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THE NONLINEAR PROPERTIES OF OPTICAL FIBERS WITH STRUCTURED MEMBRANE 

 
T.R. MEHDIYEV, N.R. BABAYEVA 
Institute of Physics of NAS of Azerbaijan 

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

The calculative and experimental data for microstructured fibers, carried out on the base of quartz, layered materials of A3B6 and 
LiNbO3 type are given. 

 
The experimental and theoretical works in the area of 

cable transmission of light energy had been begun in 60-ties 
of XX century. The practical realization and introduction of 
these works became possible from the moment of creation of 
stable optical connection lines, the main role in which the 
fiber-optical cables on the base quartz and glass, light sources 
– optical quantum generators, optical parametric regenerator 
amplifiers of optical signals, optical holographic diffractional 
lattices, CCD-receiving matrixes, optoelectronic devices of 
decoding were played. The maximally possible parameter 
values, corresponding with theoretical estimations and 
models, treated in refs of Kogelnik (1958), Kayzer (1974), 
Rassel’s group (1996), Stegeman’s group (1986) and others 
have been already achieved for the traditional direction of 
technology development of optical cables in last decades. It is 
need to note, that the list of single-mode optical fibers by 
G652 is given in second number of “light-wave”, 2003 
journal. 

The high technology, simplicity and the main, wide 
accessible materials for the carrying out – glass, quartz, 
causes to MS (microstructured), and especially PhC 
(photonocrystallic)-fibers, as the development analysis of this 
direction shows. The optical fiber with record small damping 
(0,151 db/km on wave length 1568 nm, losses on Rayleigh 
scattering are 0,128 db/km, summary losses on the absorption 
are 0,018 db/km, losses on perfect fibers are 0,004 db/km, 
common losses aren’t than 0,16 db/km) has been created in 
“Sumitomo” company. The fiber had been prepared with core 
from pure quartz of high degree of homogeneity, surrounded 
by two membranes from quartz, doped by fluorine. The 
theoretical estimations show, that use of this fiber in 
communication system allows us to increase the distance 
between the transponders till 330km. 

Usually, MS-fibers present themselves the quartz or 
glass microstructure with periodical or aperiodic situated air 
apertures. Such structure allows to rule the dispersion of 
waveguide modes because of the nonlinear properties of 
material membrane, changes of membrane structure, and also 
localization value of electromagnetic radiation in their core, 
connected as with radiation power, diffusive on the fiber, so 
with difference of indexes of refraction of core and cladding 
as the refs [1-8] show. The waveguide modes in such fibers 
form because of the phenomena of internal reflectance on the 
boundary between quartz or glass core and MS-membrane, 
the effective index of refraction of which is lower, cladding 
index of refraction because of the presence of air apertures, 
and also interference of reflected and scattered waves [9-10]. 

The important result of periodicity of situation of air 
apertures is the appearance of photon forbidden bands. The 
ruling of degree of radiation localization in fiber core and 
parts of radiation power, diffusive in it, is achieved because 
of the change of gas concentration in membrane [11-13]. 

The calculative and experimental data for 
microstructured fibers, carried out on the base of quartz, 
layered materials of A3B6 type, for example GaSe and 
LiNbO3 are given in the given message. 

The quartz MS-fibers were prepared on standard method, 
by the way of drawing at high temperature from mold, taken 
from hollow tubes. In the case of LiNbO3 monocrystals the 
aperture system with periodical structure was drifted on. The 
crystal structure of Gas, GaSe, InSe crystals present itself the 
consecution of loosely coupled layers; the gap between the 
layers is 3-4Å [14]. These layered materials are related to 
photon crystals. Many investigations, for example refs [15-
17] are dedicated to the investigation of optical properties, 
and also band structure. The LiNbO3 is well known nonlinear 
crystal [18-19]. 

Taking under the consideration, that interaction length in 
mode of hard focusing is limited by length of stop mark 
region, in case of Gaussian beam the values of specific 
enlargement factor of efficiency of nonlinear-optical 
processes in fiber, are defined by well known expression [20] 

α

λ
2
0wlI

lI
t
efft

f
efff

π
≈ , where α is loss factor (αl>>1), l is fiber 

length; leff is effective interaction length; w0 is radius of stop 
mark of focused beam; λ is radiation wave length; f and t are 
indexes, taking under the consideration the conditions for 

fiber and hard focusing, 
λ

2
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π
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lI
t
efft
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efff ≈=  

is obtained, taking under the consideration the radiation 
distribution between core and membrane fiber for factor of 
waveguide efficiency increase of nonlinear process without 
taking under the consideration of radius a of fiber core, and 

also imaging I·leff in the ∫ −=
l

f
efff z

a
PdzlI

0
2 )αexp(

π
η  form, 

where η is radiation part, localized in core (αl>>1). The 
radiation part, localized in core of MS fiber was defined 
according to [7,21], when after the simplifications it is 
followed: 
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ν is waveguide parameter; β is constant of mode distribution; 
w is mode parameter in membrane; Jn(u) is Bessel function of 
genre one; Kn(u) is modified Bessel function of genre two; u 
is mode parameter in fiber core [28]. 

The dependence ξ on a, calculated on ratio data is given 
on the fig.1. Let’s consider the limit cases of a and λ ratio, 
when v>>1 and v<<1. Choosing the expression for character 
angle beam width from [21] and presenting the waveguide 
parameter as the ratio of θc sliding critical angle to θd 
character angle beam width, we obtain the following formula 
for case of Gaussian profile of radiation intensity by w0 
width: 

 

an
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π
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It is seen from here, that waveguide parameter v can be 

considered in the capacity of the balance measure of 
influence of diffraction effects and waveguide limit of light 
beam because gradient of profile of refractive index. At v>>1 
we have the case of big waveguide radiuses, for which the 
diffraction effects are insignificant, and significant part of 
radiation power is concentrated in core and is defined from 

3

2

v
u1−≈η  expression. At v<<1 the fiber radius is small, 

diffraction plays the significant role and significant part of 
radiation power spreads in fiber membrane. In this case: 
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The given expressions for η are proved experimentally 

and describe the ξ behavior. From the fig.1a it is followed, 
that value of optimal radius of core of quartz fiber lies in 
range 0,24-0,26 mcm, for GaSe – 0,015-0,025 mcm, for 
LiNbO3 – 0,1-0,13 mcm. The maximum is achieved at radius 
of fiber core, which is equal to 1,5 mcm for weakly directing 
quartz fibers with ∆ parameter near 5⋅10-3 for λ≈1mcm. In 
practices, maximal parameters are achieved for pulled and 
MS-fibers with high factors of membrane filling by air [22, 
23]. 

The refractive index of core is less, than refractive index 
of membrane in hollow waveguides. That’s why, the 
constants of mode distribution have imaginary components, 
differing from zero and pass of light in these waveguides 
accompanies by radiation losses. The attenuation coefficient 
of radiation intensity is defined by the expression [24] for 
EHmm hollow waveguide with ncore near 1.  

 

1

1
2 2

2

3

22

−

+
⎟
⎠
⎞

⎜
⎝
⎛=

n

n
a

umm λ
π

α , 

 
Where n=nclod and from when it is followed, that 

attenuation coefficient of main mode of hollow waveguide 
with quartz membrane and internal radius 7 mcm for 
λ=1mcm exceeds 6,5 сm1. Such fiber isn’t useable for 
practical application. The loss decrease is decreased by the 
creation of photon-crystal membrane. The decrease of optical 
loss coefficient, relatively to losses in hollow waveguide with 
entire membrane, in this case is characterized by the ratio of 
logarithms of refractive indexes from wall of hollow 
waveguide core and periodical structure. The increase of 
layer number of periodical structure leads to the decrease of 

loss factor ( )Nda
h

PBG χ
α
α

2exp −∝ , where χ is coupling 

factor of direct and opposite waves in periodical structure; d 
is modulation period of refractive index in membrane in 
center of photon forbidden band. 
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Fig.1. The dependence of factors of ξ-waveguide increase of efficiency of nonlinear-optical processes and η-part of  
           radiation, localized in the center, on a radius of fiber core, carried out from: a. quartz, λ=1 mcm; b. GaSe, λ=0,2 mcm; c.  
           LiNbO3, λ=0,8 mcm. 
 
The influence estimation of waveguide losses in hollow 

waveguide with entire or PhC-membrane, having the l length 
for the stationary FCSc, in the neglect of effects of rating 
depletion gives the following: 

 

[ ]lllIgIIlI p
p

effseffss α
α

α −−=−= exp(11);exp()0()( 0
, 

 
where g is coefficient of FCSc-amplification; I0 is initial 
intensity of rating signal; αр and αs are loss factors on the 
rating frequency and Stokes signal. The increase of Stokes 
signal is carried out only at the condition gI0 >αs (for gI0=0,3 
сm-3 fig.2), in opposite case the waveguide losses lead to the 
damping of Stokes signal. The value of Stokes signal linearly 
depends on fiber length, if αpl, αsl, gI0l <<1. In case αpl>>1, 
the waveguide modes lead to rating weakening and intensity 
of Stokes signal exponentially decreases as l function. Taking 
under the consideration the limits, we obtain the following 

for the optimal fiber length and maximal coefficient of FCSc-
amplification in hollow waveguide:  
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In case gI0>>αs, αp the maximal increase of integral 

coefficient of FCSc-amplification in mode of hard focusing 
has the form, obtained earlier. 

The length of nonlinear-optical interaction limit is 
limited by effects of group lateness, which lead to the 
“scattering” of rating pulses and Stokes signal on character 
length 

11 −− −
=

sp
wl υυ

τ , where υp and υs are group velocities 

of rating and Stokes pulses, correspondingly, τ is rating pulse 
duration. The dispersion of group velocity leads to the 
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smearing of short pulses on character length 
2

2

β
τ

=dl . The 

influence of tuning of group velocities and dispersion of 
group velocity in waveguide mode FCSc can be decreased by 
the way of the selection of waveguide and gas parameters 

with taking under the consideration the waveguide 
component dispersion. It is need to note, that mode number 
“k” in pure gas isn’t the propagation constant k=nω/c for the 
own mode of hollow waveguide. 

 

 
 
Fig.2. The dependence of FCS signal on fiber length 1 and loss coefficients on radiation frequency of rating and Stokes signal. The  
           duration of rating pulses is 100 fs, energy is 0,01-1 mcJ, 1=1,2,4,6 cm. 
 

The last is defined by the expression 2
1

22 )( pq
pq hkK −= , 

where the value hpq is obtained from the characteristic 
equation for own mode of waveguide. As the results show, 
the carrying out of the condition gI0=0,3см-3 can be achieved 
for the molecular hydrogen or nitrogen. This point of view is 
proved by results of ref [30]. The analysis of fig.3 shows, that 
the entire compensation of material and waveguide 
components of dispersion of group velocity can be achieved 
for the hollow waveguide with internal radius 50 mcm, filled 
by molecular hydrogen, on wave length 530 nm. The wave 
length for zero dispersion point can be obtained from the 
expression for the propagation constants of waveguide mode 

23
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It is followed from here, that wave length of zero 
dispersion point of group velocity can be reconstructed, 
changing the internal radius of waveguide, or choosing the 
type of waveguide mode, or choosing the gas and changing of 
its pressure in waveguide. 

The hydrogen distribution in interplane crystal spaces is 
the peculiarity of GaSe, intercalated by hydrogen, as it was 
mentioned in ref [29]. 

In case of photon crystal LiNbO3, the conclusions, 
obtained for quartz fiber coincide with experiments, if the 
change of refractive index doesn’t take place under the 
influence of exciting radiation.  

In last both cases intercalation process doesn’t present 
big troubles technologically. 

 

 
Fig.3. The spectral dependencies for the zero dispersion point  
           of group velocity in hollow quartz waveguide, filled by  
           molecular hydrogen. The internal radius of waveguide,  
           train width and canal radius are 50 mcm, gas pressure is  
           0,5 arm, wave length is 530 mcm. 
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Т.Р. Меhdiyev, N.R. Babayeva 

 
STRUKTURLAŞDIRILMIŞ SƏTHLİ OPTİK ФИБЕРЛЯРИН QEYRİ-XƏTTİ XÜSUSİYYƏTLƏRİ 

 
Kvars,  A3B6 qrup laylı materialların və LiNbO3 əsasında  yerinə yetirilmiş mikrostrukturlaşdırılmış фиберляр üçün hesabi və 

eksperimental göstəricilər verilmişdir.  
 

 
Т.Р. Мехтиев, Н.Р. Бабаева 

 
НЕЛИНЕЙНЫЕ СВОЙСТВА ОПТИЧЕСКИХ ВОЛОКОН СО 

СТРУКТУРИРОВАННОЙ ОБОЛОЧКОЙ 
 

Приведены расчетные и экспериментальные данные для микроструктурированных волокон, выполненных на основе кварца, 
слоистых материалов группы A3B6  и LiNbO3. 

 
Received: 15.09.06 
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ELECTROLUMINESCENCE OF LAYERED MONOCRYSTALS Of А3В6<RE> 

 
A.S. ABDINOV, R.F. BABAEVA, A.T. BAGIROVA, R.M. RZAEV 

Baku State University, 
Az 1148, Z. Khalilov str., 23, Baku, Azerbaijan Republic 

 
The brightness characteristics and spectral distribution of an electroluminescence, and also its dependence on the temperature, prehistory 

and initial dark resistivity of a sample, on the frequency and duration of a pulse field in specially not alloyed and alloyed by rare-earth 
elements as gadolinium, holmium and dysprosium with various percentage NРЗЭ≈10-5÷10-1 аt. %) in layered monocrystals of InSe and GaSe 
are investigated at various temperatures (from 77 К) in a wide range of constant, sine wave and pulse electric fields of applied intensity. It is 
established, that at Т≤100К brightness of electroluminescence (Βl) does not depend almost on the temperature, and further with increasing of 
Т sharply decreases (exponentially). At Т≈200К and 160К the luminescence absolutely disappears in crystals p-GaSe and n-InSe - there is a 
temperature suppression of an electroluminescence. With increasing of NRE brightness of a luminescence firstly (at NRE≤10-4 аt. %) decreases 
a little, and further increases (in crystals not alloyed specially). Thus non-monotone dependence Βl on prehistory of a sample varies also. It is 
established, that the structure of spectral distribution of Βl does not depend almost on the NRE. With change NRE brightness of separate strips of 
radiation only varies. Change of the chemical nature of the entered impurity in investigated crystals does not influence an electroluminescence.  

It is shown, that the most stable values of electroluminescent parameters are provided in crystals with NRE ≈10-2÷10-1 аt. % . 
It is supposed, that dependence of an electroluminescence on the doping level by rare-earth elements is caused by change of interlaminar 

connections depending on the NRE in investigated crystals. 
 

The electroluminescence in layered crystals of А3В6 is 
found out enough for a long time [1, 2]. However by present 
time some interesting its aspects (dependence of brightness 
on the temperature, initial dark resistivity and prehistory of 
sample, and also dependence of radiation spectrum on the 
direction concerning a «С» axis of crystal) are not 
investigated almost. Influence of alloying by rare-earth 
elements (RE) as gadolinium (Gd), holmium (Ho) and 
dysprozium (Dy) on an electroluminescence of crystals GaSe 
and InSe which considerably changes their photoelectric and 
photoluminescent properties [3−5] is not investigated also.  

The present work is devoted to complex investigation of 
the above-stated questions.  

Investigated samples with thickness of 0.100≤d≤1.000 
mm and cross-section size of (2÷3)х(4÷6)mm2 were cut off 
from large monocrystals of InSe and GaSe, grown by a 
method of slow cooling at a constant gradient of temperature 
along ingot [6]. Current contacts have been created by 
soldering metals as In, Ga, Sn, or drawing of silver paste in 
open air on fresh-chipped surfaces of samples. Measurements 
were carried out in the temperature range of (77≤Т≤300К) 
under action of an electric voltage of various types 
(sinusoidal-variable and rectangular-impact) with a various 
voltage, frequency and duration (up to 350V, 5⋅104Hz и 10 µs 
respectively. The spectral distributions of an 
electroluminescence and photoconductivity, dependence of 
brightness of electroluminescence (Βl) and photocurrent (Iph) 
on the temperature, the dark volt -ampere characteristic and 
the volt - brightness  characteristic of an electroluminescence, 
and also dependence of brightness of an electroluminescence 
on frequency and duration of a stimulating electric voltage 
were removed on the same sample under various conditions. 
Samples with various percentage of entered impurity NRE≈0; 
10-5; 10-4; 5⋅10-4; 10-3; 5⋅10-3; 10-2; 10-1 аt. % were used.    

It is established as a result of the measurements carried 
out by us, that electroluminescence (EL) as in specially not 
alloyed, in alloyed by Gd, Ho and Dy with NРЗЭ≈10-5÷10-1 
аt.% crystals p-GaSe and n-InSe is raised at rather low 
temperatures (Τl≤200К for Τl≤160К for GaSe and InSe, 
respectively) under action of an electric current of the various 

type (unidirectional pulse and sinusoidal-variable) with 
intensity, the greater some Еz.  The value of Еz under other 
identical conditions depends on temperature (Τ), initial dark 
resistivity (ρТО) and prehistory of a sample, and also on the 
doping level (ΝRE). 
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 Fig. 1. Temperature dependence of brightness of an  
             electroluminescence in not alloyed specially (1), and  
             also alloyed by RE (2, 3) crystals p-GaSe (a) and n-InSe  
             (b). ΝRE, аt.% : (а) 1 - 0; 2 - 10-5;  3 - 10-2, (b) 1 - 0;  
             2 - 10-4; 3 - 10-1 
 
The value of Еz increases with increasing of ρТО and Т and 

with increasing of  ΝRE- varies non-monotone. In particular, 
the value of Еz with increasing of ΝRE firstly (at ΝRE≤10-4аt.%) 
increases a little, and then (at 10-4<ΝRE≤10-1аt.%) decreasing 
comes nearer to value having places in not alloyed specially 
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low-ohmic crystals (∼5⋅102 and 102V⁄сm  at 77 К for p-GaSe 
and n-InSe, accordingly). With increasing of ΝRE dependence 
of parameters and characteristics of an electroluminescence 
on ρТО and prehistory of a sample, firstly (ΝRE≤10-4 аt.%) 
amplifies a little, and brightness of luminescence (Βl) - is 
weakened concerning initial. Further (at 10-4<ΝRE≤10-1аt.%) 
with increasing of ΝRE besides a degree of stability of 
electroluminescent characteristics and the parameters, 
appreciable image increases also Βl. The electroluminescent 
radiation in crystals p-GaSe<RE> and n-InSe<RE> with 

ΝRE≈10-2÷10-1аt.% is characterized with the greatest 
brightness, and also the highest degree of stability and 
reproducibility of parameters and characteristics. 

The electroluminescence with the least Еz and the greatest 

Βl is observed at 77К in specially not alloyed crystals. With 
the further increase of temperature firstly (at Т≤100К) 
brightness of a luminescence does not vary (fig. 1, curve 1), 
and further exponentially decreases sharply and at Τ≈200К 
and Τ≈160К for p-GaSe and n-InSe accordingly there is a 
temperature suppression of electroluminescent radiation.  
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Fig.2. Spectral distribution of brightness of an  
          electroluminescence in crystals p-GaSe<RE> (a) and n- 
          InSe<RE> (b) at the various chemical nature of the  
          entered impurity.ΝRE, аt.% :  
            1, 2, 3 - 10-4;  11, 21, 31 - 10-1.RE: 1, 11 - Gd; 2, 21  - Ho; 3, 31 - Dy. 
 
In both groups of crystals at rather small ΝRE with 

increasing of temperature Βl all over again (up to 100 К) 
increases concerning having a place at 77К, and further a 
little as well as in a case of specially not alloyed crystals   
decreases exponentially (fig.2, curve 2). 

It is established, that spectral distribution of brightness of 
electroluminescent radiation in p-GaSe has more complex 
structure, than in n-InSe. In particular, on EL spectrum of 
crystals p-GaSe besides the bright basic, a number of weaker 
maximums is observed also. Besides in both materials the EL 
spectrum at excitation along layers almost on ∼0.1eV is 
displaced aside longer waves concerning a spectrum 
corresponding to a case of excitation to perpendicularly 
natural layers. However at increase of ΝRE this displacement 
gradually decreases and at 10-2÷10-1 аt.% sometimes becomes 
not appreciable. For both semiconductors the structure of 
Βl(λ) curves does not depend almost on the doping. With 
increasing of ΝRE only on EL spectrum of crystals p-GaSe 
additional strips of radiation are shown by more clearer - 
their contrast increases. It is necessary to note, that at all us 

the considered conditions electroluminescent properties of 
investigated crystals appeared dependent only from 
percentage of the entered impurity, and their dependence on 
the chemical nature of an impurity is not found out almost 
(fig.2). 

Also it is established, that as in crystals not alloyed 
specially, in p-GaSe<RE> and n-InSe<RE> too dependence 
of Βl(U) has sedate, and dependence Βl(I) - linear character. 
The energy determined on the basic maximum of the 
electroluminescence spectrum, allows telling, that process of 
radiation thus is caused by recombination of injected no basic 
current carriers through the slow r-centers of recombination 
[7]. 

It is shown, that the range of temperature EL suppression  
in samples investigated by us well coincides with a range of 
temperature clearing own photoconductivity, and also with a 
temperature range of supervision of negative 
photoconductivity and IR clearing of intrinsic 
photoconductivity. If at excitation modes of an 
electroluminescence simultaneously to illuminate a sample 
also with light, creating negative photoconductivity, or IR 
clearing of intrinsic photoconductivity then EL radiations it is 
not observed. With change ΝRE though non-monotone, but 
weak displacement of red border of EL nevertheless is 
observed, that most likely, can is caused by influence of 
doping on the energetic depth (εr) of bedding of the r-centers. 
These results too testify that the electroluminescence in 
investigated crystals is directly caused by recombination of 
no basic carriers of a current through the r-centers of slow 
recombination. 
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Fig. 3. Temperature dependence of dark (1-3) and quasidark 
           (4-6) conductivity in crystals p-GaSe<RE> (a) and n-  
            InSe<RE> (b). NRE, аt.% :  1, 4- 0; 2, 5 - 10-4;  3, 6 - 10-1. 
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The uniform positions of dependences of EL on the ρТО, 
prehistory of a sample, temperatures, and doping level is 
possible to explain in view of partial disorder of crystals 
GaSe and InSe [7]. Apparently, thus existing recombination 
barriers interfere the recombination of no basic carriers 
through located in high-resistance inclusions of the slow r-
centers of recombination. 

Within the framework of this model, dependence of an 
electroluminescence on the RE doping level can speak 
dependence of a degree of disorder of investigated samples 
on the ΝRE [3-5]. 

As to displacement of spectral distribution Βl aside longer 
waves of a spectrum at excitation in a direction of natural 
layers, most likely, it is caused with presence of potential 
barrier ∆ϕс≈0.1eV between next natural layers [8]. It is 

supposed, that at RE doping because of growth of number 
covalent connections of RE ions taking place in the next 
layers, the general share ionic-covalent connections 
concerning weak molecular between natural layers [9] 
increases also. Therefore with increasing ΝRE the value of ∆ϕс 
and the found out displacement of spectral distribution 
decreases is weakened. 

The thermostimulated conductivity measurement carried 
out by us (fig.3) testify that entered RE impurity  enter into 
investigated crystals as levels of sticking for the basic carriers 
instead of as the r-centers of slow recombination. As to 
influence of these impurity on energetic depth of the r-
centers it is possible to assume, that it is appears by change of 
donor-acceptor interaction pairs that sometimes appears 
appreciable in investigated semiconductors. 
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Я.Ш. Абдинов, Р.Ф. Бабайева, А.Т. Баьырова, Р.М. Рзайев 

 
ЛАЙЛЫ А3B6<НТЕ> МОНОКРИСТАЛЛАРЫНДА ЕЛЕКТРОЛЦМИНЕССЕНСИЙА 

 

Qадолиниум, щолмиум вя диспрозиум tipli, надир торпаг елементляри иля ашгарланмыш индиум вя галлиум селен монокристалларында  
електролцминессенсийа  тядгиг едилмишдир. Мцяййянlяшdиrilmiшдир ки,  Т≤100К олдугда шцalanmanын парлаглыьы (Βl)  температурдан 
асылы дейил, сонра ися температурун артмасы иля  експоненсиал qanunla азалыр. Т≈200К вя 160К-dя uyьun olaraq  p-GaSe �я n-
InSe кристалларында  електролцминессенсийанын температур сюнмяси баш верир. NНТЕ-нин артмасы иля яввялжя (NНТЕ≤10-4 ат. % 
олдугда) ишыгланманын парлаглыьы бир гядяр азалыр, сонра ися артыр. NНТЕ-нин дяйишмяси иля айры-айры шцаланма золагларынын парлаглыьы 
da дяйишир. Дахил едилян ашгарын кимйяви тябиятинин дяйишмяси ися ектролцминессенсийайа тясир эюстярмир. NНТЕ≈10-2÷10-1 ат. % 
olduqda електролцминессенсийа параметрляри ян стабил гиймятляриni alыr. 

 
А.Ш. Абдинов, Р.Ф. Бабаева, А.Т. Багирова, Р.М. Рзаев 

 
ЭЛЕКТРОЛЮМИНЕСЦЕНЦИЯ СЛОИСТЫХ  МОНОКРИСТАЛЛОВ А3В6<РЗЭ> 

 
Исследована электролюминесценция в легированных редкоземельными элементами типа гадолиния, гольмия и диспрозия, 

кристаллах моноселенида индия и галлия. Установлено, что при Т≤100К яркость электролюминесценции (Βl) почти не зависит от 
температуры, а далее с ростом Т  уменьшается. При Т≈200К и 160К в кристаллах селенида индия и галлия соответственно, свечение 
совсем исчезает - происходит температурное тушение электролюминесценции. С ростом NРЗЭ яркость свечения сначала (при 
NРЗЭ≤10-4 ат.%) несколько уменьшается, а далее увеличивается относительно исходного. С изменением NРЗЭ  меняется также 
яркость отдельных полос излучения. Изменение химической природы введенной примеси на электролюминесценцию в изучаемых 
кристаллах не влияет. При NРЗЭ≈10-2÷10-1 ат. % обеспечиваются самые стабильные значения электролюминесцентных параметров. 

 
Received: 16.09.06 
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КОЩ  вя НАОЩ-ын  ДУРУ  СУЛУ  МЯЩЛУЛЛАРЫНЫН 
ДИЕЛЕКТРИК  ХАССЯЛЯРИ 

 
Е.Я. МЯСИМОВ, Щ.Ш. ЩЯСЯНОВ, Щ.Ф. АББАСОВ, Б.Э. ПАШАЙЕВ 

Bakы Dюvlяt Universiteti, 
Аз 1148, Азярбайжан, Бакы, З. Хялилов кцч, 23  

 
KOH вя НаОЩ-ыn sulu mяhlulunun kичиk konsentrasiyalar oblastыnda dielektrik xassяlяri tяdqiq едилмишдир. Alыnan nяticяlяr 

эюстярир ki, baxыlan temperatur vя konsentrasiya intervalыnda щям KOH, щям дя   НаОЩ suyun strukturunа даьыдыжы тясир эюстярир. 
Коул-Коул диаграмларындан релаксасийа мцддятляри вя Сканави модели ясасында су кластерляринин юлчцляри тяйин едилмишдир. 

 
Мялумдур ки, биолоъи обйектлярин функсионал фяалиййяти 

онларын айрылмаз тяркиб щиссяси олан суйун термодинамик 
щалындан вя йа структурундан чох жидди шякилдя асылыдыр. 
Мящлулун структуру щаггында ян информатив методлардан 
бири диелектрик юлчмя (диелектрик спектроскопийа) методу-
дур. 

Биолоъи обйектлярин, мясялян, биолоъи мембранларын, 
тохумаларын вя с. диелектрик хассялярини тядгиг етмякля 
Сван [1] бу нюв маддялярдя, ясасян, 3 нюв дисперсийа -  
α, β, γ дисперсийалары мцшащидя етмишдир.  

α - дисперсийа ионларын диффузийасы иля баьлы олуб, ион-
диффузийа вя йа ион-миграсийа полйаризасийасы иля ялагя-
дардыр [2]. Швартс α-дисперсийаны биолоъи обйектин 
тяркибиндяки мящлулдакы суспензийа щиссяжикляриня икигат 
електрик лайы нязяриййясини тятбиг етмякля изащ етмишдир 
[3]. Мящлулу електрик сащясиня эятирдикдя суспензийа щис-
сяжикляриндяки ионларын йердяйишмяси полйаризасийа 
йарадыр вя сащя эютцрцлдцкдян сонра ионларын илкин 
суспензийадахили пайланмасы диффузийа йолу иля τ 
релаксасийа мцддятиндя бярпа олунур. α -дисперсийа чох 
кичик тезликлярдя (10÷03 Щс) мцшащидя олунур. 

β - дисперсийа физики хассяляри (кечирижилийи вя диелектрик 
нцфузлулуьу) фярглянян ики мцщитин сярщяддиндя мцша-
щидя едилян Максвелл-Вагнер полйаризасийасы иля баьлыдыр 
[2]. β - дисперсийа 103÷106Щс  тезликлярдя мцшащидя еди-
лир. Щяр ики α иля β - дисперсийа диелектрик нцфузлулуьунун 
йцксяк гиймяти иля (105÷108) диэяр нюв дисперсийалардан 
кяскин фярглянир. 

γ - дисперсийа биолоъи обйектлярин тяркибиндяки «баьлы» 
су молекуллары иля ялагядардыр вя 107÷108Щс тезликлярдя 
мцшащидя едилир. 106÷107Щс тезлик интервалында биолоъи 
обйектлярдя сабит дипол моментиня малик бюйцк зцлал 
молекулларынын варлыьы иля ялагядар даща бир дисперсийа - δ 
дисперсийа мцшащидя олунур [4]. 

Кичик диполларын ориентасийасы иля баьлы полйаризасийа 
даща йцксяк тезликлярдя (109Щс)  баш верир, електронларын 
релаксасийасы ися даща йцксяк тезликлярдя - 1012Щс-дя 
юзцнц бирузя верир. Щяр ики релаксасийа йцксяк сцрятлидир: 
кичик диполларын  релаксасийа мцддяти наносанийя, елек-
тронларын релаксасийа мцддяти пикосанийя тяртибиндядир.  

Ишдя К+ вя На+ ионларынын биолоъи обйектлярин, конкрет 
олараг биомембранларын фяалиййятиндя чох бюйцк рол ой-
надыьыны нязяря алараг [5] КОЩ вя НаОЩ-ын дуру сулу 
мящлулунун сяс тезликляриндя диелектрик хассяляри тядгиг 
едилмишдир. 

Юлчмяляр, ясасян отаг температурунда (20÷30°С) 
кюрпц цсулу иля хцсуси дцзялдилмиш йуважыгда 
апарылмышдыр. Йуважыг цзяриня гызыл чякилмиш, арасына 

тядгиг олунан мящлул долдурулмуш кюйнякляри олан 
мцстяви конденсатордан ибарят олуб, нцмунянин електрик 
тутумуну (Ж) вя кечириъилийини (σ) 20÷200000Щс тезлик 
интервалында юлчмяйя имкан верир. 

Нцмуняйя бир-бириля параллел бирляшдирилмиш идеал 
конденсатор вя идеал резистор системи кими бахсаг она 
дяйишян електрик сащяси вердикдя ( )i t

oE E ω= l  систем-

дян ахан жяряйана сырф «кечирижилик» вя «индуксийа» 
жяряйанларынын жями кими бахмаг олар: 
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Мцгайися эюстярир ки, диелектрик нцфузлулуьу комплекс 
кямиййятдир: 
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ε ω ωτ

∞
∞

−
= + + = −

+
       (2) 

     

   2 2'
1

sε εε ε
ω τ

∞
∞

−
= +

+
                         (3) 

 

   
( )

2 2''
1
s

o

ε ε ωτλε
ε ω ω τ

∞−
= +

+
               (4) 

 

''( ')ε ε асылылыьынын графики Коул-Коул диаграмыны верир. 

Релаксасийа механизмляринин сайы бирдян чох олдугда 
Коул-Коул тянлийи (2) ашаьыдакы кими модификасийа олунур:  

 

            11 ( )
s

i α

ε εε ε
ωτ

∞
∞ −

−
= +

+
                      (5) 

 

бурада α - чох механизмли релаксасийа мцддятляринин 
пайланма ямсалы адланыр. 

Бир релаксасийалы щалда (3) вя (4) тянликляриндян ωτ-ну  
арадан чыхартмагла алынан ''( ')ε ε  асылылыьынын графики 

мяркязи 'ε  оху цзяриндя олан 
2

sε ε∞−  радиуслу йарым-
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чевря олур. Чохрелаксасийалы щалда ися йарымчеврянин 

мяркязи 'ε  охуна нязярян сцрцшцр.  
 
 

 
 

Шяkil 1a.  0.1 mol/l KOH –ыn sulu mяhlulu цчцн Koul-Koul  
                дiaqramы. 

 
 

 
Шяkil 1b.  0.1 mol/l KOH –ыn sulu mяhlulunun dielektrik  
                nцfuzluluьunun hяqiqi vя xяyali hissяlяrinin  
                tezlik asыlыlыьы 
 

 

 
Шяkil 2a.  KOH –ыn duru sulu mяhlulu цчцn relaksasiya    

                    mцddяtinin KOH-ыn konsentrasiyasыndan asыlыlыьы.  
 

 
Шяkil 2b.  KOH –ыn duru sulu mяhlulunda su klasterlяrinin  

                diametrinin KOH-ыn konsentrasiyasыndan asыlыlыьы.  

 
Шяkil 3a.  NaOH –ыn duru sulu mяhlulu цчцn relaksasiya  
                 mцddяtinin KOH-ыn konsentrasiyasыndan  
                 asыlыlыьы 

 
Шяkil 3b.  NaOH –ыn duru sulu mяhlulunda su klasterляри- 
                nin diametrinin KOH-ыn konsentrasiyasыndan  
                asыlыlыьы  
 
К+ вя На+ ионлары иля апарылан тяжрцбяляр эюстярир ки, 

Коул-Коул диаграмларындан  мцяййян олунан релаксасийа 
мцддятляри щяр ики ион щалында ионларын консентрасийасы 
артдыгжа азалыр (шякил 2а,3а). Нцмуня кими шякил 1-дя 
0.1мол/л КОЩ сулу мящлулу цчцн Коул-Коул диаграмы (а) 
вя '( )ε ν , ''( )ε ν  асылылыгларынын графикляри (б) эюстярилмишдир. 

Ионларын диффузийасы иля баьлы полйаризасийанын Сканави 
тяряфиндян верилян моделиндян истифадя етмякля, Коул-
Коул диаграмындан уйьун релаксаторун юлчцлярини 
гиймятляндирмяк олар  [6]: 

                                   ( )
2 2

1 1
12

t t
o

o S o
n q dP E e E e

kT
τ τε ε ε

− −

∞

⎛ ⎞ ⎛ ⎞
= − − = −⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠
                                           (7) 

 
Бурада εс- статик диелектрик нцфузлуьу, ε∞ - оптик дие-

лектрик нцфузлуьу, ε0 - електрик сабити, n0- ионларын кон-
сентрасийасы, q- ионларын йцкц, d – потенсиал чяпярин ени, 

k- Болсман сабити, T - мцтляг температур, Е – електрик 
сащясинин интенсивлийи, τ - релаксасийа мцддятидир. 
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(7) дцстурунда d-ни релаксаторун юлчцсц гябул етсяк 
аларыг: 

 

( ) ''
max32 2 6o s o

o o

kT kTd
q n q n

ε ε ε ε ε∞−
= =            (8)  

 
''
max 2

sε εε ∞−
= -йя бярабярдир. 

(8) дцстуруну КОЩ вя НаОЩ-ын дуру сулу 
мящлулуна тятбиг етмякля уйьун Коул-Коул 
диаграмларынын кюмяйиля мящлулдакы су кластерляринин 
диаметрляри гиймятляндирилмишдир. Су кластерляринин 
диаметрлинин мящлулдакы ионларын консентрасийасындан 
асылылыг графикляри шякил 2б вя 3б-дя эюстярилмишдир. 
Эюрцндцйц кими К+ вя На+ ионларынын консентрасийасы 
артдыгжа су кластерляри кичилир. Бу факты  К+ вя На+  ионлары-
нын мящлулдакы консентрасийасы артдыгжа йени-йени су 
молекулларынын кластерлярдян гопараг ионларын щидрата-

сийасына жялб олунмасы иля изащ етмяк олар. Йахшы мя-
лумдур ки, биолоъи мембранын дахилиндя К+ ионлары 
(0.140мол/л), харижиндя ися На+ ионлары (0.142мол/л) цс-
тцнлцк тяшкил едир [5]. Шякил 2б иля 3б-нин мцгайисяси эюс-
тярир ки, эюстярилян консентрасийалы мящлулларда су клас-
терляринин юлчцляри НаОЩ мящлулунда  КОЩ мящлулуна 
нисбятян ~1.5 дяфя кичикдир. Демяли, щцжейрянин дахилин-
дяки су кластерляринин юлчцляри харижиндякиндян бюйцкдцр, 
йяни суйун термодинамик щалы мембранын дахилиндя вя 
харижиндя фярглидир. Бу фярг щцжейрянин фяалиййятиня жидди 
тясир едир: эюстярилян консентрасийада суйун щцжейрянин 
дахилиня кечмяси щцжейрядян харижя чыхмасына нисбятян 
асандыр. Демяли, суйун мембрандан кечмя истигамяти 
К+ вя На+ ионларынын балансы иля мцяййян олунур. Ону да 
гейд едяк ки, бу балансдан, щям дя мембран потен-
сиалы жидди шякилдя асылыдыр. Диэяр маддялярин дя суйун 
структуруна айрылыгда вя бирэя тясирини юйрянмяк исти-
гамятиндя ишляр давам етдирилир. 

   
 

[1] H.P. Schwan. “Electrical Properties of Tissue and 
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Жolloid Science; 2002, by Marcel Dekker. 

[6] Г.И. Сканави. Физика диелектриков. I част, 1949, гос. 
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Э.А. Масимов, Г.Ш. Гасанов, Х.Ф. Аббасов, Б.Г. Пашаев 

 
ДИЭЛЕКТРИЧЕСКИЕ СВОЙСТВА РАЗБАВЛЕННОГО ВОДНОГО РАСТВОРА NaOH и KOH 

 
Были исследованы диэлектрические свойства водного раствора NaOH и KOH при их низких концентрациях. Полученные 

результаты показывают, что NaOH и KOH при рассмотренных интервалах температур и концентраций разрушают структуру воды. 
Из диаграмм Коул-Коуля были определены времена релаксации и были оценены размеры водных кластеров на основе модели 
Сканави. 
 

E.A. Masimov, H.Sh. Hasanov, H.F. Abbasov, B.G. Pashayev  
 

DIELECTRIC PROPERTIES OF WATER SOLUTION OF NaOH and KOH 
 

The dielectric properties of water solution of NaOH and KOH were investigated at lower concentration. The obtained results show that 
NaOH and KOH destroy the water structure in the considered temperature and concentrations. The relaxation times were found by Cole-Cole 
diagrams and the dimensions of the water clasters were estimated on the base of Skanavi model. 
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МнЭа2С4 МОНОКРИСТАЛЫНЫН ЕЛЕКТРИК ХАССЯЛЯРИ 

 
Н.Н. НИФТИЙЕВ 

Азярбайъан Дювлят Педогожи Университети, Аз. 1000, Бакы, Ц. Щаъыбяйов, 34. 
 

О.Б. ТАЬЫЙЕВ 
АМЕА Физика Институту, Аз. 1143, Бакы, Щ. Ъавид, 33. 

 

М.Б. МУРАДОВ 
Бакы Дювлят Университет, Аз. 1145, З. Хялилов, 23.  

 

Ф.М. МЯММЯДОВ  
АМЕА кимйа проблемляри институту, Аз. 1143, Щ. Ъавид,33  

 
МнЭа2С4 монокристалында мцхтялиф температурларда ВАХ, σ(Т) вя ТДЪ тядгиг едилмишдир. Тялялярин характери мцяййян едилмиш, 

онларын йерляшмя дяринлийи вя консетрасийасы щесабланмышдыр. 
 
Магнит вя йарымкечириъи хассялярини юзцндя ъямляшдирян 

вя магнит йарымкечириъиляри  адланан АБ2Х4(А-Мн, Фе, 
Ъо, Ни; Б-Эа, Ин; Х-С, Се, Те) типли бирляшмяляр гейри-ади 
хцсусиййятляри сайясиндя эениш тядгигатларын обйектиня 
чеврилмишдир. [1-6]. Бу бирляшмяляр онлары ясасында лазерляр, 
ишыг модулйаторлары, фотодетекторлар вя магнит сащясиндя 
идаря олуна билян диэяр функсионал гурьуларын йарадылма-
сында перспективлидир. МнЭа2С4 бирляшмясинин мцхтялиф мо-
дификасийалары мювъуддур: ашаьы температурлу α-МнЭа2С4 
фазасы кристал гяфяс параметрляри а=12,746, б=22,609, 
ъ=6,394Å вя фяза групу Ъ2/ъ, з=12 олан моноклин гяфяся 
кристаллашыр, йухары температурлу β-МнЭа2С4 фазасы кристал 
гяфяс параметрляри а=12,90, б=745, ъ=6,13Å вя фяза групу 
ПнаЗ, олан ромбик група кристаллашыр [1-2; 7-8]. Щяр ики фа-
занын монокристалы кимйяви кючцрмя методу иля алынмыш-
дыр. Бундан башга МнЭа2С4 бирляшмясинин МнЭа2Се4 гу-
рулушуна аналожи олараг гяфяс параметрляри а=5,46, ъ=10,50Å, 
ъ/а=1,92 олан I4 фяза групуна кристаллашан йени фазасы алын-
мыш вя онун електрик вя оптик хассяляри тятгиг едилмишдир [9-10]. 

Бу ишдя Бриъмен методу иля алынмыш β-МнЭа2С4 моно-
кристалынын Волт ампер характеристикасы (ВАХ), електрик ке-
чириъилийинин температур асылылыьы (σ(Т)) вя термостимуллаш-
мыш деполйаризасийа ъяряйанлары (ТДЪ) тядгиг едилмишдир. 
Юлчмяляри апармаг цчцн контакт кими  нцмунянин сятщиня 
чякилмиш индиум- галиум яринтисиндян истифадя едилмишдир.  

 
 
Шякил 1. МнЭа2С4 монокристалында гаранлыгда мцхтялиф тем- 
             пературларда ВАХ:-Т.: 1-293; 2-308; 3-323; 4-338;  
             5-353; 6-373. 

Шякил 1-дя МнЭа2С4 монокристалынын мцхтялиф темпера-
турларда ВАХ- и верилмишдир. Бурадан ики област ашкара 
чыхарылмышдыр: 1) Ом ганунуна табе олан област (И-У) вя 2) 
И-У3/2 областы. Ашаьы эярэинликлярдя ВАХ-ын хятти областын-
да ъяряйанын эярэинликдян асылылыьы  

 

                         I=
L

USne 0µ
                                    (1) 

 

кими олур [11]. Бурада У- нцмуняйя тятбиг олунан эярэин-
лик, н0- таразлыгда олан йцкдашыйыъыларын консентрасийасы, µ-
йцдашыйыъыларын йцрцклцйц, е- йцкдашыйыъыларын йцкц, Л-кон-
тактлар арасында мясафя, С-контактларын сащясидир. Йцкда-
шыйыъыларын консентрасийасы цчцн ∼1010см-3 гиймяти тапылмыш-
дыр. Температур йцксялдикъя гейри- хятти областа кечид эяр-
эинлийи азалыр. Бу ону эюстярир ки, МнЭа2С4 монокристалы 
гцввятли компенсасийа олунмуш йарымкечириъидир. И∼У3/2 
областында ися ъяряйанын кечмя механизминин инжексийа иля 
ялагядар олмасы фярз олунар [11]. 

 
Шякил 2. МнЭа2С4 монокристалы цчцн мцхтялиф сабит эярэинлик- 
             лярдя електрик кечириъилийинин температур асылылыьы: (У- 
            В): 1-40; 2-100; 3-180; 4-300. 
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Шякил 2- дя мцхтялиф сабит эярэинликлярдя електрик кечири-
ъилийинин температурдан асылылыг графики верилмишдир. Дцз 
хятлярин мейлляри демяк олар ки, бир-бириндян о гядяр дя 
фярглянмир. лэσ∼ 103/Т асылылыг яйрисиндян йцкдашыйыъыларын 
активасийа енержиси щесабланмышдыр вя Е=0,28±0,2 еВ-а бя-
рабярдир.  

 
Шякил 3. а) 300В полйаризасийа эярэинлийиндя ТДЪ яйриси. 
             б) 300В полйаризасийа эярэинлийиндя ТДЪ ъяряйан  
                  пикинин башланьыъ щиссясинин температурдан асылылыьы. 

 
Шякил 3а- да МнЭа2С4 монокристалы цчцн 300В 

полйаризасийа эярэинлийиндя ТДЪ яйриси верилмишдир. ТДЪ 
спектриндя температур максимуму 338К олан пик 
мцшащидя едилмишдир. ТДЪ яйрисинин тящлили цчцн йапышма 
сявиййяляринин типини билмяк лазымдыр. Бунун цчцн «δ» 

кямиййятиндян истифадя олунур вя «δ» ашаьыдакы ифадядян 
тапылыр:  

                         δ=
12

2

TT
TT M

−
−

                                    (2) 

Бурада ТМ- ТДЪ- нин максимумуна уйьун темпера-
турдур, Т1 вя Т2- ТДЪ- нин максимум интенсивлийинин 
йарысына уйьун ашаьы вя йухары температурлардыр. ТДЪ 
максимумунун формасынын тящлили эюстярир ки, МнЭа2С4 
монокристалы цчцн мцшащдя едилян максимумда  

 

                 δ ≥ е-1 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

t

M

E
KT2

1                                                (3) 

шярти юдянилир [12]. Бу шяртин юдянилмяси сцрятли йанышма 
сявиййяляринин мювъудлуьуну эюстярир.  

Шякил 3б- дя МнЭа2С4 монокристалы цчцн ТДЪ ъяряйан 
пикинин башланьыъ щиссясинин температурдан асылылыг яйриси 
И∼ 103/Т мигйасында эюстярилмишдир. Бу яйридян тялялярин 

активляшмя енержиси щесабланмышдыр вя Е=0,28 еВ [ ]13 .  

Эюрцндцйц кими бу енержи сявиййяси σ(Т)-дян дя 
тапылмышдыр. Бу ону эюстярир ки, електрик кечириъилийи вя 
термостимуллашмыш деполйаризасийа ъяряйанлары ейни 
сявиййя иля баьлыдыр.  

Беляликля, МнЭа2С4 монокристалында мцхтялиф 
температурларда ВАХ, σ(Т) вя ТДЪ тядгиг едилмишдир. 
Тялялярн характери мцяййян едилмиш, онларын йерляшмя 
дяринлийи вя консентрасийасы щесабланмышдыр. 
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Н.Н. Нифтиев, О.Б. Тагиев, М.Б. Мурадов, Ф.М. Мамедов 

 
ЭЛЕКТРИЧЕСКИЕ СВОЙСТВА МОНОКРИСТАЛЛОВ МнЭа2С4  

 
Исследованы вольтамперные характеристики ВАХ, электропроводность σ(Т) и токи термостимулированной деполяризации 

(ТСД) для кристаллов МнЭа2С4 при различных температурах. Найден характер ловушек, определена их глубина залегания и 
концентрация. 

 
N.N. Niftiyev, O.B. Tagiyev, M.B. Muradov, F.M. Mamedov  

 
ELECTRICAL PROPERTIES Of  МнЭа2С4 SINGLE CRYSTALS 

 
Volt-ampere characteristics VAC, electric conduction σ(Т) and thermostimulated depolarization (TSD) currents for МнЭа2С4  crystals at 

different temperatures are investigated. Trap character is found and its  occurrence depths and concentration are obtained.  
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РЕАЛ ГАЗЛАРЫН ДРОССЕЛЛЯНМЯСИНЯ ДАИР 

 
Ж.Й. НАЗИЙЕВ 

Азярбайжан Дювлят Нефт Академийасы 
370012, Бакы, Азадлыг пр., 20 

 
Клаузиус щал тянлийиня табе олан реал газын ахмасы заманы адиабатик дросселлянмяйя бахылыб. Газын критик параметрляри, инверсийа 

температуру вя инверсийа яйрисинин максимал параметрляри тяйин едилиб. 
 
Газларын вя майелярин дросселлянмяси (язилмяси) мяся-

ляси термодинамикада хцсуси ящямиййят кясб едир. Техни-
канын бир чох сащяляриндя дросселлянмядян эениш истифадя 
едилир: сойудужу машынларда, криоэен гурьуларында, дахили 
йанма мцщяррикляриндя, бухар вя газ турбинляриндя, реак-
тив мцщярриклярдя, ракет техникасында, газ боруларында вя и.а. 

Бу, бахымдан щяр бир реал газын дросселляндикдя юзцнц 
нежя апармасыны щям нязяри, щям дя практики жящятдян юй-
рянмяк важибдир. 

Дросселлянмя адиабатик вя дюнмяйян просесдир [1-3]. 
Цмумиййятля, о зярярли щадисядир. Чцнки ахма заманы газ 
механики мцгавимятдян кечир. Лакин техникада ондан 
сямяряли истифадя едирляр. 

Дросселлянмя заманы идеал газын температуру дяйиш-
мир. Амма реал газ дросселляндикдя о гыза да биляр, сойу-
йа да биляр вя онун температуру сабит да гала биляр. Бу 
газын тябиятиндян вя онун башланьыж параметрляриндян асы-
лыдыр. 

Ядябиййатдан мялумдур ки, Клаузиус щал тянлийи беля-
дир [4] 

          RTb
cT

ap =−⎥
⎦

⎤
⎢
⎣

⎡
+

− )(
)( 2 υ

υ
,                   (1) 

 
бурада п – газын тязйиги; Т – температуру; υ - хцсуси 

щяжми; а,б,ж – тянлийин сабитляридир.  
Тянликдян истифадя етмяк цчцн ону ашаьыдакы шякилдя 

йазмаг ялверишлидир 
 

              2)( cT
a

b
RTp

+
−

−
=

υυ
.                            (2) 

 
Маддянин критик (бющран) щалынын шяртляриндян истифадя 

едяряк Клаузиус газынын критик параметрлярини (пк, υк, Тк) 
тяйин едяк. 

Критик шяртя эюря 
 

              0;0 2
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(2) тянлийиндян Т=жонст щалында биринжи вя икинжи тюря-
мяляри алаг 
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(4) асылылыьыны (5)-я бюлсяк аларыг ки,  

                    
32

cb +
=

− υυ
                                          (6) 

бурадан 
                      υк=3б+2ж.                                         (7) 
 

Инди (4) бярабярлийиндян Тк-и тапаг 
 

           
)(27

8
)(
)(2
3

2
2

cbR
a

cR
baT

k

k
k +

=
+
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=
υ
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. 

Онда  

           
)(3

2
3
2

)(27
8

cbR
a

cbR
aTk +

=
+
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(2) тянлийиндян пк-ы тапмаг олар 
 

            2)( cT
a

b
RTp

kkk

k
k +

−
−

=
υυ

.                        (9) 

 

Мялум Тк вя υк-ин гиймятлярини (7) вя (8) ифадяляриндян 
(9) тянлийиня гойсаг аларыг 

 

            

)(3
2)(18 2

cbR
acb

apk

+
+

= .                   (10) 

 

Инди, яксиня, а, б вя ж сабитлярини критик параметрлярля 
ифадя едяк. 

Кюмякчи дцстурлардан истифадя едяк. Тяйин едя билярик ки, 
             

            ,
)(27 2cb

apT kk +
=        �                             

(11) 
            

              
R

cb
p
T

k

k )(8 +
= .                                           (12) 

 

(7), (11) вя (12) асылылыгларындан тяйин етмяк олар 
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Универсал тянлик цчцн чох важиб олан критик сыхылма ям-
салыны тапаг 

)(88
3

)(8
23

cb
c

cb
cb

RT
p

z
k

kk
k +

−=
+
+

==
υ

.            (15,а) 

 

Инди дя Клаузиус газынын дросселлянмясиня бахаг. Ахы-
нын термодинамикасындан мялумдур ки, газ дросселлян-
дикдя онун температуру ашаьыдакы ганунла дяйишир 

 

                    dp
c

T
T

dT
p

p

υυ
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= ,                        (16) 

 

бурада жп – газын изобар истилик тутумудур, жп>0. 
(16) тянлийини тящлил едяк. Дросселлянмядя щямишя тязйиг 

дцшцр, дп<0 олур. Демяли, температурун кейфиййятжя 
дяйишмяси [Т(∂υ/∂Т)п-υ] кямиййятинин ишарясиндян асылы 
олажаг, чцнки жп>0. Кясрин суряти мянфи олса дТ>0, демяли 
дросселляндикдя газ гызажаг; мцсбят олса дТ<0, йяни газ 
сойуйажаг; яэяр сурят сыфра бярабяр олса дТ=0, демяли 
дросселлянмядян сонра газын температуру дяйишмяз. 
Цчцнжц щалы техникада билмяк чох важибдир. Бу щала газын 

инверсийасы дейилир, температур ися инверсийа температуру 
адланыр. Диаграмларда инверсийа яйриси температурун 
дяйишмясинин сярщяд яйриси олур. 

Инверсийа яйрисинин тянлийи (16) тянлийиндян алыныр.   
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Бязян инверсийа яйрисинин тянлийи кими идентик тянлик эю-
тцрцлцр 
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Алчаг тязйигляр цчцн (атмосфер тязйиги ятрафында) ин-
версийа температуруну тапаг. 

(2) тянлийиня беля форма веряк 
 

                  пυ =пб+РТ- 2)(
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+
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п=жонст шяклиндя бу тянлийи дифференсиаллайаг вя (17) 
ифадясиндя нязяря алараг 
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(19) тянлийиндян пυ-нин гиймятйини бурада йериня йазаг 
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Алчаг тязйигляр цчцн п=РТ/υ йазаг 
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Кичик тязйиглярдя гябул едяк ки, п→0, 1/υ→0, онда 

(21) ифадяси садяляшяр; ейни заманда υ3/(υ+ж)3≈1 олдуьун-
дан  
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                      -б≈ 2
3

RT
a

,       
Rb

aTinv
32 ≈ ,                                 (22)  

 

                                      kinv T
Rb

aT 21,33
≈≈ .                      

 

 Инверсийа тянлийиня (17) эюря пТ диаграмында инверсийа 
яйриси температур азалдыгжа яввял йухары галхыр, сонра 
максимум нюгтяни М кечяряк азалмаьа башлайыр (шякил 1). 

 

 
 

Шякил π-τ координатларында эюстярилиб, щарадакы π вя τ уйьун  
         олараг эятирилмиш тязйиг вя температурдур. 
         Яэяр газын щалы яйри ичярисиндяки сащяйя дцшярся о dros- 
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         селляндикдя сойуйар, яйридян хариждяки сащяйя дцшярся 
         о гызар, яйри цзяриня дцшярся газын температуру дяйиш-  
        мяз. Беляликля, яйринин тяйини хцсуси ящямиййят кясб едир. 
 

(19) тянлийиндян биринжи тюрямяни алсаг (п=жонст) 
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Икинжи тюрямяни алаг (п=жонст) 
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(23) бярабярлийини садяляшдиряк. Гябул едяк ки, п(∂υ/∂Т)п=Р. Онда (23)-дян аларыг  
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Бу гиймяти (24) тянлийиндя нязяря алаг 
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(26) ифадясиндян истифадя етмяк цчцн инверсийанын 
тянлийиндян ялавя шярти алаг. (17) тянлийиндян Т вя п-йя эюря 
тюрямя алаг. 
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Инверсийа яйрисинин максимум шяртиня эюря 
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ифадясиндя нязяря алсаг икинжи щядд дя сыфыр олажаг. 
(17) тянлийиндян инверсийа шяртиня эюря 
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 олар. 
Бурадан   

                      υмах=3б+2ж=υк .                           (28) 
 

Тмах температуруну тапмаг цчцн (18) тянлийиндян 
истифадя едяк. Тянлийин икинжи щяддини (4) тянлийиндян алаг 
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(18) тянлийинин биринжи щяддини (2) тянлийини υ=жонст 
шяртиндя дифференсиалладыгда алмаг олар 

 

                 2)( cT
a

b
RT

T
pT

+
+

−
=⎟

⎠
⎞

⎜
⎝
⎛
∂
∂

υυυ

.             (30) 

Онда  
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Бурадан  
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Белляикля,       
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 Максимал тязйиги (20) тянлийиндян алмаг олар 
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Тмах вя υмах-ун гиймятлярини йериня йазсаг аларыг
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υмах, Тмах вя пмах-у биляряк  змах-у тяйин етмяк олар 
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Дж.Я. Назиев 

 
О ДРОССЕЛИРОВАНИИ РЕАЛЬНЫХ ГАЗОВ 

 
В статье рассмотрено дросселирование реальных газов, подчиняющихся уравнению Клаузиуса. Определены критические 

параметры газа и максимальные параметры кривой инверсии. 
 

Ъ.Й. Назийев 
 

ON ТЩРОТТLИНЭ ОФ РЕАЛ ЭАСЕС 
 
The throttling  of real gases, submitted to Klauzius equation is considered in the given paper. The critical gas parameters  and maximal 

parameters of inversion curve are defined. 
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CRITERION OF THE CONTROL OF EXPERIMENTAL DATA 

 
E.M. FARHADZADEH, A.Z. MURADALIYEV, Y.Z. FARZALIYEV 

Azerbaijan Scientific-Research and Design-Prospecting Institute of Energetic 
Zardabi ave., 94 

 
The cases are frequent, when at check of the assumption about expediency of classification of the experimental data to the given attribute 

it appears, that the results application of the appropriate criteria are opposite. The method of an estimation of a mistake the second sort for 
the data on duration of condition power block electrical station and method of comparison of a number of criteria is resulted. 

 
There is enough often results of passive or active 

experiment appear connected with a number of attributes 
which versions can be submitted by a discrete number of 
values. Display of these versions casually also does not 
depend on the experimenter. The importance of attributes and 
their versions at the best is clear at an intuitive level. 
Classification of the data on the set versions of attributes 
results in sharp decrease in number of the data of experiment 
and is connected to an opportunity of fallacies and wrong 
decisions. The method below is resulted, allowing to avoid 
the specified mistakes. We shall enter some concepts. We 
shall present the data of experiment as some set of results of 
measurement of concrete parameter (Р) and we shall 
designate it through {Р}M, where M - number of experiments. 
But the data with preset values of versions of attributes we 
shall present as sample and we shall designate through {P}m, 
where m - number of the data of sample 

 
Fig. 1. A graphic illustration of consecutive calculation of  
            statistics m for hypothesis H1. 
 

In [1] the new criterion of the control of imposing 
appearance of sample (if sample is representative an attribute 
of classification of the data insignificant) ∆m, describing the 
maximal value of a divergence of sample and a data set and 
its updating - factor of imposing appearance of sample KП, 
describing average quadratic value of a divergence of 
distributions and ∆cp, describing average value of divergences 
has been offered. Being analogues of Smirnov’s 
nonparametric criterion Dm.n [2], they had and the certain 
advantages among discrete values of sizes of divergences that 
reduced an interval between probabilities of adjacent values 
of the possible divergences, an including significance value α.  

Application of one of the criteria marked above demands 
development of methodology of their automated comparison, 
including development of methodology of an estimation of 
distributions of the criteria ∆m, KП, ∆cp and Dm.n provided that 
sample is not present. To distinguish distributions at 
hypotheses H0 and H1 we shall agree to represent them as 
F*(∆m/H0), F*(KП/H0), F*(∆сp/H0)  and F*(∆mn /H0), F*(KП/H1), 
F*(∆сp/H1), F*(∆mn/H1).   

The graphic illustration of consecutive calculation of statistics 
∆m for hypothesis H1 is resulted on fig. 1. for m=4 and M=10  

It is accepted, that sample is {X2,i}m, the random variables 
supplementing sample up to set is {X1, i}n, and set of random 
variables are {Xi }M. 

From fig. 1 it is evidently visible, that at calculation ∆m  
for hypothesis H1 biunique conformity between members of 
variations lines of random variables of set {Xi}M and 
members of variations lines Yj=F(Xi)M is broken. For 
example, to the fifth member of lines {Xi}M there corresponds 
the seventh member of lines {Yj}M. Hence, property of 
nonparametric (independence of criteria ∆m , КП , ∆cp and 
Dm,n  from type of distributions Fm(X) and Fn(X)) at check of 
hypothesis H1 considered criteria lose). Change of the law of 
distribution Fm(x) and Fn(x) is reflected in absolute size of 
each criterion. However, at any distributions  Fm(x) and Fn(x) 
parity of each of N realizations of statistic ∆m, КП and ∆cp and  
Dm.n remains constant, namely Dm,n>∆m >КП>∆cp Therefore 
change Fm(x) and Fn(x) will not influence result of 
comparison of these criteria.  

On fig. 2 experimental dependences of distributions of the 
statistics ∆m are resulted, allow us estimate character of 
change of distributions )()( mmF ∆=∆ β  depending on change 
m and n. As follows from fig. 2 with increase in number of 
random variables of sample (m) average value ∆m and an 
average quadratic deviation σ(∆m) will decrease (we compare 
distributions 1 and 3 fig. 2). 

 
Fig. 2. Distribution of the greatest disorder of distributions 
           Fm(x) and FM(x) at hypothesis Н1(δ=0,5) 1 - m =10;  
           n =200; 2 - m =10; n =20; 3 - m=50; n=200 
 

Distributions of random variables samples with identical 
m, taken of sets with differing number of random variables 
(for example М1>>M2), will have various (∆m)ср and σ(∆m). 
Than M is more, the (∆m)cp more and σ(∆m) less. The increase 
σ(∆m) at reduction of M is caused by growing influence of 
casual character of distribution FM(τ). 

Method of comparison of the criteria. As it has been 
marked above, the preference is given to theories of check of 
statistical hypotheses to criterion for which at the fixed 
mistake of the first sort, the mistake of the second sort is 
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minimal. Hence, to compare criteria it is necessary to 
compare dependencies [ ])()( SfS αβ = , where S - one of 
considered (∆m, КП, ∆cp and Dm, n) statistic.  

Thus it is necessary to take into account: 
1. Discrete character of sizes of the greatest deviation S. 

Addition α and β also is allowable only on condition α and β 

that are determined for same value S with i=1, Σr  where Σr - 
number of identical digitizations of distributions F*(S/H0) 
and F*(S/H1).  

The size Σr  is defined: 
- number distributions F*(S/H0) and F*(S/H1) (accordingly r1 

and r2); 
- a parity of boundary values of a confidential interval of 

average values of statistics S. The overlapping of these 

intervals is more, the more and Σr ; 
The certain difficulties at construction [ ])()( SfS αβ =  

arise both at small, and at great values m and M. At small 
values m and M, sizes r1 and r2 also are small, irr <<Σ  and 

2rr <<Σ . At great value m and M, despite of essential 

increase r1 and r2, the size Σr  remains enough small though 
distinction between separate realizations S does not exceed 

1%. The increase Σr  without decrease in accuracy can be 
achieved by a method of a rounding off of values of 
realizations S up to the second significant figure.  

2. Features of statistical modeling. One of the basic 
difficulties at modeling estimations of optimum values of 
criterion checking to representativenesses of the sample) CRS  

*
,оптm∆  is decrease in influence of casual character modeled 

samples on result of calculation. Fluctuations of numerical 
values *

,оптm∆  cause the certain probability of the erroneous 
decision which, in particular, is more, than it is less number of 
realizations of sample and depends on number of iterations a 
little. Overcoming of this difficulty has been achieved as 
application of some known methods, as a method of the general 
random numbers together with a method of supplementing 
random variables [3], and new approaches, in particular: 

- applications of criterion of Kolmogorov for the control 
of conformity programmed random numbers modeled sample

to the uniform law "Sorting" samples at a significance value 
(0,3-0,4) not only reduces a mistake of the second sort, but 
also carries out protective functions from imperfection of 
program realizations samples and failures of the COMPUTER. 

It is necessary to note, that the further increase in a 
significance value (more 0,3÷0,4) conducts to essential 
reduction of number of discrete values ∆m and absence of 
identical values ∆m for distributions [1-F*(∆m/H0)] and F*(∆m /H1).  

- elimination of influence of the random variables 
supplementing sample up to a data set;  

- alignment of number of discrete values of distributions 
[ ])/(1 *

om HF ∆−  and )/( 1
* HF m∆  by assignment by absent 

discrete value zero frequency. Application of these methods 
has allowed to provide high stability of the decision. The 
control of objectivity of recommended methods was provided 
with application of a method of the decision of a «return problem».  

On fig. 3. experimental dependencies [ ])()( SfS αβ =  , for 
the values marked above m, M and δ for criteria ∆m, КП, ∆cp  
and  Dm, n. Similar dependencies are received and for lines of 
other values m1, M and δ. The analysis of these data has 
allowed concluding: 

- the least value β at 0<α<1 takes place for criterion ∆m; 
- values β at 0<α <1 for criteria КП and ∆cp  also are 

practically equal and is essentially higher, than at criterion 
∆m. In other words, distinction of distributions Fm(P) and 
Fm(P) also is defined not so much by average or average 
quadratic value of deviations, how many the greatest divergence. 

- the indirect method of an estimation of representativenesses 
of sample (Smirnov’s criterion) concedes to a direct method 
recommended authors, i.s. β(Dm)>β(∆m) at 0< α <1. 

 
Fig. 3. Curve changes of dependence β(S)=f[α(S)] at m =10;  
           M=30 and δ=0,5 for criteria (S): 1- КП  и ∆cp; 2 – Dm,n ;  3 - ∆m 
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КРИТЕРИЙ КОНТРОЛЯ ЭКСПЕРИМЕНТАЛЬНЫХ ДАННЫХ 
 

При проверке предположения о целесообразности классификации экспериментальных данных по заданному признаку результа-
ты применения соответствующих критериев часто оказываются противоположными. Приводится метод оценки ошибки второго 
рода и метод сопоставления критериев.  

 

E.M. Фярhадзадя, A.Z. Мурадялийев, Y.Z. Фярзялийев  
 

ТЯЖРЦБИ ВЕРИЛЯНЛЯРИН ЙОХЛАНМАСЫ КРИТЕРИЙАЛАРЫ 
 

Верилян яламятляря ьюря тяжрцби верилянлярин тяснифатларынын мягсядяуйьунлуьу щаггында олан эцманын йохланмасы заманы уйьун 
критерийаларын тятбиги нятижяляря чох заман якс олур. Бунун цчцн ашаьыда икинжи нюв сящвлярин гиймятляндирилмяси вя критерийаларынын  
мцгайисяси цсуллары эюстярилир.  
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ON ONE GENERALIZATION OF BOUGER – BEER LAW ON THE BASIS OF NEW 
INVARIANT PARAMETER OF SOLAR SPECTRAL IRRADIATION. 

APPLICATION FOR CALIBRATION OF GROUND SOLAR PHOTOMETERS 
 

H.H. ASADOV, M.M. ALIYEV, E.S. ABBASZADEH  
Azerbaijan National Aerospace Agency, 
Azadlig ave., AZ-1033, Baku, Azerbaijan 

 
In the given paper the possibility of introduction of invariant indexes of sun spectral radiation, obtained in the result of the 

summarizing of Bouger-Beer law for the case of three-wave atmosphere measurements has been considered. It is shown, that 
calibration of three-wave photometer on proposed invariant allows us to eliminate the influence of atmosphere parameter 
changeability on wave length.  
 

The solar energy is the main source of energy for 
biosphere of the Earth. It directly controls the atmospheric 
and oceanic circulations and climate. The proper 
understanding of this energy is essential for true assessment 
of processes taken place in the system Earth – atmosphere. 
Historically, prior the satellite measurements the total solar 
energy calculated for average value of distance between the 
Sun and the Earth was considered as “Solar Constant”. The 
systematic ground measurements of variations of solar 
constant are carried out during more than one hundred years, 
on Program of Solar Constant of Smithsonian Astrophysical 
Observatory [1]. At the basis of multi-number experimental 
researches, including satellite measurements of “Solar 
Constant”, at present time existing prevailing scientific 
opinion states that only satellite measurements are really 
capable to detect the variations of solar constant, linked with 
magnetic activity of the Sun, for example, 11 years, 27 days 
and other cycles of variation [2]. 

At the same time methods and equipment for ground 
atmospheric measurements suffered great changes and 
modifications. The world-wide network AERONET was 
specially organized to carry out dynamic components of 
atmosphere [3]. The possibility of obtaining components 
extra-atmospheric data from satellites and synchronous data 
from ground networks allows us to carry out direct 
comparison of them to determine adequacy of ground 
measurements of solar constant. Results of one of such 
researches are described in [2] where comparison of 
synchronous measurements is carried out. These data were 
obtained from the instrument SOLSTICE installed in satellite 
UARS and AERONET network photometers beginning from 
January 1, 1998 till October 28, 1999. 

As a result of held research it was revealed, that 
measured by instrument SOLSTICE the variation of solar-

spectral radiation, determined as standard deviation divided 
to average value was equal to 0.12 % and 0.14 % in 
wavelength 340 nm and 380 nm. 

But variations of ground measurements in 
aforementioned wavelengths were equal to 2,0 % and 1,8 %. 
These values of variation are more than one order in 
comparison with values of variation of solar irradiation 
measured by help of satellite instruments SOLSTICE. On the 
basis of aforesaid data it was concluded, that ground 
measurements cannot be used for research of variability of 
solar constant. Such a dubious conclusion is dangerous, 
because it rejects any possibility of calibration of ground 
photometer using solar irradiation. This conclusion is 
justified by such a wrong suggestion, that variability of 
atmosphere cannot be removed from results of ground 
measurements. The purpose of this article is demonstration of 
fallibility of such opinions on an example of recently 
proposed three-wave lengths technology of atmospheric 
measurements [4, 5]. 

As it was noted earlier, the accuracy of ground methods 
of determination of the solar constant is mainly depends on 
variability of atmosphere. 

Further in this article we shall speak about UV band and 
mentioning the variability of atmosphere or optical depth of 
atmosphere we shall consider not temporal changes, but 
changes on wavelength of measurements. It is well-known, 
that one of major parameters of variability of random 
processes is autocorrelation function. For example, the 
changeability of function ( )tfA ,λτ = , where Aτ - optical 
depth of atmosphere; λ - wavelength; t - time parameter of 
current measurements, can be characterized by following two 
– measured autocorrelation function: 

 

              ( ) ( ) ( ) ( ) ( ) ( )∫ ∫
∆ ∆

∆∆⋅∆+∆+=∆∆
xam xamt

tddttt
B

tR
λ

τ λλτλλτ
τ

λ
0 0

;;1, .                              (1) 

 
At present, there are many sources, where the data on 

correlation dependence of optical depth of atmosphere 
separately on time and wavelength of measurements are 
given. For example, the results of atmospheric variability 
research in UV band are given [6]. These results are obtained 
on the basis of 19,568 measurements of direct solar 
irradiation carried out in Riverside site and similar series of 

measurements, by number of 21,972 measurements carried 
out in Mt. Wilson site. 

The computed valued of correlation indices for all pairs 
of wavelength are shown in Table 1[6]. It is shown, that 
Riverside site is characterized with strong correlation 
between results of measurements in all wavelengths. For the 
Mt. Wilson site, the correlation indices are slightly weak. 
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                                                                                                                                                                Table 1 
 

Riverside 306 nm 312 nm 318 nm 326 nm 333 nm 368 nm 
300 nm 
306 nm 
312 nm 
318 nm 
326 nm 
333 nm 

0,99 0,97 
0,99 

0,93 
0,95 
0,97 

0,94 
0,97 
0,99 
0,99 

0,92 
0,95 
0,97 
1,00 
1,00 

0,92 
0,95 
0,97 
0,99 
0,99 
1,00 

Mt. Wilson 306 nm 312 nm 318 nm 326 nm 333 nm 368 nm 
300 nm 
306 nm 
312 nm 
318 nm 
326 nm 
333 nm 

0,94 0,85 
0,92 

0,76 
0,85 
0,98 

0,69 
0,82 
0,96 
0,98 

0,62 
0,77 
0,93 
0,96 
0,99 

0,59 
0,74 
0,91 
0,95 
0,98 
1,00 

 
Thus, the results of research described in [6] have 

shown, that autocorrelation function (1) of optical depth of 
atmosphere, calculated on wavelength,     

  

   ( ) ( ) ( ) ( ) ( )∫
∆

∆⋅∆+=∆
xam

dtt
B

R
λ

τ λλτλλτ
τ

λ
0

,;1
    (2) 

 
has a positive and higher values. Physically, it may be 
explained by such a fact, that the optical depth of atmosphere 
in UV band is mainly formed with aerosol and ozone, the 
quantitative and qualitative parameters of which are not 
changing during the short period of measurements. 

It should be noted, that this phenomenon is rightful also 
for atmospheric measurements on horizontal route. For 
example as it is shown in [7], the higher correlation values 
exist for results of measurements of optical depth of aerosol 
in UV and visible bands carried out in on-earth layer of 
atmosphere. 

According to the method of Langly plots, each deviation 
of measured value of solar constant is directly determined 
with deviation of optical depth of atmosphere, if optical mass 
is constant. From well-known formula of Bouger-Beer one 
can obtain following equation, which is basis of Langly plot 
method: 

       
                        InlmInl += ∑τ0 ,                          (3) 
 

where 0I - «Solar constant»; m - optical mass; ∑τ - total 

optical depth of atmosphere; I - the measured value of solar 
spectral irradiation. 

It is obvious, that upon condition of stability of solar 
constant, tsnocm= , and stability of parameters of ground 
photometer, each differed from zero measured value of  

λd
Inld 0  is  caused by differed from zero value 

λ
τ

d
d ∑ .  

The presence of strong correlation in values of ∑τ  on 

λ  leads to strong correlation of 0Inl  on λ , i.e. there is the 

error of measurement of 0I , depending from λ , which is 

caused by variation of ∑τ . Therefore, the error of ground 

measurements of 0I  in comparison with the satellite 

measurements has a systematic feature and depends on λ . 
But if we by modification of method of ground 

measurements, can succeed to generalize the relevant form of 
equation of Bouger-Beer, writing it in following form 

       
                        ( ) ( ) ( )∑−⋅= τPmeIPIP 0 ,                      (4) 

 
where ( )IP  - generalized parameter of solar-spectral 

irradiation, measured at the level of the Earth; ( )0IP  - the 
generalized parameter of solar-spectral irradiation at the 
external border of atmosphere; ( )∑τP  - the generalized 
parameter of optical depth of atmosphere, meeting the 
following conditions 

                              
( )

0=∑

λ
τ

d
dP

                                 (5а) 

      
                               ( ) 0=∑τP ,                                  (5b) 

 
and consequently, following conditions  
 

                              
( ) 0=
λd
IdP

                                    (6а) 

 

                                     
( ) 00 =
λd
IdP

,                                 (6b) 

 
while any variation of 0I  due to variation of magnetic 
activity of the Sun is lacking, we could, in principle, succeed 
to carry out ground measurements of parameter of solar-
spectral radiation, where the obtained result would not 
depend on variation of λ . 

 It can be shown, that as a result of application of 
recently proposed 3 wavelength technology of atmospheric 
measurements, we can formulate the generalized parameters 
( ) ( )IPP ;∑τ  and ( )IP , and in this case, the equation of 

Bouger-Beer may be generalized in the form of (4). 
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By the aim to form the generalized parameter of optical 
depth of atmosphere and generalized parameter of solar 
constant, we describe in brief the main provisions of method 
of three-wave lengths measurements. Let us assume, that 
there are wavelengths 21,λλ  and 3λ ,  where 321 λλλ <<  
and we carry out following measurements 

   

                 

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( ) ⎪
⎭

⎪
⎬
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⋅=

⋅=

⋅=

−

−

−

31
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λτ

λτ

λτ
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λλ

λλ

m

m

m

eII

eII

eII

.                     (7) 

 
Now we should calculate generalized parameter ( )IP  

as follows: 

                          ( ) ( ) ( )
( )2

31

λ
λλχ

I
II

IP
⋅

= .                          (8) 

 
Taking into account (7) and (8) we have following 

generalized form of writing of Bouger-Beer law 
 

  ( ) ( ) ( )
( )
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Therefore, the generalized parameter of solar constant in 

(9) may be written as  
 

                          ( ) ( ) ( )
( )20

3010
0 λ

λλχ

I
II

IP
⋅

= .                  (10) 

 
 The generalized parameter of optical depth of 

atmosphere may be written as 
 

                     ( ) ( ) ( ) ( )2
31 λτ

χ
λτλττ −

+
=P .                  (11) 

 
From the equation (11) it is obvious, that if by proper 

selection of 321 ,, λλλ  and χ   we could ensure following 
conditions 
                                        ( ) 0=τP                                   (12а) 
and 

                                      
( ) 0=
λ
τ

d
Pd

       (12b) 

 
then the measured value of Z will be equal to generalized 

solar constant’s parameter 
( ) ( )
( )20

3010

λ
λλχ

I
II ⋅

, which will not 

depend on wavelength.   

Therefore, equations (12а) and (12b) are conditions for 
ensuring of accurate ground measurements of value of 
generalized solar constant (10). 

From conditions (12а) and (12b) we have 
 

                           
( ) ( )

( )2

31

λτ
λτλτχ +

= .                      (13) 

 
As it is shown in [5] 2 variants of realization of equation 

(13) are possible. 
1) We should select 2=χ ; Wavelengths 1λ  and 3λ  are 

fixed; and wavelength 2λ  should be chosen using following 
formula  

                  ( ) ( ) ( )
2

31
2

λτλτλτ +
= .                    (14) 

 
2) The wavelengths 321 ,, λλλ  are fixed. The index χ  

should be chosen using equation (13). 
In line with (12b) following condition should be met (if 
2=χ ) 

                                     ( ) 0=τdP  
or 
                                    ( ) 0=∆ τP  
or 

               
( ) ( ) ( )2

31

2
λτλτλτ

∆=
∆+∆

.                  (15) 

 
For example, it easily can be shown that in small interval 

31 λλλ ÷=∆ , upon linear approximation of dependence 

( ) λλττ k== , the conditions (14) and (15) easily may be 
met. 

Therefore, we may conclude that the invariant of spectral 
solar radiation (10) exists and this invariant not depends on 
wavelength. 

Wavelengths 321 ,, λλλ  may be chosen using conditions 
(12a) and (12b).  

The practical value of the proposed invariant is linked 
with necessity initial calibration of ground measurement 
systems on extra-atmospheric sources. 

As it is noted in [6], the satellite means of measurements 
are calibrated using stable UV irradiation of blue stellar. 
Calibration of ground meters on Sun irradiation using 
previous methods turned out impossible due to influence of 
variability of atmosphere. In this situation the suggested 
three-wavelengths invariant should be applied. 

The single instrument to be chosen in this case should be 
the previously suggested [4, 5] three-wavelengths meters, the 
application of which will open the era in the theory and 
practice of ground atmospheric measurements. 
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Щ.Щ. Ясядов, М.М. Ялийев, Е.С. Аббасзадя 

 
ЭЦНЯШИН СПЕКТРАЛ ШЦАЛАНМАСЫНЫН ЙЕНИ ИНВАРИАНТ ПАРАМЕТРИ ЯСАСЫНДА БУЭЕР-БЕР 

ГАНУНУНУН БИР ЦМУМИЛЯШДИРИЛМЯСИ БАРЯДЯ.  
ЙЕРЦСТЦ ЭЦНЯШ ФОТОМЕТРЛЯРИНИН КАЛИБРАСИЙАСЫНДА ТЯТБИГИ 

 
Мягалядя эюстярилмишдир ки, атмосфер дяйишикликляри иля ялагядар олараг йерцстц юлчмя васитяляри иля Эцняш шцаланмасында олан 

дяйишикликлярин мцшащидя едиля билмясинин гейри-мцмкцнлцйц барядя гярарлашмыш елми ряйя бахмайараг, яввялляр тяклиф едилмиш цч 
дальа узунлуглу юлчмя методу вя мцвафиг гурьунун калибрасийасы цчцн Буэер-Беер ганунунун тяклиф едилмиш цмумиляш-
дирилмясиндян алынан Эцняш спектрал шцаланмасынын йени инварианты тятбиг едилдийи щалда бу жцр мцшащидяляр мцмкцндцр. 

 
Г.Г. Асадов, М.М. Алиев, Е.С. Аббасзаде 

 
О ВОЗМОЖНОСТИ КАЛИБРОВКИ НАЗЕМНЫХ СОЛНЕЧНЫХ ФОТОМЕТРОВ С ПОМОЩЬЮ 

ИНВАРИАНТНОГО ПОКАЗАТЕЛЯ СОЛНЕЧНОЙ СПЕКТРАЛЬНОЙ РАДИАЦИИ 
 

В данной статье рассмотрена возможность введения инвариантного показателя солнечной спектральной радиации, полученной 
в результате обобщения закона Бугера-Бера для случая трехволновых атмосферных измерений. Показано, что калибровка трех-
волновых фотометров по предложенному инварианту позволяет устранить влияние изменчивости параметров атмосферы по длине 
волны. 
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THE TRANSMISSION OF LIGHT THROUGH A LOW-ABSORBING THIN COATING 

                                    
R.A. KARAMALIYEV  

Baku State University, AZ1148, Baku, Azerbaijan, Z. Khalilov str., 23 
 

R.M. KASIMOV 
Institute of Chemical problems of National Academy of Sciences,                                                

AZ1143, Baku, Azerbaijan, H.Javid av., 29 
       
The transmission of light waves through a low- absorbing dielectric thin coating on semi-infinite dielectric substrate is considered. It is 

shown that in this system under certain conditions may be realized the effect of antireflection of light. Expressions for selective thin film 
thickness and wavelengths in which occur non-reflective absorption and transmission of light have been obtained.  

        
The theory of optical design of multilayers is quite 

complex and tedious, and has been presented for some simple 
cases   [1-3]. For microwave region of spectrum the effect of 
reflectionless absorption in layered medium both 
theoretically and experimentally was investigated in [4, 5]. 
This method of investigation was extended to include optical 
wavelengths in [6]. 

In this paper, we have presented the approximative 
method for calculating transmittance, reflectance and 
absorptance of optical waves by low – absorbing dielectric 
coating. We start by considering the reflection and 
transmission of light in an absorbing dielectric film on semi-
infinite non-absorbing dielectric substrate. Incident light is 
considered normally and plane polarized. In order to find 
expressions for the reflectance and transmittance of a 
dielectric film illuminated by a parallel beam of light at 
wavelength λ , we must consider the multiple reflections of 
light at each surface of the film and perform a multiple beam 
summation. Thus, reflected and transmitted complex 
amplitudes are given by [2]   
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where 11 1€ ir r e ϕ= ; 2
2 2€ ir r e ϕ= ; 1 2 1, 2, ,r r ϕ ϕ  are complex 

amplitudes,  modules  and  phases  of  reflection  coefficients,  

respectively, κ  is complex wave number. In these equations 
the subscripts 1and 2 refer to the first and second surface of 
the layer. The layer is assumed to be plane and parallel sided 
of thickness l and complex refractive index €n  and is bounded 
by semi-infinite layers of indices 1 and 

1n . 
The Fresnel coefficients of reflection and transmission 
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In formula (1), propagation constant  k  of the wave 

traveling in the covering material is 
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where  d nλ λ=   , y nχ= , n is the refractive index 
of the layer material, χ is the extinction coefficient of the 
material.  

For the considered layered structures modules and 
phases of reflection coefficients are given by the well-known 
relations
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Let introduce dx l λ= .The expressions for energy reflectance and transmittance may be obtained from equation (1) 
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Fig.1. Absolute values of reflection R(x) and transmission T(x) coefficients .vs. thickness of the covering material in the two-layer  
           dielectric-dielectric structure: r1=0.2; r2=0.4; n=1.5; y=0.02. 
 
Fig.1 represents dependence of reflection coefficient 

amplitude R and transmission coefficient amplitude T on 
absorbing layer thickness when the coating is low-absorbing. 
One can see that these coefficients have damping oscillations. 
Thus, a standing of extremes of curves R( l ) are realized at 
thickness of an absorbing layer of distinct from quantities of 
multiple 4dλ .There are two regions in the  R( l ) 
dependence which differ by character of changing of extrema 
in increasing of thickness of the layer. The lower absorption 
coefficient is the higher the number of minimum which takes 
place without reflection. 

       It is well – known that in its simplest form (when  
0χ = ) anti- reflecting coating is homogeneous, its 

thickness is a quarter wavelength and its refractive index 
equals the geometric mean of the indices of the two adjoining 
media: 

 

                             1n n=                                     (7)                             
 
In this connection we shall introduce the suggestion that 

the specified zero minimum of function R ( )l  is realized at 
thickness of a layer of the substance a little differing from 
quantities of multiple 4dλ  

 

                             2 1
4

Nx −
= + ∆                              (8) 

 
where N  is ordinal number of the zeroth minimum of 
function R ( )l ; ∆  is the quantity to be determined by 
optical parameters of coating material. 

Substituting equations (3) and (8) into equation (1), we 
find 
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Equations (8)- (11) allow functional relation between 

incident light wavelength λ , layer thicknees  l  and its 
optical parameters n  and  χ , for to arise reflectionlees 
absorption in the coating. 

According to dispersion theory of light the real and 
imaginary parts of dielectric constant may be expressed as [2]
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where n∞  is refractive index far from the resonance; q, m 

are charge and mass of electron, 0N  is concentration, γ  is 
damping coefficient, ω is frequency. Resonance   frequency 

1ω  according to Lorentzs field in condensed matter may be 
expressed by frequency 0ω  and concentration 
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It is easy in the first approximation from (12) to have the 

relation between n  and χ  
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Solution of equations (9) and (14) allows us to find 
optical parameters of absorbing dielectric layer. 

       To determine the frequency which the effect of 
reflectionless absorption takes place may be used next 
equation 
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We have been presented basic expressions to solve the 

problem of reflection and transmission in absorbing coating. 
But in learn this problem by practice often we deal with low 
– absorbing layers ( )nχ <<  when nχ <<  from 

equations (4) may be obtained 
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From equations  (9) and  (17) in the first approximation 

one can obtain the next relation  
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Combined solution of equations (4) and (18) allows us to 

determine selective quantities of n  and χ  for low – 
absorbing dielectric layer.  

In Fig.2 the dependence of selective values of χ  on n  
calculated from equation (18) for low-absorbing dielectric 
thin film applied on dielectric substrate is presented. There 
also is given the dependence between χ  and n  for 
rhodamine layer with concentration of dye molecules 

21 3

0
6.10N cm−= . The crossing points of straight lines and 

circle allow to find selective values of n and χ . Then using 
equations (16) and (8) we have calculated selective 
wavelength 

0
λ and  thickness of coating 

0
l , respectively. 

The results of these calculations are given in Table. One can 
see from Table the values of n and χ  of coating for given  

N and appropriate values of  
0
λ  and 

0
l  for to realise the 

effect of antireflection of light. 
The energy absorbed in low – absorbing layer in the 

reflectionless absorption may be expressed by  
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                                                                                            (19) 
Optical parameters 1 ,n n  and χ  in (19) are quantities 

which satisfied condition of reflectionless absorption and 
related in equation (9). 

The reflection and transmission of light by absorbing 
two-layer dielectric- dielectric structure is theoretically 
considered. Expressions for selective layer thickness and 
frequencies in which occur reflectionless absorption of light 
in this system have been obtained. The conditions for to 
realize anti-reflecting coatings in optical medium with 
resonance type dispersion have been found. 

Propagation of light in low-absorbing layered system has 
been analyzed. The energy transmitted from low-absorbing 
layer when  reflectionless absorption takes place was 
calculated. 

                                                                                                                                                                          
                                                                                                                                                                  Table. 

Selective values of incident radiation wavelength  
0

λ , refraction index n , extinction coefficient χ , rhodamine layer thickness 
0

l  

applied on dielectric substrate. N  is number of the minimum of curve R ; W  is absorbed energy in the rhodamine layer.  
Refraction index of the dielectric substrate  

1
4n = . 

 
N 

Low-frequency branch High-frequency branch 
N χ  510

0
cmλ −

⋅  5
0 10 cml −
⋅

 

W n χ 510
0

cmλ −
⋅

 

5
0 10 cml −
⋅

 

W 

1 
2 
3 
4 
5 

- 
1,84 
1,83 
1,82 
1,81 

- 
0,05 
0,03 
0,02 
0,02 

- 
5,96 
6,10 
6,20 
6,51 

- 
2,54 
4,34 
6,16 
8,32 

- 
0,24 
0,26 
0,27 
0,28 

- 
1,67 
1,67 
1,68 
1,69 

- 
0,11 
0,07 
0,05 
0,04 

- 
5,35 
5,19 
5,17 
5,09 

- 
2,28 
3,68 
5,15 
6,51 

- 
0,46 
0,46 
0,45 
0,43 
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 Fig.2. Dependences of extinction coefficient  χ  on refraction index n  of the dielectric thin film: 
            a) applied on dielectric substrate (-------); 
            b) according to its resonance type dispersion in the range of optical wavelengths for rhodamine layer with concentration of  
                dye molecules 21 3

0
6.10N cm −=  (circle). 
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Р.Я. Кярямялийев. Р.М. Гасымов 

ИШЫЬЫН ЗЯИФ УДАН НАЗИК ЮРТЦКДЯН КЕЧМЯСИ 
 
Йарымсонсуз диелектрик сятщиня чякилмиш зяиф удан назик диелектрик юртцкдян ишыг дальаларынын кечмясиня бахылмышдыр. 

Эюстярилмишдир ки, бу системдя мцяййян шяртляр юдянилдикдя ишыьын якс олунмадан удулмасы щадисяси мцмкцндцр. Ишыьын якс 
олунмадан удулмасы вя кечмясинин баш вермясиня уйьун селектив юртцк галынлыглары вя дальа узунлуглары цчцн ифадяляр алынмышдыр. 

 
 

Р.А. Карамалиев, Р.М. Касимов 
 

ПРОХОЖДЕНИЕ СВЕТА ЧЕРЕЗ СЛАБОПОГЛОЩАЮЩЕЕ ТОНКОЕ ПОКРЫТИЕ 
 
Рассматривается прохождение световых волн через слабопоглощающее тонкое диэлектрическое покрытие на полубесконечной 

диэлектрической подложке. Показано, что в этой системе при определенных условиях возможен эффект безотражательного 
поглощения света. Получены выражения для селективных значений толщины тонкой пленки и длин волн, при которых происходит 
безотражательное поглощение и прохождение света. 
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THE NUCLEUS EXCITATION BY ELECTRON INELASTIC SCATTERING 

 
M.M. MIRABUTALIBOV 

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

It is supposed to describe the dipole resonance with the help of the shell model, and the quadrupole resonance – with the help of the 
dynamic collective theory with the aim of the explanation of the simultaneous appearance of the giant dipole and quadrupole resonance in 
nuclei at the inelastic electron scattering in experiment. Moreover, Tassi model is used for the oscillation of the surface of nucleus shell. The 
matrix element of transition of excited nucleus is calculated in distorted-wave approximation. The form-factors of dipole and quadrupole 
excitations had been calculated for 60Ni nucleus. The GDR and GQR energies and also deformation parameters at the proton and neutron 
transition in nucleus are defined.      
 

The inelastic electron scattering on the nuclei at the 
different energies allows us to study comprehensively 
angular, energetic, mass and other distribution of particles-
products, energy of final nucleus and canals of its decay. The 
carried out analysis of these large body of data allows to 
achieve the real information about nucleus construction. 

In experimental works on the inelastic electron scattering 
on the nuclei it is established, that the prominently expressed 
maximums, which are called as giant dipole, quadrupole and 
monopole resonances are observed in energetic and angular 
dependencies of the cross-section of this process. Also 
resonances of more high multipolarities are observed in some 
nuclei [1]. 

The explanations of experiment data on the excitation 
mainly of giant resonances were carried out in frameworks of 
half-classis hydrodynamic and shell nuclear models. The join 
development of both approaches allows us to describe not 
only formation processes of giant multipole resonances at 
inelastic electron scattering on nuclei, but the canals of the 
decay of giant resonances in reactions with the emanation of 
different particles. 

After the appearance of giant resonances, the nucleus is 
in the strongly excitated state, i.e. the nucleus heats. At the 
taking away of the introduced excitation in evaporation form, 
the nucleus emanates the separate nucleons and their 

combinations. The nucleus with most probability emanates 
the one nucleon, the nucleus with low probability emanates 
two and more number nucleons and moreover, the process of 
nucleus cooling is carried out. 

The cross-sections of giant dipole and quadrupole 
resonances for light and average nuclei are achieved by the 
sum of emanated neutrons and protons. 

The ratio of cross-sections of reactions with nucleon 
emanations depends on structure of giant dipole resonance 
(GDR) and giant quadrupole resonance (GQR), i.e. on width, 
energetic state and resonance amplitude. 

Thus, we can conclude, that detail definition of main 
parameters of GDR and GQR (state, value and form) for 
different nuclei allows us to do the right choice about decay 
production of final nucleus. 

That’s why we use the theory of distorted-wave high-
energetic approximation (DHEA), developed in [2] for the 
inelastic electron scattering on nuclei with the aim of the 
exact calculation of amplitude of process of inelastic electron 
scattering on nuclei. The workings out this theory for real 
type of charge densities show, that this theory works to a high 
accuracy [3].  

For the study of giant resonances the transition matrix 
element is written in following form [2]: 
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For the calculation of (1) the nucleus will be considered 

as the system, consisting on the nucleon and core. Moreover, 
nucleon transition on the one from high-excitated states will 
reveal the effective electric charge, taking under the 
consideration the relative movement of nucleon with mass 
mN, charge (1-τz)/2 and radius-vector x1 and the core with 
mass mN (A-1), charge Z-(1-τz)/2 and radius-vector xост, where 
radius is vector of the inertion center of nucleus is expressed 
as R0= AАст )}1({ 1 −+ оxx . 

Further, expressed in (1) the coordinates of particles 
through relative coordinate of particle-shell, we have the 
possibility to write the transition matrix element in the form 
of sum of matrix element of single-particle transition 
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                                                                                              (3) 
and transition matrix element of nucleus core - 
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Where хх    ,  хх .. shh εε =′′=′ , here .shххх 1 −=  defines 

the relative state of nucleon and core 
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-effective charge of nucleon, 
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- effective electric charge of nucleus core. 
- At the calculation of (3) the wave functions of beginning 
and final states of nucleons are expressed in the form 
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which are solutions of Schrödinger equation with oscillated 
potential.  

The Danos and Grainer dynamic collective theory 
(DCT), joined with Tassi model [2], in which it is supposed, 
that spherical core surface in excitated state deforms 
vacillating with the aim of study of giant multipole 
resonances in excited nucleus core. The elementary 
excitations, appearing at the movement of protons relatively 
neutrons, are carried out with the oscillation frequency of 
surface of nucleus core. 
In this theory the total proton (neutron) density are present in 
the form of sum of equilibrium density and fluctuation 
density, responsible for transitional part of density, which has 
the form 
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Here λµα  is parameter, defining the form of distribution 
of nucleon density on the surface of nucleus core. 

The radial multipole transitional density )0)(( =′′ µρλµ х  
has the form [2]. 
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where 02 λλ δ=k  
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The distribution of nucleon density in nucleus in 
equilibrium state is chosen in Fermi function form: 
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where ).(05.1 31 FmAс =  

The final expression for the cross-section of inelastic 
electron scattering is expressed through the given transition 
probabilities  
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Where 
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-is given single-particle transition probability, and 
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-is given transition probability of nucleus core. 

Here 
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We obtain the following expressions for so-called 

hardness parameter Cλ and mass parameter Bλ with the help 
of DCT. 
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Here K is constant in mass Bete-Weizzekera formula. 
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The mechanisms of appearance of giant dipole and 

quadrupole excitations are considered in 60Ni nucleus. 
The subshells of different parity are in complex nuclei 

inside the external shell, that’s why the transitions can be 
between subshells inside the one shell and between subshells 
of neighbour shells, i.e. the change of parity is need at the 
single-particle dipole transition. That’s why in 60Ni nuclei, if 
the final proton participates in single-particle transition, so 

2
9

2
7 11 gf →   takes place, if final neutron participates, so 

2
5

2
3 23 dP →   takes place. 

The energy of single-particle level of harmonic oscillator 
with spin-orbital interaction is defined with the help of 
following known expression. 
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The oscillator parameter a is free at the calculation of 
cross-section process. 

The form-factors of dipole and quadrupole resonances in 
60Ni nucleus have been calculated for the electron scattering 
with incident energy 200 MeV. Moreover, the nucleus 
characteristics parameters at proton and neutron nucleus 
transitions are defined correspondingly. 

p-transition: 1ωh =16.2 MeV,  2ωh =14.1 MeV, 
deformation parameters α2 = 0.19. 

n-transition: 1ωh  = 20.1 МeV, 2ωh = 10.3, α2 = 0.16. 
As it is seen, the values of energy of quadrupole 

resonances, appearing in excited core, are less, than values of 
energies of dipole resonances, obtained as in proton 
transition, so in neutron one.  
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ВОЗБУЖДЕНИЕ ЯДЕР НЕУПРУГИМ  РАССЕЯНИЕМ ЭЛЕКТРОНОВ 

                      
С целью объяснения одновременного появления в эксперименте гигантских дипольных и квадрупольных резонансов в ядрах, 

при неупругом рассеянии электронов, предлагается дипольный резонанс описывать с помощью оболочечной модели, а 
квадрупольный – динамической коллективной теорией. При этом для колебания поверхности остова ядра применяется модель 
Тасси. Матричный элемент перехода возбужденного ядра вычислен в искаженно волновом приближении. Форм-факторы 
гигантского дипольного и квадрупольного возбуждений были рассчитаны для ядра 60Ni. Определены  энергии ГДР и ГКР, а также 
параметры деформации  при протонном и нейтронном переходах в ядре. 
 

Ì.Ì. Ìèðàáóòàëûáîâ 
 
                      ÅËÅÊÒÐÎÍËÀÐÛÍ ÃÅÉÐÈ -ÅËÀÑÒÈÊÈ ÑßÏÈËÌßÑÈËß ÍÖÂßËßÐÈÍ ÙßÉßÚÀÍËÀØÌÀÑÛ 
 

Òÿúðöáÿäÿ åëåêòðîíëàðûí íöâÿäÿí ãåéðè-åëàñòèêè ñÿïèëìÿñè çàìàíû îíëàðäà äèïîë âÿ êâàäðóïîë íÿùÿíý ðåçîíàíñëàðûíûí éàðàíìàñûíûí 
íÿçÿðè èçàùû òÿáÿãÿëè íöâÿ ìîäåëè âÿ äèíàìèê êîëëåêòèâ íÿçÿðèééÿ ÿñàñûíäà âåðèëìèøäèð. Íöâÿ þçÿéèíèí ñÿòùèíèí ðÿãñèíèí èçàùû ö÷öí Òàññè 
ìîäåëèíäÿí èñòèôàäÿ îëóíìóøäóð. 60Ni íöâÿñèíäÿ éàðàíìûø ÍÄÐ âÿ ÍÊÐ — ûí åíåðæèñè, ùÿì÷èíèí ùÿéÿúàíëàøìà çàìàíû ïðîòîí âÿ íåéòðîí 
êå÷èäëÿðèíäÿ äåôîðìàñèéà ïàðàìåòðëÿðè òÿéèí åäèëìèøäèð.  
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THE HOPPING OF INTERCALATED Ag RELAXORS TlInS2<Ge>  

 
R.M. SARDARLY, O.A. SAMEDOV, I.Sh. SADIKHOV, G.R. SAFAROVA, E.A. ZEYNALOVA 

The Institute of Radiation Problems of NAS of Azerbaijan 
AZ 1143, Baku, H.Javid av., 31a 

 
The conductivity of intercalated layered relaxors-ferroelectrics TlInS2<Ge> has been investigated. The presence of hopping 

has been established and parameters, characterizing the given mechanism have been defined. 
 
There are many works in the literature, dedicated to the 

study of intercalation influence on electric, photo-electric and 
optical properties of layered crystals by А3В3 and А3В3С6

2 
types [1-4]. Summing the different aspects of intercalation 
influence on these properties we can conclude, that the 
common trait of this influence is the possibility of managing 
of parameters of these materials, in particular, electric and 
ferroelectric properties, by the means of introduction of 
foreign atoms in Van-der-Waals connections. 

The TlInS2 compound is the crystal, in which the 
temperature instabilities of crystal lattice are observed, 
leading to the ferroelectric order. Nowadays, it is clearly 
established, that these compounds of stochiometric 
composition are improper ferroelectrics with disproportionate 
phase.  

Our previous investigations showed, that Ge doping of 
TlInS2 crystals leads to the appearance of the stable relaxing 
state [5]. The intercalation of ferroelectric crystals 
independently leads to the strong relaxation of dielectric 
receptivity [6], which as in the first case coincides with 
temperature region of existing of disproportionate phase. 
Thus, the charge disorder inside the layer is the reason of 
dielectric relaxation in the first case, and the charge disorder 
between the layers in the second case. Both these factors 
influence on ferroelectric order, leading to the fact, that the 
state of ferroelectric glass precedes the order phase. 

  In the given paper the results of the investigation of 
electroconductivity of non-intercalated and intercalated 
relaxing ferroelectrics TlInS2<Ge>  are presented.  

  The measurements of electroconductivity were carried 
out  at the constant current in two directions: parallel (σ||) and 
perpendicular (σ⊥) obliquely to c axes, as for the intercalated, 
so for the non-intercalated compositions TlInS2<Ge>  in 
temperature interval 90÷300K. 

 

 
Fig.1. The temperature dependence of conductivity `σ(T) along  
           (1) and perpendicular (2) to layers for non-intercalated  
           relaxor ferroelectrics TlInS2<Ge>. 
 
The changes of temperature dependence of electroconductivity 

σ(T) in Arrenius coordinates for the non-intercalated crystals 

TlInS2<Ge>  (curve 1 is perpendicular to c axes, curve 2 is 
parallel to c axes) are given on the fig.1. As it is seen from 
the fig.1 (curve 1), the dependence σ||(103/Т) in temperature 
region 210-150K in direction (100) has the long exponential 
region. Further temperature decrease till 150K leads to the σ|| 
decrease, and σ|| doesn’t depend on temperature below 150K. 
The activation energy Еа≈0.08 eV was defined from curve 
inclination. 

 
Fig.2. The conductivity of TlInS2<Ge> crystals in Mott’s   
           coordinates, along (1) and perpendicular to (2) layers. 
 

The dependence lnσ|| on Т-1/4 is shown on the fig.2 (curve 1). 
As it is seen from the figure, the rectification of all 
experimental points takes place on the given dependence, that 
allows us to say about the fact, that the charge transfer along 
the layers takes place in given temperature region in non-
intercalated crystal TlInS2<Ge> by the means of the hopping. 
This transfer is carried out on the states, which lie in narrow 
energy band near Fermi level [7], lnσ∼T-1/4. The curve 
inclination lnσ|| on Т-1/4 was Т0≈1,6 106 K. 

The density of localized states near Fermi level can be 
obtained from the formula: 

 

                              3
0

16
aKT

NF ⋅⋅
= , 

 

Where K is Bolzman constant, a is localization radius. 
The of state density value (nano-blast-furnace state) of  
crystal is TlInS2<Ge> NF∼ 4.3·1017 eV-1⋅cm-3. 

The length of R jumps of charge carriers at the different 
temperatures was defined from the formula: 

 
o

АTTaTR o 191
8
3)( 4/14/1 =⋅= − , 

 

and for the studied temperature interval  average jump length 
was 191Å. 
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The given value in 6,3 times exceeds the average distance 
between localization centers of charge carriers (a=30Å ). As 
it was already mentioned, the conductivity of non-
intercalated monocrystals TlInS2<Ge> doesn’t depend on 
temperature region 150-170K. This means, that non-activated 
hopping takes place along the crystal layers. 

The big value NF, obtained for the non-intercalated 
crystals TlInS2<Ge>, shows on their similarity with strongly 
disorder semiconductors. The existence of the defects caused 
by the introduction of Ge impurity influences on the increase 
of the degree of disorder, that explains the existence of the 
high density of the states near Fermi level. By other words, 
TlInS2<Ge> samples, treated by doping by Ge, present 
themselves the disorder joint of the regions of short  range 
ordering. The high conductivity on the localized states in the 
forbidden band caused by the existence of defect centers of 
high concentrations Nt=3,44·1016cm-3. 

The temperature dependence of the conductivity 
TlInS2<Ge> along c axis of relaxor had other character. The 
high-temperature branch of σ⊥ dependence had exponential 
character. The inclination of this dependence in temperature 
interval 210÷300K was Еа=0,41eV. The activation energy of 
conductivity constantly decreases and at Т<145К σ⊥ almost 
didn’t depend on temperature below 210K. 

The droningly decreasing TlInS2<Ge> conductivity with 
temperature decrease connects with jumps of charge carriers 
on the localized states near Fermi level. The σ⊥T1/4 
dependence of conductivity, reconstructed in coordinates, is 
presented on the fig.2. (curve 2). The inclination of this 
dependence was Т0=4,4⋅107K. The Nf=1,6·1017eV-1cm-3 has 
been obtained for the density of localized states near Fermi 
level, the jump distances of charge carriers have been defined 
as 95,25Å (table 1). 

Thus, above temperature 210K the crystal conductivity is 
band one. The phonons are absorbed in the temperature 
region 150÷300K at jumps of charge carriers from one 
localized center on the other one. Finally, the moment comes, 
when the conductivity stops to depend on temperature. In this 
case jumps of charge carriers take place with of phonon 
ejection. The non-activated hopping takes place below 
temperature T<150K. 

The temperature dependence of the conductivity on the c 
axis σ|| (curve 1) and perpendicular the layers σ⊥ (curve 2) for 
the intercalated compositions TlInS2<Ge> (a=30Å ) is given 
on the fig.3. From the figure it is seen, that the conductivity 
of intercalated crystal TlInS2<Ge> is significantly higher, 
than the initial TlInS2<Ge>  in the direction of natural axis c 
and perpendicular to it too. The increase of the 
electroconductivity in c direction at high intercalate 
concentrations connects with the introduction into 
semiconductor layer of TlInS2 argentums. In this case the 
covering of wave functions of introduced atoms, 
accompanying with significant increase electroconductivity 
of intercalated crystal, which begins to introduce the 
significant contribution into crystal electroconductivity. The 
existence of the conducting Ge film between the TlInS2 
layers leads to the decrease of potential interlayer barrier, in 
the result of which the movement of the carriers in the 
direction of c axis of the crystal makes significantly easy. 
That’s why the electroconductivity increases in c direction. 

From the dependencies σ(T) in Arrenius σ(1/T) (fig.1, 
curves 1 and 2 ) and in Motts’ coordinates σ(1/T)1/4 (fig.2. 

curves 1 and 2) the density of localized states NF; activation 
energy Ea; jump length R at different temperatures in 
direction of axis and perpendicular to it (table 1) are defined. 

 

 
Fig.3. The temperature dependence of σ(T) conductivity along  

(1) and perpendicular (2) layers for intercalated Ag  
relaxor ferroelectrics TlInS2<Ge>. 

 
The small mobility is the peculiarity of jump mechanism, 

as jumps of charge carriers are carried out on weak coverings 
of tail parts of wave functions of nearest acceptor levels. The 
speed devastation of charge carriers in the conduction band 
takes place with temperature decrease, and this leads to the 
fact, that the jumps of charge carriers on separate impurity 
states without activation in allowed band begin to play the 
biggest role. 

 
Fig.4. The conductivity of intercalated Ag crystals TlInS2<Ge>   
            in Mott’s coordinates, along (1) and perpendicular (2)  
            layers. 
 
Thus, the experimental results on the study of processes 

of charge transfer in intercalated samples TlInS2<Ge> as 
along, so perpendicular to c axis, allow to say that hopping 
with variable of jump length, which becomes non-activated 
one at further temperature decrease. 

The investigation results of electrophysic parameters of 
non-intercalated and intercalated compounds TlInS2<Ge> are 
given in table 1. 

As it is known, the layered crystals are anisotropic ones. 
The anisotropy of electric properties of all layered 
compounds connects firstly with the fact, that electrons can 
freely move inside the layers, as covering between the layers 
of wave functions is small because of Van-der-Waals 
character of layer interaction. The layered compounds, in 
which anisotropy is extremely strong and leads to almost 
two-dimensional movement of electrons in crystal presented 
biggest interest. 
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                                                            Table 1. 
Electrophysical parameters of non-intercalated and intercalated compounds TlInS2<Ge> along the layers and 
perpendicular to them. 

 
 
 

Еа, 
eV 

Nf, 
eV-1 cm-3 

R, � Nt, cm-3 
△Е, 
eV 

Т0, К 

Non-intercalated 
compound  

Along the layers 0,31 4,3⋅1017 191 3,44⋅1016 0,08 1,6⋅107

Perpendicular to layers 0,41 1,6⋅1017 247,5 1,44⋅1016 0,09 4,4⋅107

Intercalated compound  Along the layers 0,27 4,7⋅1018 95,25 2,77⋅1017 0,059 4,9⋅106

Perpendicular to layers 0,29 3,6⋅1018 102 2,27⋅1017 0,063 6,4⋅106

 
Thus, at the intercalation TlInS2<Ge> Ag atoms penetrate 

into interlayer space and create “metallic” layers. 
Accordingly, wave functions of introduced atoms also collid 
that is accompanied by significant increase of 

electroconductivity of intercalate layer, which begin to play 
the significant role in electroconductivity. As result, 
anisotropy of electroconductivity of TlInS2<Ge> crystal 
decreases.
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Аэ ИЛЯ ИНТЕРКАЛЙАСИЙА ОЛУНМУШ ТлЫнС2<Эе> РЕЛАКСОРУНДА СЫЧРАЙЫШЛЫ КЕЧИРИЪИЛИК 

 
Интеркалйасийа олунмуш лайлы ТлЫнС2<Эе> релаксор-сегнетоелектрикинин кечириъилийи тядгиг олунмушдур. Сычрайышлы кечириъилик 

мцяййян олунмуш вя кечириъи механизмини характеризя едян параметрляр тяйин едилмишдир. 
 

Р.М. Сардарлы, О.А. Самедов, И.Ш. Садыхов, Г.А. Сафарова, Э.А. Зейналова 
 

ПРЫЖКОВАЯ ПРОВОДИМОСТЬ ИНТЕРКАЛИРОВАННЫХ Ag РЕЛАКСОРОВ TlInS2<Ge> 
 
Исследована проводимость интеркалированных слоистых релаксоров-сегнетоэлектриков TlInS2<Ge>. Установлено наличие 

прыжковой проводимости и определены параметры, характеризующие данный механизм. 
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THE INFLUENCE OF THE HEATING OF THE CHARGE CARRIES 

ON PROPAGATION OF HIGH-FREQUENCY ELECTROMAGNETIC 
WAVES IN ELECTRON TYPE SEMICONDUCTORS 

 
Kh.A. HASANOV, V.A. GUSEINOV 

Department of General and Theoretical Physics, Nakhchivan 
State University, AZ 7000, Nakhchivan, Azerbaijan 

 
The influence of the heating of the charge carries on propagation of electromagnetic waves of high frequency in non-degenerate electron 

type semiconductors is considered. It is considered the case when the long wave phonons form “the thermal reservoir” in the lattice. The case 
of normal skin effect is investigated. It is shown that the heating of the electrons leads to the considerable non-linear problem. The 
dependence of the penetration depth of the wave on the amplitude of the incident wave is obtained in the mechanisms of the scattering of the 
electrons both at the deformation potential and at the piezoelectric potential of the acoustical phonons.                                 

 
Let us consider the propagation of high-frequency 

electromagnetic waves in degenerate semiconductors having 
one-type charge carriers (electrons) in the following model. 
Let us suppose that the electron-phonon system are heated by 
the field of the wave propagating in semiconductive crystal 
and the subsystem of long wave phonons forms “the thermal 
reservoir”. In this case in the boundary of the crystal the 
energy got from the field are transferred to the medium at the 
expense of the electron- phonon scattering. Let us accept that 
the electron-electron scattering frequency is much less than 
the electron-phonon scattering frequency. In this case 
phonons are described by the Planck distribution of the 
temperature 

eT  and electrons are described by the Maxwell 
distribution of the same temperature. 

Besides, we accept than the characteristic length of field  

change is much less than the linear size of the pattern in the 
direction of the propagation of the wave. It enables to 
consider the semiconductor in which the wave is propagated 
as a half endless one. To be satisfied the normal skin effect 
the characteristic length is to be much greater than the wave 
length in the medium and the characteristic length is to be 
much greater than the electron mean free path by transferring 
energy and momentum. Let us consider the case when the 
falling onto the semiconductor and propagating in it is 
circular polarized. This condition provides the time 
independence of the isotropic part of the distribution function 
for the electrons in the kinetic equation. Within all these 
conditions on the charge-drift velocity of the electrons found 
from the kinetic equation we obtain the following expression 
for the electric conductivity of high frequency: 
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where ω  is the frequency of the external electromagnetic 
field, )( pTν  is the electron-phonon scattering frequency 

when the phonons are not heated and mceHH /=ω  is the 
cyclotron frequency of the electrons, where c is the velocity 

of light in the vacuum, 2
12 )/4( mnep πω =  is the plasma 

frequency of electrons, )(zΓ  is the Gamma-function, 
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is the electron temperature, 
pT  is the phonon temperature, 

emsE H /)(3 01 ωω −=  is the strength of the characteristic 

field, t  is the parameter characterizing the scattering 
mechanism. When we have dealings with the high-frequency 
waves 1/ <<ωωH  and the electromagnetic waves 

propagate in the direction of ,OzHk  the Maxwell equation 
is given by 
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where 

0ε  is the relative permittivity of the crystalline lattice. 
From the comparison of the expressions (1) and (2) it is 

visible that the electric conductivity depends on the strength 
of the electric field considerably. This dependence leads to 
the non-linearity.  

Using [2], if we look for the solution of the equation (3) 
as  

            ⎟
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we can obtain the equation 
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where )(zn  is refractive index of the medium. The 
condition λ>>eL  refuses the transformation of the wave 
energy to the Joule heat by absorbing in the small thickness 
of the medium. Here λ   is the wave length of the 
electromagnetic wave in the medium. It means that the 
electromagnetic waves penetrate till the definite depth. In that 
case the coordinate dependence of the refractive index of the 
medium can be neglected and the equation (5) can be easily 
integrated 
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is the penetration depth of the electromagnetic wave. In a 
strong electric field ,1
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and in the case of scattering by the piezoelectric potential 
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And now let us perform the numerical estimation. For 

the strength 110EE =  of the electric field, if we take into 
consideration the parameters ,40 =n  ,56.0 emm =  

313105.2 −= cmxn  of Ge and the field frequency 
Hzx 11102.3≈ω  in the formula (8), we obtain 2103.1 −≈ xLE cm 

for the attenuation depth of the electromagnetic wave.
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ЕЛЕКТРОН ТИПЛИ ЙАРЫМКЕЧИРИЖИЛЯРДЯ ЙЦКСЯК ТЕЗЛИКИЛИ ЕЛЕКТРОМАГНИТ ДАЛЬАЛАРЫНЫН 

ЙАЙЫЛМАСЫНА ЙЦКДАШЫЙЫЖЫЛАРЫН ГЫЗДЫРЫЛМАСЫНЫН ТЯСИРИ 
 
Ишдя електрон-фонон системинин гызмасынын електрон-кечирижиликли жырлашмамыш йарымкечирижилярдя йцксяк тезликли електромагнит 

дальаларынын йайылмасына тясириня бахылмышдыр. Бу заман гяфясдя узундальалы фононларын “истилик резервуары” йаратдыглары нязяря 
алынмышдыр. Нормал скин-еффект арашдырылмышдыр. Эюстярилмишдир ки, електронларын гыздырылмасы нязяря чарпажаг гейри-хяттилик йарадыр. 
Електронларын щям акустик фононларын деформасийа потенсиалындан, щям дя пйезоелектрик потенсиалдан сяпилмя механизмляриндя 
дальанын нцфузетмя дяринлийинин дцшян дальанын амплитудундан асылылыглары тапылмышдыр. 

 
Х.А. Гасанов, В.А. Гусейнов 

 
ВЛИЯНИЕ НАГРЕВА НОСИТЕЛЕЙ ЗАРЯДА НА РАСПРОСТРАНЕНИЕ ВЫСОКОЧАСТОТНЫХ 

ЭЛЕКТРОМАГНИТНЫХ ВОЛН В ПОЛУПРОВОДНИКАХ ЭЛЕКТРОННОГО ТИПА 
 
В работе рассмотрено влияние нагрева системы электрон-фонон на распространение высокочастотной электромагнитной 

волны в невырожденных электронных полупроводниках. При этом, рассмотрен случай, когда в решетке длинноволновые фононы 
образуют “тепловой резервуар”. Исследуется случай нормального скин-эффекта. Показано, что разогрев электронов приводит к 
существенно нелинейной задаче. 

Найдена зависимость глубины проникновения волны от амплитуды падающей волны в механизмах рассеяния электронов как 
на деформационном потенциале, так и на пьезоэлектрическом потенциале акустических фононов. 
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The processes of crystallization and morphology peculiarities of microstructure AIV BVI – Sb (NiSb) eutectic are evidence in favor of 

supramolecular conception with taking into account of substructure interactions. 
The anomalous structures are revealed on the obtained direct-oriented (PbTe - Sb) and (PbS - Sb) eutectics, and the regular plane-

fibrous structures are revealed on the (PbS - NiSb) and (PbTe - NiSb) eutectics. 
The principle of the orientational and dimensional correspondence keeps in (PbS - NiSb) eutectic also as in the normal binary eutectic 

systems, the plane (111) PbS accretes with plane (0001) NiSb. 
The morphology analysis of (PbS - NiSb) eutectic showed the presence of the different defects of types: plate shifting, surfaces of 

convergence, block (plate) inclinations and excess extra-plate. These defects are analogous to atom defects, obtaining in real one-phase 
crystals. 

The investigations showed that eutectics can be considered as the supramolecular layered ensembles. 
 
Introduction 
The eutectic is the special melt (solution), the 

components of which restrictedly mix in solid and liquid (in 
some temperature interval) states and spontaneously form   
the thermodynamic equilibrium liophilic disperse system in 
this interval. The given disperse system is characterized by 
significant interphase interaction and salvation. 

The main statements of eutectic theory have been 
analyzed in the ref [1] and the view of the more significant 
results, obtained at the investigation of eutectic melts of 
inorganic substances, is given. The evidences in the favor of 
supramolecular eutectic conception, taking into account the 
interaction (“non-autonomous phases”) are presented. The 
many direct experimental provements of  “interacting phases” 
conception  exist. 

The ability of the self-organizing supramolecular objects 
to the molecular recognition is their main property. The 
component recognition proposes the “complementarity”, i.e., 
the compatibility of ensemble participants (substratum and 
receptor) – as geometrical one, so the level of the formation 
of intermolecular connections [2]. 

The theoretic analysis proves the possibility of 
suprastructure self-organizing from the structures, 
disproportionate in the one crystallographic direction. The 
consideration of eutectic compositions, in the limit case 
disproportionate on all three crystallographic directions, in 
terms of supramolecular chemistry allows us to obtain the 
answers on many questions and to escape the vaguenesses, 
mentioned at the discussion of existing eutectic conceptions 
[1]. The proposed supramolecular conception in eutectic 
theory [1] doesn’t reject the classic conceptions. It duffers 
from them only by the fact, that abstract thermodynamic 
criterias, such as the surface energy or surface tension are 
changed by real parameters of interacting substructures:  
disproportion, hardness, interaction potential.  

The given experimental data can be evidence in the proof 
of supramolecular eutectic conception. The statement about 
the fact, that interaction of these phases is need to consider in 
the eutectic melt, consisting the autonomous phases A and B 
is the base of this conception. The forming of the 

nonautonomous phases, similar to the supramolecular 
ensembles is the result of such interaction. The conditions of 
the formation of defect composite-nonautonomous phases 
with changed lattice parameters can be created in the 
dependence on the interaction potential,, disproportion of 
crystal lattice of suprastructures A and B, their harshness and 
extension, external mechanic influences. The special 
properties of eutectic melts, the dependence of their 
structures on the synthesis conditions (temperature, cooling 
velocity, mechanical interactions) are defined by the quantity 
of nonautonomous phase and the degree of it organization 
[1]. 

Many works are dedicated to the investigation of the 
morphology and crystallization peculiarities, physicoche-
mical properties of eutectics [1,3-9]. They reveal the 
peculiarities in their microstructure. It was the base for the 
eutectic classification. The classification, on which all 
eutectics are divided on normal and anomalous ones, was 
separated. 

Normal eutectics have mainly plate or fibrous (rod) 
microstructure. The definite crystallographic ratios, character 
for the given melt, should exist in normal eutectic between 
the phases. The anomalous eutectics form in only that case, 
when eutectic phases can’t increase with the similar 
velocities. 

Eutectic crystallization “is carried out by the way of the 
creation” and increase of colonies of two-phase formation, 
the each of them forms on the base of one center [10-11]. 

On authors’ opinion the oriented crystallization, as in 
eutectic, so at the artificial crystallization of the one crystal 
on the substrate of another one, is possible only at the 
condition, that both materials already naturally have some 
geometric similar crystallographic atom complexes, well 
mating with each other [5-6]. Authors of the refs [5-6, 12-13], 
showing on the observance dimensional and oriented 
correspondence between the phases in eutectic, draw an 
analogy between atom interaction on the interphase boundary 
in eutectic melt and this interaction, which is realized at the 
artificial epitaxial growing of the one material on the 
substrate of the another one. However, the results of X-ray 
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and electron-microscopic investigations of eutectic set 
showed that such analogy can’t be drawn. The electron-
microscopic investigations of directed-oriented eutectics 
reveal the presence dislocation variance on the phase 
boundaries, decreasing the coherent deformations, caused by 
the convergence of phase lattices on the coupling boundary. 
As the investigations showed, the dislocation density of the 
variance on the interphase boundaries in eutectics is defined 
by the value of the convergence of lattice parameters of 
mating phases [3]. The dislocation forming in double-layer 
film structures, obtained by epitaxial growing, is caused not 
only by variance of crystal lattices, but mainly by 
interdiffusion [14].  

The results of X-ray investigation of the thin structure of 
eutectic system Si - ZrSi2 [14], obtained by the directed 
crystallization, showed that in eutectic the dislocation density 
of variance decreases exponentially into grain depth, and it is 
maximal on the interphase surface in the difference from the 
double-layer film structures, in which the dislocation density, 
caused by interdiffusion, is maximal in the grain center and 
decreases to the boundary side. As it was established in this 
paper, the lattice of Si matrix is pressed, and lattice of ZrSi2 
fibres is extended in the result of the variance of crystal 
lattices in the direction, which is parallel to the increase axis 
of Si - ZrSi2 eutectic system. The given deformations are 
elastic as shows the selective etching. The lattice inclinations 
in the transverse direction are absent, that is the interest fact. 
The above mentioned fact is the important step in the 
statement of the fact that eutectic structures radically differ 
from the structures of another crystals. 

It can be supposed, that eutectic is the system, which is 
characterized by the unite energy electron spectrum. The 
results of the refs [13-15] are the some statements of this 
supposition. So the authors of the ref [15], studying the 
possible interphase interaction in SnTe - NiSb by the method 
of nucleus-gamma resonance, have revealed, that Lorenz 
curve of tin atoms in this eutectic is asymmetric in 
comparison of one in SnTe, that is revealed in line 
broadening to the side of the low velocities. This asymmetry 
was explained by the authors [15] by the fact, that eutectic 
spectrum presented itself the superposition of two spectrums 
of different intensity. The spectrum of bigger intensity 
corresponds to the tin atoms in SnTe, and the spectrum of 
low intensity corresponds to tin atoms, situated on the 
boundaries with NiSb phase.  

The analysis of literature data allows us to make the 
conclusion, that the some chemical interaction takes place in 
eutectics on the interphase boundaries. However, the electron 
structure of eutectics and reasons of its creation haven’t 
clarified yet.  

The given paper is dedicated to the study of the 
peculiarities of morphology microstructure, physicochemical 
properties of eutectic melts AIV BVI – Sb (NiSb) with the aim 
of the revealing of interphase interaction nature, proving in 
the proof of the supramolecular conception.  

 
Investigation technique 
 
The eutectic melts of the following systems: PbS(PbTe)-

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

The part of the microstructures on MIM-7 microscope, 
on raster electron microscope (REM) JSM-50A with the 
prefix for the local X-ray analysis and on electron microscope 
JSM-2000 in the beams of the secondary electron mission 
and in the beams of the transmission electrons, X-ray images 
had been investigated in Te, S, Ni, Sb beams. 

The diffractograms of PbS-NiSb eutectic are obtained on 
DRON-2 installation. The photos are obtained at the beam 
directions, parallel to the direction of the axes of crystal 
growth and perpendicular to the surface plane of PbS and 
NiSb in eutectic. The diffractograms of eutectic powder PbS-
NiSb were investigated for the comparison. 

The lines of the characteristic X-ray radiation for the one 
beforehand chosen element (permission method 1000-     
2000 nm) are registered; white elements on the photos are 
more hard. For example, regions PbTe on NiSb phone are 
looked like white. The microstrictures of the anisotropic 
eutectic PbTe-NiSb, obtained on REM give the possibility to 
see the image of the investigated surface simultaneously as in 
electron, so in X-ray beams. The images in electron and X-
ray beams are turned out interest not only by the fact, that 
they have best permission in principle, than the ones, 
obtained with the help of the metallographic microscope, but 
by only the fact, that they give the possibility to observe the 
boundary between the phases and to judge about the element 
distribution along sample surface. 

   
The result discussion 
The regular ordered microstructures are character to the 

eutectic melts (fig. 1-2). The high strength and superplasticity 
of the eutectics say about the special structure of interphase 
boundaries. All these peculiarities and many other properties 
differ eutectics from the homogeneous melts and from the 
mechanical ones and are evidence in the proof of the 
supramolecular eutectic conception. 

The previous investigations showed that the structure in 
PbTe-NiSb systems is the one of the same type. Let’s 
consider the crystallization in PbTe-NiSb and PbS-NiSb 
systems for the distinctness. The PbTe-NiSb eutectic (fig.1 
(b)) has the fiber structure and PbS-NiSb has the plate 
structure (fig.2 (1-4)). The eutectics of (PbS-Sb) PbTe-Sb 
systems can be related to the anomalous, limited bar ones 
with the petalled structure of the rods and planes. The 
investigated eutectic PbS-NiSb (fig.2) can be related to the 
normal, i.e. to the “regular” ones on the form and phase 
distribution. Each substructure grows with the one strictly 
drawn crystallization front, clearly revealing the contact 
surface of subblocks. The defined crystallographic ratios, 
character for the given systems exist in the normal 
microstructures, investigated by us, between the phases 
which aren’t observed in anomalous eutectics. 

The element distribution in PbTe-NiSb eutectic, obtained 
by the local; X-ray analysis between two grains is given on 
the fig.3. As it is seen from the fig.3 the distribution of Pb, 
Te, Ni and Sb elements between the phases is clear; in the 
inclusion region the signal falling from Pb and Te and the 
increase of the signals from Ni and Sb take place. The 
insignificant distribution of Ni and Sb in NiSb region is paid 
attention. The results of the local X-ray analysis of the 
directed-oriented eutectic of PbTe-NiSb system are given 
here. According to them Ni and Sb, happen to the needles of 
the dispersed phase, coincide with minimal content of Pb and 
Te. 
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                                     a)                                                                                  b) 
 
Fig.1. Microstructure of transversal (a) and longitudinal (b) section of the directed-oriented PbTe-NiSb eutectic. 
 
 

 
 
Fig.2. The photos of microstructure and local X-ray analysis of  
           longitudinal section of the oriented eutectic PbS-NiSb  
           (x300), obtained on JSM-50A: 1,2,3,4 – in Sotro mode;  
           5-8 are X-ray images in the characteristic beams  
           (5 –Ni, 6-Pb, 7-Sb, 8-S) towards with linear distribution  
           of Pb, S, Sb and Ni. 
 

 
  
Fig.3. The figures of the local X-ray analysis of the transversal  
           section of the oriented eutectic PbTe - NiSb: a) – X-ray  
           images in characteristic Sb beams with linear  
           distribution (x14000); b) - the same in Ni beams towards  
           with Ni linear distribution (x14000); c) - the same in Pb  
           beams (x15000); d) - the same in Te beams towards  
           with Te linear distribution (x15000). 
 

The images, obtained in characteristic beams of all four 
atoms, show that as the matrix, so the inclusions present 
themselves the suprastructures, consisting from the solid 

solutions. The data of local X-ray analysis is the total 
agreement with the state diagram of PbTe-NiSb system [16]. 
The same pictures of Pb, S, Ni, Sb element distribution in 
PbS-NiSb eutectic are presented on the fig.2, (5-8). The 
alternations of plates of the solid solutions on the base of the 
lead sulphide and planes of solid solutions on the base of 
nickel antimonide are clearly seen on the figure 2. Each phase 
in the system, being the independent subblock, belongs to the 
united eutectic supramolecular ensemble. 

Let’s consider the mechanism of the establishment of the 
oriented ratios in these systems (PbS-NiSb, PbTe-NiSb). 

The length of the fibers in eutectic colony of PbTe-NiSb 
system varies in the interval from 200 nm till 7000 nm at the 
diameter 160-180 nm. The fibers have cigar-shaped form 
with the thickening on the one end and needle-shaped bevel 
on another one (fig. 1 (b)).  

It can be said, that the obtaining of such eutectic 
supramolecular ensembles with regular structure (fig.1 and 
fig.2) is the enough complex technological task, which not 
always can be realized even on the one and the same 
composition on these or that reasons. Thus, the high 
concentration of convergence defects (mentioned by circle 
(A) fig.4) and terminations (mentioned by pointer (B), caused 
by the fact, that phase orientation in this case doesn’t 
coincide with more profit one, is visually seen on transversal 
section of PbS-NiSb eutectic. The plates turn relatively each 
other round growth axis on small angles, mating moreover 
between each other by more successful form for the 
realization of minimum of interphase energy. The PbS and 
NiSb mate more successful in bend phase region; the plate 
shifting relatively each other increases as far as the region 
widening. The further widening in bend region leads to the 
plate break with the formation of convergence surfaces 
(fig.4). The convergence surfaces in energy meaning are 
comfortable places for termination creations. Though all 
details of creation and growth of plates of PbS and NiSb are 
hard to imagine, the profitable orientation relatively to 
neighbor plates, which endure the bend by the way of 
formation of subboundaries with off-orientation, causes to 
quick establishment of favorable crystallographic connections 
in eutectic. 

The PbS-NiSb plates are continuous and parallel in the 
limits of small regions in eutectics. The excess plane of the 
one phase is present on the one of the sides. This extra-plate 
is analogous to atom extra-plane, connected with edge 
dislocation like the edge of atom half-plane forms the line 
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defect in space, which is called end substructure defect or 
termination [10]. 

 

 
 
Fig.4. The longitudinal section of PbS-NiSb eutectic. 
 
The convergence surfaces are connected with 

terminations in plate eutectics. These convergence surfaces 
are situated perpendicular to the plates. Besides the regions 
with defects and the perfect regions, where the termination is 
absent, are present. 

Thus, the defect density is defined not by crystallization 
conditions, but by crystallographic factor. The orientation, 
favorable for the growth of perfect phases, appears in 
creation process. The subblocks (PbS and NiSb plates) grow 
perpendicular to crystallization front in conditions of 
stationary growth, so that contact plane of plates necessarily 
has the growth direction. As PbS-NiSb has the plate 
structure, then the condition of regular accretion of phases is 
the more obvious, and between accreting planes of lead 
sulphide and nickel antimonide the orientation ratios should 
are exist. It is naturally, that the disparities of mating lattices 
on the period of crystal lattice and their mutual shifting 
appear at the mating of eutectic phases. The morphology 
analysis of subblocks of PbS-NiSb eutectic shows the 
presence of defect set of termination type, plate shifts, 
convergence surfaces and their contortions. The studied 
morphology and carried out analogies show that the big 
defect number of crystal structure can participate in the 
forming of interphase boundaries of suprastructure eutectic 
melts.  

The order distribution of crystal directions in sample 
space is well demonstrated with diffractograms, given on the 
fig. 5 (a,b,c). The diffractograms are taken at the beam 
directions, parallel (a) to direction of crystal growth and 
perpendicular (b) to PbS and NiSb plates, and also in the case 
of use of eutectic powder PbS-NiSb (c). The obtained photos 
show on the fact, that the orientation ratio between blocks of 
eutectic melt, that can be caused by atom distribution along 
planes (0001) in NiSb and (111) in PbS is present.  

It is obvious, that especially this correspondence between 
the structures of concerning verges is the reason of the 
creation of layered eutectic suprastructure. 

The atom interaction of eutectic superstructures is direct 
physical reason, which causes the crystal accretions of these 

phases on the defined directions, more energetically 
profitable ones and supplies the high stability of interphase 
boundary. 

 

 
 

Fig.5. The diffractograms, taken on the beam directions, parallel  
   (a) to direction of crystal growth and perpendicular (b) to  
   plane of plate surfaces PbS and NiSb, and also  
   diffractogram of eutectic powder (PbS-NiSb) – (c). 
 
The investigations of possible orientation ratios in 

system eutectics by АIVВVI-NiSb type, carried out on the 
samples, directly grown eutectic of PbS-NiSb system 
showed, that plane (111) PbS accretes with plane (0001) 
NiSb in such way, that monatomic stibium layer is situated 
under the monatomic sulfur layer on the interphase boundary 
(fig.6). The lead chalcogenides and also SnTe have cubic 
lattices by NaCl type, differing from each other by the 
dimensions of elementary cell that is given in table. That’s 
why the analogy to PbS-NiSb eutectic system it can be 
supposed, that such deorientation correspondence should take 
place between the phases in eutectics of PbSe(Te)-NiSb and 
SnTe-NiSb systems, i.e. the monatomic Sb layer should be 
situated under chalcogen monatomic layer in all eutectics of 
systems by АIVВVI-NiSb type. 

The distances between the chalcogen atoms in direction 
(111) ( a′ ), (table) had been calculated on the base of such 
supposition for semiconductor phases of all eutectics. The 
distance between Sb and NiSb atoms coincides with a 
parameter of elementary cell.  

The circuit of interphase boundary of blocks eutectic of 
PbS-NiSb system in plane, perpendicular to plane of phase 
accreting, is given on the fig.6. The sulfur and stibium atoms 
are striving for the interaction and development in eutectic of 
high voltages. The crystal lattice of lead sulphide on 
boundary is situated under the influence of compression 
stress and crystal lattice of NiSb is situated under the 
influence of tensile one. The difference of parameters of 
phases of crystal lattices on coupling boundary ( a′  and a) at 
transfer from PbS to PbTe increases. As more this difference, 
the more voltage should develop on interphase boundary and 
the more influence should provide the creation of near 
boundary interaction on the connection weakening between 
atoms inside each eutectic phases. This supposition is well 
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evidenced by corresponding decrease of melting point of 
eutectics in the set of PbS(Se,Te) – NiSb system (table). 

 
                                                                          Table  

The phase parameters, constituting the eutectics of 
systems by AIV BVI – NiSb type 

The eutectic 
composition, mol % ТºК α, Å α', Å ∆α, % 

46 PbS 1420 5,93 4,19 6,35 

54 NiSb  3,94 3,94  

68 PbSe 1170 6,147 4,44 12,7 

32 NiSb  3,94 3,94  

92 PbTe 1143 6,45 4,49 13,9 

8 NiSb  3,94 3,94  
 
Notion: ∆α is difference between α′  in lead  
             chalcogenide and α in nickel antimonide. 
 

 
 
Fig.6. The circuit of atom situation on interphase boundary  
          (111) of PbS and (0001) of NiSb planes. 
 
The microstructure regularity should reflect on the 

course of periodic potential of all structure eutectic elements 
in total, in particular: periodic potential of one lattice should 
be changed by periodic potential of another lattice with some 
constant period for given eutectic and it is bigger than 
constant of lattice of each phase. The width of PbS plate is 
~1800 nm, and NiSb is ~2500 nm have been considered on 
results of microstructure investigation, in the result of which 
the structure period of this eutectic is ~4300 nm (fig.1-4). 

The supposition, that disparity compensation of 
elementary cell parameters on the boundary of phase 
couplings should be carried out not only by the way of the 
formation of dislocation grids on this boundary, but by some 
lattice stretching of one phase and pressing of another one, 
that is proved experimentally in the ref [14]. The elastic 
deformation of lattices is maximal one on the boundary and 
exponentially decreases in phase depth. Along with it, the 
connection weakening between atoms in near boundary 
region inside the phases should cause the decrease of order in 
the given region. That’s why potential periodicity inside 

supramolecular formations in eutectic in the relation to that, 
which has the place in crystal of initial component, will 
significantly change.  

According to above mentioned data, at eutectic 
crystallization of PbS-NiSb system, the (111) plane of one of 
its phase (97 mol.% PbS+3 mol.% NiSb) accretes with (001) 
of another phase (99 mol.% NiSb+1 mol.% PbS) in such 
way, that monatomic stibium layer is situated under 
monatomic sulfur layer (fig.6). In this connection the distance 
between Pb and S atoms is 4,2Å, between Sb atoms the 
distance is 3,94Å in direction, perpendicular to interphase 
boundary without taking consideration of elastic lattice 
deformation. These values of interatomic distances will be 
saved only in crystal center of each phase at taking under the 
consideration of the field of elastic deformation, about 
character of which has been mentioned above. The crystal 
lattice of solid solution on NiSb base will treat the tensile 
stress, and crystal lattice of solid solution on PbS base will 
treat compression stress (fig.7). 

 

 
Fig.7. The circuit of possible strained PbS-NiSb eutectic in  
           plane, perpendicular to plane of phase accretion. 
 
The supposed change of periodic potential in eutectic of 

PbS-NiSb system in direction, perpendicular to plane of 
phase accretion, where the parameters of elementary cells of 
component phases with structure periods is shown on the 
fig.8.  

The morphology analysis of plate eutectic of PbS-NiSb 
system allows to discuss the directed-oriented compositions 
as the especial class of crystal layered supramolecular 
systems. 

 
Fig.8. The schematic sketch of supposed change of periodic  
           potential in oriented eutectic suprastructure (PbS-NiSb)  
           in direction, perpendicular to accretion plane of  
           suprastructures (phases).   
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The microstructure regularity, as we already described, 
should be reflected in the course of periodic potential of 
whole eutectic crystal in whole, and in particular: periodic 
potential of one lattice should be changed by periodic 
potential of another lattice with some period, constant for 
given eutectic and more bigger constant lattice of each phase. 

The crystallization peculiarity and electron structure of 
eutectic causes the firm interphase connection, which  reveal 
in such properties of eutectic melts as the high values of 
mechanical strength, plasticity, and also the microstructure 
stability to long heat influences. 

 
Conclusion 
The glassed eutectic is the supramolecular system, in 

which the redistribution of electron density, in the result of 

which the connection appears between the atoms of different 
blocks on the boundary, leading to the electron community, 
and connection becomes weak inside the each subblock in 
frontier region, takes place in the comparison with initial 
components.  

The oriented crystal eutectic melts can be considered as 
solid suprastructures, in which the periodic potential of phase 
alternation is marked on periodic potentials of crystal lattices 
of each phase, that causes the unite energy structure for the 
electrons of whole crystal. 

The totality of investigated of supramolecular eutectic 
compositions on AIV BVI base gives the possibility of their 
use as contact materials at the production of different 
sublayers for thermoelements in systems: AIV BVI eutectic-
metal [17]. 
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K.Ş. Qəhrəmanov, S.Ş. Qəhrəmanov, E.D. Moroydor, M.Q. Pişkin  

 
   AIVBVI-Sb (NiSb) EFTEKTИK SИSTEMLƏRDƏ SUPRAMOLEKULYAR ANSAMBLLAR 

 
İşdə AIVBVi-Sb (NiSb) eftektik nümunələrdə kristallizasiya proseslərini və mikrostrukturların morfoloji xüsusiyyətləri öyrənilib. 

Belə nəticəyə gəlmək olur ki, eftektikaların faza strukturu və onların fiziki əlaqələri molekulyar suprastruktur konsepsiyası ilə izah 
etmək olar. 

(PbTe-Sb) və (PbS-Sb) eftektikalarda anomal, (PbS-NiSb) və (PbTe-NiSb) normal laylı suprastrukturlar almaq olur. 
(PbS-NiSb) eftektik sistemində (111) PbS müstəvisi (0001) NiSb müstəvisinə paralel oriyentasiya və ölçü prinsiplərinə malik 

olurlar. Bu eftektikada yaranan atom defektləri real bircinsli kristallarda olan defektlərə bənzəyirlər. 
         

К.Ш. Кахраманов, С.Ш. Кахраманов, Е.Д. Моройдор, М.Г. Пишкин 
 

СУПРАМОЛЕКУЛЯРНЫЕ СТРУКТУРЫ НА ОСНОВЕ ЭВТЕКТИК СИСТЕМ АIVВVI - Sb (Ni Sb) 
 

Процессы кристаллизации и особенности морфологии микроструктуры эвтектик AIV BVI - S b (NiSb)  свидетельствуют в пользу 
супрамолекулярной концепции с учетом взаимодействия субструктур. 

На полученных направленно – ориентированных эвтектиках – (PbTe - Sb) и (PbS - Sb) выявлены аномальные структуры, а в 
эвтектиках (PbS - NiSb) и (PbTe - NiSb) - регулярные пластинчато-волокнистые.  

В эвтектике (PbS - NiSb), также как и в нормальных бинарных эвтектических системах соблюдается принцип ориентационного 
и размерного соответствия: плоскость (111) PbS срастается с плоскостью (0001) NiSb; 

Анализ морфологии эвтектики (PbS - NiSb) показал наличие различных дефектов типа сдвигов пластин, поверхностей 
несовпадения, искривлений блоков (пластин) и избыточной экстра - пластины. Эти дефекты аналогичны атомным дефектам, 
образующимся в реальных однофазных кристаллах. 

Исследования показали, что эвтектики  можно рассматривать как супрамолекулярные слоистые ансамбли. 
   
Received: 20.06.06 
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THE INVESTIGATION OF THE ELECTRON STRUCTURE OF THE (010) GeSe  SURFACE 

BY GREEN FUNCTION METHOD 
 

Z.A. JAHANGIRLI 
Azerbaijan Technic University,1024, Baku, H.Javid av., 25 

 
The electron structure of (010) surface, limited by Ge atoms in the layered semiconductor GeSe has been considered on the base of 

Green function theory in the basis of Linear Combination of Atom Orbitals (LCAO). The electron states in the forbidden band, resonances 
and change of the density of energy states in crystal, connected with the defect have been discussed. 

 
Introduction 
 
The study of the electron structure of deep defect centers 

plays the important role in the understanding of electric and 
optic properties of semiconductors. It is shown, that the 
electron properties of semiconductor devices are especially 
sensitive to the character of the different defects and their 
concentration. Last years, Green function method is the one 
of the main methods of the defect studying with deep energy 
level, electron structures of the point defects and 
semiconductor surfaces. 

The semiconductor compound GeSe is related to the 
layered semiconductors by A4B6 group [1-5]. The layered 
structure of the crystals, caused by anisotropy in chemical 
connections of atoms, from which the quazi-two-dimensional 
crystal lattice is built, is the main their peculiarity. The unit 
cell consists from the two layers, each layer includes two 
molecules, where the atoms of the neighbor layers are 
connected by weak Van-der-Waals forces between 
themselves and as the result, some physical properties of 
these crystals have two-dimensional character. In this work 
the electron structure of (010) surface, limited by Ge atoms of 
semiconductor compound GeSe is calculated by Green 
function method. 

The crystal structure [4], electron structure and optical 
properties [6,7] of GeSe compound are well studied.  

 
Green function method. 
 
  Green function method is well described in  [8]. Here we 

give the main equations of this method. Let’s H0 is effective 
one-electron Hamiltonian of ideal crystal, U is defect 
potential, and H=H0+U  is Hamiltonian of perturbed system. 
Then, the one-particle Green operator of ideal crystal  

                                          

G0(E) =   lim  (E+ i ε - H0)-1 

                           ε→ 0 + 
 

And Green operator of perturbed system  
 

G(E) =   lim  (E+ i ε - H)-1 

                          ε→ 0 + 
 

Are connected between each other by Dawson equation: 
 

                          G = G0 + G0UG 
 

The formal solution of this equation for G is: 
 

                       G = (1- G0U)-1 G0                                             
 

The energy levels of perturbed system correspond to 
poles of G function. We obtain the following for the levels in 
the forbidden band: 

                                      

[1-G0(E) U] Ψ =0, 
 

Ψ is wave function of perturbed system. The connected 
states correspond to determinant zero: 

 

                          D(E)= Det|| 1- G0U || = 0. 
 

The change of the density of electron states is defined by 
the formula: 

 

                 ∆N(E) = 
π
1

 
dE

Ed )(δ
   , 

Here,          
                         )(Eδ = -tan-1 [ImD(E)/ReD(E)] 

 
Energy levels of connected states.  
 
The LCAO, constructed from s- and p-orbitals was used 

for the definition of band structure of ideal crystal and then 
the same set was used for the calculation of localized states. 
The values of resonance integrals were taken from [9]. 
Further, these data became better by the way of the picking 
out of our results on the band structure with the previous 
calculations and with experiment data on photoemission [10].  

 
Fig. 1. Unit cell of GeSe-type compounds. 

 
In calculations we took under consideration the contributions 
of only first four neighbors. The unit cell of the compounds 
by GeSe type is shown on the fig.1. Y axis is perpendicular to 
the crystal layers. The two-dimensional cell for (010) surface 
has one Ge atom and one Se atom in each layer. The 
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calculation results of projected band structure GeSe (PBS is 
Enk projection of infinite crystal with k=(q, k⊥) for each q in 
two-dimensional ЗB) are shown on the fig.3. The projected 
valency band consists from three groups in the 
correspondence with photoemission spectrum [10]. The 
lowest group, situated in energy interval –14-15 eV, is far 
from others by wide energy gap and it comes from s-states 
(Se 4s). The next group in 6-8 eV interval comes from 4s-
states of Ge and 4p-states of Se. The upper group of PBS 
mainly comes from p-states of Se and in lesser extent comes 
from p-states of Ge, at the same time the situation is vice 
versa for the six lowest conduction bands. 

 
Fig.2. Projected bulk band structure and surface band structure 
           for the Ge- terminated (010) surface of GeSe 

 
In GeSe crystal the two nearest neighbors of cation 

(anion) situate on the one crimped plane, third nearest 
neighbor situates on the next crimped plane (010), that’s why 
it is enough to delete plane having the cation (anion) with 
taking into consideration of interaction deposit of fourth 
nearest neighbor for the creation of the free surface. The one 
plane, having Se atoms, is deleted, the surface, limited by Ge 
atoms, is created. The chinks and “pockets”, where it is need 
to calculate the localized states is well seen on the fig.2. The 
existence conditions of localized state ([8], (B1)]). 

 
D(E) = Det|| G0

m,m` || = 0 , 
 
Where indexes m and m’ run on the s- and p-orbitals of 

the atom of deleted level. The surface band structure and 
localized states are shown on the fig.2. The amplitudes of 
wave functions, summed on s- and p-orbitals for the some 
surface levels for first ten layers with the help of formula 
([8], (28)]) are shown on the fig.3. 

 

          
m

sqf (Es) = ∑
α

|| α,
,

m
qsA (Es)|| . 

 

The presence of the surface leads to the appearance of 
localized levels in forbidden band, and in permitted band the 
density of energy states changes. The local state density, the 
change of local state density, total change of state density on 
the first seven layers for the surfaces, limited by Ge atoms, 

are shown on the fig.4. It is seen from the figure, that in 
practices all surface states are strongly localized and in 
practices after third layer the local state density becomes an 
identical one with density of electron states of infinite crystal. 

The common changes of local state density for each layer, 
where the resonances, anti-resonances and localization of 
wave function for each case are well seen, are shown on the 
fig.4. As it is seen from the fig.2 the surface states near –14,5 
eV and –7,5 eV, which are localized in the limits of two 
layers and come from valency states, are present. Besides, 
two surface states near s-states of Ge near –7 eV are present. 
This shows that the character and energy situation of many 
surface states depend on atom nature on the first level. 

 
Fig.3. Wave-function amplitudes summed over the s- and p-  
            orbitals as a function of the layer number for surface  
            states for the Ge- terminated (010) surface of GeSe 

 

 
Fig. 4. (a)-  Local densities of states at each of the first six layers for  
                  the Ge- terminated (010) surface of GeSe  at the  
                  symmetry point X of the surface Brillouin  zone 

                   (b)- The changes in local density of states  at each of the  
                           first six layers 

 
 
The orbital situation of amplitudes of wave functions, the 

dependence of local densities of energy states on the level 
numbers show, that surface state near –7 eV is localized in 
the limits of three layers and is formed from s- and формула-
orbitals. This well corresponds with the fact, that valency 
band near –7 eV mainly comes from cation states. As it is 
seen from the fig.2 in forbidden band the one almost 
dispersion-free localized state takes place. We have been 
integrated ∆N(E) in q(0.5, 0.0) on projected valency band for 
the occurrence investigation, 
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         ( ) ( )[ ]bottop
E

EEdEEN
bot

δδ
π

−∫
2 = )( 

topE

 , 

 

Where Ebot and Etop are bottom and top of valency band. 
We have been revealed, that the one state in conduction band 
is chipped off in the forbidden band because of the presence 
of the surface. This shows, that local state in forbidden band 
comes from conduction band. The orbital situation of 
amplitudes of wave functions of this state shows, that this 
state mainly is pz - typed one with small s-typed impurity and 
does as the connecting bridge between atoms of neighbor 
layers and totally is localized in surface plane.  

 

Conclusion.           
 
The electron structure of (010) surface, limited by Ge 

atoms in layered semiconductor GeSe has been considered on 
the base of Green function theory in basis of Linear 
Combination of Atom Orbitals. The calculation results show, 
that the presence of the surface leads to the appearance of one 
surface level in fundamental forbidden band. It is established, 
that this level is totally localized in surface plane, is pz -typed 
level with small s-typed impurity and connects atoms of 
neighbor planes. Besides, the ∆N(E) -change of density of 
electron states, inducted by defect, and also the resonances 
and antiresonances, connected with surface presence, have 
been calculated. 
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Z.A. Cahangirli 

 
 QRИN FUNKSИYASЫ METODU ИLЯ GeSe YARIMKEЧИRИCИSИNИN SЯTH ELEKTRON STRUKTURUNUN 

HESABLANMASЫ 
 

Qrin funksiyasы nяzяriyyяsi vasitяsilя Atom Orbitallarыnыn Xяtti Kombinasiyasы baзisindя GeSe laylы kristalыnыn Ge atomlarы ilя 
mяhdudlaшan (010) sяthinin elektron quruluшu tяyin edilmiшdir. Qadaьan zolaьыnda yerlяшяn enerji sяviyyяsi, rezonanslar vя defektin 
tяsirilя enerji sяviyyяlяri sыxlыьыnыn dяyiшmяsi mцzakirя olunmuшdur. 

 
З.А. Джахангирли 

 
РАСЧЕТ ЭЛЕКТРОННОЙ СТРУКТУРЫ ПОВЕРХНОСТИ В GeSe МЕТОДОМ ФУНКЦИИ ГРИНА 

 
На основе теории функции Грина в базисе линейной комбинации атомных орбиталей (ЛКАО) рассмотрена элек-

тронная структура поверхности (010), ограниченная атомами Ge в слоистом полупроводнике GeSe. Обсуждены электронные 
состояния в запрещенной зоне, резонансы и изменение плотности энергетических состояний в кристалле, связанные с дефектом. 
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EXACT SOLUTION OF WZNW MODEL 
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One dimensional reduction of WZNW is integrated in the case of ),2((1 CSLA  algebra. 

 
1. The problem of constructing of the solutions of 

integrable models and its dimensional reductions, the one 
dimensional WZNW model in our case, in the explicit form 
remains important for the present time. The interest arises 
from the fact that almost all integrable models in one, two 
and (1+2)-dimensions are symmetry reductions of SDYM or 
they can be obtained from it by imposing the constraints on 
Yang-Mills potentials [1-13].  

This work is a direct continuation of [14-16], where the 
exact solutions have been derived by discrete symmetry 

transformation method 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 [16] 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] is the equation for the element f , taking 
values in the semisimple algebra, 

 

                                       

0]],[],,[[2

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

2

=−
∂
∂

+

+−−−
∂
∂

+
∂
∂

+

−++−

fXfH
r

fXXfXXfHH
r
f

r
f

                                         (1) 

 
Here ±XH ,  are generators of ),2((

1
CSLA  algebra  

 
             [ ] [ ] ±±−+ ±== XXHHXX 2,,,                  (2) 
 

embedded to gauge algebra in the half-integer way. 
The equation (1) has been reduced [16] to the following 

form: 
 

                ],[)( 1
0

1 +−− =
τ∂
∂

τ∂
∂ XqqFqq

                     (3) 

 
Equation (2) is one-dimensional WZNW (Wess-Zumino-

Novikov-Witten) equation [17-19]. 
We’ll deal with the presentation of the equation under 

consideration in the form (1) and in the simplest case of 
f taking values in the algebra ),2((1 CSLA : 

 

                     +− ++= zXyHxXf ,                         (4) 
 

where generators ±XH ,  satisfy the same commutational 
relations (2). 

Then the equation (1) can be rewritten for the components 
of (4) as the system of three nonlinear one dimensional 
second order equations, the general solution of which has to 
be dependent on six constants. 

The system of equations has the form:  
 

       
⎪
⎩

⎪
⎨

⎧

=′+−−′+′+′′
=−−′−′+′′
=−−′−′+′′

04222
0222
0222 2

yyzyzxzzz
yyxxyyy
xxxxxx

           (5) 

 
Consider the first equation of the system (5) representing 

it in a form: 

 

                                     0)12(2)12( =++′−′++′ xxxxx      or     xxx 2)12ln( =++′
τ∂
∂

 

 
Introducing new unknown function )12ln( ++′= xxu  

we have: 
 

222)12(2;2 −=−++′=′+′′=′ uexxuuxu  
 
Making again the change of variables: τ+= 21 uu we 

simplify last equation: 
 

τ−=′+′′ 2
11

12 ueuu  
 

and after the substitution τ−= et  we come to one-
dimensional Liuville equation   

 
121

ueu =&&  

Multiplying both sides of the last equation by 1u&   
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1
111 2 ueuuu &&&& = ;   ( ) 142

1
ue

dt
du

dt
d

=&  

 
and integrating once, we have 

 
2

1
12 keu u +=& , 

 
where k  is a constant.  

The second integration gives the following: 
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where 2
1u

kew
−

= . 
Using all above introduced notation we have: 
 

( )cktsh
keu

+
= 2

2
1  

 
and using the relations 1ln −−τ− === Reet R  and 

uuu eRee 221 == τ+ , we eventually have the relation: 
 

( )ckRshR
keu

+
= −122

2

 

 
Taking into account the relation  
 

dR
duRux

2
1

2
1

=′=  

 
we derive the solution of the first equation of the system 
under consideration:  

 
                        ( )ckRcthx ++−= −11                        (6)                           
 

Let’s rewrite the second equation of the system (5) in the 
form: 
 

uyexxyy 2)12(2 =++′=′+′′  
 
and introducing the same, as in first equation, variables 
( )1,ut , we have: 

( )ckRshR
kyy

+
= −122

2

2&&  or 

 

                                
rsh

y
dr

yd
22

2 12= ,                               (7) 

 
where  ckRr += −1 . 
 

From the general theory of linear equations it follows that the 
Wronskian of two solutions of the equation (7) is a constant, 
that is if 1y and 2y  are solutions of (7) then 
 

                     1
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21
21 det),( c
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yyW =⎟⎟
⎠

⎞
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⎝

⎛
′′

=                  (8) 

 
If one knows one partial solution of (7), saying 1y , then 
second solution can be obtained via the following relation: 
 

                         ( ) 12

2

1112 ycdryycy +=
−

∫                       (9) 

 
The equation (7) has the solution cthry =1 . Substituting it 
to (9) and making the corresponding integration, we come to 
the general solution of equation (7): 
 

( )1211 −+= rcthrccthrcy  , 
 
or in terms of original variables: 
 
  ( ) ( )( )111

2
1

11 −+++= −−− ckRcthkRcckRcthcy     (10) 
 
Consider the homogeneous part of the first equation of the 
system (5): 
 

0222 =−−′+′+′′ zyzxzzz  
 
Rewriting it in a form 
 

( ) ( )( ) 012 =+−′+′−′ xzzzz  
or 
 

( ) 2
212
R
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R

zz
dR
dR

dR
d

−=+−=⎟
⎠
⎞

⎜
⎝
⎛ − ( )ckRcth +−1 . 

 
Here we used the expression for x  from (6). 

The first integration gives the equation: 
 

( )ckRshczz
dR
dR +=− −12

3 , 

 
the second one gives the required solution: 
 

( ) RcckRshR
k

cz 4
13 2

2
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2
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⎜
⎝
⎛ +−= −  

 
and the solution of the whole equation, whose 
inhomogeneous part is defined by the known solution y  of 
the second equation of the system, is given by the following 
expression: 
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k
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As the solution of the system of three second order ordinary 
differential equations depends on six arbitrary constants, this  
solution is the general one. 

Comparison of the solutions obtained with that ones 
obtained by means of Riemann-Hilbert problem is the subject 
of further publications. 
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ON STRUCTURE OF VALENCY BAND IN SEMICONDUCTOR MELTS Bi1-xSbx 

 
B.A. TAIROV, A.G. RAGIMOV, S.Z. DAMIROVA 

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

 
On the base of the investigations of all independent galvanomagnetic coefficients in semiconductor melts Bi1-xSbx at 77-300K, the 

kinetic parameters of all types of charge carriers have been defined. 
It is established, that new hole ellipsoids in the comparison with hole and electron ones in basis plane are less elliptic, than in binary and 

bisector planes. 
 

The galvanomagnetic effects are easily measured already 
at fields of order of oersted parts because of very high 
mobility of charge carriers in Bi1-xSbx. That’s why in refs [1, 
2], dedicated to the investigations of electron properties of 
these materials, the galvanomagnetic phenomenon were used 
for the development of the presentations about the character 
of their energetic spectrum. In the result of set theoretic [3,4] 
and experiment [5,6,7,8] refs the main characters of 
reconstruction of band structure of energetic spectrum in Bi1-

xSbx at x composition change in x≤30 at.% region had been 
revealed. In some region Bi1-xSbx composition has the 
semiconductor properties. This region at T=4,2K longs from 
x≤0.06 at.% till 0.25 at.%, and at T=77K 0.07≤x≤0.20; this 
region disappears totally at T>180 with temperature growth. 

The band structure changes with the composition change 
so strongly, that melts, the compositions of which differ on 
1at.%, it is need to consider as significantly different 
materials with different parameters, peculiar to them, so as 
effective mass, relaxation time of impulse and energy, the 
distribution of charge carriers on energetic data. 

 

 
 
Fig.1. The scheme of reconstruction of energetic spectrum of  
          bismuth-stibium melts at increase of stibium  
          concentration. 
 
From the reconstruction scheme of energetic spectrum of 

charge carriers of melt Bi1-xSbx on stibium [9] concentration 
of semiconductor melts of 0.15≤x≤0.22 composition, 
presented on the fig.1., it is followed, that minimal energetic 
chink is defined by La and ∑ terms. However, La deposit of 
electrons in galvanomagnetic effects is so big in unalloyed 
melts, that it is difficult to study the structures of valency 
band. That’s why, it is possible to obtain the information 

about structure of valency band of ∑ Brillouin, situating in 
formula, picking up the stibium content from the above 
mentioned interval and concentration of doped acceptor 
impurity of tin. The different parameters Bi1-xSbx were 
measured on the base of galvanomagnetic measurements at 
the temperature of liquid nitrogen [10, 11]. 

The new hole band, the extremum of which is in ∑ point, 
begins to play at further increase of stibium content. 

Thus, in given ref the measurements of all independent 
galvanomagnetic coefficients at temperatures T=77-300K 
were carried out for the revealing of actuality of all these 
bands in transfers phenomenon and establishment of the form 
of isoenergetic surfaces in Bi1-xSbx melts with stibium content 
higher, than 15 at.%. 

It is need to note, that above mentioned coefficients 
correspond to conditions of weak magnetic field. For the 
obtaining of such values the dependence of corresponding 
galvanomagnetic coefficient on the field is always taken. 
Moreover, the condition of weak magnetic field, i.e. the 
independence of coefficients Rikl and ρik,lm  on field, was 
checked. In many cases, however, the conditions of weak 
magnetic field are carried out at its tensity of order of one 
oersted and even, its parts because of very high values of 
mobility components and that’s why it is need to take its 
value, obtained by extrapolation of the dependence to the 
zero field for the value of galvanomagnetic coefficient in 
weak field. The limit of weak magnetic field is different for 
different coefficients, and its change allows us to follow 
qualitatively for the change of energetic spectrum of charge 
carriers. 

 

 
 
Fig.2. The dependence of magnetoresistance coefficient  
           ρ11,22 on H2 for Bi0,08Sb0,20 melt at 77K. 
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The field dependences of coefficient of 
магнетосопротивление of ρ11.22 on H2 for Bi0,08Sb0,20 melt at 
77K are shown on the fig.2. 

The temperature dependencies of two components of 
specific resistance of Bi1-xSbx melts with different stibium 
content are shown on the figures 3 and 4. 

 
 
Fig.3. The temperature dependence of specific resistance  

                  ρ11:∆--Bi0.92Sb0..8            
                      Bi0.84Sb0.16                 Bi0.82Sb0.18           
                 x  -Bi0.80Sb0.20                 Bi0.78Sb0.22            

          +  -Bi0.75Sb0.25  . 

 
 
Fig.4. The temperature dependence of specific resistance  

        .          ρ33:  ∆--Bi0.92Sb0.08            
                        Bi0.84Sb0.16                 Bi0.82Sb0.18       
                   x  -Bi0.80Sb0.20                 Bi0.78Sb0.22         

           +  -Bi0.75Sb0.25 
 
It is need to note, we can’t judge about the value of 

width of forbidden band in Bi1-xSbx melts on the 
dependencies by type lnσ ~ f(1/T), i.e. not only the width 
itself changes with temperature, but the participation in 
transfer of different actual extremums. 

The temperature dependencies of components of Hall 
coefficient R231 and R123 for melts with 0,16%at are presented 
on the following figures 5 and 6. 

As it is seen from the figures, both components of Hall 
coefficient for Bi1-xSbx melts of all investigated compositions 
significantly decrease with temperature. Such decrease 
evidences about concentration growth of current carriers. 
However, the conductivity of Bi1-xSbx melts in investigated 
temperature interval and changes of Hall coefficient can be 
connected with the change of ratio of mobility of electrons 
and holes.  That’s why the temperature change of 
components of Hall coefficients can’t be quantitatively 
characterize the concentration change of charge carriers 

without calculations according to model of energetic 
spectrum. The carried out calculations will be in the next. 

 

 
 
Fig.5. The temperature dependence of Hall Rijk coefficients for  
           Bi0.84Sb0.16 melt (separate points Rijk at 77K for melt  
           Bi0.82Sb0.18). 
 

 
 
Fig.6. The temperature dependence of Hall Rijk coefficients for  
           Bi0.80Sb0.20 melt (separate points Rijk at 77K for melt  
           Bi0.78Sb0.22). 
 
The temperature change of magnetoresistance ρ11,22, 

ρ11,33, ρ11,11 and  ρ33,11 and ρ33,33 for Bi1-xSbx melts with 
different stibium content are shown on the following figures 
7,8,9. 

The change character of all components of 
magnetoresistance with temperature stays constant. 

It should be evidenced qualitatively about the saving of 
relations of mobility of electrons and holes. Indeed, the 
magnetoresistance is depended as on participation of different 
types of carriers in transfer phenomenon, so on ratios of 
components and their motilities in different crystallographic 
directions at participation of many-valley band structure. At 
the same time, if we propose, that ratios between components 
of mobility of separate groups of charge carriers don’t change 
with temperature, the extremums of valency band and 
conduction band for transfer phenomena stay the same, and 
also the ratios of mobility of charge carriers don’t change, so 
change dependencies with temperature of all components of 
magnetoresistance should be strongly similar. 
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Fig.7. The temperature dependence of magnetoresistance  
           coefficient ρij,kl of Bi0.84Sb0.16 melt (separate points ρij,kl  at    
           77K for Bi0.78Sb0.22 melt) o- ρ11.22 , x -ρ11.11 ,      -ρ33.11 , 
           + - ρ11..33       - ρ33.33. 

 

 
Fig.8. The temperature dependence of  
           magnetoresistance coefficient ρij,kl of   
           Bi0.80Sb0.20 melt, o - ρ11.22 , x -ρ11.11,     -ρ33.11 ,+- ρ11..33 ,        
                 - ρ33.33. 
 
The components of Hall coefficients will be changed 

analogically to this. This gives the foundation on qualitative 
conclusion about weak change of all mentioned parameters in 

semiconductor melts Bi1-xSbx in interval 77-300K. The more 
detail data have been obtained on the base of quantitative 
calculations, which will be given further. 

 

 
 
Fig.9. The temperature dependence of magnetoresistance  
           coefficient ρij,kl of Bi0.75Sb0.25 melt (separate points ρij,kl  

                   at 77K for Bi0.82Sb0.18 melt ) o- ρ11.22 , x -ρ11.11 ,     -ρ33.11,     
                   + - ρ11..33,      - ρ33.33.  

 
The ratios between components of tensors of 

galvanomagnetic coefficients of electron and hole mobilities, 
and also their concentrations, defined by model of energetic 
spectrum [12] were used for the quantitative interpretation of 
experimental results of galvanomagnetic properties Bi1-xSbx 
above mentioned. Such interpretation allows from the one 
side in the agreement of experimental and calculated values 
to judge about rightness of choice of energetic spectrum 
model and from another one to judge about change character 
of spectrum parameter, i.e. the component of tensor mobility 
is characterized by corresponding components of tensor 
effective mass with taking under consideration anisotropy of 
relaxation time or supposition of its anisotropy. From the 
above mentioned it is followed, that the model, presenting 
Fermi surface of electrons in three ellipsoids of common 
type, easily inclined relatively trigonal axis and transferring 
into each other at the turn on 120°C round this axis and 
situating in L in 3B point, was accepted by us for the 
interpretation of galvanomagnetic properties of Bi1-xSbx 
(0.15≤x≤0.25) melts. The Fermi surface of holes is presented 
by three or six ellipsoids of common type, inclined relatively 
trigonal axis and situated in ∑ and H 3B points. 

Thus, for the actual phenomena of the phenomenon of 
transfer of carriers of all these bands and establishment of 
form of isoenergetic melt Bi1-xSbx (x=0,14-0,25)surface, 
measurements of all independent coefficients at temperatures 
T=77-300K were carried out. 
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The values of experimental and calculated values of 
galvanomagnetic coefficients for Bi1-xSbx melts with stibium 
content 0.16÷0.25 аt.%  at temperature 77K are given in table 
1. As it is seen from the table, for all melt compositions the 
experimental and calculated values are in good state. The 
calculation was in such set of components of mobilites and 
concentrations, which supplied the best agreement of 
experimental and calculated values (table 2). As it is seen 
from the table 2 in the ration of hole components ∑ is equal 

to ν2/ν1=0,05, ν3/ν1=0,5 in all investigated melt compositions 
Bi1-xSbx (x=0.16, 0.25). 

It is need to note, that analogical calculations were 
carried out in the refs [14,15]. 
In the ref [16] on the base of investigations of dispersion of 
electromagnetic magnetoplasma waves and galvanomagnetic 
effects it is established, that for L-electrons the ratios of 
mobility components is µ2/µ1=0,0001, µ3/µ1=0,7 and for L-
holes one is ν2/ν1=0,009, ν3 /ν1=0,7. 

          
                                                                                                    Table 1 

The values of experimentally obtained and calculated galvanomagnetic coefficients in melts  
Bi1-xSbx at T=77K (ρ11, ρ33 were measured with delicacy 3%, ρ123, ρ231-5%, ρ11,22 -10%, ρ11,11  

and ρ33,11-15%, ρ11,33 and ρ33,33-20%; dimension is αij.kl –Ω-1⋅cm-1). 
Аt,%               σ11                  σ33                       σ231                             σ123 
  Sb                 10-3                        10-3                         10-9                  

            10-8 
016  exp.       5,15                 5,70                     200                    0,68                                   
        calc.      4,87                 6,10                     2,06                   0,60 
018  exp.       6,25                 7,80                     2,20                   0,58   
        calc.      6,03                 7,70                     2,26                   0,59 
020  exp.       7,40                 9,10                     1,82                   0,53 
        calc.      7,10                 8,90                      1,90                   0,53 
022 exp.        7,94                 9,60                      1,28                   0,34 
       calc.       7,53                 9,38                      1,38                   0,31 
025 exp.        8,10                10,20                     0,69                   0,21 
       calc        7,27                 9,10                      0,86                   0,19 

аt,%              σ11,33                σ33,11                     σ11,11                            σ11,22                        σ33,33 
 Sb                10-12                        10-14                            10-14                             10-14  

                     10-12 

016  exp.      34,00                10,70                   5,84                   14,20               19,30        
        calc.     39,00                14,30                    5,10                   15,6                20,00 
018  exp.      17,50                10,30                    3,55                   11,1                10,50 
        calc.     23,81                11,90                    4,21                   12,8                12,00   
020  exp.      11,00                7,50                      2,62                   7,85                8,00 
        calc.     23,17                7,20                      2,60                   7,85                7,00 
022 exp.       8,60                  2,90                      1,74                   4,30                5,72 
       calc.      10,60                3,50                      1,26                    3,83               7,23 
025 exp.       5,30                  1,16                      1,01                   1,97                2,23 
       calc       4,35                  1,47                       0,53                   1,60               2,98      

 
                                                                                      Table 2 

The kinetic parameters of charge carriers for Bi1-xSbx melts at T=77K. 
At.%                 016                     018                   020                   022                  025 
Sb 
ϕoe                       50                     4040’                 4010’                            406’                          406’ 
 ϕg                      160                          160                        160                           160                          160 
µ1                       9.00                   7.15                  5.20                  3.44                  2.32 
(5)                      (5)                      (5)                    (5)                     (5) 
µ2                       8.10                    6.43                 6.48                  3.09                  2.09 
(3)                      (3)                      (3)                    (3)                     (3) 
µ3                       6.30                    5.00                 3.64                  2.41                  1.62 
(5)                      (5)                      (5)                    (5)                     (5) 
ν1                         3.00                    1.80                  1.3                    9.10                  5.80 
(5)                      (5)                      (5)                    (4)                     (4) 
ν2                       1.50                    0.9                    0.65                  4.55                  2.90 
(4)                      (4)                      (4)                    (3)                     (3) 
ν3                        1.50                    0.9                    0.65                  4.55                  2.90 
(5)                      (5)                      (5)                    (4)                     (4) 
ν                                       
ν2 
ν3 
Nэ                      4,95                    8,21                  1,33                   2,10                 3,04 
(16)                   (16)                     (17)                  (17)                   (17) 
Ng                      4,95                    8,21                  1,33                   2,10                 3,04 
(16)                   (16)                     (17)                  (17)                   (17)
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where Ne, Ng are concentrations of charge carriers measured 
in cm-3.   

µi and νi are tensor components of electron and hole 
mobilities correspondingly, measured in cm-2V-1s-1.  

We can make the following conclusions on obtained 
results: 

1. The possibility of quantitative interpretation of 
galvanomagnetic effects in Bi1-xSbx (0,16≤x≤0,25) melts on 
base of model of Fermi electrons in the form of three 

ellipsoids of common type and holes, in form of three 
ellipsoids, situating in ∑ in 3B point is shown. 

2. It is established, that new hole ellipsoids in the 
comparison with easy hole and electron ellipsoids are less 
elliptic ones in basis plane, than in binary and bisector planes. 
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B.A. Tahirov, A.H. Rəhimov, S.Z. Dəmirova 

 
YARIMKEÇİRİCİ Bi1-xSbx  BƏRK MƏHLULARININ VALENT ZONASININ QURULUŞU HAQQINDA 

 
Yarımkeçirici Bi1-xSbx məhlularının T=77-300K temperatur intervalında qeyri-asılı qalvanomaqnit  əmsallarının  tətqiqi  

əsasında bütün növ  yükdaşıyıcıların  kinetik parametrləri təyin edilmişdir. 
Müəyyənləşdirilmişdir ki, yeni deşik ellipsoidləri yüngül deşik və elektron ellipsoidləri ilə müqayisədə bazis müstəvisində 

binar və bissektris müstəvilərinə nisbətən daha kiçik elliptikliyə malikdir. 
 

Б.А.Таиров, А.Г.Рагимов, С.З. Дамирова 
 

О СТРУКТУРЕ ВАЛЕНТНОЙ ЗОНЫ В ПОЛУПРОВОДНИКОВЫХ СПЛАВАХ Bi1-xSbx 
        
        На основе исследований всех независимых гальваномагнитных коэффициентов в полупроводниковых сплавах  
Bi1-xSbx  при 77-300К определены кинетические параметры всех сортов носителей заряда.   

Установлено, что новые дырочные эллипсоиды по сравнению с легкими дырочными и электронными 
эллипсоидами в базисной плоскости менее эллиптичны, чем в бинарных и биссектрисных  плоскостях. 
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In the paper the parameters of elementary cells of melts of VI

2
VI
2 InGaCTlInC −  (C-Se, Te) systems are defined by the radiographic 

investigations. 
 

The carrying out of the corresponding analysis it is need 
for the obtaining of the necessary information about nature of 
chemical connections between atoms as the elementary 
compounds, so the complex phases. In the connection with 
this fact, the crystal-structure investigations are the one of the 
important question of crystal chemistry. These investigations 
create the experimental base of crystal chemistry. 

As it is known, the complex of physical properties of 
solid bodies is defined by chemical composition and spatial 
location its constituent atoms. The character of electron 
interaction between them though is defined by the position of 
constituent atoms; however, the clear conception is created in 
the limits of the one and the same concrete crystal structure. 
Thus, the solution of the one of concrete problems of physics 
and chemistry of semiconductors mainly is defined by the 
accurate definition of concrete bonds of physical peculiarities 
of semiconductors with chemical composition, crystal 
structure and bond nature. However, nowadays, the 
investigations of new complex semiconductors are carried out 
one-sidedly, often limited by the revealing and studying of 
their physical properties. The necessary attention doesn’t pay 
to the study of the construction of crystal lattice structure. In 
spite of the fundamental meaning of crystal structure, it has 
been deciphered widely enough only for few complex 
semiconductors. 

The state diagrams of VI
2

VI
2 InGaCTlInC −  systems have 

been constructed in  [1,2] by the methods of differentially-
thermal and microstructural analysis and it is revealed, that 
new compositions VI

22GaCTlIn  are created in these systems 
and wide solubility regions on the base of initial compounds 
are observed. However, the roentgen-phase analysis of these 
melts wasn’t carried out.  

In this connection in present paper the melts of the 
VI
2

VI
2 InGaCTlInC −  systems are treated by roentgen-graphic 

investigations. 
The powder had been prepared previously for the 

obtaining of roentgenograms of each InTl1-xGaxC2 
composition. The notations of electronic reflections were 
carried out on CuKα, ( Е54178,1=

α
λCu ), DRON-2 

difractometer of radiation with nickel filter at the similar 
modes. In the measurements of reflection angles the mistake 
didn’t exceed the value θ=±0,02°. 

The bar-diagram of the melts of TlInSe2-InGaSe2 system 
is given on the fig.1. As it is seen from the figure the some 
tendency to the increase of the intensity of corresponding 
reflexes is observed in the solubility regions at the partial 
replacement of thallium atoms by Ga atoms in TlInSe2 lattice. 

The increase of the intensity of the lines in the given 
system probably is connected with the fact, that Ga atoms 

have the big tendency to hybrid bond sp3 creation in contrast 
to thallium atoms that is caused to the decrease of metallic 
part of chemical connection between the composing atoms. In 
this case the shifting of maximum of electron density to the 
skeletons of Se atoms at the partial replacement of thallium 
atoms by Ga atoms in TlInSe2, i.e. the possibility of fitting out 
of external electron membrane of Se atoms till the stable 
configuration s2p6 increases. In this connection the bond 
ionicity of chemical bond between the atoms of given melts 
increases. 

 The roentgenograms of InTl0,5Ga0,5Se2 composition and 
solid solutions on its base significantly differ from the 
roentgenograms of initial compositions of TlInSe2, InGaSe2 
and solid solutions on their base that proves the creation of 
the new quadrantal phase TlIn2GaSe4 in TlInSe2-InGaSe2 
system. 

 
 
Fig.1. The bar-diagram of the melts of TlInSe2-InGaSe2  
           system. 
 
The indicating results of obtained roentgenograms 

showed, that the investigated melts of InTl1-xGaxC2 systems 
are crystallized in tetragonal syngony. 
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The results of roentgenographical investigation of the 
melts of InTl1-xGaxSe2 systems are given in table 1. 

In fig.2 the dependence of lattice parameters of the melts 
InTl1-xGaxSe2 on composition is presented. 

 
Fig.2. The dependence of parameters of elementary cells of the  
           melts of InTl1-xGaxSe2 system on composition. 
 
As it is followed from the fig.2 the parameters of 

elementary cells “a” and “c” orderly decrease at the partial 
replacement of thallium atoms by Ga atoms. The change of 
cell parameters is explained by the difference of interacting 
atom radiuses. The parameters of elementary cells of new 
phase TlIn2GaSe4 and solid solutions on its base significantly 
differ from lattice parameters of initial compounds and solid 
solutions on their base. This proves about the creation of new 
quadrantal phase in the given system. The change of lattice 
parameters in solubility regions takes place on the additivity 
law and essential inclinations from Vegard law doesn’t 
observed in the investigated concentration interval. 

As it was shown in [2] in TlInTe2-InGaTe2 system the 
big region of solubility is observed. That’s why the lattice 
parameters of obtained solid solutions had been defined by us 
with the aim of the provement state diagram of this system. 
The experimental data, necessary for the definition of lattice 
parameters were based on difractograms. It is revealed the 
lattice parameters decrease to the side of InGaTe2 compound 
in region 55-100 mol.% InGaTe2. Such order change of 
lattice parameters is typically through the solubility region. 
Exactly, lattice parameters are increased from InGaTe2 and 
TlInTe2 compounds (fig.3). 

The lattice parameters in region 52-70 mol.% InGaTe2 
strongly differ from the regions 0-20 mol.% InGaTe2 and    
55-100 mol.% InGaTe2. Probably, in this region the solid 
solutions are created on the base of new phase. The decrease 
of parameter lattice on additivity law is the reason of the 
replacement of thallium atoms by small Ga atoms in the 
plane of structure base. 

 

 
Fig.3. The dependence of lattice parameters on the  
           composition of melts of InTl1-xGaxTe2 system. 
 
The results of roentgenogaphic investigations of the 

melts TlInTe2-InGaTe2 are given in the table 2. 
As we already mentioned, the melts InGaTe2 with 

TlInTe2 also as compounds InGaTe2 and TlInTe2 are 
crystallized in tetragonal lattice. That’s why the 
superstructure lines don’t appear on difractograms in 
solubility region. The absence of superstructure lines proves 
that all investigated melts of solid solutions in order and 
disorder states also as compounds InGaTe2 and TlInTe2 
crystallize in the same syngony.  

The lines, character for the TlGaTe2 compound appear in 
solubility region on the base of TlInTe2 (0-20 mol.%) 
TlGaTe2 and continue to appear till the melt Tl0,7InGa0,3Te2. 
The additional lines for the melts, consisting 60,55,50 mol/% 
TlInTe2 appear in solubility region on the base of new phase. 
These results give us the foundation to prove in the rightness 
of state diagram of TlInTe2-InGaTe2 system. 

The new compounds TlIn2GaSe4 (Te4) revealed in  
TlInTe2-InGaTe2 systems are carried out by roentgen phase 
investigations.  

The experimental necessary material for the calculation 
of TlIn2GaSe4 and TlIn2GaTe4 lattice parameters was consist 
from crystallograms also. On the base of the carried out 
investigation it is revealed that these phases crystallize in 
tetragonal syngony and have the following periods of 
elementary cells a=6,46Å; c=6,85Å correspondingly. 

Thus, compounds TlIn2GaSe4 and TlIn2GaTe4  
crystallize in tetragonal syngony as well as initial ones. But 
lattice parameters significantly differ from the parameters of 
double and triple analogues of TlSe. Probably, this is 
connected with the new reconstruction of component atoms. 

 
 

[1] E.М. Gоджаев, Sh.М. Gусейнов, М.М. Дадаshев. 
Диаgрамма состоyaниya системi TlInSe2-InGaSe2. 
Физиchескаya химиya, 1974, т.48, №10, с.2615-2618. 

[2] E.М. Gоджаев, М.G. Gамидов. Физико-khимиchеские и 
рентgеноgрафиchеские исследованиya системi TlInTe2-
InGaTe2. Физиchескаya химиya, 1975, т.49, №9, с.2458-
2460.
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Ишдя самариум надир торпаг елементи иля ашгарланмыш Се95Ас5 шцшявари щалкоgеnид yarımkeçirici (ŞHY) sisteminin назик  

тябягяляриnin бурахма спекtрlяri tядгиг олунмушдур. Мцяййян  олунмушдур ки, Се95Ас5 sisteminя аз мигдарда (0, 001-0,005 ат%) Sm-
un ялавя олунмасы Т-бурахма ямсалынын гиймятини азалдыр, ашгарын консенtрасийаsıнын  сонракы  арtымы isя  (0,005-1 ат%) спектриn       
1-1,6 еВ интервалында бурахма ямсалынын артмасына сябяб олур. Т-нин гиймятинин азалмасы ŞHY-dя йцксяк координасийа ядядиnя 
malik микрообластларын, артмасы  ися  бу oбласtлар арасындаkы  ялагяnin йаранмасы иля изащ олунмушдур.  

Сон заманлар лифли-оптик гuрьuлар цчцн perspektivli 
material sayыlan надир торпаг елементляриnin (NTE) 
ашгарлarы daxil edilяn шцшяvari halkogenid yarimkecirici 
маддялярин оптик хассяляринин юйрянилмяси sahяsindя бир 
сыра тядгигат ишляри  апарылмышдыр [1-4]. 

Диэяр тяряфдян ШHЙ маддялярин щолографийа вя 
микроелектроникада, фотолитографийада  эениш  истифадя 
олунмасы иля ялагядар оларaг бу маддялярдя  
фотоиндуksiya nяticяsindя yaranan quruluш дяйишмяляринin  
юйрянилмясиня  хцсуси йер верилмишдир [5-8]. Гейд едяк ки, 
тяркибиндя NTE-nin ионлары олан ШHЙ маддяляр спектрин 
йахын инфрагырмызы диапазонунда ишляйян иш 
телекомmуникасийа гурьулaрынын ишыqютцрцcцsünün 
щазырланмасы цчцн istifadя olunur [9-10]. Tягдим олунан 
ишин ясас мягсяди sамариум aşqar атомларыnın Се95Ас5 
системинин оптик бурахма спектриня tяsirinin   тядгигиндян 
ибарятдир. Тядгигат цчцн Се95Ас5 тяркибинин сечилмяси онун 
strukturuna вя електрон хассяляриня эюря даща  стабил олмасы 
вя еnлизолаглыlıьı  ilя баьлыдыр [9]. 
 

Тяcрцбянин  методикасы вя  нцмунялярин  щазырланмасы  
См ашгарlı Се95Ас5 тяркибинин синтeзи 900°С-дян йухары 

температурда   10-6 мм.cv.st-na   гядяр   vakuumlu   кварс  

ампуlaларда фырланан sobada aparыlmыш vя сюндцрцлмцш 
soba реjиминдя soyutmaqla йериня йетирилмишдир.Tядгиг 
олунан маддянин назик тябягяляри 10-6 мм.cv.ст. тязйигli 
вакуумда термик учурма цсулу иля алынмышдыр. Юлчмяляр 
0,5мкм÷2мм галынлыqlы нцмунялярdя икишцалы 
спектроскопийа методу иля aparılmışdır.  

 
Нятиcяляр вя онларын изащы  
Шякил 1,a,b-дя  мцхтялиф  мигдарда См-ла  ашгарланмыш  

Се95Ас5 системинин оптик  бурахма спектри  эюстярилмиш, 
hяmin sпектря яsasяn α - оптик удулма   ямсалынын  
гиймятляри  hesablanmышдыр. Optik buraxma яmsalının düşяn 
fotonun enerjisindяn  asılılıьынын  1,6 ÷2 еV интервалынdаn 
(Урбах  гайдасына  табе олан  щиссясиндян ) тяйин олунмуш  
α-удулма   ямсалынын гиймятляриндян  истифадя етмякля 

 

00 /)](exp[ EhEg ναα −−⋅=         (1) 

(1) düsturundan Е0 –характеристик  енерjинин  гиймятляри 
тяйин олунмушдур. Гейд едяк ки, Е0- хараткеристик  енерji  
шцшявари   матрисдя  атомларарасы мясафянин ортаквадраtiк 
kяnaraчыxmalarы щагда мялумат ялдя етмяyя imkan verir 
[11].
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Шякил 1. Samarium nadir torpaq elementi ilя aшqarlanmыш Se95As5  шцшяvari halkogenid yarыmkeчirici sisteminin optik buraxma        

spektri a) -1- Se95As5, 2- Se95As5 +0,001at%Sm, 3- Se95As5 +0,005 at%Sm. b) -1- Se95As5+0,01 at%Sm, 2- Se95As5+0,1  
at%Sm, 3- Se95As5+0,3 at%Sm ,4- Se95As5+0,6 at%Sm, 5- Se95As5+1at%Sm. 

Шякил-1a,b дян эюрцндцйц кими Т(щν) асылылыьында  
енерjинин йахын инфрагырмызы областында бурахма ямсалынын 
гиймяти См ашгарынын мигдарыnын (0,001÷0,005 ат%)  

артмasы  ilя azalыr. Aшгарын мигдарыnын сонракы артымы 
(0,005÷1 ат%) ися бурахма ямсалынын артмасына  сябяб 
олуr. 
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(1) дцстuрундан тяйин олунан Е0 хараткеристик  
енерjинин гиймятляринин См ашгары атомларынын 
мигдарынdан асылылыьы  Шякil 2,a-дa тясвир олунмушдур. 

 Гейри кристаллик маdдяляр цчцн ашгар ионларынын 
хаотик пайланмасы иля ялагядар олан qeyri bircins сащяlяrin 
yaranmasы ideyasыna яsasяn Е0 характерiстик енерjи  цчцн 
ашаьыдакы  дцстур  алынмышдыр [11]  

 

5
23

0 )(2,2 BtB aNWE ⋅⋅=                 (2) 

Бурада   WB=e2/2ε·aB, aB – Bor радиусу , ε -диeлектрик  
нцфузлуьу, Нт йцклц дефектлярин еффектив  
консеnтрасийасыдыр. ε=6,58 [12] гябул едяряк (2)  
дцстуруна  эюря  йцклц дефектлярин Нт- консеnтрасийасы  
щесабланмыш вя алынмыш  нятиcяляр   шякил 2b-дя  тясвир 
олунмушдур. Шякил 2a вя шякил 2b-дяn  эюрцндцйц кими щям  
характеристик енерjинин, щям дя йцклц дефектлярин  
консеnтрасийасынын гиймятlяri ашгар атомларынын 0,005 ат% 
-nя кими артыr, aşqarın miqdarının  сонракы артымы ися Е0 вя 
Нт-нин азалмасына  сябяб олур. 

 

        

Шяkil.2. Se95As5 шцшяvari halkogenid yarimkeçirici sistemindя xarakteristik enerjinin (а) və lokallaşmış halların konsentrasiyasının                  
samarium aşqarının miqdarından asılılıьı (b). 

ШHЙ-maddяlяrя мцхтялиф модификаторлар дахил eтдикдя 
йцксяк координасийа ядядли микрoобластларын 
формaлашмасы baш verir, бу щалда мцхтялиф областлар 
арасында потенсиал барйерляр йараныр ки, онларын 
щцндцрлцйц йцклц мяркязлярля мцяййян олунур. 

Се95Ас5 системинdя См атомларыnыn юзlяrini См+3 
ионлары шяклиндя апарmalarını  вя кичик мигдарларда  
ясасян йцксяк координасийа ядяdли oblastlarda 
топланdıqlarını fяrz etsяk, onda, гурулушун низамсызлыьы   
вя гейри-бирcинслийи  артmalы, бурахма яmsalы азалмалы вя 
онун яксиня olaraq Е0 - характеристик енерjи артмалыдыр. 
Hяqiqяtяn dя бу факт ашqаrыn  мигдары  0,005 ат% -nя 
гядяр   олдугда   Шякил 1a,b   vя   шякил  2a,b-дя   юз   яксини  

тапмышдыр. Лакин нисбятян бюйцк консеnтрасийаларда 
(0,005÷ 1 ат%) ашгар атомлары  бцтцн  матрис boyunca  
пайланараг кимйяви активликlяri сайясиндя  селеn 
зянcирляриня cязб олунараг, низамсыз torun йаранмасы ilя 
структур дяйишмяsinя сябяб олур ки, бу da юз нювбясиндя  
мцхтялиф микроoбластлар арасында рабитяляр йарадыр. Диэяр 
тяряфдян йцклц дефектляр моделиня эюря См+3 ионларынын 
mövcudluьu мяхсуси йцклц дефектлярин консеnтрасийасынын  
дяйишмясиня сябяб олмалыдыр:  Йяни Д+ -mяrkяzlяr азаlmalı, 
Д - mяrkяzlяr isя артmalıdır. Эюстярилян фаkторларын бирэя 
тясири бюйцк консеnтрасийаларда хараткеристик енерjинин 
азалмасына  вя оптик бурахма ямсалынын  артмасына сябяb 
олур.  
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А.И. Исаев, С.И. Мехтиева, Н.З. Джалилов, Р.И. Алекперов 
 

СПЕКТР ОПТИЧЕСКОГО  ПРОПУСКАНИЯ  ХСП СИСТЕМЫ  Se-Аs, 
ЛЕГИРОВАННОЙ  РЕДКОЗЕМЕЛЬНЫМ ЭЛЕМЕНТОМ САМАРИЕМ 

 
В  работе  исследованы спектры пропускания ХСП пленок Sе95Аs5 легированных  редкоземельным элементом 

самарием.  
Установлено, что при малых концентрациях примеси (0,001-0,005 ат.%) значение коэффициента пропускания Т 
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уменьшается, а при увеличении концентрации примеси (0,005-1 ат.%) значение Т увеличивается в области спектра     
1-1,6 еV. Уменьшение значения коэффициента пропускания в ХСП пленках объясняется образованием микрообластей  
с высоким  значением координационного  числа, а рост - образованием связей между этими областями. 

 
A.I. Isayev, S.I. Mehtiyeva, N.Z. Jalilov, R.I. Alekperov  

 
OPTICAL TRANSMISSION SPECTRUM OF HGS SYSTEMS Se-As, DOPED BY RARE-EARTH ELEMENT 

SAMARIUM 
 
 The transmission spectrums of HGS films Sе95Аs5 doped by rare-earth element samarium are investigated. İt is 

established, that the value of the transmission coefficient T decreases for the low impurity concentrations (0,001-0,005 аt.%) 
but T increases when impurity concentration increases (0,005-1 аt.%) in the spectrum region 1-1,6eV. The decrease of the 
transmission coefficient in HGS films is explained by the formation of microregions with high value of coordination number, 
and the increase of one is explained by the band formation between of these regions.  
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