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The calculating methods of optimization of flat-and-edge radiator system of thermobattery cool shuts on maximal heat efficiency at 

minimal fanning intensity. 
 
Introduction 
 
The optimization of flat-and-edge radiator systems is used 

for the heat rejection in different thermoelectric transformers, 
in particular in heat chambers for the obtaining of the 
temperatures, below 300°K. It is led to the definition of 
optimal dimensions of edges, the distances between edges 
(edge numbers) on the radiator system foundation. 

The multi-stage thermoelectric systems are used for the 
formation of heat chambers, by the volume in the limits 
~10dm3 (from -50 till +80°C). However, the boiler diagram, 
basing on the use of “hybrid” catenation of base high-
temperature cascade on the base of compressive aggregate 
and outgoing low-temperature one-cascade thermoelectric 
battery (TB) is optimal one. The treatment of thermo-
refrigerators with (~1-10) dm3 sizes for the temperatures -
50°C only on the base of many-stage thermo-batteries is the 
hard-hitting task. So in the ref. [1] the behavior of 
thermoelectric coolers (TC) with indirect number of cascades 
at the cinematic excitation has been investigated by the 
method of electro-hydrodynamic analogy and Lagrange 
equations of second order. The calculating schemes of the 
construction analysis of many-stage (TC) at the investigation 
by both methods have been proposed. It is shown, that the 
one-and four-cascade TC demand the vibroprotection at 
cinematic excitation. The exploitation of such production 
demands the supplying of their reliability in the conditions of 
external vibration influences. That’s why the formation of the 
engineering technique, allowing to evaluate the construction 
ways of devices for the obtaining of lowered temperatures on 
the base of the many-stage systems on the stage of projection 
and product treatment is the actual task. The compressor 
aggregates and one-cascade TC can be such systems. They 
are extensively free from the vibration overworks. In total, 
the reliability of many-stage devices depends on their design 
philosophies [2]. The cascade choice at the construction is the 
definition one at the formation of many-stage systems [3-4]. 
For this purpose firstly let’s consider TB calculation of 
radiator system with the help of heat exchangers. 

The aim of this paper was the task solution of 
optimization of flat-and-edge heat exchanger in the form of 
the collection of its optimal outgoing characteristics. 

Besides, the optimization of flat-and-edge heat exchanger, 
contacting with TB cool shuts and using for the heat rejection 
from the cubic capacity and decrease of its temperature, 
allows, firstly, to lead the T′

0-T0 drop to minimum possible 
values and, secondly, to decrease the circulation intensity and   
power of fan heat generations till the values, defined by 

maximum assumed temperature gradient in the cubic 
capacity, correspondingly. 

The solution of this task requires the consideration as fan 
aerodynamic characteristics, so the big collection of 
thermalphysic factors, connected between each other in a 
complicated manner, such as air flow regime, its 
corresponding heat - transfer factor, total hydraulic resistance 
of heat exchanger and the differential pressure of air flow on 
it, correspondingly. 

   
Statement of problem 
 
The heat exchanger (fig.1), containing the flat-and-edge 

system with the basis of sizes d x Z , N edges of the width δ 
and length l has been established on the one of the planes of 
which along direction, parallel to Z, fanned by fan with 
parameters in nominal conditions (heat exchanger efficiency, 
power, differential pressure of air flow, volume air speed): 
ηH, WH, ∆PH, ωH.  

 
Fig.1. The heat exchanger 
 

  The heat power q is totally taken off from the radiator 
system foundation; initial flow temperature is equal to TC. 

The temperature of radiator system in arbitrary point is 
defined in stabilized mode from the equation 
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At practically carrying out supposition about uniformity of 
air cooling, fanned through radiator system, i.e. at 
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leading down solutions of tasks (1), (2) to the equation with 
separating variables and further carrying out the averaging-
out on total radiator system volume in the correspondence 
with the equation 
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it can be possible to obtain the following expression: 
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As it was mentioned in the ref [4], the existence of  
optimal density of radiator edges dispersion, at which the 
minimal value of average temperature of thermal-dropping 
surface achieves at the given heat flux density defining by the 
minimum of average heat resistance of heat exchanger,  
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is obtained from the following suppositions. The value of 
heat-exchange surface increases with increase of the density 
of edge situation. However, the last one is accompanied by 
the increase of aerodynamic resistance and at the defined 
dependence of fan efficiency on pressure leads to the 
decrease of air speed, created by it and heat-transfer 
coefficient, correspondingly.  

  Thus, the optimization of radiator system is defined by 
dependence of fanning speed, created by fan with known 
aerodynamic characteristics, on the distances between edges, 
realized finally in heat exchanger. 

  We use the perception of limit edge length, introduced in 
ref [4] at the finding of optimum of initial relation 
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The physical meaning of introduced limit edge length 
consists in the fact, that it defines thermal effectiveness of the 
use of given space volume, secreted in device for heat-and-
edge heat exchanger. 

 
The non-dimensional form of initial relation 
 
Introducing the non-dimensional variable x, defining 

dispersion density of edges on the foundation, we obtain: 
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The relations [5-6] are known 
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(α are heat-transfer coefficients) 
( λв is air thermal conductivity) 
 

                 ψRe1ANН =    (Nusselt’s criterion),     (11) 
 

where parameter values A1 and ψ are given in table 1. 
                                                                                                     
                                                                       Table 1. 

Gas flow character in canals A1 ψ
Laminar 0.33 0.5 
Vortical 0.018 0.8 
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(where ν is cinematic viscosity). 
The volume air speed ω is connected with linear velocity  

ν  by relation: 
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For one’s turn  
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Making the transformations on the base of above 
mentioned relations, we obtain: 

 

                 
γ

ωδ
dl
x )2(Re +

=                         (16) 

 

               
ψ

γ
ωδ

δ
λ

α ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ +
=

dl
xA

х
в )2(

1   .              (17) 

 

We obtain the initial optimization equation in non-
dimensional form, finally substituting formulas (7) and (17) 
in formula (6): 
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The equation (18) shows, that the solution of given task is 

defined by the optimal step between edges of chosen width 
and supposes also known dependence of air speed ω on it, 
created by fan with defined aerodynamic characteristics. 
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The results on optimization of air heat exchangers for 
compression-thermo-electrical systems are obtained. 

The value of volume air speed, realizing in heat 
exchanger, proves about the fact, that fan operating mode 
isn’t nominal one in general. In general, the finding of task 
solution of optimization of heat exchanging node, necessarily 
proposing the change in defined limits of ω and ∆P 
parameters, is impossible without taking into the 
consideration of total fan characteristic, expressing the 
connection between ∆P, W and n with one hand and ω with 
other hand. 

It is need to take into consideration the fact that fan 
dynamic characteristics are not always given in fan passports, 
especially in compact ones (for example, such characteristics 
are given in ref [7], that makes difficult the carrying out of 
optimization investigations of compact flat-and-edge heat 
exchangers). The relations [8], describing the fan work in 
stabilized mode, are known. 
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where (ξ for laminar flow, such motion character has the air, 
fanned through radiator system). 
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Here, ξin and ξout. are hydraulic resistances on the output 
and input in radiator system)[4]. 

The dependence A2 in function on 
e

Deq  relation, built on 

table data, given in [7], is presented on the fig.2. 

The ξin(D) and ξout.(D) dependences for the smooth flat-
and-edge radiator systems, not having breaks, are defined by 
following formulas [9]  
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Using the expressions (8) and (9), it is possible to obtain  
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Let’s introduce the non-dimensional fan characteristics, 
which are more comfortable at the carrying out of 
mathematical operations: 
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Taking into account the earlier mentioned relations, it is 
possible to obtain: 
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Leading the expression (19) to the non-dimensional form 
                                           

                                                                                          ωη PW ∆=                                                                   (29) 
 

and transforming it, taking into account (27), we obtain 
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The solution of equation (30) is possible only by graphic-

analytical method at the presence of ),( xl ω  dependence of 
complex form. However, starting from the consideration of 
typical dynamic characteristics )(ωη , given for example in 
ref. [10], at fan work on the one of curve )(ωη  parts, it is 
possible to accept  

                               )(1 ωη b=  ,                                (31) 
 

where b1 tangent inclination angle of curve part )(ωη  in 
point, corresponding to stabilized mode in heat exchanger. In 
this case the equation leads to square equation respect of 
( )/ lω : 
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It is possible to obtain the dependence of )(xω  air flow, created by fan in heat exchanger with the one from overall sizes 

lзад.  solving (32) respect of 
l
ω , when lпр < l зад.restriction is imposed on lпр value: 
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The 
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Dэкв  relation, in one’s turn defining A2 dependence 

at  l=lзад.=cons , transforms in: 
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The A2(x) dependences for different values of δ / l relation, 
and also A2(l) dependences at Deq values, which are equal to 
1mm, 2mm, 3mm, 4mm, are presented on the fig.2. 

Thus, the dependence of volume air speed, created by fan 
in flat-and-edge heat exchanger is described by explicit 
equation (35) that takes into consideration whole collection 
of influencing factors for each chosen value  δ and l. 

Substituting (7) instead of lзад in (33), we obtain more 
general dependence ω(x), basing on previously given limiting 
heat efficiency of edge of given width 

 
   Fig.2. The A2  dependences on x and 
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Substituting (36) in formula (7) we find lпр(x) dependence 

which is taken into consideration at the projection of flat-and-
edge with the given edge efficiency. 

  
[ ]

2

4
052

0
13

1)(1)(

)(2
)(

ψ

ξ
δ

ξ
δ

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

−+
=

xxALxA

xx
xxbAlnp

.     (37) 

 

Substituting lпр form  (36) into (35), we find 
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The ϖ(x) dependence for edges, the width of which 
changes from 0,2 mm till 1 mm, obtained by calculating way, 
is presented on the fig.3. 

The ϖ, ν, P∆ , and TR  dependences on x are given on 
the fig.4. As it is seen from this figure, function minimum 
RT(x) is observed at some x values; this xОПТ  value and lПРЕД 
value, corresponding to it, are defined at chosen edge width, 
given density of heat-flow rate and fan.  

The unique solution of optimization task of flat-and-edge 
heat exchanger is collection of its optimal output 
characteristics. 
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   Fig.3. The dependence of non-dimensional expense ϖ on              Fig.4. The dependences ϖ, ν, P∆ , and TR , realizing in air heat  
             non-dimensional edge step x.                                                            exchanger, on non-dimensional edge step x. 
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Ф.К. Яляскяров, А.Ш. Гящряманов 
 

MЦSTЯVИTИLLИ RADИATOR SИSTEMИNИN SOYUQ TЯRЯFLИ TERMOBATAREYASЫNЫN OPTИMALLAШDЫRЫLMASЫ 
 
İşdя mцstяvitilli radiator sisteminin soyuq tяrяfli termobatareyasыnыn optimallaшdыrыlmasыna baxыlыr. 

        Minimal intensivlik цfцrmя шяraitindя maksimal istilik effektliyinin optimallaшdыrыlmasы hesablama цsullarы verilir.   
 

Ф.К. Алескеров, А.Ш. Кахраманов 
 

ОПТИМИЗАЦИЯ ПЛОСКОРЕБЕРНОЙ РАДИАТОРНОЙ СИСТЕМЫ ХОЛОДНЫХ СПАЕВ 
ТЕРМОБАТАРЕИ 

 
В работе описаны расчетные методы оптимизации плоскореберной радиаторной системы холодных спаев термобатареи на 

максимальную тепловую эффективность при минимальной интенсивности обдува. 
 
Received: 20.11.06 
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BULK SPIN-WAVE REGIONS IN A SUPERLATTICE FORMED FERRO- AND 

ANTIFERROMAGNETIC MATERIALS 
 

V.A. TANRIVERDIYEV, V.S. TAGIYEV, S.M. SEYID-RZAYEVA 
Institute of Physics of the National Academy of Sciences of Azerbaijan, Baku Az -1143, 

Baku, H.Javid ave. 33 
 

Theoretical studies of superlattice formed from alternating layers of simple-cubic Heisenberg ferromagnetic and antiferromagnetic 
materials have been presented. The spin-wave regions for spin waves propagating in a general direction in the superlattice are derived by the 
Green function method. The results are illustrated numerically.  

       
During the past decade, there has been growing interest in 

the magnetic properties of artificially layered structures. With 
the advance epitaxial growth technique, it is possible to grow 
very thin films of a several monolayers [1-3]. Various 
magnetic superlattices have been prepared in which magnetic 
and nonmagnetic layers alternate. They have applications in 
electronic information technology.  

There have been many theoretical studies of spin wave 
dispersion in the long-wavelength or magnetostatic limit and 
in the short-wavelength limit, where the exchange coupling is 
dominant [4,5]. The different physical characteristics, such as 
spectrum of magnons, the temperature dependence of 
magnetization, magnetic susceptibility and others for 
magnetic layered structures are obtained using Green 
function method [6]. Most of the works have been devoted to 
the properties of superlattices composed of two different 
ferro- and antiferromagnetic materials [7–9].  In particularly 
bulk spin-wave regions in ferro- and antiferromagnetic 
superlattice are derived in Ref.[10,11]. The purpose of this 
paper is to explore the nature of the spectrum of the bulk spin 
waves in superlattice consisting of alternating layers of 
simple-cubic Heisenberg ferromagnetic and antiferromagnetic 
materials by the Green function method.  

As indicated in fig.1 we consider a simple cubic superlattice 
model in which the atomic planes of ferromagnetic material 
alternate with atomic planes of antiferromagnetic material. 
Elementary cell of the superlattice consist of four type of 

spins those labeled with a and b belong antiferromagnetic 
material, spins c and d belong ferromagnetic material.  Each 
atomic plane is assumed to be the [001] planes. Both 
materials are taken to be simple-cubic Heisenberg ferro- and 
antifermagnets, having exchange constant Y and J, 
respectively. The exchange constant between constituents are 
Y1 when ferromagnetically, and J1 antiferromagnetically 
arrangements between spins of the two atomic layers at each 
interface. Lattice constant of the superlattice in x-y plane is a.  

 
Fig.1. A superlattice model in which the atomic planes of  
           ferromagnetic material alternate with atomic planes of          
           antiferromagnetic material. The lattice parameter a is  
           assumed for both the materials. 
 

Our total Hamiltonian H may be expressed as 
 

                     ,AFMFM HHH +=                              (1) 
 

where HFM is the  Heisenberg Hamiltonian for the 
ferromagnetic order spins 
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The term HAFM in (1) describes antiferromagnetic order spins: 
 

                      )()()( ,
)(

,0,
)(

,0
,

∑∑∑ −−+−=
i

z
bi

A
iAFMB

i

z
ai

A
iAFMB

ji
jiijAFM SHHgSHHgSSJH µµ               (3) 

 H0   in (1) and (2) is the internal magnetic field, which is 
assumed to be paralle1 to the z axis and ( )

( )A
iAFMFMH ,  

anisotropy field with simple uniaxial anisotropy. S
r

 is 
localized spin operator. There are both ferro- and 

antiferromagnetic spin arrangements between spins of the 
two atomic layers at each interface as shown in fig.1. 
Therefore we define four type Green function in real space  
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Furthermore, to emphasize the layered structure we shall use the following the frequency and two-dimensional. Fourier  
transformation  [2] 
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where ||k  is two-dimensional wave vector  across to the xy- 

plane , ω  is spin-wave frequency, n  and n′  indices of the 
layers to which ri

  and  rj belong , respectively. Employing the 

equation of motion for the Green functions (4) one obtains 
the following set of equations after two-dimensional Fourier 
transformation [5] 
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where     ( ) ,4 1 〉〈+〉〈+= z
FM

z
AFM

A
AFM

a SYSJHgµλ        ( ) ,24 1 〉〈−〉〈−−= z
FM

z
AFM

A
AFM

b SJSJHgµλ   

              ( ) ,2 1 〉〈+〉〈+= z
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z
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            ,)cos(cos2)( || akakk yx +=γ  
 

〉〈 z
FMS  and 〉〈 z

AFMS  are average meaning of  z-spins components in ferro-  and antiferomagnetic sublattices. 
The system is also periodic in the z direction, which lattice constant is d=2a. According to Bloch’s theorem we introduces 

the following plane waves: 
 

  ( ) ( ) [ ] ( ) ( ) ( ) ( ) [ ] ( ) ( ) .,,,,,exp,,,exp, ||,1||,1||,||,2 dcbakGdikkGkGdikkG nnznnnnznn =−== ′+′−′′+ αωωωω αααα             (7) 
 

Using (7) the system of equations (6) may be written the following matrix form:     
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where ( )dikT zexp1+=  and T* is the complex conjugate of  T. The Green functions are obtained by solving the equations 
(8).  The poles of the Green functions occur at energies, which are the roots of the following bulk-spin wave dispersion 
equation for the superlattice under consideration: 
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Fig.2. The bulk spin–wave regions in the superlattice as a function of transverse components of wave vectors.  The values of parameters 

are following: J/Y=0.5; J1/Y=1.5; Y1/Y=2; 1.0)( =〉〈 z
FM

A
FMB SYHgµ ;  5.0)( =〉〈 z

FM
A

AFMB SYHgµ ; 5.0=〉〈〉〈 z
FM

z
AFM SS  
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Numerically calculated bulk spin-wave regions in the 
superlattice as a function of the quantity )( ||kγ  for a 
particular  choice of parameters is presented in figure 2, that 
corresponds  to   –1 ≤ cos kzd ≤ 1 range. The calculations 
shows that roots of dispersion equation  (9) have tree positive 

and a negative frequencies. The analysis of the results shows 
that the width of the bulk-spin wave regions in the 
superlattice formed from ferro- and antiferromagnetic 
materials depends on transverse components of wave vectors 
and exchange interaction. 
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ФЕРРО- ВЯ АНТИФЕРРОМАГНИТ МАТЕРИАЛДАН ЩАЗЫРЛАНМЫШ ИФРАТГЯФЯСДЯ ЩЯЖМ  
СПИН ДАЛЬА ЗОНАСЫ 

 
Ики садя кубик Щейзенберг ферромагнит вя антиферромагнит материалын атом лайларынын нювбяляшмясиндян алынмыш ифратгяфяс 

тядгиг олунур. Грин функсийасы методу иля ифрат гяфясин оху бойунжа йайылан щяжм спин дальалары цчцн спин дальа зонасы тяйин 
едилиб. Нятижя кямиййятжя тясвир едилир.  
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ЗОНЫ ОБЪЕМНЫХ СПИНОВЫХ ВОЛН В ФЕРРО- И АНТИФЕРРОМАГНИТНЫХ СВЕРХРЕШЕТКАХ 

 
В настоящей работе рассмотрена сверхрешетка, состоящая из чередующихся одноатомных слоев гейзенберговских кубических 

ферромагнитных и антиферромагнитных материалов. Методом функций Грина определены зоны объемных спиновых 
волн,распростроняющихся вдоль оси сверхрешетки. Полученные результаты численно интерпретированы. 

 
Received: 16.10.06 
 
 
 



ФИЗИКА                                                        2006                                                          ЖИЛД XЫЫ №4 
 

 11

 
THE ROENTGENOGRAPHIC, MAGNETIC AND ELECTRICAL INVESTIGATIONS 

OF TlMnS2, TlMnSe2 CRYSTALS 
 

R.G. VELIYEV 
Institute of Physics of National Academy of Science of Azerbaijan 

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

The TlMnS2, TlMnSe2 crystals are synthesized by the method of solid reaction from chemical elements, suspended in stoichiometric 
ratio. The roentgenographic, magnetic and electrical investigations have been carried out. It is established, that TlMnS2 crystallizes in 
tetragonal crystal system with parameters of elementary cell: a=7.74Å; c=30.60Å; z=20; ρx=6.40g/cm3.  The TlMnSe2 crystallizes in 
hexagonal crystal system with parameters: a=6.53Å; c=23.96Å; z=8; ρx=6.71g/cm3.  The TlMnS2, TlMnSe2 compounds are semiconductors 
and have the antiferromagnetic character of exchange interaction.  

 
1. Introduction 
The low symmetry of crystal structure of magnets by 

TlMeX2 type (where Me=3d-metal; X=S, Se, Te) [1-3] 
predestines the dependence of their magnetic properties on 
main crystallographic directions, in some cases, right up to 
appearance of low-dimensional effect, when spin system 
(magnetic structure) of magnet in paramagnetic region in 
definite temperature interval is in “quasi-two-dimensional “ 
or quasi-one-dimensional” magnetic order (Izing-Geyzenberg 
model) [4]. Besides, the magnetic and semiconductor 
properties coincide in these compounds [5-8]. The given 
circumstances make the compound class by TlMeX2 type 
(Me=3d-metal; X=S, Se, Te) the one from the perspective 
base material for nano-technology.  

The magnetic structure of magnet is formed by its crystal 
structure, that’s why the roentgenographic investigation get 
the supreme importance: the definition of type of crystal 
structure, crystal system and parameters of elementary cell of 
crystal lattice, which would allow to suppose in the aggregate 
to which layered system or chain structure the concrete 
synthesized crystal by TlMeX2 type (Me=3d-metal; X=S, Se, 
Te) can be related to. 

 

2. The sample obtaining and their roentgenographic  
     analysis   
The TlMnS2 and TlMnSe2 compounds had been 

synthesized by solid state method, in evacuated till residual 
pressure ~10-3 Pa in quartz ampoules at temperature ~1100K 
from chemical elements, suspended in stoichiometric ratio. 
The electric furnace temperature was increasing till melting 
point of sulfur (319 K), selenium (493 K) and was supporting 
during three hours for the prevention of ampoule explosion. 
Further, the furnace temperature was fluently increased till 
temperature ~1100 K, at which the ampoules were bearing 
during 72 hours. Later, the reaction product was degenerated 
and the synthesis was repeated. Further, TlMnS2 and 
TlMnSe2 were carried out in powder state, pressed and 
treated by homogenizing annealing at temperature ~600K 
during 480 hours in evacuated quartz ampoules. 

The roentgenographic analysis of TlMnS2 and TlMnSe2  
samples, specially prepared after annealing, was carried out 
at room temperature (~300 K) on DRON-3M diffractometer 
(CuKα is radiation, λ=1.5418Å, Ni-filter, mode 35kV, 
10mA). The angular discrimination of shooting was ~0,1°. 
The mode of continuous scan was used. The diffraction 
angles have been defined by measurement method on 
intensity maximum. The mistake of definition of reflection 
angles in experiments wasn’t exceeded ∆θ=±0.2°. The 

diffractograms of TlMnS2 (a) and TlMnSe2 (b) crystals are 
presented on the fig.1. 

 
Fig.1. The diffractograms of TlMnS2 (а) and TlMnSe2 (b)  
          crystals. 
 

                                                                               Table 1 
    The calculation of TlMnS2 crystal diffractograms 

№ θ I/I0 dexp.. 
(Å) 

dth.(Å) hkl Parameters of 
elementary cell  

(Å)  
1 8°37′ 10 5.1462 5.1427 112  

 
 
 

Tetragonal 
 

a=7.74  

c=30.60 

z=20 

ρx=6.40 g/cm3 

 
 

2 10°34′ 8 4.2034 4.2058 106 
3 11°29′ 100 3.8719 3.8700 200 
4 12°20′ 13 3.6091 3.6101 203 
5 13°11′ 26 3.3797 3.3802 108 
6 14°50′ 24 3.0113 3.0060 00.10 
7 15°47′ 14 2.8342 2.8478 216 
8 16°17′ 62 2.7493 2.7365 220 
9 17°13′ 42 2.6044 2.6347 11.10 
10 17°32′ 40 2.5586 2.5705 301 
11 21°15′ 19 2.1272 2.1269 308 
12 23°25′ 13 1.9399 1.9400 1.0.15 
13 24°44′ 9 1.8425 1.8419 405 
14 26°24′ 20 1.7339 1.7343 2.1.15 
15 27°12′ 13 1.6865 1.6866 424 
16 29°52′ 12 1.5480 1.5480 500 
17 30°49′ 5 1.5048 1.5030 0.0.20 
18 32°09′ 5 1.4488 1.4493 1.2.20 

 
The diffractional reflections from TlMnS2 sample (table 1), 
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which indicate on the base of hexagonal crystal structure with 
parameters of crystalline lattice: a=7.74Å; c=30.60Å; c/a~ 3.9, 
number of atoms in elementary cell z=20; roentgen density 
ρx=6.40g/cm3 were fixed in 10°≤2θ≤70° angle interval. 

       
                                                                                          Table 2 
    The calculation of TlMnSe2 crystal diffractograms 

№ θ I/I0 dexp.. 
(Å) 

dth.(Å) hkl Parameters of 
elementary cell  

(Å)  
1 7°50′ 10 5.6559 5.6552 100  

 
 
 

Hexagonal 
 

a=6.53  

c=23.96 

z=8 

ρx=6.71 g/cm3 

 
 

2 11°08′ 100 3.9922 39933 006 
3 12°50′ 10 3.4710 3.4229 007 
4 14°03′ 30 3.1763 3.1501 112 
5 15°48′ 100 2.8311 2.8276 200 
6 16°22′ 90 2.7366 2.7520 202 
7 17°04′ 80 2.6275 2.6467 108 
8 20°32′ 40 2.1982 2.2062 1.0.10 
9 22°40′ 40 2.0003 2.0131 214 
10 23°32′ 10 1.9311 1.9317 1.1.10 
11 24°08′ 10 1.8858 1.8851 300 
12 24°19′ 10 1.8720 1.8793 301 
13 25°28′ 50 1.7928 1.7981 304 
14 26°22′ 30 1.7359 1.7398 218 
15 28°56′ 30 1.5934 1.5954 308 
16 29°18′ 25 1.5752 1.5751 224 
17 31°18′ 10 14839 1.4815 3.0.10 

 
The diffractional reflections from TlMnSe2 sample (table 2), 

which indicate on the base of hexagonal crystal structure with 
parameters of elementary cell: a=6.53Å, c=23.96Å; c/a~ 3.7, 
z=8, ρx=6.71g/cm3 were fixed in 10°≤2θ≤70° angle interval.    

Probably, the layers situate in consecution Tl-S-Mn-S-Tl-
S-Mn-S in TlMnS2 structure. The layers of trigonal prisms 
from Mn and Tl, parallel planes (001) give such atom 
disposition. Se atoms in TlMnSe2 structure create hexagons, 
situated under the tops of cell foundation in z=0 and 1/2 
planes. Tl and Mn atoms separately create the triangular grids 
63, packed on hexagonal law. 

 
3. The sample preparation and experimental  
    methods      
 
The magnetization (σ) of TlMnS2 and TlMnSe2 has been 

measured on Domenicalli pendulum magnetometer, and 
magnetic susceptibility (χ) has been measured by Faraday 
method on magnetoelectric scales. The samples for the 
measurements had cylindrical form with dimensions h≈3mm, 
d≈2.5mm. 

The electroconductivity (σe) of TlMnS2 and TlMnSe2 had 
been investigated by four-probe compensating method. The 
samples for measurements had parallelepiped form with 
dimensions 4.20mm×5.84mm×1.37 (TlMnS2) and 
12.47mm×5.65mm× 2.87mm (TlMnSe2). The ohmic contacts 
had been created by the way of cuprum electrolytic 
precipitation on sample edges. 

The investigations were carried out in temperature 
interval 77÷30K in quasi-static mode, moreover the velocity 
of temperature change was 0,2K/min.  During the 
measurements, the samples were inside the nitric cryostat and 
the differential cuprum-constant thermocouple, the seam of 
which stationary fixed on chip carrier near the sample was 

used in the capacity of temperature gauge. The bearing seam 
of thermocouple stabilized at temperature of melting ice.  

 
4. The experimental results and their discussion 
 
The dependence of specific magnetization σ of TlMnS2 

and TlMnSe2 compounds on magnetic field at 77 K is given 
on the fig.2. As it is seen, the dependence σ(H) at given 
temperature for both compounds has the form, which is 
character for paramagnetic state. However, the temperature 
dependence of reversible paramagnetic susceptibility of these 
compounds (fig.3) follows to Kurie-Weissa law with 
extrapolation in region of negative temperatures that 
evidences about existence of antiferromagnetic exchange 
interaction. From fig.3 it is followed, that temperature of 
magnetic transformation of both compounds is situated below 
77 K. The experimental values of effective magnetic moment 
of investigated compounds, which were equal to 4.5µB 
(TlMnS2) and 4.7µB (TlMnSe2) are calculated from 
temperature dependence of reversible paramagnetic 
susceptibility. The calculation of theoretic value of effective 
magnetic moment (4.9µB) has been carried out with taking 
into consideration clearly spin value of magnetic moment of 
three-valency Mn ion. The comparison shows the well 
agreement of experimental and theoretic results. 

 
Fig.2. The dependence of specific  magnetization of TlMnS2 (а)  
           and TlMnSe2 (b) on magnetic field at 77 K. 
 

 
Fig.3. The temperature dependence of reversible paramagnetic  
           susceptibility of TlMnS2 (a) and TlMnSe2 (b). 
 
The interpretation of obtained experimental results, 

evidencing about antiferromagnetic interaction in TlMnS2 
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and TlMnSe2 can be carried out, basing on crystal structure of 
these compounds, which can be presented as in series 
altemating layers (grids) of Tl1+, Mn3+ and S2- (ore Se2- ions, 
parallel to basis plane. The big enough ratio c/a (~4) 
evidences about layered structure of these compounds. In 
plane, consisting in itself Mn3+ ions the ferromagnetic order 
is carried out. The Tl1+ and S2- (ore Se2-) layers situate 
between nearest layers of Mn3+ ions, that’s why the 
ferromagnetic layers are connected by more weak powers of 
antiferromagnetic type. The co-existence of two interactions: 
– ferromagnetic (inside layers) one and antiferromagnetic 
(between layers) one – leads to resulting antiferromagnetic 
interaction in TlMnS2 and TlMnSe2.  

 
Fig.4. The temperature dependence of electroconductivity of  
          TlMnS2. 
 

The temperature dependence of electroconductivity σe(T) 
of TlMnS2 is given on the fig.4. As it is seen from the figure, 
σe  increases with temperature increase, i.e. it has the 
expressed semiconductor character of conductivity; and strict 
rise of σe(T) in region T~300 K, probably is connected with 
temperature achievement of own conductivity of TlMnS2 
semiconductor.  

The temperature dependence of conductivity σe(T) of 
TlMnSe2 is given on the fig.5. As it is seen from the figure, 

σe increases with temperature increase, i.e.the σe(T) TlMnSe2 
dependence also has semiconductor character. 

 
Fig.5. The temperature dependence of electroconductivity of 

TlMnSe2. 
 
5. Conclusion  

 The investigations of magnetic susceptibility and heat 
capacity (in adiabatic calorimeter) of layered 
antiferromagnetics TlMnS2 and TlMnSe2 is planned in 
temperature interval 5÷300 K in order to clarify whether their 
magnetic structure is strong-layered-quasi-two-dimensional 
(Izing-Geyzenberg model) or it is weak-layered-three-
dimensional one. The behavior of quasi-two-dimensional 
spin systems in high-temperature region near phase transfer 
in magneto-ordered state and in region of low temperatures 
has the specific peculiarities, strongly differing from behavior 
of three-dimensional spin systems. For example, the magnetic 
susceptibility in paramagnetic region is characterized by the 
presence of wide maximum, which characterizes the strongly 
developed nearest magnetic order at T>>TN, the anomaly 
with obvious inclination from λ-type is observed on 
temperature dependence. 

  The author is thankful to. prof. U.G.Asadov for help in 
carrying out of roentgenographic analysis of TlMnS2, 
TlMnSe2 and indicating of obtained results. 
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Ð.Ã. Âÿëèéåâ 

TlMnS2, TlMnSe2 ÊÐÈÑÒÀËËÀÐÛÍÛÍ ÐÅÍÒÝÅÍÎÃÐÀÔÈÊ, ÌÀÃÍÈÒ Âß ÅËÅÊÒÐÈÊ ÒßÄÃÈÃÀÒËÀÐÛ  

 
Áÿðê úèñèìëè ðåàêñèéà ìåòîäó èëÿ ñòåõèîìåòðèê íèñáÿòäÿ êèìéÿâè åëåìåíòëÿðäÿí ÷ÿêèëìèø TlMnS2, TlMnSå2 êðèñòàëëàðû ñèíòåç îëóíìóøäóð. 

Ðåíòýåíîãðàôèê, ìàãíèò âÿ åëåêòðèê òÿäãèãàòëàðû àïàðûëìûøäûð Ìöÿééÿí åäèëìèøäèð êè, TlMnS2 åëåìåíòàð þçÿéèíèí ïàðàìÿòðè: à=7,74Å; 
c=30,60Å; z=20; ρx=6,40 ã/ñì3 îëàí òåòðàãîíàë ñèíãîíèéàäà, TlMnSå2 èñÿ à=6,53Å; c=23,96Å; z=8; ρx=6,71ã/ñì3 ïàðàìåòðëè ùåêñàãîíàë 
ñèíãîíèéàäà êðèñòàëëàøûð. TlMnS2, TlMnSå2  áèðëÿøìÿëÿðè àíòèôåððîìàãíèò ãàðøûëûãëû òÿñèðÿ âÿ éàðûìêå÷èðèúè õàðàêòåðÿ ìàëèê îëóðëàð. 
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Р.Г. Велиев 
 

РЕНТГЕНОГРАФИЧЕСКИЕ, МАГНИТНЫЕ И ЭЛЕКТРИЧЕСКИЕ ИССЛЕДОВАНИЯ  
КРИСТАЛЛОВ TlMnS2, TlMnSe2 

 
Методом твердотельной реакции из химических элементов, взвешенных в стехиометрическом соотношении, синтезированы 

кристаллы TlMnS2, TlMnSе2. Проведены рентгенографические, магнитные и электрические исследования. Установлено, что TlMnS2 
кристаллизуется в тетрагональной сингонии с параметрами элементарной ячейки: а=7,74Å; с=30,60Å; z=20; ρx=6,40 г/см3. TlMnSе2 -
в гексагональной сингонии с параметрами: а=6,53Å; с=23,96Å; z=8; ρx=6,71 г/см3. Соединения TlMnS2, TlMnSе2 являются 
полупроводниками и обладают антиферромагнитным характером обменного взаимодействия. 

 
Received: 15.11.06 
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THE CONCENTRATION MAGNETIC PHASE TRANSITION IN Cu[Cr2-xGdx]S4 (0.0≤x≤1⋅0) 

 
E.A. EYVAZOV, S.Sh. GURBANOV, J.M. ABBASOV, U.S. PASHABEKOVA 

Azerbaijan State Pedagogy University 
AZ1000, Baku, U.Gadjibekov str., 34a 

  
The investigation results of temperature dependence of paramagnetic susceptibility of new magnetoordered system Cu[Cr2-xGdx]S4 

(0.0≤x≤1⋅0) are carried out. It is established, that the concentration phase transition ferromagnetic-ferrimagnetic takes place at x=0.2 and 
Curie temperature essentially decreases with increase of gadolinium concentration. 

 
The obtaining and investigation of physic properties of 

new magnetic materials with favorable parameters are the 
main actual tasks in the region of solid body physics. In the 
given paper the experimental results on phase transition 
ferromagnetic-ferrimagnetic in the system Cu[Cr2-xGdx]S4, 
firstly synthesized by us, are given. The data on synthesis and 
investigation results of some kinetic and magnetic properties 
of this system had been presented by us earlier in the ref. [1-3]. 

According to ref [2] the Cu[Cr2-xGdx]S4 system in interval 
(0.0≤x≤1⋅0) has the spinel structure and lattice parameter 
decreases linearly in practices with the increase of 
gadolinium concentration. 

The paramagnetic susceptibility of homogeneous and 
one-phase samples was investigated in temperature interval 
200K≤T≤700K by Faraday method. It is established, that 
system Cu[Cr2-xGdx]S4 is ferromagnetic material at x≤0.2, 
and it is ferromagnetic one at big concentrations of 
gadolinium (x=0.4; 0.6; 1.0). Curie paramagnetic temperature 
(θp) for each composition was defined from the temperature 
dependence of paramagnetic susceptibility in χ-1=f(T) 
coordinates, by extrapolation to temperature axis. 

Curie ferro-(ferri-) magnetic temperature (Tc) was defined 
on strict decay of the signal from the differential coil at 
sample heating. The corresponding data are given in the 
table. 

                                                                               Table 
Curie temperatures (Tc and θp ) and electrical conduction (σ) of 

Cu[Cr2-xGdx]S4 system. 
 

x Tc,K θp,K σ, ohm-1, cm-1 
(300K) 

∆Tc,K ∆Tc/∆x 

0 417 429 104 - - 
0.2 372 388 15.4 -45 225 
0.4 340 355 1.80 -32 160 
0.6 306 318 0.99 -34 170 
1.0 245 259 0.51 -61 152.5 

 
As it is followed from the table, the ferro- (ferri-) 

magnetic Curie temperature essentially decreases with 
increase of gadolinium concentration. It is need to mention 
specially the concentration phase transition, revealed by us in 
Cu[Cr2-xGdx]S4 system: data on the susceptibility show, that 
system, investigated by us is ferromagnetic at CuCr2S4, i.e. 
the ferromagnetic order, which is suitable for x≤0.2 (fig. 
curve 1) is saved at these concentrations. The temperature 
dependence of paramagnetic susceptibility of cation-replaced 
compositions (x>0⋅2) is described by Neel hyperbola (fig. 
curve 2). The transition of temperature susceptibility from the 
linear one to hyperbolic one takes place at x≈0.2. This means, 
that concentration magnetic phase transition 
ferromagnetic→ferrimagnetic takes place at this gadolinium 
concentration. 

  The magnetic phase transition ferromagnetic-
ferrimagnetic probably is connected with the amplification 
180° negative anti-ferromagnetic super-exchange with the 
increase of gadolinium concentration. However, the unique 
mechanism of concentration phase transition ferromagnetic-
ferrimagnetic in Cu[Cr2-xGdx]S4 can be established by only 
direct neutron-graphical or magnetic-resonance methods. 

 
Fig. The temperature dependence of paramagnetic susceptibility  
        of Cu[Cr2-xGdx]S4 , 1 – x=0.2; 2 – x=0.4   system 
 

Curie paramagnetic temperature (θp) for each composition 
was defined by the extrapolation of experimental dependence 
χ-1=f(T). These data are given in the table. 

As it follows from the table, that Curie paramagnetic 
temperature is just bigger, than ferro- or ferromagnetic one 
for all compositions. This circumstance supposedly connects 
with presence of magnetic short range ordering in 
paramagnetic region. The influence of the short range 
ordering on the paramagnetic temperature firstly was 
theoretically considered in ref [6]. According to ref [6], the 
short range ordering promotes to the fact, that dependence 
curve χ--1=f(T) decays just slowly, than hyperbolic 
dependence, obtaining on Neel theory at the approximation to 
Curie point. Therefore, the correct ferrimagnetic Curie point 
is always situated just below the temperature, found by the 
way of extrapolation of hyperbolic temperature dependence 
1/χ to the value (1/χ)=0 (i.e. below so-called “paramagnetic” 
Curie point). The short range ordering, appearing higher 
Curie point because of the correlations of the exchanged 
forces, significantly increases the entropy of the spin system 
(S). As the entropy monotone increases at the decrease of the 
sublattice magnetization, it is obviously, that curve 
inclination S=S(M), i.e. the (∂S/∂M) derivative, decreases at 
this. In the result the curve inclination 1/χ-1=f(T) decreases 
too, as  
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The decrease of Curie temperature (Tc) with increase of 

the gadolinium concentration can be explained by the 
presence of the negative (anti-ferromagnetic) exchange, 
parallel with ferromagnetic 90° cation exchange and its 
amplification with the increase of gadolinium concentration. 

  In principle, Tc decrease at the Cr3+-Gd3+ displacement 
can be explained by the weakness of positive indirect 
exchange by conduction electrons. Indeed, as was shown by 
us in the ref [3], the system electrical conduction Cu[Cr2-

xGdx]S4  decreases with the increase of the gadolinium 
concentration. If we suppose, that this decrease mainly takes 
place because of the concentration of charge carriers, then it 
is naturally to expect the correlation between Curie 
temperature and carriers’ concentration. 

According ref [7] Curie ∆Tc temperature shift because of 
the charge carriers in degenerate magnetic semiconductors at 
small concentrations of the carriers is defined by the 
expression: 

 

        00
3/2 /)

6
( qaSJT dsc νπ

⋅⋅=∆ −   ,                   (2) 

where Js-d is energy of s-d exchange, 
N
n

=ν  is carriers’ 

number falling at one magnetic atom (n and N are 
concentrations of charge carriers and magnetic ions in 
volume unity correspondingly); a0 is lattice parameter; 

SJmq dS −⋅= *
0 2 , m* is carriers’ effective mass. 

As it is seen, Tc shift is linear on concentration at small 
carriers’ concentration. The dependence ∆Tc on ν becomes 
weak at the following n increase: 

 

                ν⋅⋅⋅=∆ − SJTT dscc
04,0                        (3) 

 
(Tc is Curie temperature in the absence of charge 

carriers), the transition from the linear increase (2) to the root 
increase takes place at the following concentrations: 

 

                                
WS

ZT
W
J c

⋅
∼∼

0

ν                            (4) 
 

where Z is number of the nearest neighbors; W is band width, 
on which the conduction is carried out. As it follows from the 
formulas (2) and (3) Tc increases, that is in the quality 
agreement with our data in all cases with the increase of the 
concentration of charge carriers. However, according to ref. 
[8], Tc shift in cuprum selen-chrome spinels is impossible to 
quantitatively explain only by change of carriers’ 
concentration, as, since Curie temperature of CuCr2Se4 shifts 
on 346K at the change of carriers’ concentration on one 
order, whereas, the shift, estimated on theory [7] is only 
~50K. As CuCr2S4 and CuCr2Se4 are isostructure compounds 
and both are degenerate semiconductors, then probably Tc shift 
is caused by exchanges of RCCI type and negative super-
exchange of anions because of charge carriers and in CuCr2-

xGdxS4 system. 
Thus, the concentration magnetic phase transition 

ferromagnetic-ferrimagnetic in Cu[Cr2-xGdx]S4  at x≈0⋅2  
probably is caused by amplification of anti-ferromagnetic 
super-exchange cation-anion-cation, and Curie temperature 
decrease is caused by joint action of above mentioned super-
exchange and indirect exchange through charge carriers at 
Cr3+-Gd3+replacement. 
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Å.ß. Åéâàçîâ, Ñ.Ø. Ãóðáàíîâ, É.Ì. Àáàñîâ, Ó.Ñ. Ïàøàáÿéîâà 
 

Cu[Cr2-xGdx]S4 (0.0≤x≤1⋅0) ÑÈÑÒÅÌÈÍÄß ÌÀÃÍÈÒ ÔÀÇÀ ÊÅ×ÈÄÈ 
 
Èøäÿ ìàãíèòíèçàìëû, éåíè, Cu[Cr2-xGdx]S4 (0.0≤x≤1⋅0) ñèñòåìèíèí ïàðàìàãíèò ãàâðàéûúûëûüûíûí òåìïåðàòóð àñûëûëûüûíà äàèð íÿòèúÿëÿð 

íÿçÿðäÿí êå÷èðèëèð. Ìöÿééÿí îëóíìóøäóð êè, ãàäîëèíèóìóí êîíñåíòðàñèéàñûíûí àðòìàñû èëÿ Êöðè òåìïåðàòóðó úèääè àçàëûð âÿ x=0.2- äÿ 
ôåððîìàãíèò-ôåððèìàãíèò ìàãíèò ôàçà êå÷èäè áàø âåðèð. Áó êå÷èä ãàäîëèíèóìóí êîíñåíòðàñèéàñûíûí àðòìàñû èëÿ êàòèîí—àíèîí—êàòèîí 
àíòèôåððîìàãíèò èôðàò ìöáàäèëÿñèíèí ýöúëÿíìÿñè èëÿ èçàù îëóíóð.  

 
Э.А. Эйвазов, С.Ш. Гурбанов, Я.М. Абасов, У.С. Пашабекова 

 
КОНЦЕНТРАЦИОННЫЙ МАГНИТНЫЙ ФАЗОВЫЙ ПЕРЕХОД В Cu[Cr2-xGdx]S4 (0.0≤x≤1⋅0)  

 
Приводятся результаты исследования температурной зависимости парамагнитной восприимчивости новой 

магнитоупорядоченной  системы Cu[Cr2-xGdx]S4 (0.0≤x≤1⋅0) . Установлено, что при x=0.2 имеет место концентрационный фазовый 
переход ферромагнетик  - ферримагнетик и с увеличением концентрации гадолиния температура Кюри существенно уменьшается. 

 
Received: 10.10.06 
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THE POLARIZATION OF B-BARYON IN HALF-INCLUSIVE REACTIONS 

BXN )()( µµµµ νννν ⇒  

 
S.K. ABDULLAYEV, A.I. MUKHTAROV, S.M. RAGIMOVA 

Baku State University 
ac. Z.Haliliv str., 23 

 
The investigation of the longitudinal polarization degree of Λ0-hyperon in half-inclusive reactions XN Λ⇒ )()( µµµµ νννν  has been 

carried out within framework of the standard theory and quark parton model. The expression for the longitudinal polarization degree of Λ0-
hyperon has been obtained. 

 
As it is known, the weak neutral currents (WNC) firstly 

are observed experimentally in the processes of the deep-
inelastic scattering (DIC) of neutrino and anti-neutrino on 
nucleons XN +⇒+ )()( µµµµ νννν . The study of these 
and others lepton-nucleon’s processes allows us to obtain the 
information about structure of WNC leptons and hadrons, 
about distribution functions of quarks and gluons in the 
nucleons. 

Last time the new process class, which is the half-
inclusive hadron creation in DID of polarized leptons on 
polarized nucleons XhlNl ++⇒+ mm   is widely 
discussed [1-6]. The study of these processes is the source of 
the information about functions of distribution and 
fragmentation of polarized quarks and gluons.  

Here the processes of half-inclusive creation of polarized 
B-baryon in DID of neutrino and anti-neutrino on polarized 
nucleons 

 

             ,)()( XhBhN BN ++⇒+ µµ νν                     (1) 
 
            ,)()( XhBhN BN ++⇒+ µµ νν                      (2) 

 

where hN and hB are longitudinal polarizations of nucleon-
target and baryon B. Within framework of quark-parton 
model the differential cross-section of half-inclusive reaction 
(1) can be written in the following form: 
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where )()(

)( xf N

q

hN
hq  is distribution function of polarized quark 

in polarized nucleon, )()(
)( zD B

q

hB
hq is fragmentation function of 

polarized quark in polarized baryon B, 
dy

qd )(€ µνσ  is 

differential cross-section of elementary processes 
,qq +⇒+ µµ νν   ,qq +⇒+ µµ νν x, y, and z -usual 

kinematic variables of DID. As quarks’  spirality conserves in 
neglect of its masses, then the elementary subprocess 

qq +⇒+ µµ νν ( qq +⇒+ µµ νν ) is defined only by two 
spiral amplitudes FLL and FLR (FRL and FRR,) which describe 
the following reactions: 

 
                         LLLL qq +⇒+ νν ( LRLR qq +⇒+ νν ), RLRL qq +⇒+ νν ( RRRR qq +⇒+ νν ). 

 
Index L or R means, that quark is left or right particle, but 

neutrino (anti-neutrino) is always left (right) particle. The 
spiral amplitudes in model of Weinberg-Salam are defined by 
the following expressions: 
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where T3 is projection of weak isospin of q quark, q, Qq is its 
charge and xW=sin2θW  is Weinberg parameter. 

The square of amplitude of the process 
LLLL qq +⇒+ νν

( RRRR qq +⇒+ νν ) leads to the isotropic distribution;  the 
differential cross-section of the process doesn’t depend on the 
dispersion angle of neutrino (anti-neutrino) in c.m. system. 
The square of amplitude of the reaction RLRL qq +⇒+ νν  
( LRLR qq +⇒+ νν )leads to (1-y)2 dependence of 
differential cross-section. This difference connects with the 
value of total spirality of neutrino (anti-neutrino)-quark 
system: the total spirality is equal to zero for collisions LLqν  

and RRqν , and the total spirality is equal to unit for 

collisions RLqν  and. LR qν . 
  Let’s present the subprocess’ cross-sections 

qq +⇒+ µµ νν , qq +⇒+ µµ νν , qq +⇒+ µµ νν ,   

qq +⇒+ µµ νν  at the defined spiralities of initial and 
final particles: 
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Here MZ is Z0-boson mass, s  is sum energy of 
neutrino-nucleon in their c.m. system . 

The differential cross-section of the elementary 

subprocess qq +⇒+ µµ νν  taking into consideration the 

spiralities of initial and final quarks hq and 
qh′  can be 

presented in the form: 
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The differential cross-section of subprocess 

qq +⇒+ µµ νν   can be obtained from formula (6) with 

the help of the replacements LRLL FF ⇔ . 
The following expressions have been obtained on the base 

of formulas (3) and (6) for the differential cross-sections of 
half-inclusive reactions: ,XBN ++⇒+ µµ νν   

XBN ++⇒+ µµ νν :
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)(xf N
q and )(zDB

q  are present themselves the usual quark 

distribution function in nucleon and quark fragmentation 
function in B baryon, the summation on q is carried out on all 
quarks and anti-quarks, which are present in N nucleon. 

Here we are interested in the longitudinal polarization 
degree of inclusive B baryon 
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which can be measured on the angle distribution of decay 
products in B⇒N+π reaction. Neglecting the contribution of 
anti-quarks, we have the following expression for the 
longitudinal polarization degree of baryon: 

 
1) in XBN ++⇒+ µµ νν  reaction 
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 2) in XBN ++⇒+ µµ νν  reaction  
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The phenomenological parameters: quark distribution 

functions in polarized nucleons and fragmentation functions 
of polarized quark in polarized baryon B, the values of which 
are defined from the experiment, present in the expression of 
longitudinal polarization degree of baryon (10) and (11). The 
set of collections of quark distribution functions in nucleons 
are present in references [7-10]. The distribution functions of 
valent and sea polarized quarks in nucleons, mentioned in the 
ref [7] are used by us for the numerical estimations of 
polarizations of baryons (10) and (11).   

The longitudinal polarization degrees of Λ0 –hyperons in 
half-inclusive reactions XP +Λ+⇒+ 0

µµ νν  and 

XP +Λ+⇒+ 0
µµ νν  at the energy 6,9=s  GeV 

(experiment NOMAD in CERN), Weinberg parameter 
sin2θW=0.232 have been calculated by us. 

According to refs. [4,10], fragmentation functions of 
polarized quarks in polarized Λ0 –hyperon are parameterized 
in the form 
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And parameters α and NU are chosen as follows: 
 

Parameter Variant 1 Variant 2 Variant 3 
α 0.62 0.27 1.66 
NU 0 -0.2 1 

 
The dependence of longitudinal polarization degree of Λ0-

hyperon in XP +Λ+⇒+ 0
µµ νν  reaction on variables 

x ,y or z is given on the fig.1. As it is seen, in variant 1 
longitudinal polarization degree of Λ0-hyperon is small and 

almost doesn’t depend on x, y or z (curves 1 on the figures). 
In variant 2 (curves 2 on the figures) the Λ0-hyperon 
polarization is positive, and in variant 3 it increases on 
module with x, y or z increase. The analogical behavior of 
longitudinal polarization degree of Λ0-hyperon is observed in 
the XN +Λ+⇒+ 0

µµ νν  reaction (see fig.2, where the 

dependence of longitudinal polarization degree of Λ0-hyperon 
in XP +Λ+⇒+ 0

µµ νν  process on x, y or z). 

If nucleon-target isn’t polarized, then longitudinal 
polarization degree of B baryon is given by the expression: 

1) in XBN ++⇒+ µµ νν  reaction 
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2) in XBN ++⇒+ µµ νν reaction 
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The fig. 3(4) illustrates the dependence of longitudinal 

polarization degree of Λ0-hyperon in 
XP +Λ+⇒+ 0

µµ νν  ( XP +Λ+⇒+ 0
µµ νν ) 

process on x, y or z. 
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Fig.1. The dependence of longitudinal polarization degree )1( −=Λ NhP  on x at y=0,1 and z=0,5(a); on y at x=0,3 and z=0,5(b); on z  
           at x=0,3 and y=0,1(c). 

 

 
Fig.2. The dependence of longitudinal polarization degree )1( −=Λ NhP  on x at y=0,1 and z=0,5(a); on y at x=0,3 and z=0,5(b); on z  

           at x=0,3 and y=0,1(c). 

 
Fig.3. The dependence of longitudinal polarization PΛ on x at y=0,1 and z=0,5(a); on y at x=0,3 and z=0,5(b); on z at x=0,3 and y=0,1(c). 
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Fig.4. The dependence of longitudinal polarization degree ΛP  x at y=0,1 and  z=0,5(a); on y at x=0,3 and z=0,5(b); on z at x=0,3 and y=0,1(c).       
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С.Г. Абдуллайев, А.И. Мухтаров, С.М. Рящимова 
 

ЙАРЫМИНКЛЦЗИВ ( ) ( )BXN µµµµ νννν ⇒  ПРОСЕСЛЯРИНДЯ Б-БАРИОНУН ПОЛЙАРИЗАСИЙАСЫ 

 

Стандарт нязяриййя чярчивясиндя вя кварк-партон моделтндя йарыминклцзив XP 0Λ⇒ µµ νν  вя  XP 0Λ⇒ µµ νν  

просесляриндя Λ0-щиперонун узунуна полйаризасийа дяряъяси щесабланмыш вя онун x,y вя z- дяйишянляриндян асылылыьы юйрянилмишдир. 
 
                                                                      
 

С.К. Абдуллаев, А.И. Мухтаров, С.М. Рагимова 
 

ПОЛЯРИЗАЦИЯ В-БАРИОНА В ПОЛУИНКЛЮЗИВНЫХ РЕАКЦИЯХ 
BXN )()( µµµµ νννν ⇒  

 
В рамках стандартной теории и в кварк партонной модели проведено исследование степени продольной поляризации Λ0-

гиперона в полуинклюзивных реакциях  XN Λ⇒ )()( µµµµ νννν . Получено выражение для степени продольной поляризации 

Λ0-гиперона. 
 

Received:10.10.06 
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CONCENTRATION QUENCHING OF LUMINESCENCE OF NEODYMIUM  

IONS IN La2S3×2Ga2S3 GLASS 
 

G.I.  ABUTALIBOV, D.I. HUSEYNOV, A.A. MAMEDOV 
Institute of Physics of NAS of Azerbaijan 

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

The relaxation processes of neodymium upper laser level 4F3/2 in La2S3×2Ga2S3 glasses have been investigated. The microparameters of 
donor-acceptor (CDA) and donor-donor (CDD) interactions, and also minimal distance (Rmin.) have been defined from analysis of experimental 
decay curves in total investigated time interval at condition of best coincidence of experimental and calculated data. 

 
Last time the intensive searches of new laser mediums 

with high neodymium content for miniature lasers and 
elements of integrated optics have been carried out.  

The phenomena of concentration quenching of 
luminescence is the one from the main difficulties of increase 
of neodymium concentration in laser mediums. The presence 
of suitable intermediate levels between neodymium main and 
excited states provides the effective cross-relaxation that 
essentially increases the probability of non-emitting 
excitation decay. Such disadvantage in neodymium level 
circuit leads to the fact, that its concentration in most active 
elements usually doesn’t exceed the several percents.  

The present paper is dedicated to investigation of energy 
relaxation processes with upper laser neodymium level 4F3/2 
in set of semiconductor glasses (La1-xNdx)2S3×2Ga2S3 
(x=0.004; 0.14; 0.32). Moreover, the analysis method of 
decay curves of excited state after “immediate” impulse 
excitation [1] by laser radiation on rhodamine base 640 
(λ=0.591mcm) was used by us. The impulse duration was 
~15 ns. The spectral selection of radiation of investigated 
samples was carried out with help of monochromator    
MDP-2. 

It is known, that analysis of curves of non-emitting decay 
of excited state leaded to revealing of three stages of non-
emitting energy transfer: static ordered one, static disordered 
one and stage of migration-limited relaxation [2]. This 
circumstance allows to define the microparameters of donor-
acceptor (CDA) and donor-donor (CDD) interactions, and also 
minimal distance (Rmin.), that in one’s turn allows to plot the 
decay curves of excited state at any promoter concentrations 
and consequently, to obtain the concentration dependence of 
luminescence quant output from upper laser level and to 
define the optimal concentration of working impurity. 

The Rmin. value is defined by several methods. The one of 
them consists in measurement of velocities of static ordered 
quenching 
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where nA is acceptor concentration. It is need to note, that 
non-emitting decay of electron excitation in metastable state 
4F3/2 takes place in the result of cross-relaxation effect 
through intermediate distance of main term 4I. Moreover, 
each neodymium ion can be as quencher, so energy carrier, 
i.e. nA=nD, where nD is donor concentration. 

Substituting in this formula the microparameter value 
CDA, found on region of static disordered decay, we define 

Rmin.. The other method consists in the following. It is known, 
that expression for function of non-emitting losses at static 
dipole-dipole energy transfer with taking into consideration 
of minimum distance donor-acceptor, which is not equal to 
zero, has the form [3]: 
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So extrapolating the experiment part )( tП  till t=0, we 

obtain value “a”: 
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whence the value Rmin. is defined. 

The dedication of region of static disordered decay and 
definition of CDA. on this region is the “weak” place at R min 
definition by two above mentioned methods. The unit 
establishing process of density stationary profile of donor 
excitations round acceptor (moreover it can be said about 
non-stationary migration-accelerated quenching) takes place 
after sample δ-excitation and it is possible to speak about 
extraction of static disorder quenching from this process only 
at RW>>Rmin, when the big enough quantity of seats, 
providing the distance dispersal donor-acceptor in different 
spheres (in “joint sphere”) is in quenching sphere with RW 
radius. By other words, the ratio  
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donor transfer should be correct. This will be expressed in 
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strong modulation of decay curve, i.e. it will be strongly 
differ from line in semi-logarithmic scale. The  
 

                                           τ1<<t<<τ0                               (6)  
 

should be for application of usual analysis methods of static 

disorder decay )( te γ− . The condition (6) can be “softened”, 
if we use expression П(t), defined by formula (2), but not the 

ttП γ=)( . Moreover, the condition (6) becomes 
somewhat soft:   
 

                                       0≤t<<τ .                                       (7)  
 

The curve analysis of non-emitting decay of neodymium 
excitation state 4F3/2 in La2S3×2Ga2S2 – Nd3+ glasses leads to 
the fact, that conditions (6) and (7) aren’t correct and because 
of this fact it is impossible to dedicate the region of static 
disordered decay and to define the CDA microparameter on it. 
That’s why in this case the specification of experimental 
decay curve in total investigated time interval and definition 
of interaction microparameters (CDA and CDD) and minimum 
distance Rmin. from condition of best coincidence of 
experimental and calculated data are the uniquely right ones. 

According to theory, developed in paper [4], the kinetics 
of migration-accelerated process, given by N(t) function, is 
described by integral equation 

  ∫ ′′′−′−−=
t
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=                                       (9)  
   
describes the kinetics of excitation outflow, and 〉〈= −WteN0  
is kinetics of static quenching excitation by acceptors. Here τ 
is life time of excited level, and W is probability of donor-
acceptor interaction. In particular, N0  has the following form 
at dipole-dipole interaction: 

 

               tWt eeN γ−− =〉〈=0  ,                             (10) 
where 
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It is need to note, that outflow kinetics R(t) coincides 
function (9) even in case of ordered donor position only on 
initial stage (t≤τ0), when excitation return on initial center 
can be neglected. At dipole-dipole interaction outflow 
kinetics [5] at particle taking into consideration return and at 
taking into consideration dispersal on distances between 
donors has the following form:  

 

                    )~exp()(
τ
ttR −=                                 (11) 

 

where τ is average residence time on initial center. 
That’s why in equation (8) Re can be replace by R, after 

that instead of formula (8)we will obtain the following kinetic 
equation for quenching 
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The minimum distance donor-acceptor didn’t take into 
consideration in equation (12). As it has been more than once 
noted, the damping law of donor number with taking into 
consideration “forbidden volume” differs from non-
exponential decay (10) and has the form: 
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That’s why in order to take into consideration the minimal 
distance donor-acceptor N0 should be replaced by 0N ′ in 
equation (12). After this replacement we obtain the following 
equation: 
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Fig.1. The experimental (entire lines) and calculated (points) 

                 of decay curves of metastable state 4F3/2Nd3+ in  
            (La1-xNdx)2S3×2Ga2S3: glasses: 1- x=0.004; 2- x=0.14; 3- x=0.32. 
 

It is impossible to solve this equation in analytic form and 
N(t) can be investigated by only numerical  methods. Thus, 
solving equation (14) numerically, it is possible to obtain 
CDD, CDA and Rmin. microparameters from condition of best 
coincidence of experimental and calculated curves. The 
experimental decay curves are given by entire lines and 
calculated decay curves are given by points on the fig.1. 
From condition of best coincidence of experimental and 
calculated data for neodymium ions in La2S3×2Ga2S2 glass on 
specification of decay curves in total investigated time 
interval the following parameter values have been defined: 

0

.min 4,5 AR =  

1639105,2 −−×= scmCDA  

1638101 −−×= scmCDD  
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Щ.И. Абуталыбов, Ж.И. Щцсейнов, А.Я. Мяммядов 

 
La2S3×2Ga2S3  ШЦШЯЛЯРИНДЯ НЕОДИМ ИОНЛАРЫНЫН  ЛЙУМИНЕССЕНСИЙАСЫНЫН КОНСЕНТРАСИОН 

СЮНМЯСИ 
 

La2S3×2Ga2S3 шцшяляриндя неодим ионларынын 4F3/2 йухары лазер сявиййясинин релаксасийасы тядгиг едилмишдир. Микропараметрляр 
донор-аксептор (CDA), донор-донор (CDD) щямчинин минимал мясафя (Rmin.) експериментал парчаланма яйриляринин бцтцн тядгигат 
апарылан заман интервалында анализ етмякля експериментал вя щесаблама нюгтяляринин ян йахшы цст-цстя дцшмяляриня эюря тяйин 
едилмишдир. 

 
Г.И. Абуталыбов, Д.И. Гусейнов, А.А. Мамедов  

 
КОНЦЕНТРАЦИОННОЕ ТУШЕНИЕ ЛЮМИНЕСЦЕНЦИИ ИОНОВ НЕОДИМА  В СТЕКЛЕ  La2S3×2Ga2S3 

 
Исследованы процессы релаксации верхнего лазерного уровня неодима 4F3/2 в стеклах La2S3×2Ga2S3. Из анализа 

экспериментальных кривых распада во всем исследованном временном интервале при условии наилучшего совпадения 
экспериментальных и расчетных данных были определены микропараметры взаимодействий донор – акцептор (CDA), и донор – 
донор (CDD) а также минимальное расстояние (Rmin.). 
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РУБИДИУМ НИТРАТДА ЫВ↔ЫЫЫ ПОЛИМОРФ ЧЕВРИЛМЯЛЯРИ ЗАМАНЫ КРИСТАЛЛАРЫН 

БЮЙЦМЯ МОРФОЛОЭИЙАСЫ 
 

Е.В. НЯСИРОВ, В.И. НЯСИРОВ, Й.Г. ЯСЯДОВ 
АMEA Физика Институту 

Aз-1143, Bакы шящ. H. Cавид пр., 33 
 

Оптик микроскоп васитясиля ЫВ↔ЫЫЫ полиморф чеврилмяляри заманы йаранан кристалларын бюйцмя морфолоэийасы тядгиг олунмушдур. 
Мцяййян едилмишдир ки, яксяр щалларда ЫЫЫ→ЫВ чеврилмяси аралыг Х-модификасийадан кечмякля баш верир. Х-модификасийа 
истигамятлянмиш ламеллярдян ибарят олуб, ΙΙΙ→Х чеврилмяси мартенсит характер дашыйыр вя чеврилмядян сонра интенсив релаксасийа 
просесиляри баш верир.  

 
Мялумдур ки, отаг температурундан яримя 

температуруна кими (Тяр=587К) рубидиум нитратыnда дюрд 
полиморф чеврилмя баш верир. Айры-айры модификасийаларын 

гурулуш мялуматлары вя онларын мювъудолма температур 
интервалы ъядвял 1-дя верилмишдир. 

  

                                                                                                                                                                              Ъядвял 1. 
                          Рубидиум нитрат кристалынын гурулуш мялуматлары вя онларын мювъудолма температур интервалы  

Модифи-
касийа 

 
Симметрийа 

Гяфяс параметрляри
З 

Фяза 
групу 

Мювъуд олма 
интервалы, Т,К 

Сыхлыг, 
г/см3 Ядябий-

йат а, Å б,Å ъ,Å 

Ⅰ Куб 7,32  4 Фм3м 564-587 2,50 

Ⅱ Ромбоедр 5,48  10,71 3 Р3м 492-564 2,64 

Ⅲ Куб 4,35  1 Фм3м 437-492 2,90 

Ⅳ Ромбоедр 10,48  7,45 9 П31 ＜437 3,11 
 

[1]-дя оптик онун микроскопийа, рентэендифраксийа 
методларынын кюмяйи вя електриккечириъилийини юлчмякля 
РбНО3-дя термик чеврилмяляр юйрянилмиш вя эюстярилмишдир 
ки, ЫВ↔ЫII↔ЫI↔Ы чевирмяляри заманы  IV, III, II кристал 
гяфясляри, щабеля II вя I модификасийалары арасында сярт 
кристаллографик истигамят ялагяляри вардыр. [5,6]-да ортик вя 
рентэенографик методларла бу полиморф чеврилмялярин мор-
фолоэийа вя кристаллографийасы юйрянилмишдир. Мцяллифляр беля 
нятиъяйя эялмишляр ки, рубидиум нитратда полиморф чеврил-
мяляр мартенсит, деформасийа вя релаксасийа просесляри зя-
мининдя баш верир. [7]-дя ЪсЪл гурулушлу III-модифика-
сийада рентэен шцаларынын [НО3]- ионларынын дцзцлцш позул-
масы иля ялагяли диффуз сяпилмяси юйрянилмиш вя мцяййян 
едилмишдир ки, ромбоедрик модификасийайа кечид заманы 
диелектрик нцфузлуьунун аномалийасы областында юлчцлян 
интенсивликлярин температур асылылыьында аномалийа мцшащи-
дя олунмур [8-12]-дя КНО3, АэНО3, ТлНО3, НЩ4НО3 
кристалларында полиморф чеврилмялярин морфолоэийасы юйря-
нилмиш вя илк дяфя олараг ритмик, еластики бюйцмяляр мцша-
щидя едилмишдир. [13]-дя ися оптик микроскопийа методу иля 

рубидиум нитратда III↔II↔I чеврилмяляр заманы  III, II вя 
I модификасийаларынын бюйцмя морфолоэийасы тядгиг олун-
муш вя эюстярилмишдир ки, II-модификасийанын III↔II чеврил-
мяси заманы бюйцмя морфолоэийасы I↔II чеврилмяси за-
маны мцшащидя едилян морфолоэийадан кяскин сурятдя 
фярглянир.  

Тягдим олунан иш рубидиум нитратда IV↔III чев-
рилмяляри заманы III вя IV модификасийалары бюйцмя мор-
фолоэийасынын тядгигиня щяср олунмушдур.  

Рубидиум нитратын судакы мящлулундан отаг темпе-
ратурунда IV-модификасийанын мцкяммял кристаллары алын-
мышдыр.  Ишдя кристалларын тямизлийиня хцсуси диггят йетирил-
мишдир. «ОСЧ» маркалы РбНО3 йенидян чохсайлы кристал-
лашмайа мяруз галараг ялавя тямизлянмишдир. Алынан крис-
таллар (100) мцстявили лювщяляр вя йа [001] истигамятдя бю-
йцйян ийняляр шяклиндя олмушдур. Кристалын температуру 
онун сятщиня тохунан термоъцт васитясиля юлчцлмцш вя юлч-

мянин дягиглийи 100К температурда ±0,5К олмушдур. IV, 
III модификасийаларынын IV↔III чеврилмяляри заманы бюйц-
мя морфолоэийасы кечян полйаризя олунмуш ишыг васитясиля 
тялгиг едилмишдир.  

IV↔III полиморф чеврилмяси бир гайда олараг Тчев>Т0 
(Тчев-чеврилмя температуру, Т0-модификасийаларын таразлыг 
температуру) температурда баш верир. [8-12]-дя эюстярилдийи 
кими, темпертурлар фярги ∆Т=Тчев-Т0 кристалларын мцкям-
мялийиндян асылы олуб, КНО3, АэНО3, ТлНО3, НЩ4НО3 
цчцн ∆Т=±5К-дир. Бахылан щалда IV↔III чеврилмяси 
температурунун III вя IV модификасийаларын таразлыг 
температурундан максимал мейли ∆Т=±4К олмушдур.  
Микроскопун гыздырыъы столунун цзяриня ЫВ-модифи-
касийанын икиляшян мцстяви монокристалы гойулмушдур 
(шякил 1, фото 1). Йени кристалын бюйцмя морфолоэийасыны 
тядгиг едяркян истигамят сечмяк цчцн шякилдяки кими (бах 
шякил 1, фото 1) охла эюстярилмиш хятти дефект эютцрцлмцшдцр. 

                   

      
Шякил 1. ЫВ→ЫЫЫ чеврилмяси заманы ЫЫЫ-модификасийанын ямяля  
             эялмяси вя бюйцмяси морфолоэийасынын оптик  
             микрофотографийасы. Бюйцмя 90х. 
             Фото 1. Икиляшмиш ана ЫВ-кристал, фото2 вя 3- Тчев=437  
             К температурда ана  ЫВ- кристалда ЫЫЫ-кристалын  
             бюйцмя просеси, фото 4- там ЫВ→ЫЫЫ чеврилмясиндян  
             сонра ЫЫЫ- модификасийанын кристаллы. 
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∆Тчев=Т0+∆Т=(437±2)К температурда ЫЫЫ-модификаси-
йанын рцшейми микроскоп алтында эюрцнмяйян йердя, 
икиляшян кристалын щяр икисиндя йаранараг хятти бюйцйцр 
(шякил 1, фото 2). ЫЫЫ-модификасийанын икили ана кристалын (Ы) 
вя (ЫЫ) щиссяляриндя мцхтялиф сцрятляря малик олмасына 
бахмайараг бюйцйян кристалын сярщядинин архасында 
икиляшмя йох олур. Нятиъядя икиляшмиш ЫВ-модификасийанын 
ромбик кристалы, ЫЫЫ-модификасийанын ващид куб монокрис-
талына чеврилир (шякил 1, фото 4). 

Температуру таразлыг температурундан ∼2 К ашаьы 
салдыгда ЫЫЫ-модификасийанын куб гяфясиндя ромбик ЫВ-
модификасийа кристалынын рцшейми йараныр (шякил 2, фото 1). 
Шякил 2, фото 1 вя 2-дян эюрцндцйц кими ЫЫЫ→ЫВ 
чеврилмясиндян сонра алынан икиляшян кристалда икиляшмя 
сярщяди яйилир вя йерини (Ы)-я доьру дяйишир. 

 

   
 

Шякил 2. ЫЫЫ→ЫВ чеврилмяси заманы ЫВ-модификасийанын  
             бюйцмясинин оптик микрофотографийасы. Бюйцмя 90х. 
             Фото 1 вя 2- ана ЫЫЫ-кристалда ЫВ-кристалын бюйцмя  
             просеси. 
 
Яэяр ЫВ-модификасийа кристалыны йенидян гыздырсаг, 

ЫВ→ЫЫЫ чеврилмясиндян сонра алынан (шякил 1, фото 4) ЫЫЫ-
модификасийа кристалы кейфиййятъя биринъи сикл чеврилмя за-
маны алынан ЫЫЫ-модификасийа кристалындан эери галмыр (шя-
кил 3, фото1). Температуру таразлыг температурундан ∼2К 
ашаьы салдыгда ЫЫЫ-модификасийа кристалы яввялъя Х-моди-
фикасийайа чеврилир. Башга сюзля десяк, ЫВ-модификасийанын 
рцшейми йаранана кими йени Х-модификасийа ани олараг 
дальа кими бцтцн ЫЫЫ-модификасийа кристалында йайылыр вя 
кристал сятщи ламеллярля юртцлцр (шякил 3, фото 2). Бундан 
сонра релаксасийа просеси баш верир вя кристал йенидян шяф-
фафлашыр (Шякил 3, фото 3). С�нракы мярщялядя ися Х-модифи-
касийа дахилиндя ЫВ- модификасийанын кристаллы йетишир. Шякил 
4, фото 1 вя 2-дян эюрцнцр ки, чеврилмя нятиъясидя мящлул-
дан алынмыш ЫВ- кристалда олан икиляшмя йох олур. 

 
 

   

 
Шякил 3. ЫВ-кристалын ЫЫЫ→Х→ЫВ чеврилмяси заманы бюйцмя-     
              синин оптик микрофотографийасы. Бюйцмя 90х.  
             Фото 1- ЫЫЫ-модификасийа кристаллы, фото 2- ЫЫЫ→ Х  
             чеврилмясиндян сонракы кристал, фото 3- релаксасийа  
             просесиндян сонракы Х-кристал. 
 

  
 

Шякил 4. Х-модификасийалы кристалда Х→ЫВ чеврилмясиндян  
             сонра ЫВ-модификасийа кристалынын бюйцмясинин оптик  
             микрофотографийасы. Бюйцмя 90х. 
             Фото 1 вя 2- Х-модификасийалы кристалда ЫВ-модифика- 
             сийанын бюйцмя просеси. 
 

ЫЫЫ→Х→ЫВ типли полиморф чеврилмя мцхтялиф маддяля-
рин судакы мящлулундан алынан бир чох кристалларда 
мцшащидя едилир. КНО3 кристалында йцксяктемпературлу 
модификасийа отаг температурлу модификасийайа аралыг 
модификасийадан кечир [8-9]. [10]-да эюстярилдийи кими 
аммониум нитрат кристалларында ЫВ-модификасийа ЫЫЫ-
модификасийайа  Х- модификасийайадан кечир. Х-модифика-
сийайанын бюйцмя сцрятинин чох бюйцк олмасы мювъуд-
луьунун гыса мцддятлилийи онун кристал гурулушуну тяйин 
етмяйя имкан вермир. Бахылан щалда ЫЫЫ→Х чеврилмяси 
мартнесит характер дашыйыр. 
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Э.В. Насиров, В.И. Насиров, Ю.Г. Асадов  
 

МОРФОЛОГИЯ РОСТА КРИСТАЛЛОВ ПРИ ПОЛИМОРФНОМ ЫВ↔ЫЫЫ ПРЕВРАЩЕНИИ  
В НИТРАТЕ РУБИДИЯ  

 
Методом оптической микроскопии были исследованы морфология роста кристаллов при ЫВ↔ЫЫЫ полиморфном 

превращении. Установлено, что в большинстве случаев ЫЫЫ→ЫВ превращение происходит через промежуточную Х 
модификацию. Х модификация состоит из ориентированных ламелей. Превращенные ЫЫЫ→Х носит мартенситный 
характер и после превращения происходят интенсивные релаксационные процессы.         

 
 

E.V. Nasirov, V.I. Nasirov, Yu.G. Asadov 
 

ON CRYSTAL GROWTH MORPHOLOGY DURING IV↔III TRANSFORMATIONS IN RUBIDIUM NITRATE 
 
Growth morphology upon IV→III polymorphic transformations was studied in RbNO3 by optical microscopy. The  

III→IV  transformation  is shown  to  frequently  occur  via  intermediate  X-modification  associated  with  the  martens tic  
mechanism. When III→X transformation  takes  place, multiple  deformation  lines  appear in  X-crystal, which  in  a short 
time disappear  due to  relaxation. 
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THE ELECTRIC AND HEAT CHARACTERISTICS OF FREQUENCY-DEPENDENT 

RESISTOR 
 

A.M. HASHIMOV, T.R. MEHDIYEV, N.R. BABAYEVA  
Institute of Physics, Academy of Sciences of Azerbaijan,  

Baku, Az-1143, H. Javid av., 33 
 
Experimental frequency dependences of the current density distributions over the cross-section of the conducting kernel of the 

frequency-dependent resistor are presented. It is shown that, one can determine the frequency dependence of the resistor resistance by 
frequency dependences of the skin-effect in the conducting kernel and magnetic permeability of the ferromagnetic layer. Application of the 
frequency-dependent resistor allows effectively suppress an influence of the high-frequency wave processes. 

 
In spite of seeming solution simplicity, the problem of 

element formation, in particular resistors, having significant 
and frequency-dependent characteristics in wide region of 
frequency change, voltages and currents has been still actual 
one. 

The new investigation direction, appeared in 80th of last 
age was connected with probability of skin-effect use for 
creation of frequency-dependent resistors. It is well-known, 
that skin-effect action in current-conducting elements reveals 
in inhomogeneous density distribution of alternating current 
on conductor cross-section. For cylindrical conductors this 
distribution located symmetrically in respect of the center and 
corresponds to increase of current density from conductor 
central part to its surface. The potential difference, appearing 
between conductor surface and center, is appearance reason 
of “parasitic” transversal electromagnetic wave, which causes 
the amplitude and frequency-phase distortions of transmitted 
signal, amplification of corrosion processes on conductor 
surface and appearance of metal chemical compounds, 
prohibitive to distribution of electric current in result of own 
dielectric and semiconductor properties. The observable 
decrease of conductor cross-section leads to increase of its 
resistance to alternating current and to amplification of 
dispersion processes of heat energy. 

The idea of skin-effect use for creation of frequency-
dependent resistor with amplification of its action by the way 
of use of materials, the frequency dependencies of magnetic 
permeability and electroconductivity of which are necessary 
frequency region. This is followed from definition of layer 
depth of skin-effect: 

                    

)()(2
 

ωµωπωσ
δ c
=

, 
 

where σ(ω) is specific conductance and µ(ω) is magnetic 
permeability on ω frequency. 

The use probability for these aims of composition 
materials with use of ferromagnetic powders had been 
studied in papers [1-4]. It was shown, that in such materials 
the strong dependence of composition specific resistance on 
frequency could be achieved by variety of component 
concentration, moreover the effect increase was achieved by 
change of geometry and layer quantity, for example, in 
double-layer composition. 

The additional effect increase can be achieved by the 
way of picking out of layer parameters in multilayer structure 
of ferromagnetic layer, at which the appearance of 

phenomena of “giant” magnetic resistance became possible, 
had been presented in paper [5].  

The study of heat modes of work of frequency-dependent 
resistors is important aspect of their practical use. The heat 
mode of normal function for considered type of frequency-
dependent resistors is defined by optimization of space 
configuration of temperature field, causing the stability of 
resistor characteristics, its reliability, stability to overloads on 
current and voltages at different external (pressure and 
temperature) work conditions. It is need to take into 
consideration, that most vulnerable element of frequency-
dependent resistor is ferromagnetic layer; it limits the 
minimum and maximum values of heat temperatures and so 
maximum-admissible value of current strength, passing 
through resistor current-conducting rod. The current density 
distribution on rod cross-section, appearing in the result of 
skin-effect, influences on temperature distribution on cross-
section of current-carrying rod and necessity of taking into 
consideration of heat flux from rod hot side face to its center 
appears. In general case, time parameters of temperature field 
change are consequence of peculiarity of alternating current 
passing through frequency-dependent resistor. 

It is need to note, that papers in direction of skin-effect 
use for creation of frequency-dependent resistive elements 
are carried out in scientific centers of Russia, Ukraine, Japan, 
USA, Poland, Finland, Azerbaijan and etc. [1-13]. The results 
of these papers are perspective for solution of equipment 
defense problem from excess voltage and overcurrents at 
high-frequency wave processes in energy systems.  

The result part, obtained at the design and creation of 
frequency-dependent resistors with skin-effect use, study and 
construction of heat process picture in work mode at 
conditions: pressure 760 millimeter of mercury, temperature 
28°C, is presented in present paper. The paper has been 
carried out in project limits (Institute of Physics of NAS of 
Azerbaijan) on investigation, design and application of new 
limit methods of excess voltage in high-voltage electric nets 
and creation of current-limiting elements and technical 
devices. 

The more simple construction of frequency-dependent 
resistor consists in aluminum rod by diameter 1 cm with 
ferromagnetic layer, coated on it. The conductivity of 
ferromagnetic material was considerably less than 
conductivity of aluminum rod. In experiments the current, 
passing through frequency-dependent resistor, consisted in 
either one frequency component 50 Hz or two once 50 Hz 
and 0,1 MHz. The corresponding observable changes of 
density current distribution on cross-section of aluminum rod 
are presented on fig.1 and 2, where experiment photos are 
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given and following designations have been done: σ is 
current density; σ0 is current density on rod surface, r is rod 
radius. 

The distribution photos of current densities have been 
obtained on thin photographic layers, put in between two 
aluminum rods by diameters 1cm. The electric resistance of 

photographic field was value by order 10 kOm and depended 
on film width. All experiments were carried out at similar 
conditions, voltages and currents. The image, obtained on 
film, was scanned on recording microphotometer MF-4 and 
whole result was automatically treated on computer. 

 
 
Fig.1. The axes for cylindrical aluminum rod by diameter 1 cm on frequencies 1 - 50 Hz, 2 - 200 Hz, 3 - 2000 Hz, 4 – 20000 Hz and 5 –  
           0,2 MHz. The photo of experimentally obtained current density distribution on cross-section of aluminum rod by diameter 1 cm  
           on frequency 0,1 MHz. 
 

 
 
Fig.2. The experimental current density distribution on cross-section of aluminum rod in case, when current has two components: low- 
          frequency – 50 Hz and high-frequency – 0,1 MHz (1 is entire line). For comparison the distributions (curve 2) for frequency  
          50 Hz and (curve 3) for frequency 0.1 MHz are given. 
 
The experimentally obtained current density distribution 

(fig.2) from center of current-conducting element (r=0) till r, 
which is approximately equal to 3 mm, is similar to current 
density distribution for frequency 50Hz. The rest distribution 
part is more similar with current density distribution for high-
frequency component 0,1 MHz. This contradicts to expected 
result, so it is seemed, total distribution of current density 
should be defined in this case by only high-frequency 
component. However, if we remember, that current density 
distribution presents itself the amplitude square of advancing 
wave and frequency spectrum consists in two components, 
then resulting current density distribution should present itself 
the sum of current density distributions for each of 
frequencies. By other hand, as it follows from experiments, 

the amplitude ratio of low-frequency (50 Hz) component and 
high-frequency (0,1 MHz) one turns out significant. In the 
case, when amplitude of low-frequency component turns out 
significantly higher, than amplitude of high-frequency one, 
the distribution becomes similar with current density 
distribution for low-frequency component. In opposite case, 
the current density distribution becomes more similar with 
distribution for high-frequency component. 

The epoxide resin “CDA”with hardening agent and 
plasticizer was used for preparation of ferromagnetic layer, 
and ferromagnetic powder 300VNP used for the convertible 
contours of radio-frequency devices (mass composition of 
ferrite powder was 65%), was the filler. The mixture was 
thoroughly mixed and pressed after coating on aluminum rod. 
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The resin setting was carried out at temperature 20-60°C 
during 4-6 hours. After carrying out of given operations, the 

resistance dependence has taken the form, presented on 
fig.3a(2). 

 
 

 
Fig.3. The frequency dependence of impedance of frequency-dependent resistor (a), inductance and resistance of aluminum rod at taking into 

consideration of skin- effect (b). 
 
The impedance contribution of aluminum current-

conducting rod is given on fig.3a(1). The frequency 
dependencies of active resistance R and inductance L of 
aluminum conductor by diameter 1 cm are given on fig.3b. 
From fig.3a it is followed, that nonlinearity L and increase of 
value of resistor total resistance in dependence on frequency 
are defined by frequency dependences of magnetic 
permeability of ferrite layer and skin-effect in current-
conducting rod. 

As it is known, according to law of electromagnetic 
induction the currents are inducted, which lead to delay of 
magnetization change at magnetization change inside sample. 
If we consider, that magnetization change is similar on all 
regions of cylindrical conductor, then, as it is shown in paper 
[14], losses are proportional to rate of magnetization change 
and increase proportionally to square of frequency. The detail 
loss calculation in real material, having many domain walls, 
presents complex task. However, the presence of big amount 
of domain walls leads to situation, corresponding to 
homogeneous magnetization. As it is known, the increase of 
core dimensions leads to appearance of stationary wave with 

µε
λ

f
c

=  and dimension resonance. But in case of its 

absence, the frequency increase for big ferrite sizes leads to 
decrease of magnetic permeability, that is observed on 
fig.3a(2).  

As experiments showed, the chosen width of 
ferromagnetic layer, which is equal 5mm, provided the 
screening from external troubles and absorption of internal 
ones. The oscillogram, given on fig.4a, demonstrating the 
suppression of high-frequency wave processes by block of 
frequency-dependent resistors proves these facts (fig.4b). The 
block construction presents itself the several frequency-
dependent resistors, joint parallel and put into special casing. 

All experiments have been carried out by resonance 
method on bridge scheme on definition of induction and 
resistance. 

 
 
Fig.4. The oscillogram of work of block nonlinear resistor (a), 

where 1 is resistance oscillogram till block, scale – 
100V/cm; 2 is after block, scale – 1V/cm; (b) is block 
construction of nonlinear resistor:1 is resistor contact, 2 is 
frequency-dependent resistor. 

 
It is need to take into consideration the heating of current-

conducting rod and especially ferromagnetic layer, which as 
calculation and experiments show, is more vulnerable at 
passing of big currents through frequency-dependent resistor. 
The temperature 50°C was considered as critical one for 
ferromagnetic layer, coated on surface of current-conducting 
rod. The temperature and volt-ampere characteristics of 
created frequency-dependent resistors on different frequencies 
are given on fig. 5, where A corresponds to current-conducting 
rod on frequency 50 kHz.; B, C, D correspond to 
ferromagnetic layer; W is permissible specific energy, 
absorbed by frequency-dependent resistor, ∆T is difference 
between maximum permissible and initial temperatures. The 
difference ∆T and permissible specific energy W have 
quadratic dependence on power of passing current. By other 
hand, the dependence U on I has been seemed practically 
linear one. 
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Fig.5. The temperature and volt-ampere characteristics of frequency-dependent resistor on different frequencies. A is for  
           current-conducting rod on frequency 50KHz; B, C, D are for ferromagnetic layer. W is accessible specific energy,  
           ∆T is difference between maximum permissible temperature and initial one. 
 

  
    

Fig.6.  a - The temperature changes with distance change from center of current-conducting rod of frequency-dependent resistor. It is  
                         supposed, that temperature along length of current-conducting rod is constant; b – The temperature dependence of magnetic 
                         permeability of ferromagnetic powder. 

 

 
Fig.7. The time dependence of heating temperature in center                

of current-conducting rod of frequency- depended resistor. 
 

Thermal conductivity equation was solving at following 
conditions: temperature of medium (air) was equal to 28°C; 
heat temperature of current-conducting rod shouldn’t exceed 
100°C. The inhomogeneous current density distribution on 
cross-section of current-conducting rod, excluding the 
temperature inhomogeneity along resistor length, was taken  
into consideration. The obtained result is presented on the 
fig.6. The influence of skin-effect, which is especially 
noticeable on high frequencies, leads to appearance of thermal 

gradient between center and surface of current-conducting rod 
and as result, to appearance of heat flow from surface to 
center. The time dependence of heating temperature of center 
of current-conducting rod in mode till 60°C is given on the 
fig.7. It is need to note, that this effect leads to skin-effect 
decrease in current-conducting rod. 

The heating of current-conducting rod of frequency-
dependent resistor leads to heating of ferromagnetic layer, the 
magnetic properties of which are defined by temperature 
dependence of magnetic permeability of ferromagnetic 
powder and as it follows from fig.6, the temperature increase 
of ferromagnetic layer higher, than 100°C, strongly decreases 
the inductive parameters of frequency-dependent resistor. 
Thus, optimal work temperature of frequency-dependent 
resistor lies in temperature region lower, than 100°C. As 
dynamic investigations of time changes of temperature field 
on ferromagnetic layer show, the frequency-dependent resistor 
is able to endure the short-time overloads on temperature (till 
300°C) during time periods by order 5 sec, at repetition 
frequency of one impulse for 15 sec. Such repetition 
frequency guarantees total reconstruction of magnetic 
properties of ferromagnetic layer and inductive parameters of 
frequency-dependent resistor, correspondingly.           

Conclusion 
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The result analysis of experimental investigations points out: 
- distribution complex character of alternating current on 

cross-section of aluminum rod, depending on quantity 
of its frequency components and their amplitude ratios; 

- the role of frequency dependencies of magnetic 
permeability of ferrite layer and skin-effect in 

formation of frequency properties of created frequency-
dependent resistors; 

- the equation of heat conduction has been solved, heat 
parameters and functioning conditions of frequency-
dependent resistor have been defined.
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ЭЛЕКТРИЧЕСКИЕ ХАРАКТЕРИСТИКИ ЧАСТОТНОЗАВИСИМОГО РЕЗИСТОРА  

 
Представлены экспериментальные частотные зависимости распределений плотностей тока по сечению токоведущего стержня 

частотнозависимого резистора. Показано, что частотная зависимость сопротивления резистора определяется частотными 
зависимостями скин-эффекта в токоведущем стержне и магнитной проницаемостью ферромагнитного слоя. Применение 
частотнозависимого резистора позволяет эффективно подавлять  влияние высокочастотных волновых процессов. 

 
А.М. Щяшимов, Т.Р. Мещдийев, Н.Р. Бабайева 

 
ТЕЗЛИК АСЫЛЫLIQLI РЕЗИСТОРЛАРЫН ЕЛЕКТРИК ХАССЯЛЯРИ 

 
Tezlik asılılıqlı rezistor cərəyan daşıyıcı milinin en kəsiyində cərəyan paylanmasının eksperimental tezlik asılılıqları verilmişdir. 

Göstərilmişdir ki, rezistor müqavimətinin tezlikdən asılılığı skin-effektin cərəyan daşıyıcı mildə və ferromaqnit layın maqnit nüfuzluğunun 
tezlik asılılıqları ilə müəyyən olunur.     

 
Received:12.09.06 
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The electron-microscopic images and roentgen-diffractometer fotos in Bi2Te3 and Sb2Te3 layered systems show, that Те(1)-Те(1)  gap 

plays nano-reactor role. The origination, self-organization and formation of quazi-two-dimensional layers with nano-islands, nano-rods and 
nano-crystals take place in such nano-reactors. These structural blank spaces – nano-reactors – are filled by compounds, the following 
modification of which leads to nano-crystal formation, for example, in Bi2Te3<Cu>: CuTe, Cu2Te, Cu64O, Cu0,647Te0,353; in Sb2Te3<B>: B2О, 
BiBO3, Bi2B8O15. 
 

Introduction 
 

The present paper is dedicated to problems of nano-
particle introduction in space between layers of layered 
crystals with weak Van der Waals bond. Essentially the 
layered compounds themselves are able to “take prisoner” of 
“guest” molecules in synthesis process, and also at 
intercalation. The class of intercalated compounds doesn’t 
practically limited, i.e. the big atom number exists (especially 
easily-diffusing ones with small ion radiuses), which can be 
introduced in different layered crystals (graphite, GaSe, InSe, 
Bi2Se3, Bi2Te3, Sb2Te3 and etc.). The combination on 
microscopic level of metallic layers with semiconductor ones 
can be lead to obtaining of crystals with new electron 
properties. Now the possibility to investigate the set of new 
physical phenomena has already existed. That layered 
compounds, in which the anisotropy is strong and essentially 
leads to almost two-dimensional electron motion in crystal 
attract the most interest in this meaning. Moreover, the 
structural transitions with formation of wave of charge 
density have been revealed in layered compounds [1]. Earlier 
transitions of such type had been found in quazi-one-
dimensional crystals. In this connection the intercalated 
layered systems of bismuth and stibium chalcogenides and 
such changes of electron properties, which are observed after 
intercalation, are interested [2].  

However, first of all it is necessary to make the 
technological processes more exact, in result of which it is 
possible to create metallic (or others) nano-layers between 
layers in semiconductors. Indeed, the layers in nano-crystals 
can be considered as one type of nano-reactors of atom scale. 
The set of “forsed” reactions can take place in such nano-
reactors, similar to simplest nano-reactors (in which reagents 
are spatially organized, - Van der Waals molecules and 
partners are fixed by intermolecular non-valency 
interactions). This is new science region about “nano-world”. 
Nano-chemistry is described in many articles, the view of 
which is given in [3]. The molecular dynamic reagents, the 
mechanisms and velocities of chemical transformations, local 
charges and their distribution, ionization energy, change in 
nano-reactor; the set of anomalies is revealed [3]. The new 
quazi-two-dimensional nano-reactors, in which the 
interplanar spaces can be changed because of stimulation of 
conformation transitions in poly-methylene chains have been 

synthesized [4]. These transitions can be continuously 
regulated, attuning nano-reactor on given volume by the way 
of solvent filling [4]. 

The analysis shows, that nano-chemistry produces own 
objects - nano-particles, nano-containers, nano-reactors. The 
two key conceptions – nano-particle and nano-reactor have 
been defined. The first one characterizes the dimensional 
parameter, the second one defines the nano-particle function 
[3]. The blank nano-spaces, interlayer spaces in layered 
crystals can be considered by nano-reactors, when properties 
reagents, creating in them depend on blank space dimensions 
and interlayer “gaps”. When these dependencies disappear, 
the blank nano-spaces become only nano-dimensional 
containers, in which presoner particles behave themselves by 
the same way, if they would be in unlimited volume [4]. 

It is need to clarify how the impurity nano-particles 
behave themselves in interlayer space Te(1)-Te(1) in layered 
crystals Bi2Te3, Sb2Te3 and their solid solutions, what 
influence they do on physic properties in whole. Here it is 
need to realize two sides of dimension effect, as pure scale, 
spatial one, so physic-chemical phenomena, when properties 
of obtained quazi-two-dimensional systems in wide 
temperature interval depend on introduced atom dimensions.  
It is possible to formulate the following tasks in the light of 
above mentioned: firstly, so far as Van der Waals gap Te(1)-
Te(1)  in Bi2Te3 and Sb2Te3 can be considered as nano-reactor 
for impurities and secondly, what sort of morphology of 
impurity centers, creating on surface (0001) in Bi2Te3 and 
Sb2Te3 and which changes in crystal properties the nano-
particles introduce in nano-reactor. 

 

The experimental investigation 
 

The investigations had been carried out on doped 
samples Bi2Te3 after ingot synthesis at alloy temperature 
1050°K towards impurity. The crystal growth was carried out 
in graphitized ampoules at band-directed crystallization, the 
band traverse speed was ν=0,5 cm/h with temperature 
gradient (200-210 K/cm) at temperature 1050°K. 

The electron-microscopic images were obtained on 
microscope by mark JSM 5410LV on SPM-9500j3 and on 
atomic-power microscope (ACM); device braking ability was 
20 nm in lateral direction and 0,1 nm in vertical one. The 
new-pricked planes (0001) (Bi2Te3) and (Sb2Te3) were 
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investigating, the etching wasn’t carried out. The knives from 
solid metallic alloys were used for chip. The chip took place 
on cleavage plane (0001) and gave general mirror smooth 
surface.  

   
The obtained results and their discussion 
 

We will consider such nano-objects, which have been 
created at filling of Te(1)-Te(1) space by such substances, as 
Cu, Nb, B  in Bi2Te3  and Те, Sb, B in  Sb2Te3. 

The filling takes place as in synthesis process, 
crystallization one (at definite gradient temperatures), so in 
intercalation. The filling of interlayer gap, at which the nano-

islands and micro- and macro-wires, presents the special 
interest. Let’s consider the presented the electron-
microscopic (EM) images (fixed on microscope JEOL-JSM 
5410LV) of pricked surface (0001) of Bi2Te3, doped by 
cuprum, are presented on fig.1 (a,b) - (Bi2Te3<Cu>). 
Conglomerations of nano-rods and nano-islands are seen in 
left side of fig.1(a) The big clots of islands (in center of 
fig,1(a)) have diameter dimensions less than 500 nm, and 
nano-particles of different nano-dimensions (≈5-10 nm) are 
situated round them. The images of two islands by order 500 
nm in more enlarged scale are given (fig.1(b)). 

 

       
               a)                                                                                               b) 
 
Fig.1.(a,b) – The electron-microscopic images of nano-rods and islands on Bi2Te3<Cu> (0001) surface - (a), EM-images of separate  
                     islands (in enlarged scale) – (b). 
 

     
         a)                                                                                         b) 
 

Fig.2.(a,b) – EM photos of (0001) surface in Bi2Te3<Cu> - (a) and island in Sb2Te3<Sb> - (b). 
 

The islands of different dimensions are also seen in 
presented electron-microscopic photos on fig.2(a,b), so one 
big island (Bi2Te3<Cu>) is given on fig.2 (a); the island in 
Te(1)-Te(1) gap of Sb2Te3<Sb> system is given on the fig.2(b), 
very small stibium nano-particles are outstanding round this 
island. 

The islands of different dimensions on surface (0001) 
Bi2Te3, doped by boron are shown on fig.3 (a,b). The nano-
fragments from nano-rods Bi2Te3<В>, Sb2Te3<Sb> and 
Bi2Te3<Nb>, having nano-dimensions only on height (they 
are presented on fig.4 (a,b,c) are formed in nano-reactors. 
The nano-rods in Bi2Te3<Nb> being nano-wire analogues are 
presented on the fig.4 (b) [3], they are more obvious and 
consist in rod, as photos from NdTe4 show. Such particles 
(nano-rods) are called nano-structures [3].  

The visible islands, as special objects in nano-reactors, 
demand more detail investigation: it is need to study their 
morphology in more fine-line microscope. These 

investigations would allow to reveal more detail the nano-
dimension particle structure (these are islands or nano-
particles by dimension less than 10 nm). The given photos, 
obtained on microscope by SPM-9500j3 mark revealed the 
nano-island microstructures (fig.5 (a,b,c,d)). As it is seen they 
consist in longitudinal nano-rods by width less than 10nm. 

From which phases did the nano-fragments in nano-
reactor – between Те(1)-Те(1) in Bi2Te3<Cu>, Bi2Te3<В>, 
Bi2Te3<Nb>  form? It is impossible to judge about them only 
by EM photos. We resorted to study of roentgen-
diffractometer photos of surface (0001) in doped Bi2Te3<Cu> 
and Sb2Te3 crystals (fig. 6 (a,b,c,d)). Such photos for alloys 
of p-type are presented on the fig: Sb2Te3 <Sb> - fig. 7(a); 
solid solution Bi0,5Sb1,5Te3<Te>-fig.7(b);for alloy composi-
tion  Bi1,20Sb4,80Te9(Te) - fig. 7(c); Bi2Te3(B) - fig. 8(a) and 
Bi2Te3(Nb) - fig. 8(b). 
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Fig.3.(a,b) – EM images of island surface (0001) Bi2Te3<В> – (fig.3,a) and photo of the same surface of one island – (fig.3,b). 
 

  
     a)                                                          b)                                                                c) 

 
Fig.4.(a,b,c) – EM photos of rods in nano-reactors Bi2Te3<В> – (а), Sb2Te3<Sb> – (b) and Bi2Te3<Nb> – (c). 
 

                        
               a)                                                                                                     b) 
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                   c)                                                                                                   d) 
 
Fig.5.(a,b,c,d) – EM images (om SPM-9500j3 microscope) of nano-rods in nano-reactors from Bi2Te3<В> – (а), from   
                           Bi0,5Sb1,5Te3<Te>– (b), from Bi2Te3<В> – (c) and from fragment part of Bi2Te3<В> – (d). 
 

From these roentgen-diffractograms it is seen, that blank 
spaces are gaps and they are filled by nano-particles of 
different dimensions and different nano-crystals in Bi2Te3 
and Sb2Te3. The type of nano-fragments, which have been 
formed in this space, depends on introduced impurity. The 
following nano-fragments: CuTe, -Cu0,647Te0,353 have been 
self formed in Bi2Te3<Cu>  compound on base of 
superstoichiometric Te and introduced Cu (till (0,2-0,3) 
weight %). Besides of the main Bi2Te3 peaks the small (51°) 
Bi2Te3 peaks and also Cu atoms are outstanding (fig.6). It 
was impossible to clarify the peak “fate”, corresponded to 90. 
The other diffractograms Bi2Te3<Cu>, in which not quite 
refined bismuth is used, is presented on the fig. 6(c). 
Probably, here the oxygen remnants formed Cu64O in Bi. 

Here the nano-particle peaks from Bi2Te3 and CuTe also 
are outstanding. The numerous investigation of 
diffractograms (more 10) show, that the physicohemical 
conditions in Те(1)-Те(1) nano-reactor, leading to formation of 
СuTe, Сu2Te, Cu0,647Te0,353 islands and bismuth telluride 
itself appear in Bi2Te3 -cuprum system. These nano-
fragments have found their reflection on diffractograms, 
presented on fig.6 (a.b,c,d). 

The CuTe appearance (having more high melting point) 
and other nano-particles in Bi2Te3 and Sb2Te3 nano-reactors 
(with significant low melting point -585°C and 630°C) shows 
on the fact, that nano-particles in nano-reactors form at 
significant low temperatures. 

EM images reveal nano-object variety, which crystallize 
in nano-reactors in Bi2Te3- and Sb2Te3 -Van der Waals gaps. 
We will consider only such nano-objects, which appear in 
nano-reactor just as this takes place in nano-tubes. These are  
“restricted” nano-fragments: islands, nano-wires or nano-
wires inside nano-tube, and also complex nano-particles. 

It is obtained, that part of surface energy increases with 
decrease of nano-particle dimensions (in nano-reactors) and 
therefore, melting point of formed crystals decrease. Such 
changes (melting point decrease) earlier were observed for 
different “free” nano-particles [3]. 

The analogous transformations, revealing in given nano-
reactors, can lead to new origin results. The melting point 
decrease of formed particles in nano-reactor, changes 
dynamic of their transition and leads to formation of plane 

one-layer nano-fragments of different orientation. The islands 
(fig.1), rods (fig.4) of different densities and closed complex 
figures, inside which the same islands and nano-rods (fig.9) 
are emphasized at crystal growth. The formed nano-particles 
strongly differ each from other on construction, but 
nevertheless they locate on quasi-two-dimensional impurity 
layers between Те(1)-Те(1) chalcogenides of bismuth and 
stibium. 

The nano-island formation in Те(1)-Те(1) gap is connected 
with effect of nano-layer self-organization in given systems. 
Van der Waals gap is original two-dimensional space-limited 
nano-reactor (surface, limited by basis planes (0001), where 
the origination and final formation of nano-objects and nano-
crystals take place. 

Firstly, the appearance of mono-layers and the diffusion 
increase of their number, further the appearance and island 
enlargement prove the transition from two-dimensional-layer 
to three-dimensional one in layer crystallization process on 
telluride surface of bismuth and stibium. 

The cuprum and baron atoms in dependence on their 
quantity (not more 0,5 weight %), can increase the period of  
repeat  of structure five-layered packs (d), and also decrease 
the concentration of hole carriers, totally compensating the 
donor effect in investigated crystals, transiting in neutral 
position between Те(1)-Те(1) layers and taking (Те(1)-Bi-Sb), 
(Bi-Sb-Те(1)) layers, which are less on dimensions.  

The so-called crystal reconstruction takes place in 
process of crystal growth with its interlayer formation. In 
these nano-reactors either the definite crystal structure, 
differing from rest Bi2Te3 structure part appears, or 
superstructures form in its cell, locating between layers. 

The formation mechanism of given space to some extent 
remembers the filling of internal cavities of nano-tubes (NT) 
[4-5]. As in [5], so at Bi2Te3 and Sb2Te3 growing up the 
impurity filling takes place at synthesis directly. The task-
oriented growing up in Те(1)-Те(1) membrane can be carried 
out already after addition agent introduction. The task-
directed crystallization of Bi2Te3<impurity> and 
Sb2Te3<impurity> by different methods, including 
intercalation by diffusion method (fig. 6,d) finally leads to 
formation of quazi-two-dimensional layers with islands and 
nano-rods. 
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Fig.6.(a,b,c,d) - The roentgen-diffractograms of Bi2Te3<Cu> (0001)surface - (with nano-particles from Cu0,647Te0,353, CuTe, Bi2Te3) – (a);  
                          Bi2Te3<Cu> – (with nano-particles from Cu, CuTe, Cu2Te3 и Bi3Te3) - (b); Bi2Te3<Cu> – (with nano-particles from  
                          CuTe, Cu64O) – (c), Bi2Te3 (intercalated by cuprum) – (with nano-particles from CuTe, Cu) – (d). 
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                                                            a) 

 
                                                                  b) 

 
                                                                 c) 
Fig.7.(a,b,c) - The roentgen-diffractometric photos of (0001) surface, formed in nano-reactors of layered crystals Sb2Te3<Sb> (formed  
                       nano-particles from Sb) – (a); crystal of Bi0,5Sb1,5Te3<Te> composition (formed nano-particles from Te,Sb, Sb2Te3,  
                       Bi2Te3) – (b), Bi1,2Sb4,80Te9 crystal (formed nano-particles – Te) – (c). 
 

 
                                                       a) 
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                                                               b) 
 
Fig.8.(a,b) – The roentgen-diffracograms of nano-reactor gap o Те(1)-Те(1)  of Bi2Te3<В> surface – (formed nano-particles:  
                     B2O, Bi4Te3, Bi2Te3, BiBO3 and Bi2B6O15) – (а); Bi2Te3<Nb> crystal – (formed nano-rods from NbTe4 nano-islands  
                     from Nb2O5) – (b). 
 

 
 
Fig. 9. AFM-images of (0001) surface of Bi0,5Sb1,5Te3 melt by  
           doped tellurium.      
 
Such nano-fragments can be obtained at introduction of 

selenium, tellurium, stibium, bismuth, sulfur, boron, cuprum, 
niobium, aluminum. In all cases we will have the nano-layer 
nano-dimensionless on Те(1)-Те(1) gap height. The width and 
length for nano-rods from NbTe4, Cu2Te, CuTe, Bi2B8O15 are 
bigger, than their width (see fig.5(a,b,c,d). 

The special influence on nano-layer formation in Bi2Te3 
and Sb2Te3 layered crystal make additional tellurium and 
boron introductions. So boron and tellurium form not only 
rods, but they serve as “iron ring”, in internal cavity of which 
the more thin nano-rods locate (reminiscent nano-wires) (see 
fig.5(c,d)). Such EM image of Bi2Te3<B> system is 
presented on the fig.5; certainly, formed nano-structure 
differs from nano-tube [4-5]. The boron nano-rod evidence 
inside of the same boron formation shows only external 
similarity; the difference takes place in length and image 
definition. These are first experiments, proving the formation 
of such nano-rods in Van der Waals cavity. This nano-cavity 
(space), in which presoner particles form compounds with 
more lowered temperature Tk (in comparison with Tk of free 

crystal), is similar with mini nano-reactor in crystal layer 
Те(1)-Те(1) and in Bi2Te3 and Sb2Te3. 

The roentgen-diffractometer figures of systems: (about 
change character prove also peculiarities of kinetic 
phenomena) Bi2Te3<Cu> have been analyzed for previous 
proof of the fact, that only introduced impurities (Cu, B, Nb) 
and compounds with superstoichiometric excess of Te, Sb or 
Bi are inside of nano-reactor [2]. 

The intercalation by cuprum Bi2Te3 doesn’t change the 
character of obtained nano-particles, only physic crystal 
properties change. The influence mechanism of introduced 
impurities with superstoichiometric excessof components 
hasn’t been established. 

Here we give only experiment facts of nano-particle 
formation between Те(1)-Те(1) layers in Bi2Te3<impurity> and 
Sb2Te3 <impurity>, playing nano-reactor role, at the same 
time we suppose to call this space as nano-reactor. The nano-
particles, corresponding to nano-systems [3] and ultra-
dispersed systems on geometrical parameters [6] form in this 
nano-reactor. The nano-reactor particles Bi2Te3 and Sb2Te3 
can be related to quazi-two-dimensional ones, the width of 
which is in nano-interval. The other two dimensions (length 
and width) can be arbitrary too big. 

The above mentioned facts show the change of set of 
physicochemical nano-particle properties in nano-reactor of 
chalcogenide layered crystals Bi and Sb in comparison with 
corresponding properties of their macro-phase. Probably, the 
strong decrease of melting point is also observed for Cu, 
CuTe, Cu2Te, Cu64O, Cu0,647Te0,353,Te, Bi, Sb nano-particles 
in [6]. The Cu and B particles of nano-dimensions in nano-
reactor have increased chemical activity, revealing in 
formation of not only above mentioned phases (for example, 
CuTe, Cu2Te, Cu64O in Bi2Te3<Cu>), but Bi2B8O15, B2O, 
BiBO3, Bi4Te3 at boron doping Bi2Te3<B>. It is need to note, 
that phases, which aren’t observed in macro-systems on base 
of investigated compounds, appear in nano-reactors. AFM-
images of nano-particles (fig. 9) also evidence about cluster 
character of nano-islands; here cluster can be as nano-reactor 
[4] and at the same time it can be in nano-reactor, defending 
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from external influences. AFM-image of tellurium nano-
particle in Sb2Te3<Te> evidences about nano-dimensionless 
not only on width, but on diameter (less than Ø 10nm, see 
fig. 9). The nano-particles are very similar with nano-tubes 
could be revealed only on AFM-image of solid solution (Sb-
Bi-Te) with Te excess till 3weight%. 

So, the chemical synthesis of nano-particles can take 
place in Bi2Te3 and Sb2Te3 nano-reactors. The filling of such 
nano-reactors by metals with the aim of obtaining of metallic 
conductors-nano-wires, “dressed” in boron “covering” can be 
present the big interest. The nano-reactor not simply forms 
the nano-fragment (islands and rods), but protects it from 
oxidation and destroying action of different mediums. Such 
nano-objects with position of high technologies are subject of 
intensive study [3-5]. 

 

Conclusion 
It is shown, that Van-der-Waals gap is peculiar nano-

reactor, where the formation of quazi-two-dimensional layers 
with nano-islands, nano-rods and nano-crystals between 
Те(1)-Те(1) on surface (0001) of Bi2Te3<Cu,B,Nb> and 
Sb2Te3<B>, Sb2Te3<Те> take place. The nano-reactors, 
formed by Те(1)-Те(1) cavities of layered crystals open the 
wide possibilities for nano-composite design with given 
thermoelectric properties. The solid-state crystal allows to 
avoid the aggregation of investigated nano-particles and 
defend them from external influences that significantly make 
easier their application 
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F.K. Ələsgərov, E.M. Derun, M.Q. Pişkin, S.Ş. Qəhrəmanov, К.Ş. Qəhrəmanov 

 
BİSMUT VƏ ANTİMONUN HALKOQENİDLƏRİ ƏSASINDA İKİ ÖLÇÜLÜ NANOREAKTORLAR 

 
Elektronmikroskopik və rentgendifraktometrik (0001) Bi2Te3 və Sb2Te3 şəkillərinə əsaslanaraq demək olar ki, Те(1)-Те(1) aralığını 

nanoreaktor hesab etmək olar. Belə nanoreaktorlarda öz-özünə inkişaf edən və yaranan kvazi iki ölçülü laylar yaranır; onlar nano-adalar, 
nanonaqillər və nanokristallardır. Те(1)-Те(1) - boşluqlarında-nanoreaktorlarda aşağıdakı nanokristallar əmələ gəlir: məsələn, Bi2Te3<Cu>-da 
CuTe, Cu2Te, Cu64O, Cu0,647Te0,353; Sb2Te3<B>-da B2О, BiBO3, Bi2B8O15. 

 
Ф.К. Алескеров, Е.М. Дерун, М.Г. Пишкин, С.Ш. Кахраманов, К.Ш. Кахраманов 

 
ДВУМЕРНЫЕ НАНОРЕАКТОРЫ НА ОСНОВЕ ХАЛЬКОГЕНИДОВ ВИСМУТА И СУРЬМЫ 

 
Электронно-микроскопические изображения и рентгендифрактометрические снимки в слоистых системах Bi2Te3 и Sb2Te3, 

показали, что щель Те(1)-Те(1) играет роль нанореактора. В таких нанореакторах происходит зарождение, самоорганизация и 
формирование квазидвумерных слоев с наноостровками, наностержнями и нанокристаллами. Эти структурные пустоты – 
нанореакторы – заполняются соединениями, последующая модификация которых приводит к формированию нанокристаллов, 
например в Bi2Te3<Cu>: CuTe, Cu2Te, Cu64O, Cu0,647Te0,353; в Sb2Te3<B>:B2О, BiBO3, Bi2B8O15. 

 
Received: 15.10.06 
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THE CRYSTALLIZATION KINETICS OF THE YbAs2S4 AMORPHOUS FILMS 
 

E.Sh. HAJIYEV 
Institute of Physics, Academy of Sciences of Azerbaijan,  

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

The crystallization kinetics of YbAs2S4 ternary amorphous thin films have been investigated by kinematic electron diffraction method. 
The crystallization is shown to occur in accordance with Avrami – Kolmogorov law.  

The crystallization growth dimensionality and the kinetics parameters of the phase transition have been determined during 
crystallization of the amorphous YbAs2S4 thin films; the growth dimensionality equals to two, the summary activation energy            
Es=128,7 kcal/mol 

 
Amorphous materials, thin layers, heterostructures, 

defined structures on a level comparable with the atomic 
level are the fields of material research which stimulated the 
development of new technologies and which led to the 
unbelievable expansion of microelectronics, optoelectronics 
and to the preparation of materials with unique properties. 

The amorphous semiconductor materials containing f-
elements represent a new class of amorphous materials. The 
Ln-As-X(S,Se,Te) systems represent this class of materials, 
where Ln-rare each elements. İn these systems, it was 
determined the formation of ternary compounds that may be 
applied in devices which are controlled by external magnetic 
fields. As2S3 – Yb system is one of these classes of above 
mentioned materials. According to state diagram, the 
YbAs2S4, YbAs4S7 and Yb3As4S9 ternary compounds are 
formed in this system. The purpose of the present work is 
study the crystallization process and is determine the kinetic 
parameters of crystallization of YbAs2S4 amorphous films. 

The general form describing the kinetics of growth is 
written as  

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

where Vt -  volume of  substance transforming to t time, V0- 
initiation volume of substance, k-reaction rate constant. “m” 
quantity is different for variety transformation types and is 
depend on growth measure. It is need to have exact 
experimental data for Vt in order to obtain reliable results 
using this theory. 

Thin amorphous films of YbAs2S4 with thickness ~25nm 
were obtained by vacuum evaporation on substrates of fresh 
cleavage surfaces of NaCl and KCl crystals and amorphous 
celluloid at room temperature. 

Using electron diffraction method we have investigated 
the structure of obtained films. The electron diffraction 
pattern shows four diffuse diffraction ring corresponding 
S=4πsinθ/λ=11; 19; 36; 55 nм-1. Amorphous films 
crystallization at T=673K results in the formation of YbAs2S4 
polycrystalline with parameters of the rhombic lattice 
rhombic unit cell with a=1,115; b=1,1387; c=0,995 nм. This 
is in agreement the data of ref: [1]. 

To determine the kinetic parameters of crystallization of 
YbAs2S4 amorphous films we have used kinematic electron 
diffraction method from amorphous films with thickness ~25 
nm at T=673K, T=683K, T=698K temperatures. It is quaty 
clear, that much more temperature, than fastly occurs the 
crystallization process. 

Electron diffraction pattern taken from annealing 
samples shows how diffuse rings relating to amorphous phase 
are disappearance and the lines of the polycrystalline phase of 
YbAs2S4 are occur. There is the area where crystal and 
amorphous phases exist together. 

Intensities of lines of the YbAs2S4 polycrystalline phase 
were measured by micro photometric method. The intensities 
of diffraction lines were determined depending on annealing 
time. To get quantity of crystallized matter we use 
standardization method taking account of intensity of 
scattering of electrons is proportional to the volume of 
scattering matter [2].  

In investigation interval of temperature the kinetic curves 
of crystallization of YbAs2S4 amorphous films have been 
calculated i.e. the curves of the crystallized volume as a 
function of the time for variety temperatures. 

The lnln(V0 /(V0 – Vt)) depended of ln t were calculated at 
T=673, T=683, T=698K temperatures. The lines drawing 
through the experimental points are straight lines for all 
temperatures (fig.).  

 

 
 
Fig.  The lnln (Vo/(Vo-Vt)) depence on ln t for YbAs2S4. 
 
The value of “m” in (1) form determined from slope is 

equal to about 3 (m=2,95 at 673K; m=3,05 at 683K; m=3,10 
at 698K). That is witness for the three-dimensionality growth 
of crystals at investigation temperatures. 

ln k dependence on 1/T  is linear . The nucleation rate 
and crystal growth rate are described by Arrenius form  
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                         υn= RT
E3

eC
−

 
                                                                                       (2) 

                         υg= RT
E p

eC
−

 
 
where υn  is the formation rate of the nucleation centre and 
determined by as datum of nucleus transformating  to centre 
in unit time in volume unit of metastable phase; υg is crystal 
growth linear rate and determined as the increase rate of 
linear sizes of growthing centre of the new phase. 

Summary nucleation activation energy - Es is determined 
from slope of the ln k curve as function 1/T and equal to 
128,7 kcal/mol. The nucleation activation energy is 
calculated from slope of the 1/τo curve as a function ln t 
(where τo – experimental beginning time of crystallization) 
and equal to 38, 3 kcal/mol. Eg – crystal growth activation 
energy is determined by Eg = (Es-En)/2 form and is equal to 
45,2 kcal/mol. 

The results obtained show that amorphous thin films of 
above mentioned compounds are more thermal stability than 
before investigated other triple YbAs4S7 compound 
containing chalcogenide [3]. 
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Е.Ш. Щажыйев 

 
YbAs2S4  АМОРФ НАЗИК ТЯБЯГЯЛЯРИНИН КРИСТАЛЛАШМА КИНЕТИКАСЫ 

   
Кинематик електронографийа методу иля вакуумда чюкдцрмя цсулу иля алынмыш YbAs2S4 бирляшмясинин аморф назик тябягяляринин 

кристаллашма кинетикасы тядгиг едилмишдир.  
Эюстярилмишдир ки, YbAs2S4 аморф назик тябягяляринин кристаллашмасы Авраами-Колмогоровун ганунауйьунлуьу иля баш верир вя 

Vt=Vo[1-exp(-ktm)] аналитик тянлийи иля ифадя олунур. Кристаллашманын кинетик параметрляри тяйин едилмишдир.     
                   

Э. Ш. Гаджиев 
 

КИНЕТИКА КРИСТАЛЛИЗАЦИИ АМОРФНЫХ ПЛЕНОК YbAs2S4   
 
Методом кинематической электронографии исследована кинетика кристаллизации тонких аморфных пленок YbAs2S4, 

полученных вакуумным испарением синтезированного соединения. Показано, что кристаллизация тонких аморфных пленок 
YbAs2S4 происходит по закономерностям, установленным Авраами – Колмогоровым и описывается аналитическим выражением 
Vt=Vo[1-exp(-ktm)]. Определены мерность роста и значения  кинетических параметров кристаллизации. 
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THE OPTIC AND PHOTOELECTRIC PROPERTIES OF POLYTYPES  

OF MONOCLINIC TlInS2 
 

O.Z. ALEKPEROV, T.G. MAMEDOV 
Institute of Physics of Academy of Sciences of Azerbaijan, AZ-1143, H. Javid av., 33 

 
A.I. NADJAFOV 

Institute of Radiation Problem of NAS of Azerbaijan, AZ-1143, Baku, H. Javid av., 31a 
 

The crystals of polytypes of monoclinic modification TlInS2 with parameters of elementary cell с≈15Ǻ, с≈60Ǻ и с≈120Ǻ have been 
obtained. The optic and photoelectric properties of obtained samples near the edge of their fundamental absorption have been studied; the 
positions of edge excitons in given polytypes have been defined. The aging process of obtained polytypes has been studied. 

 
The five crystal modifications of TlInS2 compound are 

known nowadays. The two of them (monoclinic and 
threeclinic) have layered structure, and two (tetragonal and 
orthorhombic) have layered-chain structure. The crystals of 
fifth modification are related to hexagonal crystal structure 
[5, 6]. Moreover, the TlInS2 of monoclinic structure has some 
polytypic varieties. The parameter c of crystal lattice of these 
polytypes practically changes multiply from с≈15Ǻ till 
с≈240Ǻ [7]. 

The coincidence of interesting semiconductor properties 
along with presence of monoclinic modification of phase 
transformations in TlInS2 crystals increases the interest to 
their investigation. It is revealed, that the monoclinic TlInS2 
endures the ferroelectric phase transition at temperature 
decrease at Tc~200K, to which the phase transition in 
disproportional phase precedes at Ti~216K [8]. As a rule, the 
due attention to real crystal structure wasn’t paid at 
investigation of physic properties of these crystals, including 
dielectric ones. Besides, in papers [9, 10] was shown, that 
these properties significantly change from sample to sample 
on example of investigation of dielectric properties of TlInS2 
monocrystals. The last one is caused by the fact, that 
investigated samples often present themselves the polytype 
mix. 

The samples, consisting different polytypes of TlInS2 of 
monoclinic modifications, were specially chosen among 
crystals from different technological groups in paper [9]. 
Moreover, according to roentgenograms, the only polytype 
with parameter с≈15Ǻ existed in pure form, the insignificant 
presence of other polytypes took place in samples with с≈60Ǻ  
and с≈120Ǻ. 

In the given paper the investigation results of optic and 
photoelectric properties of “pure” polytypes of monoclinic 
modifications TlInS2 with parameter of elementary cell, 
which is equal to ~15Ǻ, 60Ǻ or120Ǻ near the edge of their 
fundamental absorption. The aging process of obtained 
polytypes has been studied. 

The polytypes of monoclinic TlInS2 with parameters of 
elementary cell, which are equal to с=15.082Ǻ (β=99,62○); 
с=59,87Ǻ ( β=96,0о) and с=119,31Ǻ( β=99,0○) ( later 
с≈15Ǻ, с≈60Ǻ and с≈120Ǻ) had been obtained by the 
method, described in paper [11]. For this purpose, the 
prepared monocrystal samples, splitted of one ingot, grown 
up by the method of directed crystallization with use of 
stoichiometric melt in vacuum 10-6 millimeter of mercury 
were treated by thermal treatment according to modes, given 
in paper [11]. The polytypic homogeneity, quality and 

crystal-graphical parameters of obtained crystals were 
controlled by the taking off the crystallograms from planes 
00l in angle limit 5-700. The values of β angles were defined 
from weisenbergograms. 

The spectral dependencies of optical properties of 
obtained samples near edge of their fundamental absorption 
with permission not worse than 10-3 meV were investigated 
on installation, constructed on base of DFS-24 
spectrophotometer. The FEU-79 was used in capacity of 
receiver. The spectral dependences of absorption coefficient 
α were calculated on the base of transmission spectrums of 
two plane-parallel plates of one and the same polytype of 
different thickness (10÷30 mcm) [12], splitted off on the 
basal plane of one monocrystal ingot consecutively. 
Moreover, the difference of reflection coefficients R of 
different samples of one and the same semiconductor, taking 
place in layered crystals [13]. For this case the formula for 
absorption coefficient α, which is analogical one to paper 
[12], can be easily obtained: 

 

                 ,
)1(
)1(ln1

1

2

2

1

12 R
R

I
I

dd −
−

−
=α                   (1)  

 
where )(, 1221 dddd >  are sample widths, I1,I2 are intensities 
of radiation, passed through the samples, and R1, R2 are 
values of. The values of reflection coefficients at different 
wave lengths were calculated on the base of the values of 
refraction coefficients, defined from interference figure, 
clearly registered even at significant widths (~1mm). The use 
of formula (2.1) was excused by the fact, that in some 
samples of one and the same polytype R1 and R2 differed till 
1.5 times. The photoconductivity spectrums (PC) were taken 
off with the help of MDR-23 monochromator at synchronous 
detection of PC signal, the intensity of flux of light was 
modulated with frequency 83 Hz. All investigations were 
carried out in nonpolarized light at room temperature at 
normal light incidence on layer surfaces, the contacts were 
situated on the surfaces, perpendicular to the layers.  

The spectral dependences of absorption coefficient α(hν) 
of samples of different polytypes of monoclinic crystal 
TlInS2 at 300K are given on the fig.1. 

The strong growth of α and maximum appearance, the 
energy position of which differs in different polytypes, is the 
character peculiarity of spectrums of optical absorption 
coefficients of investigated crystals. As a whole, the 
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absorption spectrum of crystal, investigated by us, are similar 
with ones, observed by other authors earlier in TlInS2 crystals 
and their peculiarities are caused by the formation near the 
edge of fundamental absorption of direct free excitons [14]. 
For polytype with the energy position of exciton 
is exE =2.454eV, for polytype with с≈60Ǻ the energy position 
of exciton is exE =2.388eV, for polytype with с≈120Ǻ the 
energy position of exciton is  exE =2.425 eV. The difference 
in exE  position had been revealed earlier only in paper [14] 
for two samples TlInS2, related to monoclinic crystal 
structure, however, the crystal-graphical parameters of 
investigated crystals weren’t be given. 

 

 
 
Fig.1. The dependence of absorption coefficient (α) on  
           photon energy of polytype samples: 1- с≈15Ǻ,  
           2- с≈60Ǻ, 3- с≈120Ǻ (300K). 

 
The non-monotone character of exE  change with 

increase of crystal lattice “c” parameter attracts attention. The 
calculations of band structure of TlInS2 crystals are absent in 
references. The difficultness in definition of atom coordinates 
in samples, presenting the polytype mixture is the one of the 
reasons of above mentioned. The analysis of crystal-graphical 
parameters of polytypes of monoclinic TlInS2, as having in 
references, so obtained in given paper, allows to conclude, 
that volumes of elementary packs, from which the polytypes 
have been created (pack width ~15 Ǻ), just differ in different 
polytypes. Consequently, the elementary packs are deformed 
differently in crystals of different polytypes. 

 Let’s estimate the value of forbidden band width gE  in 
different polytypes, caused by this deformation, in fra-
meworks of model of deformation potential in approximation 
of quasi-tetragonal crystal ( //DDD ba == ,cDD ≈≠ ⊥  
where aD , bD  and cD  are values of deformation potentials 
of crystal along axes a, b and c, correspondingly).  
Supposing, that ionization energy of excitons of all polytypes 
are similar and shift of their energy position is caused by only 

gE (∆ gE ) shift in the result of deformation one can  
write[15]: 

 
                     cbag UDUUDE ⊥++=∆ )(// ,                (2) 
 

where эВD 3.7// −≈ , эВD 9.11≈⊥  for monoclinic 
TlInS2 [14], and Ua, Ub and Uc are equal to relative 
deformation∆a/a, ∆b/b and ∆c/c, correspondingly. Taking the 
polytype c≈15Å with exE =2.454 eV for the base, on known 
parameters a, b and c,  one can estimate Eg shift in other 
polytypes in respect of polytype with c≈15Å. Using the 
values of crystal-graphical parameters, defined by us, for 
polytypes с=15,083Ǻ (а=10,98Ǻ, b=10,906Ǻ), and 
c=59,87Ǻ (a≈10,96Å,   b≈10,97Å [16] from (3.1), we obtain 
∆Eg ≈-120 MeV, whereas its value in experiment is ~ -65 
MeV. As it is seen, the usable model in given case correctly 
describes the Eg change in different polytypes. The only Eg 
shift, caused by deformation along axis c of crystal cUD⊥ ≈   
-30 MeV can be estimated for polytype with c=119,309Ǻ 
because of the data absence about parameters of elementary 
cell a and b. The estimations show, that the total change of 
parameters of elementary cell a and b (∆a+∆b) of polytype 
with c=119,31Ǻ relatively polytype with c=15,083Ǻ  should 
be ~ 0,08Ǻ  for ideal agreement with experiment.  

The energy decrease of exciton absorption in set of 
polytypes with c=15Ǻ, 120Ǻ, 60Ǻ is accompanied by the 
decrease of its absorption coefficient. The last one can be 
caused by the competition of nearest minimums of 
conduction band in crystals of TlGaSe2 type and by hit of 
discrete levels of direct exciton in region of continuous 
spectrum of additional minimum with deformation increase. 
The observable value decrease of maximum of exciton 
absorption can be connected with broadening of exciton peak 
in the result of heterogeneous deformation of multipack 
polytypes, relatively polytype with c=15Ǻ. 

 

 
Fig.2. The conduction dependencies (∆σ) on photon energy of  
           polytypes: 1- с≈15Ǻ, 2- с≈60Ǻ, 3- с≈120Ǻ (300K). 
 
The spectral distribution of conduction change (∆σ) of 

polytype samples TlInS2 at their radiation by monochromatic 
light is given on the fig.2. It is need to note, that 
investigations were carried out on decade sample of each type 
and curves, given on the fig.2, are characteristics for 
polytypes of monoclinic modification TlInS2, studied by us. 
The conduction curves were normalized on equal quantum 
density and on voltage unit, applied to the sample: 
 

                              
SU)h(nR

U

L ν
∆

=σ∆ ,                          (3) 
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where ∆U is value of photoconductivity signal; RL is loading 
resistance (RL<<R0 is sample resistance); n(hν) is number of 
incident quantum  in time unit on sample square unit at given 
monochromator crack; S is sample square; U is voltage, 
applied to the sample. The curves 1-3 relate to spectrums of 
PC samples of polytypes TlInS2 with с≈15Ǻ, с≈60Ǻ and 
с≈120Ǻ, correspondingly. The maximums of all curves are 
given to unit for the comparison comfort of spectral 
dependences. As it is seen from the fig.2, the practice 
coincidence of maximums of absorption and PC spectrums 
take place. The polytype with с≈15Ǻ has the more short-
wave maximum (2.454 eV), and polytype with с≈60Ǻ has the 
more long-wave one (2.388 eV) of PC. The positions of 
exciton peak as in Ph spectrum, so in absorption spectrum are 
close and are situated in 2.425-2.430 eV limits for polytype 
with с≈120Ǻ.  

The practice coincidence of maximums of Ph and 
absorption spectrums of each polytype, probably, is caused 
by the small ionization energy of edge excitons iε             
(15-20 MeV)<kT, which are thermionized at T≈300K after 
photoexcitation. It is note that photosensitivities of separate 
polytypes significantly differ. So the polytype with parameter 
of elementary cell с≈15Ǻ has the most photosensitivity, 
polytype with с≈120Ǻ has the less photosensitivity (fig.2). 
As all samples have been obtained by thermal treatment of 
similar duration from one crystal ingot, so the only treatment 
temperature is the main their difference. Let’s note, that 
growth of this temperature is accompanied by PC decrease as 
in energy region of direct exciton, so in energy region hν>Eg. 
Moreover, PC increase in region of long-wave spectrum wing 
hν<Eex is observed. In paper [17] it is shown, that presence of 
sulfur vacancies, with concentration increase of which PC in 
hν≥Eg region decreases is character defect for layered TlInS2. 
It is possible to suppose, that sulfur vacancies, the 
concentrations of which increase with increase of treatment 
temperature, form in obtaining process of polytypes of 
monoclinic TlInS2 by the way of high-temperature treatment. 
That’s why it is clear, that PC of polytypes, obtained by us, 
should be decreased with increase of their treatment 
temperatures [11] that takes place in our case. 

It is need to note, that along with above mentioned 
investigations, the process investigations of time stability of 
obtained crystal polytypes TlInS2 of monoclinic modification 
were also carried out. These investigations were carried out 
during several years both on crystals, being polytype mixture,  

and on separate polytypes. It had been established, that the 
crystals of homogeneous polytypes are few stable in the 
difference from crystals, being polytype mixture. 
Approximately in several months, the reflex appearance, 
relating to other polytypes, was observed in crystals, 
presenting themselves the polytypes with parameters с≈15Ǻ 
and с≈120Ǻ on diffractograms, taken off the surface [001]. 
The polytype with parameter value с≈60Ǻ is more stable in 
the comparison with them. So for example, the appearance of 
lines, peculiar to polytype with parameter of elementary cell 
с≈15Ǻ is revealed in diffractograms of polytype samples with 
parameter value of elementary cell с≈60Ǻ after six months. 
The reflex appearance of polytypes with values of parameter 
of elementary cell с≈15Ǻ and с≈60Ǻ, besides the main ones 
was observed on diffractograms of polytype samples with 
value of parameter of elementary cell с≈120Ǻ after four 
months. These changes were accompanied by significant 
intensity decrease and broadening of reflexes with indexes 
00l, that proves on our opinion, about disorder of layer 
attachment in crystals, carrying out in time. The influence of 
the flux of light and multiple processes of strong polytype 
sample cooling-heating in temperature interval 300-77K are 
the main external factors, accelerating aging process. The 
samples, presenting initially polytype mixture, are stable and 
their physical properties are unchangeable during several 
years. The described above aging processes find their 
reflection in physic, in particular, optical and photoelectric 
properties of these crystals and are the subject of individual 
publication. 

 
Conclusions 
 
1. The positions of edge excitons in polytype samples of 

monoclinic TlInS2 with parameters of elementary cell 
с≈15,082Ǻ, с≈59,87Ǻ and с≈119,31Ǻ which are equal to 
2.454 eV, 2.388 eV and 2.425 eV correspondingly, are 
defined by investigations of their fundamental absorption 
edge. The well agreement of given energies with 
photoconductivity maximums of given crystals has been 
revealed. 

2. The aging processes of obtained samples have been 
studied by method of roentgen diffraction. It is shown, that 
samples of “pure” polytypes are unstable and the appearance 
of other polytypes is observed in them with time. The factors, 
accelerating aging process have been revealed. 
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MONOKLİN TlInS2 POLİTİPLƏRİNİN OPTİK VƏ FOTOELEKTRİK XASSƏLƏRİ 

                                   
Elementar qəfəsin с≈15Ǻ, с≈60Ǻ və с≈120Ǻ parametrləri ilə monoklin modifikasiyalı TlInS2 kristalları alınmışdır. Optik və 

fotoelektrik tədqiqat nəticəsində alınmış politiplərdə eksitonların yerləri müəyyən edilmişdir. Politiplərdə “köhnəlmə” prosesləri müşahidə 
edilib tədqiq edilmişdir. 
 

О.З. Алекперов,  Т.Г. Мамедов,  А.И. Наджафов  
 

ОПТИЧЕСКИЕ И ФОТОЭЛЕКТРИЧЕСКИЕ СВОЙСТВА ПОЛИТИПОВ МОНОКЛИННОГО TlInS2 

 
Получены кристаллы политипов моноклинной модификации  TlInS2 с параметрами элементарной ячейки с≈15Ǻ, с≈60Ǻ и 

с≈120Ǻ. Изучены оптические и фотоэлектрические свойства полученных образцов вблизи края их фундаментального поглощения, 
определены положения  краевых экситонов в указанных политипах. Исследованы процессы старения полученных политипов. 
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STRUCTURAL AND THERMODYNAMIC ASPECTS OF POLYMORPHOUS  

TRANSFORMATIONS IN Ag2Te 
 

Y.I. ALIYEV, A.G. BABAYEV, D.I. ISMAYLOV, Y.G. ASADOV, F.G. MAGERRAMOVA 
Institute of Physics of NAS of Azerbaijan 

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

The polymorphous transformations in crystals Ag2Te have been investigated by high-temperature roentgen-diffractometric method. It is 
shown, that Ag2Te, consisting from monoclinic modification at room temperature transfers in FCC modification at 426K. The lattice 
parameters of both modifications have been calculated from temperature diffractograms. The thermodynamic aspects which eased the 
clearing of polymorphous transformation mechanism in Ag2Te are analyzed with help of reference data. 
 

1. On crystal structure of α- and β- modifications  
    Ag2Te  
     
The one stoichiometric compound – Ag2Te [1], which 

has polymorphous transformation has been established on 
constitution diagram of Ag-Te system.  

The different data are existed considering to crystal 
structure of low-temperature modification and temperature of 
polymorphous transformations of low-temperature 
modification into high-temperature modification [2-4]. In 
paper [2] it is shown, that low-temperature modification 
Ag2Te crystallizes in monoclinic structure with parameters: 
а=6.57Å, b=6.14Å, c=6.10Å, β=61°15׳, which transfers in 
cubic modification at 422K. In paper [3] the orthorhombic 
structure with parameters: а=16.27Å, b=26.68Å, c=7.55Å is 
supposed for α-Ag2Te, atom number in elementary cell Z=48, 
space symmetry group is D 25

2h -Immm. In paper [4] the 
orthorhombic structure with parameters: а=13.0Å, b=12.7Å, 
c=12.2Å, which transfers at in high-temperature β-Ag2Te at 
414K is also supposed for α-Ag2Te.  

Total crystal structure α-Ag2Te has been decoded in 
papers [5,6]. In paper [5] it is shown, that monoclinic 
structure α-Ag2Te presents the order of modification with 
lattice parameters: а=8.09Å, b=4.48Å, c=8.96Å, β=123°21׳, 
Z=4, space symmetry group is С 5

2h -P21/c. All atoms orderly 

have general four-times positions: 4(е)±(xyz; ½-y; z+½). 
Atom positions and atomic spacings in α-Ag2Te are given in 
table 1 and 2.   

 
                                                                     Table 1 

Atom positions in Ag2Te (in Å) 
Atoms Coordinates 

x y z 
Ag (I) 0,018 0,152 0,371 
Ag(II) 0,332 0,837 0,995 
Te 0,272 0,159 0,243 

 
                                                                      Table 2 

Atomic spacings in Ag2Te 

Atom Te  Te  Te Te 

Ag(I) 2.87 2.91 3.04 2.99 

Ag(II) 3.04 3.01 2.05 2.90 

 

In paper [6] it is shown, that α-Ag2Te crystallizes in 
monoclinic structure with lattice parameters: а=8.13Å, 
b=4.48Å, c=8.09Å, β=112°55׳, Z=4, space symmetry group is 
P21/n and ρх=8.402 g/сm3. 

 

 
 
Fig.1. (a) - The structure projection of monoclinic modification on plane (001), the emphasized cell is given by bold lines.  
          (b) - The projection of second variant of structure. 
 
The projection of first variant of monoclinic 

modifications Ag2Te on plane (001) is presented on fig. 1(a). 
In paper [7] the above mentioned structure is proved in thin-
film sample α-Ag2Te by electron-graphical method. Besides, 
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in paper [8]it is said, that monoclinic α-modification 
transform high-temperature FCC modification through 
intermediate tetragonal modification with lattice parameters 
а=10.4Å and c=6.7Å. 

In paper [9] it is defined, that high-temperature 
modification β-Ag2Te crystallizes in face-centered cubic 
lattice with parameters, а=6.585Å and elementary cell 
consists Z=4, space symmetry group is Т2-F23 from 
powdergram, taken off at 443K. The structure similarity, 
supposed in paper [9] and structural model, supposed by 
authors [10] through 32 years, is revealed in situation of four 
Te atoms on face-centered cubic lattice points and in 
preferably in disordered location of Ag atoms. However, 
4Ag(I)take up 4 tetrahedral blank spaces from 8ones, 2Ag(II) 
with probability in 50% of octahedral blank spaces  take up 
and rest 2Ag (II) situate disorderedly on two situations: 16(е) 
xxx at x=2/3 and 1/3, in model, supposed in paper [9]. The 
projection of second variant of α-Ag2Te structure on (001) 
plane is presented on fig.1(b). 

Thus, Ag atoms in first variant of structure are 
distributed on five crystal-graphical positions of summation 
multiplicity response ratio, which is equal to 40. 6,5Ag (I)  
situate on 8 tetrahedral blank spaces and 1,5Ag (II) situate on 
4 tetrahedral ones, statistically taking up 12 positions in 
model, presented in paper [10]. 

The contradictory data about temperature of structural 
transformations in Ag2Te crystal are given in references; 
Тch.=414-422К in paper [1,2-4], Тch.=419К in paper [8], 
Тch.=378К in paper [11] and Тch.=421К in paper [12]. 

The given paper is dedicated to structural and 
thermodynamic aspects of polymorphous transformations in 
Ag2Te monocrystal.  

 
2. The synthesis and growth of Ag2Te  
    monocrystals 
 
The argentums-99.999 and tellurium (T-B4) were used 

for Ag2Te synthesis. The initial components were 
mechanically crushed till small particles, and ampoules with 
corresponding composition were put into stove, the 
temperature of which increased till tellurium melting-point 
(Tm=725K). At this temperature the ampoules were stand 
during two hours, for which the total reaction of argentums 
with tellurium took place. This prevents the ampoule 
explosion because of the increase of tellurium steam pressure 
at temperature increase. Further, the stove temperature was 
increased with velocity 50k/h till the temperature, which was 
higher, than Ag2Te melting-point (Tm=1232K). The stove 
with velocity 50k/h was cooled till 350K after four-hour 
endurance at this temperature and ampoules during 200 hours 
were treated by the annealing for total composition 
homogenization at this temperature. Later, the component 
surpluses, and also separate creations in them were absent at 
ampoule inspection at room temperature. The samples in 
powder form were prepared for definition of phase 
compositions from ingot. The powder was filled into glass 
capillary with internal diameter 0.8mm and its extrusion from 
capillary with the wire of 0.7mm diameter and pressed 
samples in wire form were obtained. The powdergrams in 
RKD-57.3 camera on CuKα radiation were taken from such 

samples. The calculation results of obtained powdergrams are 
given in table 3. The interplanar spacings, calculated from 
diffraction data, and also interplanar spacings with 
corresponding indexes hkl, calculated on computer on 
structure data Ag2Te, are given in the table. The comparison 
of interplanar spacings (dex.) with data, calculated on 
computer (dcalc..) shows that powdergrams Ag2Te are totally 
indexing with help of Ag2Te lattice parameters. 

 

 
 
Fig.2. Ag2Te monocrystals, grown up by method of  
           gas-transport reaction. 
 
The diffusion variant of gas-transport method has been 

chosen for obtaining of Ag2Te monocrystals; moreover the 
iodine is used in the capacity of carrier. The synthesized 
samples Ag2Te were put into ampoules from high-quality 
quartz tubes by length 20 cm and internal diameter 1 cm after 
roentgenophase analysis. The ampoule with Ag2Te 
composition (~5g) in granule form by diameter 4mm and 
iodine (7 mg/cm3), applied in the capacity of conveyer, was 
evacuated till 1.3 MPa pressure. Further, the ampoule was put 
into horizontal two-region tube furnace with given 
temperature distribution. The ampoule was situated in the 
middle part of stove thus, that all initial material was on the 
one its end. The temperature measurement was carried out by 
platinum-platinum-rhodium thermocouple was carried out. 
The process of transfer and crystallization was lasted 10 days. 
The obtained volume monocrystals, as it is shown on fig.2, 
had average sizes 4×3×2 mm. 

 
3. Structural aspects of polymorphic transformations  
    in Ag2Te 
 
The monocrystals, grown up by method of gas-transport 

reaction were used for temperature-diffractometric 
investigations. 14 diffraction reflections, the calculation of 
which is given in table 4, were fixed at room temperature 
from crystal of arbitrary orientation with sizes 4×2×1 mm in 
angle interval 10°≤2θ≤100°. 

The stove was put on and in every 20K the control notes 
were carried out after record of diffraction reflection at room 
temperature, not changing sample orientation. The 
temperature was supported constant during 40 minutes before 
each record. The changes of number and reflection intensities 
weren’t observed in these conditions till 413K. The six new 
reflections, belonging to high-temperature face-centered 
crystal of FCC modification Ag2Te (see table 4) is fixed. 

 
                                                                                                                      

                                                                                                                                                     Table 3   
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The calculation of powdergram Ag2Te. 
Rad. CuKα (λα=1.5418Å), filter – Ni, mode 35kV, 8 mA, exp. 24h. 

N sinθ I/I0 dexp.(Å) On data [5] On data [6] Parameters of 
crystal lattice dcalc.(Å) hkl dcalc.(Å) Hkl 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 

 ׳13°13
 ׳14°08
 ׳14°58
 ׳15°34
 ׳15°37
 ׳16°54
 ׳18°20
 ׳19°26
 ׳20°06
 ׳20°40
 ׳21°04
 ׳22°31
 ׳23°35
 ׳24°48
 ׳25°24
 ׳25°50
 ׳27°24
 ׳28°54
 ׳29°36
 ׳30°50
 ׳31°12
 ׳32°34
 ׳33°48
 ׳35°18
 ׳36°20
 ׳36°48
 ׳37°24
 ׳38°13
 ׳40°30
 ׳41°18
 ׳43°24
 ׳43°54
 ׳44°30
 ׳45°49
 ׳47°25
 ׳50°30
 ׳52°42
 ׳54°29
 ׳55°12
 ׳56°10
 ׳56°55
 ׳57°48
 ׳59°28
 ׳60°14
 ׳62°39
 ׳63°58
 ׳64°14
 ׳65°59
 ׳67°24

40 
20 
30 
70 
80 
20 
30 

100 
90 
40 
70 
40 
20 
10 
10 
50 
50 
10 
30 
10 
10 
10 

100 
40 
70 
10 
40 
50 
40 
10 
10 
10 
40 
10 
10 
40 
20 
10 
30 
10 
10 
10 
10 
10 
10 
10 
10 
30 
10 

3.371 
3.157 
2.986 
2.873 
2.864 
2.652 
2.450 
2.317 
2.243 
2.184 
2.144 
2.021 
1.927 
1.838 
1.797 
1.769 
1.675 
1.595 
1.561 
1.504 
1.488 
1.432 
1.386 
1.334 
1.301 
1.287 
1.269 
1.244 
1.187 
1.168 
1.122 
1.112 
1.100 
1.075 
1.047 
0.999 
0.969 
0.959 
0.939 
0.928 
0.920 
0.911 
0.895 
0.888 
0.868 
0.858 
0.856 
0.844 
0.835 

3.3797 
3.1682 
2.9910 
2.8726 
2.8646 
2.6914 
2.4464 
2.3158 
2.2438 
2.1805 
2.1452 
2.0174 
1.9238 
1.8339 
1.7774 
1.7754 
1.6671 
1.5930 
1.5637 
1.5009 
1.4887 
1.4323 
1.3855 
1.3350 
1.3044 
1.2830 
1.2638 
1.2448 
1.1860 
1.1681 
1.1219 
1.1128 
1.0998 
1.0749 
1.0457 
0.9992 
0.9692 
0.9592 
0.9336 
0.9290 
0.9162 
0.9134 
0.8953 
0.8878 
0.8671 
0.8590 
0.8564 
0.8475 
0.8336 

 
111 

 
210 
012 

 
211 

 
 

310 
021 

 
311 

 
 

122 
  

501,222 
411 
511 
315 
024 
214 
124 

 
316 
611 
333 
215 
521 
624 
431 
532 
513 
241 
532 
334 
226 
444 
144 
541 

 
045 
406 
632 
346 
152 
644 
640 

3.3795 
3.1678 
2.9910 
2.8724 
2.8644 
2.6980 
2.4459 
2.3154 
2.2436 
2.1800 
2.1452 
2.0170 
1.9233 
1.8392 
1.7772 
1.7757 
1.6669 
1.5885 
1.5632 
1.5006 
1.4887 
1.4322 
1.3861 
1.3348 
1.3043 
1.2879 
1.2635 
1.2447 
1.1757 
1.1678 
1.1218 
1.1126 
1.0997 
1.0730 
1.0457 
0.9992 
0.9651 
0.9575 
0.9385 
0.9288 
0.9196 
0.9131 
0.8953 
0.8882 
0.8706 
0.8501 
0.8564 
0.8484 
0.8358 

200 
112 

 
012 

 
210 
113 
112 

211, 020 
013 

 
202 

 
212 

 
 

023 
320 

 
114 

 
424 
232 

 
 

313 
115, 033 
330, 025 

511 
 

422 
135 
233 
042 

 
333 
341 

036, 444 
621 

,  
424 
235 
545 

 
622 

 
 

613 
434 

Monoclinic [5] 
а=8.09Å 
b=4.48Å 
c=9.83Å 

  β=133°46׳ 
 Z=4  

sp. gr. С 5
2h -P21/c 

 
 
 
 
 
 

Monoclinic [6] 
а=8.09Å 
b=4.48Å 
c=8.96Å 

   β=123°20׳ 
Z=4  

 sp. gr. С 5
2h -P21/c 

 
                                                                     
 

                                                                                                                                                              Table 4  
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The calculation of powdergram Ag2Te. 
Rad. CuKα (λα=1.5418Å), filter – Ni, mode 35kV, 8 mA  

N sinθ I/I0 d exp.(Å) hkl Тexp., К Parameters of crystal lattice 

1 2 3 4 5 6 7 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 

 ׳13°11
 ׳14°08
 ׳14°58
 ׳15°34
 ׳18°20
 ׳19°26
 ׳20°06
 ׳20°40
 ׳21°04
 ׳22°25
 ׳23°35
 ׳25°50
 ׳30°50
 ׳36°21

40 
20 
30 
70 
80 
100 
90 
40 
70 
40 
20 
50 
10 
70 

3.3745 
3.1568 
2.9857 
2.8759 
2.4504 
2.3171 
2.2429 
2.1838 
2.1443 
2.0212 
1.9272 
1.7693 
1.5042 
1.3006 

200 
 
 

012 
 
 

211, 021 
013 

 
202 

 
 

114 

299 

Monoclinic 
а=8.0718Å 
 b=4.4588Å 
 c=8.9876Å 
    β=123°20׳ 

 Z=4  
sp. gr. С 5

2h -P21/c 
V=270.4520 Å3 
ρ=8.4275 g/cm3 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 

 ׳13°09
 ׳14°06
 ׳14°56
 ׳15°32
 ׳18°17
 ׳19°24
 ׳20°04
 ׳20°38
 ׳21°02
 ׳22°23
 ׳23°33
 ׳25°48
 ׳30°48
 ׳36°19

40 
20 
30 
70 
80 
100 
90 
40 
70 
40 
20 
50 
10 
70 

3.3886 
3.1646 
2.9915 
2.8786 
2.4574 
2.3206 
2.2462 
2.1882 
2.1480 
2.0244 
1.9297 
1.7714 
1.5057 
1.3018 

200 
 
 

012 
 
 

211, 021 
013 

 
202 

 
 

114 

350 

Monoclinic 
а=8.1055Å 
 b=4.4659Å 
 c=9.0065Å 
    β=123°20׳ 

 Z=4  
sp. gr. С 5

2h -P21/c 
V=272.5857 Å3 
ρ=8.3616 g/cm3 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 

 ׳13°07
 ׳14°03
 ׳14°53
 ׳15°30
 ׳18°15
 ׳19°21
 ׳20°02
 ׳20°35
 ׳21°00
 ׳22°20
 ׳23°30
 ׳25°45
 ׳30°45
 ׳36°16

40 
20 
30 
70 
80 
100 
90 
40 
70 
40 
20 
50 
10 
70 

3.3960 
3.1763 
3.0019 
2.8851 
2.4622 
2.3269 
2.2508 
2.1932 
2.1509 
2.0287 
1.9335 
1.7742 
1.5077 
1.3033 

200 
 
 

012 
 
 

211, 021 
013 

 
202 

 
 

114 

400 

Monoclinic 
а=8.1232Å 
 b=4.4753Å 
 c=9.0275Å 
    β=123°20׳ 

 Z=4  
sp. gr. С 5

2h -P21/c 
V=274.3943 Å3 
ρ=8.3065 g/сm3 

1 2 3 4 5 6 7 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 

 ׳13°06
 ׳14°02
 ׳14°51
 ׳15°29
 ׳18°13
 ׳19°20
 ׳20°00
 ׳20°33
 ׳21°59
 ׳22°18
 ׳23°29
 ׳25°43
 ׳30°44

40 
20 
30 
70 
80 
100 
90 
40 
70 
40 
20 
50 
10 

3.4005 
3.1790 
3.0090 
2.8883 
2.4661 
2.3290 
2.2541 
2.1963 
2.1528 
2.0314 
1.9350 
1.7763 
1.5086 

200 
 
 

012 
 
 

211, 021 
013 

 
202 

 
 

114 

418 

Monoclinic 
а=8.1340Å 
 b=4.4757Å 
 c=9.0440Å 

Z=4  
sp. gr. С 5

2h -P21/c 
V=275.2359 Å3 
ρ=8.2796 g/сm3 
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 1.3037 70 ׳36°15 .14
1. 
2. 
3. 
4. 
5. 
6. 

 ׳11°42
 ׳19°21
 ׳22°51
 ׳27°55
 ׳30°42
 ׳31°34

60 
100 
80 
50 
30 
20 

3.8013 
2.3269 
1.9852 
1.6465 
1.5101 
1.4726 

111 
220 
311 
400 
331 
420 

450 

FCC 
а=6.5839Å, 

 sp. gr. T2-F23 
 V=285.3972Å3, 
 ρ=7.9862 g/сm3 

Z=4  
1. 
2. 
3. 
4. 
5. 
6. 

 ׳11°41
 ׳19°19
 ׳22°49
 ׳27°53
 ׳30°40
 ׳31°32

60 
100 
80 
50 
30 
20 

3.8069 
2.3307 
1.9879 
1.6486 
1.5116 
1.4740 

111 
220 
311 
400 
331 
420 

500 

FCC 
а=6.5922Å, 

 sp. gr. T2-F23 
 V=286.4779Å3, 
 ρ=7.9561 g/сm3 

Z=4 
1. 
2. 
3. 
4. 
5. 
6. 

 ׳11°40
 ׳19°17
 ׳22°46
 ׳27°51
 ׳30°37
 ׳31°29

60 
100 
80 
50 
30 
20 

3.8126 
2.3346 
1.9920 
1.6504 
1.5137 
1.4760 

111 
220 
311 
400 
331 
420 

550 

FCC 
а=6.6023 Å, 

 sp. gr. T2-F23 
 V=287.7967Å3, 
 ρ=7.9196 г/см3 

Z=4 
 
The Ag2Te diffractometer counter for definition of 

equilibrium temperature between α- and β-modifications was 
established on intensity maximum of diffraction reflection 
(2θ=31°08׳) from plane with indexes (012), which after total 
α→β transformation disappears. Beginning with 418K, the 
crystals of low-temperature α-Ag2Te were heated with 
velocity 2 k/h and very slow decay of reflection intensity 
from plane (012) was began at temperature 426K. This is the 
sign of α→β  transformation beginning. Thus, such 
temperature point, at which the intensity decay is stopped and 
both modifications exist long time indefinably, is found. This 
method revealed, that equilibrium temperature between α- 
and β-modifications of Ag2Te is equal to 426±1K. 

It is need to note, that crystal returns in previous 
orientation at multiple α⇌β  transformation, i.e. the structure 
memory exist. Naturally the question: “Where the 
information about orientation memory of α-crystal in β- and 
vice versa of β-crystal in α- at mutual α⇌β transformation is 
saved?”, rises. Logically the one variant is possible: the 
potential germ of α-crystal after transition in β-crystal, saved 
in defect place and vice versa, can be “storage” element.  

The volume of elementary cell increases on ∆V=10.11 
Å3 at transformation of monoclinic modification Ag2Te in 
face-centered crystal modification and density decreases on 
∆ρ=0.293 g/сm3 correspondingly and this is the main reason 
of transformation of monocrystal into polycrystal. 

  The parameters of monoclinic lattice were calculated 
from diffraction record of reflection angles, given in table 4 
from Ag2Te crystal at 299, 350, 400, 418K, and lattice 
parameters of face-centered cubic modification were 

calculated from diffraction record at 450, 500 and 550K (see 
fig. 3). 

 

 
 
Fig.3. The temperature dependence of parameters of  
           elementary cell and micro-density of α- and β- 
           modifications Ag2Te. 
 
As it is seen from fig.3 the lattice parameters a, b, c of 

monoclinic modification and parameter a of face-centered 
cubic one in dependence on temperature increase linearly. 
The thermal expansion coefficients of monoclinic 
modification, which are presented in table 5 have been 
calculated from temperature dependence of lattice 
parameters.

 
                                                                                                                                                          Table 5 

Thermal expansion coefficients of monoclinic modification Ag2Te. 
 

Temperature, К α(100)10-6К-1 α(100)10-6К-1 α(100)10-6К-1
16)001()010()100( 10

3
−− ∗×

++
= K

ααα
α  

299-350 81.86 31.22 41.23 51.44 
350-400 43.67 42.10 46.63 44.13 
400-418 73.86 73.86 101.54 60.12 
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The strong anisotropy of thermal expansion is the one of 
polymorphism reasons in Ag2Te. The average value of linear 
expansion coefficient of high-temperature face-centered 
cubic modification is α=27.93×10-6К-1. The positive jumps of 
atom volume are carried out at formation of high-temperature 
face-centered cubic modification.  

 
4. Thermodynamic aspects of polymorphic  
    transformations in Ag2Te   
 
  It is known, that the initial chemical composition 

doesn’t change at polymorphic transformation. The change 
takes place in crystal structure of modifications, i.e. at 
polymorphic transformation the matrix crystal structure 
destructions, where the destruction begins, there the crystal 
germ of new modification forms. 

  Each modification is stable at definite thermodynamic 
conditions (temperature, pressure). Under this conditions of 
stability any crystal with stable chemical composition has 
minimum of Gibbs free energy G: G=H-TS, where H is 
enthalpy, S is crystal entropy. The polymorphic 
transformations are always accompanied by heat effects. 
That’s why ∆S=Q/T (Q is heat, obtained by crystal at 
reversible transformation). 

  As it is seen in [1], the argentums with tellurium creates 
the one stoichiometric compound Ag2Te, which melts at 
Tm=1232 K. The data, obtained by different authors for heat 
of formation 0

298H∆ Kcal/mol, Gibbs free energy ∆G 

Kcal/mol, formation entropy 0
298S∆ Kcal/mol and standard 

entropy 0
298S Kcal/mol are given in table 6. 

 
                                                                                                                                                  Table 6 

 

Compound 0
298∆Η−  ∆G 0

298  ∆S 0
298  S 0

298  Investigation 
temperature Authors 

Ag2Te 

11.4 12.6 2.8 35.0 320-420 Abbasov A.S. at all[13] 
8.4 9.0 5.0 36.3 - H. Reinhold [14] 
7.0 8.3 - 35.512 265 Walsh P., Art E. [15] 
- - 3.26 - - Gerasimov Y.I. at all[16] 

7.7 - - - - Laffite C., Claire [17] 
8.01 - - - - Vecher A.A., Merkovskii L.A. [18] 
7.0 8.3 - - - Kubachewski O., Ewanc [19] 

8.65 10 - - - Kiukkola K., Wagner C. [20] 
8.3 - - 36.3 - Mills K.C. [21] 
8.6 - - - - Pool M. [22] 
- - - 38.1 - Gultyayev P.V., Petrov A.I. [23] 

 
The results of thermodynamic papers, dedicated to 

formation of low-temperature monoclinic modification 
Ag2Te are summed up in table 6. The Cp heat capacity at 
constant pressure, H(T)-H(298) enthalpy, the S(T)-S(298) 
entropy and Gibb’s free energy [G(T)-H(298)]/T in 
temperature interval 298-800K, covering the temperatures of 
polymorphic transformations in Ag2Te are given in paper 
[24]. The graph of temperature dependence Cp, where Cp 
strongly increases in monoclinic structure and at temperature 
transformations α→β 426K strongly decrease 
∆Cp=2.34cal/(K⋅mol)is presented on fig. (4b). The heat 
capacity value Cp continues to decrease till temperature 550K 
and till temperature 800K stays constant after transformation 
temperature. The strong increase of Cp is connected with 
redistribution of Ag cations in monoclinic structure Ag2Te till 
transformation temperature of monoclinic modification in 
face-centered cubic one . 

The heat capacity Cv is calculated from data Cp in 
temperature interval 298-800K, using Nernst empirical 

formula Cp=Cv+
пл

p T
TС 20214.0  and it is presented 

graphically on fig.4(a), and entropy S(T)-S(298) is presented 
on the fig.4(c). As it is seen from the fig.4(c), the crystal 
entropy endures jumps at transformation temperature, i.e. at 
426K  ∆S=3.74cal/(K⋅mol).. 

The thermal expansion coefficients, which are 
graphically presented on the fig.5, have been calculated, 

using isochoric and isobaric heat capacities from formula 
Magnus-Lindeman Cp=Cv+αТ3/2. 

 

300 400 500 600 700 800

0

5

10

15

20

25

a- CV

c

b

a

c- S(T)-S(298)

b- CP

S(
T)

-S
(2

98
)

T,K  
 
Fig.4. The temperature dependence of specific heat capacity  
           Cv(T) (а), Cp(T) (b) and entropy S(T)-S(298) (с) in  
           Ag2Te. 
 
From structural above mentioned and thermodynamic 

aspect it is clear, that reason and mechanism of polymorphic 
transformation in Ag2Te. 
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Fig.5. The dependence of thermal expansion coefficient α on      
           temperature for Ag2Te. 
 
The similarity of structure models of high-temperature β-

Ag2Te, supposed in papers [9, 10], reveals in location of four  

Te atoms on of face-centered cubic lattice points and, 
preferably, it reveals in disordered location of Ag atoms. 
According to paper [10], in face-centered cubic lattice 
6.5Ag(I) situate on 8 tetrahedral blank spaces and 1.5Ag(II) 
situate on 4 octahedral blank spaces, statistically taking 12 
positions correspondingly. Authors of paper [24], analyzing 
in detail the crystal-chemical data of high-temperature β-
Ag2Te, preferred the structural model, supposed in paper [9]. 
According model [9] 4Ag(I) take up 4 from 8 tetrahedral 
blank spaces, 2Ag(II) take up octahedral blank spaces with 
probability 50%, and rest 2Ag(III) situate disorderly on two 
positions 16(e) (xxx) at x=2/3 and 1/3. 

Thus, Ag+ cations in β-Ag2Te structure are distributed on 
5 crystal-graphical positions by summation multiplicity ratio, 
which is equal to 40. This disordered FCC modification 
Ag2Te, as it was mentioned above, transforms at 426K in 
monoclinic one, where all atoms take ordered general four-
multiple positions. 

In conclusion let’s note, that Laue photographs, taken 
from α and β modifications at multiple transformation α⇌β 
in Ag2Te showed, that transformations are carried out by type 
monocrystal-monocrystal.
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Y.İ. Alıyev, Ə.Q. Babayev, C.İ. İsmayılov, Y.Q. Əsədov, F.Q. Məhərrəmova 

 
Ag2Te MONOKRİSTALINDA POLİMORF ÇEVRİLMƏLƏRİN STRUKTUR VƏ TERMODİNAMİK 

ASPEKTLƏRİ 
 

Yüksək temperaturlu rentgen-difraktometrik metodla Ag2Te monokristalında polimorf çevrilmələr tədqiq edilmişdir. Göstərilmişdir ki, 
otaq temperaturunda monoklin modifikasiyadan ibarət olan Ag2Te, 426K temperaturda SMK modifikasiyasına keçir. Temperatur 
difraktoqramlarından hər iki modifikasiyanın qəfəs parametrləri hesablanmışdır. Ədəbiyyat məlumatları əsasında termodinamik aspektlərin 
təhlil edilməsi, Ag2Te-dakı polimorf çevrilmələrin mexanizmini izah etməyə imkan vermişdir. 

 
Ю.И. Алыев, А.Г. Бабаев, Д.И. Исмаилов, Ю.Г. Асадов, Ф.Г. Магеррамова 

 
СТРУКТУРНЫЕ И ТЕРМОДИНАМИЧЕСКИЕ АСПЕКТЫ ПОЛИМОРФНЫХ ПРЕВРАЩЕНИЙ В Ag2Te 

 
Высокотемпературным рентгендифрактометрическим методом исследованы полиморфные превращения в монокристаллах 

Ag2Te. Показано, что при комнатной температуре Ag2Te, состоящий из моноклинной модификации, при 426К превращается  в ГЦК 
модификацию. Из температурных дифрактограмм рассчитаны параметры решетки обеих модификаций. Используя литературные 
данные, подробно проанализированы термодинамические аспекты, которые облегчили выяснение механизма полиморфных 
превращений в Ag2Te. 
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THE LAYERED SUPRASTRUCTURES ON THE BASE OF SEMICONDUCTOR SYSTEMS: 

Bi2Te3-METAL AND PbTe(PbS)-NiSb 
 

S.Sh. KAKHRAMANOV 
Scientific-industrial unity “Selen” of National Academy of Sciences of Azerbaijan Republic, Baku 

 
E.M. DERUN, M.G. PISHKIN 

Yildiz Technical University, Department of Chemical Engineering, Istanbul, Turkey 
 

The considered review and clathratus analysis of misfit eutectic compounds PbTe(PbS)-NiSb, layered chalcogenides allows to 
consider the inorganic systems in the capacity of molecular construction fragments for the directed design of nano-dimension order layered 
supramolecular compounds. 

The layered systems (“sandwiches”) on the base of Bi2Te3-Cu, Bi2Te3-B, Bi2Te3-Ni, Bi2Te3-Nb, Bi2Te3-Sn, Bi2Te3-S are obtained by 
the method of vertical directed crystallization. The alternation of following structural blocks takes place in these structures: 
(Bi-Te(1)-Cu-Te(1)…), (Bi-Te(1)-B-Te(1)…),  (Bi-Te(1)-Ni-Te(1)…), (Bi-Te(1)-Nb-Te(1)…), (Bi-Te(1)-Sn-Te(1)…), (Bi-Te(1)-S-Te(1)…). 

These structures can be related to the compound parts of supramolecular ensemble, where Bi2Te3 frame is in the capacity of master for 
the fascinated atoms-guests (Cu, Ni, Sn, S, Nb and B). Probably, the layered structure Bi2Te3 can be formed in clathratusoforming system 
with nano-structural fragments.  
 

Introduction 
 
The modern statements on the directed design of 

supramolecular systems on the base: layered misfit 
compounds, clathratuses and silicates with frame structures, 
layered structures with variable dimension of structural 
planes, layered compounds with variable dimension of 
structural planes with “guests” of different dimension in the 
“master” lattice, matrix crystals are considered in[1-3]. 

The analysis shows, that the dimensions and forms of 
matrix and “guest” (cluster) molecules play the main role in 
organization of the regularities of suprastructural layered 
misfit compounds, clathratus and silicates with frame 
structures, different intercalated layered compounds. 

In the ref [1] it is emphasized, that intercalates, 
clathratuses and structures of “guest-master” type exist only 
in solid state. These structures aren’t discreet supramolecules, 
and are related to solid supramolecular ensembles. The 
“guests” ensembles in the “longitudinal” master structures 
and discreet supramolecules are emphasized. The one-, two- 
or three-dimensional continuous or half-continuous crystal 
formations with ion or covalent connection character are 
meant under the conception “longitudinal” structures. 
Nowadays, the circle of these objects is drawn 
approximately. However, the some object classification of 
supramolecular inorganic chemistry takes place. They are 
related to [2]: intercalates with “guests” of different 
dimensions in “master” lattice, clathratuses, silicates with 
frame structures. The study of the given objects, and also 
many-phased and other complex layered objects can give the 
information about new mechanisms of their creation. 

The principle of complementary geometry and topology 
can be broken at the formation of inorganic supramolecular 
ensembles. The systems “guest-master” in the layered 
intercalates (for example, in the layered dichalcogenide 
matrix, graphite, clay) are especially emphasized in the ref 
[2]. The layers in the “master” lattice are connected because 
of the Van der Waalse interactions in them; the layers are 
opened at the “guest” introduction, and the change of 
interlayer distance is the test of the intercalate formation [3]. 
The value of this change depends on “guest” dimensions and 

can exceed in 3-5 times the initial crystallographic parameter 
of “master” lattice. 

It is known, that so-called “matrix crystals” are 
supramolecular ensembles of synthetic opal with blank 
spaces of the definite dimension, forming the regular cubic 
sublattice. The (“guest”) forms the quazi-lattice with 
enormous big parameters at the filling of the blank spaces. 
The geometric disproportion of lattices is compensated by the 
deformation of the one of them (“guest”). 

Another example of “master” and “guest” disproportion  
is the intercalate variety in layered dichalcogenide matrix, 
which are misfit compounds. They also can be related to the 
objects of supramolecular chemistry. 

Further, let’s consider the some nano-chemistry objects, 
having the aim of the formation of closed and half-closed 
nano-and micro-reactors. The molecular constructions, which 
are able to reversibly “take prisoner” the “guest” molecules 
and set them at liberty, are formed. All these structures 
belong to the class of molecular containers, which are able to 
take prisoner the given molecules and set them at liberty at the 
condition changes [4].  

From the one hand, the nano-chemistry produces the 
own objects which are nano-particles, nano-reactors, nano-
containers, and from the other hand it uses the nano-particles’ 
advantages, their unusual and pliable variable properties for 
the own needs. The two key conceptions: nano-particle and 
nano-reactor are defined. The nano-particle characterizes the 
dimension parameter. The nano-reactor defines the nano-
particle function. The “empty” tube silicon fibers, which are 
one-dimension nano-reactors, have been created. The quazi-
two-dimensional nano-reactors, which are hard graphite-like 
planes, connected by the bridges from carbonic chains, have 
been synthesized. The distances between graphite-like planes 
in such reactors can be varied [5]. 

The description of fundamentally new organization of 
chemical substance up-to-date, when the correspondence of 
dimensions and form of the one type molecules “guests” to 
the carcass cavities, constructed by other molecules 
“masters” has the significant meaning at the formation of the 
different materials, deserves attention. Such principle of 
compound formation allows us to join them in coordinating 
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form, i.e. saturated molecules are more stable 
thermodynamically, than impurity of the initial components 
[6]. 

The main conceptions of clathratus chemistry give the 
beginning of the deliberate search if submolecular 
formations. The clathratus investigation [7-9] helped to 
understand, why the molecules of initial components are able 
to join into thermodynamically stable phase at the entire 
absence of valiancy chemical connections between them. 

It is need to consider the organization of chemical 
substance in the correspondence with dimensions and forms 
of molecules of matrix “guests” and “masters” [10-11]. 

The layered structures with variable dimension of 
structural cavities are needed to advisably use in the capacity 
of the two-dimensional nano-reactors. The layered structure 
accelerates the diffusion of the different substances in the 
interlayer space and thus, eases the chemical modification of 
the layered compounds. In this relation the works, dedicated 
to the synthesis of nano-composits with the use of layered 
matrixes are interest. 

 
The supramolecular structures on the eutectic base 
 
The eutectics can be considered as supramolecular 

layered ensembles. In the ref. [12] the main statements of 
eutectic theories are analyzed and the review of more 
significant results, obtained at the investigation of eutectic 
melts of inorganic substances is given. The evidences in the 
proof of the supramolecular eutectic conception, taking into 
the consideration the interaction of disproportional structures 
and opening the formation mechanisms of supramolecular 
eutectic ensembles in the boundary layers (“on-line bases”) 
are present. The numerous direct experimental confirmations 
of “interacting phases” conception exist [13-14]. 

The theoretic analysis proves the possibility of the self-
organization of suprastructures from the structures, which are 
disproportional ones in the one crystallo-graphical direction. 
The consideration of the eutectic compositions, which are at 
least disproportional ones on all three crystallographic 
directions in terms of the supramolecular chemistry allows to 
receive the answers on many questions and avoid the 
vaguenesses, mentioned at the discussion of the existing 
eutectic conceptions [12-14]. The supposed supramolecular 
conception in eutectic theory [12] doesn’t reject the classic 
statements [12]. It differs from them only the fact, that 
abstract thermodynamic criterias, such as the surface energy 
or interfacial tension, are replaced by real parameters of 
interacting substructures: disproportion, hardness, interaction 
potential. 

The presented experimental data can prove in the proof 
of supramolecular eutectic conception. The special properties 
of eutectic melts, dependence of their structures on synthesis 
conditions (temperature, cooling rate, mechanical 
interactions) are defined by quantity of on-line phase and 
degree of its organization [12]. 

It can be supposed, that eutectic is the system, 
characterizing by unified energy electron spectrum. The 
analysis of literature data allows us to conclude, that some 
chemical interaction takes place in eutectics on the inter-
phase boundaries. However, the electron structure of eutectic 
and the reasons of its formation haven’t cleared yet. 

That’s why we here pay attention to study of 
peculiarities of microstructure morphology, physico-chemical 

properties of eutectic melts with the aim of the revealing of 
the nature of interphase interaction, proving in the proof of 
the supramolecular conception. 

The aim of the present paper is the analysis and revealing 
of the usual laws in layered structures with “guest” elements 
in inorganic suprastructures such as: clathratus, eutectics, 
misfit compounds and layered systems with intercalates and 
impurities of different dimension in “master” lattice. 

 
The investigation  technique of eutectics and multi- 
 layer structures 
 
The eutectic melts of the following systems: PbS(PbTe)-

Sb, PbS(PbTe)-NiSb have been grown up by Bridgman 
method at the velocity v=3 mm/h and temperature gradient 
∆T=100° between heaters. The purity of the initial materials: 
Sb, Pb, S, Te was not less 99,999%. 

Some microstructures were investigated on microscope 
МIМ-7, on bitmapped electron microscope (REM) JSM-50A 
with device for local X-ray analysis and on electron 
microscope JSM-2000 in beams of secondary electron 
emission, in beams of transmitted electrons, X-ray images in 
beams: Te, S, Ni, Sb. 

The multilayer structures of chalcogenide crystals of 
bismuth and stibium were grown up by method of vertical 
crystallization (at Т≈700±5ºС and velocity V=0,5cm/h). The 
chalcogenide crystals Bi and Sb were obtained by the same 
way as clathratuses by joint crystallization of “master” 
(Bi2Te3, Sb2Te3, Bi2Se3) and “guest” (impurities). The 
electron microscope of type - JSM5410LV was used for 
study of surface morphology (0001) of layered crystals. The 
X-ray investigations of base chip surface (0001) of Bi2Te3 
and its solid solutions with Sb2Te3 and Bi2Se3 were carried 
out on the X-ray difractometer Philips Panalytical XRD (X-
ray difractometer). We don’t present the X-ray difractograms, 
however they prove about presence between layers Te(1) – 
Te(1) of nano-fragments from the introduced impurities 
(cuprum, nickel, niobium, tin, sulfur and bore). 

 
Discussion of results. 
The supra-structures in eutectics PbS(PbTe)-NiSb    
  
The regular order microstructures are character to 

eutectic melts (fig. 1(a,b) and 2(1-8)). 
The previous investigations show, that structure in PbTe-

NiSb, SnTe-NiSb, PbS-Ni systems is similar. Firstly let’s 
consider the crystallization in PbTe-NiSb and PbS-NiSb 
systems. The PbTe-NiSb eutectic (fig. 1(b)) has fibrous 
structure, PbS-NiSb eutectic has plate structure (fig.2 (1-4)). 
The eutectics of (PbS-Sb) PbTeSb systems can be referred to 
the anomalous ones, limited by rod structure with paddle one 
of rods and planes. The investigated eutectic PbS-NiSb (fig. 
2) can be referred to normal ones, i.e. to “regular” ones on 
form and phase distribution. Each structure grows with 
unified strictly delineated crystallization front, clearly 
revealing the contact surface of sub-blocks. The definite 
crystal-graphical relations, which are character for the given 
systems, that doesn’t observed in anomalous eutectics, exist 
between phases in normal microstructures, investigated by us. 
The atom interaction of eutectic supra-structures is that direct 
physical reason, which causes the crystal coalescence of these 
phases on definite, more energetically profitable directions, 
and provides the high stability of interphase boundary. 
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                           a)                                                                              b) 
 
Fig.1. The transversal polished microsection of eutectic surface PbTe-NiSb (a); longitudinal polishe section (b). 

 

 
Fig.2. The longitudinal section of PbS-NiSb eutectic in mode  
          (Sotro - (contrast from the composition)) – (1-4); the  
          longitudinal section in characteristic beams (5-8). The  
          clearer elements are hard ones, for example  
          PbTe(PbS) parts on the NiSb phone are looked like in  
          photo clear ones in mode “Sotro”. 
 
The investigation of possible oriented relations in system 

eutectics of АIVВVI-NiSb type, carried out on the samples of 
directly grown up in eutectic of PbS-NiSb system showed, 
that plane (111) PbS intergrows with plane (0001) NiSb by 
such way, that monoatomic layer of stibium is under mono-
atomic sulfur layer on interphase boundary. 

The microstructure regularity should influence on the 
periodic potential change of all structural eutectic elements 
totally, and just: periodic potential of one lattice should 
change by periodic potential of another lattice with some 
period being constant for given eutectic and bigger value than 
lattice constant of each phase. The assumption about the fact, 
that disagreement compensation of elementary cell 
parameters on boundary of phase conjugation should be 
carried out not only by the way of creation of dislocation 
arrays on this boundary, but by some lattice extension of one 
phase and compression by another one, that is proved 
experimentally. The elastic lattice deformation is maximum 
on the boundary and exponentially decreases in phase depth. 
The connection desay between the atoms in near boundary 
region inside phases should cause decrease of order in the 
given region. That’s why the potential periodicity inside 
supra-molecular formations in eutectic in respect of that 

which takes place in crystal of initial component, will be 
significantly change.  

The crystallization peculiarity and eutectic electron 
structure causes the fast inter-phase connection, which 
reveals in such properties of eutectic melts as high values of 
mechanical strength, plasticity, and also stability of 
microstructure to long heat influences. 

Thus, crystallized eutectic is supra-molecular system, in 
which the redistribution of electron density in the comparison 
with initial components takes place, in the result of which the 
connection appears between atoms of different blocks on 
boundary, coming to electron generalization, and connection 
becomes weak between atoms inside each sub-block in near 
boundary region. 

The oriented crystal eutectic melts can be considered as 
solid supra-structures, in which periodic potential of phase 
alternation collides on periodic potentials of crystal lattices of 
each phase, that causes the unit energy structure for electrons 
of total crystal. 

 

The supra-molecular structures on the base bismuth- 
metal telluride 
 

And now let’s consider the electron-microscopic photos 
of bismuth telluride surface (0001), doped by cuprum, nickel, 
bore, niobium, tin and sulfur. The photos of chip surface 
Bi2Te3<Cu> are given on the fig. 3.  

 

 
 
Fig.3. The electron-microscopic photo of basis surface  
          Bi2Тe3 (0001), doped by cuprum. 
 

The Bi2Te3<Ni> photos are given on the fig. 4(a,b); 
Bi2Te3<B> photos are given on fig.5 and 6; the samples, 
doped by tin (fig.7 and 8) and niobium are presented on the 
fig. 6-9. The doped solid solutions (Bi2Te3-Bi2Se3) of n-type 
with sulfur are given on the fig.10, and solid solution of p-
type on the (Sb2Te3-Bi2Se3) base with also sulfur impurity is 
presented on the fig.11. 
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Fig.4. The electron-microscopic surface Bi2Тe3<Ni>  
           (0001). 
 

 
Fig.5. The surface (0001) of bismuth telluride  
           Bi2Тe3<B>, doped by bore. 
 

 
 
Fig.6. The bore island on Bi2Тe3<B> (0001) surface. 
 

The surface morphology (0001) of doped crystals has the 
set of communities: 

- the nano-fragments of different forms and dimensions 
are situated between Te(1) - Te(1) layers, 

- the concentration tendency of small particles into big 
ones in the form of island and stripe of nano-streaky 
structure) takes place; 

- the formations of round islands on solid layered bands 
are character for all impurity layers; 

- the easily diffused impurities Nb, Cu, B form stripes, 
often by wavy striation 

- the layered nano-fragments, containing the disordered 
cluster formations (aggregations) and discharges of cuprum, 
niobium and bore atoms take place, 

- diffused processes play the main role in nano-particle 
formation in two-dimensional nano-reactor in interlayer Te(1) 
– Te(1) bismuth telluride. 

 

 
 
Fig.7. The tin island between Te(1) - Te(1) five-bit bytes  
           of bismuth telluride. 
 

 
 
Fig.8. The Bi2Тe3<Sn> (0001) surface. 
 

 
Fig.9. The linear stripes in Bi2Тe3, doped by niobium. 
 
Moreover, the general island quantity decreases in the 

result of easy shift of easily diffused islands in all studied 
systems that naturally leads to coalescence. Temperature 
mode in migration process (see fig.5-8) plays the main role. 
Even small temperatures increase the mobility not of very 
small nano-clusters, but of islands of big sizes, that leads to 
earlier coalescence. The island aggregations of introduced 
impurities in all photos are seen; the process of island 
coalescence, wavy “bridges” on which their growth and pinch 
into more big islands and stripe-like aggregations takes place, 
are seen (fig. 6-10). Moreover, the island concentration takes 
place as in the result of the movement of many particles with 
formation of unified island (fig. 6-8) in intermediate state, so 
in the result of migration of one of the coalescent islands to 
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another one. The island migration mobility is very uniform. 
And its direction doesn’t depend on sublattice crystal-
graphical orientation. The density distribution of bore 
particles in island and round it (fig.6) is considerably less, 
than density distribution of tin (fig.7) in island and in entire 
layer. Here very small ion radiuses of introduced impurities, 
their high diffusion coefficient along (0001) Bi2Te3 surface 
and distance between Te(1) - Te(1) layers, which is equal to 
2,6Å play significant role. 

 

 
 

Fig.10. The linear stripes of sulfur and blank spaces on the surface 
(0001) of solid solution (Bi2Тe3- Bi2Se3)<S>. 

 

 
 

Fig.11. The electron-microscopic photo in surface (0001) of solid 
solution (Sb2Тe3 - Bi2Тe3), doped by sulfur.                     

 
The common nature of self-regulation of impurity nano-

layers in layered crystal Bi2Te3 takes place in many electron 
processes, in particular on the extremal behavior of 
temperature dependence of Hall coefficient [15-16].   

 
The creation of substructure parts in bismuth  
 telluride 
 
The alternation of the following structure blocks: (Bi-

Te(1)-Cu-Te(1)…), (Bi-Te(1)-B-Te(1)…), (Bi-Te(1)-Ni-Te(1)…), 
(Bi-Te(1)-Nb-Te(1)…), (Bi-Te(1)-Sn-Te(1)…), (Bi-Te(1)-S-Te(1)…) 
is carried out in the obtained “sandwiches” on the base of 
bismuth telluride. These structures don’t connect with each 
other by strong chemical bonds and are component of typical 
supra-molecular ensemble, where Bi2Te3 carcass is in the 
capacity of “master” for ”guest” atoms. The Bi2Te3 carcass 
can accept the super-stoichiometric components (and also 
easy diffused impurities: Ag, Au, Li, Al and others) in own 

interlayer spaces. Probably, the layered structure Bi2Te3 can 
transform in clathratus-like system with nano-structural 
fragments, having new electron properties. 

The compounds with three-dimensional carcass structure 
(master), in which the isolated motives from molecules, 
atoms or ions (“guest”), not creating covalent bonds with 
carcass are concluded, are mentioned by “clathratus” terms. 
The “master” crystal lattice can’t exist in “guest” presence. 
The infill of some minimal part of cracks is needed for the 
carcass stabilization also as in bismuth telluride-metal, that’s 
why clathratuses are obtained by the joint crystallization of 
“master” and “guest” [17]. 

The ratio of cavity dimensions in carcass of “master”, 
molecules or “guest” atoms has the defining meaning for the 
formation of clathratus structure, and chemical nature of 
introduced particles plays insignificant role. The carcass and 
“guest” atoms have opposite charges in semiconductor 
clathratuses. Moreover, “guests” are always monoatomic 
ones in semiconductor clathratuses. The compounds, 
containing the molecules or polyatomic ions in the capacity 
of the “guest”, haven’t obtained yet [17]. 

Whether the layered compounds, like above considered 
layered structures and clathratus-like with “master” three-
dimensional and two-dimensional structures exist? By our 
opinion, the bismuth and stibium chalcogenides can be such 
classic layered crystals. What make them closer and what 
discriminates the different layered crystals from clathratus 
compounds? How to form “constructive block clathratus-
like” structures in layered compounds Bi2Te3, Sb2Te3 and 
their solid solutions? 

The study of surface morphology (0001) and X-ray 
diffraction photos show that impurities of different types can 
be introduced into Van der Waals “band” Te(1) - Te(1).  

The obtaining of (Cu, Ni, B, Nb, Sn) nano-particles in 
two-dimensional nano-reactor, i.e. in Te(1) - Te(1) (Bi2Te3) is 
justified. The layered structure allows to significantly 
accelerate of atom diffusion in interlayer space Te(1) – Te(1) 
and thus to simplify the modification of layered compounds. 

The self-generated nano-fragments from impurities are 
revealed in crystallization process in the result of easy 
chipping (at room temperature) along basal plane (0001) of 
bismuth telluride crystals. Let’s consider the atom layers in 
bismuth telluride for the clearing of formation mechanism of 
layered structure with new impurity complexes. The Bi2Te3 
crystals consist of atom layers, perpendicular to C axis and 
alternating in consistency Te(1)

 
- Bi - Te(2)

 
- Bi -Te(1)

 
- Te(1)

 
- 

Bi - Te(2)
 
- Bi - Te(1)

 
. 

The dimensions of elementary cell: C-30, 487±0,001, 
а=4,3835±0,0005 for hexagonal cell and а=10,478, 
α=24º9´32˝  for rhombic one [18]. The tellurium of central 
layer of double-double package is considered as anion; the 
external layers of telluride connect with bismuth covalently. 
They are analyzed as the double layers Te(1) -Bi. The 
connections between Te and Bi atoms (3,22Å) are mainly 
covalent ones, and less distance Bi-Te(1) (3,12Å) says about 
more strong connection in view of ion contribution. The 
planes, containing atoms of one sort, are parallel ones (0001). 
The complexes – associates Bi-Te and Te-Te play important 
role at the Bi2Te3 crystallization [18]. Moreover, the 
coordinating polyhedrons, defining the connection of bismuth 
and telluride atoms in double sublayer of double-double 
package are considered. 
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Incidentally, here it is desirable to give some data on 
study of bismuth surface by method of scanning alleyway 
microscopy [19]. The carrying out of such investigations is 
simplified by the fact, that layered crystals (Bi, Sb and their 
chalcogenide compounds) easily split on basal plane because 
their natural fragility. Moreover, the atom-pure surface opens 
on which the density of extrinsic atoms is of 1 mcM-2 order. 
The main peculiarity of bismuth is in the fact, that conduction 
electrons have small concentration of 10-5 order atom-1, their 
wave length and Debye screening radius are more big than 
atomic spacing and achieves the values in hundreds 
Angstrom units. The total reconstruction of entire conduction 
electron system should be carried out on distances of such 
order. Starting from this it can be expected the radical 
reconstruction of electron spectrum near Bi surface, including 
Bi-Te(1) and Bi-Te(2) layers in Bi2Te3. The typical electron-
microscopic chip images show, that bismuth surface consist 
of atom-plane terraces with definite drop of levels between 
them. The decomposition is always carried out between two 
farther planes from each other [19]. The terrace boundaries 
are often close to straight line, following along directions of 
atom sets on the surface. The terraces with strongly arched 
boundaries and round islands (cavities) of nano-meter 
dimensions take place. There are two systems of terrace 
boundaries: atom-direct terraces and diffused by heat motion 
ones. These pictures are seemed qualitatively different in the 
dependence on crystal imperfections. The 1-3 atom-smooth 
terraces with direct boundaries, going on directions of atom 
sets are distributed at the chipping of weakly-defective 
bismuth crystals on total picture (1×1 mcm). The terraces, 
having form of passing stripes of two-atom height and 
different width are observed. The surface form is seemed 
more different for defective crystals. For example, the 
terraces of different forms, their boundaries also coincide 
with direction of atom sets are observed. However, the 
boundaries of all three equivalent orientations are presented 
equally; the isolated nano-islands, which are analogical to 
ones between layers in Te(1) - Te(1)  in Bi2Te3-metal in islands, 
observed by us are often  appeared. The dislocations, the 
output on the surface of which is revealed as the place of new 
terrace creation take place in picture limits and twinning 
cases are possible. However, the tractability of described 
results requires the special analysis. Such defects of crystal 
structure, connected with dislocation loops are investigated in 
Bi2Te3 and in its solid solutions [20]. It is established, that the 
dislocations, situated in basal plane (0001) is the dominant 
type of defects in the given monocrystals. As it is seen, the 
necessity of the perfection estimation of inter-layer crystal 
structure not only perfect monocrystals, but doped crystals, 
having the nano-dimensional defects, exist. The doped 
surfaces (0001), obtained (terraces, blank spaces, wave-like 
stripes, atom aggregations) in closed crack of Te(1) - Te(1)  
bismuth telluride, given by us were example. 

The crystal complexes, having these configurations, 
insignificantly deform, imbedding into lattice of bismuth 
telluride. Tellurium atoms substitute bismuth atoms, that 
leads to formation of anti-structure defects in Bi-Te 
placement. Tellurium atoms, substituting bismuth, give the 
carriers of electron type. In total, the clathratus formation is 
considered as the reason, in the result of which the impurity 
atom looses its doping activity.  

It is note, that tellurium introduction in the capacity of 
the complexes into bismuth telluride decreases the 

concentration of current carriers. The analogical picture, 
connected with concentration decrease of hole carriers, are 
observed in Bi2Тe3<Sn, B>. 

As we see the layers of bore, cuprum, tin, niobium, 
sulfur and nickel create the nano-fragments, consisting of the 
nano-clusters,  locating between Te(1) - Te(1)  layers (fig.3-11). 

It is need to note, that nano-particle has the complex 
form and structure, and linear dimension is characteristic, 
which can significantly increase 100 nm and dimension of 
structural element. (Cu - Te(1) - Bi - Te(2)  - Bi - Te(1) )– Ni, (B, 
Sn, Nb, S) - Te(1) - Bi - Te(2)  - Bi - Te(1)  ) are such structural 
elements in the “sandwiches”, investigated by us. 

 

Conclusion 
 

The particles (of cuprum, nickel, niobium, tin and bore), 
located between Te(1) - Te(1) layers can be called the nano-
structural fragments, having minimal sizes on the height by 
order 0,3 nm. They are also divided on one-, two- and three-
dimensional ones in dependence on the anisotropy of 
geometric elements. The location of introduced two-
dimensional layers of cuprum [21], nickel, niobium, tin and 
bore is well demonstrated by all figures (3-11). The electron-
microscopic photos of morphology of “guests” surface (Cu, 
Ni and B) in carcass of bismuth telluride show (fig.1): 

- - the combination of nano-clusters in nano-system in 
interlayer space Te(1) - Te(1) creates the different nano-
fragments; 

- - the formation of unified structure in limit system, 
which is similar to clathratus systems, is carried out at 
combined crystallization of “guests” and “carcass”;  

- - moreover, crystal lattice of “master” Bi2Тe3 saves, 
however, the motives of two-dimensional “guests” have 
already included in Te(1) - Te(1) cavities, not creating the 
covalent bonds with three-dimensional carcass; 

- - the small dimensions of monoatomic “guests” (Cu, Ni 
and B) play the significant meaning for the formation of 
clathratus structure in Bi2Тe3 in given case. 

The interlayer distance can be increased in the case of 
big dimensions of impurity layers such as tin. Thus, the 
complex layered compounds on the base of bismuth telluride 
and its solid solutions (Bi2Тe3 and Sb2Тe3), in which the 
alternation of two- three-dimensional sub-blocks is carried 
out, are synthesized and characterized. These two constituent 
structures are components of typical supra-molecular 
ensemble, where Bi2Тe3 carcass takes place in the capacity of 
“master” for “guest” atoms. The Bi2Тe3 carcass accepts the 
other own excess components (super-stoichiometric), and 
also nano-fragments of different types in own interlayer 
space. In total, we can suppose, that carcass of layered Bi2Тe3 
is the clathratusoforming structural element. Such formations 
of Bi2Тe3 with nano-structural “guests” have oscillating 
character of Hall coefficient, magnetoresistance and other 
kinetic parameters in wide temperature interval (4ºК and 77 - 
300ºК) [16]. All these effects have connected with direct 
formation of nano-structures in matrix volume Bi2Тe3 in 
process of its chemical modification.  

The considered view and analysis of eutectic 
clathratuses, misfit compositions and dichalcogenides allow 
to consider the layered inorganic systems in the capacity of 
molecular constructive fragments for the directed 
construction of nano-dimensional ordered supra-molecular 
compounds. The introduction of different “guests”, and also 
clusters into cavity of one carcass leads to the interaction 
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between them and it becomes the motive force of formation 
of supra-molecular compound. 

The eutectics can be related to supra-molecular 
systems. The redistribution of electron density is carried out 
in them in the comparison with initial components. In the 
result the connection, leading to the electron generalization 
appears between atoms of different blocks on the boundary 
and the connection decreases between atoms inside each 
sub-block in the near boundary region. 

The morphology peculiarities of Te(1) - Te(1) interlayers 
in Bi2Тe3-metal, connected with formation of cavities and 
interlayer blank spaces have been considered. The structural 
blocks in layered chalcogenides, and also in PbTe(PbS)-
NiSb eutectics have been created by the intercalation, 
combined synthesis of melts with impurities and following 
crystal growth. 
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S.Ş. Qəhrəmanov, E.M. Derun, M.Q. Pişkin 

 
YARIMKEÇİRİCİ SİSTEMLƏR ƏSASINDA Bi2Te3 - METAL VƏ PbTe(PbS)-NiSb LAYLI 

SUPRASTRUKTURLAR 
 
Klatratlar, misfit birləşmələr, evtektiklər, laylı dihalkogenidlər molekulyar parçaları əsasında nanoölçülü neorqanik 

supramolekulyar sistemlər yaratmaq olar. 
Şaquli istiqamətli kristallizasiya metodu ilə aşağıdakı laylı sistemlər (“sendviçlər”) alınıb:  

Bi2Te3-Cu, Bi2Te3-B, Bi2Te3-Ni, Bi2Te3-Nb, Bi2Te3-Sn, Bi2Te3-S. Alıimiş strukturlarda parçaların ardıcıllığı belədir:  
(Bi-Te(1)-Cu-Te(1)…), (Bi-Te(1)-B-Te(1)…), (Bi-Te(1)-Ni-Te(1)…), (Bi-Te(1)-Nb-Te(1)…), (Bi-Te(1)-Sn-Te(1)…), (Bi-Te(1)-S-Te(1)…). 
Supramolekulyar ansanblları Bi2Тe3 karkası və Cu,Ni, Sn, S, Nb və B “aralıq” atomlar əsasında təşkil olunur. 

 
С.Ш. Кахраманов, Е.M. Дерун, М.Г. Пишкин  

 
СЛОИСТЫЕ СУПРАСТРУКТУРЫ НА ОСНОВЕ ПОЛУПРОВОДНИКОВЫХ СИСТЕМ: Bi2Te3 - МЕТАЛЛ 

И PbTe(PbS)-NiSb 
 

Рассмотренный обзор и анализ клатратов, мисфитных соединений эвтектик PbTe(PbS)-NiSb, слоистых дихалькогенидов 
позволяют рассматривать неорганические системы в качестве молекулярных строительных фрагментов для направленного 
конструирования наноразмерных упорядоченных слоистых супрамолекулярных соединений. 

Методом вертикальной направленной кристаллизации получены слоистые системы («сендвичи») на основе - Bi2Te3-Cu, Bi2Te3-
B, Bi2Te3-Ni, Bi2Te3-Nb, Bi2Te3-Sn, Bi2Te3-S. В этих структурах происходит чередование следующих структурных блоков: 

(Bi-Te(1)-Cu-Te(1)…), (Bi-Te(1)-B-Te(1)…), (Bi-Te(1)-Ni-Te(1)…), (Bi-Te(1)-Nb-Te(1)…), (Bi-Te(1)-Sn-Te(1)…), (Bi-Te(1)-S-Te(1)…).  
Эти структуры можно отнести к составным частям супрамолекулярного ансамбля, где каркас Bi2Тe3 выступает в качестве 

хозяина для плененных атомов-гостей (Cu,Ni, Sn, S, Nb и B). По всей вероятности, слоистую структуру Bi2Тe3 можно превратить в 
клатратообразующую систему с наноструктурными фрагментами. 

   
Received: 16.11.06 
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ON THE EXISTENCE AND UNIQUENESS OF GENERALIZED SOLUTION OF 

NONSTATIONARY PROBLEM OF VISCOUS INCOMPRESSIBLE LIQUID MOTION IN 
CLOSED REGION AT THE PRESENCE OF TEMPERATURE DISTRIBUTION 

 
F.B. IMRANOV  

Institute of Mathematics and Mechanics of NAS of Azerbaijan, 
Azerbaijan, Baku, F.Agayev, 9 

 
The definition of generalized solution of nonstationary problem of viscous incompressible liquid motion in closed region at the presence 

of temperature distribution is given in the paper.  The theorem about existence and uniqueness of generalized solution is proved. 
 

Let’s consider the equation system, describing the 
viscous incompressible liquid motion in closed region at the 
presence of temperature distribution on region boundary.  

 

              

.0v
,v),v(v

,),v(
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θϑθθ
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Equations are written in dimensionless quantities: θ - 
temperature, v - velocity, H - function of temperature sources, 
p - pressure, Gr – Grasgoph reduced number and ϑ - reduced  
thermal conducting  γ

r
 - unit vector, which is codirectional to 

acceleration vector of free fall. 
The equation system (1) is considered in closed region 

2R⊂Ω  – with fixed, impermeable picewise smooth 
boundary Ω∂  (i.e. consisting of finite number of smooth 
arcs, crossing under zero angles). The following conditions 
are given on the boundary: 
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Let’s designate )(1 Ω
o

J  the space being locking in 

)(1
2 Ω
o

W  of infinite differentiable solenoidal vector-functions. 
Let’s introduce the conception of generalized solution of the 
problem.  

 
Definition   
 
The generalized solutions of the problem (1), (2) are 

such functions as ))(;,0( 2 Ω∈ ∞ LTLθ  and )(1 Ω∈
o

Ju , 
that for ))(;,0( 2 Ω∈ ∞ LTLH  the equations are correct: 
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For any functions ),( txϕ  and ),( txΦ  such, as 

))(;,0(),( 1
2

1 Ω∈ WTCtxϕ , )(),(,0)( 1 Ω∈Φ=
o

JtxTϕ  almost 
everywhere in [0,T]. 

Ω∂∈xx |)(σ  has the values either 0, either 1, in the 
dependence on the type of boundary conditions. Further, let’s 
understand the sum ∫

Ω∂

+ .1],[ 1
2

dSW θϕσ
ϑ

ϕθ  under the designation 

[θ, ϕ]1. 
The generalized solution, introduced by us, takes place 
 
Theorem 1 
Let’s    

)()()0,()),(;,0(),( 202 Ω∈=Ω∈ ∞ LxxLTLtxH θθ .  
 
Then even one generalized solution of the problem (1)-

(2)  exists. 
 
Demonstration 

Let’s carry out the demonstration by Galerkin method. 
In )(2 ΩL  space let’s choose the orthonormalized       

basis }{ lθ  of eigen functions of Laplace operator in Ω 
region:  
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Let’s seek the approximate solutions θ(n)(x,t) in the form 
of finite sums 
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where             .,1),,0(1 nlTCC n
l =∈  

The identities (3) and (4) should be correct   for 
Q(n)(x,t). 
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The index (n) of the velocity means that u (n) corresponds 

only to θ(n).  
In order to obtain the system of ordinary differential 

equations, we require that the identity (3) should be correct 
for any functions ,,1),()(),( njxthtx jj == θϕ , where 

0)(),,0()( 1 =∈ ThTCth .  
This means, that following identity takes place: 
 

.0),(],[),),((),( 1
)()()()( =−+∇+ jjnjnnjn Hu θθθϑθθθθ&  (5) 

 

Substituting the representation Q(n)(x,t) in the sum form 
in the obtained identity, we obtain Cauchy problem for the 
system of ordinary differential equations: 
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The following Lemma takes place: 
 

Lemma 1 
Even if  
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Demonstration 
 
Let’s require that for ))(;,0( 1

2
1 Ω∈ WTCθ  identity (3) 

should be correct for any trial functions ),( txϕ  of 

)()(),( xthtx ψϕ =  form, where 0)(),,0()( 1 =∈ ThTCth . 
This means that following equality should be correct: 

 

 0),(],[)),,((),( =Ψ−Ψ+Ψ∇+Ψ Hut θϑθ .        (9) 
 

Let’s Ψ=θ , then 
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Let’s use Young’s  inequality 
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Let’s integrate equality on t, take maximum and estimate 
the right part from above. 

We obtain:  
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that is required to demonstrate. 
Let’s show, that system of equations (6)-(8) has at least 

one solution. 
For this purpose let’s consider set K , consisting on n-

dimensional vector-functions b(t), such as 
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where C~  is constant from Lemma 1. 

Let’s fix Kb ∈0 , only one element 
),0((, 1

1

0),(00),( TChnbh
i

ni
i

n ∈θ=∑
=

corresponds to 

element b0; in Ω12W  at least one vector 0),(nu  exists. We 

define 0),(n
lkβ  on 0),(nu  on formula (7).  

The system of ordinary differential equations, defined by 
such way, has unit solution )(  );()( 11 tbtCtb iii = , that 

corresponds to .)()(
1

11),( ∑=
n

ii
n xtbh θ according to ODE 

theory 

According to Lemma 1 ∫ ≤+
≤≤

T
nn

Tt
Cdthh

0
1

1),(1),(

0

~max ϑ .   

Therefore Kb ∈1 . Thus, mapping Λ  of set K itself  to one’s 
is constructed.  

The following Lemma takes place: 
 
 
Lemma 2 
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If conditions of Lemma 1 and 11|||| C≤θ    fulfil, then  
the following inequality is correct 

 

∫ ≤
T

Cdt
0

||||θ& . 

 
Demonstration  
 
Let’s take θ&=Ψ  in the capacity of trial function Ψ  in 

identity (9) 
),(],[)),(,( θθθϑθθθ &&&& Hu =+∇+ . 

 
Let’s transfer all items, besides the first one, to the right 

part and estimate by the module sum from above. 
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Choosing in the capacity of the trial function u=Φ  
from formula (4), we obtain the estimation for 1|||| u : 
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As ))(;,0( 1
2

1 Ω∈ WTCθ , so u belongs to )(2
2 ΩW  at 

least,  therefore according to enclosure theorem )(Ω∈Cu . 
From continuity condition of u we have: 
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Analogically, using Young’s inequality: 
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Substituting the obtained results in the initial equality 

(10) and integrating on t, we obtain 
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That is required to demonstrate. 
It is followed from Lemma 2 and Rellikh’s theorem, that 

Λ  is entirely continuous on Λ , therefore Λ  on K has at 
least one stationary point on Shauder’s theorem.  

The following Lemma takes place: 
 
Lemma 3 
 
The inequality is correct for the functions satisfying  

conditions of Lemma 2: 
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where C doesn’t depend on δ. 

   
Demonstration 
 
Let’s rewrite the identity (9) in the following form 
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      Integrating the obtained identity on τ on the 
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the capacity of )(tΨ we obtain as result the following 
equality: 
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Estimating the right part of the equality as module sum, 
we obtain the following inequality: 
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Let’s integrate on t on the interval ],0[ δ−T  and show, that 
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with constant kα , doesn’t depending on δ. 

Let’s consider )(1 tI  
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We change the order of integration and estimate 1J  

integral and consider the integration region 
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Suppose 0)( ≡′tθ , if ],0[ Tt∈′ . Then 
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Because of the nonnegativeness of integrand function  
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Applying Cauchy inequality to inner interval, we obtain
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Let’s estimate o

1Ju  from identity (4) 
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Substituting the obtained inequalities, we have 
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According to Lemma 1 we have: 
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Repeating all discussions, we obtain the following 

estimation: 
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It is estimated analogically the following expression: 
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Let’s consider :)(
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It is estimated analogically the following expression: 
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That is required to demonstrate. 

According to Lemma 1 }{ )(nθ  is uniformly limited in 

))(;,0())(;,0( 1
222 ΩΩ∞ WTLLTL I . According to Lemma 3 

}{ )(nθ are equipower continuities, therefore set of all 

))(;,0(},{ 1
2

1)()( Ω∈ WTCnn θθ , satisfying  formulas (5) and 
(4), is compact.  

Let’s multiply the formula (5) on )(thl , where 
),0()( 1 TCthl ∈  and 0)( =Thl  and integrate on t on ].,0[ T . 

We obtain 
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As θθ →)(n  in ))(;,0())(;,0( 1
222 ΩΩ∞ WTLLTL I  and uu n →)(  (weak) in )(1 Ω

o

J , we go to the limit in two 
written identities. 

  For this purpose we define: 
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as ∫ =∇−
→∞

T
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n
dtuu
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)()( 0}),(,{(lim ϕθ  because of the weak 

convergence of uu n →)( and limitation of ∫
T

dt
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→∞

T
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dtu

0

)( 0)),(,(lim ϕθθ  because of convergence 

θθ →)(n  and  limitation of o
1Ju  on ].,0[ T  almost 

everywhere. 
2) The convergence of rest scalar products are caused by 

the linearity of scalar products 
We argue analogically at the transition to the limit in the 

equation for the velocity. The demonstration of this theorem 
is finished  
 

   

Theorem 2 takes place for the generalized solution, 
introduced by us. 

Let’s 
)()()0,()),(;,0(),( 202 Ω∈=Ω∈ ∞ LxxLTLtxH θθ  and 

1~2 2
3

1

2
3

<CGr
ϑµ

 where C~  is constant from Lemma 1, 

depending only on initial task data. Then the generalized task 
solution (1), (2) will be defined by the single way. 

 

Demonstration      
Let’s use the identity (5) as at the demonstration of 

Theorem 1. 
Let’s permit, that two solutions 1),(nθ  and 2),(nθ , to 

which correspond velocity vectors 1u  and 2u , are possible. 
Let’s introduce the following designations: 
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.  v, 212),(1),()( uunnn −=−= θθχ  
 

 

Let’s .
1
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The formulas (5) and (4) fulfil for ),( 11),( unθ  and 

),( 22),( unθ , and  )v,( )(nχ   satisfy the following identities:   
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    Suppose    .v,)( =Φ= nχϕ . It is followed from the 
formula (8): 
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We obtain from formula (11) 
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Let’s substitute the result of formula (14) into formula 
(13) and integrate obtained inequality on time, using evident 
identity: 
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   Taking the 
Tt ≤≤ 10

max  operation from both parts of inequality 

(15), making the amplification of the obtained inequality and 

deducting the non-negative value 
2)(

0 21
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Tt
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≤≤
 from the left 

part  we obtain as result: 
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From the definition 2),(1),()( nnn θθχ −=  and from Lemma 1 
we have: 
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If 1~2

1

2
3

≤C
µ

, (where 
ϑ
Gr

=ℜ  - Reley number), 

then 0
0

2

1
)( =∫

T
n dtχ , i.e. equation system (5)has the unit 

solution. 
The theorem statement follows from above mentioned. 
Let’s introduce the statement of generalized Reley 

number, which is equal on the definition to: 
 

C~2

1

2
3

*

µ
ℜ=ℜ  

 
Taking into the consideration the initial task data from 
C~,1µ : geometry, initial and edge conditions.  Then theorem 

2 is formulated by the following way: if the generalized 
Reley number is less than 1, then generalized task solution 
(1)-(1) is unit one. 
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PAYLANMIŞ TEMPERATURLU QAPALI OBLASTDA SIXILMAYAN ÖZLÜ MAYENİN HƏRƏKƏTİNİN 
QEYRİ-STASİONAR MƏSƏLƏSİNİN ÜMUMİLƏŞMİŞ HƏLLİNİN VARLIĞI VƏ YEGANƏLİYİ HAQQINDA 

 
Məqalədə özlü, sıxılmayan mayenin paylanmış temperatura malik qapalı oblastda qeyri stasionar hərəkətinin sərhəd məsələsinin 

ümumiləşmiş həlli anlayışı daxil edilir. Ümumiləşmiş həllin varlığı və yeganəliyi teoremləri isbat olunur.    
 

 

Ф.Б. Имранов  
 

О СУЩЕСТВОВАНИИ И ЕДИНСТВЕННОСТИ ОБОБЩЕННОГО РЕШЕНИЯ НЕСТАЦИОНАРНОЙ ЗАДАЧИ 
ДВИЖЕНИЯ ВЯЗКОЙ НЕСЖИМАЕМОЙ ЖИДКОСТИ В ЗАМКНУТОЙ ОБЛАСТИ ПРИ НАЛИЧИИ РАСПРЕДЕЛЕНИЯ 

ТЕМПЕРАТУР 
 

В работе вводится определение обобщенного решения нестационарной задачи движения вязкой несжимаемой жидкости в зам-
кнутой области при наличии распределения температур. Доказывается теоремa о существовании и единственности обобщенного решения.  
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СУ МЦЩИТИНДЯ ЧЮКДЦРЦЛМЦШ ЖуЫнС2 НАЗИК  

ТЯБЯГЯСИНИН АЛЫНМАСЫ ВЯ ОПТИК ХАССЯЛЯРИНИН ЮЙРЯНИЛМЯСИ 
 

М.И. АЬАЙЕВ 
АМЕА Физика Институту, 
Аз-1143, Щ. Жавид пр., 33  

 
Щ.С. СЕЙИДЛИ 

Азярбайжан Мцяллимляр Институту 
 

Б.З. РЗАЙЕВ, М.Щ. ЩЦСЕЙНЯЛИЙЕВ, А.Б. РЗАЙЕВА 
АМЕА Нахчыван Бюлмясинин Тябии Ещтийатлар Институту 

 
Тозвари ЖуIнС2 индиум(ЫЫЫ) сулфидля мис(Ы) хлоридин су мцщитиндя гаршылыглы тясириндян алынмышдыр. Чюкдцрмя 20-500Ж температурда 

вя пЩ-ын 0,5-4,0 щяддиндя апарылмышдыр. Чюкцнтц дистилля суйу иля йуйулуб, 1200Ж-дя гурудулдугдан сонра 7,4 Мол триетаноламиндя 
щялл едилмишдир. Щялледижинин бухарландырылмасы цсулу иля ЖуIнС2 назик тябягяси алынмышдыр. Оптик удма спектриндян удулмада иштирак 
едян цч кечидин енеръиси тяйин едилмишдир: Еэо=1,52 еV;  Еэ1=1,56 еV  вя Еэ2=2,95 еV. 
 

Мялумдур ки, йарымкечирижи бирляшмялярин назик 
тябягяляринин алынмасында истифадя олунан цсулларын 
яксяриндя илкин материал олараг ясас маддянин нарын 
язилмиш тозундан истифадя олунур. Бу цсуллардан 
вакуумда бухарландырма [1], електрофоретик чюкдцрмя 
[2], щялледижини бухарландырмагла маддянин сятщя 
отурдулмасы [3] вя с. эениш истифадя олунур. Бу бахымдан 
щидрокимйяви методларла тоз шяклиндя алынан 
бирляшмялярдян илкин материал кими истифадя етмякля онларын 
назик тябягяляринин алынмасы цсулларынын сечилмяси вя щяр 
бир цсулун оптимал шяраитинин ишляниб щазырланмасыны 
перспектив щесаб етмяк олар. 

Бу ишдя мягсяд ЖуЫнС2 бирляшмясинин назик тябягясини 
алмаг вя онун оптик хассялярини тядгиг етмяк олмушдур. 
ЖуЫнС2 бирляшмяси ашаьыдакы методика цзря алынмышдыр. 
Индиум(ЫЫЫ)сулфид эютцрцлмцш, она мис(Ы)хлоридин 10%-ли 
натриум-хлориддя 2%-ли мящлулу иля тясир едилмишдир. 
Чюкдцрмя 20-50°Ж температурда, пЩ=0,5-4,0 щяддиндя 
апарылмышдыр. Алынан мис(Ы)тиоиндат тозвари кристаллик 
формада олур. Чюкцнтц шцшя сцзэяждян сцзцлмцш, дистилля 
суйу иля хлорид ионлары гуртаранадяк йуйулмуш вя 120°Ж 
температурда гурудулмушдур. Сонра ЖуЫнС2-нин мцхтялиф 
цзви щялледижилярдя парчаланмадан щялл олмасы 
истигамятиндя ахтарышлар апарылмышдыр. Мцяййян олмушдур 
ки, ЖуЫнС2-нин нарын тозу 7,4 М триетаноламин 
мящлулунда йахшы щялл олур. Бу заман шяффаф триетаноламин 
мящлулу гящвяйи рянэли мящлула чеврилир. Назик тябягянин 
алынмасында да ЖуЫнС2-нин 7,4 М триетаноламиндяки 
доймуш мящлулундан истифадя едилмишдир.  

Алтлыг олараг эютцрцлмцш мцстяви шцшя лювщя яввялжя 
хром гарышыьы (2,5г К2Жр2О7+4мл Щ2СО4+20мл Щ2О) иля 
тямизлянир, сонра ися дистилля суйунда йуйулараг гурудулур. 
ЖuЫнС2-нин мящлулу назик тябягя шяклиндя шцшя алтлыьын 
сятщляриндян биринин цзяриня чякилир вя о 220°Ж 
температурадяк гыздырылмыш муфел печинин ичярисиня 
йерляшдирилир (триетаноламинин гайнама температуру 
277°Ж-дир). 3-5 дягигядян сонра шцшя алтлыг печдян 
чыхарылыр. Бу просеслярдян сонра шцшя цзяриндя гящвяйи 
рянэли, шяффаф вя биржинс ЖуЫнС2 назик тябягяси алынмышдыр. 

Алынан тябягянин оптик хассяляри юйрянилмишдяр. Шякил 1-
дя ЖуЫнС2 назик тябягясинин вя ЖуЫнС2-нин 
триетаноламиндя доймуш мящлулунун удма спектрляри 

эюстярилмишдир. Юлчмяляр СПЕЖОРД-М40 спектрофото-
метриндя апарылмышдыр. Шякилдян эюрцндцйц кими ЖуЫнС2-
нин триетаноламин мящлулунун удма спектри онун назик 
тябягясиня нисбятян даща кичик енеръилярдян башлайыр.  

 

 
 
Шяк. 1. Су мцщитиндя алынмыш  ЖуЫнС2  бирляшмясинин  
            триетаноламин  мящлулунун (гырыг хятт) вя ЖуЫнС2  
            назик тябягясинин (бцтюв хятт) удма спектри 
 
ЖуЫнС2 назик тябягясинин удма спектриндян 

бирляшмянин оптик кечидлярини мцяййян етмяк цчцн [4] 
ишиндя тяклиф олунан цсулдан истифадя едилмишдир. Бу цсулу 
тятбиг етмякля су мцщитиндя алынмыш ЖуЫнС2 назик 
тябягясинин гадаьан олунмуш зонасы (Еэо) вя оптик 
удмайа юз пайыны верян нювбяти ики кечид (Еэ1 вя Еэ2) тяйин 
олуимушдур.  

Гейд етмяк лазымдыр ки, α-нын нисби ващидлярдя ифадя 
олунмасы йалныз Аи-лярин гиймятляриня тясир, Еэи-лярин 
гиймятляриня ися щеч бир хялял эятирмир. 

Йарымкечирижинин гадаьан олунмуш зонасынын енини 
тапмаг цчцн нисби ващидлярдя (αщν)2∼ƒ(щν) асылылыьы 
гурулмушдур. Чцнки спектрин фундаментал удма 
областында удма ямсалы фотонун енеръиси иля ашаьыдакы 
мцнасибятдядир  [3, 5].  
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0
0

0 gEh
h
А

−= ν
ν

α  

 

1,53÷1,56 еВ интервалындакы хятти асылылыгдан      
Еэо=1,52 еВ (дцз хятт областынын абсис оху иля кясишмясиня 
ясасян) олдуьу мцяййян едилмишдир (шякил 2). Бу кечидин 

бцтцн спектр бойу удма спектриня вердийи пайы ( 0
~α ) 

щесабламаг мягсяди иля А0 сабитини тяйин етмяк цчцн α-
нын тяжрцби гиймятляриндян истифадя едилмякля 
2лэ(αщν)∼ƒ[лэ(щν-1,52)]  асылылыьы гурулмушдур (шякил 3).  

 

 
 

Шяк.2. ЖуЫнС2 назик тябягяси цчцн (αщν)2-нин  (щν)- 
            дян асылылыьы.     
 

 
 
 Шяк.3. А0 сабитини тяйин етмяк цчцн 2лэ(αщν)∼ƒ[лэ(щν-1,52)]      
            асылылыьы. 
 
Бу асылылыьын дцз хятт областынын ординат оху иля 

кясишмясиня ясасян 2лэА0=2,53 олдуьу мцяййян 

едилмишдир. А0-ын бу гиймяти 0
~α щν=А0(щν-Еэ0)

1/2 ифадя-

синдя йериня йазылмагла Еэо кечидинин бцтцн спектр бойу 
гиймятляри щесабланмышдыр. α-нын тяжрцби гиймятляриндян 

0
~α -ын щесабланмыш гиймятлярини чыхмагла Еэо кечидиня аид 

удулма тамамиля арадан чыхарылмыш олажагдыр. 
 

α1щν=αщν - 0
~α щν 

 

Нювбяти мярщялядя н=
2

1
; 2; 

2

3
; 3 гиймятляри цчцн 

(α1щν)1/н∼ƒ(щν) асылылыьы гурулмагла н-ин щансы гиймятиндя 

бу асылылыьын хятти асылылыг олдуьу айдынлашдырылмышыр. 
Мцяййян едилмишдир ки, щν=1,6÷2,8 еВ интервалында н=2 
гиймятиндя хятти асылылыг алыныр (шякил 4). 

 

 
 

Шяк.4. ЖуЫнС2  назик тябягясинин  удулмада иштирак едян  
           Еэ1 кечидинин тяйин едилмяси цчцн гурулмуш  
           (α1щν)1/2∼ƒ(щν)  асылылыьы. 
 
Бу асылылыьын дцз хятт областынын абсис оху иля кясиш-

мясиндян нювбяти кечид мцяййян едилмишдир: Еэ1=1,56 еВ. 
Еэ0-дцз вя Еэ1-чяп кечидляри цчцн тапылмыш бу гиймятляр 

щоризонтал Брижмен цсулу иля эюйярдилмиш ЖуЫнС2 
монокристалы цчцн алынан гиймятлярля демяк олар ки, цст-
цстя дцшцр. Орада Еэ0 кечиди gadaьan olunmuш zonanыn 
eni, Еэ1 keчidi isя valent zonanыn Brillцen zonasыnыn 
mяrkяzinя yaxыn yerlяшяn (чox gцman ki, T vя ya N nюг-
tяlяrindя) maksimumundan  keчirici zonanыn mяrkяzdя 
yerlяшяn minimumuna olan keчid kimi xarakterizя olun-
muшdur.  Удма спектриндян нювбяти Еэ2 кечидини тяйин 

етмяк цчцн 
2

1
лэ(α1щν)∼ƒ[лэ(щν-1,56)] асылылыьы гурулмуш 

(шякил 5), бу асылылыьын дцз хятт областынын ординат оху иля 

кясишмясиндян 
2

1
лэА1=0,304 олдуьу мцяййян едилмишдир. 

 

 
 

Шяк.5. 
2

1
лэ(α1щν)∼ƒ [лэ(щν-1,56)]  асылылыьы (бу асылылыгдан А1 

            сабити  тяйиn олунмушдур). 
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Еэ1-ин вя А1-ин тапылмыш бу гиймятляриндян истифадя 
олунмагла Еэ1 кечидинин бцтцн спектр бойу удмайа 

вердийи пай ( 1
~α ) щесабланмышдыр: 

1
~α щν=А1(щν-Еэ1)

2 
 

1α -ин тяжрцби гиймятляриндян 1
~α -ин щесабланмыш 

гиймятлярини чыхмагла 
  

(α2щν)=α1щν- 1
~α щν 

 
ифадяси тапылмышдыр. 

н=
2

1
 гиймяти цчцн (α2щν)1/н∼ƒ(щν) асылылыьы хятти 

асылылыг вердийиндян (3,0÷3,5 еВ интервалында) дцз хятт 
областынын абсис оху иля кясишмясиня ясасян Еэ2=2,95 еВ 
олдуьу мцяййян едилмишдир (шякил 6). Бу кечид дя Еэ0 
кечиди кими ижаря верилмиш дцз кечиддир. 

ЖуЫнС2 бирляшмяси цчцн Еэ2=2,95 еВ кечидиня йахын 
гиймятляр удма спектринин анализиня щяср олунмуш  [6] 
исиндя (3,04 еВ) вя яксолма спектринин юйрянилмясиня щяср 
олунмуш [7] ишиндя (3,0 еВ) гейдя алынмышдыр. Бу кечидин 

механизми мцяллифляр тяряфиндян мцхтялиф шякилдя изащ 
олунмушдур. 

 

 
     
Шяк.6. Удулмада иштирак едян  Еэ2 кечидинин тяйин едилмяси  
           цчцн гурулмуш  (α2щν)2∼ƒ(щν) асылылыьы. 

 
Биз щесаб едирик ки, бу кечид бир чох диэяр    Ы-ЫЫЫ-ВЫ2 

бирляшмяляриндя олдуьу кими мисин 3д сявиййясиндян 
кечирижи зонанын минимумуна олан кечид кими харакиеризя 
олунмалыдыр [6]. 
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M.A. Agayev, H.S. Seyidli, B.Z. Rzayev, M.H. Huseynaliyev, A.B. Rzayeva 

 
THE OPTICAL PROPERTIES OF SOLUTION DEPOSITED ЖуЫнС2 THIN FILMS FROM POWDER  

OBTAINED IN AQUA MEDIUM 
 
ЖуЫнС2 solutions were prepared by dissolving ЖуЫнС2 powder obtained from CuCl–Ыn2S3–H2O system in 7,4 M triethanolamine. The 

optical absorption in solution deposited ЖуЫнС2 thin films was studied in the photon energy range from 0,5 to about 3,6 eV. ЖуЫнС2 was 
found to be a direct gap semiconductor with a gap energy of Ego=1,52 eV. Two further transitions were observed at Eg1=1,56 eV and 
Eg2=2,95 eV.  
 

   М.И. Агаев, Г.С. Сеидли, Б.З. Рзаев, М.Г. Гусейналиев, А.Б. Рзаева 
 

ПОЛУЧЕНИЕ ТОНКОЙ ПЛЕНКИ ИЗ ПОРОШКА ЖуЫнС2 ОСАЖДЕННОГО  ИЗ ВОДНОЙ СРЕДЫ И 
ИЗУЧЕНИЕ ЁЕ ОПТИЧЕСКИХ СВОЙСТВ 

 
Порошкообразное соединение ЖуЫнС2 получено взаимодействием трисульфида индия хлоридом меди(I) в водной среде. 

Осаждение проведено при температуре 20-500 С и при интервале пЩ=0,5-4,0. Осадок  фильтруется  через стеклянный фильтр, 
промывается дистиллированной  водой и высушивается при температуре 1200 С. 

Исследована растворимость ЖуЫнС2 в различных органических растворителях. Выявлено, что ЖуЫнС2 без разложения 
растворяется в 7,4 М триэтаноламина. Испарением растворителя получена тонкая пленка ЖуЫнС2 и исследованы ёе оптические 
свойства. Из спектра поглощения определены энергии трех переходов, участвующих при поглощении – Еэо=1,52 еВ; Еэ1=1,56 еВ и  
Еэ2-2,95 еВ. 
 

Received: 10.11.06  
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ÊÈ×ÈÊ ÞË×ÖËÖ ÑÏÅÊÒÐÀË ÚÈÙÀÇËÀÐ Ö×ÖÍ ÉÖÊÑßÊ 

ÀÉÛÐÄÅÒÌß  ÃÀÁÈËÈÉÉßÒËÈ  ÎÏÒÈÊ  ÑÈÑÒÅÌ 
 

T.H. ÄÈËÁÀÇÎÂ, N.Y. ÉÀÃÓÁÇÀÄß 
Åëìè Òÿäãèãàò Àåðîêîñìèê Èíôîðìàòèêà Èíñòèòóòó, ÀÌÀÊÀ 

ÀÇ 1106, Áàêû Àçàäëûã ïðîñïåêòè, 159 
 

Êè÷èê äèàìåòðëè ñiëèíäðèê ýöçýö äàõèë åäèëìèø éöêñÿê àéûðäåòìÿ ãàáèëèééÿòëè îïòèê ñèñòåì òÿêëèô îëóíóð. Ýöçýöíöí äèàìåòðèíè äÿéèøìÿêëÿ 
úèùàçûí þë÷ö âÿ ÷ÿêèñèíè àðòûðìàäàí ñèñòåìèí àéûðäåòìÿ ãàáèëèééÿòèíè àðòûðìàã îëóð. 
       

Ìöàñèð  ñÿíàéåíèí ÿòðàô  ìöùèòÿ òÿñèðè åëÿ òÿùëöêÿëè ùÿääÿ 
÷àòìûøäûð êè, òÿõèðÿñàëûíìàç òÿäáèðëÿð ùÿéàòà  êå÷èðèëìÿñè 
ö÷öí åêîëîæè âÿçèééÿòÿ äàèìè íÿçàðÿò òÿëÿá îëóíóð. Åêîëîæè 
âÿçèééÿòÿ äàùà îïåðàòèâ íÿçàðÿò  èñÿ åëåêòðîìàãíèò 
øöàëàíìàñûíûí îïòèê âÿ ðàäèî äèàïàçîíëàðûíäà Éåðèí âÿ îíóí  
àôòîñôåðèíèí ìÿñàôÿäÿí çîíäëàíìàñû èëÿ àïàðûëûð. Îïòèê 
äàëüàëàðûí ìöùèòëÿ ãàðøûëûãëû òÿñèð åôôåêëÿðèíèí éöêñÿê 
èíôîðìàòèâëèéè ñÿáÿáèíäÿí ÿòðàô ìöùèòèí ÷èðêëÿíìÿñèíÿ 
ìÿñàôÿäÿí íÿçàðÿò öñóëëàðûíäàí îïòèê öñóë äàùà ÿùÿìèééÿòëè 
ñàéûëûð [1]. 

ßòðàô ìöùèòèí þéðÿíèëìÿñè, õöñóñÿí äÿ àåðîêîñìèê 
òÿäãèãàòëàð, ñïåêòðàë õàðàêòåðèñòèêàëàðûí þë÷öëìÿñè èëÿ 
àïàðûëäûüûíäàí êëàññèê ñïåêòðîìåòðèê úèùàçëàðûí 
ïàðàìåòðëÿðèíèí éàõøûëàøäûðûëìàñû îïòèê úèùàçãàéûðìàíûí 
èíêèøàô èñòèãàìÿòëÿðèíäÿí áèðè êèìè þç àêòóàëëûüûíû ñàõëàéûð 
[2]. 

Ñïåêòðàë úèùàçëàðûí ÿñàñ ñïåêòðîñêîïèê ïàðàìåòðëÿðè 
äèñïåðñèéà, àéûðäåòìÿ ãàáèëèééÿòè (ÀÃ) âÿ èøûã ýöúöäöð. 

Ìÿãàëÿäÿ éöêñÿê ÀÃ-ëè ñïåêòðàë úèùàçëàðûí éàðàäûëìàñûíà 
ùÿñð îëóíìóø òÿäãèãàòëàð øÿðù åäèëèð. 

Ñïåêòðèí äèñïåðñèéàñû âÿ ÀÃ-íèí àðòûðûëìàñû úèùàçûí 
÷ûõûøûíäà øöàëàðûí ìîíîõðîìàòèêëèéèíèí àðòìàñû äåìÿêäèð êè, 
áó äà ÿñàñÿí èêè èñòèãàìÿòäÿ àïàðûëûð: äèñïåðñèéàåòäèðèúè 
åëåìåíòèí ñàéûíûí ÷îõàëäûëìàñû âÿ ñèñòåìèí àáåððàñèéàëàðûíûí 
àçàëäûëìàñû éîëó èëÿ. ßäÿáèééàòäàí ìÿëóìäóð êè, [3] 
àáåððàñèéàëàðû àçàëòìàãëà ÀÃ-íè ÿí ÷îõó 30%, 
äèñïåðñèéàåòäèðèúè åëåìåíòëÿðèí ñàéûíû àðòûðìàãëà  2,8 äÿôÿ 
÷îõàëòìàã îëóð. Èêèíúè ùàëäà úèùàçûí þë÷ö-÷ÿêè ïàðàìåòðëÿðè 
ÿùÿìèééÿòëè äÿðÿúÿäÿ äÿéèøèð êè, áó äà öìóìèééÿòëÿ îïòèê 
úèùàçãàéûðìà çàìàíû, õöñóñÿí äÿ àåðîêîñìèê òÿäãèãàòëàð 
çàìàíû àðçóîëóíàí äåéèë. 

Îïòèê ñèñòåìÿ ñèëèíäðèê ýöçýö äàõèë åòìÿêëÿ 
ñïåêòðîìåòðèê úèùàçûí ÷ûõûøûíäà øöàëàðûí ìîíîõðîìàòèêëèéèíè 
àðòûðìàüûí åôôåêòëè öñóëó  [4,5] èøëÿðäÿ òÿêëèô åäèëìèøäèð. 

Ñïåêòðäÿ äèñïåðñèéàíûí ãèéìÿòèíèí ìÿëóì îëìàñû ùÿëÿ èêè 
áèð-áèðèíÿ éàõûí õÿòòèí àéðûëûãäà ãåéä, éàõóä ìöøàùèäÿ îëóíà 
áèëìÿñèíÿ òÿìèíàò âåðìèð. Îíà ýþðÿ äÿ ÀÃ àíëàéûøû äàõèë 
åäèëèð. Ñïåêòðäÿ èêè õÿòòèí àéûðäåäèëÿ áèëìÿñè Ðåëåé êðèòåðèéàñû 
èëÿ ìöÿééÿí åäèëèð [6]. Áó êðèòåðèéàéà ýþðÿ àáåððàñèéàñûç 
ñèñòåìëÿð ö÷öí åéíè èíòåíñèâëèêëè èêè ñïåêòðàë õÿòò î çàìàí 
àéûðäåòìÿ ùÿääèíäÿäèð êè, õÿòëÿðäÿí áèðèíèí äèôðàêñèîí 
õÿéàëûíûí ÿñàñ ìàêñèìóìó î áèðè õÿòòèí õÿéàëûíûí áèðèíúè 
ìèíèìóìóíà óéüóí îëñóí. Áó ùàëäà õÿòëÿð àðàñûíäàêû öìóìè 
èíòåíñèâëèéèí úÿìè ÿñàñ ìàêñèìóìäàêû èíòåíñèâëèéèí 
òÿõìèíÿí  80%-íè  òÿøêèë åäèð. 

Äèñïåðñèéàåòäèðèúè åëåìåíòèí ôîðìàëàøäûðäûüû èêè 
ìîíîõðîìàòèê ñïåêòðàë õÿòòèí àéðûëûãäà ìöøàùèäÿ åäèëìÿñè 
úèùàçûí ÷ûõûø îáéåêòèâèíèí ôîêóñ ìÿñàôÿñèíäÿí àñûëûäûð. 
Ñïåêòðäÿ äàùà éàõûí õÿòëÿðè ìöøàùèäÿ åòìÿê ö÷öí ôîêóñ 
ìÿñàôÿñèíè àðòûðìàã ëàçûì ýÿëèð. Áó ñÿáÿáäÿí äÿ ÀÃ éöêñÿê 
îëàí êëàññèê ñïåêòðàë úèùàçëàðûí þë÷ö-÷ÿêè ïàðàìåòðëÿðè ÷îõ 
áþéöêäöð [7] 

Øÿêèë 1-äÿ ñèëèíäðèê  ýöçýö äàõèë åäèëìèø îïòèê ñèñòåìäÿ 
÷þêöê äèôðàêñèéà ãÿôÿñèíèí àéûðä åòäèéè èêè øöàíûí éîëó 

ýþñòÿðèëìèøäèð. Ãÿôÿñèí (ÄÃ) àéûðä åòäèéè 1 âÿ 2 øöàëàðû 
ýöçýöéÿ (ÑÝ)  ãÿäÿð îëàí ìÿñàôÿäÿ àéðûëûãäà ìöøàùèäÿ 
åäèëìèð. Áóíà ñÿáÿá  «èäåàë» ìîíîõðîìàòèê øöàíûí äà 
èíòåíñèâëèéèí ñïåêòðÿ ýþðÿ ïàéëàíìà ÿéðèñè èëÿ õàðàêòåðèçÿ 
îëóíìàñûäûð [2]. Áó ìÿñàôÿäÿ ùÿð èêè øöàíûí ïàéëàíìà ÿéðèñè 
áèðëÿøÿðÿê áèð ÿéðè ÿìÿëÿ ýÿòèðèð. Ýöçýöäÿí ÿêñ îëóíäóãäàí 
ñîíðà øöàëàðûí (1/,2/) áóúàã àéûðäåòìÿñè àðòäûüûíäàí ùÿð èêè 
øöà àéðûëûãäà ìöøàùèäÿ îëóíà  âÿ ïîòåíñèîìåòðäÿ éàçûëà áèëèð. 

 

 
 
Øÿêèë 1. Ñèëèíäðèê ýöçýö äàõèë åäèëìèø îïòèê ñèñòåìäÿ  
              øöàëàðûí éîëó. 
 
×þêöê äèôðàêñèéà ãÿôÿñëè îïòèê ñèñòåìÿ ñèëèíäðèê ýöçýö 

äàõèë åäèëäèêäÿ âÿ ÀÃ ö÷öí àëûíàí  èôàäÿëÿð  [8]  èëêèí 
ùåñàáëàìàëàðäà èñòèôàäÿ åäèëÿ áèëÿð. Áåëÿ ñèñòåìèí áóúàã 
äèñïåðñèéàñû  
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øÿêëèíäÿäèð. 
Áóðàäà ϕ - èøûã øöàñûíûí ãÿôÿñ öçÿðèíÿ äöøìÿ áóúàüû, 

äλ=λ2−λ1 - èíòåðôåðåíñèéà åäÿí èêè ñïåêòðàë õÿòòèí äàëüà 
óçóíëóüó, Ñ/ -ãÿôÿñëÿ ýöçýö àðàñûíäàêû ìÿñàôÿ, ð- ýöçýöíöí 
ðàäèóñó, Ñ// - ýöçýö èëÿ ÷ûõûø éàðûüû àðàñûíäàêû ìÿñàôÿäèð. 

qd
d

⎟
⎠
⎞

⎜
⎝
⎛

λ
ϕ - ãÿôÿñèí äèñïåðñèéàñûäûð. 

Ìÿëóìäóð êè, [9] øöàëàíìàíûí äèñïåðñèéàåòäèðèúè 
åëåìåíòäÿí êå÷äèéè ùàë ö÷öí èäåàë ñïåêòðàë úèùàçûí 
äèñïåðñèéàñû, ÀÃ âÿ èøûã ýöúö àðàñûíäàêû àñûëûëûã   
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øÿêëèíäÿäèð. 

Áóúàã âÿ õÿòòè äèñïåðñèéà àðàñûíäàêû  
λ
ϕψ

λ d
df

d
dl

⋅= cos/  

àñûëûëûüûíû íÿçÿðÿ àëûá   À=Ä/ô−íèñáè äåøèê àíëàéûøûíû äàõèë 
åòñÿê 

 

                         
λ

ψδλλ
d
dlA ⋅= cos//                        (4) 

 
àëûðûã. Áóðàäà Ä-äèàôðàãìàíûí åíè, ô-ýèðèø îáéåêòèâèíèí ôîêóñ 
ìÿñàôÿñè, ψ - ñïåêòðèí ñÿòùèíÿ ÷ÿêèëÿí íîðìàëëà èøûã 
äÿñòÿñèíèí îðòà øöàñû àðàñûíäàêû áóúàãäûð. 

(3)-èôàäÿñèíäÿí  
 

                                   
λ
ϕ

δλ
λ

d
dD ⋅=                                    (5)  

 
(4) âÿ (5) —äÿí úèùàçûí ÀÃ-íèí õÿòòè âÿ áóúàã äèñïåðñèéà 

èëÿ èôàäÿñèíè àëûðûã  
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ÀÃ-íèí òÿðñ ãèéìÿòè 
λ
δλ

- úèùàçûí àéûðäåòìÿñèíèí íèñáè 

ùöäóäó àäëàíûð âÿ ñïåêòðäÿ àéðûëûãäà ìöøàùèäÿ åäèëÿ áèëÿí 

1λ  âÿ  2λ   øöàëàðû àðàñûíäàêû ÿí êè÷èê ñïåêòðàë ìÿñàôÿäèð 

[10]   . 
(4) âÿ (5)-èôàäÿëÿðèíäÿ áóúàã âÿ õÿòòè äèñïåðñèéàíûí (1)-

âÿ (2) èôàäÿñèíè íÿçÿðÿ àëìàãëà ñèëèíäðèê ýöçýö äàõèë åäèëìèø 
ñèñòåìëÿðèí ÀÃ-íèí äèñïåðñèéà èëÿ èôàäÿ åòìèø îëàðûã. 
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                                                                   (7) 
  
(7) èôàäÿñèíäÿí ýþðöíöð êè, úèùàçûí ÀÃ-íèí ãèéìÿòèíè 

äèôðàêñèéà ãÿôÿñèíèí ÀÃ-íèí ãèéìÿòèíÿ éàõûíëàøäûðìàã,  
êëàññèê îïòèê ñèñòåìëÿðäÿ îëäóüó êèìè ÷ûõûø îáéåêòèâèíèí 
ôîêóñ ìÿñàôÿñèíè (áàõûëàí ùàëäà Ñ/) àðòûðìàãäàí áàøãà, 
ñèëèíäðèê ýöçýöíöí äèàìåòðèíè êè÷èëòìÿêëÿ äÿ ìöìêöíäöð. 
Ýöçýöíö øöàëàðûí éîëóíäà éåðëÿøäèðìÿêëÿ øöàëàðûí 
èñòèãàìÿòèíè úèùàçûí äàõèëè ùèññÿñèíÿ ÷åâèðìÿêëÿ îíóí 
þë÷öëÿðèíè (ùÿì äÿ ÷ÿêèñèíè) àðòûðìàìàã ìöìêöíäöð. Áåëÿ 
õöñóñèééÿòëÿð úèùàçû êîíñòðóêòèâ úÿùÿòäÿí ìöíàñèá, 
ìÿñàôÿäÿí òÿäãèãàòëàð ö÷öí ÿëâåðèøëè åäèð. 

Úèâÿ ëàìïàñûíûí ñïåêòðàë õÿòëÿðè àðàñûíäàêû ìÿñàôÿíèí 
àðòìàñûíû âèçóàë ìöøàùèäÿ åäèá ñèëèíäðèê ýöçýö äàõèë åäèëìèø 
ñèñòåìäÿ õÿòòè äèñïåðñèéàíûí àðòìàñûíû òÿéèí åòìèøäèê [3].Áó 
èøäÿ ñïåêòðèí ýþðöíÿí îáëàñòûíäà úèâÿ ëàìïàñûíûí ñïåêòðèíäÿ 
õÿòëÿð àðàñûíäàêû ìÿñàôÿíèí äÿéèøìÿñèíè èíñòðóìåíòàë éîëëà 
àðàøäûðìàãëà ñèëèíäðèê ýöçýö äàõèë åäèëìèø îïòèê ñèñòåìèí 
ÀÃ-íèí àðòìàñû òÿäãèã åäèëèð. 

Èøûã ìÿíáÿè êèìè  ÄÐØ-250 òèïëè úèâÿ ëàìïàñûíäàí, 
äèñïåðñèéàåòäèðèúè åëåìåíò êèìè ñÿòùèíèí ùÿð  ìì-èíäÿ  600 
øòðèõ ÷ÿêèëìèø ÷þêöê äèôðàêñèéà ãÿôÿñèíäÿí èñòèôàäÿ 
åäèëìèøäèð. ×þêöê äèôðàêñèéà ãÿôÿñèíäÿí èñòèôàäÿ îëóðìàñûíà 
ñÿáÿá ýèðèø âÿ ÷ûõûø îáéåêòèâëÿðèíäÿí èñòèôàäÿ åòìÿéÿ åùòèéàú 
îëìàäûüûíäàí ñèñòåìèí õåéëè ñàäÿëÿøìÿñèäèð. Ñïåêòðèí 
ñêàíëàíìàñû ãÿôÿñèí ñÿòùèíÿ ïàðàëåë, ìÿðêÿçèíäÿí êå÷ÿí 
øàãóëè îõ ÿòðàôûíäà ôûðëàíìàñû èëÿ àïàðûëûð. Ãÿôÿñèí 

ôîðìàëàøäûðäûüû õÿòòè ñïåêòð äèàìåòðè 40-ìì  îëàí ñèëèíäðèê 
ýöçýöíöí ñÿòùèíÿ, ñÿòùäÿí ÿêñ îëóíàí øöà ÷ûõûø éàðûüûíà, 
îðàäàí äà ÔÝÓ-85 òèïëè ôîòîãÿáóëåäèúèíèí êàòîäóíà äöøöð. 
Àëûíàí ñèãíàë ýöúëÿíäèðèëÿðÿê þçöéàçàí  ÊÑÏ-4 òèïëè úèùàç 
âàñèòÿñè èëÿ èíòåíñèâëèéèí äàëüà óçóíëóüóíäàí àñûëûëûüû 
øÿêëèíäÿ éàçûëûð.Ôîòîãÿáóëåäèúè  ÁÍÂ 2-95 òèïëè ìÿíáÿäÿí 
ãèäàëàíäûðûëûð.Äèôðàêñèéà ãÿôÿñèíèí ÿéðèëèê ðàäèóñó  250 ìì, 
äèàìåòðè  20 ìì-äèð. Þë÷ìÿëÿð àïàðûëàí ìàêåòèí þë÷öëÿðè 
400õ250õ200ìì, ýöçýö èëÿ ÷ûõûø éàðûüû àðàñûíäàêû ìÿñàôÿ  
36-ìì-äèð.  

×þêöê äèôðàêñèéà ãÿôÿñèíèí ôîêàë ìöñòÿâèñèíäÿ áèð äÿôÿ 
ìöñòÿâè, î áèðè äÿôÿ ñèëèíäðèê ýöçýö éåðëÿøäèðèëèá úèâÿ 
ëàìïàñûíûí ýþðöíÿí îáëàñòäàêû ñïåêòðèíè éàçûðûã. Øÿêèë 2à-äàí 
ýþðöíöð êè, ìöñòÿâè ýöçýöäÿí ÿêñ îëóíàí ùàëäà ñïåêòðäÿ ýþé 
âÿ éàøûë õÿòëÿð àéäûí ìöøàùèäÿ îëóíóð. Ãîøà ñàðû õÿòòèí (ñàðû 
äóáëåò) ìöøàùèäÿ îëóíìàìàñûíà ñÿáÿá ùÿìèí îáëàñòäà 
ôîòîãÿáóëåäèúèíèí ùÿññàñëûüûíûí êÿñêèí àçàëìàñûäûð. Ñàðû 
äóáëåòè òÿäãèã åòìÿê ö÷öí âèñìóò-ýöìöø-ñåçèóì ôîòîêàòîäëó 
ãÿáóëåäèúèäÿí èñòèôàäÿ åòìÿê ëàçûìäûð [11] Ñïåêòðèí λ = 
400,0-450,0  íì îáëàñòûíäàêû ýþé õÿòëÿð ùÿð èêè ùàëäà 
ìöõòÿëèô èíòåíñèâëèêëÿðëÿ ìöøàùèäÿ îëóíóð. Òÿäãèãàò èøèíäÿ 
ìÿãñÿä ñèñòåìèí  ÀÃ-íèí àðàøäûðûëìàñû îëäóüóíäàí, 
èíòåíñèâëèéèí áåëÿ äÿéèøìÿñèíèí ñÿáÿáèíÿ áàõûëìàìûøäûð. 

 

 
 
Øÿêèë 2. Ôîêàë ìöñòÿâèäÿ éåðëÿøäèðèëìèø ìöñòÿâè (à) âÿ  
              ñèëèíäðèê (á) ýöçýöäÿí ÿêñ îëóíìóø úèâÿ  
              õÿòëÿðèíèí ñïåêòðè. 
 
Ñèëèíäðèê ýöçýö äàõèë åäèëìèø ñèñòåìèí ÀÃ-íèí àðòìàñû 

ñïåêòðèí éàøûë îáëàñòûíäà àéäûí ýþðöíöð (øÿê., 2á). 
ßäÿáèééàòäà  äàëüà óçóíëóüó  λ =546,1íì  êèìè ýþñòÿðèëÿí 
éàøûë õÿòòèí éöêñÿê ÀÃ-ëè ñïåêòðàë úèùàçëàðëà èíúÿ ñòðóêòóðóíà 
áàõûëäûãäà ùÿìèí õÿòòäÿí  37À0  ãûñà äàëüàëû òÿðÿôäÿ 
òÿõìèíÿí ùÿìèí èíòåíñèâëèêëè äàùà áèð õÿòòèí îëäóüó 
ìÿëóìäóð  [7] .Ìöøàùèäÿ îëóíàí ãîøà õÿòëÿðèí ùÿìèí õÿòëÿð 
îëäóüó øöáùÿ äîüóðìóð. 

Òÿáèè ñÿðâÿòëÿðèí ìÿñàôÿäÿí òÿäãèãè ìÿñÿëÿëÿðè ö÷öí 
àïàðûëàí ñïåêòðàë þë÷ìÿëÿð çàìàíû  

- òÿäãèã îëóíàí îáéåêòèí øöàëàíìà ñïåêòðè ùàãäà åéíè 
âàõòäà áèð íå÷ÿ ñïåêòðàë äèàïàçîíäà    éöêñÿê 
àéûðäåòìÿëè þë÷ìÿëÿðèí îëìàñû; 

-øöàëàíìàíûí ñïåêòðèí îðòà âÿ óçóí äàëüàëû èíôðàãûðìûçû 
îáëàñòûíäà þë÷ìÿëÿð àïàðûëìàñû; 

-èñòèñìàð ýþñòÿðèúèëÿðè (êîíñòðóêñèéàíûí ñòàáèëëèéè âÿ 
ìþùêÿìëèéè, þë÷ö-÷ÿêè ïàðàìåòðëÿðèíèí  âÿ åíåðæè ýöúöíöí àç 
îëìàñû) þíÿìëè ñàéûëûð. 

Ñèëèíäðèê ýöçýö äàõèë åäèëìèø îïòèê ñèñòåìëè ñïåêòðàë 
úèùàçëàðûí  áó òÿëÿáëÿðÿ úàâàá âåðäèéèíè àðàøäûðàã. 

Ìöàñèð òåõíîëîýèéà ÷îõ éöêñÿê  ÀÃ îëàí äèôðàêñèéà 
ãÿôÿñè ùàçûðëàìàüà èìêàí âåðèð. Áåëÿ ãÿôÿñäÿí ñèëèíäðèê 
ýöçýö äàõèë åäèëìèø îïòèê ñèñòåìäÿ èñòèôàäÿ åòìÿêëÿ êè÷èê 
þë÷öëö, éöêñÿê ÀÃ-ëè áèð- âÿ ÷îõêàíàëëû ñïåêòðîìåòðëÿðèí 
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éàðàäûëìàñû êèìè âàúèá ìÿñÿëÿ îïòèìàë ùÿëëèíè òàïà áèëÿð. 
Ñïåêòðèí áàøãà îáëàñòûíäà  äà þë÷ìÿëÿð àïàðìàã ö÷öí óéüóí 
ãÿôÿñ âÿ ôîòîãÿáóëåäèúè ñå÷ìÿêëÿ éàíàøû ñïåêòðèí ëàçûì îëàí 
îáëàñòûíäà ÿêñåòäèðìÿ ÿìñàëû éöêñÿê îëàí ìàääÿ [12] èëÿ 
ñÿòùè þðòöëìöø ýöçýöäÿí èñòèôàäÿ åòìÿê ëàçûìäûð. 

 
Íÿòèúÿëÿð 
 
Òÿáèè ñÿðâÿòëÿðèí òÿäãèãè ö÷öí éöêñÿê  ÀÃ-ëè, êè÷èê þë÷öëö 

ñïåêòðàë úèùàçëàð éàðàäûëìàñû çàìàíû ñèëèíäðèê ýöçýö äàõèë 
åäèëìèø îïòèê ñèñòåìëÿðäÿí èñòèôàäÿ åòìÿê êîíñòðóêòèâ 

úÿùÿòäÿí ñàäÿ, èãòèñàäè úÿùÿòäÿí ñÿðôÿëèäèð. Áåëÿ úèùàçëàðûí 
èøëÿíìÿñèíäÿ êëàññèê úèùàçëàðäà îëäóüó êèìè úèùàçûí 
þë÷öëÿðèíèí àðòìàñûíà ñÿáÿá îëàí îáéåêòèâèí ôîêóñ 
ìÿñàôÿñèíèí áþéöäöëìÿñèíäÿí äåéèë, ýöçýöíöí äèàìåòðèíèí 
êè÷èëäèëìÿñèíäÿí èñòèôàäÿ åäèëèð. 

Óéüóí äèñïåðñèéàåòäèðèúè åëåìåíò, ýöçýö, âÿ 
ôîòîãÿáóëåäèúè ñå÷ìÿêëÿ òÿêëèô îëóíàí îïòèê ñèñòåìäÿí îïòèê 
äèàïàçîíóí áàøãà îáëàñòëàðûíäà äà èñòèôàäÿ åòìÿêëÿ áèð- âÿ 
÷îõêàíàëëû äèôðàêñèîí ñïåêòðàë úèùàçëàð  éàðàòìàã îëàð. 

Ñïåêòðèí êè÷èê äèàïàçîíëàðûíäà éöêñÿê  ÀÃ-ëè õöñóñè 
òÿéèíàòëû úèùàçëàð éàðàòìàã äà ìöìêöíäöð. 
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OPTICAL SYSTEM WITH HIGH RESOLUTION FOR SMALL-SIZED SPECTRAL DEVICES 

 
The optical system with high thin-bed vertical resolution for compact spectral devices in which the special cylindrical mirror of small 

diameters is included, is supposed. It’s shown that decrease of cylindrical mirror diameter allows to increase device thin-bed vertical 
resolution without increase of its weight and overall parameters.  
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ОПТИЧЕСКАЯ СИСТЕМА С ВЫСОКОЙ РАЗРЕШАЮЩЕЙ СПОСОБНОСТЬЮ ДЛЯ 
МАЛОГАБАРИТНЫХ СПЕКТРАЛЬНЫХ ПРИБОРОВ 

 
Предлагается оптическая система с высокой разрешающей способностью для малогабаритных спектральных приборов, в 

которую включено специальное цилиндрическое зеркало малого диаметра. Показано, что уменьшение диаметра цилиндрического 
зеркала позволяет увеличить разрешающую способность прибора, без увеличения его веса и габаритных параметров.  
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