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The results of the differential-thermal and thermogravimetric analysis of the PELD + x weigh % TlInSe2 (x=0; 1; 3; 5; 10; 40) system in 

the interval from 20°C till 500°C are presented in the paper. It has been revealed, that at the TlInSe2 filling PELD the thermal stability 
increases till 5 weigh% and mass loss for the given composition in the comparison with the initial PELD increases till 93%, proving the full 
saturation. The two peaks of melting are observed on the DTA curves, the process of the thermal-oxidative breakdown takes place at 330°C 
and 440°C temperatures. 

At high concentrations of the filler till 40 weigh % the changes of the enthalpy law is observed on DTA curves in temperature region 
210-218°C. 

 
Introduction 
 
Nowadays the direction, connected with the modified 

electroactive properties of the polymers by the way of the 
leading of the different fillers, creating of the polymeric 
impurities or by the influence of the different ionizing 
radiations, is quickly developing [1-10]. 

The leading of the fillers of the inorganic nature in the 
polymeric matrix is the universal method of the polymer 
modification. The three-component semiconductor 
compound TlInSe2 was led in the capacity of the fillers into 
polyethylene of the high density (PELD) in this aspect. This 
is caused by the fact, that the given phase has peculiar 
crystalline and band structures and is the perspective material 
in the visual and infrared regions of the spectrum, having the 
record strain-sensitivity and switching properties with 
memory. The unique properties of the given phase are the 
fact, that the parameters of the photo- and strain-elements, 
switches are ruled in the needed direction under influence of 
the electromagnetic and acoustic waves in the dependence on 
the mechanical deformation, contact materials, the 
temperature of the surroundings [11-18]. The composites 
with the TlInSe2 fillers can have physico-mechanical 
(elasticity, facility, anti-heat and e.t.c.) [19], electrophysical 
(electroconductivity with switching, dielectric (ε, tgδ) and 
additive properties), electroactive (strain-, pyro-sensitive), 
electroluminescent and other properties. Besides, the study of 
such compositions is important for the understanding of the 
mechanism of charge transfer, dissipations of the energies in 
polymer-semiconductor, polymer-metal heterogeneous 
systems for the study of the interphase phenomena, and also 
in processes of structure modification and properties of 
polymers themselves at their radiation and other types of the 
influence. In this connection we were carrying out the 
derivatographical investigations of PELD +x weigh % 
TlInSe2 (x=0; 1; 3; 5; 10; 40) system. 

 
Experimental part 
 
The samples of the composition PELD +x weigh % 

TlInSe2 (x=0; 1; 3; 5; 10; 40) were investigated on the Q-
derivatograph of the MOM firm (Hungary) in the 
temperature interval 20-500°C. [20]. The heating rate is 5 

grad/min. The dry Al2O3 was taken in the capacity of the 
standard. The samples by the type of the connection 0,3 and 
thickness 80-100 mkm had been obtained by the way of the 
dry shifting of the powders of the filler and polymer with the 
following thermopressing at pressure 150 MPa and 
temperature 200°C, and further, the melt was hardened with 
the help of the impurity ice-water with the velocity 
~2000°C/min [21]. The pressing time was 15 minutes. 

 
Fig.1. The differentially-thermal curves of the stoichiometric  
           compounds of PELD + x weigh % TlInSe2, where 1-x=0,  
           2-x=1;,3-x=-3; 4-x=5; 5-x=10; 6-x=40 weigh %. 
 
The results of the thermogravimetric (TG) and 

differential-thermal analysis (DTA) of the studied 
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compositions PELD +x weigh % TlInSe2 are presented on the 
figures 1 and 2. 

 
 
Fig.2. The thermogravimetric curves of the stoichiometric  
           compositions of PELD + x weigh % TlInSe2,  
           where 1-x=0, 2-x=1, 3-x=3; 4-x=5; 5-x=10;  
           6-x=40 weigh %. 
 
The derivatogramm of the pure PELD had also fixed 

(Fig.1, curve 1 and curve 2) for the comparison of the 
changes , carrying out in PELD after the addition of 
формула filler.  As it is seen from the fig. 1 (curve 1) the 
three clearly expressed endothermic effects at 90°C, 300°C, 
402°C and two exothermic peaks at 240°C and 430°C are 
situated on DTA curve correspondingly. The second 
exothermic effect at 240°C is connected with the beginning 
of the thermal oxidation of ПЭ film. Probably, the 
decomposition of the transversal connection takes place on 
the initial thermal-oxidation. The second exothermic effect at 
430°C corresponds to the second step of the thermal-
oxidation and to the beginning of the process of the polymer 
depolymerization [ 21-24]. 

According to TG curve (curve 1) in the temperature 
interval 20-300°C the weight loss isn’t observed, i.e. the 
polymer is stable till 300°C. Further, the mass loss begins 
from the 300°C (the disconnection of the weak connections, 
the endoeffect is on DTA at 300°C) and the mass loss, 
thermal destruction is~ 45%. The maximum of the mass loss 
is observed in region 365-400°C. The bulk loss of the mass is 
92%, and the residual is ashes 8%. 

The four endothermic effects at 80; 200; 220 and 390°C 
and four exothermic effects at 140; 160; 368 and 410°C have 
been observed on the derivatogramm of the stoichiometric 

composition 1 weigh% TlInSe2+99 weigh % PELD. From 
the comparison of these data with data on the fig.1 (curve 1) 
we can conclude, that the first endothermic effect at 90C 
corresponds to the melting of PELD.besides, here the two 
new endothermic effects at 200°C, 220°C (curve 2), 
accompanying by the mass loss on TG curve till 12%, appear 
in the samples of the compositions PELD/формула, the last 
probably is caused by the decomposition of the weak 
connections and the beginning of the oxidative processes in 
the filled part of PELD. The confirmation of the above 
mentioned are exothermic effects on curve DTA with 
maximums at 140 and 160°C. The exothermic effect at 
140°C corresponds to the first stage of the oxidation of 
PELD part, filled by TlInSe2 and the second exoeffect at 
160°C corresponds to the modified pert of PELD. The 
endothermic effect at 290°C corresponds to the 
depolymerization of PELD part, as filled by TlInSe2, so 
unadulterated by TlInSe2. The exoeffect at 368°C 
corresponds to thermal-oxidative destruction of the filled 
TlInSe2 part of PELD and at 410°C corresponds to unaltered 
part of unaltered part of PELD 

From the comparison of DTA curves of the pure PELD 
and samples of the composition 1 weigh% 
TlInSe2+99weigh% PELD (fig. 1. curves 1,2 and 2. curves 
1,2) is seen, that the introduction into PELD of TlInSe2, the 
new peaks are observed on DTA curve: (exoeffect) at 140°C 
and endothermic effects at 200 and 220°C, that proves about 
partial modifying of the polyethylene. That’s why at the low 
content of TlInSe2 the coexistence of the two different parts 
of the polymers – main and modified are observed in the 
composition content. 

The partial filling of PELD, totally coinciding with the 
fig. 1.1, is also observed in the compound 3 weigh % 
TlInSe2+97% PELD (fig.1. curve 3). The comparison of 
DTAcurves of these samples shows, that the decomposition 
of the weak connections in both parts of the investigated 
composition takes place at 330°C, and depolymerization 
process begins to carry out also at the one temperature 
345°C, though the continuance of the oxidation of the 
depolymerization by the filled part takes place at 395°C, and 
by the unaltered part at 435°C.  According to TG in this 
compound 3 weigh% TlInSe2 +97 weigh % PELD (fig. 2. 
curve 3) the constancy of the compound, characterizing the 
thermostability of the filled part is observed in the 
temperature region 300-330°C, and the destruction of the 
weak connections of both parts of polymer is observed from 
330°C, accompanying by the mass loss of the quantity 
14,7%. The thermostability of the filled part of PELD with 
the addition 3 weigh % TlInSe2 increases on 50-60°C and 
corresponds to 300-305°C. 

From the derivatogramm of the compound 5 weigh % 
TlInSe2 +95 weigh % PELD (fig. 1.4 and 2.4) is followed, 
that the two endothermic effects at 85 and 100°C, 
characterizing the melting of the crystals of the investigated 
compound, are observed on the curve DTA. The appearance 
of these endothermic peaks (fig.1, curve 4) can be connected 
with the creation of new crystal formation of the 
polyethylene on the surface of the particles TlInSe2, which 
melt at 100°C. It is need to note, that the increase of the 
crystallinity of the polyethylene is observed at the addition of 
other types of the fillers [21]. Thus, from these data is 
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followed, that at the definite ratio of the components in 
PELD/TlInSe2 system the semiconductor fillers are the 
crystallization centers, moreover new-formated crystallites 
have the increased melting point (second melting peak at 
100°C).The exoeffect at 150°C corresponds to I stage of the 
oxidation of the filled part of PELD. The endoeffect at 210°C 
corresponds to the disconnection of the weak connections of 
this filled part of PELD. According to trend of curve TG (fig. 
2.4) the weight constancy, characterizing the thermostability 
of the filled part of polymer, is observed in the temperature 
region 20-210°C. In the temperature region 210-260°C the 
change of the trend of curve TG in the direction of the mass 
loss in the quantity 12,4% , caused by the disconnection of 
the weak connections of the filled part is observed. The 
exoeffect at 270°C is caused by the first stage of the 
oxidation of the unaltered part of the polyethylene. The 
endoeffect at 330°C corresponds to the disconnection of the 
weak connections of the unaltered part of the polyethylene in 
the quantity 18,6%, the endoeffect at 395°C is probably 
caused by the oxidative depolymerization of the filled part, 
and endoeffect at 410°C is caused by the unaltered part of 
PELD. The exoeffect at 440°C is connected with 
depolymerization process. Thus the filler leads to the 
temperature increase of PELD depolarization. 

As it is seen from the calculations of the 
thermogravimetric curves (fig. 2 curve 4), the most effectibe 
structure of PELD is carried out at 5 weigh % concentration 
of TlInSe2  in the comparison with (fig. 2). 

From the comparison of DTA curves for the different 
compositions of PELD/TlInSe2 is followed, that (fig.1 and 2) 
the observable first endothermic effect at 80-95°C is caused 
by the melting point of the unaltered part of PELD for all 
investigated compositions on DTA curve, the endothermic 
effect at 100°C corresponds to the melting point of the filled 
part, which has own specific thermal effects, connected with 
processes on the borders of phase division. 

The thermostability for the compounds 1; 3; 5 weigh % 
TlInSe2 corresponds to 290°C. The thermostability of the 
polymer increases on 35-45°C because of the no saturation of 
TlInSe2 with the increase of the percent concentration of 
TlInSe2 from 10 till 40 weigh %. The two regions of PELD 
are revealed on the thermogravimetric curve, beginning from 
10 weigh % TlInSe2 in PELD: the first region of the mass 
loss is observed in the temperature region 220-280°C, caused 
by the filled TlInSe2 part of PELD, further the constancy 

region is observed on TG curve in the temperature region 
280-305°C, characterizing the thermostability of the filled 
part of the polymer. The small mass loss at 305-345°C 
characterizes the disconnection of the weak connections of 
the both parts of PELD, the depolymerization of both parts is 
also carried out at 345°C, but thermal-oxidative destruction 
divides into two parts at the temperature 430°C and 440°C. 

At high contents of the fillers till 40 weigh% on DTA 
curve the character peaks at 215-218°C with the change of 
enthalpy sign are observed, which are character for the 
crystal transfers by the type crystal-crystal and TlInSe2 filler. 

As it is seen from (fig.1, curve 6 and fig.2, curve 6) the 
derivatogramm consists from two diagrams: low-temperature 
region characterizes filled part of PELD TlInSe2 (from 205 
till 270°C), and high-temperature – from 290 till 435°C of 
unaltered of PELD. It is need to note, that with the increase 
of the percent concentration of TlInSe2 the maximal 
temperature of the decomposition of the compound PELD +x 
weigh % increases from 380°C for the initial PELD till 
410°C for the compound 40 weigh% TlInSn2. The gross 
mass loss for the initial PELD at the heating from 20°C till 
500°C is 92%, at the increase of the concentration TlInSe2 
from 1 till 5 weigh % the mass loss decreases till 88-87%, 
that proves about connection of particles of TlInSe2 by the 
polyethylene. The mass loss for the compound with 5 weigh 
% TlInSe2 increases in the comparison with the initial PE till 
93% that proves again, that effective filling of the 
polyethylene is carried out at the concentration 5 weigh % 
TlInSe2. For the composition 5 weigh % TlInSe2 the mass 
loss in the comparison with the initial PE increases till 93% 
that again is proved, that effective modifying of PE structure 
carries out at the 5 weigh % TlInSe2 concentration. 

 
Conclusion 

 
The derivatographic investigations of PELD +x weigh % 

TlInSe2 system show, that thermal stability of the 
composition increases at the filling till 5 weigh % of PE. It is 
obtained the new material, having high work temperature for 
the creation on it base the more perspective piezo-elements, 
than initial phase. Each phase at the high percents of TlInSe2 
is special, the change of the enthalpy sign is observed on 
DTA curve at the temperature interval 215-218°C.
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АШАЬЫ  СЫХЛЫГЛЫ ПОЛИЕТИЛЕН ВЯ TlInSe2 КОМПОЗИСИЙАЛАРЫНЫН ДЕРИВАТОГРАФИК ТЯДГИГИ 

 

         Тягдим олунмуш ишдя  АСПЕ + х чяки % TlInSe2 (х=0; 1; 3; 5; 10; 40) системинин 20-5000 Ъ температур интервалында дифференсиал-
термик вя термогравиметрик анализляринин нятиъяляри верилмишдир. Мцяййян олунмушдур ки, TlInSe2 АСПЕ иля 5 чяки %-я гядяр  
долдурулмасы заманы термик давамлылыг артыр вя  верилмиш тяркиб цчцн  тямиз АСПЕ  иля мцгайисядя кцтля иткисинин  93%-я гядяр 
артмвсы там дойма фактыны тясдиг едир. ДТА яйриляриндя ики яримя пикляри мцшащидя едилир, термооксидляшмя деструксийа просеси  3300 
вя 4400Ъ температурларда баш верир. 
         Долдуруъунун 40 чяки.%-я гядярйцксяк консентрасийасы заманы ДТА яйриляриндя 210-2180Ъ температур интервалында 
енталпийанын ишарясинин дяйишмяси мцшащидя олунур. 
 

Э.М. Годжаев, Р.М. Сардарлы, С.С. Османова, Н.А. Эюбова, Э.А. Аллахяров 
  

ДЕРИВАТОГРАФИЧЕСКИЕ ИССЛЕДОВАНИЯ КОМПОЗИЦИЙ ПОЛИЭТИЛЕН НИЗКОЙ 
ПЛОТНОСТИ И TlInSe2  

 
         В работе излагаются результаты дифференциально-термического и термогравиметри-ческого анализов системы 
ПЭНП + х вес.% TlInSe2 (х=0; 1; 3; 5; 10; 40) в интервале температур  20-5000С. Выявлено, что при наполнении 
TlInSe2 ПЭНП до 5 вес.% возрастает термическая устойчивость  и для данного состава потеря массы по сравнению с 
исходным ПЭНП увеличивается до 93%, подтверждающие полное насыщение. На кривых ДТА наблюдается  два пика 
плавления, процесс термоокислительной деструкции проходит при температурах  330 и  4400С.  
         При высоких концентрации наполнителя до 40 вес.% на кривых ДТА в области температур 210-2180С 
наблюдается изменения закона энтальпии. 

 
Received: 22.07.05  
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THE MECHANISM OF ELECTRICAL CONDUCTIVITY IN THIN-FILM STRUCTURE  

ON THE BASIS OF THE ORGANIC SEMICONDUCTOR VANADIUM PHTHALOCYANINE 
 

M.M. PANAHOV, S.A. SADRADDINOV, J.N. JABBAROV, B.SH. BARKHALOV 
Baku State University 

Acad. Z. Khalilov str., 23, Baku, Az-1145 
 

The volt-ampere and capacitance-voltage characteristics in metal-semiconductor-metal (MSM) structures on the basis of vanadium 
phthalocyanine (VРс) organic semiconductor have been investigated. It is revealed that at the absence in the MSM-structure of the high-
resistive interface barriers, nonlinear CVC at high electric fields is a result of the field assisted thermal emission of charge carriers from traps 
(Poole-Frenkel effect). It is also established that at low temperatures and high electric fields, when density of the charged traps is sufficiently 
high (> 1024 m-3), Coulomb potentials overlapped and a barrier lowering becomes proportional to electric field intensity and the modified 
Frenkel-Poole effect becomes predominant.  
 

INTRODUCTION 
 
High light and thermal resistance, ability to form of a 

continuous film by evaporation in vacuum at moderate 
temperatures makes the organic semiconductor vanadium 
phthalocyanine (VРс) a valuable material for the solution of a 
number of tasks of microelectronics.  

Choosing the appropriate material for electrodes, using 
known techniques it is possible to create ohmic [1-3] as well 
as rectifying [3-6] electrical contacts to a surface of metal-
organic semiconducting compounds of the phthalocyanine 
series.  

For some phthalocyanine compounds the charge transport 
and rectifying of an alternating current phenomena were 
investigated in layered structures («sandwiches»), which 
electrical contacts were formed  by using identical or 
different metals [3, 5-7]. 

For study the structures on the basis of the phthalocyanine 
with non-blocking contacts more often a method of space-
charge-limited currents (SCLC) is used [8]. In 
phthalocyanine single crystals with silver electrodes ohmic 
(linear) current-voltage characteristics (CVC) were observed 
that passes further in nonlinear one. In many experimental 
works, at the absence of the blocking contacts in 
phthalocyanine thin film structures, nonlinear CVC are 
interpreted by the charge carrier injections in bulk from 
electrodes [8, 9]. 

 
EXPERIMENTAL  PART 
 
Our studies of the electrical properties of structures on the 

basis of the evaporated VРс layers have shown that at 
absence in the structure of blocking electrodes, nonlinear 
CVC is a result of the field assisted thermal emission of 
charge carriers from traps.  

Double additional cleaning of the industrial VPc powder 
by vacuum sublimation has ensured reproducibility of our 
results. Investigated structures were obtained by consecutive 
thermal vapor deposition in a vacuum (p ≈10-3 Pа) the bottom 
Ag electrode, the VPc layer and the top Ag electrode on a 
non-heated ceramic substrate. On the same substrate were 
obtained simultaneously eight identical on topology 
“sandwich” samples, distinguished only by thickness of the 
VPc layer, that being within the limits of 0.4-2.0 µm. All 
measurements were carried out in a vacuum 10-3 Pa. 

The study of the temperature-field dependences of the 
electrical conductivity for VPc have shown, that nonlinear 

CVC of the Metal/VPc/Metal structures are stipulated by 
Frenkel-Poole emission, which study allows to receive the 
information about the charge carriers localization centers in a 
semiconductor [10]. 

For study of electrical properties of the high-resistance 
films it is necessary previously to establish the diagram of 
distribution of the applied voltage in MSM-structure, which 
is determined, mainly, by the basic properties of the 
metal/semiconductor interface. An effective way of an 
establishing of distribution of the voltage in MSM-structures 
is a study of the conduction and capacity at various 
temperatures and frequencies [11]. The capacity of the  
Аg/VPc/Ag structure in a wide temperature range practically  
does not depend on temperature (Fig. 1). Besides for 
structures with the identical electrode areas, but with various 
thickness of a VPc layer (d = 0.67-1.30 µm) electrical 
capacity С ~ d-1 (insert in a fig. 1). These data unequivocally 
testify to absence of the electrical field discontinuities in the 
considered structure [11]. In this case equivalent circuit of a 
sample is represented by capacity, shunted by active volume 
resistance, and the applied constant voltage U  totally drops  
in the VPc layer. 

 
Fig.1. Dependence of capacity С on the temperature  

                   Т of the Аg/VPc/Ag structure with various thicknesses d  
             of the VPc layer, µm: (1 - 1.30;  2 - 0.67). Insert - С/S vs d-1 . 
 
The dependence of the current I on the applied voltage U 

in Аg/VPc/Ag structure is given in fig. 2. At low voltages 
with the increase of the voltage U  the current I grows 
linearly, and at large voltages - non-linearly. It has appeared 
that at the large voltages the dependence  I/U∝ exp(U1/2)  
takes place. At passing to rather thick VPc films the character 
of dependence is preserved, however inclination α of a linear 
part of dependence lg(I/U) on U1/2 appreciably decreases, and 
the value of the product α d1/2 practically remains constant.    
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Fig. 2. Dependence of a current I on the applied voltage U   
           in the Аg/VPc/Ag structure (1 and 2) and I/U  on  
           U1/2 (3 and 4) at different thickness of VPc films,  
           µm: 1- 0.67 (1 and 3) and 1.30 (2 and 4). The  
           electrodes area S =1.15 mm2. 
 
At the absence a high-resistance interface barriers in the 

MSM-structure the linear dependence lg I/U  on U1/2  may be 
connected with Poole-Frenkel emission [12, 13], when the 
process of thermal excitation of the charge carriers from traps 
is facilitated by the applied electrical field. It can be checked 
up by studying temperature dependence of a current at 
various voltages and establishing of characteristic parameters. 

 
Fig. 3.   The temperature dependences of the                          
              current I  in the structure Аg/VPc/Ag at different  
              applied voltages, V: 1 – 0.4;  2 – 10; 3 – 20  and   
              4 - 30 . Thickness of  VPc film d = 0.67 µm. 
 
In a fig. 3 are given  the temperature dependence of  a 

current at various fields in VPc film. In a weak field (F < 6 
⋅105 V/m) current I exponentially depends on T and also is 
described by two activation energies: 0.56 and 0.75 eV (in 
account per кТ ). The value E0 = 0.56 eV is a depth of the 
dominant trapping levels. The second value characterizes 
intrinsic conductivity of the VPc (1.50 eV in account per 2 
кТ ) and meets to the data given elsewhere [13]. In a strong 
field, when  (F ≥ 107 V/m), an exponential increase of a 
current with the increasing of the temperature is described 
only by an activation energy EF < 0.56 eV, and with growth 
of F the value of EF decreases according to the Frenkel’s 
theory on the ionization of the traps:  

 

                  EF  = E0 –eβF1/2                                    (1) 
 

where е- electronic charge, β - Frenkel-Poole constant. The 
value of β can be determined from the curves of the 
dependence  of  the  Frenkel’s  barrier  lowering  for  the  
traps ∆Φ = E0 -EF  on  F1/2  (fig. 4.), which  appears  equal to 
β = 4.25⋅ 10-5 V1/2m1/2.    

 
Fig. 4.  The dependence of the barrier lowering ∆Φ  on F1/2 for  
             Аg/VPc/Ag structure. 
 
The dependences of the conductivity σ on F in Frenkel 

coordinates for two temperatures are given  in the Fig. 5.  In  
a weak electric  field  σ  does not depend on F  (section ab)  
and σ = 4⋅10 Ω-1⋅ m-1  at Т = 298 K. Further, with the increase 
of F in an interval of the several orders the conductivity 
grows according the law σ ∝ expF1/2 (section сd), and the 
inclinations of straight lines decreases with increasing of the 
temperature. On this section σ varies according to expression: 

 

⎟⎟
⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛ −
−

kT
FeE 2

1
0exp~

β
σ  

 
From  the  inclination  of  straight  lines on a section cd 

we find, that β = 5.1⋅10-5 V1/2m1/2  (at Т = 298 К) and  β = 
5.5⋅ 10-5 V1/2m1/2 (at Т = 403 К). 

 
Fig. 5. Dependence of the electrical conductivity σ  on F1/2 at  
            298 K (1) and 403 K (2).Insert – the dependence of σ  on  
            F at 298 К.  
 
From the theory follows, that Frenkel-Poole constant 

depends on the dielectric permeability ε  and is determined  
from the formula [12]:    

                                      βT = (e3/πεε0)1/2                         (3) 
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From the dependence of capacity of structure C on d-1 was 
found, that ε = 3.4 for VPc (fig. 1, insert), and from the 
formula (3) it is obtained β = 4.12⋅10-5 V1/2m1/2, that are in 
good accordance with the values found experimentally from 
the dependences ∆Φ  and σ  on F1/2. The ratio of the values β 
and βT, experimentally determined by various ways is within 
the limits of 1.03-1.3.  

In the σ  versus F1/2 curves a  section bc (fig. 5) is 
observed which is narrowed with the growth of  the 
temperature. It has appeared, that on this section σ  obeys the 
low σ ∝ expF. The thermally assisted field ionization, which 
passes to lgσ ∝ F at rather low fields and to lgσ ∝ F1/2 at 
high ones, is theoretically analyzed elsewhere [10]. Hence, in 
VPc are realized the conditions, required for the observation 
of such emission, and in a section  bc  the field dependence of 
conductivity is described  as [10]: 

                 
⎟⎟
⎟

⎠

⎞

⎜⎜
⎜

⎝

⎛ −
−

кТ

еrFЕ
ехp 2

1
~

0
σ      ,                       (4) 

 
where  r - distance between two next charged traps. As it is 
seen, at low temperatures and high fields, when density of the 
charged traps too large, Coulomb potentials are overlapped 
and a barrier lowering becomes proportional to F. From the 

expression 
F

er
04πεε

=  we find, that the traps with 

E0=0.56eV are separated by 76Å and have concentration 
2⋅1024 m-3. Depending on films evaporation conditions, when 
density of acceptors in VPc exceeds 1024 m-3, the modified 
Frenkel-Poole effect becomes prevailing. 
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M.M. Пянащов, С.A. Сядряддинов, Ж.Щ. Жаббаров, Б.Ш. Бархалов 

 
ЦЗВИ  ЙАРЫМКЕЧИРИЖИ  ВАНАДИУМ  ФТАЛОСИАНИН  ЯСАСЫНДА  НАЗИК  ТЯБЯГЯЛИ  СТРУКТУРЛАРДА  

ЕЛЕКТРИККЕЧИРИЖИЛИЙИНИН  МЕХАНИЗМИ  
 
 Цзви  йарымкечирижи  ванадиум  фталосианин  ясасында метал-йарымкечирижи-метал (МЙМ) структурларынын волт-ампер вя волт-тутум 

характеристикалары тядгиг олунмушдур. Мцяййян едилмишдир ки, МЙМ- структурунда йцксяк мцгавимятя малик потенсиал чяпярлярин 
мювжуд олмадыьы щалда, системдя мцшащидя олунан гейри-хятти ВАХ тутма мяркязляриндя олан йцкдашыйыжыларын истилийин тясири 
алтында, електрик сащясинин дястяйи иля эцжлянян азад олунмасы иля (Пул-Френкел  еффекти) баьлыдыр. Эюстярилмишдир ки, алчаг 
температурларда вя йцксяк електрик сащяляриндя (Ф>107 V/m), йцклянмиш тутма мяркязляринин сыхлыьы кифайят гядяр бюйцк олдуьу 
щалда (н >1024 m-3), Кулон потенсиаллары бир-бирини юртцр, потенсиал чяпярин алчалмасы електрик сащясинин интенсивлийи иля дцз мцтянасиб 
олур  вя  модификасийа олунмуш Френкел-Пул еффекти цстцнлцк тяшкил етмяйя башлайыр.  

 
M.M. Панахов, С.A. Садраддинов, Дж. Г. Джаббаров, Б.Ш. Бархалов 

 
МЕХАНИЗМ  ЭЛЕКТРОПРОВОДНОСТИ   В  ТОНКОПЛЕНОЧНОЙ   СТРУКТУРЕ  НА ОСНОВЕ  

ОРГАНИЧЕСКОГО  ПОЛУПРОВОДНИКА  ФТАЛОЦИАНИНА  ВАНАДИЯ 
 

Исследованы вольт-амперные и вольт-емъкостные характеристики структур металл-полупроводник-металл (МПМ) на основе 
органического полупроводника фталоцианина ванадия. Установлено, что при отсутствии в МПМ-структуре межповерхностных 
потенциальных барьеров с высоким сопротивлением, наблюдаемые нелинейные ВАХ связаны с термическим высвобождением 
носителей заряда из центров захвата, облегченным электрическим полем (эффект Пула-Френкеля). Выявлено, что при низких 
температурах и высоких электрических полях (F >107 В/м), когда плотность заряженных ловушек достаточно высока (Nt >1024 м-3), 
кулоновские потенциалы перекрываются, понижение барьера становится пропорциональным полю и начинает преобладать 
модифицированный эффект Френкеля-Пула.  

 
Received:  20.07.05 
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МнЫн2С4 вя МнЭаЫнС4 МОНОКРИСТАЛЛАРЫНДА ТЕРМОСТИМУЛЛАШМЫШ 
ДЕПОЛЙАРИЗАСИЙА ЖЯРЯЙАНЛАРЫ 

 

Н.Н.НИФТИЙЕВ 
Азярбайжан Дювлят Педагоъи Университети, Аз1000, Бакы, Ц.Щажыбяйов, 34 

О.Б.ТАЬЫЙЕВ 
АМЕА Физика институту, Аз.1143, Бакы, Щ.Жавид, 33 

 
МнЫн2С4 вя МнЭаЫнС4 монокристалларында мцхтялиф полйаризасийа эярэинликляриндя термостимуллашмыш деполйаризасийа 

жяряйанлары тядгиг едилмишдир. Сцрятли йапышма сявиййяляринин мювжудлуьу ашкара чыхарылмышдыр. Бу монокристалларда тялялярин 
йерляшмя дяринлийи, консентрасийасы вя тутулма ен кясикляри тяйин едилмишдир. 

 
Йарымкечирижи вя диелектриклярдя йапышма сявиййяляри-

нин параметрлярини тядгиг етмяк цчцн истифадя олунан 
цsullardan бири термостимуллашмыш деполйаризасийа мето-
дудур. 

Bu ишдя МнЫн2С4 вя МнЭаЫнС4 монокристалларында 
мцхтялиф полйаризасийа эярэинликляриндя термостимуллашмыш 
деполйаризасийа жяряйанларынын (ТД C) тядгиги нятижяляри 
верилмишдир. 

МнЫн2С4 монокристалы кимйяви кючцрмя методу иля 
алынмышдыр. Рентэенгурулуш анализ эюстярди ки, МнЫн2С4 
кубик гурулуша малик олуб (ф.г.Фд 3м), гяфяс сабити 
а=10,71Å –а бярабярдир[1]. МнЭаЫнС4  монокристалы 
Брижмен методу иля алынмышдыр. Рентэенографик 
тядгигатлар эюстярир ки, МнЭаЫнС4 монокристалы гяфяс 
сабитляри а=3,81; Ж=12,17 Å; з=1,ф.г. п3м1 олан ЗнЫн2С4 
бирпакетли йарымтип quruluшunda кристаллашыр [2]. 

МнЫн2С4 монокристалы кимйяви кючцрмя методу иля 
алынмышдыр. Рентэенгурулуш анализ эюстярди ки, МнЫн2С4 
кубик гурулуша малик олуб (f.г.Фд 3м) вя гяфяс сабити 
а=10,71Å–а бярабярдир [1]. МнЭаЫнС4  монокристалы 
Брижмен методу иля алынмышдыр. Рентэенографик тядгигат-
лар эюстярир ки, МнЭаЫнС4 монокристалы гяфяс сабитляри 
а=3,81; Ж=12, 17Å ; з=1,ф.г. п3м1 олан ЗнЫн2С4 бирпа-
кетли йарымтип структуруна кристаллашыр [2]. 

МнЫн2С4 вя МнЭаЫнС4 монокристалларында ТСД-нин 
юлчцлмяси заманы нцмунядя габагжадан щяйяжанлан-
дырма мцяййян температурда (140÷400К) ВАХ-ын г/ 
хятти областында эярэинлийин тятбиги иля 10 дягигя ярзиндя 
щяйата кечирилир. Сонра эярэинлийи айырмадан нцмуня 
140К температура кими сойудулур. Бу температура чат-
дыгдан сонра эярэинлийи айырырлар вя нцмуня гыса гапаныр. 
1-5 дягигя кечдикдян сонра нцмуня сабит сцрятля 400К 
температура гядяр гыздырылыр вя ейни вахтда харижи дювря-
дя жяряйан юлчцлцр. Нцмунянин гыздырылма сцряти 
б=0.07÷0.6дяр/сан интервалында дяйишдирилир. 

Шякил 1а–да МнЫн2С4 монокристалы цчцн мцхтялиф 
полйаризасийа эярэинликляриндя ТСД яйриляри эюстярилмишдир. 
Нцмуняйя эярэинлик ВАХ-ын г/ хятти областында 340К 
температурда тятбиг едилмиш вя бу эярэинлик алтында 
нцмуня 160К температура кими сойудулмушдур. 
МнЫн2С4 монокристалында ТДC спектриндя мцхтялиф 
температурлу ики максимум ашкара чыхарылмышдыр. 
Полйаризасийа эярэинлийи артдыгжа ТДC максимумуmu 
йцкsяк температур областына доьру сцрцшцр вя ТДC-nin 
гиймяти артыр. 

Шякил 2-дя МнЭаЫнС4 монокристалы цчцн 2 мцхтялиф 
полйаризasiya эярэинликлярindя ТДC яйриляри верилмишдир. 

Нцмуняйя эярэинлик ВАХ-ын г/хятти областына уйьун 
400К температурда тятбиг едилмиш вя бу эярэинлик алтында 
нцмуня 140К температура кими сойудулмушдур. 
МнЭаЫнС4 монокристалында 400В полйаризasiya 
эярэинлийinя уйьун ТДC спектриндя температур 
максимумлары 202, 260 вя 383 К олан цч пик мцшащидя 
едилмишдир. Полйаризасийа эярэинлийи артдыгда жяряйан 
максимумunа уйьун температур йцксяк температур 
областына доьру сцрцшцр. 

 

 
Шякил 1.   а) 340К полйаризасийа температурунда вя полйари 
               засийа эярэинлийинин мцхтялиф гиймятляриндя ТСД  
               яйриляри (У, В);  1-300; 2-500 
               б) 500 В полйаризасийа эярэинлийиндя 294 К темпе 
               ратура уйьун ТСД жяряйан пикинин башланьыж щис 
               сясинин температурдан асылылыьы. 
 

 
Шякил 2. 400К полйаризасийа температурунда вя полйариза- 

               сийа эярэинлийинин мцхтялиф гиймятляриндя ТСД яйри- 
               ляри (У, В): 1-400; 2-500 
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ТДC яйриляринин анализи цчцн йапышма сявиййяляринин 
нювцнц билмяк лазымдыр. Билдийимиз кими йапышма 
сявиййяляринин нювцнц билмяк цчцн «δ » кямиййятиндян 
истифадя олунур вя «δ » ашаьыдакы ифадядяр тапылыр.  

 

12

M2

TT
TT
−
−

=δ  

 
Бурада ТМ-ТСД-нин максимумуна уйьун темпера-

тур, Т1 вя Т2 – ТЖД-нин максимцм интенсивлийинин йарысы-
на уйьун ашаьы вя йухары температурлардыр. ТЖД 
максимумларынын формаларынын анализи эюстярир ки, 
МнЫн2С4 вя МнЭаЫнС4 монокристаллары цчцн мцшащидя 
едилян бцтцн максимумларда 
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шярти юдянилир [3]. Бу шяртин юдянилмяси сцрятли йапышма 
сявиййяляринин мювжудлуьуну эюстярир. 

Шякил 1б-дя МнЫн2С4 монокристалы цчцн 500В 
полйаризасийа эярэинлийиндя 294К температура уйьун 
ТДC жяряйан пикинин башланьыж щиссясинин температур-
дан асылылыг яйриси Ы~103/Т мигйасында эюстярилмишдир. Бу 
яйридян тялялярин енеръи сявиййяси щесабланмышдыр вя 
Ет=0,60еV [4]. 

МнЫн2С4 вя МнЭаЫнС4 монокристаллары цчцн тялялярин 
йерляшмя дяринлийи ТДC-дян жяряйанын башланьыж артымы 
щиссясинин температурдан асылылыьындан (Гарлик-Гибсон 
методу) [5], Бйуб методундан [6] вя ТСД жяряйаны 
пикляринин формасындан асылы олан дцстурлардан [7,8], тяйин 
едилмишдир. Ашгар тялялярин консентрасийасы вя тутулма ен 
кяскиляри ашаьыдакы дцстурлардан тяйин едилир: 
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Бурада: jM  – ТДЖ максимумуна уйьун жяряйан, 

б-гыздырылма сцряти, NS  – кечирижи зонада щал сыхлыьы, 
ϑ т=сярбяст електронларын истилик сцряти, К-Болсман сабити-
дир. лнъ ~1/T  координатында j яйринин дцз хятт щиссясинин 
йцксяк температур областында екстраполйасийасы нятижя-
синдя ординат охундан α парчасыны айырыр. 

Йухарыда эюстярдийимиз методларын кюмяйи иля 
щесабламалар нятижясиндя МнЫн2С4 монокристалында локал 
сявиййялярин параметрляри цчцн ашаьыдакы гиймятляр алын-
мышдыр. 

 
Ет1=0,38±0,02 еВ Ет2=0,59±0,02 еВ; 
Нт1=2,6 х 1013 см-3 Нт2=5,2 х 1015 см-3 

Ст1=1,7 х 10-17 см2 Ст2=2,3 х 10-17 см2 

 

МнЭаЫнС4 монокристалы цчцн ися локал сявиййялярин 
параметрляринин орта гиймятляри ашаьыдакы кимидир. 

 
Ет1=0,39±0,02 еВ             Ет2=0,50±0,02 еВ; 
Ет3=0,70 ±0,02 ев             Нт1=2,5 х 1014 см-3 

Нт2=4х1018 см-3                    Нт3=0,9 х 1014 см-3 

Ст1=2,9х10-17 см2              Ст2=8,5 х 10-14 см2 

 

Ст3=2,4х10-18 см2 
 
Беляликля, МнЫн2С4 вя МнЭаЫнС4 монокристалларында 

мцхтялиф полйаризасийа эярэинликляриндя термостимуллашмыш 
деполйаризасийа жяряйанлары тядгиг едилмишдир. Сцрятли 
йапышма сявиййяляринин мювжудлуьу ашкара чыхарылмышдыр. 
Бу монокристалларда тялялярин йерляшямя дяринлийи, 
консентрасийасы вя тутулма ен кясикляри тяйин едилмишдир. 

 
 

[1] Т. Канамато, Щ. Ыдо Щ.,Т. Канеко. Ъ.Пщйс. Ъапан, 
1973, в.34, №2, п.554. 
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558 с. 
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возбуъденийа. Микроелектроника, 1974, Т.3, №1, 
с.178-180 

[8] Г.А. Бордовский. Термостимулированныйе токи как 
метод определенийа параметров ловушек. Фотопро-
водйашшийе окислы свинтса. 1976, с.87-110. 

 
N.N. Niftiyev, O.B. Tagiyev 

CURRENTS OF THERMOSTIMULATED DEPOLARIZATION IN МнЫн2С4 AND МнЭаЫнС4 SINGLE CRYSTALS 
The currents of thermostimulated depolarization in single crystals МnIn2S4 and МnGaInS4 at the different polarizing voltage. 

The presence of quick capture levels are revealed. The depth levels, concentration and capture cross-sections are obtained. 
  

Н.Н. Нифтиев, О.Б. Тагиев 
ТОКИ ТЕРМОСТИМУЛИРОВАННОЙ ДЕПОЛЯРИЗАЦИИ В МОНОКРИСТАЛЛАХ  

МнЫн2С4 и  МнЭаЫнС4  
Исследованы токи термостимулированной деполяризации в микрокристаллах МнЫн2С4 и  МнЭаЫнС4 при различных поляри-

зующих напряжениях. Выявлено наличие быстрых уровней прилипания. Определены глубины залегания уровней, 
концентрация и сечения захвата ловушек. 
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СЫХЫЛМЫШ ГАЗЛАРЫН ВЯ МАЙЕЛЯРИН ИСТИЛИККЕЧИРМЯСИНИН ТЕРМИКИ ТЯЗЙИГДЯН 
АСЫЛЫЛЫЬЫНЫН НЯЗЯРИ ТЯДГИГИ 

 
Ж.Й. НАЗИЙЕВ 

Азярбайжан Дювлят Нефт Академийасы 
Бакы Аз. 1007, Азадлыг пр.20. 

 
Мягалядя майе вя газлар цчцн молекулйар – кинетик нязяриййя ясасында истиликкечирмянин термики тязйигдян асылылыьы бахылыр вя 

бундан ютрц щесабат тянлийи чыхарылыр. 
 
Тяжрцбя йолу иля истилик-физики хассялярин юйрянилмяси 

ялбяття ян етибарлы цсулдур. Лакин бу щямишя мцмкцн 
олмур. Бунун цчцн зянэин техники база вя кифайят гядяр 
малиййя вясаити олмалыдыр. Бу сябябдян майе вя газларын 
хассяляринин охшарлыг методу иля щесабланмасы, онларын 
прогнозлашдырылмасы, нязяри вя йарымнязяри йолла тяйин 
едилмясинин хцсуси ящямиййяти вар. 

Хцсусян сыхылмыш газлар вя майелярин истиликкечирмя-
синин тязйигдян асылылыьыны верян тянлийин алынмасы мараглы-
дыр [1]. 

Майелярин нязяриййяси газ вя бярк кристал маддялярин 
нязяриййясиня нисбятян аз инкишаф етмишдир. Бу сябяб-
дян онларын кючцрмя хассялярини юйряндикдя мцяййян 
йахынлашма методларындан истифадя едилир: бярк маддя вя 
майе гурулушларынын охшарлыьындан; статистик механиканын 
дцрцст методларындан вя с. [2-4]. Бизи марагландыран 
майе нязяриййясиня бахаг. 

Кинетик нязяриййяйя аид олан Енског методунда 
диаметри д олан бярк сферик молекулларын йалныз жцт тог-
гушмалары бахылыр вя онларын юлчцляринин сон гиймяти гябул 
едилир. Бу бахымдан Енског [5-6] сыхылмыш газын истилик-
кечирмясини щесабламаг цчцн беля ифадя алыр: 

 

             ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
++= ρξ

ρξ
ρλλ b7574,0

5
6

b
1b0 .                (1) 

 
Бир молекулун о бири молекул йанында олмасынын ещти-

малыны сяжиййяляндирян ямсал ξ  беля тапылыр 
 

                    ( )ρξρ b1
v

NTk += ,                             (2) 

 

                    ,d
v
N

3
2b 3πρ =                                       (3) 

 
                 kN=R,                                                       (4) 
 

бурада N – 1г. газда молекулларын сайы; k – Болсман 
сабити; v – хцсуси щяжм, b-1г. газда молекулларын дюрд 
гат щяжми; R – газ сабити; ρ- сыхлыгдыр. 

Сейрякляшдирилмиш газ цчцн  
 

                     
( )

∗⋅Ω⋅
=

Td
M/T1,1981
)2,2(2

5,0
0λ ,                      (5) 

 

щарадакы T*=kT/ε - эятирилмиш температур; Ω(2..2) - 
тоггушма интегралы; M – молекулйар кцтля; ε - потенсиал 
енеръинин минимум гиймятидир. 

(1) тянлийинин дягиглийини артырмаг цчцн сонралар тязйиг 
p явязиня (2) ифадясиндя термики тязйиг ( )ρT/PTPt ∂∂=  

ишлядилмишдир [3,6]. Демяли  
 

                   ( )ρξ
ρ

ρα µ b1
M
TR

PP 2
t +=+= ,           (6) 

 
бурада Rµ - универсал газ сабитидир. 

Йцксяк температурлу газлардан ютрц Енског тянлийин-
дя b=b(T) коррелйасийа эютцрцлмяси ящямиййятлидир. Бу-
нунла беля (1) тянлийи алчаг температурлу майеляр цчцн 
хята верир. 

Гейд етмяк лазымдыр ки, Енског тянлийи сыхылмыш газлар 
вя майеляр цчцн истиликкечирмянин тязйиг вя температур-
дан асылылыьыны кейфиййятжя дцзэцн эюстярир. Бу бизя ясас 
верир ки, Енског тянлийи базасында даща дягиг олан вя 
практики ящямиййят дашыйан йени тянлик алаг. 

(1) тянлийиндя bρξ комплекс кямиййяти (6) 
ифадясиндян тяйин етмяк мягсядяуйьундур: 

 
 

                         
ρµ ρ

ρξ ⎟
⎠
⎞

⎜
⎝
⎛
∂
∂

=+
T
P

R
Mb1                       (6а) 

 
Бу гиймяти (1) тянлийиндя йериня йазсаг аларыг 

 

      00

T
P

R
Mb7574,0b4426,01 λ

ζ
ρξλλ

ρµ
⎟
⎠
⎞

⎜
⎝
⎛
∂
∂

+
+

= . (7) 

 
Молекулйар – кинетик нязяриййяйя эюря сейрякляшмиш 

газлар цчцн 
 

                                  lCc0 rεγρλ = ,                              (8)  
 
щарада ки, γ - юзлцлцк цчцн сабит, c  - молекулун орта 
сцряти, l- молекулун орта гачыш узунлуьу, Cв - изохор 
истилик тутуму, ε - ямсалдыр (Ейкен ямсалы). Бурада сабит 
εγ=E температурдан асылы олажаг. 

Билдийимиз кими 
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                         ;
Nd4
3l 2

tπ
v

=  3
t,pd

2
N

3
4b π= . 

Онда  
 

                        t,pp
0 dDCc

2
Eb v=λ                           (9) 

 

бурада dт – температурдан асылылыьы нязяря алан молеку-
лун диаметри; dп,т – щям температур, щям дя тязйигин 
тясирини нязяря алан молекулун диаметридир: 

 

                                              2
tp

2
t,p dDd = . 

 
(9) ифадясини вя M/TR3c µ=  - i нязяря алсаг (7) 

тянлийиндян йаза билярик 
 

                                            
ξ

ρξλλ
ρµ

b4426,01
T
PdDEC

R4
MT37574,0 0

t,ppv
+

+⎟
⎠
⎞

⎜
⎝
⎛
∂
∂

=                                            (10) 

 
Гябул етсяк ки, 
 

              t,ppv dDEC
R4
MT37574,0A

µ
λ = , 

 
онда 

 

       
ξ

ρξλλ
ρ

λ
b4426,01

T
PA 0 +

+⎟
⎠
⎞

⎜
⎝
⎛
∂
∂

=             (11) 

олар. Бурада Aλ=f(P,T) вя йа Aλ=f(ρ). 
Щесаблама эюстярир ки, Аλ-нин сыхлыгдан асылылыьы чох 

зяифдир вя мящдуд сыхлыг интервалында ону сабит гябул 
етмяк олар. (11) ифадясиндя ямсал ξ чох бюйцк олмайан 
сыхлыгларда беля шякил ола биляр: 

 

               .....b287,0b645,01 22 +++= ρρξ           (12) 
 

Бу гиймяти (11)-дя йериня йазсаг аларыг: 

 

                                               
ρ

λρρ
ρρλλ ⎟

⎠
⎞

⎜
⎝
⎛
∂
∂

+
+++
+++

=
T
PA

...b287,0b645,01
...b2855,0b4426,01

22

22
0 .                                                 (13) 

 
Ашаьы сыхлыгларда (13) ифадяси беля форма алыр: 
 

                           
ρ

λλλ ⎟
⎠
⎞

⎜
⎝
⎛
∂
∂

+=
T
PA0                            (14) 

 
чцнки 1lim

0
=

→ λρ
β , бурада 

 

                      
...b645,01
...b4426,01

++
++

=
ρ
ρβλ                   (15) 

 
Онда цмуми шякилдя йаза билярик 

 

                     
ρ

λλλβλ ⎟
⎠
⎞

⎜
⎝
⎛
∂
∂

+=
T
PA0 ,                     (16) 

 
йцксяк тязйиглярдя βλ=f(ρ) олмалыдыр. Беля чыхыр ки, бюйцк 
тязйиглярдя βλ - нин сыхлыгдан асылылыьыны эютцрмялийик вя 

демяли )(f
T
P ρ

ρ

=⎟
⎠
⎞

⎜
⎝
⎛
∂
∂

 олдуьундан  

 

                              
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛
∂
∂

=
ρ

λβ T
Pf                             (17) 

 
алынар. 

(17) – йя уйьун олараг (15) ифадясини беля йазмаг 
ялверишлидир 

 

                               
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛
∂
∂

+=
ρ

λ ϕβ
T
P1 .                   (18) 

 
Онда (16) тянлийиня ашаьыдакы шякили вермяк олар 

 

                               
n

0

T
P

ρ
λλλ ⎟

⎠
⎞

⎜
⎝
⎛
∂
∂

== а ,                     (19) 

 
щарадакы аλ=f(ρ) вя н= ф(ρ) функсийалары ρ-дан зяиф 
асылыдырлар. Эениш олмайан сыхлыглар интервалларында онлары 
сабит гябул етмяк мцмкцндцр. 

Термодинамик функсийаны термики тязйигля ифадя етсяк 

ρ
⎟
⎠
⎞

⎜
⎝
⎛
∂
∂

=
T
PTPt аларыг 

 

                                
n

t0

T
P
⎟
⎠
⎞

⎜
⎝
⎛=− λλλ а                         (20) 

 
Термики тязйиг молекулун истилик щярякятиля йараныр. 

Термики тязйиги тяйин етмяк цчцн ашаьыдакы дцстурдан 
истифадя етмяк ялверишлидир 
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⎢
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛
∂
∂

⎟
⎠
⎞

⎜
⎝
⎛
∂
∂

−=
T

t P
V/

T
VTP

ρ

.               (21)  

 
Бу тязйиги реал газларын щал тянликляриндян щесабла-

маг олар. Мясялян Ван-дер-Ваалсын щал тянлийиндян алы-
ныр: 

                        Пт=P+aρ2.                                (22) 
 
(19) асылылыьындан изафи истиликкечирмяни (λ-λ0) 

щесабламаг олар. Мизик вя Тодос [7] (19) тянлийини 
метанын истиликкечирмясиня тятбиг етмиш вя йахшы нятижя 
алмышдыр. 

Онлар метан цчцн эятирилмиш параметрлярдя беля 
асылылыг алмышлар 

 

 ,,1023,1
8/7

50

дяр⋅⋅
⎟
⎠
⎞

⎜
⎝
⎛
∂
∂

⋅=− −

sansm
kal

ωτ
πλλ   (23) 

 

тянлик 00,1≥⎟
⎠
⎞

⎜
⎝
⎛
∂
∂

ωτ
π

 щаллар цчцн алыныб. 

Бурада π, τ, ω - уйьун олараг эятирилмиш тязйиг, 
температур вя сыхлыгдыр: π=p/pк, τ=Т/Тк, ω=ρ/ρк. 

Гейд етмяк лазымдыр ки, Мизик вя Тодос (19) тянлийини 
емпирик формада истифадя етмишляр. 

(23) тянлийи логарифмик координат системиндя дцз хятт 
верир вя она эюря αλ вя n сабитляринин тапылмасы асанлашыр. 

[6] ишдя пропиленин истиликкечирмясинин тянлийи верилиб. 
Бурада бир-бириндян аз фярглянян ики айры-айры тянлик алыныр:

                                                                 302,0
T
P,

km
V,

T
P1035,3 tt

995,0
t20 <

⋅
⎟
⎠
⎞

⎜
⎝
⎛⋅=− −λλ - дя                            (24)  

вя  

                                                           302,0
T
P,

T
P1088,2 t

857,0
t20 >⎟
⎠
⎞

⎜
⎝
⎛⋅=−

↑
−λλ - дя                                          (25) 

 
Беляликля истиликкечирмянин термики тязйигдян асылылыьыны верян (19) тянлийи практики ишлянмяк цчцн чох ялверишлидир. 
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J.Y. Naziyev 

 
THEORETICAL RECEARCH OF THE DEPENDENCE OF THERMAL CONDUCTIVITY OF 

COMPRESSED GASES AND LIQUIDS ON THERMAL PRESSURE 
 
On the base of molecular – kinetic theory of compressed gases the dependence of excessive thermal conductivity on thermal 

pressure is considered in this paper. Theoretical equation for calculation of thermal conductivity at high pressures is obtained. 
 

Дж.Я. Назиев 
 

ТЕОРЕТИЧЕСКОЕ ИССЛЕДОВАНИЕ ЗАВИСИМОСТИ ТЕПЛОПРОВОДНОСТИ СЖАТЫХ ГАЗОВ И 
ЖИДКОСТЕЙ ОТ ТЕРМИЧЕСКОГО ДАВЛЕНИЯ 

  
На основе молекулярно – кинетической теории сжатых газов в статье рассматривается зависимость избыточной 

теплопроводности от термического давления. Получено теоретическое уравнение для вычисления теплопроводности при высоких 
давлениях.  
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LAX PAIR PRESENTATION  

OF WZNW MODEL 
 

M.A. MUKHTAROV 
Institute of Mathematics and Mechanics 

370602, Baku, F.Agaev str. 9, Azerbaijan 
 
One dimensional WZNW model obtained as a reduction of self-dual Yang-Mills equations has been presented in the normal Lax pair 

form. 
 

1. The problem of constructing of the solutions of self-
dual Yang-Mills (SDYM) model and its dimensional reduc-
tions, the one dimensional WZNW model in our case, in the ex-
plicit form for arbitrary semisimple Lie algebra, rank of 
which is greater than two, remains important for the present 
time. The interest arises from the fact that almost all inte-
grable models in one, two and (1+2)-dimensions are symme-
try reductions of SDYM or they can be obtained from it by 
imposing the constraints on Yang-Mills potentials [1-12].  

This work is a direct continuation of [11], where the exact 
solutions have been derived with the use of Riemann Hilbert 

Problem formalism. The aim is to apply to this problem the 
discrete symmetry transformation method [12] that allows 
generating new solutions from the old ones in much more 
easier way than applying methods from [11]. The Lax pair 
presentation of the model under consideration is the first step 
in this program that we hope will give us a key to construct 
solutions for an arbitrary semisimple algebra.  

2. The one dimensional reduction of self duality equations 
obtained in [11] are the equations for the element f, taking 
values in the semisimple algebra, 
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Here ±XH ,  are generators of ),2((
1

CSLA  algebra 
 

                        [ ] [ ] ±±−+ ±== X2X,H,HX,XM  
 

embedded to gauge algebra in the half-integer way. 
Let’s rewrite (1) in the equivalent form: 
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This equation after changing the variable rt ln= has the following form 
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Introducing the notation  
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Due to the evident equality 
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the last equation can be rewritten in a form 
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In terms of these notations we have from (3) the follow-

ing expression 
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Let’s introduce the notation 
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Then (4) has a form 
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The equation (5) is one-dimensional evolution equation 
defined by Lax pair operators and it is one of the principal 
criteria of equations integrability. 

3.     From the presentation (5) it is followed that 
 

                          nforspF
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and solution of the equations can be found in a form 
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0

−ϕϕ= FF ,                                           (6) 
 

where )(tϕ  takes values in the corresponding Lie group 

and 
00 =

=
t

FF . 
From equation (5) and presentation (6) it is directly fol-

lowed the expression for the operator A : 
 

                      )( /1/

t
A

∂
ϕ∂

=ϕϕϕ= −                      (7) 

 

Let’s consider the commutator of F with +X : 

]].~,[,[]~,[])~,[(

]]~,[,[]~,[2]~,[

]]~,[,[]~,[],[],[

fXeHfXefXe
t

H

fHXefXefX
t

eH

fHXefX
t

eXXFX

ttt

ttt

tt

+++

+++

++−++

+−
∂
∂

−=

=+−
∂
∂

−=

=+
∂
∂

−=

 

 

Taking into account (6) and (7) the last expression can rewritten in a form 
 

],[)(],[ 1/1//1/1
0

−−−−+ ϕϕ+ϕϕ−ϕϕ−=ϕϕ HHFX . 
 

Making the substitution qeHt=ϕ and introducing a new 

variable te−=τ , we have another form of equation (1) 
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                            (8) 

Equation (8) is one-dimensional WZNW (Wess-Zumino-
Novikov-Witten) equation [16-18] and its partial exact solu-
tions are the subject of further publications. 
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WZNW МОДЕЛИНИН ЛАКСА ЖЦТЦ ЩАЛЫНДА ТЯГДИМ ОЛУНМАСЫ 
 
Àâòîäóàë Éàíã-Ìèëëñ òÿíëèêëÿðèíèí ðåäóêñèéàñûíäàí àëûíàí áèðþë÷öëö WZNW ìîäåëè Ëàêñà úöòöíöí íîðìàë òÿãäèì îëóíìà-

ñûíà ýÿòèðèëèá. 
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ПРЕДСТАВЛЕНИЕ МОДЕЛИ WZNW В ВИДЕ ПАРЫ ЛАКСА 
 

Одномерная модель WZNW, полученная редукцией автодуальных уравнений Янга-Миллса, сведена к нормальному представ-
лению пары Лакса. 
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DYNAMICAL PROPERTIES OF THE ALLATOSTATIN IV NEUROPEPTIDE SIDE CHAINS 

IN WATER SOLUTION 
 

M.A. MUSAYEV, L.I. VELIEVA, I.N. ALIEVA, N.M. GOJAYEV 
Baku State University, Department of Physics, Laboratory of Molecular Biophysics,  

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

The conformational flexibility of the allatostatin IV neuropeptide side chains in water solution has been investigated by the method of 
molecular mechanics using atom-atomic potential functions. The series of conformational maps of the potential surfaces were constructed 
over the angles of the side chains for lowest energy-minimized conformation of the molecule. Permissible deviations of these angles from the 
optimal values were determined.  

 
1. Introduction 
 
Allatostatins are a family of neuropeptides that inhibit 

juvenile hormone (JH) synthesis by the corpora allata (CA) in 
cockroach and related insects [1]. These peptides are 
produced by cells of the brain and ganglia as well as by 
midgut endocrine cells [2,3]. Allatostatins have also been 
identified and purified from muscle tissue, suggesting that 
these molecules may have other roles apart from regulation of 
JH production [4]. Here we describe in detail conformational 
dynamics of the allatostatin IV neuropeptide initially isolated 
from brains of the virgin female the cockroach Diploptera 
punctata [2,3]. The primary structure of this neuropeptide 
was assigned as Asp1-Arg2-Leu3-Tyr4-Ser5-Phe6-Gly7-
Leu8-NH2. To clarify the mechanism and specificity of action 
of the allatostatin IV neuropeptide the permissible deviations 
of the side chains dihedral angles each amino acid residue 
from the optimal values for the preferable conformation in 
water solution was determined. Such study may provide 
important information regarding the structural and 
conformational features important for structure-function 
relationship of the allatostatin IV neuropeptide.  

 
2. Computational method    
 
Calculations have been carried using molecular 

mechanics method. Molecular mechanics is a computational 
method designed to give accurate structures and energies of 
molecules. It treats molecules as collections of masses that 
are interacting with each other via Van der Waals, 
electrostatic and torsion forces between non-bonded atoms. 
Mathematical functions of the atomic coordinates (called 
potential energy functions) are used to describe these 
interactions. Various parameters derived from experimental 
observations are included in the potential energy function. 
The energy of Van der Waals interaction has been described 
by Lennard-Jones potential with parameters proposed by 
Momany et al.[5]. A contribution of electrostatic interactions 
has been taken into account in a monopole approximation 
according to Coulomb’s law with single atomic charges 
proposed by Momany et al [5]. The influence of solvent is 
included in the dielectric constant (ε). Since conformations of 
neuropeptide have to be analyzed in an aqueous environment, 
the dielectric constant is assumed to equal 10 as described in 
[6] and hydrogen bonds calculated from the Morse potential 
are supposed to be weakened with maximum energy of 

1.5kcal/mol at NH...CO distance r0=1.8Å [6]. Torsion 
potentials and barriers to rotation about bonds Cα-N(ϕ) and 
about side chains bonds (χ) were as proposed by Momany et 
al [5]. The nomenclature and conventions adopted are those 
recommended by IUPAC-IUB [7]. Low-energy 
conformational state of the allatostatin IV neuropeptide 
(fig.1) was found by locating the global minima on a 
potential energy surface using energy minimization 
procedure in our previous study [8]. The motions of the 
amino acid residues side groups are governed by the 
conformation of the neuropeptide main chain, and it is 
expected that the studies of the motions of the side groups 
may provide information on the allatostatin IV neuropeptide 
molecular structure in detail. By conformational analysis, we 
estimated the probability distributions of side chain angles  
(χ1, χ2, χ3...) each amino acid residue of the molecule. The 
conformational search was confined near the calculated 
distributions of backbone dihedral angles of each amino acid 
and includes the following steps: 

1. Conformational maps, i.e. energy contour maps as a 
function of backbone angle ϕ and side chain angles χ1,χ2,χ3 
were constructed for calculated lowest energy conformation 
(Table 1) of the allatostatin IV neuropeptide keeping all bond 
lengths, bond angles and peptide bond dihedral angles ψ and 
ω fixed. The angles ϕ-χ1, ϕ-χ2, ϕ-χ3, and χ1-χ2 or χ2-χ3 
varied at intervals of 300. 

2 After defining low-energy regions similar 
conformational maps were produced for the particular ϕ-χ1, 
ϕ-χ2, ϕ-χ3, and χ1-χ2 or χ2-χ3 values at a 50 step, yielding in 
this way the detailed potential surfaces for the side chains of 
the molecule. 

3. Structures resulting from step 2 are locally minimized. 
 
3. Results and discussion 
   
The results of conformational maps analysis which reflect 

the dynamics of functionally important side chains of the 
allatostatin IV neuropeptide are shown in figs.2-8. The values 
of dihedral angles corresponding to the optimal energy are 
marked by crosses; and the energy on equipotential lines is 
given in kcal/mol. Values for χ1, χ2 and χ3 described low-
energy states of the allatostatin IV side chains angles were 
taken from molecular mechanics calculation described above 
(Table 1). 
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                                                                                                                                                                                Table 1. 
The values of the dihedral angles (in degree) of the lowest energy conformation of the allatostatin IV neuropeptide 

Residue Dihedral angles Fig. 1. Lowest energy conformational state of  
      the allatostatin IV neuropeptide [8]. 

Asp1 ϕ=-89,   ψ=-44,  ω=178, χ1=54,  χ2 =105  

Arg2 ϕ=-134, ψ=97,   ω=179, χ1=-67, χ2 =174, χ3=161 

Leu3 ϕ=-99,   ψ=94,   ω=183,  χ1=54,  χ2 =177, χ3=182 

Tyr4 ϕ=-150, ψ=165, ω=177,  χ1=-67, χ2 =95, χ3=180 

Ser5 ϕ=-71,   ψ=-52,  ω=171,  χ1=56,  χ2 =177 

Phe6 ϕ=-60,   ψ=-29,  ω=178,  χ1=62, χ2 =81 

Gly7 ϕ=80,    ψ=-77,  ω=182 

Leu8 ϕ=-104, ψ=-60, ω=179,  χ1=-53, χ2 =176, χ3=186 

Econf  -36, 9 kcal/mol  

  
Three conformational maps of the potential surfaces were 

constructed over ϕ-χ1, ϕ-χ2, and χ1-χ2 angles of the Asp1 
residue in the lowest energy conformational state of the 
allatostatin IV neuropeptide (fig.2). These maps take into 
account the low-energy state of the asparagine residue, 
thereby displaying the minima of the potential functions at all 
possible values of the χ1 and χ2 angles. As can be seen in 
fig.2, the optimal positions of the Asp1 side chain are close to  

minima of their torsional potential, i.e.χ1 may populate ±60, 
1800 and deviations by ±200 from minimal values are 
possible for backbone ϕ angle. Calculated results indicate 
that χ2 for Asp1 can take two values -60 and 1000, and the 
low-energy changes of this angle in the range of ±150 are 
allowed (fig.2). The plot of the χ1 and χ2 angles distributions 
is given in fig.3. 

 

 
Fig. 2. Energy contours (in kcal/mol) as a function ϕ-χ1; ϕ-χ2 ; and χ1 -χ2 of the Asp1 for lowest energy conformation of allatostatin IV  
            neuropeptide. 

 
A further calculation scheme included a study of low-

energy regions for the Arg2 positively charged side chain. 
The calculation was made by constructing three 

conformational maps over the ϕ-χ1, ϕ-χ2, ϕ-χ3 angles, based 
on low-energy structure of allatostatin IV neuropeptide 
(fig.4). 
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As can be seen from fig.4, the energies of the 
conformations that correspond to the positive value of the ϕ 
dihedral angle are approximately 24,1 kcal/mol higher than 
those with negative values. The low-energy changes from -
600 to -1200 of the ϕ angle and from -1200 to -600 of the χ1 
angle are allowed. Calculated results indicate that χ2 for Arg2  
can take values -60 and 1800, and low-energy changes of this 
angle in the range of ±150 are allowed. There is very 
restricted low-energy region for one value of χ3 for Arg2, i.e. 
at 1800 . The permissible deviation by ±50 from optimal value 
of this angle is revealed. This result suggest that not only the 
positive charge of the amino acid residue at position 2, but 
also the length of the side chain seem to be important for the 
three-dimensional structure of the neuropeptide. Fig.5 
describes distributions of the arginine χ1 and χ2 dihedral 
angles in the lowest energy conformation of the molecule. 

 
Fig. 3. A plot of the distribution of the Asp1 χ1 and χ2 dihedral  
           angles. The x-axis is the value of the dihedral angle, from  
         -180 to +180°, with the distribution in 30° bins. The y-axis  
          is the relative conformational energy of the molecule in  

                kcal/mol. 

 
Fig. 4. Energy contours (in kcal/mol) as a function ϕ-χ1 ; ϕ-χ2 ; and  ϕ-χ3  of the Arg2 for lowest energy conformation of allatostatin IV  
            neuropeptide. 

 
 
Fig. 5. A plot of the distribution    of the Arg2 χ1 and χ2 dihedral    
           angles.  

 

For the leucine part of the allatostatin IV neuropeptide, 
the permissible deviations of the backbone ϕ and χ1,χ2 side 
chain angles are calculated by constructing ϕ-χ1 and ϕ-χ2 
conformational maps. It must be noted that the dihedral angle 
χ3 and χ4 which determines the spatial state of the end group 
of the leucine residue, does not contribute significantly to the 
stabilization of the spatial structure. Conformational maps 
that indicate the restricted conformational mobility of the 
Leu3 backbone are given in fig.6. As can be seen in fig.6, the 
positive values of ϕ angle form forbidden region in 
conformational map. There are low-energy regions for χ2 for 
Leu3, i.e. at ±600  and only one for χ1, which corresponds to 
1800 (fig.7). Through computer simulation, it was found that 
the effects caused by variation of χ3 and χ4 angles are small 
compared with those caused by χ2. 
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Fig. 6. Energy contours (in kcal/mol) as a function ϕ-χ1 and ϕ-χ2  of the Leu3 for lowest energy conformation of allatostatin IV  
           neuropeptide. 
 

 
Fig. 7. A plot of the distribution of the Leu3 χ1 and χ2 dihedral angles.  
 
Fig.8,a and b show the energy contours of ϕ, χ1 and χ2  

angles for Tyr4. The ϕ angle for Tyr4 has a weak 
conformational mobility, i.e. its low-energy change by ±50 is 
possible here. Two minima for χ2 (±900) and only one for χ1 

(-600) side chain angles are found (fig.9). The angle χ3 for 
Tyr4, which defines the orientation of hydroxyl group OH, 
has a noticeable conformational flexibility.  

 
Fig. 8. Energy contours (in kcal/mol) as a function ϕ-χ1 and ϕ-χ2 of the Tyr4 for lowest energy conformation of allatostatin IV  
            neuropeptide. 

 

 
 
Fig. 9. A plot of the distribution of the Tyr4 χ1 and χ2 dihedral  
           angles.  

 

 
The side chain of the next Ser5 amino acid residue is 

characterized by significant conformational mobility (fig.10). 
In spite very fixed backbone, there are two low-energy 
regions in the ϕ-χ2  conformational map. The low-energy 
changes from -1800 to 1800 for χ1 and it is possible from 900 
to 1800 and from -600 to 1800 for χ2  (fig.11). 

A further calculation scheme included a study of low-
energy regions for the Phe6 side chain. Calculation was made 
by constructing two conformational maps over the ϕ-χ1  and 
ϕ-χ2 angles, based on low-energy structures of allatostatin IV 
neuropeptide. The energies of the conformations that 
correspond to the positive values of the ϕ dihedral angle are 
equal approximately 60 kcal/mol that higher than those with 
negative values. Calculated results indicate that χ2 angle for 
Phe6 can take to opposite values ±900, and low-energy 
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changes of this angle in the range of ±200 are allowed (fig.12 and fig.13). 

 
Fig. 10. Energy contours (in kcal/mol) as a function ϕ-χ1 and ϕ-χ2 of the Ser5 for lowest energy conformation of allatostatin IV  
              neuropeptide. 

 

 
Fig. 11. A plot of the distribution of the Ser5 χ1 and χ2 dihedral angles.  

 
 

 

 
Fig. 12. Energy contours (in kcal/mol) as a function ϕ-χ1 and ϕ-χ2  of the Phe6 for lowest energy conformation of allatostatin IV  
              neuropeptide. 
 
 

 
 

Fig. 13. A plot of the distribution of the Phe6 χ1 and χ2 dihedral angles.  
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Three conformational maps of the potential surfaces were 
constructed over the ϕ-χ1, ϕ-χ2, and ϕ-χ3 of the Leu8 for 
lowest energy conformation of allatostatin IV neuropeptide. 
The conformational maps, which indicate the forbidden zone 
that correspond to the positive values of ϕ backbone angle 

are given in fig.14,a and b. χ1 dihedral angle may populate 
two states ±600, but there is only one possible state for χ2 
dihedral angle (fig.15). 

 
Fig. 14. Energy contours (in kcal/mol) as a function ϕ-χ1; ϕ-χ2 ; and ϕ-χ3 (c) of the Leu8 for lowest energy conformation of allatostatin  
             IV neuropeptide. 

 

 
Fig. 15. A plot of the distribution of the Leu8 χ1 and χ2  

                    dihedral angles.  

 
 
 

The obtained data allow one to conclude that, in spite of 
considerable conformational mobility of the molecule, only 
Ser5 side chain has a noticeable conformational mobility. The 
reported results may serve as the basis for investigations of 
the structure-function relationship of the allatostatin IV 
neuropeptide. 
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АЛЛАТОСТАТИН IV НЕЙРОПЕПТИДИНИН СУ МЦЩИТИНДЯ 
ЙАН ЗЯНЖИРЛЯРИНИН ДИНАМИК ХЦСУСИЙЙЯТЛЯРИ  

 
Aтом-атом потенсиал функсийалардан истифадя едилмякля молекулйар механика цсулу иля аллатостатин IV нейропептидинин су 

мцщитиндя амин туршулары галыгларынын йан зянжирляринин конформасийа мцтящярриклийи тядгиг едилмишдир. Нейропептидин йан 
зянжирлярляринин икицзлц бужагларынын фырладылмасы йолу иля молекулун глобал конформасийасы цчцн потенсиал чяпярин щцндцрлцйцнц 
тясвир едян конформасийа хяритяляри гурулмушдур. Икицзлц бужагларын юз оптимал гиймятляриндян ижазя верилян                   
кянара чыхмалары мцяййян олунмушдур.  
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М.А. Мусаев, Л.И. Велиева, И.Н. Алиева, Н.М. Годжаев 
 

ДИНАМИЧЕСКИЕ СВОЙСТВА БОКОВЫХ ЦЕПЕЙ НЕЙРОПЕПТИДА АЛЛАТОСТАТИНА IV В 
ВОДНОЙ СРЕДЕ 

 
Методом молекулярной механики с помощью атом-атомных потенциальных функций исследована конформационная 

подвижность боковых цепей аминокислотных остатков нейропептида аллатостатина IV в водной среде. Построены 
конформационные карты, описывающие сечения потенциальной поверхности для глобального конформационного состояния 
молекулы путем варьирования двугранных углов в боковых цепях нейропептида. Установлены допустимые отклонения 
двугранных углов от их оптимальных значений. 
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THE BLUR OF THE ORDER PARAMETER IN ARGENTUM CHALCOGENIDE IN THE 

REGION OF THE PHASE TRANSITION 
 

S.A. ALIYEV 
Institute of Physics of NASA, Baku-1143, G. Javid av., 33 

 
The temperature dependence of the order parameter η in argentums chalcogenides is defined using the temperature differential 

coefficient of the inclusion function in the zero approximation. It is revealed, that η in the region of the phase transition (PT) is strongly 
blurred. It is established, that Ag2Te, Ag2Se and Ag2S achieve only 69%, 52% and 49% in the phase disorder region PT correspondingly. 
 

The order parameterη, characterizing the physical state 
of the phases in PT region takes the important place among 
the parameters, describing the PT. That’s why the 
investigation of the temperature dependence η(T) in PT 
region can add the current information about PT nature in 
argentums chalcogenides and give the comprehensive data 
about phase disorder in PT process. 

According to the classic theory of PT, the η parameter is 
considered for the ordered system η≠0, and for the unordered 
system η=0. In such interpretation PT can be considered as 
the system transfers from the ordered state into unordered 
one. The η parameter depends on T at the constant pressure, 
and achieves the zero meaning in PT-T0 point, when the 
ordering disappears.  

However, in the common case the change of η near PT 
can be as in spurts, so constantly. These questions had been 
considered in the refs [1-3], in which Landau developed his 
theory for PT of II type, considering them more interesting as 
physical ones. But the main conditions are applied for 
another PT also. Taking under the consideration the small 
meaning of η near PT-T0, analyzing the thermodynamic 
potential P(η), depending on η, we obtain: 

 
                 Φ=Φ0+αη2+β/2η4 ,                      (1) 
 

Where Φ0 is thermodynamic potential of the disordered 
phase, α and β are decomposition coefficients. Using the 
equilibrium conditions for the thermodynamic potential of the 
ordered phase at the given pressure, we obtain: 

 
                       α(T)=α0(T-T0) ,                             (2) 
 

where α0>0. As β changes weakly near PT-T0 point, so 
changed it on β0>0 and limited by the quadratic member, we 
obtain 

 
                        η2=α0(T0-T)/β0 ,                          (3) 
 

being the main result of Landau theory for PT II. 
But it is need to note, that the fluctuation of the 

compound and other physical values, order parameter η, also 
as PT parameters and the thermodynamic parameters, can be 
blurred because of the existing the microgeterogeneities in 
the solid bodies. The given question is discussed in the ref [4] 
and the model of the elementary subsystems (ES) is supposed 
to use for its decision. Toward this end the system can be 
divided on the big number of ES with the similar volumes v0 
near PT point.  Such system is characterized by the 

macroscopic temperature T and macroscopic point PT-T0. 
The separate ES have local temperatureτ, differed from all T 
sample. If change of T carries out slowly enough, then the 
definite distribution of ES on the local temperatures carries 
out at the each meaning of the temperature. For comfort of 
the calculations, the local temperature of ES τ is accounted 
from average T as θ=T-τ . Designating the being probability 
of ES through W(θ) with the local temperature in the limits 
from θ till θ+dθ, we obtain 

 
                       dW(θ)=ϕ(θ)dθ ,                            (4) 
 

where ϕ(θ) presents the probability density, the norm of 
which is equal to one. Knowing the distribution probability of 
dW(θ), it is possible to calculate the temperature dependence 
η(T). Designated the order parameter through η2(τ, θ) at the 
macroscopic temperature t=T-T0 of that part of the system, 
the local temperature of which is in the limits from θ till 
θ+dθ, then at t we obtain: 

 
        η2(t)=∫ η2(t•θ)dθ=∫ η2(t·θ)φ(θ)d(θ)            (5) 
 
As it is seen it is need to know the distribution function 

of ES on the local temperatures ϕ(θ) and the order parameter 
of the separate ES for the calculation of square of order 
parameter η2(t). It is supposed, that the first from them can be 
defined on the base of the common introduction of the 
fluctuation theories, and second one is defined by PT 
character in the separate ES (PT of I and PT of II type). In the 
case, when ES consist on the PT of II type, without taking 
under consideration of effects of anisotropy and elastic 
stresses on the base of formulae (3), we obtain: 

 
          η2(Т,θ) = α0/β0 (θ- t),    (at t≤θ)               (6) 
 
And consequently 

                   η2(t)= α0/β0∫
∞

t

φ(θ)ּ(θ-t)dθ.              (7) 

As it was mentioned, it is need to apply the fluctuation 
theory for the calculation of ϕ(θ). In [4] the case of small 
fluctuations, realizing on practices very often is considered, 
at which 

              dW(θ)= θ
ν
θ

ν
d

n
)exp(1

2

2

− ,                 (8) 

 
where v parameter characterizes the given distribution. 
Considering v as the constant value, we obtain:
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where 

Ф(х)= dxхехр
х
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⎠
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⎛
−⋅

0

2
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In ref. [4] the calculations η(t) for PT of II type had been 
carried out. For this the definite simplifications and 
admissions, defensible for the common theoretical evaluation 
η(t) had been carried out. The obtained data are compared 
with the calculated curves, carried out on Landau classic 
theory (on formulae 3). It is shown, that the blur of order 
parameter η has place in the case of the heterogeneity in the 
solid bodies in region of PT of II type. At the same time, it is 
observed, that the blur of η can take place at the other PT.  

The task in the given ref. leads to the selection method 
for the definition of the order parameter η and the degree of 
its blur in PT region of argentums chalcogenides, having the 
structural PT. In principle, ES model can be applied to the 
argentums chalcogenides, considering α-phase till phase 
transition  through the ordered system, and the inclusion of 
germs of β-phase in each PT point through elementary 
subsystems, having local temperatures θ=T-τ and creating the 
disordering of phase system. However, as it is seen from (9) 
the v parameter, characterizing the distribution of small 
fluctuations, thermodynamic potential Φ(x), the local 
temperatures of germs, and other parameters, the values of 
which in the difference from the theoretical evaluations η is 
hard to define for the concrete crystal, enter in their 
expressions. At the same time, it is known, that the 
differences in the character of the phase transitions is more 
clear revealed with the help of the physical values, connected 
with the differential coefficients of parameters, characterizing 
PT. The L0(T) and dL0/dT have been investigated for the 
argentums chalcogenides in refs [5-8] and it is shown, that PT 
are strongly blurred in them. That’s why the blur of order 
parameter η in PT region can be considered by the 
introduction of dL0/dT in the formulas (3) or (9) in the form: 

 

η2(t)= [ ]{ }00
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Fig.1. Temperature dependence of order parameter in             
           argentums chalcogenides: а-Ag2Te,  в-Ag2Se и  с-Ag2S. 
 

where a0 is temperature constant of PT, characterizing the 
blur degree of PT. Then the temperature motion η(t) in the 
ordered region is defined by the formula (3), and in PT region 
is defined by formulae (10). The calculation results, carried 
out for the Ag2Te, Ag2Se and Ag2S samples (with excess 
Te≈0,75at.%) in SPT (α’ -β’) with the use of a0 and dL0/dT 
parameters [5-8], are presented on the fig.1. At the 
calculations β0 was considered constant (β0>0), and α0 was 
selected analogically to the theoretical calculations, carried 
out in ref [4]. The ration α0/β0in PT region didn’t influence 
significantly on η(T). As it is seen from the figure, the change 
of η(T) at PT hasn’t clearly spasmodic type, has the wide 
interval ∆T, the curve η(T) is strongly blurred near PT-T0 
point and η0 meaning is more bigger than zero. All this 
shows on the strongly blur of order parameter. Physically it 
means that disordering of the phases at PT in the argentums 
chalcogenides doesn’t carry out totally, as it is followed from 
the classical theory. In Ag2Te, Ag2Se and Ag2S the 
disordering of phases in PT region achieves only 69%, 62% 
and 49% correspondingly. 
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С.А. Ялийев 
 

ФАЗА КЕЧИДИ ОБЛАСТЫНДА ЭЦМЦШ ХАЛКОГЕНИДЛЯРДЯ НИЗАМЛЫЛЫГ ПАРАМЕТРИНИН ЙАЙЫНЫГЛЫЬЫ 
 

Сыфырынжы йахынлашмада дахилолма функсийасынын тюрямясинин температур асылылыьындан истифадя едиляряк эцмцш 
халкогенидлярдя η низaмлылыг параметринин температур асылылыьы тяйин едилмишдир. Фаза кечиди (ФК) областында η-нин 
кяскин йайыныг олмасы мцшащидя едилмишдир. ФК областында Аэ2Те, Аэ2Се, Аэ2С –дя фазаларын йайыныглыьынын уйьун 
олараг 69%, 52% вя 49% олдуьу эюстярилмишдир.  
 

С.А.Алиев 
 

РАЗМЫТИЕ ПАРАМЕТРА УПОРЯДОЧЕНИЯ В ХАЛЬКОГЕНИДАХ СЕРЕБРА В ОБЛАСТИ 
ФАЗОВОГО ПЕРЕХОДА 

 
Используя температурную производную функции включения в нулевом приближении определена температурная 

зависимость параметра неупорядоченности η в халькогенидах серебра. Обнаружено, что в области фазового перехода 
(ФП)  η сильно размыт. Установлено, что разупорядочение фаз, в области ФП Ag2Te, Ag2Se и Ag2S достигает только 
69%, 52% и 49% соответственно. 
 

Received: 15.06.05 
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THE EQUATIONS FOR THE MULTI-QUARK GREEN FUNCTION IN NAMBU-JONA-

LAZINIO MODEL 
 

R.G. JAFAROV 
Baku State University, AZ1148 Baku, Z.Khalilov, 23 

 
The equations for the multi-quark Green functions have been obtained in the decay of the average field with bilocal source in NJL 

model. 
 

The equations for many-particle functions play very 
important role at the description of the connected states, the 
scattering of connected states on particles, the scattering of 
the connected states on connected states and e.t.c. The first 
representative of the family of the many-particle equations is 
the well-known Bethe-Salpeter (BS) equation [1] for the two-
particle Green function. The generalization of BS equation in 
the case of three or more particles is given in the refs [2-4]. 
These generalizations are based on the analysis of the 
Feynman diagrams of the perturbation theory and all 
statements concerning nucleus structure have clearly 
perturbative character. The main disadvantage of these 
diagram methods is that practically all statements can be 
formulated only as the verbal recipes and they aren’t 
subordinated to the formalization that makes the investigation 
more difficult. 

However, there is natural language for the description of 
the many-particle equations in the limits of Legendre field 
theory. Legendre functional transformations allow to obtain 
the equations for the many-particle Green functions as the 
direct consequences of the field equations. In the ref [5] 
Legendre transformations are applied to the study of n-
particle equations for fermions. 

In the present ref in the limits of Nambu-Jona-Lazinio 
(NJL) [6,7] the equations for the many pointed functions are 
obtained. At the obtaining of these equations the iterative 
scheme (one of the variants of field degradation), supposed in 
refs [8,9], which is based on the approximation system of 
Shwinger-Dayson (SD) equations for the functional of Green 
functions with the exactly solvable equation. 

Let’s consider NJL model with Lagrangian  [7,10]: 
 

  ( ) ( ) ( )[ ]2
5

2
0 2

ψτγψψψψψ aigmiL ++−∂= € , (1) 

 

which we will call SU(2) model of NJL. Here, g>0 is the 
constant of the connection with the dimension of square of 
reverse mass. Lagrangian is invariant with respect to the 
transformations of chiral group ( ) AV SUSU )2(2 × .  

( )c
jxαψψ ≡  and −=== ατα jkc jnc .2,1;,...,1;4,...,1  

are generators of SU(2) group (Pauli matrix): 
 
               ;3,2,1, =+= ai cabcabba τεδττ ; 
 

which are normed by the following method: 
 
                              .2 abbatr δττ = . 
 
The SD equation is defined from the ratio [10]: 
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where η is the bilocal source of the quarks and  
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The transmission invariance of the measure of functional 

integration in (2) leads to the functionally-differential SD 
equation for the generating functional: 
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The solution of this equation we will find by the method, 

supposed in the refs [8,9]. Further, we will consider the chiral 
limit (m0=0). The unique connected function of the main 
approximation is the free quark propagator. In the first step of 
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iteration the equations for the two-particle Green function 
(four-tail) and for the addition to the quark propagator appear 
[10]. 

The equation for the functional of n-step ( )nG  has the 
form:
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The solution for the equation (4) we will find in the form ( ) ( ) ( )0GPG nn = , where ( ) 10 ≡P . The equation for P(n)  will 

have the form 
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According to the equations for P(n) (5) the equation for the second step of iteration will have the form: 
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The solution of the equation (6) we will find in the form: 
 



THE EQUATIONS FOR THE MULTI-QUARK GREEN FUNCTION IN NAMBU-JONA-LAZINIO MODEL 

 29
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(here Tr means the step in the operative meaning, and ∗ - 
means operator multiplication). The solution of the equation 
of the first step of iteration has been chosen in the form [10]. 
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Substituting expressions (7) and (8) in (6), making one 
differentiation and switching on searches η (i.e. η=0)            
we obtain the equation for propagator of second step of 
iteration 
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After analogical procedure we will obtain the equations for the rest functions of the second step ( ( )2

2S  – two-particle, ( )2
3S  

– three-particle and ( )2
4S  – four-particle functions) of SU (2) of NJL model: 
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The equations (11) and (12) are new in the given 

iteration scheme, and the equations (9) and (10) for the two-
particle function ( )2

2S  and for propagator ( )2S  have the same 

forms (see [10]), that the equations of the first step have, 
except of the nonhomogeneous members, in which the four-
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particle function ( )2
4S  and three-particle function ( )2

3S  of the 
second step are included. 

Here it is need to note, that the third step of iterations 
leads to the appearance of the equations for the six-particle 
(twelve-tail), fifth-particle (ten-tail), four-particle (eight-tail), 
three-particle (six-tail), two-particle (four-tail) one-particle 

(propagator) functions. The above obtained equations allow 
to make the consequent theoretico-field calculation of the 
characteristics of hadronic decays, and also to investigate the 
possibilities of the dynamic description in the limits of the 
supposed approach of the interaction of the nucleons and new 
exotic baryons of pent quark type. 
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ÎÏÒÈÊ ÊÀÍÀËËÀÐÄÀÊÛ ÌÓËÒÈÏËÈÊÀÒÈÂ ÌÀÍÅßËßÐÈÍ ÒßÑÈÐÈÍÈÍ  

ÀÉÛÐÛÚÛ ÏÀÐÀÌÅÒÐËß ÃÈÉÌßÒËßÍÄÈÐÈËÌßÑÈ  

 
Ð.À. ÀÁÄÓËËÀÉÅÂ, Ì. ÉÖÊÑßÊ  

Ãàôãàç Óíèâåðñèòåòè, Ãàðñ, Òöðêèéÿ 
 

Ìÿãàëÿäÿ èíôîðìàñèéà äàøûéàí ôàéäàëû ñèãíàëûí îïòèê êàíàëäà ìåéäàíà ýÿëÿí ìóëòèïëèêàòèâ (ìîäóëåäèúè) ìàíåÿëÿð òÿðÿôèíäÿí ÿëàâÿ áèð 
àìïëèòóäà ìîäóëéàñèéàñûíà óüðàäûüû âÿ áóíóí íÿòèúÿñèíäÿ ñèãíàëûí îðòèìàë ãÿáóëóíóí ïèñëÿøäèéè ýþñòÿðèëèð. Áóðàäà òÿêëèô åäèëÿí àéðûúû ïàðà-
ìåòð âàñèòÿñèëÿ ìöõòÿëèô ìóëòïëèêàòèâ ìàíåÿëÿð éàðàíàí îðòèê  êàíàëûí åôåêòèâëèéè ùÿð áèð ùàë ö÷öí àéðûúà ñòàòèñòèê õàðàêòåðèñòêàëàðû ùåñàá-
ëàìàäàí êåéôèééÿòúÿ ãèéìòëÿíäèðèëÿ áèëèíäèéè ÿñàñëàíäûðûëûð. Ùåñàáëàìàëàð ùÿð áèð ìóëòèïëèêàòèâ ìàíåÿíèí ñèãíàëûí ãÿáóëóíó ÷ÿòèíëÿøäèðäèéèíè, 
áó òÿñèðèí ñèãíàëûí âÿ ìàíèéÿíèí íèñáè äèñïåðñèéàñûíà áàüëû îëäóüóíó ýþñòÿðèð. Áó íþãòåéè-íÿçÿðäÿí ëàçåð øöàëàíìàñûíà ìóëòèïëèàòèâ ìàíåÿëÿ-
ðèí òÿñèðè äàùà àç îëäóüóíäàí èíôîðìàñèéàíûí þòöðöëìÿñè ö÷öí äàùà éàðàðëû îëäóüó íÿòèúÿñèíÿ ýÿëèðèê.  

 
Ýèðèø 
 
Èíôîðìàñèéàíûí îðòèê äèàïîçîíäà þòöðöëìÿñè çàìàíû áó 

äèàïîçîíà áàüëû îëàí éåíè õöñóñèééÿòëÿð îðòàéà ÷ûõàðûð.  Îïòèê 
ñèãíàëûí êè÷èê èíòåíñèâëèêëÿðèíäÿ ñèãíàëûí îïòèìàë ãÿáóëóíäà 
êâàíò-ñàé ìåòîäóíäàí èñòèôàäÿ åäèëèð, éÿíè ùÿð áèð èíôîðìà-
ñèéà ñèìâîëóíà ìöÿééÿí áèð Ò çàìàí ìöääÿòèíäÿ ãåéä îëó-
íàí ôîòîí ñàéû óéüóí ýÿëèð. Ìÿëóì îëäóüó êèìè îïòèê êàíàëûí 
èíôîðìàñèéà òóòóìó áóðàäàêû äàõèëè âÿ õàðèúè ìàíåÿëÿðëÿ 
(êöéëÿðëÿ) áÿðàáÿð ñèãíàëûí êâàíò òÿáèÿòèéëÿ äÿ ìÿùäóäëàøûð 
[1]. Áó çàìàí îïòèê êàíàëäà éàðàíàí ìóëòèïëèêàòèâ (ìîäóëÿ-
åäèúè) êöéëåðèí òÿñèðè äàùà äà àðòàð. ×öíêè áó ìàíåÿëÿð ôàéäà-
ëû ñèãíàëûí øÿêëèíè äÿéèøäèðäèéè êèìè, îíóí ñòàòèñòèê õàðàêòåðèñ-
òèêàëàðûíû äà äÿéèøòèðèð [2]. Áó èñÿ ñèãíàëûí ãÿáóëóíóí îðòà õÿ-
òàñûíûí àðòìàñûíà ñÿáÿá îëóð.  

 
Àëûíàí íÿòèúÿëÿð 
 
Îïòèê êàíàëûí ðèéàçè àðàøäûðûëìàñû çàìàíû îíà äÿéèøÿí 

ïàðàìåòðëè õÿòòè äþðäãöòáëö  êèìè (øÿêèë 1) áàõûëûð âÿ þòöðìÿ 
ôóíêñèéàñû  К(ω,t); 

 

               ( ) ( ) ( )etAtK tiϕωω ,, =                                (1)  

 
 

øÿêëèíäÿ éàçûëûð [3].   Áóðàäà A(ω,t) äþðäãöòáëöíöí 
àìïëèòóäà, ϕ(t) ôàçà õàðàêòåðèñòêàñûäûð.  

 
Øÿêèë 1. Äÿéèøÿí ïàðàìåòðëè õÿòòè äþðäãöòáëö êàíàëûí ýèðèøèíäÿêè 
              U(t) analitik sinyali; 

 
 

           ( ) ( ) ( ) ( )[ ]{ }ttitatxtU Ψ+⋅= ω0exp                  (2) 

 
øÿêëèíäÿ éàçàðàã ÷ûõûøûíäàêû Â(ò) àíàëèòèê ñèãíàëû Ôóðéå 
èíòåãðàëûíûí êþìÿéèëÿ  
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∞

∞−

= ωωω
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              (3) 

 
øÿêëèíäÿ éàçà áèëðèê. Áóðàäàêû S(ω) ýèðèø  ñèãíàëûíûí ñïåêòðàë 
ñûõëûüûäûð.  

ßýÿð A(ω,t) âÿ ϕ(t) ôóíêñèéàëàðûíûí ω0 äàøûéûúû òåçëèê 
ÿòðàôûíäà ω éÿ ýþðÿ Òåéëîð ñûðàñûíà àéûðàðàã ñûðàíûí èêè èëê 
ùÿääè èëÿ ìÿùäóäëàøäûðûëàúàã (êè÷èê äèñïåðñèéàñû îëàí êàíàëäà 
äàð çîëàãëû ñèãíàëëàð ö÷öí áó ìöìêöíäöð, ÷öíêè áó ùàëäà 
ñèãíàëûí òåçëèê òÿùðèôëÿðèíÿ óüðàìàñû äèããÿòÿ àëûíìàéàúàã 
ãÿäÿð êè÷èê îëóð).  

Áåëÿëèêëÿ þòöðìÿ ôóíêñèéàñû  
 

                     ( ) ( ) ( )etKtK i τωωωω ⋅−−≅ 0,, 0                      (4) 
 
øÿêëèíÿ äöøöð. Áó èôàäÿäÿ  
 

                        
( )
ω
ωϕ

τ
ωω

∂

∂
−=

=

t,

0

                          (5) 

 
îëàðàã èøàðÿ åäèëìèøäèð. (2) èôàäÿñèíè (3) äÿ éàçàðàã áÿçè ñàäÿ 
÷åâèðìÿëÿðè àïàðäûãäàí ñîíðà äþðäãöòáëöíöí ÷ûõûøûíäà àëàíàí 
àíàëèòèê ñèãíàëûí  

 

                                              ( ) ( ) ( ) ( ) ( )[ ]{ }tttitatAtV ,exp, 000 ωϕτωτω +−Ψ+−⋅=                                           (6) 

 

øÿêëèíäÿ îëäóüó ýþðöíöð. Áóðàäàêû ( ) ( )eta tiΨ  ýþíäÿðèëÿí 

èíôîðìàñèéàéà óéüóí îëàí âÿ äÿéèøìÿéÿ óüðàìàìûø ôàéäàëû 
ñèãíàëûí êîìïëåêñ àìëèòóäàñûäûð. Îïòèê êàíàëûí ÷ûõûøûíäà 
àëûíàí àíàëèòèê ñèãíàëûí (5) èôàäÿñèíèí ýèðèøèíäÿêè (2) àíàëèòèê 

ñèãíàëû èëÿ ìöãàéèñÿ åäÿê. Áóðàäà  ( )ta  âÿ ( )tΨ  ìîäöëÿ 

åäèëìÿìèø ïðîñåñäÿ  àìïëèòóäà âÿ ôàçà, ( )tx  èñÿ àìïëèòóäà 

ìîäóëéàñèéàñûíû ýþñòÿðÿí ùÿääëÿðèäèð. Ìöãàéèñÿ ýþñòÿðèð êè, 
îïòèê êàíàëäàí êå÷ÿí äàð çîëàãëû ñèãíàë A(ω0,t) ãàíóíóéëà äÿ-

éèøÿí àìïëèòóäà, ( )t,0ωϕ  ãàíóíó èëÿ äÿéèøÿí ôàçà ìîäóëéà-

ñèéàñûíà óüðàéûð. Ôàçà ìîäóëéàñèéàñû ùåòåðîäèí òèïëè ãÿáóëåäè-
úèëÿðäÿ âÿ ùîëîãðàôèê ñèñòåìëÿðäÿ áþéöê ÿùÿìèééÿòÿ ìàëèê-
äèð. Áèçè ìàðàãëàíäûðàí åíåðæè  ùÿñàñèéÿòèíÿ ÿñàñëàíàí ãÿáóë-
åäèúèëÿðäÿ ôàçà  ìîäóëéàñèéàñûíäàí èñòèôàäÿ îëóíìàäûüûíäàí 
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áó ìîäóëéàñèéàíû ýÿëÿúÿêäÿ äèããÿòÿ àëìàéàúàéûã. (5) èôàäÿ-
ñè åéíè çàìàíäà îïòèê êàíàëûí ÷ûõûøûíäàêû ñèãíàëûí ýèðèøèíäÿ-

êèíÿ ýþðÿ   ( )tτ  ýåúèêìÿñèíÿ óüðàäûüûíû ýþñòÿðèð. Áó ùàäèñÿ 

ôàçà—èìïëóñ òèïëè îïòèê ñèñòåìëÿðäÿ õöñóñÿí ÷îõ áþéöê ÿùÿ-
ìèééÿòÿ ìàëèêäèð. Äþðäãöòáëöíöí àìïëèòóäà õàðàêòåðèñ-

òèêàñûíûí ìàèëëèéè àç îëäóüó ùàëäà ( )τ−ta  èôàäÿñèíè (t-τ0) 

íþãòÿñè ÿòðàôûíäà (áóðàäà τ0 îðòà ýåúèêìÿ äÿéÿðèäèð) Òåéëîð 
ñûðàñûíà àéûðàðàã, áó ýåúèêìÿ ùàäèñÿñèíèí ñèãíàëûí àìïëèòó-
äàñûíûí ÿëàâÿ áèð êöé ìîäóëéàñèéñûíà ýÿòèðäèéèíè  ýþðöðöê.  
Äîüðóäàí äà  
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ùÿääèíèí ÿëàâÿ êöé ìîäóëéàñèéàñûíûí èôàäÿ åòäèéè îðòàéà 
÷ûõûð.  

Áåëÿëèêëÿ, äÿéèøÿí ïàðàìåòðëè îïòèê êàíàëäàí êå÷ÿí 
ôàéäàëû ñèãíàëûí áóðàäà éàðàíàí ìóëòèïëèêàòèâ (âÿ éà ìîäóëÿ 
åäèúè) ìàíåÿëÿð òÿðÿôèíäÿí ÿëàâÿ àìïëèòóäà ìîäóëéàñèéàñûíà 
óüðàäûüû ýþðöíöð. Ôîòîí-ñàé ïðèíñèïèíÿ ÿñàñëàíàí îïòèê 
ãÿáóëåäèúèëÿðäÿ áó êöéëÿðèí èëê íþâáÿäÿ âåðèëÿí Ò ìöääÿ-
òèíäÿ ãåéä îëóíàí ôîòîåëåêòðîíëàðûí í ñàéûíûí Ï(í) ïàéëàíìà 
ôóíêñèéàñûíûí äÿéèøìÿñèíÿ ñÿáÿá îëóð. Áóíà ýþðÿ îïòèê 
èíôîðìàñèéà êàíàëûíû éàðàäûðêÿí ãàáàãúàäàí áóðàäà îðòàéà 
÷ûõàúàã ìóëòèïëèêàòèâ ìàíåÿëÿðèí òÿñèðè íÿçÿðÿ àëûíìàëûäûð.  

Îïòèê ðàáèòÿ âÿ ëîêàñèéà ñèñòåìëÿðèíèí íÿçÿðè àðàøòûðûëìà-
ñûíäà âÿ ìöùÿíäèñëèê ëàéèùÿëÿíäèðèëìÿñèíäÿ îïòèê ñàùÿëÿðèí 
ñòàòèñòèê õàðàêòåðèñòêàëàðí áèëèíìÿñèíÿ áþéöê åùòèéàú âàðäûð. 
Áóíëàðûí è÷èíäÿ ÿí ÿùÿìèééÿòëèñè ãÿáóëåäèúèëÿðèí ÷ûõûøûíäà 
àëûíàí ôîòîåëåêòðîíëàðûí Ï(í) ïàéëàíìà ôóíêñèéàñûäûð. 
Ñòàòèñòèê õàðàêòåðèñòêàëàð ìÿëóì  îëóíäóüó çàìàí ãÿáóëåäèúè 
ãóðüóëàðûí îïòèìàë ãóðóëóøó ñå÷èëÿ áèëèð, îïòèê ñèãíàëûí ôóíêñè-
éàëàðû ìöÿééÿíëÿøäèðèëèð âÿ èñòèôàäÿ åäèëÿí åëåêòðîí úèùàçëàðûí 
ùÿñàñèééÿòèíèí ñÿðùÿä ãèéìÿòëÿðè òàïûëûð. Ïðèíñèïúÿ îðòèê êÀ-
íàëäà àääèòèâ âÿ ìóëòèïëèêàòèâ ìàíåÿëÿð îëäóüó ùÿð áèð ùàë 
ö÷öí P(n,T) ôóíêñèéàëàðû ùåñàáëàíàðàã ãÿáóëåäèúèíèí áóíà 
óéüóí îëàí îïòèìàë ãóðóëóøó ñå÷èëèð [4].  

Àììà ùÿð áèð ùàë ö÷öí áó õàðàêòåðèñòêàëàð õöñóñè îëàðàã 
ùåñàáëàíäûãëàðûíäàí ìöðÿêêÿá âÿ âàõò àëàí áèð ïðîñåñäèð. 
Ùàëáóêè, àøàüûäà ýþñòÿðÿúÿéèìèç êèìè ãÿáóë åäèëÿí ñèãíàëûí 
ôëöêòöàñèéà õàññÿëÿðèíè íÿçÿðÿ àëàí áèð êÿìèééÿòäÿí èñòèôàäÿ 
åäÿðÿê îïòèê ðàáèòÿ ñèñòåìèíèí åôôåêòèâëèéèíè òåç âÿ àñàí 
ãèéìÿòëÿíäèðìÿê ìöìêöíäöð. Îïòèê äèàïàçîíäà ãÿáóëåäèúè-
íèí ýèðèøèíäÿêè ñèãíàëëàðûí èíòåíñèâëèéè êè÷èê îëäóüóíäàí ðà-
äèîäèàïîçîíäàêû ñèãíàë ìàíåÿ íèñáÿòèíÿ ÿñàñëàíàí ãèéìÿò-
ëÿíäèðìÿ  áóðàäà éåòÿðñèç îëóð. Áó ùàëäà ñèãíàë âÿ êöé ôëöê-

òöàñèéàëàðûíûí ñòàòèñòèê õàðàêòåðèñòêàëàðûíûí ÿùÿìèééÿòè äàùà 
äà àðòàúàãäûð. Áó äóðóìäà îïòèê ãÿáóëåäèúèíèí åôôåêòèâëèéèíèí 
êåéôèééÿòúÿ ãèéìÿòëÿíäèðèëìÿñè ãÿáóë åäèëÿí ñèãíàëûí ôëöê-
òöàñèéà õàññÿëÿðèíè ÿùàòÿ åäÿí êÿìèééÿòëÿðÿ ÿñàñëàíìàëûäûð. 
Áó ìÿãñÿäëÿ ìàíåÿ ïðîñåñè èëÿ  ñèãíàë âÿ ìàíåÿ ñöïåðïîçè-
ñéàñûíû ïðîñåñèíè áèð-áèðèíäÿí àéðûëìàñûíà ÿñàñëàíàí 
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êÿìèééÿòè ñå÷èëÿ áèëÿð. Àéðûúû ïàðàìåòð àäëàíäûðàúàüûìûç áó 

êÿìèééÿòèí (8) èôàäÿñèíäÿêè >< n  ve >∆< 2n  êÿìèééÿòëÿðè 
èíäåêñëÿðèíÿ óéüóí îëàðàã ìàíåÿ âÿ ñèãíàë + ìàíåÿ ïðîñåñ-
ëÿðèíèí   îðòà äÿéÿðëÿðè âÿ  äèñïåðñèéàëàðûäûð. Àéðûúû ïàðàìåòð-
ëÿðèí ôèçèêè ìÿíàñû øÿêèëäÿí àéäûí îëóð.  

 
Øÿêèë 2. Àéûðûúû ïàðàìåòðèí ýþñòÿðèëìÿñè 
 
Áóðàäàí ýþðöíäöéö êèìè γ àðòäûãúà êöéëÿðèí âÿ ñèãíàë èëÿ 

ìàíåÿëÿðèí òîïëàìûíûí  ïàéëàíìà ôóíêñèéàëàðû áèð-áèðèíäÿí î 
ãÿäÿð ÷îõ àéðûëìûø îëóð âÿ áóíóíëà ñèãíàëûí àéðûä åäèëìÿ 
åùòèìàëû ÷îõàëûð. Ìóëòèïëèêàòèâ ìàíåÿëÿðèí òÿñèðè γ àéðûúà 
ïàðàìåòðèíèí, áó ìàíåÿëÿðèí îëìàäûüû γ 0  ãèéìÿòèíäÿí îëàí 

ôÿðãèéëÿ ãèéìÿòëÿíäèðìÿê äàùà ôàéäàëûäûð, ÷öíêè áó ùàëäà 
äàùà ñàäÿ èôàäÿëÿð àëûíûð. Äîüðóäàí äà áó çàìàí

  

                                          ( )
⎪
⎭

⎪
⎬

⎫

⎪
⎩

⎪
⎨

⎧
−+⋅

>∆<+>∆<
><

+=−=∆ ⎥⎦
⎤

⎢⎣
⎡ + 111 22

22

2 2
1

2
0 σσσγγγ wI

gs

gs

nn
n

                             (10) 

 

îëóð. Áóðàäà σ 2
w , σ 2

I , ve σ 2   óéüóí îëàðàã ñèãíàëûí, 

ìóëòèïëèêàòèâ ìàíåÿíèí âÿ ìîäóëÿ åäèúè ìàíåÿ îëìàäûüû  
ùàëäà ñèãíàë âÿ àääèòèâ êöéëÿðèí áèðýÿ ôîòîñàéû 
ïàéëàíìàëàðûíûí íèñáè äèñïåðñèéàëàðûäûð. (10) äàí ýþðöíäöéö 
êèìè ∆γ ≥ 0 îëóð, éÿíè èñòÿíèëÿí ìóëòèïëèêàòèâ ìàíåÿ ñèãíàëûí 

ãÿáóëóíó ïèñëÿøäèðèð âÿ áó, ñèãíàëûí σ 2
w , ìîäóë åäèúè 

ìàíåÿíèí σ 2
I  íèñáè äèñïåðñèéàñû èëÿ àðòûð. Áóíóíëà áèðëèêäÿ 

èíôîðìàèéà äàøûéàí ñèãíàëûí ôëöêòöàñèéàëàðû áþéöê îëäóüó 
äóðóìäà ìóëòèïëèêàòèâ ìàíåÿëÿðèí òÿñèðè äàùà ÷îõ îëóð. Áó 
íþãòåéè-íÿçÿðäÿí êîíêðåò øöàëàíìà ìÿíáÿëÿðèíèí èñòÿíèëÿí 
ìóëòèïëèêàòèâ ìàíåÿ ö÷öí äàùà ÷îõ îïòèìàë  îëäóüóíó 
ýþðöðöê. Ìîäöëÿ åäèúè ìàíåÿëÿðèí íèñáè äèñïåðñèéàñûíûí êè÷èê 

îëäóüó ùàëäà, éÿíè σ 2
I  << 1 îëäóüóíäàí (10) èôàäÿñèíè ñûðàéà 

àéûðàðàã èëê èêè ùÿäëÿ êèôàÿéòëÿíÿðÿê  
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øÿêëèíÿ äöøÿð. Áó éàõûíëàøìàäà ∆γ íûí àääèòèâ êöéëÿðäÿí 

àñûëû îëìàäûüû âÿ  σ 2
I  ve σ 2

w   êÿìèééÿòëÿðè èëÿ ìöòÿíàñèá 

àðòäûüûíû ýþðöðöê. Àëûíàí íÿòèúÿëÿðè ÿéàíè îëàðàã ýþñòÿðìÿê 

ö÷öí øÿêèë 3-äÿ 1,0>=< ng  , 10=χ  ve 50=χ  

ãèéìÿòëÿðè ö÷öí (10) èôàäÿñè èëÿ ùåñàáëàíìûø ãèéìÿòëÿðèíèí 
ìóëòèïëêàòèâ ìàíåÿëÿðèí ìîäóëéàñèéàñû ÿìñàëû á èëÿ 
äÿéèøìÿñè âåðèëèð.  

Ñèãíàë ìÿíáÿéè îëàðàã ëàçåð ( 02 =σ w ) âÿ  äàðçîëàãëû  

èñòèëèê ìÿíáÿéè ( 12 =σ w ) ýþðöðöëìöøäöð[5]. Ìóëòèïëèêàòèâ 

ìàíåÿëÿð õÿòòè äÿéèøÿí (
12

2
2 b
I =σ ) âÿ ñèíóñîèäàë (

2

2
2 b
I =σ )  

ñèãíàëëàðëà àïïîêñèìÿ  åäèëìèøäèð [6].  

 

 
Øÿêèë 3. Àéðûúû ïàðàìåòðèí èøûã ìÿíáÿéèíÿ, ìóëòèïëèêàòèâ ìàíåÿ íþâöíÿ  âÿ ìîäóëéàñèéà ÿìñàëûíà áàüëûëûüû. Ñîëäàêû ãðàôèêëÿðäÿ ñèãíàë  

             ìàíåÿ íèñáÿòè 10=χ , ñàüäàêûëàðäà èñÿ 50=χ ’äèð. Êîùåðåíò ìÿíáÿ ö÷öí  ö÷áóúàã íþãòÿëÿð ( 02
w =σ ), èñòèëèê ìÿíáÿëÿðè  

              ö÷öí äöçáóúàã íþãòÿëÿð ( 1w
2 =σ ) îëàðàã ùåñàáëàíìûøäûð. Ñèíóñîèäàë ìàíåÿëÿðäÿ 

2

b
2

2
I =σ ; õÿòòè äÿéèøÿí ìàíåÿëÿðäÿ  

              
12

b
2

2
I =σ  îëàðàã ýþòöðöëìöøäöð.  
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Àëûíàí íÿòèúÿëÿðèí ìöçàêèðÿñè  
 
Ãðàôèêëÿðäÿí ýþðöíäöéö êèìè ∆γ  ñèãíàë ìàíåÿ íèñáÿòè χ  

àðòäûãäà àðòûð. Áåëÿëèêëÿ àääèòèâ êöéëÿðèí îëìàäûüû èäåàë 
ñèñòåìëÿðäÿ ìóëòèïëèêàòèâ ìàíåÿëÿðèí òÿñèðè äàùà ÷îõäóð 
íÿòèúÿñèíÿ ýÿëèðèê. Áóíóíëà áÿðàáÿð  éóõàðûäà ãåéä åòäèéèìèç 
êèìè ∆γ, èñòèëèê ìÿíáÿëÿðèíè øöàëàíìàñûíäà êîùåðåíò 

ìÿíáÿéèíÿ ýþðÿ äàùà áþéöê àëûíûð, ÷öíêè êîùåðåíò ìÿíáÿéèí 
ôîòîñàéû ïàéëàíìàñûíûí äèñïåðñèéàñû èêè  ãàò àçäûð. Ãðàôèêëÿð 
åéíè çàìàíäà õÿòòè äÿèøÿí ìàíåÿëÿðèí òÿñèðèíèí ñöíèñîëäàë 
øÿêèëäÿ äÿéèøÿí ìàíåÿëÿðÿ ýþðÿ äàùà àç îëäóüóíó ýþñòÿðèð. 
Àëûíàí  íÿòèúÿëÿð áèíàð êîäëàíìûø êâàíò ñàé ñèñòåìëÿðè ö÷öí 
àïàðûëìûø ùåñàáëàíìàëàðà óéüóí ýÿëèð  [7]. 

 
[1] Æ. Àðíàóä, Îïò. Ãóàíò. Åëåêòðîí. 2002, 34, ¹4, 393 ñ.  
[2] А.А.Егоров. Опт. Спектр., 2003,  95, №2,  276 с. 
[3] I.Е. Кремер, В.I. Владимиров, Б.I.Карпуkhин. Модули-

руyusщие помеkhи и приyoм радиосигналов. М., 1972. 
[4] А.Г. Shереметев. Статистиchескаya теориya лазерной 

свyaзи. М.,1971. 

[5] Р.Ya. Абдуллайев, М.I. Ъеник, Бакi Университетинин 
kheбeрлeри, физ –мат.ел.сер. 2003, №3, 143 с. 

[6] Р.А. Абдуллаев,  I.А. Дерyugин, Б.Н. Кураshов,      
В.Н. Настиch, Уchение записки АGУ, сер. физ.- мат 
наук, 1972,  №4, 88 с. 

[7] I.А. Дерyugин, В.Н. Кураshов, А.В. Маshенко, Iзв. 
ВУЗ, Радиоeлектрон, 1980, №5, 98 с. 

 
R.A. Abdullayev, M. Yuksek    

 
THE ESTIMATION OF OPTICAL CHANNEL WITH MULTIPLICATIVE 

 NOISE BY USING OF SEPARATING PARAMETER 
 

It is shown that optical signal carrying information in optical channel with multiplicative (modulated) noise is exposed to additional 
modulation. The offered separation parameter allows to estimate the efficiency of optical channel in the presence of different multiplicative 
noise without calculation of statistical characteristics of accepted signal. Our calculations showed out that any modulating noise corrupts of 
signal acceptation and the corruption degree depends both on relative dispersions of optical signal and multiplicative noise. Thus the 
coherent signal of laser radiation undergoes to the influence of any multiplicative noise in less degree and because is more acceptional for the 
information delivery.  

 
Р.А. Абдуллаев, М. Юксек 

 
ОЦЕНКА ОПТИЧЕСКОГО КАНАЛА С МУЛЬТИПЛИКАТИВНЫМИ ПОМЕХАМИ  

С ПОМОЩЬЮ ПАРАМЕТРА РАЗДЕЛЕНИЯ 
 

В  статье  показано, что оптический сигнал, носящий информацию в оптическом  канале с  мультипликативными 
(модулирующими) помехами подвергается дополнительной амплитудной модуляции. Предложенный параметр разделения 
позволяет  оценить эффективность оптического канала при наличии различных мультипликативных помех без вычисления 
статистических характеристик принимаемого сигнала. Вычисления показывают,  что любая модулирующая помеха ухудшает 
условия приема, и это зависит от относительных дисперсий, как оптического сигнала, так и мультипликативной  помехи. С этой 
точки зрения когерентный сигнал лазерного излучения подвергается меньшему влиянию любых мультипликативных помех, и он 
является наиболее оптимальным для передачи информации.  
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POSSIBLE CAUSES OF SCREEN BACKGROUND RADIATION OF ELECTRO-OPTICAL 

TRANSFORMER (EOT) 
 

X.N. VEZIROV, N.I. IBRAGIMOV 
Institute of Physics of NASA,  

Baku Az-1143, G. Javid av., 33, Azerbaijan 
 

The analysis of the possible mechanisms of the appearance of the screen background radiation of (EOT) has been carried out. 
 
As it is known, the electron (ϕ) work function for the 

effective functioning of the photocathode should be less than 
the energy of the absorbed photon. The important 
circumstance is the spectral distribution of the 
photosensitivity. Nowadays the photocathodes Ag – O – Cs 
have the biggest photosensitivity in the wave-length region of 
the spectrum (nearest is infrared). At the same time these 
photocathodes have the biggest current density of the 
thermionic emission at the room temperature [1]. However, 
the thermionic emission of photocathode of EOT is very 
undesirable, i.e. it leads to the appearance of the parasitical 
background radiation of the luminescent screen. The big 
quantity of the investigations on the revealing of the 
mechanisms, causing this phenomenon has been carried out, 
but the final answer hasn’t been found yet. Thus, in the ref 
[2] the high density of the thermionic current (as cause – 
background radiation) connects with presence of the caesium 
oxide in the photocathode, and in the ref [3] it connects with 
the existence of the corpuscular caesium in the photocathode. 
Below we will consider the set of another circumstances, 
which can cause the screen background radiation of EOT. 

The metallic argentum, evaporated in high vacuum 
(p<10-6mm of mercury) at the production of Ag – O – Cs 
photocathode oxidizes [4]. As Ag2O and Ag have different 
crystallic structure, and the pressure of the steams of oxygen 
under Ag2O is significantly even at the room temperature, so 
Ag2O film can’t be total and consists from the smallest 
particles. The photocathode formation carries out in the result 
of the interaction of the gaseous caesium with the oxidated 
film of argentum. The caesium oxides, rolling each 
submicroparticle of argentum are created at Cs evaporation 
because of the presence of the oxygen around Ag2O particles 
[5]. The pressure of the saturated steams of the oxygen under 
Ag2O at 400K≈58mm of mercury, and at 450K is 464mm of 
mercury [2]. Thus, Ag2O decomposes with the creation of the 
metallic argentum at the photocathode formation in the 
evacuated volume, and evaporated Cs transfers into Cs2O (as 
in the solid phase because of the diffusion processes, so in the 
gas phase directly). The creation of the caesium oxide, which 
as impurity in Cs2O (semiconductor with forbidden band 
width is ≈2,4eV approximately [4]) influences on the 
photocathode characteristics, creating the p-type levels in the 
forbidden band Cs2O and causes the chemosorption of 
corpuscular Cs in the evaporation process of the last is 
possible because of the excess of the oxygen.  

For the increase of the emission ability of the cathode it 
is needed to form thin layer of the metal with the low ionized 
potential on its surface. The use of Cs is caused by the fact, 
that it has the less work function (ϕ=1,87÷1,94 eV [6,7]), 
melting temperature (303K) and high pressure of the 
saturated steams at the moderate temperatures (for example at 

423K≈10-2 mm of mercury [7]) among alkali elements. In the 
result of the thermal ionization the electrons of Cs atoms 
transfer into the conductivity band of Cs2O and the negative 
volume charge forms in the near-surface layer, which is equal 
to the charge of the positive ions (Cs+) on the surface. The 
electric field of the double layer, created by this way leads to 
the decrease of the cathode work function. The work function 
of photocathode Ag – O – Cs, defined on the red line (≈1300 
nm) is ϕ ≈ 0,95eV, the measures on the method of the contact 
potential difference give the same value [6]. 

The integral sensitivity of photocathode Ag – O – Cs 
achieves ≈8⋅10-5 A/Lm, and quantum efficiency in the wave-
length region of the spectrum ≈0, 002 el/kv. [6]. 

The semiconductor layer Cs2O, supplying the 
photosensitivity in the short-wave region and the colloidal 
particles of the argentum, covered by caesium, causing the 
photosensitivity in the wave-length region of the radiation are 
the main emitters in the photocathode Ag – O – Cs. The 
spectral sensitivity of the photocathode includes the spectrum 
region ≈300÷1300 nm (with maximums ≈350 and ≈800 nm). 
The typical spectral distribution of the photosensitivity of 
photocathode Ag – O – Cs is given on the fig.1.  

 
Fig. 1. 

 
In spite of the big quantity of the data the detail structure 

of photocathode Ag – O – Cs hasn’t been established yet. The 
finally formed cathode is multicomponent and complex 
system, consisting from Ag, Cs and semiconductors Ag2O, 
Cs2O. The quantitative ratio of the components and 
technological steps, supplying optimal photoemission and 
spectral sensitivity, are chosen by the experimental way in 
the process of photocathode formation, and this can’t be 
reflected on screen background radiation of EOT.  
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Let’s consider the set of the circumstances, causing the 
appearance of the screen background radiation of EOT. The 
exclusive purity of the surface as the base (substrate), so 
photocathode is the important thing, i.e. the absence of the 
roughnesses and adsorbed alien atoms (molecules) that can 
cause the filling of the surface levels by the current carriers 
with all consequences. In spite of the fact, that modern 
technological methods allow to come to the minimum this 
circumstance, it is impossible to exclude it totally. 

It is widely known, that the islands of the (aggregation) 
metal form on the substrate at the precipitation (evaporation) 
of thin layers (≈10 nm) of Cs or Ag because of the high 
mobility of the condensated atoms even at the enough low 
temperature of the substrate. And this, on the level with the 
technological fluctuations, is the one of the important reasons 
of the incomplete repeatability of the properties, produced 
photocathode. Moreover, the isle structure can cause the 
significant background radiation. Thus, if we are proceed 
from theory of  Langmuir spots [6], then the local work 
functions of the separate regions won’t be similar because of 
the irregularity of the cesium distribution on photocathode 
surface and consequently, the photo- and thermoemission of 
the electrons will be different from these regions and this will 
create directly nonhomogeneous distribution of the brightness 
of screen background radiation on the screen of EOT. 

At the isle distribution the interfaces between particles 
Ag, Cs and Cs2O present the enough developed surface with 
the irregulars and microlugs and the effect of the strong field 
appears at the current chose from the photocathode on the 
anode because of the known phenomena of the increase of 
the electric field on the microlugs [8], that leads to the 
increase of the electron emission from these regions, i.e. to 
background screen radiation. And indeed, it is established by 
the electron-microscopic investigations, that sizes of metal 
particles (Ag, Cs)≈10 nm, sizes of the irregulars on these 
particles ≈1 nm. Thus, the size of the canals, where electrons 
can tunneled through the barrier in the boundary layer from 
the metals as into cesium oxide, so into vacuum because of 
the effect of the strong field. 

For the calculation of the gain β we can use the formula 
[9]: 

 

εχ
ϕ

β
d∆⋅⋅⋅

=
2/3

0
91089,1

, 

 
Where ∆d is thickness of semiconductor Cs2O film (m), 

ε is its dielectric constant, χ is the energy of the electronic 
relationship of the semiconductor (external work function in 
eV), ϕ0 is metal work function (eV). Substituting the typical 
values of the parameters of the semiconductor film and metal 
(∆d ≈ 40nm, ε ≈ 8, χ ≈ 0,3eV, ϕ0 ≈ 4,5eV [1,10]), we obtain 
that β can achieve the value ≈300. 

  Thus, the resistance of the electric field can achieve the 
value ≈3⋅105 V/cm at the usual values of the electric fields for 
the vacuum volume of EOT ≈1000 V/cm in separate regions 
of the photocathode. At such electric fields the significant 
current of the autoelectronic emission even from the metals is 
observed. The density of the dark current of the 
autoelectronic emission from photocathode Ag – O – Cs 
achieves the value ≈10-10A/cm at the room temperature, and 
isle character of the autoelectronic emission causes the 
background luminescence of the screen.  

  The photocathode Ag – O – Cs has the significant 
second electronic emission because of the electron warming-
up, thermoexcited into the conductivity band Cs2O by the 
electric field inside the last one (especially at the existence 
Cs+ ions on the photocathode surface). The coefficient of the 
second electronic emission ≈10 at the energy of the primary 
electrons 600eV and ≈4 at 100eV [11]. Finally the current of 
the photocathode emission even at the constant luminescence 
isn’t strictly constant; it has the statistical fluctuation (shot 
noise). The second electronic emission and shot effect also 
are causes of the original background luminescence of the 
screen of EOT. 

  All above mentioned factors (each separately and in 
aggregate) put the definite contribution in the parasitic 
background radiation of the luminescent screen of the 
electron-optical transformer. 
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The energy spectra of carriers confined to a cylindrical semiconductor quantum wire in an inhomogeneous magnetic field which is 
0=B  0rr <  and 0≠B  elsewhere are studied by, taking into account the real band structure of InSb type semiconductors; narrow 

energy gap and strong spin-orbit interaction. It’s found that the eigen energy spectra for the magnetic quantum wire critically depend on the 
number of missing flux quanta. Since the spin effect is taken into account, each energy curve splits into two curves. The crossover point of 
energy curves for m=0 state with opposite spins is obtained around the value of S=8.  The magnetic field and the radius dependence of the 
edge g-factor is also studied. 

 
1. Introduction 
 
Recently there has been a great interest in the behavior of 

carriers with an inhomogeneous perpendicular magnetic field 
about low-dimensional systems both theoretically and 
experimentally [1,2]. On the other hand edge states play an 
important role in understanding the transport properties of 
quantum nanostructures [3].  Magnetic edge state in a 
magnetic quantum wire becomes quite popular, in particular 
conjunction with a possible candidate for a high density 
memory device or spintronic materials, so various magnetic 
nano-quantum structures are reviewed in detail [4]. Advances 
with respect to growth as well as high-resolution electron-
beam lithography techniques allow the novel confined 
structures called quantum wires or quantum rings. Transport 
properties of edge states in quantum nanostructures have 
been discussed by many groups.  Peeters, Matulis and 
İbrahim [5] presented energy levels in the magnetic antidote, 
while Reijineries, Peeters and Matulis [6] further performed a 
more detailed and complete study of the bound states of such 
a system. Solimay and Kroner [7] solved the classical and 
quantum mechanical equations for a magnetically confined 
quantum dot and discussed the eigen energies. Badalyan and 
Peeters have developed a theory for the non-homogeneous 
magnetic field induced magnetic edge states and their 
transport in a quantum wire formed by a parabolic confining 
potential [8]. Ihm et al [9,10] investigated the two 
dimensional electrons further confined in an inhomogeneous 
magnetic field. They have found that the eigenstates deviated 
from Landau levels, due o the non-uniform magnetic field 
distributions, forming the magnetic edge states which 
critically depend on the number of missing flux quanta within 

the dot or the ring. Recently Young Guo et al [11] 
investigated the electron spin effect on quantum states and 
magneto-conductance in a magnetic quantum antidote with 
inhomogeneous magnetic field results in further splitting of 
energy levels. In the work of [12] the electron states and 
circulating probability currents due to the inhomogeneous 
field distribution formed in a magnetic quantum ring is 
studied. However, the experimental advantages of using 
narrow-gap semiconductors for the reduced dimensionality 
systems make it necessary to account for the real band 
structure of these materials. The purpose of our work is 
taking into account the coupling of the conduction and 
valence bands and the non-parabolicity of the electron 
dispersion while studying the narrow and medium gap 
semiconductors. It’s also aimed to study the magnetic field 
and the radius change of edge g-factor.  In the present study, 
using eight band Kane’s model including the conduction 
band, light and spin orbital hole bands, the energy spectrum 
and edge g-factor of electrons confined to a cylindrical 
semiconductor quantum wire (InSb) in an inhomogeneous 
magnetic field which is 0=B  0rr <  and 0≠B  elsewhere 
are investigated. In the eight-band Kane’s Hamiltonian the 
valence and conduction bands interaction is taken into 
account via the only matrix element P (so called Kane’s 
parameter). We also neglect the free-electron term in the 
diagonal part and the Pauli spin term as they give small 
contributions to the effective mass and the spin g-value of 
electrons in InSb. The system of Kane equations including 
the non-dispersional heavy hole bands have the form 
[13,14,15,16]:
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Here P is the Kane parameter, Eg - the band gap energy, 

∆ - the value of spin-orbital splitting and ,yx ikkk ±=±   

∇−=
rr

ik , iC  are envelope functions. 
 
2. Theory 
The model that is considered in the present study is 

composed of an electron confined to move in a cylindrical 
semiconductor quantum wire under the influence of a 
magnetic field in the z-direction, which is non-zero except 
with a cylinder of radius 0r . The magnetic field is described 
by  
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Than the vector potential will be as follows; 
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One can now express the envelope functions 

843 ,..., CCC  by the functions 1C  and 2C respectively, and 
substitute them into the first and second equations, we finally 
obtain the following decoupled equations for 2,1C : 
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where 3∆  is three dimensional Laplacian. 
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where zL , z component of angular momentum operator L  and 222 yxr += . 

The wave functions in cylindrical coordinates are separable; 
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where m is the angular momentum quantum number. The equation of the radial part is written as; 
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that 0
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0 /φπ orHs =  is the only relevant parameter. Here s 
is a scale parameter which represents the number of missing 

flux quanta within the wire [9,10,11] and ( )e
hc=0φ  the 

flux quantum. Since there is no magnetic field inside the 
magnetic wire, the magnetic edge states may not enclose the 
magnetic flux, resulting in missing flux quanta; these are 
absent in the edge states formed by electrostatic 
confinements. The energies are easily determined from the 
continuity of the wave functions and their derivatives at the 
boundary of the wire. 

In the calculations of the electron energy spectra for 
narrow gap InSb cylindrical wires we choose the 
semiconductor band structure parameters for InSb: energy 
gap Eg=0.2368 eV, spin orbit splitting is ∆=0.810 eV, 

42.23
2 2

2
0 == P

m
p

h
ε  eV and 0m  is the free-electron 

mass [18]. 
The effective edge g-factor can be determined from the 

Zeeman splitting of subbands: 
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Here ↑ε  and ↓ε  are the electron energy for spin +z 

and –z directions respectively. 
 
3. Results 
In this section, it’s calculated exactly and discussed the 

single-electron eigenstates and transport properties of a 
magnetic quantum wire by taking into account the real band 
structure of InSb type materials; narrow energy gap and 
strong spin-orbit interaction. Figure 1 represents the 
estimated dependence of the energy eigenvalues in the 
magnetic quantum wire on the angular momentum m. The 
solid curves correspond to the spin up case 

2
1+=σ   and the 

spin down case 
2

1−=σ  respectively for different m values. 

To allow comparison with the works of [9,10,11], in this 
figure and the following one, the energy is in units of 

10 =ϖh  at 5000 =r Ǻ and TH 633.20 =  (corresponding the 
s=5 in references [9,10,11]). 
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Fig. 1. The dependence of the energy eigenvalues σnmE  in the quantum wire on the angular momentum m for 5000 =r Ǻ,  

            TH 633.20 = , 0=zk  . 

 
At a first look in Figure 1, we notice the Landau level 

degeneracy is broken. As it can be seen the lowest energy 
state occurs at m=0. This result indicates that the 
inhomogeneity of the magnetic field perturbs mostly the 
states near the boundary of the quantum wire, and this 
perturbation is caused by the missing flux quanta s. The 
energy levels increase slowly with the decrease of angular 

momentum m for m<0, while they increase rapidly with the 
increasing of m for m>0 as in references [9,10,11]. The 
splitting, due to the spin between the energy levels are 
decreased with the increasing of n, which is the main 
different result in comparison with the ref. [11] and it’s 
because of the interaction between the valence and 
conduction band. 

 

 
 
Fig. 2. Energy spectra as a function of  S n=0 and  m=-1 to +2 , where 

2
1±  is spin up and spin down values. 5000 =r Ǻ, 0=zk . 

 
In Figure 2, we represent the energy spectra as a function 

of the number of missing magnetic flux quanta S 
( 0

2 /φπrHS = ). In this figure it’s shown only n=0 and m=-1 

to +2 states to avoid the complexity. The energy units 0ωh  
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are set to one at s=5 and 0r  is fixed.  The different energy 
levels are labeled with the corresponding quantum 
numbers ( )σ,m . Since the spin effect is taken into account, 
each energy curve splits into two curves. The crossover point 
of energy curves for  m=0 state with opposite spins is 
obtained around the value of  S=8.  It’s noted that some of 

the crossover points in the same angular quantum number 
may be located outside the magnetic region presented. 

In Figure 3 the magnetic field change of edge g factor for 
electrons at the ground state (m=0) is illustrated. It’s seen 
that edge g-factor increases with the increasing of the 
magnetic field. 

 

 
 
Fig.  3. Edge g-factor versus magnetic field, for electrons of InSb at the ground state. 5000 =r Ǻ, 0=zk . 

 
Figure 4 represents the radius change of edge g factor for electrons at the ground state (m=0). It can be seen that the edge 

g-factor approaches to the bulk value with the increasing of the radius. 
 

 
Fig.  4. Edge g factor versus radius for electrons of InSb at the ground state. H=1 T, 0=zk . 
 
4. Conclusion 
We have investigated the energy spectra of a magnetic 

quantum wire by taking into account the real band structure 
of InSb type semiconductors. Energy spectra of quantum wire 
shows deviated structures from the bulk Landau levels. It’s 
shown that the different behaviors of the edge states depend 

on the amount of the flux in a magnetic quantum wire. The 
magnetic field dependence of edge g-factor is also 
investigated and found that edge g-factor increases with the 
increasing of the magnetic field. In addition to this, it is 
shown that the edge g-factor approaches to the bulk value 
with the increasing of the radius. 
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KEYN TİPLİ YARİMKEÇİRİCİ KVANT TELLƏRİNDƏ KƏNAR HALLAR 

 
InSb tipli maqnit kvant tellərində elektronların enerji spektrləri yarimkeçiricinin real zona quruluşu nəzərə alınmaqla hesablanmışdır. 

Elektronların kənar hallarının effektiv g-faktorunun kvant telinin radiusundan və xarici magnit sahəsindən asılılığı öyrənilmişdir. 
  

А.М. Бабаев, Ш. Чакмактепе, А. Кокче 
 

КРАЕВЫЕ СОСТОЯНИЯ В КВАНТОВОЙ ПРОВОЛОКЕ КЕЙНОВСКОГО ПОЛУПРОВОДНИКА 
 

Исследован энергетический спектр носителей тока в полупроводниковой цилиндрической квантовой проволоке во внешнем, 
неоднородном магнитном поле, 0=B  ,при 

0rr <  and 0≠B  в остальном пространстве, с учетом реальной зонной структуры 
узкощелевых полупроводников типа InSb с сильным спин-орбитальным взаимодействием. Найдено, что энергетический спектр 
критически зависит от числа квантов магнитного потока. С учетом спина каждая энергетическая кривая расщепляется на две. Для 
состояния m=0 кривые с противоположными значениями спина  пересекаются  около S=8. Изучена зависимость от магнитного 
поля и радиуса проволоки краевого g- фактора. 
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THE GLUONS GREEN FUNCTION IN NLO 
 

L.A. ALIEVA, S.A. GADJIEV 
Baku State University 

Acad. Z. Khalilov str., 23, Baku, Az-1145 
 

In given article the polarizing operator of χµAµ=0 and ∂µAµ=0 gauges is calculated. It was shown, that the polarizing operator 
corresponds to a cross condition for two conditions, only in gauge Landau. Results received in gauges χµAµ=0 and ∂µAµ=0 strongly differ 
from each other and in both cases the condition corresponds is not carried out. 

 
The gluons Green function in Yang-Mills gauge theories 

in a general form can be represented as, 
   

  ( ) ( ) ( ) K+δ∑ Πδ+δ= ν′ν′
′′
ν′µ′′µ′µµνµν

000 GGGG bb
ba

aaab
ab   (1) 
 

 We shall limited by first two terms, since the second order is 
determined by the second terms. The sum before the second 
member means a summation of all diagrams of the second order. 
There are following two diagrams in our consideration (see fig.1).  
The ghosts loop, we do not consider, because limited by pure  

Yang - Mills theory. The calculation of the Green function 

 
in the second order, leads us to calculated polarization 
operator, according to formula (1). The polarization operator 
corresponding to first diagram can be written as follows 
[1,2]: 

 
                

                          
( ) ( )

( ) ( )
221121212121

2121 00
22

4

4

2

2 baba
bbbaaaab GGff

kpk
kdig δδ

π νννννµµµµµµν ΓΓ
−

−=Π ∫                                (2) 

 

Here g is constant of interaction, 2121 bbbaaa ff  - are color 

indices, ( ) ( )00
2211

, νµνµ GG  - the free gluons Green function, and 

2121
, νννµµµ ΓΓ - are vertex functions. 

We shall calculate eq. (2) in both χµAµ=0 and in Lorenz’s 
gauge. The gluons Green function in χµAµ=0 gauge is 
determined by us in work [3] and has the following form:  

( ) ⎟
⎠
⎞

⎜
⎝
⎛ +

−−= νµµνµν
αδ kk

kk
G 22

0 11
 

 

It is seen from this expression, that it differs from Green 
functions in Lorenz’s gauge by a longitudinal part. Note that 
Lorenz’s gauge corresponds to transverse gauge in 
momentum space, and gauge χµAµ=0 corresponds to 
transverse gauge in "x-space". The expression (2) can be 
written in the following form: 
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Here the top sign concerns to gauge χµAµ=0, and the bottom sign concerns to Lorenz’s gauge. Let to present eq. (3) in more 
convenient form: 
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where 

( ) ( ) ( )[ ]

( ) ( ) ( )[ ]
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The first integral in this expression has been calculated in a number of works (see [1,2]) and looks like:  

 

( ) ( )
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 The second integral after convolution of indices looks like: 
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The third and fourth integrals are equal to: 
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and 
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Now it is necessary to calculate the integrals J1, J2, J3 and J4 over the momentum and angles variables. 
Integration over the k  we carry out in n-dimensional space with the further transition 4=n  thus we using the following 

formula [1]: 
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 For application of this formula to J1, J2, J3 and J4 we use 

Feyman's parameterization: 
In this formula it was done in to Euclidean space. 

 

( ) ( )[ ]∫ ∫∫
−−

→
− 222

1

0
22

4

1 xxpk
kddx

kpk
kd n

 

 
And we carry out integration over x by use of formula 

( ) ( ) ( )
( )∫ ++Γ

+Γ+Γ
=−

1

0 2
111
βα
βαβα dxxx  

 
Having integrated over the k and x we receive the following 
expression:
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This expression can be written in a more foreseeable form, separating divergent parts: 
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In order to keep correct dimension of polarization 

operator, we have used a dimensionless constant of 

interaction 
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According eq.(4) we can write out expression for the 
polarization operator in both gauge: 
 a) Lorentz's gauge: 
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b) χµAµ=0 gauge 
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 The analysis of the formula (5) shows, that in Lorentz's 

gauge (α=1) the polarization operator is not transverse. And 
in gauge χµAµ=0 at α=1 it has (the formula (6)) the form of 
transverse polarization operator. Thus, it is possible to obtain 
the transverse polarization operator not introducing Faddeev-
Popov's ghost. It is necessary to choose successful gauge. Let 
us use the renormalization procedure for expressions (5) and (6). 
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a )
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−Γ  we represent as, 
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Carrying out renormalization procedure we shall have: 

a) For Lorenz’s gauge:  
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at α=1, we have 
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This formula coincides with earlier known formula (see [1,2]). 
b) For gauge χµAµ=0 
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and  at α=1 
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The formula (8) in Feyman gauge is new result and it is 

transverse. Now we shall consider the second diagram. The 
second diagram contains the integral: 
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k
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 In the n-dimensionally space the following formula takes 
place: 
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(Here α=0, 1, …, m) 
And equal to zero. 
Thus, the contribution of the second diagram to Green 

functions in the second order equal to zero. 

 
 

[1] A.A. Slavnov, L.D. Faddeev. Introduction to quantum 
theory of gauge fields. Moscow: Nauka, 1978 

[2] F. Indurain. The theory of quark and gluon interactions. 
Springer, 1999 

[3] L.A. Alieva. Bulletin of Sumgait State University, v.3, 
N2, p.26, 2004. 

 

 
 



THE GLUONS GREEN FUNCTION IN NLO 

 49

Л.А. Ялийева, С.А. Щажыйев 
 

ЯСАС ЙАХЫНЛАШМАДАН СОНРАКЫ ТЯРТИБДЯ ГЛЦОНУН ГРИН ФУНКСИЙАСЫ 
 
Мягалядя χµAµ=0 вя ∂µAµ=0  калибровкаларында полйаризасийа оператору щесабланыб. Эюстярилмишдир ки, йалныз Ландау 

калибровкасында щяр ики щал цчцн полйаризасийа оператору енинялик шяртини юдяйир. Фейман калибровкасында  χµAµ=0 вя ∂µAµ=0  
калибровкаларын вердийи нятиъяляр бир-бириндя ъидди фярглянир, вя енинялик шярти юдянмир. 
 

Л.А. Алиева, С.А. Гаджиев 
 

ФУНКЦИЯ ГРИНА ГЛЮОНА В СЛЕДУЮЩЕМ ПОРЯДКЕ ЗА ГЛАВНЫМ ПРИБЛИЖЕНИЕМ 
 

В данной статье вычислен поляризационный оператор в калибровке χµAµ=0 и ∂µAµ=0 . Было показано, что в калибровке 
Ландау поляризационный оператор для обоих состояний является поперечным.  В калибровке Феймана полученные значения в 
калибровках  χµAµ=0 и ∂µAµ=0  сильно отличаются друг от друга и не отвечают условию поперечности. 
 

Received: 19.10.05 
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THE REACTION OF DISLODGING OF NUCLEONES BY THE PROTONS FROM THE 

NUCLEUSES 
 

M.M. MIRABUTALIBOV 
Azerbaijan State Oil Academy, AZ-1010, Baku, Azadlig av., 20 

 
On the base of the quasi-classical approach the obtained expression for the amplitude of the quasi-elastic dislodging of nucleons by 

protons from the nucleuses is applied for the study of the membrane structure of light nucleuses. The results of concrete calculations of 
amplitude of A(p,2p)B process on 16O and 12C nucleuses are given for the comparison with the experimental data. The calculations have been 
carried out for the different outlet angles of the slow protons θ1=61°, 64°, 67°, 73° at the fixed scattering angle of the quick proton θ2=13.4°. 
The analysis of the results shows, that cross-sections of the scattering weakly depends on the angles of dislodging protons. 

 
The quasi-elastic dislodging of nucleons by protons of 

intermediate energies from nuclears on the base of the quasi-
classical approach, described in the ref. [1] is investigation. 

Toward this end, the differential cross-section of reaction 
A(p, NpP)B is written in the form [2]. 

 

                           2

12
4

)12(2
1)()2( ∑+

−−−−=

fi

fiMM
if

i
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p T
J

EEТТТ
k

m
d

σσ

δπσ 12dpdp .                                      (1) 

 
Here Tp, T2 and T1 are energies of the corresponding 

incident, scattered and dislodging nucleons, EN is the break 
energy of the weak connected nucleon. 
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=
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R M
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where ER is the recoil energy of the daughter nucleus. 

The matrix element of nucleus transition is presented in 
the form: 

 

>=< ∫ +−
iiffif MJVrMJT )()()()()( )(*)(

*

111 xrrxdrdx ψψξψψ .      

                                                                                              (3) 
 
The wave functions of the relative motion of the 

rescattered proton are obtained from the solution of the 
Shroedinger nonrelativistic equation [2].  

The wave function of the dislodging nucleon (slow) has 
the form: 

 
               ∫ −= ξξϕξϕψ dAA ),()()( 1

*
11 xx .             (4) 

 
The nucleus recoil energy is defined with the help of the 

momentum of recoil nucleus (Pr), which connected with 
missing mass (Mr) from the reaction, on the base of the law 
of conservation of energy: 

 
  2/122

12 ])[( RppAR PТТТmMM −−−+−=      (5) 
 
The connection between nucleon divided energy (EN) 

and daughter nucleus mass (MA-1), which are known from 
experiment for missing mass is used by the following form:   

 
                                    1−−= ARN MME .                         (6) 

 
Thus, applying the quasi-classical theory on the proton 

scattering on the nucleuses, described in the ref [1], for the 
matrix element, we obtain: 
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After change of variables u=r-x and using the expansion for the ill-wresting member Ф(r), we obtain: 
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Here ρ(xξ) is expressed through radial transition nucleus density ρL(x). 

The expression for the nucleon-nucleonic amplitude fNN( q′ ) is considered in the generic form [3]. 
Integrating the expression (8) on du, further on d q′  and using the property of δ-function, for the cross-section we obtain: 
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At the quasi-elastic dislodging of nucleons, the recoil 

nucleuses have the hole in the casing, from which the proton 
is radiated, and the separation energy is equal to the energy of 
this single-particle state. The energy of dislodging nucleon 
has the value 

 
                       RNр EЕТТТ −−−= 21                        (10) 

 
And is defined with the help of the formula (2) and law 

of conservation of momentum 
 

                        1fiR kkkP hhh −−= .                        (11) 
 
The form factor of nucleus is 
 

     ,)()()()( *)]([ dxqэф
xq xLLMNN

i
LM xYfeF ρ

∧
Φ+∫= xq     (12) 

 
The mathematic calculation method is given in ref [1]. 
At the calculation (12) it is need to choose the coordinate 

system. Toward this end, it is supposed, that axis ,OZ q↑↑ , 

where α
θ

kkkkq fi 2
2

sin2 2 ==−=  is recoil 

momentum to the nucleus, 
2

sin 2θα =  and axis OX⊥q, 

where θ2 is scattering angle of the incident particle,  
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∧∧

kx1 ,  

 
where θ1 is the angle between incident and dislodging 
particles, which are familiar from the experiment. 

Moreover, it is need to choose the function of nucleon 
density distribution in nucleuses. For the light nucleuses it is 
advisable to apply the symmetrized Fermi-densities, which 
well describe experimental cross-sections at the analysis of 
the elastic scattering of electrons and protons on light 
nucleuses [4,5]. 

The supposed approach allows to calculate the 
differential cross-sections on the dislodging of nucleons by 
protons with energy Tp=1 GeV without free parameters. The 
results of the concrete calculations of reactions A(p,2p)B on 
nucleuses 16O and 12C in the comparison with the 
experimental data are given on the fig.1. and 2. The 
calculations, carried out for the outlet angle of slow protons 
θ1=61° and at the fixed scattered angle of the quick proton 
θ2=13.4°. The analysis of the results shows, that scattering 
cross-section weakly depends on the angles of the dislodging 
protons. 

The nucleus 16O can radiate the protons from the levels 1 
P3/2, 1 P1/2, 1 S1/2 and nucleus 12C can radiate from levels 1 
P3/2 and 1 S1/2, that’s why the differential cross-section is 
calculated for each of this cases. 

 
 
Fig. 1. The experimental (points) and theoretical differential  

cross-sections of the reactions of quasi-elastic                
dislodging of protons from the different nucleus 
membranes 16O (touch dotted line). The cross-sections 
correspond to θ1=61°, θ2=13.4°. The continuous curve 
is results of the ref [6]. 

 
Fig. 2. The same, that on the fig.1., but for p-12C.   
 
In the experiment the slow protons were registered at 

energies T1=(60÷105)MeV, the agreement of the theoretical 
cross-section with quick protons, measured on the 
registration was carrying out at these energy values of slow 
protons. As it is seen from fig.1., the theoretical curves, 
obtained in the present work on the dislodging of protons 
from the levels 1 P3/2 and 1 P1/2 in the difference from the 
experiment have only one maximum. This is the consequence 
of that in the process the absolute quasi-elastic dislodging of 
protons is considered, i.e. the residual nucleus doesn’t react. 
The shift of the maximum to the side of the big energies 
probably connects with that the distortion doesn’t take under 
consideration in the wave function of the dislodging proton. 
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For the comparison the theoretical curves, calculated in 
the wave-distorted momentum approximation, where the 
Hartri-Fock wave functions were used for the nuclear 
nucleons, are presented on the figures. Moreover, the authors 
of the work [6] also took under the consideration the 
excitation of the residual nucleus. 

Thus, it is possible to conclude, that such calculations are 
comfortable for the practical use with the analytic wave 
functions of nucleus. 

The theoretical analysis of dislodging reactions needs 
more detail consideration of the nuclear-force wave 
functions, in particular, more detail account of the excitation 
and distortion in the nucleus wave function. 

 
[1] M.M. Mirabutalibov. Fizika NAN, Az. Res., 2, 60, 2002. 
[2] M.M. Mirabutalibov. Fizika NAN, Az. Res., 3, 3, 2004. 
[3] M.M. Mirabutalibov. Yadernaya Fizika, 67, 12, 2171 

(2004). 

[4] V.K. Lukyanov, Yu.S. Pol.  EChAYa, v.5, 955, 1974. 
[5] M.M. Mirabutalibov. Fizika NAN, Az. Res., 2, 53, 1999. 
[6] S.L. Belostotskiy i dr. Pr. LIYaF, 867, 58, 1983.  

 
М.М.Мирабуталыбов 

 
PРОТОНЛАРЫН ТЯСИРИЛЯ НУКЛОНЛАРЫН НЦВЯДЯН ГОПАРЫЛМАСЫ 

 
Пrотонларын тясириля нцвядян нуклонларын квазиеластики гопма реаксийасынын амплитудунун аналитик шякли квазиклассик 

йахынлашма ясасында тапылмышдыр. А(p,2p)B реаксийасынын дифференсиал кясийи 16О вя 12C нцвяляри цчцн щесабланмыш вя алынан 
нятижяляр тяжрцбя иля мцгайися олунмушдуr. Щесабламалар сцрятли протонларын йалныз 2θ =13.40 сяпилмя бужаьында, зяиф протонларын 

ися θ1=610, 640, 670, 730 гопма бужаглары цчцн апарылмышдыр.  
Нятижялярин анализи эюстярмишдир ки, сяпилмянин еффектив кясийи, гопарылан протонларын учуш бужаьындан асылылыьы чох зяифдир. 

 
М.М. Мирабуталыбов 

 
РЕАКЦИЯ ВЫБИВАНИЯ НУКЛОНОВ ИЗ ЯДЕР ПРОТОНАМИ 

                                
На основе квазиклассического подхода полученное  выражение для амплитуды квазиупругого выбивания нуклонов из ядер 

протонами применено для изучения оболочечную структуру легких ядер. Результаты конкретных расчетов амплитуды процесса 
А(р,2р)В на ядрах 16О и 12С приведены в сопоставлении с экспериментальными данными. Расчеты выполнены для различных углов 
вылета медленных протонов (θ1=610,640,670,730) при фиксированном угле рассеяния быстрого протона θ2=13.40. Анализ 
результатов показал, что сечение рассеяния слабо зависит от углов выбитых протонов. 

 
Received: 09.06.05 

 
 

 
 





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

 54

doesn’t appear; for LR ql −  and RL ql − -collisions the sum 
spirality is equal to one that leads to the characteristic y-
dependence. 

The differential cross-section of the elementary subprocess 
qlql −− ⇒  with taking under the consideration of the 

spiralities of the initial units can be imagined in the form (the 
spiralities of the final particles are the same, as of the initial 
ones, i.e. the spiralities of lepton and quark are saved 
separately): 

  
                              

                        { },)1]()1)(1()1)(1[()1)(1()1)(1( 222222 yFhFhFhFhs
dy
d

LRqRLqLLqRRq −+−+−++−−+++= λλλλπασ
 ,            (6) 

 
where hq is spirality of the initial (or final) quark. 

The differential cross-section of subprocess qlql −− ⇒  
can be obtained from (6) with the help of the elementary changes: 

RLRR FF ⇒ , RRRL FF ⇒ , LLLR FF ⇒ , LRLL FF ⇒ . 

On the base of formulas (2) and (6), the expression for the 
differential cross-section of semi-inclusive reactions 

BXlNl −− ⇒  has been obtained: 
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),( 2Qxf N

q  and ),( 2QzD B
q  present the usual function of 

quark distribution in nucleon and quark fragmentation 
function in baryon B. 

The summation over q in (7) extends over all quarks and 
antiquarks which are in nucleon N. 

  The differential cross-section of semi-inclusive DIS 
antilepton on nucleon BlNl

++ ⇒  can be obtained from (7) 
with the help of the following exchanges: 

 

     )FF,FF(
dxdydz
d

dxdydz
d

LLRlLRRR

)()(

⇔⇔=
−+ σσ

. (8) 

 
P-odd electroweak asymmetries DIS of longitudinal 

polarized leptons and antileptons can be defined by the 
unpolarized target by the following form: 

 

    [ ] [ ])()()()()( −−−−−− +−=− RLRLRL llA σσσσ ,      (9) 
 

    [ ] [ ])()()()()( ++++++ +−=− RLRLRL llA σσσσ ,     (10) 
 

    [ ] [ ])()()()()( +−+−+− +−=− LRLRLR llA σσσσ   ,   (11) 
 

    [ ] [ ])()()()()( +−+−+− +−=− RLRLRL llA σσσσ   .  (12). 
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σ
σ  and )(+

Rσ  

are differential cross-sections of semi-inclusive DIS right- and 
left-polarized lepton (antilepton) on nucleons. 

At DIS of longitudinal polarized lepton (antilepton) the 
polarized asymmetries can be defined on the polarized 
nucleon 

 

      [ ] [ ])()()()()( mmmmm
LLRRLLRRpA σσσσ +−=       (13) 

 

      [ ] [ ])()()()()( mmmmm
LRRLLRRLaA σσσσ +−=       (14) 

 

Charge-polarized asymmetries 
 

        [ ] [ ])()()()()( ±± +−= LLRRLLRRpB σσσσ mmm     (15) 
 

        [ ] [ ])()()()()( ±± +−= LRRLLRRLaB σσσσ mmm     (16) 
 

and charge asymmetries 
 

[ ] [ ])()()()( +−+− +−= αβαβαβαβαβ σσσσC , ),,( LR=βα .  (17) 
 
Here )(m

RRσ , )(m
LLσ , )(m

RLσ  and )(m
LRσ  are cross-sections of the 

processes (1) at the polarization of lepton (antilepton) and nucleon 
1,1;1,1 −=−=== NN hh λλ , 1=λ , 1−=Nh  and  

1,1 =−= Nhλ . 
The study of the longitudinal polarization of baryon B, 

which can be measured on angle distribution of decay 
products in processes π+⇒ NB  presents the special 
interest. 
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Fig.2. The dependence of the asymmetries ,, )()( ++

ap AA )(−
pA  and )(−

aA  (curves 1, 2, 3 and 4 correspondingly) on x at y=0,3  

            and on y at x =0,5. 
 

      
Fig.3. The dependence of the asymmetries ,, )()( ++

ap BB )(−
pB  and )(−

aB  (curves 1, 2, 3 and 4 correspondingly) on x at y=0,5 and  

           on y at x=0,5. 

                            
Fig.4. The dependence of the asymmetries ,, LLRR CC RLC  and LRC  (curves 1, 2, 3 and 4 correspondingly) on x at y=0,7 and on y  
           at x=0,7. 
 
 

a) b) 

a) 

a) 

b)
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THE DOPING OF Cu2-xS MAGNITOSENSITIVE AND COMPONENT (Sm) FILMS  

IN ELECTROSYNTHESIS PROCESS 
 

E.N. ZAMANOVA, L.A. ALIYEVA, S.M. BAGIROVA,  
M.N. YOLCHIYEV, G.G. GUSEYNOV 
Institute of Physics of NAS of Azerbaijan, 

Baku,  Az-1143, H. Javid av., 3. 
   

The technology of electrosynthesis and doping in electrosynthesis process of Cu2-xS magnetosensitive and component (Sm) films has 
been developed. It is established, that the electrolytic sediments and films, precipitated on nickel, platinum planes have monocline syngony, 
correspond to CuSmS2 composition, p-type conductivity and are the magnetosensitive material, can be applied in the magnetooptic devices. 

 
The wide use of the semiconductor films with big square 

in earth sun energy has made the problem of the obtaining of 
the semiconductor layers on simple and chip technology, 
actual at the saving of optical, electric and photoelectric 
properties of the films on high enough level. In this respect, 
the method of the chemical precipitation from the solution 
(OR) presents interest, i.e. the films with big range of electric 
and optical properties [1-4] can be obtained by this method, 
regulating the ion composition of solution and precipitation mode.  

The doping technology of Cu2-xS of magnetosensitive 
and component (Sm) films during electrosynthesis has been 
developed by us. 

The electrodeposition was carried out from the 
electrolyte solution by the composition: 

 

Cuprum sulfate – 0,4÷0,5 mol/l, 
Sulfuric acid – 0,15÷0,20 mol/l, 
Sodium thiosulfate – 0,15÷0,20 mol.l, 
Samarium oxide – 0,015÷0,02 mol/l. 
The electrolysis was carried out at the current density 

10÷60 mA/sm2, temperature 20÷22°C and precipitation time 
5-10 min. In the capacity of the cathode the polished planes 
from nickel, platinum and stainless steel were used and in the 
capacity of anode the plane from the platinum was used in all 
cases. 

The concrete samples of the electrolytic obtaining of 
CuSmS2 compound at the different electrolyte compositions, 
current densities and electrolysis time, and results of 
chemical analysis are given in the table 1. 

                                                                                                                                                                                        Table1 
The samples of the obtaining of Cu-Sm-S alloy, electrolysis modes and results of chemical analysis 

 
 
 

Alloy composition, 
weight, % 

  
 
The composition of 
main components of 
electrolyte, mol/l  

 
 
Current 
density, 
mA/sm2 

 
 

Temperature 
°С 

 
   Sm 

 
   Cu 

 
     S 

 
 

Alloy 
composition 

 
 

Electrolysis 
duration, 

min 

 
 

Тhickness of 
covering, 

mcm 
 

1 CuSO4 – 0,40 
Na2S2O3 – 0,15 
H2SO4 – 0,50 
SmO – 0,015  

 
10 

 
20 

 
23,8 

 
27,5 

 
46,6 

 
CuSmS2 

 
5 

 
3,2 

2 CuSO4 – 0,40 
Na2S2O3 – 0,18 
H2SO4 – 0,53 
SmO – 0,016 

 
20 

 
20 

 
26 

 
20,8 

 
53 

 
CuSmS2 

 
5 

 
3,4 

3 CuSO4 – 0,48 
Na2S2O3 – 0,18 
H2SO4 – 0,57 
SmO – 0,018 

 
40 

 
22 

 
26,1 

 
24,3 

 
49,48 

 
CuSmS2 

 
10 

 
3,6 

4 CuSO4 – 0,50 
Na2S2O3 – 0,20 
H2SO4 – 0,80 
SmO – 0,019 

 
50 

 
22 

 
26 

 
24 

 
49,8 

 
CuSmS2 

 
8 

 
3,8 

5 CuSO4 – 0,50 
Na2S2O3 – 0,20 
H2SO4 – 1,0 
SmO – 0,020 

 
60 

 
22 

 
27,7 

 
23,7 

 
48,5 

 
CuSmS2 

 
8 

 
3,8 

 
The films CuSmS2 were subjected to the spectral 

analysis for the establishment of the film purity (table 2). As 
it is seen from the table 2, the obtained film CuSmS2 has the 
purity 99,99%. The samples, obtained at the current density 

40 mA/cm2, electrolysis duration 10 minutes are subjected to 
the roentgen-phase analysis on the substrate from nickel. The 
crystallographic constants have been defined and they are 
compared with the analogical parameters of monocrystal, the 



E.N. ZAMANOVA, L.A. ALIYEVA, S.M. BAGIROVA, M.N. YOLCHIYEV, G.G. GUSEYNOV 

 60

composition of which corresponds to CuSmS2. The given 
data in the table 3 allow to suppose, that electrolytic 

sediments have monoclinic syngony and are correspond to 
CuSmS2 composition. 

 
                                                                                                                                                      Table 2 

The results of spectral analysis of Cu-Sm-S films, obtained by the electrochemical method at the  
different current densities 

  
Impurities, % 

 
     Electrolyte,  

mol/l 
Current density, 

mA/sm2 
Fe Si Mg CuSmS2 

CuSO4 – 0,50 
Na2S2O3 – 0,20 

H2SO4 – 1,0 
SmO – 0,020 

10 
20 
40 
50 
60 

0,0001 
0,0001 
0,0001 
0,0001 
0,0001 

0,01 
0,01 
0,01 
0,01 
0,01 

0,001 
0,001 
0,001 
0,001 
0,001 

99,99 
99,99 
99,99 
99,99 
99,99 

 
 

                                                                                                                                                   Table 3 
The results of roentgen-phase analysis of electrochemically precipitated film CuSmS2 

Mode: 40kV, 6mA, CuKα(λ=1,5418Å), eks 15 hour. Ni is filter 
 

        Interplanar spaces from the single crystal 
[1,3] 

Experimental data from electrochemically   
precipitated film  CuSmS2 

 

NN 

D I d I 
1 4,109 7 4,166 6 
2 3,691 7 3,721 1 
3 3,233 1 3,265 1 
4 2,924 6 2,942 5 
5 2,834 6 2,820 1 
6 2,560 7 2,566 4 
7 2,337 7 2,327 9 
8 2,127 6 2,117 10 
9 2,036 1 2,012 1 
10 1,954 1 1,977 1 
11 1,897 3 1,893 9 
12 1,730 2 1,707 6 
13 1,545 2 1,580 1 

 
The results of roentgen-phase analysis are given in table 3. 

The calculated of interplanar spacings of the monoclinic 
lattice are turned out identical with data, obtained from 
monocrystal of the analogical composition [1,3] with 
parameters of lattice: a=6,496; b=7,13; c=6,799Å, β=98°21, 
P2/C ′ , Z=4. 

The influence of the samarium ions on the process of the 
combined precipitation sulfur and cuprum have been studied  

by us. For the precipitation the platinum plane was used in 
the capacity of the cathode, and the polished nickel electrodes 
were used in the capacity of the anode. The polarized 
measures were carried out in the dependence of the samarium 
concentration in electrolyte and medium temperature. As it is 
seen from the table 4 the potential shifts to the negative side 
with the increase of the temperature and decrease of the 
samarium concentration in electrolyte. 

 
                                                                                                                                             Table 4 

The shifting of the potential from electrolyte temperature and samarium concentration in the electrolyte 
                                             

 
The potential shifting, volt 

 
 

Temperature, °С 
 

CSm=0,02 mol/l 
 

CSm=0,04 mol/l 
 

CSm=0,06 mol/l 
 

CSm=0,08 mol/l 

25 
50 
70 
90 

+0,05 
-0,05 

0 
0 

+0,15 
0 
0 

-0,13 

+0,15 
0 
0 

-0,3 

0 
0 
- 
- 
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It is known, that reconstruction potential is defined by 
that energy, which is needed to spend on the destruction of 
the crystallic lattice. The perfect the crystalline structure is 
the more energy is needed to spend on its destruction. It is 
consequent that reconstruction potential will shift to the 
negative side in the case of the samples with the perfect 
structure. 

The velocity of the electrochemical reaction increases 
with the temperature increase that is seen from the increase of 
values of the limiting current and decrease of the region of its 
existence. 

Thus, at the high temperatures the most favourable 
conditions for the combined precipitation of the components 
are created, i.e. the rapprochement of their potential 
separation because of the energy of mixing carries out. 
However, the best adhesion of the precipitating alloy with 
base is achieved at the temperature 25°C. The part of the 
precipitated alloy crumbles from electrode surface with the 
increase of the temperature and increase of the crystallization 
velocity, the covering is obtained irregular by the thickness. 
That’s why; from the practical point of view the most interest 
are samples, obtained at the temperature 25°C. The 
microscopic photos of the transversal sections, fixed on 
microscope MIM-7 show, that samples are one-phase. 

The use of the proposed technology for the coating of the 
triple alloy CuSmS2 supplies the following advantages in the  

comparison with the known ones: 
a) the possibility of the coating of the semiconductor 

high-resistance covering with the magnetosensitive 
component electrolyte composition in practically allowed 
variation intervals, current density and synthesis temperature 

CuSO4 – 0,4-0,5 mol/l, 
Na2S2O3 – 0,15-0,20 mol/l, 
H2SO4 – 0,5-1,0 mol/l. 
SmO – 0, 015-0,02 mol/l. 
Ik=10÷60mA/cm2; t=20÷22°C, precipitation time 

τ=5÷10 min, 
b) quick decrease of the power inputs, 
c) the simplicity and cheapness of the synthesis 

technology, the absence of the necessity of pressings, heat 
treatments and cooling. 

Thus, this method allows to obtain the films of the 
triple alloy, consisting from the cuprum, samarium and 
sulfur-rare-earth semiconductor (RES) of p-type with 
ρ=2⋅103÷1010 Om⋅cm at the room temperature, which are 
the paramagnetic material; in the temperature interval 
(77÷373)K and can be applied at the recording and 
transformation of the optical information in the 
magnetooptical devices by the method of the 
electrochemical precipitation as the analysis results show 
[4].
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Å.N. Çàìàíîâà, ËÀ.ßëèéåâà, Ñ.Ì. Áàüûðîâà, Ì.Í. Åë÷èéåâ, Ã.Ã. Ùöñåéíîâ   
 

ÅËÅÊÒÐÎÑÈÍÒÅÇ ÏÐÎÑÅÑÈÍÄß CU2-XS ÒßÁßÃßËßÐÈÍÈÍ ÌÀÃÍÈÒÎÙßÑÑÀÑ ÊÎÌÏÎÍÅÍÒ  ÈËß (Sm) 
ÀØÃÀÐËÀÍÌÀÑÛ  

 
Cu2-xS òÿáÿãÿëÿðèíèí åëåêòðîñèíòåç éîëó èëÿ àëèíìàñû âÿ ìàãíèòîùÿññàñ êîìïîíåíò èëÿ (Sm) àøãàðëàíìàñû òåõíîëîýèéàñû èøëÿíèá. Òÿéèí 

åäèëèá êè, åëåêòðîëèòèê ÷þêöíòö âÿ òÿáÿãÿëÿð íèêåë,ïëàòèí àëòëûãëàð öçÿðèíäÿ ìîíîêëèí ñèíãîíèéàéà, CuSmS2 —òÿðêèáÿ , ï-òèï êå÷èðèúèëèéÿ ìàëèê 
îëàí , ìàãíèòîùÿññàñ ìàòåðèàëëàðäûð. 

 
Э.Н. Заманова, Л.А. Алиева, С.М. Багирова, М.Н. Елчиев Г.Г. Гусейнов 

 
ЛЕГИРОВАНИЕ ПЛЕНОК Cu2-XS МАГНИТОЧУВСТВИТЕЛЬНОЙ  КОМПОНЕНТОЙ (Sm)  

В ПРОЦЕССЕ ЭЛЕКТРОСИНТЕЗА 
 

Разработана технология электросинтеза и легирования в процессе электросинтеза пленок Cu2-xS магниточувствительной 
компонентой (Sm). Установлено, что электролитические осадки и пленки, осажденные на никелевые и платиновые пластинки, 
имеют моноклинную сингонию, соответствуют составу CuSmS2, p-типу проводимости, являются магниточувствительным 
материалом, могут найти применение в магнитооптических приборах. 
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THE FREQUENCY CHARACTERISTICS OF THE REFLECTION OF THE 

ELECTROMAGNETIC RADIATION IN THE LAYERED SYSTEMS 
 

M.A. SADIKHOV, S.T. AZIZOV, A.S. ZEYNALOVA 
Institute of Physics of NASA,  
Baku-1143, G. Javid av., 33 

 
In the ref the results of the investigation of the frequency characteristics of the layered systems, obtained by the way of the coating of the 

dielectric-metal of the quarter-wave-length layers from the non-absorptive material on the two-layered system. 
 
The effect of the non-reflective absorption of the 

electromagnetic radiation in the two-layered systems of polar 
dielectric-metal, which is predicted and experimentally 
proved, appears in the dispersion region of the dielectric 
covering at the discrete values of the wave length of the 
incident radiation λ0, the thickness l0 of the reflective layer of 
the covering and the substance of the polar molecules in it 
[1]. This effect has resonance character and taking this under 
consideration, the investigations of the frequency 
characteristics of the reflection of the electromagnetic waves 
from such two-layered system, near resonance values λ0 and 
l0 present the definite interest.  

  The results of the investigations show the 
bandlimitedness of the frequency spectrum, at which the 
effect of total absorption carries out. For the increase of the 
frequency band of the non-reflective absorption it was 
supposed to use the quarter-wave-length layers from the non-
absorptive material, coated on the two-layered system of 
dielectric-metal. The investigation of the frequency 
characteristics of such layered system has been showed, that 
the use of the quarter-wave-layers significantly changes the 
frequency range, at which the partial or total absorption of the 
electromagnetic waves in these systems is carried out. 

  For the calculation of the frequency characteristics of the 
reflection of such system the following expression for the 
module of standing-wave ratio was used near chosen values 
λ0, l0 [1,2] 
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where Zenm is the input resistance of the multi-layer system 
depending on the frequency, substance properties and 
geometric dimensions of the directed system. 

Taking under the consideration such approach the input 
resistance of the system at the connection to it the i-additional 
layer of the covering is equal: 
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where Zeni, Zeni-1 are input resistances of the system at the 
existence of the i and i-l layers; Zi is wave resistance of i-
layer; γi- is distribution constant in the substance of i-layer in 
it [3,4]. 

From the equation (2) it is followed, that the input 
resistance of the multi-layer system, consisting from the 
absorptive layer and one additional layer will have the form 
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where Zen is the input resistance of the absorptive layer. 

According to the definition Zen=Zthγl. Using the 
expression for Z and γ, we obtain: 

 
                            Zen=M+iN ,   (4)
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For the creation of the simple automatized calculation of 

the reflection frequency characteristics of the absorbent 
coverings with one or two quarter-wave-length additional 
layers from the lossless materials, coated on them, the 
investigated algorithm was applied. It allows to evaluate the 
influence of the matched layers on the behavior of the 
frequency characteristics, in particularly, wave absorption 
band, near the spectral values l0, λ0 in the dependence on the 

concerning substance properties and additional layers. The 
algorithm is constructed by the principle of the consistent 
calculations of the input resistances consisting the layer 
system during of their connection to the main layer. 

The investigations of the frequency characteristics were 
carried out in the range of wave lengths 0,5-5 cm, moreover, 
it was considered, that dielectric properties of the adsorbent 
covering were described by Debye equation at the value 
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ε∞=2. The values, ε0,τ of the substance of the absorbent layer varied in the interval 5-20 units and 5-20⋅10-12c correspondingly. 
 

 
  Fig.1. The reflection frequency characteristics of the three-layered system with the values of the dielectric constant ε1, which are equal  
             to 2(a,c) and 1,5 (b). 

 
The reflection frequency characteristics of the three-

layered system with the value of the dielectric constants ε of 
the additional quarter-wave-length layer, which are equal to 
1,5 and 2,0, are presented on the fig.1. As in the case of the 
two-layered system  dielectric-metal, ε0 of the absorbent layer 
of the given system at the constancy of the τ value leads to 
the decrease of the relative band of the wave selective 
absorption for the low-frequency spectrum arm and some its 
stabilization for the high-frequency spectrum arm (see table 1). 
Moreover, the increase of the N number of zero minimum of 
ρ value relatively the bans is decreased. However, in the 
difference from the system dielectric-metal in the given 
three-layered system the input of the additional quarter-wave-
length layer causes to the expansion of the relative band of 
the selective wave absorption. The variety of the value τ at 
the constancy ε0 influences on the absorption band 
insignificantly. 

                                                                           Table 1. 
The values of the statistical dielectric constant ε0, relaxation 

time τ, thickness l0, the covering layer, wave length λ0, relative 
absorption band ∆λ/λ0 on the level ρΓ=0,1 of the three-layered 
absorbent system at ε∞, and different values of the dielectric 

constants of the additional layer ε1, N is number of dependence 
minimum of ρ on l. 

 
Low-frequency  branch    N=1     k=2 

τ10-12   ε0   Λ0  ∆λ/λ at   
ε1 = 4; ε2 =2 

    ∆λ/λ at 
ε1 = 3; ε2 = 1,5 

5  15 
 20 

0,97 
1,28 

        0,37 
        0,37 

       0,31 
       0,21 

10  15    
20 

1,93 
2,55 

        0,35 
        0,14 

       0,33 
       0,18 

20 15 3,87         0,37        0,32 

 

 
Fig.2. The reflection frequency characteristics of the four-layered system with the values of the dielectric constant ε0 , which are equal to  
           20 and 15 and values of the dielectric constants of the additional layers.       

 
The input of the second additional quarter-wave-length 

layer significantly changes the frequency characteristic of the 
wave reflection from such four-layered absorbent system. 
The families of the reflection frequency characteristics for the 
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four-layered systems, consisting the additional layers with the 
value ε1=4; ε2=2 and ε1=3; ε2=1,5 correspondingly are given 
on the fig.2.  

The resistance transformer of these systems, appearing 
because of the two additional layers has the one and the same 
value of the transformation ratio k=2. 

At the wave distribution in the waveguide and other 
direction system, the structure of the given algorithm of the 
calculation of the reflection frequency characteristics of the 

multi-layered system is saved. In this case it is need to make 
the change of the used values ε0 , ε∞, τ, ε1 , ε2 , …εm, λ on their 

reduced values 
p1

p0

−

−ε ; 
p1

p

−

−∞ε ; p1 −τ ; 
p1

p1

−

−ε ; 

p1

p2

−

−ε ; 
p1

pn

−

−ε
. 
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М.А. Садыхов, С.Т. Язизов, А.С. Зейналова 

 
ЛАЙЛЫ СИСТЕМЛЯРДЯ ЕЛЕКТРОМАГНИТ ШЦАЛАНМАНЫН ЯКСОЛУНМАСЫНЫН ТЕЗЛИКЛИ 

ХЦСУСИЙЙЯТЛЯРИ 
  

Мягалядя лайлы системлярин, диелектрик-метал ики лайлы системлярин дюрдябирдальалы удмайан материалдан лайлары цстцня чякилмиш, 
тезликликлярин характеристикаларынын тядгигинин нятижяляри верилиб. 
 

М.А. Садыхов, С.Т. Азизов, А.С. Зейналова 
 

ЧАСТОТНЫЕ ХАРАКТЕРИСТИКИ ОТРАЖЕНИЯ ЭЛЕКТРОМАГНИТНОГО ИЗЛУЧЕНИЯ 
В СЛОИСТЫХ СИСТЕМАХ 

            
 В статье представлены результаты исследования частотных характеристик    слоистых систем, полученных путем нанесения на 

двухслойную систему диэлектрик-металл четвертьволновых слоев из непоглощающего материала. 
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THE INVESTIGATION OF THE STATES OF Cr, Co, Ni, Bi AND K IONS, DEPOSITED ON  

γ-Al2O3 IN THE COMPOSITION OF THE DEHYDROGENATION CATALYST BY  
ESDO AND RENTGENOGRAPHY METHODS 

 
N.A. ALIYEV, S.A. JAMALOVA, R.B. AKHVERDIYEV, S.G. FARADJEVA,  

T.F. ALLAHYAROVA, A.A. KASIMOV  
Institute of Oil-Chemical Processes of NAS of Azerbaijan, 

370025, Baku, Hodjali av, 30 
 

The use of the deposited catalysts, which have more high mechanical strength, thermostability and relatively low inputs on their 
synthesis are the most suitable in the comparison with massive dehydrogenation catalysts. The data on the states of Cr, Ni, Bi, Co and K ions, 
deposited on γ-Al2O3, including in the composition of the catalysts of the paraffin hydrocarbons C3-C4 are presented in the given paper.  The 
catalysts prepared in the atmospheric conditions and in the conditions of the low pressure were used. It is established, that valency and 
coordinative states of ions of transitive metals (Cr, Ni, Co) depend on the conditions of the catalyst preparation. The metal ions in the 
oxidated form are present in the samples of the catalysts, prepared in the atmospheric conditions. As oxidate forms of metal ions, so the 
restored ones are presented in the catalysts, prepared in the vacuum conditions. It is supposed, that high activity of the catalysts, obtained in 
the vacuum conditions, is caused by the presence of the oxidated and restored forms of the active components in the system. 

 
The processes of the catalytic dehydrogenation of the 

paraffin hydrocarbons are included in the number of most 
big-volume processes of the world oil-chemical industry. 
This is connected firstly with the increase of the demand on 
the olefinic hydrocarbons, which are used for the obtaining: 
of the synthetic rubbers, plastics, the components of the 
automotive fuel (meliltretbutyl ether) and other valuable 
chemical products. The constant high quantity of the 
investigations, carried out on the perfection already existed 
and the working of the new dehydrogenation catalysts is 
caused by this [1-3]. 

The one of the perspective direction of the perfection of 
already existed dehydrogenation catalysts is their promotion 
by the oxides of the rare-earth elements [1-3]. 

The process of the dehydrogenation of propane on Cr, 
Co, Ni, Bi and K/γ-Al2O3 catalysts has been worked in the 
IOCP of NAS of Azerbaijan. 

The results of the states of ion metals (Cr, Ni, Bi, Co and 
K) in the composition of single-, double-, three-component 
samples of massive catalysts, prepared in the conditions of 
the lowered and atmospheric pressure were presented in the 
previous ref [4]. 

It is established, that catalysts of the samples, prepared in 
the atmospheric conditions have only oxidated forms of the 
given metals. In the difference from it, the samples of the 
catalysts, prepared in the vacuum conditions have as oxidated 
(Cr5+, Cr3+(Oh), Ni2+(Oh) and Co3+, Co2+), so the restored 
forms of the given metals (Cr0, Ni0, Co0). 

It is established, that the coexistence of the oxidated and 
restored ions of these metals causes the relatively high 
catalytic activity of catalyst samples, synthesized in the 
vacuum conditions. 

However, the use of the massive catalysts connects with 
set of defects, such as: the difficulties at the formation of 
catalyst granules in the stage of its preparation, relatively low 
thermal and mechanical stability, high capital inputs, 
connected with the use of the big quantity of metal salts. 

Taking under the consideration the above mentioned, the 
use of the deposited catalysts on the base of the relatively 
cheep carrier - γ-Al2O3, which supplies the high enough 
mechanical strength and thermostability, low capital inputs 
on catalyst synthesis is the more suitable. Moreover, γ-Al2O3 

is well connecting component, which supplies the quality and 
easy-to use formation of catalyst granule of its preparation. 

Starting from the above mentioned suppositions, the 
subject of the given paper is the investigation of the states of 
Cr, Co, Ni, Bi and K, deposited on γ-Al2O3. 

 
Experiment system 
 
The definition of the catalyst activity was carried out in 

quartz reactor with stationary layer of catalyst, at volume 
advance speed of raw 400h-1 and temperature in reactive band 
590°C. The output of propylene on the passed raw was 49,5% 
at the selectivity 90,03% (mol). 

The catalyst was prepared by the way of the marking of 
nitrates of the salts of corresponding metals on формула, 
previously treated by the drying at the temperature 400°C, 
with the aim of the release of catalyst pores from the air and 
water steams. The calcinations were carried out in the 
conditions as the lowered, so the atmospheric pressure at the 
temperature 600-620°C during eight hours. 

The electronic spectrums of diffusion reflection (ESDR) 
have been fixed on the spectrophotometer “Specord M40” in 
the region 50000-10000 cm-1. 

 
The experiment results 
 
Let’s consider the results of spectral investigation of ion 

states in the composition of studied catalysts (electronic 
spectroscopy of diffusion reflection). 

   
The oxide systems Ni (5;10;25 and 86,8%)-γ-Al2O3  
(95;90;75 and 13,2%) 
 
The well-released absorption bands (a.b.) in the region 

13000, 15800, 16700 and 27500 cm-1 are observed in the 
catalyst spectrum, consisting on 5% Ni (fig.1, c.1). The 
sample has blue color. The observable a.b. can be interpreted 
by the following way, taking under the consideration from [5, 
6]: 

- a.b. at 13000 and 27500 cm-1 are registered to the 
absorption of Ni2+ ions, stabilized in the fields of octahedral 
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coordination (transfers 3A2g→3T2g and 3A2g→3T1g 
correspondingly); 

- a.b. in the regions 15800 and 16700 cm-1 show on the 
existence of the tetrahedrally coordinated ions of Ni2+(Td) in 
the system [(transfers 3T1(F)→3T1(P) and 3T1(F)→3E1(D) 
correspondingly]. 

 
 
Fig.1. The spectrums of diffusion reflection of catalysts: 

1. Ni (5%)-γ-Al2O3 (95%) - obtained at the atmospheric 
pressure 

2. Ni (10%)-γ-Al2O3 (90%) – obtained at the atmospheric 
pressure 

3. Ni (25%)-γ-Al2O3 (75%) – obtained at the atmospheric 
pressure 

4. Ni (86,8%)-γ-Al2O3 (13,2%) – obtained at the 
atmospheric pressure 

5. Ni (5%)-γ-Al2O3 (95%) – obtained in the vacuum 
conditions 

6. Ni (10%)-γ-Al2O3 (90%) – obtained at the vacuum 
conditions 

7. Ni (25%)-γ-Al2O3 (75%) – obtained at the vacuum 
conditions 

8. Ni (86,8%)-γ-Al2O3 (13,2%) – obtained at the vacuum 
conditions 

 
It is known, that nickel ions are presented as in 

octahedral, so in the tetrahedral coordination in the NiAl2O4 
spinel, which is mixed. The formula of this spinel can be 
presented as Ni1/4Al3/4[Ni3/4Al5/4]O4. It can be proposed, that 
the surface mixed spinel NiAl2O4 creates in our conditions 
also. 

The increase of intensity of a.b. from ions of Ni2+(Oh) 
and Ni2+(Td) is observed with the increase of the nickel 
concentration till 10 and 25% (fig.1, c. 2 and 3). The 
spectrum of the sample, consisting 86,8% of Ni significantly 
differs from the previously spectrums. Thus, the set of a.b. at 
14000, 15500, 21700, 23900, 26400 cm-1, characteristic for 
Ni2+ ions is observed in the composition of NiO phase, that 
explain the green color of the sample (fig.1,c.4). 

The given conclusion doesn’t exclude the presence of 
NiAl2O4 spinel in the system. From it the another important 
conclusion is obtained, firstly at the high concentrations of 
nickel on γ-Al2O3 surface the octahedral and tetrahedral 
vacancies are filled by nickel ions with the creation of 
NiAl2O4 spinel, later the process of  formation of NiO phase 
is carried out. 

The spectrums of the samples, consisting 10, 15 and 25% 
of nickel, obtained in the vacuum conditions significantly 
differ from the spectrums of the samples of analogical 
compositions, obtained in the conditions of the air 
atmosphere. Thus, the strong decrease of the intensity of a.b. 
from ions of Ni2+(Oh) and Ni2+(Td) (fig. 1, c.5, 6 and 7) is 

observed. Probably, the process of the partial reconstruction 
of Ni2+(Oh) and Ni2+(Td) ions till Ni0 carries out in the 
vacuum conditions. 

Thus, at the relative low concentrations (5,10 and 25%) 
as the oxidated [Ni2+(Oh) and Ni2+(Td)], so the restored (Ni0) 
forms of nickel are stabilized in the system. 

The catalyst, consisting 86,8% of Ni and has obtained in 
the vacuum conditions, has the spectrum, which differs from 
spectrums of the systems, consisting the relatively less 
quantity of nickel (fig. 1, c.8). In this case the increase of 
intensity of a.b. from the ions of Ni2+ in NiO phase and their 
significant expansion is observed. Probably this effect 
connects with the processes of agglomeration and 
enlargement of NiO particles, where the strong spin-spin 
interaction leads to the increase of the intensity and widening 
of a.b. 

 
   The oxide system Cr(10 and 25%)-γ-Al2O3 (90 and 75%) 

The a.b. are observed in the catalyst spectrum, consisting 
10% of Cr and obtained in the atmospheric air in the regions 
14400, 17000, 22000, 23000 and 27000 cm-1 (fig.2, c.1). The 
sample has the green-yellow color. The bands in the regions 
14400, 22000 and 27000 cm-1 can be registered to the Cr5+ 
ions, and at 17000 and 23000 cm-1 to the Cr3+ (Oh) ions (the 
transfers 4A2g→4T2g and 4A2g→4T1g  correspondingly). 
Probably, the surface of the sample has two types of Cr ions: 
Cr5+ and Cr3+(Oh). 

 
 
Fig.2. The spectrums of diffusion reflection of catalysts: 

1. Cr (5%)-γ-Al2O3 (95%) – obtained at the atmospheric 
pressure 

2. Cr (25%)-γ-Al2O3 (75%) – obtained at the atmospheric 
pressure 

3. Cr (5%)-γ-Al2O3 (95%) – obtained in the vacuum 
conditions 

4. Cr (25%)-γ-Al2O3 (75%) – obtained in the vacuum 
conditions 

 
The increase of the Cr content in the system till 25% 

leads to the increase of the common absorption background 
and some degradation of a.b. from Cr5+ and Cr3+(Oh) ions 
(fig.2, c.2). The sample has the biscuit color that shows on 
the increase of the content of Cr2O5 phase in the system (in 
the pure form the Cr2O5 phase has the brown color). 

The significant decrease of the intensity of a.b. from 
Cr3+(Oh) and Cr5+ ions is observed in the catalyst spectrums, 
obtained in the vacuum conditions. Probably the process of 
partial reconstruction of Cr3+(Oh) and Cr5+ ions till Cr0 carries 
out in the conditions of the lowered pressure. In the given 
case the oxidated (Cr3+ and Cr5+) and restored forms of Cr 
(Cr0) coexist on the catalyst surface. 
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The oxide systems Cr(50;25;50%)-Ni(16,7;50;25%)-  
-γ-Al2O3 (33,3; 25; 25%) 
The a.b. in the regions 13000, 14000, 15500, 22000, 

23000 and 26000 cm-1 are observed in the sample spectrums, 
obtained in the air atmosphere (fig.3, c.1). 

The observable a.b. can be explained by the following 
method: 

- a.b. at 23000 and 26000 cm-1 can be registered to Cr5+ 
ions; 

- a.b. at 22000 cm-1 can be registered to Cr3+(Oh) ions 
(transfer 4A2g→4T2g). 

The rest a.b. from Cr3+(Oh) ions are masked by the more 
intensive background absorption. 

- a.b. at 13000, 15500 cm-1 are characteristics for Ni2+ 
ions in the composition of NiO phase. The green color of the 
sample also shows on this fact. The given conclusion also 
doesn’t exclude the presence of NiAl2O4 spinel in the system, 
where probably a.b. from Ni2+(Oh) and Ni2+(Td) ions are 
masked by a.b. from Cr5+(Cr3+)ions and NiO phase. 

Thus, Cr5+, Cr3+ ions and NiO, NiAl2O4 phases are 
stabilized on the catalyst surface. 

 
Fig.3. The spectrums of diffusion reflection of catalysts: 

1. Cr (25%)-Ni (50%)-γ-Al2O3 (25%) – obtained at the 
atmospheric pressure 

2. Cr (50%)-Ni (25%)-γ-Al2O3 (25%) – obtained at the 
atmospheric pressure 

3. Cr (50%)-Ni (16,7%)-γ-Al2O3 (33,3%) – obtained at the 
atmospheric pressure 

4. Cr (25%)-Ni (50%)-γ-Al2O3 (25%) – obtained in the 
vacuum conditions 

5. Cr (50%)-Ni (25%)-γ-Al2O3 (25%) – obtained in the 
vacuum conditions 

6. Cr (50%)-Ni (16,7%)-γ-Al2O3 (33,3%) – obtained in the 
vacuum conditions 

 
The disappearance of a.b. at 14000 and 26000 cm-1 is 

observed in the spectrum at the increase of the Cr 
concentration till 50% (at the simultaneous decrease of Ni 
concentration till 25%). Moreover, the intensity of the other 
a.b. with simultaneous their widening is observed (fig.3, c.2). 
The sample has brown-green color. Probably the quantity of 
the surface phase Cr2O5 increases at the high concentrations 
of Cr. The brown constituent of the sample color (in pure 
form Cr2O5 has the brown color) shows on this fact and this 
leads to the increase of the absorption background and 
widening of some a.b. Moreover, the part of a.b. from 
Cr3+(Oh) and Ni2+(Oh) ions is masked by strong background 
absorption.  

Thus, the catalyst surface is enriched by Cr2O5 and NiO 
phases at relative high Cr concentration. 

The decrease of Ni concentration till 16,7% significantly 
doesn’t influence on the spectrum character (at the saving of 
Cr concentration 50%) (fig.3, c.3). The spectrums of all three 
catalysts, obtained in the vacuum are characterized by the 
spectrums, where the total absorption is observed, covering 
practically all investigated area (fig.3, c.4,5 and 6). 
Moreover, the samples have gray-black color with bluish 
shine. The processes of partial reconstruction of Cr5+, 
Cr3+(Oh) and Ni2+(Oh) ions till Cr0 and Ni0 rather carry out in 
the samples. It is followed, that the oxidated [Cr5+, Cr3+(Oh) 
and Ni2+(Oh) (in NiO phase)] and restored forms of Cr and Ni 
(Cr0 and Ni0) coexist on the surface of the catalyst.  

 
The oxide system Cr(54,1%)-Bi(13,5%)-γ-Al2O3   
(32,4%) 
The total structureless intensive absorption, covering all 

area is observed in the catalyst spectrum, obtained in the air 
atmosphere (fig.4, c.1). The sample has black color. On 
account on this the spectrum interpretation is impossible, but 
it can be supposed about the presence Cr2O5, Cr2O3 in the 
phase system and Bi3+ in phase. 

 
 
Fig.4. The spectrums of diffusion reflection of catalysts: 
       1.  Cr (54,1%)-Bi (13,5%)-γ-Al2O3 (32,4%) – obtained at  
            the atmospheric pressure 
       2.  Cr (54,1%)-Bi (13,5%)-γ-Al2O3 (32,4%) – obtained in  
            the vacuum conditions 
       3.  Cr (87,7%)-Bi (7,4%)-γ-Al2O3 (4,9%) – obtained at the  
            atmospheric pressure 
       4.  Cr (87,7%)-Bi (7,4%)-γ-Al2O3 (4,9%) – obtained in the  
            vacuum conditions 
       5.  Cr (60%)-Bi (20%)-γ-Al2O3 (20%) – obtained at the  
            atmospheric pressure 
       6.  Cr (60%)-Bi (20%)-γ-Al2O3 (20%) – obtained in the  
            vacuum conditions 
       7.  Cr (67,1%)-Ni (22,4%)-K (5,6%)-γ-Al2O3 (4,9%) –  
            obtained at the atmospheric pressure 
       8.  Cr (67,1%)-Ni (22,4%)-K (5,6%)-γ-Al2O3 (4,9%) –  
            obtained in the vacuum conditions 
       9.  Cr (57%)-Ni (19%)-Bi (14,3%)-γ-Al2O3 (9,7%) –  
            obtained at the atmospheric pressure 
      10. Cr (10,2%)-Ni (4,3%)-Bi (16%)-γ-Al2O3 (69,5%) –  
            obtained at the atmospheric pressure 
      11. Cr (57%)-Ni (19%)-K (14,3%)-γ-Al2O3 (9,7%) –  
            obtained in the vacuum conditions 
      12. Cr (10,2%)-Ni (4,3%)-Bi (16%)-γ-Al2O3 (69,5%) –  
            obtained in the vacuum conditions 
      13. Cr (10,2%)-Ni (4,3%)-K (1%)-Co(1,6%)-γ-Al2O3 - 
            (82,9%) – obtained at the atmospheric pressure  
      14. Cr (10,2%)-Ni (4,3%)-K (1%)-Co(1,6%)-γ-Al2O3 - 
            (82,9%) – obtained in the vacuum conditions. 
 
The quite another picture is observed for the catalyst, 

obtained in the vacuum. Thus, the wide a.b. are observed in 
region 17000,22000 and 27000 cm-1 (fig.4, c.2). The bands in 
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the region 22000 and 27000 cm-1 can be registered to the 
absorption of Cr5+ ions, and a.b. at 17000 cm-1 can be 
registered to Cr3+(Oh) ions. Probably, Cr0 particles also 
present in the system. Probably, bismuth has the doping 
influence on Cr3+(Oh) ions, that leads to their stabilization and 
stability to the reconstruction processes in the vacuum 
conditions. In the result of this, the catalyst surface is 
enriched by Cr2O3 phase. The green color of the sample also 
shows on this fact (in the pure form Cr2O3 phase has dark-
green color). In the given case mainly Cr5+ ions are treated by 
the reconstruction process. This effect doesn’t reveal in the 
case of the catalyst, prepared in the air atmosphere.  

Probably the oxidative medium causes to the enrichment 
of the surface of Cr2O5 and Bi2O3 phases that leads to the 
darkening of the sample and appearance of the wide 
structureless absorption in the spectrum. 

The carried out investigations allow to conclude the set 
of the important  things: 

- the surface in the catalyst, obtained in the air 
atmosphere, is enriched by Cr2O5 and Bi2O3 oxides in the 
result of the oxidative processes; 

- the Bi0 particles, having the doping influence on 
Cr3+(Oh) ions stabilize in the result of the reconstruction 
processes in the catalyst, obtained in the vacuum condition. 
In the result of this, mainly the Cr2O5 phase is treated by the 
reconstruction. In the given case the Cr5+, Cr3+(Oh), Cr0 and 
Bi0 ions coexist in the system. 

 
The oxide system (87,7%)-K(7,4%) -γ-Al2O3 (4,9%) 
The catalyst spectrums, obtained in the air atmosphere 

and vacuum are analogical to the spectrums of the system 
Cr(54,1%)-Bi (13,5%)γ-Al2O3 (fig.4, c.3 and 4) and all 
conclusions, made on the analysis results of this system can 
be registered to the system Cr-K-γ-Al2O3. 

 
The oxide system Cr(60%)-Ni(20%)-Bi(15%)-γ-Al2O3 

(5%) 
The catalyst, obtained in the conditions of air atmosphere 

and vacuum has the spectrum, which is identical to the 
spectrums of the samples Cr-Bi-γ-Al2O3 and Cr-K-γ-Al2O3 
(fig.4, c.5 and 6). It is followed, that introduction of Ni in the 
catalyst doesn’t influence significantly on valency and 
coordination state of Cr and bismuth ions. 

On the assumption of the investigation results of Ni-γ-
Al2O3 system, it is possible to suppose, that NiO, Cr2O5, 
Cr2O3, Bi2O3 phases form on the catalyst surface, obtained in 
the air atmosphere. 

On the assumption of the investigation results of the 
previous catalysts, it is possible to suppose, that the surface 
composition of the catalyst, obtained in the vacuum, consists 
as on the oxidated forms of Cr (Cr2O5 and Cr2O3) and Ni 
(NiO), so on the restored forms Cr0 and Ni0. 

  
The oxide system Cr(67,1%)-Ni(22,4%)-K(5,6%)-γ-

Al2O3 (4,9%) 
The catalyst spectrums, obtained in the air atmosphere 

and vacuum, are identical and characterized by the total 
structureless absorption, covering all spectral area (fig.4, c.7 
and 8). The both samples have black color. Though spectrum 
identification in this case is difficult, but it’s possible to 
propose the following: 

- the Cr2O5, Cr2O3, NiO, NiAl2O4, K2O phases are 
present in the catalysts, obtained in the air atmosphere; 

- the phase composition of the catalysts, obtained in the 
vacuum consists as on oxidated form of Cr (Cr2O5, Cr2O3) 
and Ni (NiAl2O4), so on restored forms Cr0 and Ni0. In this 
case the doping influence of K on Cr ions is absent. 

 
The oxide systems Сr(57 и 10,2%)-Ni(19 и 4,3%)-

Bi(14,3 и 16%) and (9,7 и 69,5%)-γ-Al2O3 
The total structureless absorption, covering practically 

all area is observed in the catalyst spectrum of Сr(57%)-
Ni(19%)-Bi(14,3%)-К(9,7%)-γ-Al2O3 composition (fig.4, 
c9). The decrease of Cr and Ni concentrations till 10,2 and 
4,3% leads to the significant changes in the spectrum. Thus, 
a.b. are observed in the regions 13000, 14000 (weak a.b. in 
the form of the shoulder), 15900, 16900, 22000, 26000 cm-1 
and 27300 cm-1 (fig.3, c.10). The observable a.b. can be 
registered to the following way: 

- a.b. at 13000 and 27300 cm-1 are registered to Ni2+(Oh) 
ions [transfers 3A2g→3T2g and 3A2g→3T1g(P) 
correspondingly]; 

- the absorption in the regions 15900 and 16900 cm-1 are 
characteristic for the systems, consisting Ni2+(Td) ions 
[transfers 3Т1(F)→3Т1(P) и 3T1(F)→1E(D), correspondingly]; 

- a.b. at 22000 and 26000 cm-1 are characteristic for 
Cr3+(Oh) ions correspondingly (transfer 4A2g→4T1g) and Cr5+. 

- the presence Ni2+(Oh) and Ni2+(Td)  simultaneously in 
the system shows on the creation of the mixed spinel NiAl2O4 
in the system. 

Thus, the catalysts, obtained in the conditions of air 
atmosphere at relative high Cr and Ni concentrations (57 and 
19%) create Cr2O5, Cr2O3, NiAl2O4 ,NiO phases, probably 
Bi2O3 and K2O phases, and at relative low concentrations – 
Cr2O5, Cr2O3, NiAl2O4. 

Let’s consider the catalysts, obtained in the vacuum 
conditions: 

The both catalysts give total, practically structureless 
absorption, covering all investigated spectral region (fig.4, 
c.11 and 12). 

In all probability, as in all previous cases, the 
reconstruction processes, carry out in the vacuum conditions, 
leading to the appearance of the restored forms of Cr and Ni 
in the systems (Cr0 and Ni0 correspondingly). It is followed 
the important conclusions: 

- as the oxide phases Cr2O5, Cr2O3, NiAl2O4, NiO, so the 
restored particles Cr0 and Ni0 coexist at the high 
concentrations of Cr and Ni 

- the system has the Cr2O5, Cr2O3, NiAl2O4 phases and 
Cr0 and Ni0 particles at relative low concentrations. 

 
The oxide system Сr(10,2%)-Ni(4,3%)-К(1%)- 

Со(1,6%)-γ-Al2O3 (82,9%) 
The a.b. are observed in the catalyst spectrum, obtained 

in the air atmosphere in the regions 15800, 17000, 18600, 
12000, 23000 and 27500 cm-1 (fig. 4, c.13), which can be 
registered to the following way: 

- a.b. in the regions 15800 and 17000 cm-1, as the above 
mentioned ones can be registered to the absorption of 
Ni2+(Td) ions [transfers 3T1(F)→3T1(P) and 3T1(F)→ 1E(D), 
correspondingly]; 

- a.b. in the regions 17000 and 18600 cm-1 can be 
registered to Co2+ ions, stabilized in the fields of tetrahedral 
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coordination. It is possible to suppose, that state of Co2+(Td) 
ion is caused by the creation of the normal surface spinel 
CoAl2O4 [5,6]; 

- the absorption in the regions 22000 and 23000 cm-1 as 
in all other cases, is registered to Cr3+ and Cr5+ ions 
correspondingly. 

Thus, the investigated four-component catalyst is the 
complex multicomponent system, consisting Cr2O5, Cr2O3, 
NiAl2O4, NiO, CoAl2O4 and probably K2O. 

The catalyst, obtained in the vacuum conditions, is 
characterized by the spectrum, in which the same a.b. are 
observed, that the above mentioned ones, but with lower 
intensity (fig.3, c.14). This fact shows on the carrying out of 
the restored processes, leading to the partial transfer 
Cr5+(Cr3+), Ni2+(Oh,Td), Co2+(Td)→ till Cr0, Ni0 and Co0 
correspondingly. 

Thus, on the base of the carried out spectral 
investigations of valency and coordination state of Cr, Co, 

Ni, Bi and K ions, deposited on γ-Al2O3 it is possible to make 
the following conclusions: 

1. The conditions of catalyst synthesis (air atmosphere or 
vacuum) significantly influence on the high energetic state 
(valency and coordination) of Cr, Co, Ni, Bi and K ions; the 
catalysts, obtained in the conditions of air atmosphere have 
only oxidated forms of deposited elements [Cr3+(Oh), Cr5+, 
Ni2+(Oh), Ni2+(Td), Co2+(Td), Bi3+, K+], whereas, in the 
systems, obtained in the vacuum conditions, the oxidated and 
restored forms of deposited elements coexist. 

2. The creation processes of chemical compositions by 
the type of surface compositions NiAl2O4 and CoAl2O4 carry 
out at the marking of the given elements γ-Al2O3 in the 
comparison with massive systems. 

3. The relative high catalytic activity of four-component 
systems, obtained in the vacuum conditions is connected by 
the presence as oxidative, so restored forms of deposited 
elements in the system. 
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ДЕЩИДРОЭЕНЛЯШМЯ КАТАЛИЗАТОРЛАРЫНЫН ТЯРКИБИНДЯКИ γ-АЛ2О3 ЦЗЯРИНЯ ЩОПДУРУЛМУШ  
Жр, Жо, Ни, Би ВЯ К ИОНЛАРЫНЫН ЩАЛЫНЫН ДЯЕС ВЯ РЕНТЭЕНОГРАФИЙА МЕТОДЛАРЫ ИЛЯ ТЯДГИГИ 

 

Массив дещидроэенляшмя катализаторлары иля мцгайисядя даща йцксяк механики давамлыьа, термостабиллийя малик олан 
щопдурулмуш катализаторлара цстцнлцк верилир. Мягалядя γ-Ал2О3 цзяриня щопдурулмуш вя дещидроэенляшмя катализаторларынын 
тяркибиня дахил олан Сr, Со, Ни,  Би  вя К ионларынын щалы щаггында мялумат тягдим олунуб. Атмосфер вя вакуум шяраитиндя 
щазырланмыш катализаторлар истифадя олунуб. Мялум олду ки, Сr, Со, Ни металларынын валент вя координасийа щалы катализаторун 
щазырланма шяраитиндян асылыдыр. Атмосфер шяраитиндя щазырланмыш катализаторларын тяркибиндя металларын оксидляшмиш ион формалары 
мювжуддур. Вакуум шяраитиндя щазырланмыш катализаторларда ися щям оксидляшмиш, щям дя бярпа олун-муш металларыны ион формалары 
мювжуддур. Ещтимал олунур ки, вакуум шяраитиндя щазырланмыш катализаторун йцксяк активлийини системдя металларын оксидляшмиш вя 
бярпа олунмуш ион формаларынын мювжудлуьу иля изащ етмяк олар. 
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      ИССЛЕДОВАНИЕ СОСТОЯНИЯ ИОНОВ Cr, Со, Ni, Bi И К,  НАНЕСЕННЫХ НА 
       γ -Al2O3  В СОСТАВЕ КАТАЛИЗАТОРА ДЕГИДРИРОВАНИЯ, МЕТОДАМИ ЭСДО И 

РЕНТГЕНОГРАФИИ 
 

По сравнению с массивными катализаторами дегидрирования предпочтительным является использование нанесенных 
катализаторов, которые обладают более высокой механической прочностью, термостабильностью и относительно низкими 
затратами на их синтез. В статье представлены данные по состоянию ионов Cr, Ni, Bi, Co и К, нанесенных на γ-Al2O3, входящих в 
состав катализаторов дегидрирования парафиновых углеводородов С3-С4. Были использованы катализаторы, приготовленные в 
атмосферных условиях и в условиях пониженного давления. Установлено, что валентное и координационное состояние ионов 
переходных металлов (Cr, Ni, Co) зависят от условий приготовления катализатора. В образцах катализаторов, приготовленных в 
условиях атмосферы, присутствуют ионы металлов в окисленной форме. А в катализаторах, приготовленных в условиях вакуума, 
сосуществуют как окисленные, так и восстановленные формы ионов металлов. Предполагается, что высокая активность 
катализаторов, полученных в условиях вакуума, обусловлена присутствием в системе окисленных и восстановленных форм 
активных компонентов. 
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THE EXPERIMENTAL INVESTIGATION OF P-ρ-T DEPENDENCE OF METHANOL-WATER 
SOLUTIONS IN THE TEMPERATURE INTERVALS FROM –30°C TILL 30°C AND 

PRESSURE 1-200 BAR 
 

F.G. ABDULLAYEV, O.A. AGAYEVA, U.A. JABIYEV, D.A. JAFAROVA 
Azerbaijan State Oil Academy 
370012, Baku, Azadlig av., 20 

 
The experimental investigation of P-ρ-T dependence of the three binary solutions methanol-water with the molar compositions 75-25%, 

50-50% and 25-75% in the temperature intervals from –30°C till 30°C and the pressure 1-200 bar. For the density measurement the good 
treated technique of the piezometer of the constant volume was used. The error of the obtained data doesn’t exceed +-0,1%. 

 
For the carrying out of experimental investigation of P-ρ-T 

dependence of methanol-water solution the experimental 
installation, earlier created by us, working by the method of 
the piezometer of the constant volume, was used [1]. The 
main element of the installation is thick-walled piezometer of 
the spherical form from the stainless steel 1X18H9T, which 
has the external diameter 140 mm, internal diameter 62 mm 
and volume ~123 cm3 at t=20°C and P=1 bar. The two thin 
capillaries from the same stainless steel by the internal 
diameter 0,4 mm and wall thickness 0,8 mm are soldered in 
the lower connecting pipe of piezometer. With the help of the 
central capillary, the piezometer connects with fixing device 
and the system of the creation and measurement of the 
pressure, and the second capillary is used for the filling of the 
piezometer by the liquid and output of the last. 

The use of the capillaries of the small diameter (0,4 mm) 
and the gate of the special construction allows us to lead the 
ballast volume to the very small value (0,2 cm3), which is 
near 0,15% from the total piezometer volume, moreover, the 
capillary volume, situated in the band of the transitional 
temperatures (from thermostat temperature till room one) is 
equal 0,06 cm3, i.e. 0.04% from piezometer volume. 

All installation nodes, with which the investigated liquid 
and mercury connect, are produced from the stainless steel 
1X18H9T. The choice of this steel is caused by its high 
anticorrosive properties. Moreover, nowadays its physical 
properties have been investigated in detail that allows us to 
calculate the corrections on piezometer deformation with 
exactness in the dependence on the temperature and pressure. 

The piezometer thermostating is carried out in the liquid 
thermostat, supplied by the axial pump, providing the 
intensive circulation of the thermostating liquid on the 
contour, created by the small cylinder, where the pump is 
situated, by the big cylinder, where the piezometer is situated 
and the corresponding jet. For the improvement of the 
thermostating the liquid is given through the lower jet from 
the small cylinder to the big one tangentially. The intensive 
motion of the liquid provides the homogeneous temperature 
field on all thermostat volume and moreover, the regulation 
of the thermostat temperature and piezometer, consequently, 
with the investigated substance is carried out on the control 
for the temperature in the one point of the thermostat. The 
well heat transfer from the liquid to the piezometer 
accelerates the transition process from the one measurement 
mode to another one. 

For the obtaining and maintenance of needed 
temperatures in tests constantly we pass the water from 
ultratermostat through copper coil, being in thermostat at 
t=15°C. The vapour of liquid nitrogen, the expenditure of 

which was regulated thinly with the help of vacuum pump 
and needle valves of special constructions, were passed 
through coil at t<15°C. 

The pressure in the installation was created by the 
nitrogen supply into the autoclave and oil multiplier. The 
pressure though the mercury was passed to the investigated 
liquid. For the creation of the more high pressure the press of 
the deadweight ianometer MP-600 was used. Pressing by the 
press the nitrogen, situating in the oil multiplier and under the 
mercury in the autoclave, the pressure in the system with the 
initial pressure 80-100 bar can be reduce till 1000 bar. 

 In this paper the main attention is given to the assurance 
of high measurement accuracy of the experimental values: 
temperature, pressure and specific volumes (density). 

For the measurement of the temperature two platinum 
thermometers of the resistance were used. One of them is 

exemplary one with coefficient 39259.1
0

100 =
R

R
 and 

R0=9.9980 Om of VNIIFTRI construction and another (long) 
thermometer is produced also in VNIIFTRI taking under the 
consideration the demands to the exemplary resistance 
thermometers. The sensitive element of the second 
thermometer is carried out from the plane of PL-1 type with 

coefficient 39245.1
0

100 =
R

R
 and has the resistance 

R0=10.9251 Om. 
The reading of both resistance thermometers coincided to 

0.01°C, that’s why in experiments only one thermometer was 
used often, and another one was used for the periodic control 
of the stability of thermometers in time.  

The excess pressures in the installation were measured by 
the deadweight ianometer MP-600 (class 0,01) and MP-60 
(class 0,05). The total maximal error of the pressure 
measurement practically corresponds to the class of the 
exactness of the piston manometer. 

It is need to note, that before the main experiment the 
special experiments on the pressure measurement of the 
saturated vapour of the simple water in the temperature 
interval from 200°C till critic one, were carried out on the 
installation. The obtained data are compared with the given 
ones of International constructional table [2]. The divergence 
on the pressure in all investigated temperature interval 
doesn’t exceed ±0.,02 bar that proves good agreement degree 
of the above mentioned measurement accuracy of the 
temperature and pressure. 

The specific volume of the investigated liquid is defined 
as partial from the division of piezometer volume of the 
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investigated liquid, filling the piezometer at the measured 
temperature and pressure. 

By analysis, of the measurement error of the main 
experimental values – temperatures, pressures, piezometer 
volume and mass of the investigated substance, it is 
established, that maximal sum relative fault of the density 
definition is equal  ≈±0,05-0,10%, which has been proved in 
the previous experiments with the simple water and toluol. 

After checking experiments, the density investigations of 
binary solutions methanol-water in the temperature interval 

from –30°C till 30°C and pressures from 1,0 till 200 bar had 
been begun. Toward this end three two-component solutions 
methanol-water with molar compound:75-25%, 50-50% and 
25-75% had been prepared. The solutions were prepared by 
the weighing ADB-200 on the analytical scales with the error 
±0,01% on mol. Moreover, the methanol by “ch.d.a.” type 
was used, which repeatedly was treated detail purification 
and the distillated water. 

  
   
The density measurements of each from the mentioned 

binary solutions were carried out on five quasi-isochore. On 
each quasi-isochore the measures were carried out with step 
10°C and 7 pressure values and densities had been obtained. 
In sum 126 experimental values of densities, which are given 
in the tables 1,2 and 3 were obtained. The internal agreement 
of the obtained data was checked by the construction of the 
different isothermal and isobaric cross sections. The 
divergence of the experimental points relatively smoothing 
curves doesn’t exceed ±0,01%. 

 
Fig.1. The dependence of the density of the binary solutions  

                 methanol-water on the concentration at P=50 bar. 

Moreover, the density dependences from the compound 
fig.1 and 2 had been constructed and then the data were used 
for pure water and methanol [2,3]. As it is seen from these 
figures the solution density methanol-water doesn’t obey the 
simple additivity law, and it is inclined to the side of the 
density decrease. The maximal inclination corresponds to 
molar compound ~50-50% and is equal 4,6 and 5,0% at the 
positive temperatures. With the temperature decrease this 
inclination decreases and changes the sign. 

 

 
  Fig.2. The dependence of the density of binary solutions  
             methanol-water on concentration at P=150 bar. 



F.G. ABDULLAYEV, O.A. AGAYEVA, U.A. JABIYEV, D.A. JAFAROVA 
 

 72

Such data for the given solution is absent in literature and 
have been obtained firstly at the given temperatures. 

 
Conclusions 
 
The measurements of P-ρ-T dependence of binary 

solutions of methanol-water with molar compounds75-25%б 
50-50% and 25-75% in the temperature intervals from –30°C 
till 30°C and pressures 1-200 bar were carried out on the 
experimental installation, working on the method of 
piezometer of the constant volume. In installation 
construction and technique of the measure carrying out the 
corresponding changes, taking under consideration the 
specific properties of the investigated substance and material 

and temperature region had been included. Firstly, the P-ρ-T 
dependences of three binary solutions methanol-water were 
measured on the given installation and the new density values 
had been obtained. The maximal relative error of the 
experimental data doesn’t exceed ±0,01%. 

The graph analytical treatment is established, that in the 
investigated temperature and density interval, the density of 
solution methanol-water doesn’t obey simple additivity law, 
and is inclined to the side of the density decrease. The 
maximal inclination corresponds to molar compound 50-50% 
and is equal 4,6 and 5,0% at positive temperatures. With the 
temperature decrease this inclination decreases and changes 
the sign. 
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Ф.Г. АБДУЛЛАЙЕВ, О.А. АЬАЙЕВА, Й.А. ЖЯБИЙЕВ, Д.А. ЖЯФЯРОВА 
 

МЕТАНОЛ – СУ ГАРЫШЫЬЫ  Р-ρ-Т АСЫЛЫЛЫЬЫНЫН  –300С–ДЯН 300С–YЯДЯК ТЕМПЕРАТУР ВЯ 1-200 БАР 
ТЯЗЙИГ ИНТЕРВАЛЫНДА ТЯЖРЦБИ ТЯДГИГИ 

 
300С-дян до 300С –йядяк температур вя 1-200 бар тязйиг интервалында 75-25%, 50-50% вя 25-75% мол тяркибли цч бинар 

метанол-су гарышыьынын Р-ρ-Т  асылылыьы тяжрцби тядгиг олунмушдур. Юлчцляр йцксяк дяряжядя тякмилляшдирилмиш сабит щяжмли 
пйезометр цсулу иля йериня йетирилмишдир. Алынан нятижялярин нисби хятасы ±0,1%-дян чох дейил. 

 
Ф.Г. АБДУЛЛАЕВ, О.А. АГАЕВА, Ю.А. ДЖАБИЕВ, Д.А. ДЖАФАРОВА 

 
ЭКСПЕРИМЕНТАЛЬНОЕ ИССЛЕДОВАНИЕ Р-ρ-Т ЗАВИСИМОСТИ РАСТВОРОВ МЕТАНОЛ-ВОДА В 

ПРЕДЕЛАХ ТЕМПЕРАТУР ОТ –300С ДО 300С И ДАВЛЕНИЙ 1-200 БАР 
 

Проведено экспериментальное исследование Р-ρ-Т зависимости трех бинарных растворов метанол-вода с мольными 
составами 75-25%, 50-50% и 25-75% в пределах температур от -300С до 300С и давлений 1-200 бар. Для измерения плотности ис-
пользована хорошо отработанная методика пьезометра постоянного объема. Погрешность полученных данных не превышает 
±0,1%. 
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THE DISTRIBUTION OF INDIUM IMPURITY IN THE Ge-Si HOMOGENEOUS CRYSTALS 
OF THE SOLID SOLUTIONS, GROWN UP BY BRIDGMAN METHOD IN THE MODE OF 

THE CONTINUOUS REPLENISHMENT OF THE MELT BY THE SILICON 
 

V.K.KAZIMOVA, Z.M.ZEYNALOV*, G.H. AJDAROV 
Institute of Physics of NAS of Azerbaijan, AZ-1143, Baku, H.Javid av., 33 

*Gandja State University, Gandja, Azerbaijan 
 

The problem of the distribution of the indium impurity in the homogeneous single crystals Ge-Si, grown up by Bridgman method with 
the use of the fuse and feeding ingot of the silicon has been solved in Pfann approximation. The concentrational profiles of the indium 
impurity along the crystallization axis of ingots with the different compositions, demonstrating the considerable influence of the change of 
the melt volume on these characteristics, connected with replenishment of the melt and dependence of the segregation coefficient of the 
impurity on the crystal composition. 

 
The actuality of the investigations, directed on the study 

of the impurity centers in the semiconductors is defined by 
the fact, that work of the numerous devices, lying in the base 
of the modern micro-optoelectronics, is defined in many 
cases by the impurities of the different types, introduced into 
the crystal. The indium is the one of the most usable impurity 
for the doping of the crystals of the silicon, germanium and 
their solid solutions. Because of the big enough solubility and 
small activation energy the indium impurity defines the 
electronic properties of these semiconductors in the wide 
interval of the temperatures [1,2]. The balanced segregation 
coefficient of indium impurity is КIn=0,0004 in Si and        
КIn =0,001 in Ge at the melting temperature of the silicon and 
germanium [3-5]. The small values of КIn in Si and Ge lead to 
the significant axial gradient of the impurity gradient in the 
semiconductor, grown up from the melt by the traditional 
methods of Bridgman or Chokhralsky. The questions, 
connected with the regularities of the distribution of the 
impurity centers in the simple semiconductors, doped in the 
process of the growing up from the melt, have been solved in 
the different approximations enough totally [1,4]. 

 

 
 
Fig.1. The schematic image of the growth of the homogeneous  
           Ge-Si single crystal with indium impurity by the  
           modernized Bridgman method. 
 
The aim of the present paper is the solution of the task of 

the distribution of the indium impurity in the homogeneous 
crystals of the solid solutions Ge-Si, grown up by the 
modernized method of Bridgman in the mode of the constant 
replenishment of the melt by the silicon with taking under the 
consideration of the dependence of the distribution 

coefficient on the composition of the growing crystal. The 
task was solving in Pfann approximation and in the 
frameworks of the model of the virtual crystal for the solid 
solutions. 

The scheme put in the base of the mathematic modeling 
of the concentration profile of the indium impurity in Ge-Si 
ingot, grown up in the mode, supplying the homogeneity of 
the distribution of the matrix atoms in the crystals is given on 
the fig.1. Initially, the feeding rod of silicon is contacted with 
the melt surface after the melting of the charging under the 
fuse from Ge, Si and In impurities with the corresponding 
ratio of the components and establishment of the temperature 
of the liquids of the given composition. Further, when the 
stabilized time is up, the mechanisms of the crystal drawing 
out and putting of the replenishment in the melt are engaged 
simultaneously. The growth of the homogeneous crystal with 
the given ratio of the concentrations of Ge and Si atoms is 
carried out by the way of the maintenance of the achieved 
temperature on the crystallization front because of the 
balancing of the melt composition by the corresponding ratio 
of the velocities of its crystallization and feeding. In this case 
the following ratio is correct [6-8]: 

 

       
α

α
+−

=
1Si

Si
l K

C     or    
α

α
+−

=
1Si

SiSi
c K

K
C       (1) 

 
Here Si

lC  and Si
cC  are concentrations of the silicon in 

the melt and growing up homogeneous crystal 
correspondingly; α is the ratio of the volume of the feeding 
of the ingot of the silicon, entered into melt to the volume of 
the crystallizing melt in time unit; KSi is segregation 
coefficient of silicon in the given composition. The equation 
(1) gives the possibility to define the value of α for any given 

Si
lC  or Si

cC . Moreover, the corresponding value of KSi is 
calculated from the phase diagram of the system state Ge-Si 
[1]. The dependence KSi on the composition of the growing 
crystal, calculated by such way, is presented on the fig.2. 

The task of the distribution of the indium impurity in Ge-
Si crystals was solved under the following conditions: the 
crystallization front is plane; the equilibrium between solid 
and liquid phases exists on the crystallization front; the 
diffusion of indium impurity and convection in the melt 
supply the homogeneity of the liquid phase on all volume; the 
diffusion of the impurity atoms in the solid phase is 
approximately small. It is noted, that these conditions are 
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realized at the growth velocities of crystal, which are less 
than 1×10-6m/c [6]. 

 

 
 

Fig.2. The dependence of the equilibrium segregation coefficient 
of silicon on the composition of the solid phase of Ge-Si 
system, calculated from phase state diagram [1]. 

  
Let’s introduce the following designations: 0

lV , lV   are 
volumes of the melt in the crucible in the initial and current 
moments of time; Vc, VSi are the volumes of the crystallizing 
melt and dissolving silicon rod in time unit; 0

,lInC , lInC ,  are 
concentrations of indium impurities in the melt in the initial 
and current moments on time; CIn,s is concentration of 
indium impurities in the solid phase; C is common quantity 
of indium atoms in the melt; КIn = CIn,s /CIn,l is equilibrium 
segregation coefficient of indium; t is time. 

We have with the above mentioned designations: 
 

l
lIn V

CC =,  and 
l

l

l

lllIn

V
CVC

V
CVVC

dt
dC

••••
−

=
−

= 2
, .   (2) 

 
Taking into the consideration, that Vc and VSi don’t 

depend on time in the considerable period, we have: 
 

tVVVV Sicll )(0 −−= ,   

Sicl VVV +−=
•

 and  InlInc KCVC ,−=
•

.           (3) 
 
Substituting the data (2) in (1), after the separation of 

variables and integration, we find  
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Introducing designations ;α=cSi VV  γ=0

lc VtV  
in (3) after integration, we obtain: 

 

  [ ] )1(
)1(

0
,,, )1(1 α

α
αγ −

−+

−−==
InK

InlInInlInsIn KCKCC . (5) 
 
The equation (5) gives possibility to define the 

concentration of indium impurity in the dependence on γ, 
i.e. on crystal length at the known values Kln and α. The 

coefficient of the separation of Kln impurity in Ge-Si crystal 
with given composition can be defined in the limits of the 
model of virtual crystal for the solid solutions on the known 
data Kln in germanium and silicon, taking under the 
consideration, that Kln depends linearly on the silicon 
concentration in the crystal. The experimental data of the ref 
[3] on the definition Kln in the one of the compositions Ge-
Si prove the correctness of the mentioned by us 
approximation. The value ;α=cSi VV  in the equation (5), 
is defined from the condition of the growth totally 
homogeneous crystals of the solid solutions Ge-Si with the 
help of the equation (1). 

The fig.3 illustrates the calculated curves of the 
concentration profile of indium impurity along Ge-Si crystals 
with silicon content 5, 10, 20, 40 and 80 at.% Si, calculated 
from the equation (5) with the use of the corresponding 
values α and KSi on data (1) and fig.2. For all crystals the 
initial concentration of the impurity in the melt is equal to 

0
,lInC =1х1018сm-3. 
 

 
 
Fig.3. The dependences of the concentration of the indium  
           impurity on γ  in homogeneous Ge-Si crystals,  
           grown up by modernized Bridgman method with the use  
           of the feeding silicon ingot. The curves 1, 2, 3, 4 and 5  
           are related to the crystals with the silicon content 5, 10,  
           20, 40 and 80 at.% correspondingly. 
 
As it is seen from the fig.3, the velocity of the 

concentration growth of the impurity on the crystal length 
decreases with the increase of the silicon content in matrix. 
Such behavior is explained by the decrease of the segregation 
coefficient of indium with increase of silicon concentration in 
melt from one side, and with the increase of the melt volume, 
caused by its constant feeding from another side. It is need to 
pay attention on the practical constant of impurity 
concentration in enough extensive region in melts with big 
content of silicon. Such distribution character opens the 
possibility of the Ge-Si crystal obtaining with practically 
equal concentrational profile of indium impurity. 

On the base of the above mentioned material, it is 
possible to make following conclusion. The dependence of 
segregation coefficient of the impurity on Ge-Si composition 
and change of the melt volume, connected with its feeding 
significantly influences on the velocity change of the 
concentration of the indium impurity along crystallization 
axis in homogeneous single crystals of the solid solutions Ge-
Si, grown up by Bridgman method on the fuse with the given 
composition in the mode of the constant feeding of the melt 
by the second component. 
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В.К. КАЗЫМОВА, З.М. ЗЕЙНАЛОВ, Щ.Х. ЯЖДЯРОВ  

 
Si-ЛА КЯСИРСИЗ ГИДАЛАНАН ЯРИНТИДЯН МОДЕРНЛЯШМИШ БРИДЖМАН ЦСУЛУ ИЛЯ АЛЫНАН 

БИРЪИНСЛИ Ge-Si КРИСТАЛЛАРЫНДА ИНДИУМ АШГАРЫНЫН ПАЙЛАНМАСЫ 
 

Пфанн йахынлашмасы чярчивясиндя модернизя едилмиш Бриджман цсулу иля яринтини кясирсиз Si иля гидаландырма режиминдя алынан 
биръинсли Ge-Si кристалларында индиум ашгарынын пайланма мясяляси нязяри щялл едилиб. Ашгарын сегрегасийа ямсалынын Ge-Si кристалынын 
тяркибиндян асылылыьы вя яринтинин гидаландырма нятиъясиндя дяйишилян щяъми  ашгарын кристал бойунъа консентрасийасына ящямиййятли тясири 
эюстярилиб. 

 
В.К. КЯЗИМОВА, З.М. ЗЕЙНАЛОВ,  Г.Х. АЖДАРОВ 

  
РАСПРЕДЕЛЕНИЕ ПРИМЕСИ ИНДИЯ В ОДНОРОДНЫХ КРИСТАЛЛАХ ТВЁРДЫХ РАСТВОРОВ  

Ge-Si, ВЫРАЩЕННЫХ МЕТОДОМ БРИЖДМЕНА В РЕЖИМЕ НЕПРЕРЫВНОЙ ПОДПИТКИ  
РАСПЛАВА КРЕМНИЕМ 

 
В пфанновском приближении решена задача распределения примеси индия в однородных монокристаллах Ge-Si, 

выращенных методом Бриджмена с использованием затравки и подпитывающего слитка кремния. Построены 
концентрационные профили примеси индия вдоль оси кристаллизации слитков различного состава, 
демонстрирующие существенное влияние на эти характеристики изменения объёма расплава, связанного с его 
подпиткой и зависимости коэффициента сегрегации примеси от композиции кристалла. 
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