7.9                                                                                                                                       

                                                                                                                                            Table 2. 
Energy distribution of conformations of the fragment Trp-13-Asp16 of the 

 molecule BAM-20P 
The number of energy conformations, kcal/mol. The 

fundamental 
chain form 

0-1 1-2 2-3 3-4 4-5 >5 

BBBB - - 2 1 7 7 
RRRR 3 5 7 2 - 25 
RRBR - - - - 2 7 
BRRR - - - - 1 2 
RBBB - - - 2 1 3 
BBRR - 1 1 - - 4 
BRBB - - - - 1 8 
RBRR - - - - - 6 

 
The spatial structure of the tetrapeptide fragment Trp13-

Trp14-Met15-Asp16 of the molecule BAM-20P is 
investigated on the base of the lowenergy conformations 
according aminoacid residues of triptofane, methionine and 
the calculation was made on the forms of the fundamental 
chain. Firstly the conformations of the total unwrapped form 
BBBB and the total curtailed form RRRR. The considered 
interactions between the aminoacid residues in these forms 
are taken into consideration in another forms of the 
fundamental chain too. Therefore the number of the 
considered conformations for them is less, than in curtailed 
and unwrapped forms. The energy distribution of the 
conformations of the fragment Trp13–Asp16 of the molecule 
BAM 20P is shown in the table 2. At the energy 0-4kcal/mol 
there are 24 conformations of the four forms of the 
fundamental chain, but in the energy interval 0-6kcal/mol. 
there are conformations of the eight forms of the fundamental 
chain. The relative energy of the lowenergy conformations of 
each form of the fragment Trp13-Asp16 of the molecule 
BAM-20P is shown in the table 3. These conformations are 
chosen for the calculation of the fragment Tyr1–Asp16 of the 
molecule BAM-20P. Thus, the lowenergy states of the 
fragments Tyr1–Glu12 and Trp13–Asp16 became the base of 

the consisting of the zero approximations for the calculation 
of the three-dimensional structure of the N-ended hexapeptide 
fragment Tyr1–Asp16 of the molecule BAM-20P, the 
number of which is 184. The results of the calculations are 
shown, that the sharp energy differentiation appears between 
the forms of the fundamental chain and between 
conformations. 
                                                                                                   Table3 

The relative energy of lowenergy conformations of the fragment 
Trp13-Asp16 of the molecule BAM-20P 

 

The fundamental chain form Erel. 
B2B2B21B1 2.1 
R1R1R32R1 0 
R1R1B21R1 4.9 
B3R1R32R1 4.6 
R2B2B21B1 4.0 
B2B1R21R1 1.4 
B1R2B21B1 5.0 
R2R2R32R1 5.7 

In the wide energy interval 0-10kcal/mol there are only 
ten conformations. The forms of the fundamental chain, the 
energies of nonvalence, electrostatical and torsional 
interactions, and also the relative energy of these 
conformations are presented in the table 4. The addition of 
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the tetrapeptide fragment Trp13-Asp16 leads to the sharp 
decrease of the number of their lowenergy conformations, 
entering to the preferred structures Tyr1-Asp16. The group A 
of the molecule Tyr1-Glu12 has the 5 conformations, but the 
fragment Tyr1-Asp16 has the remaining 3 conformations, the 
group B is presented by P conformations, and the remain is 5 
conformations, the group C is presented by 8 conformations 
and the remain is 2 ones. Among the lowenergy 
conformations of the fragment Tyr1-Asp16 the 3 forms of the 
fundamental chain from the 8 chosen of the C-ended 
tetrapeptide region Trp13-Trp14-Met15-Asp16 are realized. 
The form of the fundamental chain BRRR is realized in the 5 
conformations, RBRR is in the 4, and RBBB is in the only 
one. The triptofane and methionine have the big and the 
labile side chain, therefore only in the especial cases they can 
arrange energetically by propit to the formed structures. 

In the stable conformations of the fragment Tyr1-Asp16 
the energy of nonvalence interactions changes in the interval 
71.3-62.4kcal/mol, the energy of electrostatical interactions 
changes in the interval 5.9-13.6kcal/mol, the energy of torque 
interactions changes in the interval 8.1-13.6kcal/mol. As it is 
seen, the difference between the energies of nonvalence, 
electrostatical and torsional interactions is equal to 8.9, 7.7 
and 5.2kcal/mol among the optimal conformations of the 
fragment Tyr1-Asp16 BAM-20P correspondingly. It means, 
that the each from these three forms of interactions playes the 

important role at the formation of the spatial structure of the 
fragment Tyr1-Asp16. The global conformation is the most 
benefit on the nonvalence (-71.3kcal/mol) and electrostatical 
(5.9kcal/mol) interactions, but the less benefit on the 
torsional interactions (13.3kcal/mol). This conformation of 
Met-enkefalin has the relative energy 3.5kcal/mol, of 
adrenofine one is 4.3kcal/mol, of BAM-12P one is 
6.5kcal/mol. This means, that the far-away interactions, 
playing the essential role in the stabilization of the spatial 
structure of the investigated fragment with the lengthening of 
the peptide chain. The pentapeptide region in the structure 
with relative energy 5.2kcal/mol has the conformation, 
according to the clobal conformation of the Met-enkefalin. It 
loses 1.6kcal/mol on the nonvalence, 6.3kcal/mol on the 
electrostatical, but benefits the 3.7kcal/mol on the torsional 
interactions in comparison of the global conformation. The 
relative energy of the rest of three conformations of the group 
B changes in the interval 9.2-9.8kcal/mol. The group A is 
presented by the three conformations, the relative energy of 
which changes in the interval 6.4-9.0kcal/mol, but the group 
C is presented by the two conformations with the relative 
energies 6.7 and 9.2kcal/mol (table 4). The conformations, 
given in table 4, are the base for the finishing of the 
investigation of the spatial structure of the whole molecule 
BAM-20P.  

 
                                                                                                                                                                                Table 4.  

The fundamental Chain forms, energy contributions of non valence (Unv.) electrostatic (Uel.), torsional interactions (Utor) 
and relative energy (Urel.) of lowenergy conformations of fragment Tyr1-Asp16 of molecule BAM-20P 

 
Gr. № Conformation Unv. Uel. Utor. Urel. 
 
A 

1 
2 
3 

B211PRR21B322R222R322R2BL222RR32B3R1R322R1 
B111PRR21B322R222R322R2BL222RR32B3R1R21R1 
B211PRR21B332R222R222R2PL222RR32R2B2R33R1 

-64.3 
-64.1 
-65.2 

9.4 
12.0 
13.6 

9.2 
8.1 
8.5 

6.4 
8.1 
9.0 

 
 

B 

4 
5 
6 
7 
8 

B131BPB21B212B122B222R2BL222RR32B3R1R32R1 
B131BPB21B212B122B222B2BL222RR32B3R1R32R1 
B131BPB21B212B122B222B2BL222RR32R2B2B21B1 
B131BPB21B212B122B222B2BL222RR32R2B2R33R1 
B131PRR21B212B122R222B2BL222RR32R2B1R33R1 

-64.6 
-64.6 
-62.4 
-71.3 
-69.7 

12.8 
10.5 
9.0 
5.9 
12.2 

8.9 
11.8 
10.8 
13.3 
9.6 

9.2 
9.8 
9.4 
0 
5.2 

 
C 

9 
10 

B131PRB33B222B122B322B2BL222RR32B3R1R32R1 
B132PRB33B222B122B222B2BL222RR32R2B2R33R1 

-63.6 
-65.6 

11.9 
7.4 

8.7 
12.9 

9.2 
6.7 
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Е.М. Щясянов, З.Щ. Таьыйев, Г.Я. Щагвердийева, Н.А. Ящмядов 

 
БАМ-20П МОЛЕКУЛУНУН ЩЕКСАДЕКАПЕПТИД ФРАГМЕНТИНИН ФЯЗА ГУРУЛУШУ 

 
Сцмцк илийиндян айрылмыш БАМ-20П молекулунун (Tyr1-Gly2-Gly3-Phe4-Met5-Arg6-Arg7-Val8-Gly9-Arg10-Pro11-Gly12-

Trp13-TRp14-Met15-Asp16-Tyr17-Gln18-Lyz19-Arg20) Tyr1-Asp16 щексадекапептид фрагментинин фяза гурулушу нязяри 
конформасийа методу иля юйрянилмишдир. Молекулун потенсиал енеръиси Ван-дер Ваалс електростатик, торсион гаршылыглы тясир 
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енеръиляринин вя щидроэен рабитяси енеръисинин жями шяклиндя сечилмишдир. Эюстярилмишдир ки, Tyr1-Asp16 фрагментинин фяза гурулушу 
ясас зянжирин он формасы иля тяряннцм олунур.  

 
Э.М. Гасанов, З.Г. Тагиев, Г.А. Ахвердиева, Н.А. Ахмедов 

 
ПРОСТРАНСТВЕННАЯ СТРУКТУРА ГЕКСАДЕКАПЕПТИДНОГО ФРАГМЕНТА BAM-20P 

 
Методом теоретического конформационного анализа изучена пространственная структура гексадекапептидного фрагмента 

(Tyr1-Gly2-Gly3-Phe4-Met5-Arg6-Arg7-Val8-Gly9-Arg10-Pro11-Gly12-Trp13-TRp14-Met15-Asp16-Tyr17-Gln18-Lyz19-Arg20)   
молекулы  BAM-20P выделенной из костного мозга. Потенциальная энергия молекулы выбрана в виде суммы энергии Ван-дер 
Ваальсовых, электростатических, торсионных взаимодействий и энергии водородных связей. Показано, что пространственная 
структура фрагмента Tyr1-Asp16 представлена десятью формами основной цепи.  
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In this paper interactive WAP applications working with Oracle database building principles are stated. Characteristics of protocol itself 
are given, data storage solutions and data representation in database are described. Also program code snippels, allowing creation of database 
structure and fully functional set of application.    

 
Introduction. 
 
Internet takes the increasing and greater place in our life. 

With growth of popularity of a world wide web the growing 
amount of users has complexities with access to their 
information resources. In most cases it is related to need of 
possession of transmission device - computer, modem, phone 
line. Manufacturers of cellular telephones have equipped 
their devices with modems and browsers (the last now even 
more often settle down not on the handset itself, but on a 
phone card) as the decision of the given problem. The special 
protocol working with a mobile communication facility - 
WAP (Wireless Application Protocol or Wireless Access 
Protocol) has been developed. 

By development of family of protocols WAP the 
following principles were used: 

• Complete set WAP should provide access to 
Internet, intranets and information services of 
mobile operators. Whenever possible, it should 
be based on existing standards; 

• It is necessary, when using WAP not conflict 
with the basic functions of the handset;  

• The architecture of family of protocols should 
correspond with OSI model; it is necessary to 
provide scalability and expansion opportunity;  

• Protocol should be designed for use in networks 
with small bandwidth and, probably, the big 
information transfer delays. It is required to 
consider also small volume of operative 
memory and low speed of the central processors 
of user's terminals;  

• It is necessary to take into account, that user's 
terminals have rather limited opportunities for 
input of the information by the user;  

• In architecture WAP support of various types of 
wireless networks should be incorporated;  

• It is necessary, that the family of protocols 
WAP provide data protection;  

• New application model providing services for 
data transfer to wireless phones should be 
developed. 

For increase speed of data processing special language 
WML (Wireless Markup Language) based on known 
language XML which has in turn taken place from HTML 
has been developed. Standard HTML has so many different 

features, that memory of cellular devices cannot contain an 
existing set of processing rules. And for small displays of 
mobile phones many HTML features were an obvious excess. 
In addition to WML language WMLS has been developed - 
WML Script. WMLS is adapted variant of language 
JavaScript.  

Now the basic inconvenience for WAP users is 
insufficient amount of information resources. WAP 
developers meet tasks in maintenance of services for mobile 
devices owners. The user who has so many services with 
Internet cannot be content any more with their limited subset. 
One of the basic moments here is interactivity and 
"freshness" of the information provided.  

In fact there is no sense to use mobile means to access 
static and "dead" - unchangeable data. Therefore 
development of WAP site includes not only providing user 
with the information, but also simplification of routines for 
the data responsible person on a site, and also integration 
tools with other various systems which will provide 
interactivity to a site. 

 
1. Data presentation 
 
For effective work WAP site it is necessary to design 

mechanisms for maintenance fast, convenient and safe 
delivery of the data, which further will be given to the end 
user. For this purpose, first of all, it is necessary to define, 
where this information will be stored. There are, at least, four 
variants of the decision of this problem: 
 

• The Information is stored statically on a WAP-site 
as WML-pages 

• The Information is stored in text files 
• The Information is stored in operative memory 
• The Information is stored in a database 

 
The fourth variant seems to be most convenient for 

development of interactive systems. It provides, both speed 
of access, and safety of the stored data. Besides, developers 
of databases, as a rule, give the interface for DB(database) 
access, that essentially makes easier work of the programmer. 
Further in this work as a database we shall understand Oracle 
product of the version higher than 7.3[1]. In a database the 
arrived information will be stored in hierarchical treelike 
structure (fig. 1). 
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Fig. 1. 

 
Hierarchy is provided by pair of identifiers for each 

element of a tree: the first - the identifier of the parental 
element, the second - the serial identifier of the element. At 
the end-point of the information delivery, uniqueness of last 
identifier is guaranteed by such built-in Oracle object as 
sequence. So the static elements submitted on rice 2.1, will 
have the following identifiers according to the offered 
scheme: 

(0,1) - Company news 

(0,2) - World news 

(0,3) - WAP news 

(3,4) - WAP Development 

Further dynamic elements (data given to the WAP-site) at 
receipt will receive the following identifiers: 

(1,5) - Company news N1 

(1,6) - Company news N2 

(2,7) - World news N3 

(4,8) - WAP Development News N1 

(4,9) - WAP Development News N2 

(3,10) - WAP News N1 

(3,11) - WAP Development News N2 

Certainly in that case when the data will be received in 
the corresponding order. Besides, for dynamic elements the 
additional identifier also is necessary to distinguish them 
from the static data. The static data may be used in system as 
well for simplification of applications development. 

2. Development of the application 
 
Now we shall pass to development database structure and 

an initial code of system itself. We shall start with 
development of organization of database, and then we shall 
pass to initial modules directly processing the information. At 
creation of the database structure it is meant, that we have 
privelegies of the system administrator (SYSADM) in this 
base. So, the scripts necessary for creation of the table 
containing data provided to the WAP-site will look as 
follows[3,4]

 

CREATE TABLE WAP_DATA (  
I_ID    FLOAT,  

    P_ID   FLOAT,  
    PARAM_1   VARCHAR2 (22),  
    PARAM_2   VARCHAR2 (22),  
    PARAM_3   VARCHAR2 (22),  
    PARAM_4   VARCHAR2 (22),  
    PARAM_5   VARCHAR2 (22),  
    I_DESC   VARCHAR2 (15),  
    I_SELF   VARCHAR2 (2000),  
    DATE_1   DATE,  
    DATE_2   DATE,  
    DATE_3   DATE,  
      I_STAT   VARCHAR2 (1)); 
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CREATE INDEX SYSADM.WAP_DATA_IID_IDX 
 ON SYSADM.WAP_DATA (I_ID)  

TABLESPACE INDX; 
 
CREATE INDEX SYSADM.WAP_DATA_PID_IDX 
   ON SYSADM.WAP_DATA (P_ID)  
TABLESPACE IDX; 
 
CREATE INDEX SYSADM.WAP_DATA_D1_IDX 

 ON SYSADM. WAP_DATA (DATE_1)  
TABLESPACE INDX; 
 
CREATE INDEX SYSADM.WAP_DATA_D2_IDX 

 ON SYSADM.WAP_DATA (DATE_2)  
TABLESPACE INDX; 
 
CREATE INDEX SYSADM.WAP_DATA_I_STAT_IDX 

 ON SYSADM. WAP_DATA (I_STAT)  
TABLESPACE INDX; 
 
GRANT SELECT ON WAP_DATA TO PUBLIC; 
 
GRANT DELETE ON WAP_DATA TO WAP_OPER; 
 
GRANT INSERT ON WAP_DATA TO WAP_OPER; 
 
GRANT UPDATE ON WAP_DATA TO WAP_OPER; 

 
Fields I_ID and P_ID form a pair of the hereditary 

relation about which was spoken above. Fields-parameters 
PARAM1, PARAM2, PARAM3, PARAM4, PARAM5 can be 
used under the discretion of the developer, or are not used in 
general. In a system - example field PARAM1 will be used 
for identification of structural recordings and directly 
information, and field PARAM_2 for identification of 
language of the information. Pair of fields DATE_1 and 
DATE_2 define a time interval during which the information 
is considered to be valid. It is obvious, that these fields make 
sense only for records, which contain the data, for providing 
to the WAP-site, instead of the structural information. 
Whether field DATE_3 defines if the information has passed 
the control of the data by the WAP-operator. And at last the 
field  I_STAT is necessary for emergency removal of the data.                                                                                                                          

A plenty of indexes is caused that, that in view of small 
bandwidth of a mobile network, time of references to a 
database should be minimal. In case of a small amount of the 
data a part, or even all indexes can be omitted. We shall 
notice only, that indexes are created in separate space of a 
database (TABLESPACE INDX). Such use of indexes is 
directed on even more to increase speed of data processing in 
database.  

As on the Internet there is a set various manuals and 
guides, and taking into account rather simple realization we 
shall not result here detailed consideration of development 
static wml pages, and at once we shall pass to realization 
JAVA servlet carrying out exact search of the data in resulted 
information structure[2]:

 
 

        System.out.println (" <? xml version = \ " 1.0 \ "?> "); 

        System.out.println (" <! DOCTYPE wml PUBLIC \ "- 

// WAPFORUM // DTD WML 1.1 // EN \ "  

\ " http: // www.wapforum.org/DTD/wml_1.1.xml \ "> "); 

        System.out.println ("<wml>"); 

        System.out.println (" <card id = \ " start \ " title = \ " WAP News \ "> "); 

        System.out.println (" <do type = \ " accept \ "  

                                        label = \ " Back \ "> <prev/> </do> "); 

        System.out.println (" <p align = \ " left \ "> ");   

………………………………………………… 

    try { 

   ResultSet rs = null; 
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   Statement stmt=conn.createStatement (); 

   rs=stmt.executeQuery (" select I_SELF, I_ID, 

    P_ID, PARAM1 from WAP_DATA where  

P_ID = " +p_id + " and DATE1 <SYSDATE and 

DATE2> SYSDATE and PARAM_2 = ” + lang + ” and  

DATE3 is not null "); 

   while (rs.next ()) {   

    qryCnt ++; 

    rsString=rs.getString (1);  

    isLink = rs.getString (4); 

    if ("A" .equals (isLink)) { 

     System.out.println (rsString); 

     System.out.println (" <br> </br> "); 

   } 

    System.out.println (" <br> </br> "); 

    continue; 

   } 

  } 

    catch (SQLException sqle) 

       { 

   rsString = sqle.toString (); 

   } 

………………………………………………… 

  System.out.println (" </p> "); 

  System.out.println (" <p align = \ " center \ "> ");   

  System.out.println (" <a href = \ " http: // 127.0.0.1/main.wml \ ">  

WAP News </a> "); 

  System.out.println (" </p> "); 

  System.out.println (" </card> "); 

  System.out.println (" </wml> "); 
 

Thus, we provided basic actions needed for development 
of real interactive WAP service. Though Oracle is considered 
to be used in our case, generally any database providing 
multi-user access can be used as well. The system designed 

on the principles stated above has successfully passed 
approbation in Azercell Telecom JV. Further work supposes 
implementation of interactive information services on 
different mediums. 
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[2] Christoffer Andersson, GPRS and 3G Wireless 

Applications: Professional Developer's Guide 
[3] S. Urman. Oracle 8. Programmirovaniye na yazike 

PL/SQL M.,  ЛОРИ, 1999, p.607. 
[4] S. Bobrovsky Oracle 8. Arkhitektura. M., ЛОРИ, 1999, 

p.207.
 

Теймур Мухтаров 
 

Интерактив WAP ялавяляринин ишлянмяси методлары 
 

Мягалядя Oracle верилянляр базасынын идаря олунма системи ясасында интерактив WAP ялавяляринин архитектурасынн гурулушу 
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принсипляри тящлил едилмишдир. Билаваситя протокол характеристикалары эюстярилмиш, мялуматларын сахланма вя онларын верилянляр 
базасында якс етдирилмя гайдалары тясвир едилмишдир. Еляжя дя верилянляр базасынын гурулушуну вя ялавялярин там системини 
йаратмаьа имкан верян мянбя кодларынын фрагментляри тяклиф едилмишдир.  

 
Теймур Мухтаров 

 
МЕТОДЫ РАЗРАБОТКИ ИНТЕРАКТИВНЫХ WAP ПРИЛОЖЕНИЙ 

 
В статье изложены принципы построения архитектуры интерактивных WAP приложений на базе СУБД Oracle. Приведены 

характеристики непосредственно протокола, описаны способы хранения данных и представления их в базе данных. Также 
предлагаются фрагменты исходных кодов, позволяющие создать структуру базы данных и полноценную систему приложений.  
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Биз “Физика” ъурналынын биринжи нюмрясиндя башладыьымыз физика терминляри лцьятинин няшрини давам 
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Мцяллифляр вя ъурналын редаксийасы 

 
 
 
 
We continue the publication the terminological physical dictionary, which has been began in the journal 

“Fizika”№1. In the published variant the physical terms, given by academician H.M. Abdullayev are given 
(“Физика терминляри лцьяти”, АРЕА, Бакы, 1965).  

The edition of the journal is welcome to all, who will send notes and terms for the publishing dictionary. 
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                                                                                          А.И. Мухтаров 
Азярбайжанжа-Русжа-Инэилисжя физики терминляр лцьяти 

 
Азярбайжан Республикасы 10 илдян артыгдыр ки, дцнйанын бцтцн дювлятляри тяряфиндян танынмыш, сярбяст дювлят кими мювжуддур. 

Буна эюря дя, Азярбайжан дили дювлят статусуна маликдир. Башга сюзля, Азярбайжан Республикасынын бцтцн вятяндашлары дювлят 
дилиндя там тящсил алмаг, педагоъи фяал елми иш апармаг имканына малик олмалыдыр. 

Азярбайжан елми, дцнйа елминин вя техниканын яксяр сащяляриндя щямишя юзцня лайиг йер тутмушдур. Бу йери итирмямяк цчцн 
республика алимляри мцасир дцнйа елминин инкишаф истигамятляриндя ялдя едилмиш мцвяффягиййятляри щямишя ишлямяли вя онлары елм 
сащясиндя ишляйян эянжляря чатдырмалыдырлар. 

Бундан башга, харижи юлкялярдян республикайа дахил олан елми ядябиййат вя дярс вясаитляринин яксяр щиссяси рус вя инэилис 
дилляриндя няшр едилмиш олур. Еляжя дя дцнйа халглары арасында елми ялагяляр, ясасян инэилис дилиндя апарылыр. Бцтцн бунлар 
республикада физика елминин фяал инкишафы цчцн даща дольун вя даща мцкяммял азярбайжан-рус-инэилис дилляриндя физика терминляри 
лцьятинин йарадылмасы мясялясини актуал бир проблем кими гаршыйа гоймуш олур. Беля ки, щазырда мювжуд олан лцьятляр, мясялян, 
Азярбайжан МЕА-нын Физика институтунун коллективи тяряфиндян тяртиб едилмиш “Физика терминляри лцьяти”ня физика елминин мцасир 
инкишаф мярщялясиндя истифадя олунан физика терминляринин яксяриййяти дахил олмур. 

Азярбайжан МЕА-нын Физика институтунун вя Бакы Дювлят Университетинин ямякдашлары бирликдя физика терминлярини беля бир 
мцкяммял лцьяти тяртиб етмяйи гярара алмышлар. Тяклиф олунан терминляр лцьятиня физика елми иля тямасда олан техникада тясадцф 
олунан терминляри дя дахил етмяк нязярдя тутулур. 

Редаксийа щейяти Академийанын, университетлярин вя башга мцяссисялярин елми ишчиляриня мцражият едяряк хащиш едир ки, онлар 
бу лцьятин йарадылмасында фяал иштирак етсинляр. Иштиракчылара яввялжядян тяшяккцр едирик. 

 
Azerbaijan-Russian-English dictionary of the physical terms 

 
The Azerbaijan Republic more than ten years exists as the independent state recognized by the world community, thus to the Azerbaijan 

language the status of a state language has been validated.  
It means that all citizens of the Azerbaijan Republic should have an opportunity to receive full education in a state language, actively 

carrying out on it the scientific and teaching activities.  
The Azerbaijan science always took a worthy place in many areas of a world science and techniques. For these positions have not been 

lost, scientists or the republic are obliged to keep up all modern directions in development of a world science, to bring in due time its 
tendencies to studying young generation.  

At the same time the majority of the scientific and educational literature, coming to republic from abroad, is issued in Russian and 
English languages. Besides that, the English language is the language of international scientific communication due to the set of historical 
reasons. All this makes rather actual for active development in republic of a physical science the edition of as much as possible full and 
perfect the Azerbaijan-Russian-English dictionary of physical terms, because the dictionaries issued earlier, for example «Fizika терминляри 
луьяти», created by scientists of Institute of Physics of National Аcademy of Sciences of Azerbaijan, does not contain many terms used in 
modern physics. 

Institute of Physics NAS of Azerbaijan together with the Baku State University have started to work on the Azerbaijan-Russian-English 
dictionary of the physical terms, more adequate answering to a modern level of development of a physical science. It is supposed to include 
in the dictionary also a plenty of terms of adjoining with a physical science technical areas. 

The editorial board applies to scientists of academy and universities, other scientific institutes of Azerbaijan Republic to participate 
actively in creation of this dictionary and to send to editors their offers on its contents and updating by missing terminology, which will be 
accepted with gratitude.  

 
Азербайджано-русско-английский терминологический физический словарь 

 
Азербайджанская Республика более десяти лет существует как самостоятельное государство, общепризнанное мировым 

сообществом, при этом азербайджанскому языку придан статус государственного языка.  
Это означает, что все граждане Азербайджанской Республики должны иметь возможность получить полное образование на 

государственном языке, активно вести на нем научную и преподавательскую деятельность.  
Азербайджанская наука всегда занимала достойное место во многих областях мировой науки и техники. Чтобы эти позиции не 

были утеряны, ученые республики обязаны следить за всеми современными направлениями в развитии мировой науки, 
своевременно доводить наметившиеся тенденции до сведения учащейся молодежи.  

Вместе с тем, основная масса научной и учебной литературы, поступающей в республику из-за рубежа, издана на русском и 
английском языках. Кроме того, в научной среде языком межнационального общения в силу ряда исторических причин 
общепризнан английский язык. Все это делает весьма актуальным для активного развития в республике физической науки издание 
как можно более полного и совершенного азербайджанско-русско-английского словаря физических терминов, так как изданные 
ранее словари, например «Физика терминляри луьяти», созданный коллективом Института Физики НАН Азербайджана, не содержит 
многих терминов, используемых в современной физике. 

Институт Физики НАН Азербайджана совместно с Бакинским Государственным Университетом приступили к работе над 
азербайджанско-русско-английским словарем физических терминов, более полно отвечающем современному уровню развития 
физической науки. В словарь предполагается включить также большое количество терминов по соприкасающимся с физической 
наукой технических областей. 

Редакция обращается к научным работникам академии и университетов, других научных учреждений Азербайджанской 
Республики принять активное участие в создании данного словаря и присылать в редакцию свои предложения по его содержанию и 
пополнению недостающей терминологией, которые будут приняты с благодарностью.  
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Абел групу Абелева группа Abelian group 
Абел диференсиалы  Абелев дифференциал Abelian differential 
Абел интегралы Абелев интеграл Abelian integral 
Абел тянлийи Абелево уравнение Abelian equation 
Абел функсийасы Абелева функция Abelian function 
Абел чохлуьу Абелево многообразие Abelian variety 
Аберасийа Аберрация Aberration 
Аберасийа еллипси Аберрационный эллипс Aberrational ellipse 
Аблйасийа материалы Абляционный материал Ablative material 
Абразив материаллар, щамарламаг, 
йонмаг, итилямяк цчцн ишлядилян 
материаллар  

Абразивные материалы Abrasives 

Абсорбент: удан маддя Абсорбент Absorbent 
Абсорбер: газы, бухары тутан жищаз Абсорбер Absorber 
Абсорбсийа Абсорбция Absorption 
Абсорбсийа габилиййяти Абсорбционная способность Absorptive power 
Абсорбсийа дальаюлчяни Абсорбционный волномер Absorption wavemeter 
Абсорбсийа жяряйаны Абсорбционный ток Absorption current 
Абсорбсийа ишыг филтри Абсорбционный светофильтр Absorption filter  
Абсорбсийа кясилмяси Абсорбционное замирание Absorption fading 
Абсорбсийа рентэен спектрал анализ  Абсорбционный рентгеноспектральный 

анализ 
X-ray absorption analyses  

Абсорбсийа спектрал фотометрийасы Абсорбционная спектрофотометрия Absorption spectrophotometry 
Абсорбсийа спектроскопийасы Абсорбционная спектроскопия Absorption spectroscopy 
Абсорбсийа тезликюлчяни Абсорбционный частотомер Absorption frequency meter 
Абсорбсийа фактору Абсорбционный фактор Absorption factor 
Абсорбсийа фактору Абсорбционный спектрометр Absorption spectrometer 
Абсорбсийа щигрометри Абсорбционный гигрометр Absorption hygrometer 
Абсорбсийа ямсалы Абсорбции показатель Absorption index 
Абсорбсиометрийа Абсорбциометрия Absorptiometry 
Абстрак жябр Абстрактная алгебра Abstract algebra 
Абстраксийа Абстракция Abstraction 
Абстракт груп Абстрактная группа Abstract group 
Абстракт жябри чохдуг Абстрактное алгебраическое 

многообразие 
Abstract algebraic variety 

Абстракт интеграл  Абстрактный интеграл Abstract integral 
Абстракт комплекс (мяжму) Абстрактный комплекс Abstract complex 
Абстракт тясвир Абстрактное представление Abstract representation 
Абстракт фяза Абстрактное простанство Abstract space 
Абстракт Щилберт фязасы  Абстрактное гильбертово пространство Abstract Hilbert space 
Авиаелектроника Авиаэлектроника Avionics 
Авиасийа метеоролоэийасы Авиационная метеорология Aeronautical meteorology 
Авирпневматолиз  Автопневматолиз Autopneumatolysis 
Аврорал хятт Авроральная линия auroral line 
Автогцтблц тетраедр Автополярный тетраэдр Self-polar tetrahedron 
Автогцтблц цчбужаг Автополярный треугольник Self-polar triangle 
Автодин, йахын тезликли дальаларын тясири 
ишляйян радиожищаз 

Автодин Self-heterodyne, autodyne 
receiver 

Автоелектрон гювсц Автоэлектронная дуга High-field emission arc 
Автоелектрон емиссийа Автоэлектронная эмиссия High-field emission 
Автоиндекс Автоиндекс Autoindex 
Автоион микроскопу  Автоионный микроскоп Field-ion microscope 
Автокатализ Автокатализ Autocatalysis 
Автокаталитик реаксийа Автокаталитическая реакция Autocatalytic reaction 
Автокечирижилик Автопроводимость Autoconduction 
Автоклав, кип баьланмыш газан Автоклав Autoclave 
Автокод Автокод Autocode 
Автоколлимасийа Автоколлимация  Autocollimation 
Автоколлиматик спектрограф Автоколлимационный спектрограф Autocollimating spectrograph 
Автоколлиматор Автоколлиматор Autocollimator 
Автоконвексийа Автоконвекция Autoconvection 
Автоконвектив градийент Автоконвективный градиент  Autoconvective lapse rate 
Автокоррелйасийа Автокорреляция  Autocorrelation 
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Автокоррелйасион функсийа Автокорреляционная функция Autocorrelation function 
Автолиз, юзбашына щяллолма Автолиз Autolysis 
Автомат  Автомат Automaton 
Автоматик газы тящлил едян жищаз Автоматический газоанализатор Automatic gas analyzer 
Автоматик гурма, гурулма Автоматическая настройка Automatic tuning 
Автоматик дягиг гурма Автоматическая точная настройка Automatic fine tuning 
Автоматик идаря едилмя системи Автоматическая система управления Automatic control system  
Автоматик кодлашдырма Автоматическое кодирование Automating coding 
Автоматик оссилйатор Автоматический осциллограф Automatic oscillograph 
Автоматик пейк Автоматический спутник Unmanned satellite 
Автоматик потенсиометр Автоматический потенциометр Automatic potentiometer 
Автоматик програмлашдырма Автоматическое программирование Automatic programming 
Автоматик тягиблямя Автоматическое слежение  Automatic tracking 
Автоматик тянзимлянмя Автоматическая регулировка Automatic adjustment 
Автоматик тярязи Автоматические весы Automatic scales 
Автоматик фазалы тянзимлямя Автоматическое фазовое регулирование Automatic phase control 
Автоматик фокуслама Автоматическое фокусирование Automatic focusing 
Автоматика Автоматика Automation 
Автоматлашма Автоматизация Automation 
Автометаморфизм Автометаморфизм Autometamorphism 
Автомиорфизм  Автоморфизм Automorphism 
Автоморф форма Автоморфная форма Automorphic form 
Автоморф функсийа Автоморфная функция  Automorphic function 
Автоном йаддаш  Автономная память Offline memory 
Авторадиограф Авторадиограф Autoradiograph 
Авторадиографийа Авторадиография Autoradiography 
Авторотасийа Авторотация Autorotation 
Авторягсляр Автоколебание Self-excited oscillation 
Автотрансформасийа Автотрансформатор Autotransformer 
Автоэерилямя Авторегрессия Autoregression 
Автоэерилямя просеси Авторегерессивный процесс Autoregressive process 
Аглйцсинасийа, сюзцн кюкцнц 
сахламагла йени сюзляр дцзялтмяк  

Агглюцинация Agglutination 

Агломерасийа Агломерация Agglomeration 
Агрегат щал Агрегатное состояние State of aggregation 
Агрометеоролоэийа, йер 
метеоролоэийасы 

Агрометеорология Agrocultural meteorology 

Агрофизика, йер физикасы Агрофизика Agrophysics 
Адаптасийа, уйьунлашма Адаптация Adaptation 
Адвексийа Адвекция Advection  
Адвектив думан Адвективный туман Advection fog 
Адвектив туфан Адвективная гроза Advective tundesthorm 
Адвсорбсийа таразлыьы Адсорбционное равновесие Adsorption equilibrium 
Адгезийа Адгезия Adhesion  
Аддитив груп Аддитивная группа Additive group 
Аддитив оператор Аддитивный оператор Additive operator 
Аддитив просес Аддитивный процесс Additive process 
Аддитив топланма Аддитивное сложение Additive addition 
Аддитив функсийа Аддивная функция Additive function 
Аддитив функсионал Аддитивный функционал Additive functional 
Аддитив хассяляр Аддитивные свойства Additive properties 
Аддитив юлчц Аддитивная мера Additive measure 
Аддитивлик Аддитивность Additivity 
Адиабата Адиабата Adiabatic line 
Адиабатик ахын Адиабатическое течение Adiabatic flow 
Адиабатик дивар Адиабатическая стенка Adiabatic wall 
Адиабатик диелектрик нцфузлуьу Адиабатическая диэлектрическая 

проницаемость 
Adiabatic dielectric constant 

Адиабатик инвариант Адиабатический инвариант Adiabatic invariant 
Адиабатик инвариантлыг Адиабатическая инвариантность Adiabatic invariance 
Адиабатик ионлашма Адиабатическая ионизация Adiabatic ionization 
Адиабатик йахынлашма Адиабатическое приближение Adiabatic approximation 
Адиабатик калориметр Адиабатический калориметр Adiabatic calorimeter 
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Адиабатик магнитсизляшмя Адиабатическое размагничивание Adiabatic demagnetization 
Адиабатик потенсиал Адиабатический потенциал Adiabatic potential 
Адиабатик просес Адиабатический процесс Adiabatic process 
Адиабатик реаксийа Адиабатическая реакция Adiabatic reaction 
Адиабатик сойума Адиабатическое охлаждение Adiabatic cooling 
Адиабатик сыхылма Адиабатическое сжатие Adiabatic compression 
Адиабатик таразлыг Адиабатическое равновесие Adiabatic equilibrium 
Адиабатик теорем  Адиабатическая теорема Adiabatic theorem 
Адиабатик фярзиййя Адиабатическая гипотеза Adiabatic hypothesis 
Адиабатик щал Адиабатическое состояние Adiabatic state 
Адиабатик щяйяжанланма Адиабатическое возмущение Adiabatic perturbation 
Адиабатик эенишлянмя  Адиабатическое расширение Adiabatic expansion 
Адсорбат, сятщдя удулан газ вя йа 
майе 

Адсорбат Adsorbate 

Адсорбент, сятщиндя газ вя йа майе 
удулан жисим 

Адсорбент Adsorbent 

Адсорбер Адсорбер Adsorber 
Адсорбсийа анализи Адсорбционный анализ Adsorption analysis 
Адсорбсийа гаты Адсорбционный слой Adsorption layer 
Адсорбсийа гцввяси Адсорбционная сила Adsorption force 
Адсорбсийа дальасы Адсорбционная волна Adsorption wave 
Адсорбсийа жяряйаны Адсорбционный ток Adsorption current 
Адсорбсийа изотермляри Адсорбционные изотермы Adsorption isotherm 
Адсорбсийа ингибитору Адсорбционный ингибитор Adsorption inhibitor 
Адсорбсийа индикатору, тязйиги юлчян 
жищаз 

Адсорбционный индикатор Adsorption indicator 

Адсорбсийа кинетикасы Адсорбционная кинетика Adsorption kinetics 
Адсорбсийа олунан маддя Адсорбирующее вещество Adsorbing substance 
Адсорбсийа олунмуш атом Адсорбированный атом Adsorbed atom 
Адсорбсийа олунмуш газ Адсорбированный газ Adsorbed gas 
Адсорбсийа олунмуш молекул Адсорбированная молекула Adsorbed molecule 
Адсорбсийа тябягяси Адсорбционная пленка Adsorption film 
Адсорбсийа хроматографийасы Адсорбционная хроматография Adsorption chromatography 
Адсорбсийа, жисимлдярин цз 
тябягясиндя майе вя газларын 
удулмасы 

Адсорбция Adsorption 

Адсорбционный потенциал Адсорбционный потенциал Adsorption potential 
Адэези мющкямлик, бярклик Адгезионная прочность Adhesive strength 
Азеотроп гарышыг Азеотропная смесь Azeotropic mixture, azeotrope 
Азеотроп дистилля етмя Азеотропная дистилляция  Azeotropic distillation 
Азеотроп нюгтяси Азеотропная точка Azeotropic point 
Азеотропийа Азеотропия Azeotropy 
Азимут Азимут Azimuth 
Азимутал квант ядяди Азимутальное квантовое число  Azimuthal quantum number 
Аловун абсорбсийа фотометрийасы Абсорбционная фотометрия пламени Absorption flame photometry 
Ардыжыл йахынлашма методу Метод последовательного приближения Method of successive 

approximation 
Ардыжыл йердяйишмяк Чередовать  Interleave,  alternate 
Ардыжыллыг Последовательность Sequence 
Атмосфер  Атмосфера  Atmosphere 
Бярабярлик Равенство Equality 
Гайытма цнваны Адрес возврата Return address 
Дцйцн нюгтяси Узловая точка Nodal point 
Дцстур Формула Formulae 
Дюнмяйян адиабатик просес Адиабатический необратимый процесс Adiabatic irreversible process  
Дюнян адиабатик дяйишилмя Адиабатическое обратимое изменение Adiabatic reversible change  
Дюнян адиабатик просес Адиабатический обратимый процесс Adiabatic reversible process 
Дяф етмяк Отталкивать  Repel 
Еволйусийа (инкишаф)  Эволюция  Evolution 
Ейнилик Тождество Identity 
Елементар зярряжик Элементарная частица Elementary particle 
Енеръи («E») тясвири Энергетическое («E») представление Energy representation 
Еренфестин адибатик гануну Адиабатический закон Эренфеста Erenfest’s “E” adiabatic law 
Жазибя гцввяси Сила притяжения Attractive force 
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Жырлашма  Вырождение  Degeneracy, degeneration 
Жырлашмыш щаллар Вырожденное состояние Degenerate state 
Жязб етмяк Притягивать  Attract 
Жялб етмяк Привлечь  Attract, involve 
Жяряйанын фялакятли гиймяти Аварийное значение тока Emergency fault current 
Зярряжик  Частица   Particle 
Импулс («Р») тясвири Импульсное («Р») представление Momentum “P” representation 
Ионлашдырыжы агент Агент ионизирующий Ionizing agent 
Истилащ (термин) Термин Term 
Ишыьын аберасийасы Аберрация света Aberration of light 
Ишыьын абсорбсийасы Абсорбция света Optical absorption 
Йайылма Распространение  Propagation 
Йердяйишмяк  Перемещать  Translocate 
Йерли (локал) сащя Локальное поле Local field 
Йюн  Ориентир  Reference point 
Каинат  Вселенная Cosmos, universe, space 
Камил електрометр Абсолютный электрометр Absolute electrometer 
Камил ешитмя габилиййяти Абсолютный слух Absolute pitch 
Камил спирт Абсолютный спирт Absolute alcohol 
Каналын цнван сюзц Адресное слово канала Channel address word 
Кечмиш Пройденный, прошедший Past 
Команда цнваны Адрес команды Instruction address 
Координат («х») тясвири Координатное («х») представление Coordinate “x” representation 
Кристалларын агрегаты Агрегат кристаллов Crystal aggregate 
Кцтля абсорбсийа ямсалы Абсорбции массовый коэффициент Mass-absorption coefficient  
Локаллашма Локализация Localization 
Л-тясвири L-представление L-representation 
Магнит агенти Агент магнитный Magnetic agent 
Магнит фырланма аддитивлийи Аддитивность магнитного вращения Magnetorotation additivity 
Микроалям  Микромир  Microcosm 
Мцбадиля Обмен Exchange 
Мцбадиля гцввяси Обменная сила Exchange force 
Мцбадиля енеръиси Обменная энергия Exchange energy 
Мцбащися етмяк Обсуждать Discuss 
Мцлащизя  Рассуждение  Reasoning 
Мцлащизя етмяк Рассуждать Argue 
Мцтляг адрес (цнван) Абсолютный адрес Absolute address 
Мцтляг активлик, мцтляг фяаллыг Абсолютная активность Absolute activity 
Мцтляг ампер Абсолютный ампер Absolute ampere 
Мцтляг антисимметрик синтез Абсолютный асимметрический синтез Absolute asymmetric synthesis 
Мцтляг бурульанлыг Абсолютная завихренность Absolute vorticity 
Мцтляг бярк жисим Абсолютно твердое тело Perfectly rigid body 
Мцтляг вакуум Абсолютный вакуум Absolute vacuum 
Мцтляг ващид Абсолютная единица Absolute unit 
Мцтляг ващидляр системи Абсолютная система единиц Absolute system of units 
Мцтляг галванометр Абсолютный гальванометр  Absolute galvanometer 
Мцтляг гара жисим Абсолютно черное тело Perfectly black body 
Мцтляг гейри-бярабярлик Абсолютное неравенство Absolute inequality 
Мцтляг гейри-еластики тоггушма Абсолютно неупругое столкновение Absolute perfectly inelastic 

collision 
Мцтляг гурулуш Абсолютная структура Absolute structure 
Мцтляг дайаныглыг Абсолютная устойчивость Absolute stability 
Мцтляг дайаныгсызлыг Абсолютная неустойчивость Absolute instability 
Мцтляг диференсиал Абсолютный дифференциал Absolute differential, absolute 

differentiation 
Мцтляг екстремумлар Абсолютные экстремумы Absolute extremums 
Мцтляг еластики тоггушма Абсолютно упругое столкновение Perfectly elastic collision 
Мцтляг ентропия Абсолютная энтропия Absolute entropy 
Мцтляг заман Абсолютное время Absolute time 
Мцтляг инвариант Абсолютный инвариант Absolute invariant 
Мцтляг интеграл инвариант Абсолютный интегральный инвариант Absolute integral invariant  
Мцтляг интегралланан Абсолютно интегрируемый Absolutely integrable 
Мцтляг интенсивлик Абсолютная интенсивность Absolute intensity 
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Мцтляг йаш Абсолютный возраст Absolute age 
Мцтляг йыьылма Абсолютная сходимость Absolute convergence 
Мцтляг калибрлямя Абсолютная калибровка Absolute calibration  
Мцтляг ковариант Абсолютный ковариант Absolute covariant 
Мцтляг кодлама Абсолютное кодирование Absolute coding 
Мцтляг конфигурасийа Абсолютная конфигурация Absolute configuration 
Мцтляг кямиййят Абсолютная величина Absolute value 
Мцтляг кясилмяз пайланма Абсолютно непрерывное распределение Absolutely continuous 

distribution 
Мцтляг кясилмяз спектр Абсолютно непрерывный спектр Absolutely continuous spectrum 
Мцтляг кясилмяз функсийа Абсолютно непревная функция Absolutely continuous function 
Мцтляг магнит нцфузлуьу Абсолютная магнитная проницаемость Absolute permeability  
Мцтляг магнитюлчян Абсолютный магнитомер Absolute magnetometer 
Мцтляг момент Абсолютный момент Absolute moment 
Мцтляг параллакс Абсолютный параллакс Absolute parallax 
Мцтляг потенсиал Абсолютный потенциал Absolute potential 
Мцтляг ретракт Абсолютный ретракт Absolute retract 
Мцтляг рцтубят Абсолютная влажность Absolute humidity  
Мцтляг спектрал щяссаслыг Абсолютная спектральная 

чувствительность 
Absolute spectral sensitivity 

Мцтляг статистик чяки Абсолютный статистический вес Absolute statistical weight 
Мцтляг сцрят Абсолютная скорость Absolute velocity 
Мцтляг сындырма ямсалы Абсолютный показатель преломления Absolute index of refraction 
Мцтляг сыфыр Абсолютный нуль Absolute zero 
Мцтляг сявиййя Абсолютный уровень Absolute level 
Мцтляг температур Абсолютная температура Absolute temperature 
Мцтляг тяжил Абсолютное ускорение Absolute acceleration 
Мцтляг тязйиг Абсолютное давление Absolute pressure 
Мцтляг улдуз кямиййяти Абсолютная звездная величина Absolute magnitude 
Мцтляг фяза Абсолютное простанство Absolute space 
Мцтляг хята Абсолютная ошибка Absolute error 
Мцтляг цзцйолалыг Абсолютная податливость Absolute compliance 
Мцтляг шкала Абсолютная шкала Absolute scale 
Мцтляг щцндцрлцйц юлчян Абсолютный высотомер Absolute altimeter 
Мцтляг щцндцрлцк (йцксяклик, тяпя) Абсолютная высота Absolute altitude 
Мцтляг щярякят Абсолютное движение Absolute motion 
Мцтляг щярякят мигдары моменти Абсолютный момент количества 

движения 
Absolute angular momentum 

Мцтляг щяссаслыг Абсолютная чувствительность Absolute sensitivity  
Мцтляг юзлцлцк Абсолютная вязкость Absolute viscosity 
Мцтляг юлчц Абсолютное измерение Absolute measurement  
Мцтляг ятраф ретракты Абсолютный окрестностный ретракт Absolute neighbourhood retract  
Мялуматын автоматик ишлянмяси Автоматическая обработка данных  Automatic data processing 
Мяхсуси функсийа Собственная функция Eigenfunction 
Озон фязасы Озоносфера Ozonosphere 
Оптик фяаллыьын аддитивлийи Аддитивность оптической активности Additivity of optical activity 
Парлаглыьын юзбашына тянзимлянмяси Автоматическое регулирование яркости Automatic brightness control 
Радиоактив шцаланма абсорбсийасы Абсорбция радиоактивного излучения Radioactive radiation absorption  
Реликтив шцаланма «Реликтовое» излучение «Relict» radiation  
Рентэен шцалары абсорбсийасы Абсорбция рентгеновских лучей  X-ray absorption 
Рефраксийа аддитивлийи Аддитивность рефракции Refraction additivity 
Рянэлярин аддитив гарышдырылмасы Аддитивное смещение цветов Additive color mixture 
Сащянин абел эенишлянмяси Абелево расширение поля  Abelian extension field  
Сечилмянин юзбашына тянзимлянмяси Автоматические регулирование 

избирательности 
Automatic selectivity control 

Спонтан (юзбашына) Спонтанный Spontaneous 
Стратосфера  Стратосфера  Stratosphere 
Сцрятин юзбашына тянзимлянмяси Автоматическое регулирование скорости Automatic speed control 
Сцрятли адиабатик кечид Адиабатическое быстрое прохождение Adiabatic rapid passage 
Сцхур сятщляринин тядрижян даьылмасы Абляция  Ablation 
Сынаг функсийа Пробная функция Trial function 
Сяс эурлуьунун автоматик 
тянзимлянмяси 

Автоматическая регулировка громкости Automatic volume control 
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Сясин эцжлянмясинин тянзимлянмяси Автоматическая регулировка усиления Automatic gain control 
Сяс-кцйц автоматик мящдудлашдыран 
жищаз  

Автоматический ограничитель шумов Automatic noise limiter 

Сящвлярин автоматик дцзялдилмяси Автоматическое исправление ошибок Automatic error correction 
Там систем Полная система Complete system 
Тезлийин юзбашына тянзимлянмяси Автоматическое регулирование частоты Automatic frequency control 
Температурун адиабатик градийенти Адиабатический градиент температуры Adiabatic temperature gradient, 

adiabatic lapse rate 
Тензор аддитивлийи Аддитивность тензорная Tensor additivity 
Тормозланма Торможение  Braking 
Тянлик Уравнение Equation 
Тясвир  Представление Representation 
Тясвир нязяриййяси  Теория представлений Representation theory 
Фикир  Мысль Idea 
Фикир чякмяк Думать о чем (о ком) то Think 
Фикирляшмяк  Размышлять Reflect 
Фяза  Пространство  Space 
Фялакят дайанажаьы Аварийная остановка Emergency shut-down 
Фялакятли сойума Аварийное охлаждение Emergency cooling 
Цнван йолу Адресная дорожка Address track 
Цнван сабити Адресная константа Address constant 
Цнван сюзц Адрес слова Word address 
Цнван щиссяси Адресная часть Address part 
Цнванланма Адресация  Addressing 
Чевирижи интеграл Интегральное преобразование Integral transformation 
Чохлуьун аддитив функсийасы Аддитивная функция множеств Additive set function  
Щесаблама жищазы Абак Abacus 
Щисся  Часть  Part 
Щиссяжик Маленькая часть вещества (как атом, 

молекула) 
Microscopic particle 

Щяйяжанланма Возбуждение, возмущение Excitation, perturbation 
Щяйяжанланма нязяриййяси Теория возмущений Perturbation theory  
Эиббсин адсорбсийа тянлийи Адсорбционное уравнение Гиббса Gibbs adsorption equation 
Эцжцн юзбашына тянзимлянмяси Автоматическое регулирование 

мощности 
Automatic power control 

Эяляжяк Будущее  Next, future 
Эярэинлийин автоматик тянзимчийи Автоматический регулятор напряжения Automatic voltage regulator 
Юзбашына ионизасийа  Автоионизация autoionization 
Юзбашына йердяйишмя Автоматическое смещение Auto-bias, self-bias  
Юзбашына кечид Постоянный переход Constant transition 
Юзбашына тянзимлямя Автоматическое регулирование Automatic control 
Юзцня узлашан сащя Самосогласованное поле Self-consistent field 
Ядядлярин аддитив нязяриййяси Аддитивная теория чисел Additive number theory 

 
 



ENGLISH-AZERBAIJAN-RUSSIAN DICTIONARY OF THE PHYSICAL TERMS 
 

 82

Abacus Щесаблама жищазы Абак 
Abelian differential Абел диференсиалы  Абелев дифференциал 
Abelian equation Абел тянлийи Абелево уравнение 
Abelian extension field  Сащянин абел эенишлянмяси Абелево расширение поля  
Abelian function Абел функсийасы Абелева функция 
Abelian group Абел групу Абелева группа 
Abelian integral Абел интегралы Абелев интеграл 
Abelian variety Абел чохлуьу Абелево многообразие 
Aberration Аберасийа Аберрация 
Aberration of light Ишыьын аберасийасы Аберрация света 
Aberrational ellipse Аберасийа еллипси Аберрационный эллипс 
Ablation Сцхур сятщляринин тядрижян даьылмасы Абляция  
Ablative material Аблйасийа материалы Абляционный материал 
Abrasives Абразив материаллар, щамарламаг, 

йонмаг, итилямяк цчцн ишлядилян 
материаллар  

Абразивные материалы 

Absolute acceleration Мцтляг тяжил Абсолютное ускорение 
Absolute activity Мцтляг активлик, мцтляг фяаллыг Абсолютная активность 
Absolute address Мцтляг адрес (цнван) Абсолютный адрес 
Absolute age Мцтляг йаш Абсолютный возраст 
Absolute alcogol Камил спирт Абсолютный спирт 
Absolute altimeter Мцтляг щцндцрлцйц юлчян Абсолютный высотомер 
Absolute altitude Мцтляг щцндцрлцк (йцксяклик, тяпя) Абсолютная высота 
Absolute ampere Мцтляг ампер Абсолютный ампер 
Absolute angular momentum Мцтляг щярякят мигдары моменти Абсолютный момент количества 

движения 
Absolute asymmetric synthesis Мцтляг антисимметрик синтез Абсолютный асимметрический синтез 
Absolute calibration  Мцтляг калибрлямя Абсолютная калибровка 
Absolute coding Мцтляг кодлама Абсолютное кодирование 
Absolute compliance Мцтляг цзцйолалыг Абсолютная податливость 
Absolute configuration Мцтляг конфигурасийа Абсолютная конфигурация 
Absolute convergence Мцтляг йыьылма Абсолютная сходимость 
Absolute covariant Мцтляг ковариант Абсолютный ковариант 
Absolute differential, absolute 
differentiation 

Мцтляг диференсиал Абсолютный дифференциал 

Absolute electrometer Камил електрометр Абсолютный электрометр 
Absolute entropy Мцтляг ентропия Абсолютная энтропия 
Absolute error Мцтляг хята Абсолютная ошибка 
Absolute extremums Мцтляг екстремумлар Абсолютные экстремумы 
Absolute galvanometer Мцтляг галванометр Абсолютный гальванометр  
Absolute humidity  Мцтляг рцтубят Абсолютная влажность 
Absolute index of refraction Мцтляг сындырма ямсалы Абсолютный показатель преломления 
Absolute inequality Мцтляг гейри-бярабярлик Абсолютное неравенство 
Absolute instability Мцтляг дайаныгсызлыг Абсолютная неустойчивость 
Absolute integral invariant  Мцтляг интеграл инвариант Абсолютный интегральный инвариант 
Absolute intensity Мцтляг интенсивлик Абсолютная интенсивность 
Absolute invariant Мцтляг инвариант Абсолютный инвариант 
Absolute level Мцтляг сявиййя Абсолютный уровень 
Absolute magnetometer Мцтляг магнитюлчян Абсолютный магнитомер 
Absolute magnitude Мцтляг улдуз кямиййяти Абсолютная звездная величина 
Absolute measurement  Мцтляг юлчц Абсолютное измерение 
Absolute moment Мцтляг момент Абсолютный момент 
Absolute motion Мцтляг щярякят Абсолютное движение 
Absolute neighbourhood retract  Мцтляг ятраф ретракты Абсолютный окрестностный ретракт 
Absolute parallax Мцтляг параллакс Абсолютный параллакс 
Absolute perfectly inelastic collision Мцтляг гейри-еластики тоггушма Абсолютно неупругое столкновение 
Absolute permeability  Мцтляг магнит нцфузлуьу Абсолютная магнитная проницаемость 
Absolute pitch Камил ешитмя габилиййяти Абсолютный слух 
Absolute potential Мцтляг потенсиал Абсолютный потенциал 
Absolute pressure Мцтляг тязйиг Абсолютное давление 
Absolute retract Мцтляг ретракт Абсолютный ретракт 
Absolute scale Мцтляг шкала Абсолютная шкала 
Absolute sensitivity  Мцтляг щяссаслыг Абсолютная чувствительность 
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Absolute space Мцтляг фяза Абсолютное простанство 
Absolute spectral sensitivity Мцтляг спектрал щяссаслыг Абсолютная спектральная 

чувствительность 
Absolute stability Мцтляг дайаныглыг Абсолютная устойчивость 
Absolute statistical weight Мцтляг статистик чяки Абсолютный статистический вес 
Absolute structure Мцтляг гурулуш Абсолютная структура 
Absolute system of units Мцтляг ващидляр системи Абсолютная система единиц 
Absolute temperature Мцтляг температур Абсолютная температура 
Absolute time Мцтляг заман Абсолютное время 
Absolute unit Мцтляг ващид Абсолютная единица 
Absolute vacuum Мцтляг вакуум Абсолютный вакуум 
Absolute value Мцтляг кямиййят Абсолютная величина 
Absolute velocity Мцтляг сцрят Абсолютная скорость 
Absolute viscosity Мцтляг юзлцлцк Абсолютная вязкость 
Absolute vorticity Мцтляг бурульанлыг Абсолютная завихренность 
Absolute zero Мцтляг сыфыр Абсолютный нуль 
Absolutely continuous distribution Мцтляг кясилмяз пайланма Абсолютно непрерывное распределение 
Absolutely continuous function Мцтляг кясилмяз функсийа Абсолютно непревная функция 
Absolutely continuous spectrum Мцтляг кясилмяз спектр Абсолютно непрерывный спектр 
Absolutely integrable Мцтляг интегралланан Абсолютно интегрируемый 
Absorbent Абсорбент: удан маддя Абсорвент 
Absorber Абсорбер: газы, бухары тутан жищаз Абсорбер 
Absorptiometry Абсорбсиометрийа Абсорбциометрия 
Absorption Абсорбсийа Абсорбция 
Absorption current Абсорбсийа жяряйаны Абсорбционный ток 
Absorption factor Абсорбсийа фактору Абсорбционный фактор 
Absorption fading Абсорбсийа кясилмяси Абсорбционное замирание 
Absorption filter  Абсорбсийа ишыг филтри Абсорбционный светофильтр 
Absorption flame photometry Аловун абсорбсийа фотометрийасы Абсорбционная фотометрия пламени 
Absorption frequency meter Абсорбсийа тезликюлчяни Абсорбционный частотомер 
Absorption hygrometer Абсорбсийа щигрометри Абсорбционный гигрометр 
Absorption index Абсорбсийа ямсалы Абсорбции показатель 
Absorption spectrometer Абсорбсийа фактору Абсорбционный спектрометр 
Absorption spectrophotometry Абсорбсийа спектрал фотометрийасы Абсорбционная спектрофотометрия 
Absorption spectroscopy Абсорбсийа спектроскопийасы Абсорбционная спектроскопия 
Absorption wavemeter Абсорбсийа дальаюлчяни Абсорбционный волномер 
Absorptive power Абсорбсийа габилиййяти Абсорбционная способность 
Abstract algebra Абстрак жябр Абстрактная алгебра 
Abstract algebraic variety Абстракт жябри чохдуг Абстрактное алгебраическое 

многообразие 
Abstract complex Абстракт комплекс (мяжму) Абстрактный комплекс 
Abstract group Абстракт груп Абстрактная группа 
Abstract Hilbert space Абстракт Щилберт фязасы  Абстрактное гильбертово пространство 
Abstract integral Абстракт интеграл  Абстрактный интеграл 
Abstract representation Абстракт тясвир Абстрактное представление 
Abstract space Абстракт фяза Абстрактное простанство 
Abstraction Абстраксийа Абстракция 
Adaptation Адаптасийа, уйьунлашма Адаптация 
Additive addition Аддитив топланма Аддитивное сложение 
Additive color mixture Рянэлярин аддитив гарышдырылмасы Аддитивное смещение цветов 
Additive function Аддитив функсийа Аддивная функция 
Additive functional Аддитив функсионал Аддитивный функционал 
Additive group Аддитив груп Аддитивная группа 
Additive measure Аддитив юлчц Аддитивная мера 
Additive number theory Ядядлярин аддитив нязяриййяси Аддитивная теория чисел 
Additive operator Аддитив оператор Аддитивный оператор 
Additive process Аддитив просес Аддитивный процесс 
Additive properties Аддитив хассяляр Аддитивные свойства 
Additive set function  Чохлуьун аддитив функсийасы Аддитивная функция множеств 
Additivity Аддитивлик Аддитивность 
Additivity of optical activity Оптик фяаллыьын аддитивлийи Аддитивность оптической активности 
Address constant Цнван сабити Адресная константа 
Address part Цнван щиссяси Адресная часть 
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Address track Цнван йолу Адресная дорожка 
Addressing Цнванланма Адресация  
Adhesion  Адгезийа Адгезия 
Adhesive strength Адэези мющкямлик, бярклик Адгезионная прочность 
Adiabatic approximation Адиабатик йахынлашма Адиабатическое приближение 
Adiabatic calorimeter Адиабатик калориметр Адиабатический калориметр 
Adiabatic compression Адиабатик сыхылма Адиабатическое сжатие 
Adiabatic cooling Адиабатик сойума Адиабатическое охлаждение 
Adiabatic demagnetization Адиабатик магнитсизляшмя Адиабатическое размагничивание 
Adiabatic dielectric constant Адиабатик диелектрик нцфузлуьу Адиабатическая диэлектрическая 

проницаемость 
Adiabatic equilibrium Адиабатик таразлыг Адиабатическое равновесие 
Adiabatic expansion Адиабатик эенишлянмя  Адиабатическое расширение 
Adiabatic flow Адиабатик ахын Адиабатическое течение 
Adiabatic hypothesis Адиабатик фярзиййя Адиабатическая гипотеза 
Adiabatic invariance Адиабатик инвариантлыг Адиабатическая инвариантность 
Adiabatic invariant Адиабатик инвариант Адиабатический инвариант 
Adiabatic ionization Адиабатик ионлашма Адиабатическая ионизация 
Adiabatic irreversible process  Дюнмяйян адиабатик просес Адиабатический необратимый процесс 
Adiabatic line Адиабата Адиабата 
Adiabatic perturbation Адиабатик щяйяжанланма Адиабатическое возмущение 
Adiabatic potential Адиабатик потенсиал Адиабатический потенциал 
Adiabatic process Адиабатик просес Адиабатический процесс 
Adiabatic rapid passage Сцрятли адиабатик кечид Адиабатическое быстрое прохождение 
Adiabatic reaction Адиабатик реаксийа Адиабатическая реакция 
Adiabatic reversible change  Дюнян адиабатик дяйишилмя Адиабатическое обратимое изменение 
Adiabatic reversible process Дюнян адиабатик просес Адиабатический обратимый процесс 
Adiabatic state Адиабатик щал Адиабатическое состояние 
Adiabatic temperature gradient, 
adiabatic lapse rate 

Температурун адиабатик градийенти Адиабатический градиент температуры 

Adiabatic theorem Адиабатик теорем  Адиабатическая теорема 
Adiabatic wall Адиабатик дивар Адиабатическая стенка 
Adsorbate Адсорбат, сятщдя удулан газ вя йа 

майе 
Адсорбат 

Adsorbed atom Адсорбсийа олунмуш атом Адсорбированный атом 
Adsorbed gas Адсорбсийа олунмуш газ Адсорбированный газ 
Adsorbed molecule Адсорбсийа олунмуш молекул Адсорбированная молекула 
Adsorbent Адсорбент, сятщиндя газ вя йа майе 

удулан жисим 
Адсорбент 

Adsorber Адсорбер Адсорбер 
Adsorbing substance Адсорбсийа олунан маддя Адсорбирующее вещество 
Adsorption Адсорбсийа, жисимлдярин цз 

тябягясиндя майе вя газларын 
удулмасы 

Адсорбция 

Adsorption analysis Адсорбсийа анализи Адсорбционный анализ 
Adsorption chromatography Адсорбсийа хроматографийасы Адсорбционная хроматография 
Adsorption current Адсорбсийа жяряйаны Адсорбционный ток 
Adsorption equilibrium Адвсорбсийа таразлыьы Адсорбционное равновесие 
Adsorption film Адсорбсийа тябягяси Адсорбционная пленка 
Adsorption force Адсорбсийа гцввяси Адсорбционная сила 
Adsorption indicator Адсорбсийа индикатору, тязйиги юлчян 

жищаз 
Адсорбционный индикатор 

Adsorption inhibitor Адсорбсийа ингибитору Адсорбционный ингибитор 
Adsorption isotherm Адсорбсийа изотермляри Адсорбционные изотермы 
Adsorption kinetics Адсорбсийа кинетикасы Адсорбционная кинетика 
Adsorption layer Адсорбсийа гаты Адсорбционный слой 
Adsorption potential Адсорбционный потенциал Адсорбционный потенциал 
Adsorption wave Адсорбсийа дальасы Адсорбционная волна 
Advection  Адвексийа Адвекция 
Advection fog Адвектив думан Адвективный туман 
Advective tundesthorm Адвектив туфан Адвективная гроза 
Aeronautical meteorology Авиасийа метеоролоэийасы Авиационная метеорология 
Agglomeration Агломерасийа Агломерация 
Agglutination Аглйцсинасийа, сюзцн кюкцнц Агглюцинация 
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сахламагла йени сюзляр дцзялтмяк  
Agrocultural meteorology Агрометеоролоэийа, йер 

метеоролоэийасы 
Агрометеорология 

Agrophysics Агрофизика, йер физикасы Агрофизика 
Argue Мцлащизя етмяк Рассуждать 
Atmosphere Атмосфер  Атмосфера  
Attract Жязб етмяк Притягивать  
Attract, involve Жялб етмяк Привлечь  
Attractive force Жазибя гцввяси Сила притяжения 
auroral line Аврорал хятт Авроральная линия 
Auto-bias, self-bias  Юзбашына йердяйишмя Автоматическое смещение 
Autocatalysis Автокатализ Автокатализ 
Autocatalytic reaction Автокаталитик реаксийа Автокаталитическая реакция 
Autoclave Автоклав, кип баьланмыш газан Автоклав 
Autocode Автокод Автокод 
Autocollimating spectrograph Автоколлиматик спектрограф Автоколлимационный спектрограф 
Autocollimation Автоколлимасийа Автоколлимация  
Autocollimator Автоколлиматор Автоколлиматор 
Autoconduction Автокечирижилик Автопроводимость 
Autoconvection Автоконвексийа Автоконвекция 
Autoconvective lapse rate Автоконвектив градийент Автоконвективный градиент  
Autocorrelation Автокоррелйасийа Автокорреляция  
Autocorrelation function Автокоррелйасион функсийа Автокорреляционная функция 
Autoindex Автоиндекс Автоиндекс 
autoionization Юзбашына ионизасийа  Автоионизация 
Autolysis Автолиз, юзбашына щяллолма Автолиз 
Automatic adjustment Автоматик тянзимлянмя Автоматическая регулировка 
Automatic brightness control Парлаглыьын юзбашына тянзимлянмяси Автоматическое регулирование яркости 
Automatic control Юзбашына тянзимлямя Автоматическое регулирование 
Automatic control system  Автоматик идаря едилмя системи Автоматическая система управления 
Automatic data processing Мялуматын автоматик ишлянмяси Автоматическая обработка данных  
Automatic error correction Сящвлярин автоматик дцзялдилмяси Автоматическое исправление ошибок 
Automatic fine tuning Автоматик дягиг гурма Автоматическая точная настройка 
Automatic focusing Автоматик фокуслама Автоматическое фокусирование 
Automatic frequency control Тезлийин юзбашына тянзимлянмяси Автоматическое регулирование частоты 
Automatic gain control Сясин эцжлянмясинин тянзимлянмяси Автоматическая регулировка усиления 
Automatic gas analyzer Автоматик газы тящлил едян жищаз Автоматический газоанализатор 
Automatic noise limiter Сяс-кцйц автоматик мящдудлашдыран 

жищаз  
Автоматический ограничитель шумов 

Automatic oscillograph Автоматик оссилйатор Автоматический осциллограф 
Automatic phase control Автоматик фазалы тянзимлямя Автоматическое фазовое регулирование 
Automatic potentiometer Автоматик потенсиометр Автоматический потенциометр 
Automatic power control Эцжцн юзбашына тянзимлянмяси Автоматическое регулирование 

мощности 
Automatic programming Автоматик програмлашдырма Автоматическое программирование 
Automatic scales Автоматик тярязи Автоматические весы 
Automatic selectivity control Сечилмянин юзбашына тянзимлянмяси Автоматические регулирование 

избирательности 
Automatic speed control Сцрятин юзбашына тянзимлянмяси Автоматическое регулирование скорости 
Automatic tracking Автоматик тягиблямя Автоматическое слежение  
Automatic tuning Автоматик гурма, гурулма Автоматическая настройка 
Automatic voltage regulator Эярэинлийин автоматик тянзимчийи Автоматический регулятор напряжения 
Automatic volume control Сяс эурлуьунун автоматик 

тянзимлянмяси 
Автоматическая регулировка громкости 

Automating coding Автоматик кодлашдырма Автоматическое кодирование 
Automation Автоматлашма Автоматизация 
Automation Автоматика Автоматика 
Automaton Автомат  Автомат 
Autometamorphism Автометаморфизм Автометаморфизм 
Automorphic form Автоморф форма Автоморфная форма 
Automorphic function Автоморф функсийа Автоморфная функция  
Automorphism Автомиорфизм  Автоморфизм 
Autopneumatolysis Авирпневматолиз  Автопневматолиз 
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Autoradiograph Авторадиограф Авторадиограф 
Autoradiography Авторадиографийа Авторадиография 
Autoregression Автоэерилямя Авторегрессия 
Autoregressive process Автоэерилямя просеси Авторегерессивный процесс 
Autorotation Авторотасийа Авторотация 
Autotransformer Автотрансформасийа Автотрансформатор 
Avionics Авиаелектроника Авиаэлектроника 
Azeotropic distillation Азеотроп дистилля етмя Азеотропная дистилляция  
Azeotropic mixture, azeotrope Азеотроп гарышыг Азеотропная смесь 
Azeotropic point Азеотроп нюгтяси Азеотропная точка 
Azeotropy Азеотропийа Азеотропия 
Azimuth Азимут Азимут 
Azimuthal quantum number Азимутал квант ядяди Азимутальное квантовое число  
Braking Тормозланма Торможение  
Channel address word Каналын цнван сюзц Адресное слово канала 
Complete system Там систем Полная система 
Constant transition Юзбашына кечид Постоянный переход 
Coordinate representation Координат («х») тясвири Координатное («х») представление 
Cosmos, universe, space Каинат  Вселенная 
Crystal aggregate Кристалларын агрегаты Агрегат кристаллов 
Degeneracy, degeneration Жырлашма  Вырождение  
Degenerate state Жырлашмыш щаллар Вырожденное состояние 
Discuss Мцбащися етмяк Обсуждать 
Eigenfunction Мяхсуси функсийа Собственная функция 
Elementary particle Елементар зярряжик Элементарная частица 
Emergency cooling Фялакятли сойума Аварийное охлаждение 
Emergency fault current Жяряйанын фялакятли гиймяти Аварийное значение тока 
Emergency shut-down Фялакят дайанажаьы Аварийная остановка 
Energy (“E”) representation Енеръи («Е») тясвири Энергетическое («Е») представление 
Equality Бярабярлик Равенство 
Equation Тянлик Уравнение 
Erenfest’s adiabatic law Еренфестин адибатик гануну Адиабатический закон Эренфеста 
Evolution Еволйусийа (инкишаф)  Эволюция  
Exchange Мцбадиля Обмен 
Exchange energy Мцбадиля енеръиси Обменная энергия 
Exchange force Мцбадиля гцввяси Обменная сила 
Excitation, perturbation Щяйяжанланма Возбуждение, возмущение 
Field-ion microscope Автоион микроскопу  Автоионный микроскоп 
Formulae Дцстур Формула 
Gibbs adsorption equation Эиббсин адсорбсийа тянлийи Адсорбционное уравнение Гиббса 
High-field emission Автоелектрон емиссийа Автоэлектронная эмиссия 
High-field emission arc Автоелектрон гювсц Автоэлектронная дуга 
Idea Фикир  Мысль 
Identity Ейнилик Тождество 
Instruction address Команда цнваны Адрес команды 
Integral transformation Чевирижи интеграл Интегральное преобразование 
Interleave,  alternate Ардыжыл йердяйишмяк Чередовать  
Ionizing agent Ионлашдырыжы агент Агент ионизирующий 
L – representation Л-тясвири L - представление 
Local field Йерли (локал) сащя Локальное поле 
Localization Локаллашма Локализация 
Magnetic agent Магнит агенти Агент магнитный 
Magnetorotation additivity Магнит фырланма аддитивлийи Аддитивность магнитного вращения 
Mass-absorption coefficient  Кцтля абсорбсийа ямсалы Абсорбции массовый коэффициент 
Method of successive approximation Ардыжыл йахынлашма методу Метод последовательного приближения 
Microcosm Микроалям  Микромир  
Microscopic particle Щиссяжик Маленькая часть вещества (как атом, 

молекула) 
Momentum “P” representation Импулс («P») тясвири Импульсное («Р») представление 
Next, future Эяляжяк Будущее  
Nodal point Дцйцн нюгтяси Узловая точка 
Offline memory Автоном йаддаш  Автономная память 
Optical absorption Ишыьын абсорбсийасы Абсорбция света 
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Ozonosphere Озон фязасы Озоносфера 
Part Щисся  Часть  
Particle  Зярряжик  Частица  
Past Кечмиш Пройденный, прошедший 
Perfectly black body Мцтляг гара жисим Абсолютно черное тело 
Perfectly elastic collision Мцтляг еластики тоггушма Абсолютно упругое столкновение 
Perfectly rigid body Мцтляг бярк жисим Абсолютно твердое тело 
Perturbation theory  Щяйяжанланма нязяриййяси Теория возмущений 
Propagation Йайылма Распространение  
Radioactive radiation absorption  Радиоактив шцаланма абсорбсийасы Абсорбция радиоактивного излучения 
Reasoning Мцлащизя  Рассуждение  
Reference point Йюн  Ориентир  
Reflect Фикирляшмяк  Размышлять 
Refraction additivity Рефраксийа аддитивлийи Аддитивность рефракции 
Relict radiation  Реликтив шцаланма Реликтовое излучение 
Repel Дяф етмяк Отталкивать  
Representation Тясвир  Представление 
Representation theory Тясвир нязяриййяси  Теория представлений 
Return address Гайытма цнваны Адрес возврата 
Self-consistent field Юзцня узлашан сащя Самосогласованное поле 
Self-excited oscillation Авторягсляр Автоколебание 
Self-heterodyne, autodyne receiver Автодин, йахын тезликли дальаларын тясири 

ишляйян радиожищаз 
Автодин 

Self-polar tetrahedron Автогцтблц тетраедр Автополярный тетраэдр 
Self-polar triangle Автогцтблц цчбужаг Автополярный треугольник 
Sequence Ардыжыллыг Последовательность 
Space Фяза  Пространство  
Spontaneous Спонтан (юзбашына) Спонтанный 
State of aggregation Агрегат щал Агрегатное состояние 
Stratosphere Стратосфера  Стратосфера  
Tensor additivity Тензор аддитивлийи Аддитивность тензорная 
Term Истилащ (термин) Термин 
Think Фикир чякмяк Думать о чем (о ком) то 
Translocate Йердяйишмяк  Перемещать  
Trial function Сынаг функсийа Пробная функция 
Unmanned satellite Автоматик пейк Автоматический спутник 
Word address Цнван сюзц Адрес слова 
X-ray absorption Рентэен шцалары абсорбсийасы Абсорбция рентгеновских лучей  
X-ray absorption analyses  Абсорбсийа рентэен спектрал анализ  Абсорбционный рентгеноспектральный 

анализ 
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Абак Abacus Щесаблама жищазы 
Абелев дифференциал Abelian differential Абел диференсиалы  
Абелев интеграл Abelian integral Абел интегралы 
Абелева группа Abelian group Абел групу 
Абелева функция Abelian function Абел функсийасы 
Абелево многообразие Abelian variety Абел чохлуьу 
Абелево расширение поля  Abelian extension field  Сащянин абел эенишлянмяси 
Абелево уравнение Abelian equation Абел тянлийи 
Аберрационный эллипс Aberrational ellipse Аберасийа еллипси 
Аберрация Aberration Аберасийа 
Аберрация света Aberration of light Ишыьын аберасийасы 
Абляционный материал Ablative material Аблйасийа материалы 
Абляция  Ablation Сцхур сятщляринин тядрижян даьылмасы 
Абразивные материалы Abrasives Абразив материаллар, щамарламаг, 

йонмаг, итилямяк цчцн ишлядилян 
материаллар  

Абсолютная активность Absolute activity Мцтляг активлик, мцтляг фяаллыг 
Абсолютная величина Absolute value Мцтляг кямиййят 
Абсолютная влажность Absolute humidity  Мцтляг рцтубят 
Абсолютная высота Absolute altitude Мцтляг щцндцрлцк (йцксяклик, тяпя) 
Абсолютная вязкость Absolute viscosity Мцтляг юзлцлцк 
Абсолютная единица Absolute unit Мцтляг ващид 
Абсолютная завихренность Absolute vorticity Мцтляг бурульанлыг 
Абсолютная звездная величина Absolute magnitude Мцтляг улдуз кямиййяти 
Абсолютная интенсивность Absolute intensity Мцтляг интенсивлик 
Абсолютная калибровка Absolute calibration  Мцтляг калибрлямя 
Абсолютная конфигурация Absolute configuration Мцтляг конфигурасийа 
Абсолютная магнитная 
проницаемость 

Absolute permeability  Мцтляг магнит нцфузлуьу 

Абсолютная неустойчивость Absolute instability Мцтляг дайаныгсызлыг 
Абсолютная ошибка Absolute error Мцтляг хята 
Абсолютная податливость Absolute compliance Мцтляг цзцйолалыг 
Абсолютная система единиц Absolute system of units Мцтляг ващидляр системи 
Абсолютная скорость Absolute velocity Мцтляг сцрят 
Абсолютная спектральная 
чувствительность 

Absolute spectral sensitivity Мцтляг спектрал щяссаслыг 

Абсолютная структура Absolute structure Мцтляг гурулуш 
Абсолютная сходимость Absolute convergence Мцтляг йыьылма 
Абсолютная температура Absolute temperature Мцтляг температур 
Абсолютная устойчивость Absolute stability Мцтляг дайаныглыг 
Абсолютная чувствительность Absolute sensitivity  Мцтляг щяссаслыг 
Абсолютная шкала Absolute scale Мцтляг шкала 
Абсолютная энтропия Absolute entropy Мцтляг ентропия 
Абсолютно интегрируемый Absolutely integrable Мцтляг интегралланан 
Абсолютно непревная функция Absolutely continuous function Мцтляг кясилмяз функсийа 
Абсолютно непрерывное 
распределение 

Absolutely continuous distribution Мцтляг кясилмяз пайланма 

Абсолютно непрерывный спектр Absolutely continuous spectrum Мцтляг кясилмяз спектр 
Абсолютно неупругое 
столкновение 

Absolute perfectly inelastic collision Мцтляг гейри-еластики тоггушма 

Абсолютно твердое тело Perfectly rigid body Мцтляг бярк жисим 
Абсолютно упругое столкновение Perfectly elastic collision Мцтляг еластики тоггушма 
Абсолютно черное тело Perfectly black body Мцтляг гара жисим 
Абсолютное время Absolute time Мцтляг заман 
Абсолютное давление Absolute pressure Мцтляг тязйиг 
Абсолютное движение Absolute motion Мцтляг щярякят 
Абсолютное измерение Absolute measurement  Мцтляг юлчц 
Абсолютное кодирование Absolute coding Мцтляг кодлама 
Абсолютное неравенство Absolute inequality Мцтляг гейри-бярабярлик 
Абсолютное простанство Absolute space Мцтляг фяза 
Абсолютное ускорение Absolute acceleration Мцтляг тяжил 
Абсолютные экстремумы Absolute extremums Мцтляг екстремумлар 
Абсолютный адрес Absolute address Мцтляг адрес (цнван) 
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Абсолютный ампер Absolute ampere Мцтляг ампер 
Абсолютный асимметрический 
синтез 

Absolute asymmetric synthesis Мцтляг антисимметрик синтез 

Абсолютный вакуум Absolute vacuum Мцтляг вакуум 
Абсолютный возраст Absolute age Мцтляг йаш 
Абсолютный высотомер Absolute altimeter Мцтляг щцндцрлцйц юлчян 
Абсолютный гальванометр  Absolute galvanometer Мцтляг галванометр 
Абсолютный дифференциал Absolute differential, absolute 

differentiation 
Мцтляг диференсиал 

Абсолютный инвариант Absolute invariant Мцтляг инвариант 
Абсолютный интегральный 
инвариант 

Absolute integral invariant  Мцтляг интеграл инвариант 

Абсолютный ковариант Absolute covariant Мцтляг ковариант 
Абсолютный магнитомер Absolute magnetometer Мцтляг магнитюлчян 
Абсолютный момент Absolute moment Мцтляг момент 
Абсолютный момент количества 
движения 

Absolute angular momentum Мцтляг щярякят мигдары моменти 

Абсолютный нуль Absolute zero Мцтляг сыфыр 
Абсолютный окрестностный 
ретракт 

Absolute neighbourhood retract  Мцтляг ятраф ретракты 

Абсолютный параллакс Absolute parallax Мцтляг параллакс 
Абсолютный показатель 
преломления 

Absolute index of refraction Мцтляг сындырма ямсалы 

Абсолютный потенциал Absolute potential Мцтляг потенсиал 
Абсолютный ретракт Absolute retract Мцтляг ретракт 
Абсолютный слух Absolute pitch Камил ешитмя габилиййяти 
Абсолютный спирт Absolute alcogol Камил спирт 
Абсолютный статистический вес Absolute statistical weight Мцтляг статистик чяки 
Абсолютный уровень Absolute level Мцтляг сявиййя 
Абсолютный электрометр Absolute electrometer Камил електрометр 
Абсорбер Absorber Абсорбер: газы, бухары тутан жищаз 
Абсорбции массовый 
коэффициент 

Mass-absorption coefficient  Кцтля абсорбсийа ямсалы 

Абсорбции показатель Absorption index Абсорбсийа ямсалы 
Абсорбциометрия Absorptiometry Абсорбсиометрийа 
Абсорбционная спектроскопия Absorption spectroscopy Абсорбсийа спектроскопийасы 
Абсорбционная 
спектрофотометрия 

Absorption spectrophotometry Абсорбсийа спектрал фотометрийасы 

Абсорбционная способность Absorptive power Абсорбсийа габилиййяти 
Абсорбционная фотометрия 
пламени 

Absorption flame photometry Аловун абсорбсийа фотометрийасы 

Абсорбционное замирание Absorption fading Абсорбсийа кясилмяси 
Абсорбционный волномер Absorption wavemeter Абсорбсийа дальаюлчяни 
Абсорбционный гигрометр Absorption hygrometer Абсорбсийа щигрометри 
Абсорбционный 
рентгеноспектральный анализ 

X-ray absorption analyses  Абсорбсийа рентэен спектрал анализ  

Абсорбционный светофильтр Absorption filter  Абсорбсийа ишыг филтри 
Абсорбционный спектрометр Absorption spectrometer Абсорбсийа фактору 
Абсорбционный ток Absorption current Абсорбсийа жяряйаны 
Абсорбционный фактор Absorption factor Абсорбсийа фактору 
Абсорбционный частотомер Absorption frequency meter Абсорбсийа тезликюлчяни 
Абсорбция Absorption Абсорбсийа 
Абсорбция радиоактивного 
излучения 

Radioactive radiation absorption  Радиоактив шцаланма абсорбсийасы 

Абсорбция рентгеновских лучей  X-ray absorption Рентэен шцалары абсорбсийасы 
Абсорбция света Optical absorption Ишыьын абсорбсийасы 
Абсорвент Absorbent Абсорбент: удан маддя 
Абстрактная алгебра Abstract algebra Абстрак жябр 
Абстрактная группа Abstract group Абстракт груп 
Абстрактное алгебраическое 
многообразие 

Abstract algebraic variety Абстракт жябри чохдуг 

Абстрактное гильбертово 
пространство 

Abstract Hilbert space Абстракт Щилберт фязасы  
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Абстрактное представление Abstract representation Абстракт тясвир 
Абстрактное простанство Abstract space Абстракт фяза 
Абстрактный интеграл Abstract integral Абстракт интеграл  
Абстрактный комплекс Abstract complex Абстракт комплекс (мяжму) 
Абстракция Abstraction Абстраксийа 
Аварийная остановка Emergency shut-down Фялакят дайанажаьы 
Аварийное значение тока Emergency fault current Жяряйанын фялакятли гиймяти 
Аварийное охлаждение Emergency cooling Фялакятли сойума 
Авиационная метеорология Aeronautical meteorology Авиасийа метеоролоэийасы 
Авиаэлектроника Avionics Авиаелектроника 
Авроральная линия auroral line Аврорал хятт 
Автодин Self-heterodyne, autodyne receiver Автодин, йахын тезликли дальаларын тясири 

ишляйян радиожищаз 
Автоиндекс Autoindex Автоиндекс 
Автоионизация autoionization Юзбашына ионизасийа  
Автоионный микроскоп Field-ion microscope Автоион микроскопу  
Автокатализ Autocatalysis Автокатализ 
Автокаталитическая реакция Autocatalytic reaction Автокаталитик реаксийа 
Автоклав Autoclave Автоклав, кип баьланмыш газан 
Автокод Autocode Автокод 
Автоколебание Self-excited oscillation Авторягсляр 
Автоколлиматор Autocollimator Автоколлиматор 
Автоколлимационный 
спектрограф 

Autocollimating spectrograph Автоколлиматик спектрограф 

Автоколлимация  Autocollimation Автоколлимасийа 
Автоконвективный градиент  Autoconvective lapse rate Автоконвектив градийент 
Автоконвекция Autoconvection Автоконвексийа 
Автокорреляционная функция Autocorrelation function Автокоррелйасион функсийа 
Автокорреляция  Autocorrelation Автокоррелйасийа 
Автолиз Autolysis Автолиз, юзбашына щяллолма 
 Автомат Automaton Автомат 
Автоматизация Automation Автоматлашма 
Автоматика Automation Автоматика 
Автоматическая настройка Automatic tuning Автоматик гурма, гурулма 
Автоматическая обработка данных  Automatic data processing Мялуматын автоматик ишлянмяси 
Автоматическая регулировка Automatic adjustment Автоматик тянзимлянмя 
Автоматическая регулировка 
громкости 

Automatic volume control Сяс эурлуьунун автоматик 
тянзимлянмяси 

Автоматическая регулировка 
усиления 

Automatic gain control Сясин эцжлянмясинин тянзимлянмяси 

Автоматическая система 
управления 

Automatic control system  Автоматик идаря едилмя системи 

Автоматическая точная настройка Automatic fine tuning Автоматик дягиг гурма 
Автоматические весы Automatic scales Автоматик тярязи 
Автоматические регулирование 
избирательности 

Automatic selectivity control Сечилмянин юзбашына тянзимлянмяси 

Автоматический газоанализатор Automatic gas analyzer Автоматик газы тящлил едян жищаз 
Автоматический ограничитель 
шумов 

Automatic noise limiter Сяс-кцйц автоматик мящдудлашдыран 
жищаз  

Автоматический осциллограф Automatic oscillograph Автоматик оссилйатор 
Автоматический потенциометр Automatic potentiometer Автоматик потенсиометр 
Автоматический регулятор 
напряжения 

Automatic voltage regulator Эярэинлийин автоматик тянзимчийи 

Автоматический спутник Unmanned satellite Автоматик пейк 
Автоматическое исправление 
ошибок 

Automatic error correction Сящвлярин автоматик дцзялдилмяси 

Автоматическое кодирование Automating coding Автоматик кодлашдырма 
Автоматическое 
программирование 

Automatic programming Автоматик програмлашдырма 

Автоматическое регулирование Automatic control Юзбашына тянзимлямя 
Автоматическое регулирование 
мощности 

Automatic power control Эцжцн юзбашына тянзимлянмяси 

Автоматическое регулирование Automatic speed control Сцрятин юзбашына тянзимлянмяси 



РУССКО-АНГЛИЙСКО-АЗЕРБАЙДЖАНСКИЙ ФИЗИЧЕСКИЙ ТЕРМИНОЛОГИЧЕСКИЙ СЛОВАРЬ 

 91

скорости 
Автоматическое регулирование 
частоты 

Automatic frequency control Тезлийин юзбашына тянзимлянмяси 

Автоматическое регулирование 
яркости 

Automatic brightness control Парлаглыьын юзбашына тянзимлянмяси 

Автоматическое слежение  Automatic tracking Автоматик тягиблямя 
Автоматическое смещение Auto-bias, self-bias  Юзбашына йердяйишмя 
Автоматическое фазовое 
регулирование 

Automatic phase control Автоматик фазалы тянзимлямя 

Автоматическое фокусирование Automatic focusing Автоматик фокуслама 
Автометаморфизм Autometamorphism Автометаморфизм 
Автоморфизм Automorphism Автомиорфизм  
Автоморфная форма Automorphic form Автоморф форма 
Автоморфная функция  Automorphic function Автоморф функсийа 
Автономная память Offline memory Автоном йаддаш  
Автопневматолиз Autopneumatolysis Авирпневматолиз  
Автополярный тетраэдр Self-polar tetrahedron Автогцтблц тетраедр 
Автополярный треугольник Self-polar triangle Автогцтблц цчбужаг 
Автопроводимость Autoconduction Автокечирижилик 

Авторадиограф Autoradiograph Авторадиограф 
Авторадиография Autoradiography Авторадиографийа 
Авторегерессивный процесс Autoregressive process Автоэерилямя просеси 
Авторегрессия Autoregression Автоэерилямя 
Авторотация Autorotation Авторотасийа 
Автотрансформатор Autotransformer Автотрансформасийа 
Автоэлектронная дуга High-field emission arc Автоелектрон гювсц 
Автоэлектронная эмиссия High-field emission Автоелектрон емиссийа 
Агглюцинация Agglutination Аглйцсинасийа, сюзцн кюкцнц 

сахламагла йени сюзляр дцзялтмяк  
Агент ионизирующий Ionizing agent Ионлашдырыжы агент 
Агент магнитный Magnetic agent Магнит агенти 
Агломерация Agglomeration Агломерасийа 
Агрегат кристаллов Crystal aggregate Кристалларын агрегаты 
Агрегатное состояние State of aggregation Агрегат щал 
Агрометеорология Agrocultural meteorology Агрометеоролоэийа, йер 

метеоролоэийасы 
Агрофизика Agrophysics Агрофизика, йер физикасы 
Адаптация Adaptation Адаптасийа, уйьунлашма 
Адвективная гроза Advective tundesthorm Адвектив туфан 
Адвективный туман Advection fog Адвектив думан 
Адвекция Advection  Адвексийа 
Адгезионная прочность Adhesive strength Адэези мющкямлик, бярклик 
Адгезия Adhesion  Адгезийа 
Аддивная функция Additive function Аддитив функсийа 
Аддитивная группа Additive group Аддитив груп 
Аддитивная мера Additive measure Аддитив юлчц 
Аддитивная теория чисел Additive number theory Ядядлярин аддитив нязяриййяси 
Аддитивная функция множеств Additive set function  Чохлуьун аддитив функсийасы 
Аддитивное сложение Additive addition Аддитив топланма 
Аддитивное смещение цветов Additive color mixture Рянэлярин аддитив гарышдырылмасы 
Аддитивность Additivity Аддитивлик 
Аддитивность магнитного 
вращения 

Magnetorotation additivity Магнит фырланма аддитивлийи 

Аддитивность оптической 
активности 

Additivity of optical activity Оптик фяаллыьын аддитивлийи 

Аддитивность рефракции Refraction additivity Рефраксийа аддитивлийи 
Аддитивность тензорная Tensor additivity Тензор аддитивлийи 
Аддитивные свойства Additive properties Аддитив хассяляр 
Аддитивный оператор Additive operator Аддитив оператор 
Аддитивный процесс Additive process Аддитив просес 
Аддитивный функционал Additive functional Аддитив функсионал 
Адиабата Adiabatic line Адиабата 
Адиабатическая гипотеза Adiabatic hypothesis Адиабатик фярзиййя 
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Адиабатическая диэлектрическая 
проницаемость 

Adiabatic dielectric constant Адиабатик диелектрик нцфузлуьу 

Адиабатическая инвариантность Adiabatic invariance Адиабатик инвариантлыг 
Адиабатическая ионизация Adiabatic ionization Адиабатик ионлашма 
Адиабатическая реакция Adiabatic reaction Адиабатик реаксийа 
Адиабатическая стенка Adiabatic wall Адиабатик дивар 
 Адиабатическая теорема Adiabatic theorem Адиабатик теорем 
Адиабатический градиент 
температуры 

Adiabatic temperature gradient, 
adiabatic lapse rate 

Температурун адиабатик градийенти 

Адиабатический закон Эренфеста Erenfest’s adiabatic law Еренфестин адибатик гануну 
Адиабатический инвариант Adiabatic invariant Адиабатик инвариант 
Адиабатический калориметр Adiabatic calorimeter Адиабатик калориметр 
Адиабатический необратимый 
процесс 

Adiabatic irreversible process  Дюнмяйян адиабатик просес 

Адиабатический обратимый 
процесс 

Adiabatic reversible process Дюнян адиабатик просес 

Адиабатический потенциал Adiabatic potential Адиабатик потенсиал 
Адиабатический процесс Adiabatic process Адиабатик просес 
Адиабатическое быстрое 
прохождение 

Adiabatic rapid passage Сцрятли адиабатик кечид 

Адиабатическое возмущение Adiabatic perturbation Адиабатик щяйяжанланма 
Адиабатическое обратимое 
изменение 

Adiabatic reversible change  Дюнян адиабатик дяйишилмя 

Адиабатическое охлаждение Adiabatic cooling Адиабатик сойума 
Адиабатическое приближение Adiabatic approximation Адиабатик йахынлашма 
Адиабатическое равновесие Adiabatic equilibrium Адиабатик таразлыг 
Адиабатическое размагничивание Adiabatic demagnetization Адиабатик магнитсизляшмя 
Адиабатическое расширение Adiabatic expansion Адиабатик эенишлянмя  
Адиабатическое сжатие Adiabatic compression Адиабатик сыхылма 
Адиабатическое состояние Adiabatic state Адиабатик щал 
Адиабатическое течение Adiabatic flow Адиабатик ахын 
Адрес возврата Return address Гайытма цнваны 
Адрес команды Instruction address Команда цнваны 
Адрес слова Word address Цнван сюзц 
Адресация  Addressing Цнванланма 
Адресная дорожка Address track Цнван йолу 
Адресная константа Address constant Цнван сабити 
Адресная часть Address part Цнван щиссяси 
Адресное слово канала Channel address word Каналын цнван сюзц 
Адсорбат Adsorbate Адсорбат, сятщдя удулан газ вя йа 

майе 
Адсорбент Adsorbent Адсорбент, сятщиндя газ вя йа майе 

удулан жисим 
Адсорбер Adsorber Адсорбер 
Адсорбированная молекула Adsorbed molecule Адсорбсийа олунмуш молекул 
Адсорбированный атом Adsorbed atom Адсорбсийа олунмуш атом 
Адсорбированный газ Adsorbed gas Адсорбсийа олунмуш газ 
Адсорбирующее вещество Adsorbing substance Адсорбсийа олунан маддя 
Адсорбционная волна Adsorption wave Адсорбсийа дальасы 
Адсорбционная кинетика Adsorption kinetics Адсорбсийа кинетикасы 
Адсорбционная пленка Adsorption film Адсорбсийа тябягяси 
Адсорбционная сила Adsorption force Адсорбсийа гцввяси 
Адсорбционная хроматография Adsorption chromatography Адсорбсийа хроматографийасы 
Адсорбционное равновесие Adsorption equilibrium Адвсорбсийа таразлыьы 
Адсорбционное уравнение Гиббса Gibbs adsorption equation Эиббсин адсорбсийа тянлийи 
Адсорбционные изотермы Adsorption isotherm Адсорбсийа изотермляри 
Адсорбционный анализ Adsorption analysis Адсорбсийа анализи 
Адсорбционный ингибитор Adsorption inhibitor Адсорбсийа ингибитору 
Адсорбционный индикатор Adsorption indicator Адсорбсийа индикатору, тязйиги юлчян 

жищаз 
Адсорбционный потенциал Adsorption potential Адсорбционный потенциал 
Адсорбционный слой Adsorption layer Адсорбсийа гаты 
Адсорбционный ток Adsorption current Адсорбсийа жяряйаны 
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Адсорбция Adsorption Адсорбсийа, жисимлдярин цз 
тябягясиндя майе вя газларын 
удулмасы 

Азеотропия Azeotropy Азеотропийа 
Азеотропная дистилляция  Azeotropic distillation Азеотроп дистилля етмя 
Азеотропная смесь Azeotropic mixture, azeotrope Азеотроп гарышыг 
Азеотропная точка Azeotropic point Азеотроп нюгтяси 
Азимут Azimuth Азимут 
Азимутальное квантовое число  Azimuthal quantum number Азимутал квант ядяди 
Атмосфера  Atmosphere Атмосфер  
Будущее  Next, future Эяляжяк 
Возбуждение, возмущение Excitation, perturbation Щяйяжанланма 
Вселенная Cosmos, universe, space Каинат  
Вырождение  Degeneracy, degeneration Жырлашма  
Вырожденное состояние Degenerate state Жырлашмыш щаллар 
Думать о чем (о ком) то Think Фикир чякмяк 
Импульсное («Р») представление Momentum “P” representation Импулс («P») тясвири 
Интегральное преобразование Integral transformation Чевирижи интеграл 
Координатное («х») 
представление 

 Coordinate (“x”) representation Координат («х») тясвири 

L - представление L – representation Л-тясвири 
Локализация Localization Локаллашма 
Локальное поле Local field Йерли (локал) сащя 
Маленькая часть вещества (как 
атом, молекула) 

Microscopic particle Щиссяжик 

Метод последовательного 
приближения 

Method of successive approximation Ардыжыл йахынлашма методу 

Микромир  Microcosm Микроалям  
Мысль Idea Фикир  
Наименьшая часть вещества  Зярря  
Обмен Exchange Мцбадиля 
Обменная сила Exchange force Мцбадиля гцввяси 
Обменная энергия Exchange energy Мцбадиля енеръиси 
Обсуждать Discuss Мцбащися етмяк 
Озоносфера Ozonosphere Озон фязасы 
Ориентир  Reference point Йюн  
Отталкивать  Repel Дяф етмяк 
Перемещать  Translocate Йердяйишмяк  
Полная система Complete system Там систем 
Последовательность Sequence Ардыжыллыг 
Постоянный переход Constant transition Юзбашына кечид 
Представление Representation Тясвир  
Привлечь  Attract, involve Жялб етмяк 
Притягивать  Attract Жязб етмяк 
Пробная функция Trial function Сынаг функсийа 
Пройденный, прошедший Past……….. Кечмиш 
Пространство  Space Фяза  
Равенство Equality Бярабярлик 
Размышлять Reflect Фикирляшмяк  
Распространение  Propagation Йайылма 
Рассуждать Argue Мцлащизя етмяк 
Рассуждение  Reasoning Мцлащизя  
Реликтовое излучение Relict radiation  Реликтив шцаланма 
Самосогласованное поле Self-consistent field Юзцня узлашан сащя 
Сила притяжения Attractive force Жазибя гцввяси 
Собственная функция Eigenfunction Мяхсуси функсийа 
Спонтанный Spontaneous Спонтан (юзбашына) 
Стратосфера  Stratosphere Стратосфера  
Теория возмущений Perturbation theory  Щяйяжанланма нязяриййяси 
Теория представлений Representation theory Тясвир нязяриййяси  
Термин Term Истилащ (термин) 
Тождество Identity Ейнилик 
Торможение  Braking Тормозланма 
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Узловая точка Nodal point Дцйцн нюгтяси 
Уравнение Equation Тянлик 
Формула Formulae Дцстур 
Частица   Particle Зярряжик  
Часть  Part Щисся  
Чередовать  Interleave,  alternate Ардыжыл йердяйишмяк 
Эволюция  Evolution Еволйусийа (инкишаф)  
Элементарная частица Elementary particle Елементар зярряжик 
Энергетическое («E») 
представление 

Energy (E”) representation Енеръи («E») тясвири 
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