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The temperature dependences of Gruneisen parameters and compressibilities of GaS in the temperature range 80-410K have been 

investigated. It is shown that the Gruneisen parameters decreases and the compressibilities increases with increasing temperature.  
 

GaS crystallises in the layered structure with hexagonal 
spatial symmetry 4

h6D  and contains four molecular units in 
the unit cell; lattice parameters at 300 K are a=0.358 nm and 
c=1.55 nm. Each layer consists of four sublayers in the 
sequence S-Ga-Ga-S. The bonding between layers is mainly 
of Van der Waals type, while within layers there exists a 
strong covalent bond. The weakness of the interlayer bond 
compared to the intralayer one leads to interesting physical 
properties, owing to a strong structural anisotropy.  

In order to determine Gruneisen parameters and 
compressibilities we learned elastic properties of GaS. The 
linear elastic properties may be described with elastic 
constants. The elastic constants of GaS were calculated from 
the longitudinal and transverse ultrasound velocities 
propagating along and perpendicular to the C-axis.  

The GaS single crystals were grown by Bridgman 
technique. The samples were formed in rectangular shape by 
cleaving and mechanical polishing with dimensions varying 
5 to 10 mm along the C-axis, and from 5 to 8 mm in the layer 
plane. The faces perpendicular to the crystallographic C-axis 
were easily cleaved reflecting of layered structure. The faces 
parallel to the C-axis were mechanically polished to make 
90±0,5° to the C-face.  

The sound velocities were measured by pulse-phase 
method. From measured velocities and value of the mass 
density (ρ=3750 kg/m3) we obtain elastic constants of GaS. 
At room temperature C11=15,7; C13 =1,35; C33=3,87; C44=1,1 
and C66=6,15 in units 1010 N/m2. Taking into account the 
temperature dependence of density the temperature 
dependence of elastic constants were built [1]. 

The compressibilities along (B||) and perpendicular (B⊥) to 
the C-axis can be expressed in terms of the elastic constants, 
yielding: 
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Using the elastic constants, we obtain ||B ≈0,23; 

⊥B ≈0,036, B≈0,302 in units 10-10 Pa-1. These values are in 
agreement with calorimetric measurements. Thus, the crystal 
is much more compressible along the C-axis than 
perpendicular to it. 

The compressibility anisotropy is due to large difference 
of intra- and interlayer forces.  

In the temperature region 80-410 K compressibility linear 
increase with increasing temperature and the slope of ||B  

more than that of ⊥B . This fact indicates that along the C-
axis contribution of thermal expansion to value of 
compressibility is much more than perpendicular to it. 
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Fig.1.The temperature dependence of isothermal  
          compressibility B of GaS single crystals: B||, B⊥ -  
          compressibilities along and perpendicular to the C- 
          axis, respectively. 
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Fig.2. The temperature dependence of Gruneisen parameters  
           of GaS single crystals: γ ||

, γ
⊥

- Gruneisen parameters   

           along and perpendicular to the layer plane. 
The Gruneisen parameters also can be obtained from 
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elastic constants. In the case of hexagonal crystals, one can 
define two independent Gruneisen parameters: γ ||  and γ

⊥
. 

They are related to the elastic constants by 
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where V − molar volume; Cp − molar heat capacity at 
stationary pressure; αi − components of the thermal 
expansion. 

In    [2]   the   temperature    dependence   of    Gruneisen  

parameters was built without taking into account the 
temperature dependence of elastic constants. According to 
[2] γ ||  is negative in the narrow temperature interval       30-

50 K and this can be understood with a main role ″bending″ 
waves in thermal properties of layer crystal.  

In view of temperature dependences of elastic constants 
[1], thermal expansion [3] and heat capacity [4] the 
temperature dependence of Gruneisen parameters were built 
in the temperature region 80-410 K. At T=200 K our values 
γ || =1.073, γ

⊥
=0.379 are in a good agreement with data 

[2]: γ || =0.8, γ
⊥

=0.35. As it is shown, γ ||> γ ⊥ . Thus 

anharmonicity of the interatomic forces is more in the strong 
bonding direction.
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GaS ÌÎÍÎÊÐÈÑÒÀËËÀÐÛÍÛÍ ÃÐÓÍÀÉÇÅÍ ÏÀÐÀÌÅÒÐËßÐÈ Âß ÈÇÎÒÅÐÌÈÊÈ ÑÛÕÛËÌÀÑÛ  

 
80-410Ê òåìïåðàòóð èíòåðâàëûíäà GaS ìîíîêðèñòàëëàðûíûí Ãðóíàéçåí ïàðàìåòðëÿðèíèí âÿ èçîòåðìèêè ñûõûëìàñûíûí òåìïåðàòóð àñûëûëûãëàðû 

òÿäãèã åäèëìèøäèð. Ýþñòÿðèëìèøäèð êè, òåìïåðàòóðóí àðòìàñû èëÿ Ãðóíàéçåí ïàðàìåòðëÿðè àçàëûð, èçîòåðìèêè ñûõûëìà èñÿ àðòûð.  
 

З.А. Искендерзаде, В.Д. Фараджев, Е.М. Курбанов, Э.К. Касумова  
 

ПАРАМЕТРЫ ГРЮНАЙЗЕНА И ИЗОТЕРМИЧЕСКАЯ СЖИМАЕМОСТЬ МОНОКРИСТАЛЛОВ  GaS   
 

Исследованы температурные зависимости параметров Грюнайзена и изотермической сжимаемости монокристаллов GaS в 
интервале температур 80-410К. Показано, что с увеличением температуры параметры Грюнайзена уменьшаются, а изотермическая 
сжимаемость увеличивается.  
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THE LANTHANUM OXY-SULFIDES, ACTIVATED BY NEODYMIUM IONS ARE 

PERSPECTIVE CRYSTALS FOR THE MINIATURE LASERS 
 

G.I. ABUTALIBOV, A.A. MAMEDOV 
Institute of Physics, Azerbaijan National Academy of Sciences, 

Baku AZ-1143, H. Javid av.,33, interservis @azeri.com 
 

The decay kinetics of 4F3/2 of level Nd3+ in the crystals La2O2S has been investigated. The dependence of threshold of generation on the 
nonresonance losses and the output power on the input one at the multimode regimes has been calculated. 

 
In spite of the fact, that three-valence neodymium ions in 

the crystals La2O2S have intensive absorption bands and the 
big cross-section of the laser transition in the comparison 
with the corresponding parameters of three-valence 
neodymium ion in YAG, because of the bad optical quality, 
La2O2S-Nd3+  hasn’t been widely applied in laser technique. 
In the work [1], it is informed, that in La2O2S-Nd3+ at the 
impulse pumping, the generation with the threshold lower, 
than YAG-Nd3+ has been obtained and is proposed, that the 
differential efficiency in 8-12 times bigger, than YAG-Nd3+ 
in the continuous mode can be achieved. In the difference 
from the lamp pumping, at the pumping by the 
semiconductor lasers or light emitting diode, the crystals with 
the bigger sizes don’t need and that’s why La2O2S-Nd3+ can 
become the perspective materials for miniature lasers. The 
aim of the present work is the comparison of the dependence 
of threshold generation on the nonresonance losses, and also 
the dependence of output on the pumping power for La2O2S-
Nd3+ with the analogical dependence YAG-Nd3+ and the 
investigation of the concentration quenching of neodymium 
ions in La2O2S. 

 
1. The concentration quenching of neodymium ions 

in La2O2S 
 

 
Fig. 1. The experimental (total lines) and calculated (dots)  
           decay curves of the upper laser level of neodymium in     
           the crystal La2O2S at the different neodymium    
           concentrations and the excitation with λ=0,53mcm: 
           1-0,8%;  2-x=1,8%. 
           The curve 1 corresponds to the radiation decay. 
 
The decay curves of 4F3/2 of Nd3+ layer ions in La2O2S is 

presented on the fig.1. The decay curve is exponential with 
the constant time 100mcsec at the small ion concentration. 
This time is radiation time. At the big concentration the curve 

becomes the nonexponential, however on the far stage the 
output on the exponential part takes place. 

As it is known, the concentration quenching of 
neodymium ions goes in three stages, which reveal on decay 
curves. 

The first stage is the statically ordered, the second stage 
of the statistically disordered decay connects with acceptor 

relative intensity y ( −= 0
0

,n
n
ny A  is the total number of 

lattice points in the volume unit, which can be full of 
acceptors) by the ratio [2] 

 
                     ∑ −=

i
iDACT RyCW 6                   (1) 

 
where sum is taken by all points of acceptor sublattice (center 
in donor), but CDA is microparameter, which characterizes the 
donor-acceptor interaction. For the definition of CDA 
microparameter it is need to know the lattice sum ∑ −

i
iR 6 . 

At the definition of lattice sum the structural data, taken from 
the work [3], according to which La2O2S has space group 

3
3dD  were used. The point symmetry, filled by lanthanum 

(neodymium) is υ3C . The elementary cell of La2O2S is 
ortorombical with parameters: a=4Å, c=6,82Å, c/a=1,7. The 
lattice sum, calculated by us, is equal to 3,4⋅1045 cm-6, and 
minimal distance between neodymium ions R0=3,7Å. Knowing 
the lattice sum and velocity of the statical ordered decay, the 
microparameter of donor-acceptor interaction, which is equal 
to CDA=4,3⋅10-40 cm6sec-1, was defined by us. 

In the work [4], the theory of quenching of luminescence 
at the presence of excitation migration on donors is spread, 
kinetics of the luminescence decay in all time scale is found 
and the expression for the velocity of migrated quenching in 
the common form is obtained: 
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here )(tΠ  -function of the nonradiation energy transfer, nA 
is acceptor concentration, WDA=CDA/RS is probability of the 
couple donor-acceptor interaction, S is the multiplicity of 
donor-acceptor interaction, )( 'tRn  is the instant excitation 
density on the donor, being on the distance R from acceptor 
(it is considered, that n(R.0)=1), τ - is the more probable time 
of the one excitation “jump”, which is equal to the case of 
dipole-dipole donor-donor interaction: 

 

                        
1

23

27
8 −

⎟
⎠
⎞

⎜
⎝
⎛= DDDnCπτ                      (5) 

 
The consideration the real crystalline structure of the 

sample leads to the expression, obtained in [5] in limits of 
approach [4]: 

           

              ∑=
i

iDA
D

A tRnW
n
n

tW ),()( ,                (6) 

 
summation on the points of donor lattice, nD is the number of 
donor points in the volume unit. The calculation of total 
kinetics decay of the excited state on the expression [6] 
allows to define the microparameter of donor-donor 
transmission CDD without use of the approximation treatment 
methods of experimental results, based on the asymptotic 
approximations, the evidence of which needs the special 
consideration. The definition circuit CDD, offered in the work 
[6] is following. The decay curves in all time interval 
corresponding to the experimental plots at the above 
mentioned definite value CDD are calculated. The design 
lattice of the curves puts on the experimental plot, which is 
obtained at the given concentration of donors and acceptors 
and from the condition of the best agreement of calculated 
and experimental kinetics, the microparameter CDD value is 
defined. The best agreement of the calculated and 
experimental decay curves in the all time range at     
CDD=3⋅10-38cm6sec-1. Thus, the microparameters, defined by 
us, allow to define such characteristics of the substance, as 
luminescence quantum output, optimal concentrations of the 
active impurities and e.t.c. 

 
2. The comparison of the generation parameters  
    La2O2S-Nd3+ and Y2,97Nd0,3Al5O12 
 
The wave lengths of pλ  pumping, corresponding to the 

transfer maximums 9/2
4

9/2
4 FI →  of Nd3+ ions, are equal to 

820 nm and 808 nm for the crystals La2O2S-1%Nd3+ and 
Y2,97Nd0,3Al5O12, correspondingly. The crystal length l  was 

considered as optimated one  l~
Pα

1 , where Pα  is 

absorption coefficient on the wave length of pumping. The 
life times τ of upper laser layer 4F3/2 are equal to 100 mcsec 
and 230 mcsec, the value of resonance loss ΓR is equal to 
0,16% and 0,2%, the cross-section of the generation transfer 
(σ) is equal to 2,1⋅10-18cm2 and 46⋅10-20cm2, particle part (F) 

on the Stark sublevel of upper laser level is equal to 0,52 and 
0,4 for the crystals La2O2S-1%Nd3+ and Y2,97Nd0,3Al5O12, 
correspondingly. 

  Applying the expression 
                         

      ( )[ ] σταλ ⋅⋅⋅−−
+

=
F

ГГhc
P

pp

R
порог

lexp12
)( 0        (7) 

 
for the calculation of the generation threshold at the 
longitudinal excitation, the plots of dependencies Pthres on 
nonresonance loss Γ0 for crystals La2O2S-1%Nd3+ and 
Y2,97Nd0,3Al5O12 have been constructed by us. From the fig.2 
it is well seen, that power of generation threshold of 
Y2,97Nd0,3Al5O12 is higher, than La2O2S-1%Nd3+. 
 

 
 
Fig.2. The dependence of the density of pumping threshold  
          power on the nonresonance losses at the longitudinal  
          pumping: 1- La2O2S-1%Nd3+ 
                         2 - Y2,97Nd0,3Al5O12 

 

 
 

Fig.3. The dependence of output power on the input one  
          at the longitudinal pumping in the multimode   
          regime:  1 - La2O2S-1%Nd3+ 
                       2 - Y2,97Nd0,3Al5O12     

 
The laser output power is defined by the following 

expression
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The ratio ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

P

L

ν
ν

, (where PL,νν  are frequencies of 

generation and pumping) is equal to 0,763 for the crystals 
La2O2S-1%Nd3+ and Y2,97Nd0,3Al5O12. The values of 
nonresonance losses were accepted as 0,15%.  

The calculated values of Pthres were equal to 0,079 mW 
and 0,8 mW for the crystals La2O2S-1%Nd3+ and 
Y2,97Nd0,3Al5O12 at the beam diameter D=60mcm and        Γ0 
=0,15%.The plots, describing the dependences of Poutput on 

the Pinput are given on the fig.3. It is seen, that both plots are 
almost coincide. This is connected with the fact, that at 

thres
R

input PP
Γ
Γ

〉  in formula (8) the Pinput gives the main 

deposit.  
Thus, we conclude, that it is possible to create miniature 

lasers with the record characteristics on the crystal base 
La2O2S-1%Nd3+.
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ТУЩВШЬДЦ ФЛЕШМДЦЖВШКШДЬШЖ ДФТЕФТ ЩЛЫШЫГДАШВШ -  ЬШТШФЕНЪК ДФЯУКДЦК ЪЮЪТ  

ЗУКЫЗУЛЕШМДШ ЛКШЫЕФДДФКВЭК 
 

La2O2S лкшыефддфкэтвф Nd3+ шщтдфкэтэт 4F3/2 ыцмшннцыштшт лштуешлфыэ ецвйшй щдгтги. Путукфышнфтэт ифж мукьц рцввштшт йункш-
куящтфты шелшдцквцт мц ющч ьщвфдэ куошьвц юэчэж пъсът пшкшж пъсътвцт фыэдэдэхэ руыфидфтэи. 
                                      

Г.И. Абуталыбов,  А.А. Мамедов 
 

ОКСИСУЛЬФИДЫ  ЛАНТАНА, АКТИВИРОВАННЫЕ ИОНАМИ НЕОДИМА - ПЕРСПЕКТИВНЫЕ  
КРИСТАЛЛЫ ДЛЯ МИНИАТЮРНЫХ ЛАЗЕРОВ 

 
Исследована кинетика распада 4F3/2 уровня Nd3+ в кристаллах La2O2S. Вычислена зависимость порога генерации от 

нерезонансных потерь, а  также выходная  мощность от входной при многомодовых  режимах.  
 
Received: 11.11.2004 
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EFFECT OF SPIN-VIBRATIONAL 1+ STATES ON GROUND STATE CORRELATIONS OF 

NUCLEI 
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2Department of Physics, Faculty of Science and Art, Sakarya University, Sakarya, Turkey 

3 Institute of Physics, Azerbaijan National Academy of  Science, Baku, Azerbaijan 
4Department of Mathematics, Faculty of Science and Art, Sakarya University, 

 Sakarya, Turkey 
 
We have considered a number of features of the ground state correlations (GSC) in deformed nuclei connected with the effective spin-

spin forces in the framework FR-QRPA, R-QRPA and QRPA. The result of calculations has indicated a significant role of the high energy 1+ 
states and the importance to use a complete set of the RPA solutions for reliable predictions of the theory in GSC. It is concluded that 
collective excitations, which form M1 resonance give dominant contribution to GSC. The total number of quasiparticles in the ground state 

qpN and the nuclear transition matrix elements are significantly affected due to the collective states of the M1 resonance energy region. The 

results are practically insensitive to the QRPA, R-QRPA and FR-QRPA methods with isovector spin-spin interactions in particle-hole (p-h) 
channel. 
 

1. Introduction 
 

Quasiparticle Random Phase Approximation (QRPA) is 
based on the quasiboson approach (QBA), which treats the 
two quasi-particle states as bosons [1]. An improvement of 
this approach is the Renormalized QRPA (R-QRPA), which 
takes into account the Pauli principle for the fermion pairs in 
the correlated ground state [2-4]. A further development of 
this approach for realization of a self-consistent condition 
between ground state and RPA matrix elements was 
presented in [5-7]. Recently the pn R-QRPA for charge-
exchange processes was formulated in [8]. An extended 
version of this approach with proton-neutron pairing (Full 
Renormalized QRPA) was proposed and applied to the 
double beta decay [9]. The R-QRPA has been intensively 
used in previous studies of the double beta decay [10,11]. 

But R-QRPA violates the Ikeda sum rule, which is 
fulfilled within QRPA and must be fulfilled for an exact 
solution [11-13]. In the last decade different ways were used 
to extend R-QRPA in order to cure this drawback of R-
QRPA [12-14]. But the drawback has not been cured neither 
in the self-consistent QRPA [14] nor in the second order 
QRPA [12] and self-iterative BCS+RQRPA [13]. The main 
disadvantage of the R-QRPA is inconsistency between the 
model Hamiltonians and one phonon wave functions. 
Modification of the phonon operators by including scattering 
terms is unavoidable if one wants to restore the ISR [15] or 
EWSR within R-QRPA [16]. 

Recently the Fully Renormalized QRPA (FR-RQRPA) 
was formulated in [17]. In this approach the phonon operator 
is constructed from a given quasiparticle structure of the 
effective interactions by means of invariance principles. By 
requiring that the phonon operators must have a good angular 
momentum J and commute with the total particle number 
operator a consistent description with given Hamiltonian is 
achieved. Because of this full consistency between the 
phonon structure and Hamiltonian the FR-RQRPA fulfills 
ISR exactly. 

The calculation beyond QRPA requires the solution of the 
complex nonlinear system of equations of motion. It follows 
to take all RPA solutions for all the R-QRPA calculations 

into account. Indeed in this approach the collective states are 
important in ground state correlations. In numerical 
calculations we must, in principle, take into account all the 
eigenstates of QRPA Hamiltonian in the GSC calculations. 
Many R-QRPA calculations [2,13-18] take into account only 
the  first or some lowest QRPA solutions neglecting high 
energy QRPA solutions in the ground state expectation value 
of operator equations. Excepting [13], as a rule, the 
description of Double Beta Decay (DBD) [10,11] in all R-
QRPA calculations have been performed without taking into 
account the effects of high energy state, since there are no 
physical grounds whatever for neglecting the effect of high 
energy solutions. It is impossible to guarantee the smallness 
of the effects associated with these approximations. 
Therefore, the results of numerical calculations are not fully 
correct because of the collective high energy admixtures. One 
can expect large effects of the collective high energy states of 
resonance energy region on the average number of 
quasiparticles in ground state ( 2

,
2 i

q qq
i q

N Y ′
′

= ∑ ) [7] if one 

keep in mind that for collective states backward amplitudes 
are large i

ssY ґ  than non collective states [1,19]. Therefore their 
influence on the results and contribution to GSC should be 
large.  

Here we want to study the influence of high energy spin-
vibrational 1+ states and the FR-RQRPA approach in 
comparison with QRPA and R-QRPA on the ground state 
correlations in deformed nuclei. Up to now, the important 
aspect of high energy RPA solutions on GSC has not been 
examined.  In connection with this, it is interesting to 
establish how important the role of high energy RPA 
solutions for the ground state correlations is and to estimate 
their contributions to the average quasiparticle number qpN . 
In order to demonstrate the order of magnitude of the effects 
of high energy solutions in the GSC we have calculated  

qpN and B(M1) value of the 1+ excitations generated by the 
isovector spin-spin forces for the deformed 154Sm, 156Gd, 
168Er and 178Hf of the rare-earth nuclei. 
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2. Theory 
  

Let us consider a system of nucleons in an axially 
symmetric mean field interacting via pairing forces. In this 
case the corresponding single-particle Hamiltonian of the 
system is given as  

 
))()()()()(( ~~ τατατατατ ss

s
ssssqp EH ++ += ∑     (1) 

 
here sE  are the single-quasiparticle energies of the nucleons 
and isospin index τ  takes the value n(p) for neutrons 
(protons), )( ss αα+  are the quasiparticle creation (annihilation) 
operator and single particle states s~  are the time-reversed 

of s .Now supposing the isovector spin-spin interactions 

generate the 1+ states in deformed nuclei, then the model 
Hamiltonian of system can be written as [20]  

 
                              sqpH H Vστ= +                               (2) 
where  

                  ∑=
j,i

j
Z

i
Z

jiV ττσσχστστ 2
1

.                  (3) 

  
Here Vστ  is charge-exchange spin-spin interaction, 

στχ denote spin-isospin coupling parameter.σ  and τ  are 
Pauli matrices representing the spin and isospin, respectively 
.In FR-RQRPA the modified  phonon operator of the 
collective excitations in even-even deformed nuclei can be 
written as 

 

   00 2
1

Ψ−=Ψ=Ψ ∑ ++

τ

ττττ
ґ,ss

ґss
i
ґssґss

i
ґssii )](C~)(Y)(C~)(X[Q                                       (4) 

 

      ∑ =−
τ

ττ
ґss

i
ґss

i
ґss )](Y)(X[ 122

                                                                           (5) 

  
Hereafter we use all definition of ref. [21], now, we 

present the expressions of the Hamiltonian (1) and σ+1 in FR-
QRPA representation  

 

                       ∑ +=
µ

µµστστ σσχ
2
1V                          (6) 

 
where  

 
    ∑ −= +

+
ґ

ґґґґґґ1 )~~(2
ss

ssssssssssss CvuCvuG σσ         (7)  

 
Here, ґssG  takes into account the blocking effect due to the 
Pauli principle (scattering terms, exact commutator etc.), 

µ
µ

µ σσ −
+ −= )1(  and ґ1ґґ ssss += σσ . Employing the 

conventional procedure [19,20] of QRPA with the equation 
of motion:    

 
                     ++ =+ iiisqp QQVH ωστ ],[                      (8) 
 

one can obtain the equation for the energy ωi of one-phonon 
1+ excitations in the form (see, e.g., refs. [21])  

 
                        01 =+= σστσ χ FD                           (9)  
 

where 
 

                   ∑ −
=

ґ
2

ґ
*
ґ

2
ґ

2
ґґґ2

ss issss

ssssssss

EE
LEG

F
ω
σ

σ                     (10) 

  

Here, the function σF  is defined as usually for the spin-
vibration, ssss EEE ′′ +=  are two-quasiparticle energies,    
Lµ≡usvs´-us´vs, us and vs the Bogolyubov transformation 
parameters and  

 
                             ґґ

*
ґ

~
ssssss EEE +=                            (11)    

    )(
)(

)(~
ґ222

ґґ

ґґ
ґґ ss

ssss

ssss
ssss

NN
vvG
vuvu

EEE −
−

−=    (12)  

 
and  

 

     ґ22
ґ

2
ґ

2
ґ

22
ґ

22

ґ 2
1

2
11 s

ss

ss
s

ss

ss
ss N

vv
vu

N
vv
vu

G
−

−
+

−

−
−=      (13)  

 
Here qN  is average quasiparticle occupation number in the 
ground state modified by interactions between nucleons. The 
calculation of the qpN  can be performed with help of the 
fermion-boson mapping [7]. In the phonon representation one 
gets 2

,

2 i
q qq

i q

N Y ′
′

= ∑ . We show that in FR-QRPA the two-

quasiparticle energies *
ґssE  are naturally modified by the 

given interactions between nucleons. As a result the 
interactions between quasiparticles and the transition matrix 
elements are changed since it involves particles with 
modified properties. ґ

~
ssE  is responsible for the modification 

of the quasiparticle energies. Note that in the R-QRPA and 
QRPA the expression (12) is zero. The two-quasiparticle 
amplitudes of the one phonon wave function (4) can be 
written as 
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)(
4 i

i

i
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EE
EL
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G
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µ
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+
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*
i

i

p

EE
)E(L

Z
G

X
ω
ωσ

ω µµ

µµµ

σ

µ
µ −

+
=             (14) 

 

       24 i
*

i

i

n

EE
)E(L

Z
G

Y
ω
ωσ

ω µµ

µµµ

σ

µ
µ −

−
−= , 24 i

*
i

i

p

EE
)E(L

Z
G

Y
ω
ωσ

ω µµ

µµµ

σ

µ
µ −

−
=               (15) 

 
where 

                                                                             ∑ −
=

ґss iґss
*
ґss

ґssґssґssґss

)EE(
LEG

Z 22

22

2
ω
σ

σ ,                                                             (16) 

 
3.  Results and Discussion 
 
Numerical calculations have been carried out for the 

deformed nuclei in the rare-earth region 150<A<172. The 
experimental values of deformation parameters of these 
nuclei were taken from [22]. The single particle energies are 
obtained from the Warsaw deformed Woods-Saxon potential 
[23]. The basis contains all discrete and quasi-discrete levels 
in the energy region up to 3 MeV. The pairing interaction 
constants chosen according to Soloviev [1] are based on 
single particle levels corresponding to the nucleus in 
question. The isovector spin-spin interaction strength was 
chosen to be χστ =40/A MeV [20].  

As the R-QRPA and FR-QRPA calculations are very time 
consuming processes in the deformed case, it is interesting to 
determine which spin matrix elements are important to be 
taken into account while calculating the RPA solutions. We 

calculate the energy weighted and non-energy weighted sum 
rules of M1 transition matrix elements. The calculation shows 

that the matrix elements 42
1 10ґ −
+ ≤sss   do contribute 

only little to the sum rules (the effect does not exceed 2%). 
We perform all the numerical calculations with this 
restriction on the matrix elements.  

The aim of the present calculations is to demonstrate the 
role of collective high energy RPA solutions in GSC 
calculations. This can be obtained by the comparison with the 
results calculated in different energy regions. The results of 
calculated qpN values for 154Sm and 178Hf taking into account 
RPA solutions in different energy region are given in Table I 
for the various FR-QRPA, R-QRPA and QRPA methods. 

 
                   Table 1  

Comparison of the value of qpN calculated with Hamiltonian (1) using FRQRPA approach, RQRPA and QRPA 
 

154Sm                
 

                                        

                                      178Hf 

ω (MeV) FR-QRPA R-QRPA QRPA FR-QRPA R-QRPA QRPA 
 

2-5 
5-9 
9-13 
13-25 
2-25 

 

 
0.0100 
0.0108 
0.1361 
0.0077 
0.1646 

 
0.0100 
0.0108 
0.1364 
0.0077 
0.1649 

 
0.0100 
0.0108 
0.1364 
0.0078 
0.1650 

 
0.0097 
0.0160 
0.1485 
0.0048 
0.1790 

 
0.0097 
0.0160 
0.1482 
0.0048 
0.1787 

 
0.0097 
0.0160 
0.1489 
0.0048 
0.1794 

 
 There is a fragmentation of the 1+ states at low energy. 

For these 1+ states the summed  qpN  is order of 0.07 and 

contains about 8 % of the total qpN . Contributions of the 1+ 

states with large value qpN are obtained in the energy region 

9-13 MeV. The absolute value  qpN  in this region is in the 
order of 0.15. The relative contribution of the high energy 
RPA solutions which form M1 resonance gives more than 
80% of the total number of quasiparticles in the ground state 
of the nuclei considered. Thus we see that the models, which 

take into account only low-lying states overestimate ground 
state correlations strongly.  

Besides the qpN  another important quantity of the 1+ 

states is )(ωqpN  distribution over RPA solutions. The 
distribution of the average number of quasiparticles in the 
ground state )(ωqpN  for the different RPA solutions ωi 

gives important information about the role of the 1+ states 
and their relative contributions on ground state correlations. 
In Fig.1 we show examples of these calculations for the 
nucleus 168Er. 
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Fig.1. Distribution of the relative values of )(ωqpN  in relation to the total qpN  value for the 1+ states in 154Sm. 

 
As seen from the figure, most contributions come from the 

high energy collective states which form M1 resonance. We 
note that the 1+ states in the M1 resonance region take up to 
about 80% of the total qpN . Unlike previous calculations 
[2,8,18] we conclude that the collective states of the 

resonance region exhaust the main part of the total qpN  and 
their role is very important for GSC.  

The comparison of the calculated value of qpN  for 154Sm, 
156Gd, 168Er and 178Hf in framework QRPA, R-QRPA and 
FR-QRPA approaches are given in Fig.2. 

 

 
 

Fig.2. Comparison of the average number of quasiparticles in the ground state qpN  due to the vibrational 1+ states calculated in the  

          QRPA, R-QRPA and the FR-RQPA approaches. The three different approaches QRPA, R-QRPA and FR-QRPA are denoted  
          below the axes as QR, RQ and FR, respectively. 

 
It follows from Fig.2 that the total values of qpN  are 

almost the same in QRPA, R-QRPA and FR-QRPA approach 
(a difference is about 1-2% of the total qpN ). The results that 
we have obtained indicate a significant role of the high 
energy 1+ states and the importance to use a complete set of 
the RPA solutions for reliable predictions of the theory in 
ground state correlations calculations. Besides the 
calculations show that the absolute values of qpN  are almost 
the same in QRPA, R-QRPA and FR-QRPA for the p-h 
isovector spin-spin interaction. 

 
4. Conclusions and outlook 
Thus, we have considered a number of features of the 

GSC in deformed nuclei connected with the effective spin-
spin forces in p-h cannel. It is concluded that high energy 

collective excitations which form M1 resonance give 
dominant contribution to GSC. The total qpN  and 
renormalizied nuclear transition matrix elements are 
significantly affected by the collective states of the M1 
resonance energy region. The study of ground state 
correlations seems to give some evidence for the importance 
of  taking into account a full spectrum of RPA solutions for 
reliable predictions of the theory.  
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ÑPÈN—ÂÈBRASÈYA 1+ ÑßVÈYÉßLßRÈNÈN ÍÖVßLßRÈÍ ßSAS ÙALÛÍÄÀÊÛ ÊORELASÈONLARÛNA ÒßSÈRÈ 

 
Mÿqalÿäÿ deformasiyalû növÿlÿrin ÿsas hal korelasionlarûnûn effektiv spin-spin qövvÿtlÿri ilÿ ÿlaqÿdar olan bÿzi xassÿlÿri FR-QRPA,   

R-QRPA âÿ QRPA  ìetodlarû ÷ÿr÷èâÿsindÿ tÿdqiq edilmèødir. Hesablamalar ÿsas hal korelasionlarûnda etibarlû nÿticÿlÿr ÿldÿ edilmÿsi ö÷öí 
yöksÿk enerjili kollekòiv 1+ sÿviyyÿlÿrin vÿ RPA metodunun bötön kþklÿrinin (tam set) nÿzÿrÿ alûnmasûnûn möhöm rol oynaäûüûíû 
gþstÿrmiødir. 

M1 rezonansû meydana gÿòirÿn kollektiv sÿviyéÿllÿrin ÿsas hal korelasionlarûna ÿlavÿsinin ãàëàí ñÿâèééÿëÿðäÿí daha bþyök oläóüó 
gþstÿrilmiødir.  Bu kollektiv sÿviyéÿlÿr, ÿsas haldakû kvazizÿrrÿciklÿrin tam sayûna vÿ növÿ ke÷iäëÿrinin matris elementlÿrinÿ äàùà ÷îõ tÿsir 
etmÿkdÿdir. Nÿzÿri hesablamalar spin-spin qöâvÿtlÿrini zÿrrÿcik-deøik kanalûnda nÿzÿrÿ alan QRPA, Ð -QRPA âÿ ÔÐ-QRPA  metodlarûnda 
ÿldÿ edilÿn nÿticÿlÿrin bir-birinÿ yaxûn olduüunu gþstÿrmiødir.  

 
А.А. Кулиев, М. Гунер, А. Кулиев, М. Тютюнчу 

 
ЭФФЕКТ СПИН-ВИБРАЦИОННЫХ 1+ УРОВНЕЙ НА КОРРЕЛЯЦИИ В ОСНОВНОМ  

СОСТОЯНИИ В ЯДРАХ 
 

В статье рассмотрено несколько свойств корреляции в основных состояниях деформированных ядер, связнных с эффективными 
силами в рамках FR-QRPA, R-QRPA и QRPA. Результаты вычислений указывают на значительную роль высоких энергетических 1+ 
состояний, важность использования полного набора RPA для надежного предсказания теории корреляции в основном состоянии. 
Показано, что коллективные состояния, формирующие M1 резонанс дают доминирующий вклад корреляции в основное состояние. 
Выше упомянутые состояния имеют значительное влияние на полное число квазичастиц в основном состоянии и матричные 
элементы ядерных переходов. Полученные результаты практически не чувствительны к использованию QRPA, R-QRPA и FR-
QRPA методов, которые используют изовекторное спин-спиновое взаимодействие в канале частица-дырка. 
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THE PERSPECTIVITY OF THE SEMICONDUCTOR GLASSES, 
AS THE ACTIVE MEDIUM FOR THE MINIATURE LASER 

 
G.I. ABUTALIBOV, A.A. MAMEDOV 

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

 
The threshold of generation at the longitudinal and transversal methods of pumping and output power at the multimode and one mode 

regimes for the miniature lasers have been calculated. The probability of miniature laser creation on the base of the sulfide, oxy-sulfide and 
sulfide- oxygen glasses, activated by Nd3+ at the longitudinal and transversal excitation methods, has been created. 

 
The high-qualitative optical fibers, used in the 

communication systems, have the minimal losses in the wave 
length region 1mcm-1.3mcm. It is followed, that miniature 
neodymium lasers, generating the radiations on the wave 
lengths ~1.06mcm, can be successfully applied in these 
systems, as the light source. For the clearing of the 
perspectivity of sulfide, oxy-sulfide and sulfide-oxygen 
glasses, as the miniature laser medium, it is need to compare 
the dependence of threshold on the nonresonance losses at the 
different pumping configurations and also the dependence of 
the output power on the input one for these glasses with the 
corresponding dependences for the glasses by the type ED-2 
[1]. 

As it is known, the laser generation condition has the 
form: 

 
                            1err )(l2

21
l =−δγ ,                             (1) 

 
where r1 and r2 are mirror reflection coefficients, γl is the 
medium gain exponent, l is the medium length, δ are losses in 
the medium. Taking into consideration, that γl=σ⋅∆N, where 
∆N is the population inversion between Stark sublevels of the 
generation transition, σ is the cross-section of this transition. 
Taking into consideration (1), we have: 

 

            ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+=∆

21rr
1Ln

l
12

2
1N δ
σ

 .                 (2) 

 
If photon number, falling on the unit area of laser 

medium in the unit time is I0, then the photon number, 
absorbed on the unit area in the unit time will be 

)e1(I
lp

0

α−
− . Here αp is the medium absorption coefficient. 

In the continuous regime of laser work: 
 

                  
f

l
0 F

Nl)e1(I p

τα
α ∆

=− −  ,                   (3) 

 
where τf is the life time of the upper laser level, Fα is the 
particle part in the Stark sublevel of the upper laser level, 
from which the laser transition takes place: 

 

                
kT

E

kT
E

e1
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1
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−
+

, 

where ∆E is the energy gap between Stark sublevels of the 
upper laser level 4F3/2. The first expression for Fα  
corresponds to the case, when laser transition takes place 
from the upper sublevel 4F3/2 and the second expression 
corresponds to the case, when transition takes place from the 
lower sublevel.  

From the formula (3), we define the I0 
  

                      
α

ατ F)e1(
NlI l

f
0 p−−

∆
=                         (4) 

 
Substituting the formula (2) in the formula (4), we 

obtain: 

                     
α

αστ

δ

F)e1(2

)
rr
1Lnl2(

I l
f

21
0 p−−

+
=                     (5) 

 

Let’s write 
21rr

1
Lnl2 +δ  in the form: 

 

R0
21rr

1Lnl2 Γ+Γ=+δ  , 

 

where Γ0 is the nonresonance losses, but ΓR is the resonance 
ones ΓR=2lσNβl/z, where N is the work ion density, 

kT
2/9I4,2/11I4E

t e

∆

−
=β , Z is the ratio of summary population 

of Stark sublevels 4I9/2 and sublevels 4I11/2 till the lower laser 
sublevel to the population of the lowest Stark sublevel 4I9/2. 
Expressing the formula (5) in the energies, we define the 
power density at the threshold: 

 

             
)e1(F2

)ГГ(hcIhP l
fp

R0
0ptreshold pα

αστλ
ν −−

+
==      (6) 

 
In the case of transversal pumping we have: 
   

                       
lF2
)ГГ(hcP

pfp

R0
treshold αστλ α

+
=   .                (7) 

 

Let’s consider the 4-level energy laser circuit. The time 
change of the stored atom energy N on the upper laser level 
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and the energy Ef of coherent electromagnetic field inside the 
resonator is described by the equations: 

 

 

)T(E)nN(E
dt

dE

)nN(E)nN(AAR
dt
dN

FF
F

Fn

εβ

β

+−−=

−−−−−=

      ,    (8)  

 
where t is time, N is the atom quantity in the upper laser 
level, but n is the atom quantity in the lower laser level. The 
both values N and n are multiplied on the energy of laser 
transfer. R is the atom quantity, pumped in the upper laser 
level in the unit time. The parameter of the stimulated 

radiation 
LSLh

C

ν

σ
β = , where hvL is the laser transition 

energy, S is the laser medium cross-section, L is the length of 
the one transfer in the resonator, T is the omission of the 

output mirror, divided on the 
C

L2
, ε are losses in two 

transfers, in the resonator, divided on the 
C

L2
, A is equal to 

the inverse life time of the upper laser level. The ε parameter 
is the damping coefficient of the resonator, excepting the 
losses, caused by the output mirror and any resonance losses. 
The Bolzman population of lower laser level, namely, the 
resonance losses (ΓR) have been taken into consideration by 
us. In the formula (8) the derivations on t are equal to zero in 
the continuous   laser regime: 

 

     
)T(E)nN(EO

)nN(E)nN(AARO

FF
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           (9) 

 
The output power is defined as TEf. Calculating (9) in 

respect of EF, we obtain: 
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From the extremum condition ,0
dT

dP
=  we find the 

maximum output power in the continuous regime: 
 

      
( )

( )
2

0

0

1
1AnRP

1T

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−−=

−=

φ

ϕε
 ,                 (11) 

 

where 
ε

β
φ

A

)AnR( −
= . Thus, φ parameter is defined as the 

ratio of the effective pumping to the minimal effective 
pumping, needed for the achieving of threshold (at T=0). The 

R parameter is equal to ,
p

L
inputP ⎟
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⎜
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ν
 where Pinput is pumping 

power, of absorbed laser medium vp is pumping center 
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absorbed power at the threshold. 
Multiplying the right part of the formula (12) on the f, we 

obtain the output in the multimode regime at the longitudinal 
pumping 
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The f is defined as the ratio of the volume, engaged by 

the in the active medium to the pumped volume. 
Instead of the step function, in limits of which, the 

transversal distribution   of the intensity stays constant, we 
take Gaussian distribution function, which is character for 
TEM100 mode: 

                     2

2

c

2

FF eEE ω
ρ

−
= ,                  (14) 

 
 where 

cFE is light energy on the surface unit along resonator 

axis, ρ is the distance from the resonator axis, ω is gudgeon 
radius. 

The density of the light energy and the density of the 
inversion energy are described by the equations: 

 

  ( ) ( )[ ]∫ ∫ +−−= dSTEnNEdS
dt

dE
FF

F εβ   (15) 

              
)nN(E)nN(AAR

dt
dN

Fn −−−−−= β .  (16) 
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Here, it is proposed, that values EF, N and R are 
beforehand integrated on the length of laser medium. Here N 
and n are atom quantities in the surface unit in the upper and 
lower levels correspondingly, and parameter of the stimulated 

radiation β is equal to 
LLh

c

ν

σ
. R is the atom quantity, 

pumped in the upper laser bed, on the surface unit in the time 

unit and is equal to SP
p

L
input ⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛

ν

ν
 The dS is the surface 

element in the plane, which is perpendicular to resonator axis. 
In the stationary case instead of the equations (15) and (16), 
we obtain: 

          ∫ ∫ −
+

= dS)nN(E
T

dSE FF ε
β

               (17) 

                    
 )nN(E)nN(AAR Fn −+−=− β      (18) 

 
Substituting the formula (18) in the formula (17), we 

obtain: 
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Substituting the expression for EF of formula (14) in the 

both parts of the equation (19), after integration, we obtain: 
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The laser output is defined by the following expression: 
 
                        ∫= dSETP Foutput                        .    (21) 

 
Substituting the formula (14), we obtain: 
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Substituting the 

cFE value, defined in the formulae (22), 
in the formula (20), we obtain: 
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At the optimal omission of mirror and the maximum 
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−
=  and upper indexes on 0

outputР and T0  

correspond to maximum and optimal values correspondingly. 
Substituting the 0

outputР  (24) in the right part of the formula 
(23), we obtain: 
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Using the expression T0, found in the formula (24), we 

obtain: 
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Using for expressions for R, threshold and loss, we 

obtain: 
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where ω0 is radius of the active medium. 

Using the expressions of the formulae (6), (7), (13) and 
the spectroscopy data (table 1), the comparisons of the 
generated parameters of glasses in the corresponding 
parameters of ED-2, in which the generation has been 
obtained, were carried by us. 

                                                                                                                                                                               Table 1.  
Spectroscopy data of glasses 

 
Material 

λL, 
nm 

λp, 
nm 

αp, 
cm-1 

σ, 
Cm2 

τ, 
Mcc 

N, 
cm-3 

Fα βx 
(10-4)  

z

1  
ΓR, (%) 

0.112Nd2S3 0.888La2S3-3Ga2S3 1073,2 12 22,6 4,7·10-
20 

45 5·1020 0,74 1,05 0,505 0,011 

0.095Nd2S3 0.905La2S3-2.3Ga2S3 1073,2 812 18,4 3,8·10-

20 
62 5,3·1020 0,75 1 0,444 0,0097 

0.097Nd2S3 0.903La2S33Ga2O3 1067,4 809 14,8 2,5·10-
20 

88 6,08·1020 0,76 1 0,457 0,0094 

0.085Nd2S3 0.915La2S3 2.3Ga2O3 1071,2 810 15 2,9·10- 82 6,2·1020 0,75 1,05 0,449 0,011 
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20 

La2S3 ⋅2Ga2O3 – 3.8% Nd3+ 1071,2 810 20,8 2,9·10-
20 

51 7,6·10-20 0,75 1 0,48 0,01 

0.11Nd2O2S⋅0.89La2O2S⋅3Ga2S3 1071 812 16,9 3,2·10-
20 

65 5,2·1020 0,73 1,1 0,442 0,009 

ED-2 1060 808 1,27 2,9·10-
20 

300 2,83·1020 0,64   0,064 

 

 
 
Fig.1. The dependence of the density of threshold power of pumping on the nonresonance losses at the (a) longitudinal and (b)   
          transversal pumpings:  
          1- 0.112Nd2S3 ⋅0.888La2S3⋅3Ga2S3 
          2- 0.095Nd2S3 ⋅0.905La2S3⋅2.3Ga2S3 

                  3- 0.097Nd2S3⋅0.903La2S3⋅3Ga2O3                   
                  4- 0.085Nd2S3 ⋅0.915La2S3 ⋅2.3Ga2O3 

          5- La2S3 ⋅2Ga2O3 – 3.8% Nd3+ 
          6- 0.11Nd2O2S⋅0.89La2O2S⋅3Ga2S3 
          7- ED-2. 
 
The dependence of the threshold on the nonresonance 

losses for every material at the transversal pumping is 
presented on the fig.1b. The length of every material l=1cm. 
For the calculation of Z parameter, we propose, that Stark 
sublevels 4I9/2 are on the equal distances in the energy scale. 
According to Fα parameter, the gaps between Stark 
components 4F3/2 for every glass on absorption spectrums 4I9/2 
→4F3/2, fixed at T=77K, were defined by us. From the fig.1b, 
it is seen, that investigated by us glasses have the very low 
threshold in the comparison with ED-2 at the longitudinal 
pumping. Thus, investigated by us glasses are the perspective 
materials for the creation of miniature lasers at the transversal 
pumping. It is need to note, that formulae (13) and (26) have 
to be multiplied on the gathering of diode radiation 
coefficient ξ and the efficiency of diode η. These coefficients 
don’t take into consideration by us for simplicity. The 
dependence of the threshold on the nonresonance losses for 
every material at the longitudinal pumping is presented on the 
fig.1c. The length of every material was considered as 

optimized one, i.e. 
p

1

α
=l . It is seen, that the generation 

thresholds are significantly higher, than ED-2 in the 
investigated glass by us. The relative small thresholds have 
the glasses with the compositions 0.095Nd2S3 

⋅0.905La2S3⋅2.3Ga2S3 and 0.085Nd2S3 ⋅0.905La2S3 ⋅2.3Ga2O3. 

The dependence of the output power on the input one on the 
longitudinal pumping in the multimode is represented on the fig.2. 

 

 
Fig.2. The dependence of the output power on the input  
           one at the longitudinal pumping in the multimode  
           regime: 
            1- 0.112Nd2S3 ⋅0.888La2S3⋅3Ga2S3 
            2- 0.095Nd2S3 ⋅0.905La2S3⋅2.3Ga2S3 
           3- 0.085Nd2S3 ⋅0.915La2S3 ⋅2.3Ga2O3 
           4- 0.097Nd2S3⋅0.903La2S3⋅3Ga2O3 
            5- La2S3 ⋅2Ga2O3 – 3.8% Nd3+ 
            6- 0.11Nd2O2S⋅0.89La2O2S⋅3Ga2S3 
            7- ED-2. 
 

For these calculations, it is proposed, that nonresonance 
losses are equal to 0.15%, f=0,5, the operating radius of the 



THE PERSPECTIVITY OF THE SEMICONDUCTOR GLASSES, AS THE ACTIVE MEDIUM FOR THE MINIATURE LASER 

 17

laser element is ~60mcm for every material and ω=0,5ω0. It 
is seen, that investigated by us glasses have the significant 

worse generation parameters, than ED-2 at the longitudinal 
pumping.
 
 

[1] Yariv. Kvantovaya elektronoka, M.: “Sovetskoye radio”, 1980. (in Russian). 
 
 

Р.Ш. Фигефдэищм,  Ф.Ц. Ьцььцвщм 
 

НФКЭЬЛУЮШКШСШ  ЖЪЖЦДЦКВЦТ  ЬШТШФЕЪК ДФЯУКДЦКШТ ФЛЕШМ УДУЬУТЕДЦКШ ЛШЬШ ШЫЕШАФВЦ 
УЕЬЦЛ ШЬЛФТДФКЭ ИФКЦВЦ 

 
Ьштшфеък дфяукдцк ъюът утштц мц гягтгтф рцнфсфтдфтьф рфддфкэтвф, юэчэж пъсъ мц дфяук путукфышнфыэ ифждфнфт gъс ишк мц ющч 

ьщвф рфддфкэтвф руыфидфтьэжвэк. Nd3+ флешмдцжьшж ыгдашв, щлыщыгдашв мц ыгдашвщлышв жъжцдцкштшт цыфыэтвф гягтгтф мц утштц 
рцнфсфтдфтьф рфддфкэтвф  ьштшфеък дфяукдцк нфкфеьфй шьлфтдфкэ фкфжвэкэдьэжвэк. 

 
Г.И. Абуталыбов,  А.А. Мамедов 

 
 

           О ПЕРСПЕКТИВНОСТИ ПОЛУПРОВОДНИКОВЫХ СТЕКОЛ, КАК АКТИВНОЙ СРЕДЫ  
МИНИАТЮРНОГО ЛАЗЕРА 

 
Вычислены порог генерации при продольных и поперечных способах накачки и выходная мощность при    многомодовых и 

при одномодовых режимах для миниатюрных лазеров. Выяснена возможность создания миниатюрных лазеров на основе 
сульфидных, оксосульфидных и сульфидооксидных стекол активированных Nd3+ при продольных и поперечных способах 
возбуждения. 

 
Received: 22.09.2004 
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THE KINETICS OF PHASE TRANSITIONS IN AMORPHOUS FILMS TlInSe2, OBTAINED 

UNDER THE CONDITIONS OF THE ACTION OF THE EXTERNAL ELECTRIC FIELD 
                  

D.I. ISMAYLOV 
 Institute of Physics of National Academy of Sciences of Azerbaijan,  

AZ-1143, H. Javid av., 33 
 

The kinetics of crystallization of TlInSe2 amorphous films obtained by thermal evaporation under the conditions of the action of external 
electric field (E=3000 V·cm-1) is studied by kinematic electron diffraction method. 

The summary activation energy of crystallization is equal to 36,04Kkal/mol. Crystallization velocity of films obtained in electric field is 
higher than one of films obtained under ordinary conditions. 

 
The kinematic electron diffraction method is applied for 

the investigations of phase transition processes. It can be 
applied also for the measurements of diffusion velocities in 
the thin films, basing mainly on the optical measurements. 

For every concrete material of any substance class the 
stationary activation energy values showing the final of phase 
transitions carrying out with the creation of new phase bud 
and the further their growth are defined by this method. The 
results obtained by this method can’t be achieved with the 
enough definiteness by the method of optical reflection and 
other optical methods, which are potentially not useful for the 
thin films of the width from the several nm till the some 
decades of nm, on the investigation results of X-ray 
spectrometry, ellipsometry.  

 

 
 
Fig1 The circuit of electric field creation.  
 
The investigation objects (amorphous films TlInSe2 ) are 

obtained by the way of condensation of the given compound 
in the vacuum 10-4 Pa. The amorphous films that crystallized 
at the different temperatures are prepared at the similar 
conditions. The steam condensation is carried out in the 
constant electric field (fig.1) of the strength E=3000V⋅cm-1. The 
substrates are the small fresh chips of stone salt. The films 
from these substrates are taken by the dissolution of NaCl in 
the water and put on the special furnaces, which are 
especially for the kinematic shooting of the diffraction 
figures, allowing to register the phase transformations 
photographically. 

In the electron diffraction study the photographic 
registration of phase transitions is interest not only by its 
expressivity, but by the possibility to obtain the all picture of 
electron scattering immediately. From the electron diffraction 
pattern, it is possible to take the information about the sample 
microstructure: about superstructural reflections, reflexes 
from twins and general character of background distribution. 

 

 
Fig. 2. Kinetic crystallization curves of amorphous            
            TlInSe2. Values Ткр: 1 - 358 К; 2 - 368 К; 3 - 403 К;  
            4 - 443 К. 

 
For the definition of kinetic parameters of phase 

transformations in the amorphous films TlInSe2 of the width 
25 nm obtained under the conditions of the action of electric 
field the isothermal kinematic electron diffraction patterns at 
the four different temperatures: 398, 408, 423, 443K have 
been obtained. The three diffusion lines corresponding to 
S=4πsinθ/λ=0,2061; 0,3395; 0,5040nm-1; are observed on 
the kinematic electron diffraction pattern (fig.2), taken at 
423K, on which the process of phase transformation is 
observed. The disappearance of diffusion lines according to 
amorphous phase is accompanied by the appearance of the 
lines of crystalline phase, the intensities of which correspond 
to the different moments of film annealing. The electron 
diffraction pattern calculation shows that amorphous film 
TlInSe2 is crystallized in the tetragonal crystal system with 
the periods of unit cell of crystalline lattice, a=0.8075±0.001, 
c=0.6847±0.002nm, c/a=0.8479, SGS I4/mcm, the number of 
formulae units in the cell z=4 [1]. 

The photomicrograms have been taken with the aim of the 
measurement of line intensities of crystalline TlInSe2 from 
the different areas of kinematic electron diffraction patterns 
obtained in the process of amorphous film crystallization. 
The intensities of lines of crystalline phase of TlInSe2 are 
defined by them. The transition from the intensity values to 
the quantity of crystallized substance is carried out with the 
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help of Vainshtein formula [2], taking into consideration, that 
intensity of electron scattering is proportional to the volume 
of scattering substance. 

                                        

         
l4

pVd
II

2
hkl

2
hkl

ohkl πλ
λ ∆

⋅
Ω

Φ
⋅=  .        (1) 

 
Here I0 is intensity of primary beam, λ is wave length of 

primary beam, Φ is structure factor, Ω is the volume of unit 
cell, V is the irradiated volume of polycrystalline substance, 
dhkl  are interplanar distances, ∆ is small area of Debye ring, p 
is repeatability factor, λl is device constant. 

The values stay constant during the kinematic film, 
besides of the volume V. It is followed, that defining the line 
intensities change on the kinematic electron diffraction 
patterns, one can  possible to find the change of substance 
quantity in the dependence on the crystallization time. During 
the transition from the intensity to the volume maximum 
value of intensity is compared with the irradiated volume 
V=S⋅h, where S is the cross-section of electronic 
beam~2,8⋅10-3cm-1, h is the film width~2,5⋅10-6 cm.  

Defining by the given comparisons, the volume of 
intensity unit, the value of volume of crystallized phase in 
every given time moment on the base of which the plots of 
dependence of phase volume changing on time are 
constructed, are found (fig.3). 

 
Fig. 3. Dependence lnln[V0/(V0-Vt)] on lnt for crystallization    
            of amorphous TlInSe2. Denotes are as on Fig. 2. 

 
The obtained isotherms are compared with the famous 

analytic expression of Avraami-Colmogorov for the kinetics 
of phase transitions carrying out with the creation of the new 
phase buds with the following their growth. 
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where Vt is crystallized volume in time moment t, V0 is the 
initial volume, K is reaction velocity  constant, m is constant, 
characterizing the growth of size of new phase center. 

From the formula (3), it is followed, the linear 
dependence lnln[V0/(V0-Vt)] on the lnt. The plot of the 
dependence lnln[V0/(V0-Vt)] on the lnt for temperatures 398, 
408, 423, 443K given on the fig.3 has been constructed on 
the base of experimental data. 

The plot, given on the fig.3 shows, that this dependence is 
described by direct lines, on which all experimental points for 
given temperatures are put. From these line inclinations the 
values of “m” exponent on t have been calculated. These 
values were close to four. It shows, that in the case of 
amorphous film Tl In Se2 crystallization obtained in the 
electric field the three-dimensional growth of small crystals, 
depending on the law established by Avraami-Colmogorov 
takes place and is described by the equation (2). 

The values of lnk, established for temperatures 398, 408, 
423, 443K are equal to -15,80; -12,27; -10,57; -8,43 
correspondingly. The plot of the dependence lnk on inverse 
temperature has been constructed on the base of these data. 
The linear dependence lnk on l/T shows that velocities of bud 
creation and linear growth of small crystals need to describe 
by the expression of the type of Arrenius equation [5] 

                                               

              
RT

)E3E(
Akln p3 +−= ,                         (4) 

 
where A is constant independent on the temperature, R is 
universal gas constant, T is absolute temperature, E3 is 
activation energy of bud creation, Ep is activation energy of 
small crystals growth. 

From the direct line inclination lnk on l/T, the general 
activation energy of crystallization process, which is equal to 
36,04 kkal/mol, has been estimated. 

The activation energy of bud creation, calculated from the 
plot dependence ln(l,τ) on l/T (where τ is experimentally 
observed time of crystallization beginning) is equal to 
Ез=tgα⋅R=15,3. Here tgα is inclination angle of direct line 
from the plot ln(l/τ) on l/T. 

The activation energy of small crystals growth Ep   
defined from the ratio Ер=(Еобщ–Е3)/3, is equal to 10,35 
kkal/mol. The values of activation energies of bud creation 
and their further growth, including the general activation 
energy of film TlInSe2 crystallization obtained in the 
conditions of electric field action are smaller than 
corresponding values for films obtained outside the field [5]. 

  The only one acceptable explanation of decrease of 
activation energy values for amorphous films in the electric 
field can be given in the terms of ordering process. This 
means, that during the process of molecular beam 
condensation on the surface of ion crystals NaCl, the ordered 
under the action of electric field, the additional centers of bud 
creation of crystalline phase, which can be point, line, two-
dimensional defects, having electric charges or their 
collections, simplifying their further growth, have been 
created. 
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С. Ш. Шыьфнэдщм 

 
ЧФКШСШ  УДУKЕКШK ЫФРЦЫШТШТ ЕЦЫШКШ ЖЦКФШЕШТВЦ ЮБKВЪКЪДЬЪЖ ЕlIтЫу2 ФЬЩКА ЕЦИЦЙЦДЦКШТШТ  

KКШЫЕФДДФЖЬФ KШТУЕШЛФЫЭ 
 

Мфлггьвф удулекшл ыфрцыштшт (E=3000 М·ыь-1) ецышкш жцкфшештвц юблвъкъдьъж TlInSe2 фьщка ецицйцдцкштшт лкшыефддфжьф 
лштуешлфыэ лштуьфешл удулекщтщйкфашнф ъыгдг шдц ецвйшй увшдьшжвшк. 

Лкшыефддфжьфтэт ъьгьш флешмдцжьц утукошыш 36,04 ллфд/ьщд-ф ицкфицквшк. Удулекшл ыфрцыштвц фдэтьэж ецицйцдцкшт лкшыефддфжьф 
sъкцеш фвш жцкфшевц фдэтфтдфкф тшыицецт ибнълвък. 
 

Д.И. Исмаилов 
 

КИНЕТИКА ФАЗОВЫХ ПЕРЕХОДОВ В АМОРФНЫХ ПЛЕНКАХ TlInSe2, ПОЛУЧЕННЫХ В УСЛОВИЯХ 
ВОЗДЕЙСТВИЯ ВНЕШНЕГО ЭЛЕКТРИЧЕСКОГО ПОЛЯ 

 
Методом кинематической электронографии исследована кинетика кристаллизации пленок TlInSe2 , полученных термическим 

напылением в условиях воздействия внешнего электрического поля напряженностью Е=3000 В см-1. 
Общая энергия активации кристаллизации равна 36,04 ккал/моль. Скорость кристаллизации пленок, полученных в электри-

ческом поле, больше, чем для пленок полученных в обычных условиях - вне электрического поля. 
 
Received: 14.09.04 
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The states of ions Ni, Cr, Co, Bi and K, including in the composition of dehydration catalysts of paraffin hydrocarbons C3-C4 are 

considered.  
The data on the ion state in the catalyst in the dependence on the preparation method are presented. For the obtaining of the imagination 

about ion states, the mass catalysts are used.  
The catalysts are treated by drying and glowing in the atmosphere conditions and the conditions of low pressure. The conditions of 

catalyst syntheses influence on the valiant and coordination ion states of transition elements (Cr, Ni, Co), including in the catalyst 
composition, by the definite way. The catalysts, obtained in the conditions of the low pressure, have as oxidated [(Cr5+(Oh), N2+(Oh) and 
Co3+, Co2+], so the reduced Cr0, Ni0, Co0 forms of active components. The conductions of low pressure cause the creation the such 
components as K2Cr2O7, NiO, Cr2O5, Cr2O3, Bi2O3 in the significant quantities, allowing to carry out the dehydration of paraffin 
hydrocarbons C3-C4. 

 
The catalysts, having ions Ni, Cr, Co, Bi and K are widely 

used in the industrially-important processes and in a 
particular, in the processes of dehydration of normal low-
molecular hydrocarbons [1-10].  For the optimization of the 
processes and improvement of exploitation properties of 
catalysts, it is need to study in detail the contact physico-
chemical properties and in a particular, valiant and 
coordination ion state, including in their composition. 

Below of results of spectral (electronic spectroscopy of 
diffuse reflection) investigation of states of ions Ni, Cr, Co, 
Bi and K , including in the composition of dehydration 
catalysts, treated in the IPChP of NAS of Azerbaijan, are 
given. 

 
The technique of experiment  
 
The electronic spectrums of diffuse reflection (ESDR) in 

the region 50000-100000sm-1 are taken on the 
spectrophotometer “Specord M40”, which has the ladder for 
taking of diffuse reflection spectrums. 

The catalysts are prepared by the way of the nitrate salt 
borrowing of corresponding metals. The catalyst samples are 
treated by drying (100°-120°C) and glowing (600°-620°C) in 
the conditions of low atmosphere pressure. 

 
The experiment results 
 
 

The oxide system Cr (80%) – Co (20%) 
 
In the sample spectrum, obtained in the air atmosphere, 

the absorption bands (a.b.), at 22000 (very weak a.b.) and in 
the region 12000-18000cm-1 (fig.1, c.1.) are observed. 
According to the refs [11, 12] absorption bands can be 
created to the Cr3+ ions , stabilized in the octahedron 
coordination fields (transfer 4A2g→4T1g). The observable 
absorption band at 12000-18000cm-1 is structural and insist 
on the three components with maximums at 14000, 16100 
and 17000cm-1. These maximums can be related to ions Cr5+ 
and Co3+(Oh) (transfer 1A2g → 1T1g), correspondingly. 

  The presence of ions Co3+(Oh) in the system shows on 
the existence of phase Co3O4 in the system [11, 12]. 

  Thus, the given binary system has phases Co3O4, Cr2O3, 
Cr2O5, i.e. in the given case the ions Co3+, Co2+, Cr5+ and Cr3+  
are exist. 

 
 

Fig.1. The spectrum of diffuse reflection of catalysts. 
    1 - Cr(80%) - Co(20%) - obtained at the atmosphere pressure 
    2 - Cr(80%) - Co(20%) - obtained in the vacuum conditions 
    3 - Ni(57%) - Co(43%) - obtained at the atmosphere pressure 
    4 - Ni(57%) - Co(43%) - obtained in the vacuum conditions 
    5 - Cr(10%) - Ni(90%) - obtained at the atmosphere pressure 
    6 - Cr(10%) - Ni(90%) - obtained in the vacuum conditions 
    7 - Cr(25%) - Ni(75%) - obtained at the atmosphere pressure  
    8 - Cr(25%) - Ni(75%) - obtained in the vacuum conditions 
    9 - Cr(25%) - Ni(75%) - obtained at the atmosphere pressure  

         10 - Cr(15%) - Ni(75%) - obtained in the vacuum conditions 
         11 - Cr(80%) - Bi(20%) - obtained at the atmosphere pressure 
         12 - Cr(80%) - Bi(20%) - obtained in the vacuum conditions 
         13 - Cr(92%) - K(8%)    - obtained at the atmosphere pressure 
         14 - Cr(92%) - K(8%)    - obtained in the vacuum conditions 
         15 - Ni(57%) - Bi(43%) - obtained at the atmosphere pressure 
         16 - Ni(57%) - Bi(43%) - obtained in the vacuum conditions 
         17 - Ni(80%) - K(20%) - obtained at the atmosphere pressure  
         18 - Ni(80%) - K(20%)  - obtained in the vacuum conditions 
         19 - Bi(75%) - K(25%)  - obtained at the atmosphere pressure 
         20 - Bi(75%) - K(25%)  - obtained in the vacuum conditions 

 
The wide unstructured absorption band, having almost all 

area (fig.1, c.2) is observed in the vacuum conditions in the 
catalyst spectrums. Moreover, the general absorption phone 
strongly increases. The black color of the sample shows on 
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this fact. Probably, i the vacuum conditions, the partial 
reduction process of ions Co3+, Co2+, Cr5+  and Cr3+ is carried 
out till the Co0, Cr0, correspondingly. In the given case, the 
sample surface has as oxidated (Co3+, Co2+, Cr5+ and Cr3+), so 
the reduced forms of ions of cobalt and chrome (Co0, Cr0). 

 

Oxide system Ni (57%) – Co (43%) 
 

The sample has the black color, and spectrum is 
characterized by the total absorption, having almost all region 
(fig.1., c.3). The analogical spectrum has the sample, 
obtained in the vacuum conditions (fig.1, c.4). Moreover, in 
the both cases, the general absorption phone strongly 
increases. 

The total unstructured absorption difficults the spectrum 
interpretation, but taking into consideration the common 
positions and literature data, it can be proposed, that in the 
sample, obtained in the vacuum, in the result of partial 
reduction of ions Ni2+(Oh), Co3+ and Co2+, the particles Ni0 
and Co0 should be existed. 

 
Oxide system Cr (10;25 and 75%) – Ni (90;75 and 25%) 
 

The sample spectrum, having 10% Cr and 90% Ni, 
obtained in the air atmosphere is characterized by absorption 
band at 13800; 14500; 24000 and 26200cm-1(fig.1, c.5). 
Observable absorption bands, according to the refs [11,12], 
can be interpretated by the following way: 

-absorption band at 14500 and 26200 cm-1 can be related 
to Cr5+ ions; 

-the absorption in the region 24000cm-1 is characterized 
for Cr3+ ions, stabilized in the octahedron coordination fields 
(transfer 4A2g → 4T1g). 

-the absorption band in the region 13800cm-1 can be 
related to Ni2+(Oh) ions (transfer 3A2g → 3T1g), including in 
the phase NiO composition. 

Thus, the given catalyst is complex many phase system 
(Cr2O5; Cr2O3 and NiO). 

The catalyst, obtained in the vacuum conditions, is 
characterized by total absorption, having almost all region 
(fig.1, c.6). Probably in the vacuum conditions, the ions Cr5+, 
Cr3+ and Ni2+ partially reduce till Cr0 and Ni0, 
correspondingly. In the given case, the oxidated Cr5+, Cr3+ 
and Ni2+ and reduced forms of Cr0 and Ni0 are coexisted on 
the catalyst surface. 

The increase of chrome quantity in the sample till 25%, 
insignificantly influence on the place of absorption band on 
ions Cr5+, Cr3+ and Ni2+9 (fig.1, c.7). The some increase of 
general phone and intensity decrease of observable 
absorption bands are observed. 

The catalyst, obtained in the vacuum conditions, has the 
spectrum, identical for the previous catalyst(fig.1, c.8). 

The latter increase of chrome concentration till 75%, 
leads to the strong change of catalyst spectrum, obtained in 
the air atmosphere. The total absorption, having all region 
(fig.1, c.9) is observed. 

The identical spectrum is observed in the vacuum 
conditions (fig.1, c.10). 

The color of the sample becomes darker at the chrome 
high concentrations. Probably, the general absorption phone 
increases and absorption bands, which are character for 
chrome and nickel ions, are masked. The X-ray-phase 
analysis of catalyst, prepared in the atmosphere conditions 
shows the existence of phases NiO, Ni2Cr2O4 and in the 

catalyst, treated by thermal-vacuum treatment - only phases 
NiO. 

 
Oxide system Cr (80%) – Bi (20%) 
 

In the sample spectrums, obtained in the air atmosphere, 
the absorption bands at 16500, 21500 and 27000cm-1 are 
observed (fig.1, c.11). The bands in the region 16500 and 
21500cm-1 can be related to the absorption of ions Cr3+(Oh) 
(transitions 4A2g → 4T2g and 4A2g → 4T1g correspondingly), 
and at the 27000cm-1 - to Cr5+. 

The Bi3+ ions have electron configurations d10S2 and their 
absorption in the ultraviolet region takes place because of the 
so-called Ridberg’s transitions, i.e. inside the membrane of 
ions themselves. The Bi3+ ion absorption is observed in the 
region 28500; 32250 and 38460cm-1 [11, 12]. In the given 
case, probably, the phone absorption masks the absorption 
bands from Bi3+ ions. The stabilization in the system of ions 
Cr5+, Cr3+ and Bi3+ can be said. 

The catalyst spectrums, obtained in the vacuum, gives the 
total absorption, having almost all region (fig.1, c.12). 
Probably, in this case, ions Cr5+ and Cr3+, are partially 
reduced till Cr0. The Bi3+ions are more stable [11, 12] and the 
existence of Bi2O3 phase and ions Cr5+, Cr3+ and Cr0 in the 
sample can be proposed. 

The catalyst, prepared in the air atmosphere conditions on 
RFA shows the existence of phases Cr2O3 and Bi2O3 in the 
thermal-vacuum treatment conditions it is amorphous.                 
. 

Oxide system Cr (92%) – K (8%) 
 
The sample spectrum, obtained in the air atmosphere, is 

characterized by the weak absorption bands at 16500; 21500 
and 27000cm-1, which can be related to the ions Cr5+ and Cr3+ 
(Fig.1, c.13). The absorption from K ions is masked by the 
phone absorption. 

The catalyst, obtained in the vacuum, has the spectrum 
with the unstructured absorption, having almost all region 
(Fig.1, c.14). 

In the given case, as mentioned above, the oxidated (Cr5+, 
Cr3+) and reduced (Cr0) forms of chrome ions are stabilized in 
the sample. 

 
Oxide system Ni (57%) – Bi (43%) 
 
In the sample spectrum, obtained in the air atmosphere, 

the absorption bands in the region 13000(arm); 13800; 
15500; 21500; 24000; 26300; ~29,000cm-1(fig.1, c.15), 
which are character for Ni2+(Oh) ions, creating NiO phase, are 
observed [11, 12]. The grey-green sample color shows on this 
fact. The absorption from Bi3+ ions is masked by the 
absorption of the phase NiO. 

The sample spectrum, obtained in the vacuum condition, 
significantly differs from the above mentioned case. Thus, 
the wide intensive absorption bands in the region 13000 - 
16000 and~25500sm-1 (fig.1,c.16) are observed. Besides, in 
the given case in the difference from all previous binary 
systems, the disappearance of absorption bands from active 
component [in the given case absorption bans from Ni2+(Oh) 
in NiO], connected with the partial reduction of transition 
element under influence of reduction medium, which the 
vacuum is, doesn’t observed. Probably, this effect can be       
explained by the alloying influence of Bi3+ on NiO, that leads 
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to the stability of nickel oxide, to the reduction processes in 
vacuum conditions. From this the another important 
conclusion takes place, i.e. Bi3+ ions reveal the alloying 
properties in the case of binary oxide systems Cr-Bi. 

The catalyst, prepared in the atmospheric conditions on 
RFA shows the existence of phases NiO and Bi2O3. 

 
Oxide system Ni(80%) - K(20%) 
 

The absorption bands from Ni2+(Oh) in the phase NiO are 
observed in the sample spectrum, obtained in the air 
atmosphere (fig.1,c.17). The dark green sample color also 
shows on this fact (pure NiO has grey-green color). The 
significant increase of general absorption phone, connected 
with the darkness of sample color, is observed. 

Thus, the existence of phases NiO and K2O in the catalyst 
composition can be said. 

The sample, obtained in the vacuum, is characterized by 
the unstructured absorption (fig.1,c.18). Probably, the part of 
Ni2+(Oh) ions transfers to Ni0 in the result of reduced 
processes. The change of sample color from dark-green to 
black also shows on this fact. Thus, the catalyst includes the 
phase NiO and Ni0 particles. The X-ray-phase analysis shows 
the existence of NiO phase in the both samples, prepared as 
in the vacuum conditions, so in the atmosphere ones. 

Oxide system Bi(75%) - K(25%) 
 

The absorption bands from Bi3+ (in Bi2O3 phase) at 
40800; 31200 and 27000sm-1 are observed in the sample 
spectrum, obtained in the air atmosphere (fig.1,c.19). The 
yellow color, which is character for Bi2O3 also shows on this 
fact. 

The absorption bands from Bi3+ ions are absent in the 
catalyst spectrums, obtained in the vacuum conditions 
(fig.1,c.20). Probably, in this case part of Bi3+ reduce till Bi0. 

Thus, in the given case, the catalyst includes Bi3+ ions (in 
Bi2O3 phase), the Bi0 particles, K+ ions and probably K0. 

 
Oxide system Cr(63%) - Ni(21%) - Bi(16%) 
 

The total absorption in all investigated spectral region is 
observed in the catalyst spectrum, obtained in the air 
atmosphere (fig.2.,c.1). The sample has black color. 
Probably, in the given case, the absorption bands from ions 
Cr5+, Cr3+, Cr2+ and Bi3+  are masked by more phone 
absorption and don’t reveal in the spectrums. 

In the difference from this, in the sample spectrums, 
obtained in the vacuum conditions, the weak, but allowed 
absorption bands at 16000 and 23000cm-1, which are accord 
to Cr3+ ions, stabilized in the octahedron coordination fields 
(transfers 4A2g → 4T2g and 4A2g → 4T1g correspondingly), are 
observed. Besides, the weak-intensive absorption band at 
27000cm-1 from Cr5+ is observed. Probably, at the catalyst 
synthesis in the vacuum conditions, part of Cr3+(Oh) and ion 
quantity of trivalent chrome increases in the system. The 
dark-green color of the sample, which is character for 
Cr3+(Oh) ions shows on this fact. The given conclusion 
doesn’t except the presence of ions Cr5+, Ni2+ and Bi3+ in the 
system. 

Besides, probably the Bi3+ ions or Bi0 ions influence with 
the alloying influence on Cr3+(Oh) ions, increasing their 
stability to the reduction processes.  

Thus, the given catalyst has the complex composition and 
includes the ions Cr5+, Cr3+(Oh), Ni2+(Oh) and Bi3+ probably 
creating the phases Cr2O5, Cr2O3, NiO and Bi2O3, 
correspondingly. 

 

 
 
Fig.2. The spectrums of diffuse reflection of catalysts. 

                 1 - Cr(63%) - Ni(21%) - Bi(16%) - obtained at the   
                  atmosphere pressure 
                 2 - Cr(63%) - Ni(21%) - Bi(16%) - obtained in the  
                  vacuum conditions 
                 3 - Cr(63%) - Ni(21%) - Bi(16%) - obtained in the  
                  vacuum conditions          

 
Oxide system Cr (63%) – Ni (21%) – Co (16%) 
 

The sample has the black color and gives the total 
unstructured absorption, having all region (fig.2,c.3). The 
catalyst, obtained in the vacuum conditions, has the identical 
spectrum (fig.2,c.4). In the given case the       interpretation 
of these spectrums is difficulted, but it can be proposed, that 
oxidated-reduced processes, carrying out with the 
participation of ions Cr5+, (Cr3+), Ni2+ and Co3+(Co2+) realize 
in these samples. 

Thus, on the base of spectral (ESDR) investigation of 
massive two- or trivalent component oxide systems, we can 
make the following conclusions: 

-the catalyst synthesis conditions (air or vacuum 
atmospheres) influence on the valence and coordinate ion 
states of transition elements (Cr, Ni, Co), including in the 
catalyst composition, in the definite way;  

-the catalyst, obtained in the air atmosphere, include the 
oxidated forms of ions of chrome, nickel and cobalt Cr5+, 
Cr3+(Oh), Ni2+(Oh), Co3+(Co2+), including in the composition 
of phases Cr2O5, NiO, Co3O4. 

-the catalysts, obtained in the vacuum conditions, have as 
oxidated [(Cr5+, Cr3+(Oh) and Co3+(Co2+)], so the reduced Cr0, 
Ni0, Co0 forms of active components. The fact of coexistence 
of oxidated and reduced ion forms of transition metals as 
two- and trivalent oxide systems; 

-in the combination with the transition elements, Bi3+ ions 
are more stable to the reduction processes and influence in 
the case of Ni-Bi system, the alloying influence on Ni2+(Oh) 
ions, that reveals in the stability of nickel ions to the 
reduction processes. 

In the binary systems Bi-K, the Bi3+ ions are more 
influenced to the reduction medium
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S.M. Щaжыzadя, G.S. Heydяrova, A.Я. Гасыmov  
 

ДЕЩИДРОЭЕНЛЯШМЯ КАТАЛИЗАТОРЛАРЫНЫН ТЯРКИБИНДЯКИ Ni, Cr, Co, Bi  ВЯ  К  ИОНЛАРЫНЫН  
ЩАЛЫНЫН ТЯДГИГИ 

 
Парафин карбощидроэенляринин дещидроэенляшмясини тямин едян катализаторларына дахил олан Ni, Cr, Co, Bi  вя  К  ионларынын 

щалына бахылыр.  
Щазырланма цсулундан асылы олараг катализаторда ионларын щалы щаггында мялумат тягдим олунур. Ионларын щалынын юйрянилмяси 

цчцн массив катализаторлардан истифадя олунмушдур. 
Катализаторлар атмосфер вя вакуум шяраитиндя гурудулуб вя кюзяrдилмишдир. Катализаторларын синтез шяраити катализатор 

тяркибиндяки Ni, Cr, Co, Bi  вя  К  ионларынын валент вя координасийа щалына тясир едир. Вакуум шяраитиндя щазырланмыш катализаторун 
тяркибиндя щям оксиdляшмиш [(Cr5+, Cr3+(Оh), Ni2+( Оh) вя Со3+ ,Со2+ ] щям дя редуксийа олунмуш (Cr0 , Ni 0, Co0)  актив 
компонентляр мювжуддур. Вакуум шяраити  K2Cr2O7 , NiO,  Cr2O5 ,Cr2O3  , Bi2O3  кими бирляшмялярин ямяля эялмясиня шяраит 
йарадыр вя онлар Ж3-Ж4 парафин карбощидроэенляринин дещидроэенляшмясини тямин едир.  

 
Н.А. Алиев, С.А. Джамалова, Р.Б. Ахвердиев, С.Г. Фараджева, 

С.М. Гаджизаде, Г.С. Гейдарова, А.А. Касимов 
 

ИССЛЕДОВАНИЕ СОСТОЯНИЯ ИОНОВ Ni, Cr, Co, Bi  и  К В СОСТАВЕ  КАТАЛИЗАТОРОВ  
ДЕГИДРИРОВАНИЯ 

 
Рассматривается  состояние ионов Ni, Cr, Co, Bi и К,  входящих  в состав  катализаторов  дегидрирования  парафиновых  

углеводородов С3 – С4 . 
Представлены  данные  по  состоянию ионов  в  катализаторе  в  зависимости  от  способа  приготовления. Для получения  

представления  о  состоянии ионов   использованы  массивные катализаторы. 
Катализаторы  подвергали  сушке  и  прокалке  в  атмосферных  условиях  и   в условиях   пониженного  давления.  Условия 

синтеза  катализаторов определяющим образом  влияют на валентное и координационное  состояния  ионов переходных  элементов 
(Cr, Ni, Co), входящих  в  состав  катализаторов. Катализаторы, полученные  в  условиях  пониженного  давления,  содержат  как  
окисленные   [ (Cr5+, Cr3+(Оh), Ni2+( Оh) и Со3+ ,Со2+ ],   так  и  восстановленные Cr0 , Ni 0, Co0 формы активных  компонентов. 
Условия  пониженного  давления способствуют  образованию  в  значительных  количествах   таких  соединений как   K2Cr2O7 , 
NiO,  Cr2O5 ,Cr2O3  , Bi2O3 , позволяющих  вести  дегидрирование  парафиновых    углеводородов С3 – С4 . 
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THE PHENOMENON OF A HYSTERESIS IN AgFeTe2 IN 

PHASE TRANSITION REGION 
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The electric properties are investigated and the differential thermal analysis is carried out in AgFeTe2. The additional PT are observed 
on the temperature dependence of DTA before and after SPT. The phenomenon of hysteresis is observed on the temperature dependences of 
electric properties in PT region in the direction of heating and cooling. The results are interpreted in the limits of DPT theory. It is shown, 
that the phenomenon of hysteresis is explained by the temperature dependence of the inclusion function in the second approximation of 
L2(T) and dL2/dT. The diffusion region of PT and the width of hysteresis loop are defined. It is shown, that phase coexistence region is 
proportional to the width of hysteresis loop. 

                                              
Introduction  
 
The investigation of physical properties of bodies near 

and in PT region is the one of the developing directions of 
physics of solid body. The most actual task of the given 
direction is the definition of the region and diffusion degree 
of PT, the regularity of transition of one phase to another 
one, and also the thermodynamical parameter changes at PT. 
The double and triple argentum halcogenids, having 
structural PT, are the most suitable objects for the studying 
of these questions. In the last years the works in the given 
direction are carried out very intensive [1-14]. In a particular, 
in the refs [3-9], interpreting the expert results with DPT 
theory [15-16], PT parameters are calculated, defining the 
region and degree of diffusion, and also allowing to calculate 
the change of some thermodynamical parameters. For this is 
enough to define the temperature dependence of inclusion 
function L0(T) and its derivation on the temperature in the 
zero approximation dL0/dT.  

At the same time the phenomenon of hysteresis is 
observed at the investigation of electric and thermal 
properties of Ag2Te near and in PT region in the direction of 
heating and cooling [17]. The DPT theory is applied for the 
explanation of phenomenon of hysteresis nature. It is proved, 
that the temperature dependence of inclusion function and its 
temperature velocity in the second approximation L2(T), 
dL2(dT) well enough explain the phenomenon of hysteresis. 

The triple argentum halcogenid AgFeTe2 is analog of 
Ag2Te, has the structural phase transition, in it the phase 
transition is strongly scoured, the additional PT takes place 
[7]. Moreover, in the given work, with the aim of the result 
comparison and obtaining of new informations about 
phenomenon of hysteresis in argentum halcogenids, the 
electric properties of AgFeTe2 in PT region in the direction 
of heating and cooling are investigated and differential 
thermal analysis (DTA) is carried out. 

 
Experimental results 
         
The measurement of electric properties and carrying out 

of differential thermal analysis are carried out on the 
installation, allowing to create the adiabatic and isotherm 
conditions [18]. 

The temperature dependence of DTA Ty(T) in AgFeTe2 
is represented on the fig.1(a). As it is seen, the transitions 
(413 and 429K) with the absorption of few quantity of 

heating, revealing only in the adiabatic conditions take place 
before and after the main structural PT (423K). The 
temperature units are presented on the fig.1(b) in the 
directions of the heating and cooling. 

 
Fig.1. The temperature dependence of DTA ∆Ty (Т) (α) and  

           electroconductivity ( )b
munσ

σ  in AgFeTe2 

It is seen, that PT begin in the heating direction, for example 
from the initial temperature of additional PT 410K and end at 
430K for the sample with the higher electron concentration 
(p) PT. At the cooling the δ(T) curves goes below, than 
burned, than at the heating, the beginning and end of PT shift 
to the side of high T, the curves mix only at T=390K, i.e. the 
phenomenon of hysteresis with the big enough loop square is 
observed. The identical phenomenon is observed on the 
temperature dependencies of R (fig.2a) and therma (-----) 
(fig.2b). The hysteresis loop in the case of α(T) is more big, 
than in the cases of σ(T) and R(T). This is connected with the 
fact, that α(T) is measured at the presence of temperature 
drop in the sample deep, that leads to the additional diffusion 
of curves as at the heating, so at the cooling. It is need to 
note, that the additional transitions aren’t significant on the 
temperature dependencies of electric properties of AgFeTe2 
in the difference from Ag2Te [17]. Probably, this is 
connected with the fact, that the change of electric properties 
is insignificant and agrees by the direction with the change at 
the main PT, at the additional PT. 
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Fig.2. The temperature dependence of Hall coefficient R(T)  
          (α) and thermoe.m.f. with α(T) in AgFeTe2. 
 
The result analysis 
 
As it was mentioned, according to DPT theory, the 

temperature dependence of inclusion function in the zero 
approximation L0(T) allows us to understand and interpret 
the many PT peculiarities, in a particular, to reveal the law of 
mutual transition from the existing phases, to calculate PT 
parameters, defining the region and degree of diffusion, and 
also the change of some thermodynamical parameters in PT 
region. However, besides the general properties and 
regularities of PT, it is need to consider the another 

decomposition members of function F(T), defining L(T). The 
different values of Fn(T) are correspond to the different 
approximations of Ln(T) 
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As the zero approximation results are given in the refs. 

[3-9], so in this ref. we are limited by the consideration of 
first and second approximation (n=1 and 2), In DPT case 
[15,16] 
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In the second approximation of DPT 
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The PT temperature is defined from the equations 

F1(T)=0 and F2(T)=0. The roots of the equation F1(T)=0, are 
correspond to: 
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In this case two PT take place at 

10T  and 
20T . The one 

temperature is agree with T0, and second temperature in the 
dependence on the values a and a1 is shifted to the left or to 
the right from T0. The second root of T0 strives for the infinity 
at α1→0.The temperature difference between both points of 
PT is equal 
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The roots of equation F2(T)=0, are correspond to 
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As it is seen, F2(T) takes place at   in the second 

approximation. In the formulae (10) and (11), the substance 
roots are present the interest, that gives the limit on the 
constant decomposition coefficients α0 ; α1 ; α2 according to 
which the inequality 20

2
1 aa4a > should be carried out, taking 

place at, α0>0, α1>0, α2<0  from which it is followed 

20030 TTT << .The negative value of α2  proves the main 

demand, which is function L. At T<<T0   L2→0 , and at 
T>>T0  L2→1. 

The concrete crystal is need to define the parameter 
values α0 , α1, α2  and T0. for use of equations (3) - (7). The 
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values α0 and T0 are easily defined by the temperature 
dependences ∆Ty(T), σ(T), R(T), α(T) on the method, 
approved in the refs [3-9]. The obtained data α0=0.17; and 
T0=423 are almost agree with the data of the refs [4,7,2]. The 
value α1 can be calculated by the given experimental data 
with the use of ratio (8), and value α2 is estimated from the 
condition of corporeality limit of the roots (10) and (11). 

 
Fig.3. The temperature dependence of inclusion function in  
                AgFeTe2   1 - L0(T); 2 - L0(T); 3- L0(T) 
 
The temperature dependences L1(T), L2(T) and dL1/dT 

dL2/dT  at the obtained values for AgFeTe2 , α0 =0.17; α1 
=0.017 and α2 =-0.002 are given on the figures 3 and 4. The 
curves L0(T)  and dL0/dT at the zero approximation are given 
on these figures for the comparison. From the fig.3, it is seen, 
that L1(T)  strongly differs from L0(T), especially in T>T0  
region. The curve L1(T) in the difference from L0(T) is 
asymmetrical in T<T0 L1(T) region, L0(T) by the form looks 
like the curve L0(T), and in T>T0  the extremum ∆T=T*=5K 
takes place, which connects with the diffusion region of PT. 
The conditions of L1(T) in this region are carried out at 
T>>T0 (curve L1(T)), going through the minimum at ∆T=18k, 
strives for kL>>1). The value of the observable asymmetry is 
defined by the value α1. The cross-section of horizontal line, 
taken from value L1=0.5 (which is constant for every 
approximation), is equal to the temperature of second PT, 

20T =433K. It is seen, that T* is between the both 
temperatures L1(T)T0=433K, the ratio 

T*=T0+
1

0
2α

α =428K is in the agreement. 

  According to the refs [15, 16], the one of the physical 
meaning of such stroke L1(T) can be in the case of one phase 
existence in the definite temperature interval ( )020 TT −  in PT 

region. The experimental data and temperature dependence 
L0(T) (fig.3) for AgFeTe2 show on the absence of such ∆T 
region, which are represented on the figures 1 and 2. In this 
purpose says the law of α phase transition in β phase, 
established in the ref [7]. But informations about the 
existence of such regions at PT meet in the signet crystals σ 
[16]. This is one of the possibilities, that’s why in the 
common case it is need to consider another approximations of 
inclusion function under its derivation. 

The temperature dependence L2(T) for AgFeTe2, 
calculated on formulae (6) is given on the fig.3. 

The look of this curve is strongly differs not only from 
curve L0(T), but the peaks situate on the left and right sides 

from T0 axis, moreover they are asymmetrical according to 
the axis. According to DPT theory [15,16] the experimental 
value L2 corresponds to the temperatures 
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The ratio *

20
*
1 TTT >>  takes place at α0>0, α1>0, 

the curve L2(T) is more asymmetrical and it tells on the 
values T1=9K and T2=4,4K correspondingly. The cross-
section of horizontal line, taken from the point L2=0.5 till the 
cross-section of the curve L2(T) , corresponds to the 
temperatures of PT, 

20T =437K, 
30T =417K. The value for 

20T , defined on L2(T) is bigger on the one degree, than on 
L1(T). 

 

 
Fig. 4. Temperature dependence of PT velocity dL/dT  in  
            AgFeTe2 1 - dL0/dT; 2- dL1/dT; 3 - dL2/dT 
 
The temperature dependencies of the PT velocity in 

AgFeTe2 in the zero dL0/dT, first L1/dT and second L2/dT   
approximations of inclusion function are given on the fig.4. 
From these data the velocity asymmetry of transition reveals, 
i.e. maximums dL1/dT and dL2/dT aren’t situated on the T0 
axis, but are shifted in the side T>T0, the maximum values 
are significantly bigger, than dL0/dT, moreover, the value   
dL1/dT > dL2/dT is shifted to the side of big T maximums 
d<1. As it is mentioned, the asymmetry is defined by the 
value of dL2/dT, in the expression of which (7) the parameter 
α2 includes with the negative sign, that decreases the 
maximum value and shifts in the side of the more small T. 
According to   theory, the horizontal line, taken on the half 
dL0/dT, defines the diffusion region of PT. If the given 
method will be applied for dL1/dT, dL2/dT then we obtain 
dL0/dT 2T*=20K at dL1/dT 2T*=10.4K and at dL2/dT 
2T*=9.5K. As it is seen the values of diffusion region of PT 
at the first and second approximations are almost in two 
times less, than at the zero approximations. However, if we 
take into consideration the negative sides of dL1/dT and 
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dL2/dT, which aren’t presented on the figure, then the 
agreement between data can be achieved. 

The analysis of temperature dependence L2(T) gives in 
the ref [5], according to which one of the possible variants is 
that new phase appears in AB region (fig.3), disappears in 
BC region, and then it appears in CD region. The authors 
consider that such case is almost unreal however it is possible 
at the existence of several transitions, situated closely enough 
from each other on the temperature axis. However, the more 
possible is the case, which connects with the fact that BC 
region corresponds to some metastable system state in the 
definite interval. 

Then, picturing BD and AC curves, we obtain the 
hysteresis loop ABDC. 

The experimental data of electric and heat properties of 
double [3,6,8,9] and triple [4,7,9,11] argentum halcogenids 
show on the presence in them the additional PT[17]. That’s 
why the given both mechanisms, leading to the appearance of 
phenomenon of hysteresis, can be applied not only to these 
crystals, but they even add each other. 

The some information about PT diffusion and 
phenomenon of hysteresis can obtain from the data of 
hysteresis loop width. According to    theory [15,16] the 
hysteresis loop width in the second approximation of F2(T) 
function is defined by the ratio 
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From this formulae it is seen, that phenomenon of 

hysteresis takes place only at the inequality α1>4α0α2  
carrying out and hysteresis loop width is defined by the 
ratio’s α1/α2. and α0/α2.. In the limit case of the loops the 
condition α1<<-4α0α2, the width hm.c. is defined as 
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In the case of symmetrical loops h is defined as  
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For crystals AgFeTe2, the h values, calculated on the 

formulas (13)-(15) are equal to h2=20k, hm.c=19.4k and 
hc=18.4k. In the experiment, the hysteresis width in the 
dependence on the investigated effect and temperature region 
(in PT region) changes, moreover in the several cases the 
hysteresis loops are strongly asymmetrical. But asymmetries 
( )T
1L  and ( )T

2L  for AgFeTe2 are bigger, than in the case of 
model consideration [15, 16]. In a particular, the hysteresis 
loop width, found from σ(T) h=25-30K. It can be said, that 
agreement of calculated values of h and experimental ones is 
good, except from σ(T). About the reason, leading to the 
additional PT diffusion we said above. 

The one of the important questions of    investigations is 
the definition of the region of two phase ∆T coexistence. In 
the case of zero approximation, the definition of region ∆T, 
L0(T) and dL0/dT is more simple, than in the cases L1(T), 
L2(T) and dL1/dT dL2/dT. 

For the symmetrical loops ∆T can be defined as ref. [15]: 
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For the loops with the small asymmetry with the 

exactness till the first order on α1 
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For the total symmetrical loop α1 =1 with the taking into 

consideration (13) as 
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The calculations, done on (17) and (18) with the taking 

into consideration of corresponding h for AgFeTe2, 
correspond to the values: 
 
                         *

20 TT − =5.5K,     
30T−*

2T =2.7K.  

 
These data are in the agreement with the data on the fig.3. 

Thus, for the region of two phase coexistence we obtain: on 
( ) K11TT2T

*
120 =−=∆ , on ( ) K4.5TT2T

30
* =−=∆  

and in the case of total symmetry on ∆T=0.42h2=7.73K. 
These data show on the strong asymmetry of hysteresis 

loop in AgFeTe2, and also show that temperature interval ∆T 
of two phase coexistence is less, than hysteresis loop width. 
From these data, it is followed, that coexistence interval. 

Thus, from the given results and discussions, it is 
concluded, that taking into consideration the     members of 
temperature difference (T-T0) in the function F(x), defining 
the inclusion function L2(T), leads to the appearance of   
hysteresis. 

  The process carries out on the ACD curve at the heating 
and the process carries out on DBA curve at the cooling. The 
stroke along parts AB (at the heating) and DC (at the cooling) 
isn’t benefit energetically, i.e. leads to the creation of BC 
metastable state region. From the above mentioned, it is 
followed, that thermodynamic formalism of DPT gives the 
principal possibility to explain the hysteresis presence. At the 
same time as in the limits of the general thermodynamic 
approach for point PT, the hysteresis interpretation is 
impossible without input of additional supposition.
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AgFeTe2 KRИSTALЫNDA FAZA KEЧИDИ OBLASTЫNDA HИSTEREZИS HADИSЯSИ 

 
AgFeTe2 kristalыnda diferensial termiki analiz aparыlmыш vя elektrik xassяlяri tяdqiq olunmuшdur. SFK-dяn яvvяl vя sonra 

DTA asыlыlыьыnda яlavя FK mцшahidя olunmuшdur. FK oblastыnda elektrik xassяlяrin temperatur asыlыlыьыnda qыzma vя soyuma 
zamanы histerezis mцшahidя olunmuшdur.  Няticяlяr yayыlmыш faza keчidi nяzяriyyяsi яsasыnda tяhlil olunmuшdur. Histerezis 
hadisяsi qoшulma funksiyasыnыn vя onun ikinci yaxыnlaшmada yayыlma sцrяtinin temperatur asыlыlыьы (L2(T) vя  dL2/dT) ilя izah 
olunur. FK-nыn yayыlma oblastы vя histerezis ilgяyinin eni tяyin olunmuшdur. Fazalarыn mюvcud olduьu oblastыn histerezis ilgяyinin 
eni ilя mцtяnasib olduьu gюstяrilmiшdir. 

 
С.А. Алиев, З.С. Гасанов, С.О. Мамедова 

 
ЯВЛЕНИЕ ГИСТЕРЕЗИСА В AgFeTe2 В ОБЛАСТИ 

ФАЗОВОГО  ПЕРЕХОДА 
 
Исследованы электрические свойства и проведен дифференциальный термический анализ в AgFeTe2 . На температурной 

зависимости ДТА до и после СФП обнаружены дополнительные ФП. На температурных зависимостях электрических свойств в 
области ФП в направлении нагрева и охлаждения обнаружено явление гистерезиса. Результаты интерпретированы в рамках 
теории РФП. Показано, что явление гистерезиса объясняется температурной  зависимостью функции включения во втором 
приближении L2(T) и dL2/dT. Определены области размытия ФП и ширина петли гистерезиса. Показано, что область 
сосуществования фаз пропорциональна ширине петли гистерезиса. 
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ЦЗЦМ МЯМУЛАТЛАРЫНЫН ТЕМПЕРАТУРКЕЧИРМЯ 
ЯМСАЛЫ ВЯ ПРАНДТЛ ЯДЯДИ 

 
А.Д. ЯЛИЙЕВ 

Азярбайжан Технолоэийа Университети 
374711, Азярбайжан, Эянжя, 28 Май кцч. 103. 

 
Мягалядя истилик мцбадилясиндя чох важиб олан Прандтл ядяди вя температуркечирмя ямсалы Азярбайжанын цзцм мямулатлары 

цчцн щесабланыб. Онларын температур асылылыглары айры-айры мямулатлардан ютрц эюстярилиб. 
 
Азярбайжанда хейли мигдарда спиртли ичкиляр щазырланыр. 

Онларын истещсалыны тякмилляшдирмяк вя кейфиййятлярини йцксялт-
мяк вя сахланылмасынын оптимал реъимини тяйин етмяк 
цчцн щазырланан вя щазыр олан мящсулун термодинамик 
вя кючцрмя характеристикаларыны билмяк важибдир [1-5], о 
жцмлядян температуркечирмя ямсалыны вя Прандтл ядя-
дини. Азярбайжанын бязи цзцм мямулатларынын сыхлыьы ρ, 
изобар истилик тутуму Жп, истиликкечирмя ямсалы λ вя дина-
мик юзлцлцк ямсалы η цзцм спирти, чахырлар (турш вя ширин) 
вя конйаклар цчцн ятрафлы юйрянилиб [6-11]. Бу имкан верир 
ки, онларын температуркечирмя ямсалыны (a) вя Прандтл 
ядядини (Пр) дя щесаблайасан. Бу кямиййятлярин мялум 
олмасы щям нязяри, щям дя практики ящямиййят дашыйыр. 
Она эюря дя мягалядя a вя Пр кямиййятляри щесабланыб 
вя нятижяляр уйьун олараг жядвял 1 вя 2-дя верилиб. Нц-
муня кими бязи цзцм мящсуллары цчцн нятижяляр шякил 1 
вя 2-дя нцмайиш етдирилиб. 

 

 
Шяк.1. Цзцм мямулатларынын температуркечирмя ямсалынын 

температурдан асылылыьы; 1 – Эюй-эюл конйакы; 2 – цзцм спирти. 
 
Юнжя ρ, Жп, λ вя η цзря алынмыш мялуматлар мцтляг 

температурун йуварлаг гиймятляри цчцн графоаналитик 
цсулла ишлянмиш вя щазырланмышдыр. 

a вя Пр кямиййятляри ашаьыдакы дцстурла щесаблан-
мышдыр: 

 

                            
pCρ

λα =                                     (1) 

 

                                
λ

η pC
Pr =                              (2) 

 

 
 

Шякил 2. Цзцм мямулатларынын Прандтл ядядинин темпера-
турдан асылылыьы: 1 – Эюй-эюл; 2 – цзцм спирти.  

 
Жядвял 1-дяки мялуматларын тящлили эюстярир ки, темпе-

ратуркечирмя ямсалы температур артдыгжа турш чахырлар 
цчцн мцлайим йцксялир (температур ямсалы кичик олур), 
цзцм спирти, конйаклар вя Алабашлы чахыры цчцн зяиф дя ол-
са азалыр. Портвейн вя Аьдам чахырларында температур 
артдыгжа a яввял азалыр, сонра минимуму кечяряк артма-
ьа башлайыр. Аь Гарабаь чахырында a щямишя йцксялир. 
Бу щадися спиртли ичкилярин мцряккяб тяркибли олмасы вя 
молекуллар арасында ялагя гцввясинин тябиййятиндян асы-
лыдыр. Гейд едяк ки, чахырларын тяркибиндя су, спирт (ясасян 
етил вя аз мигдарда метил спирти), шякяр (ширин чахырларда 
даща чох) вя мцхтялиф екстрактлар вар. 

Пр ядяди бцтцн чахыр мямулатлары цчцн температур 
йцксялдикжя интенсив азалыр. Бу ясасян юзлцлцйцн дяйиш-
мясиля ялагядардыр. Она эюря дя алчаг температурларда 
Прандтл ядяди йцксяк олур. 

Практикада бязян Анэелескунун [12] тяхмини тян-
лийиндян истифадя олунур: 

 
                      ρЖп=жонст                               (3) 
 
 



Жядвял 1. Азярбайжан чахырларынын температуркечирмяси, a⋅1010, м2/сан. 
 

 Т,К 
Чахыр 275 290 300 310 320 330 340 350 360 
Мядрясяли 1298 1375 1428 1482 1529 1577 1623 1669 1714 
Ал шяраб 1239 1331 1385 1439 1484 1537 1578 1624 1664 
Хиндогни 1396 1457 1496 1538 1571 1615 1659 1702 1744 
Аь Гарабаь 1501 1553 1588 1636 1704 1801 1920 2058 2184 
Алабашлы 2124 2004 1940 1884 1834 1788 1739 1694 1653 
Партвейн 777 1821 1744 1702 1677 1667 1661 1673 1716 1806 
Аьдам 1995 1905 1864 1841 1823 1825 1843 1865 1950 
Цзцм спирти 1232 1178 1131 1081 1028 965 903 844 783 
Эюй-эюл 1919 1781 1701 1617 1536 1455 1377 1307 1234 

 
 

Жядвял 2. Азярбайжан чахырлары цчцн Прандтл ядяди 
 

 Т,К 
Чахыр 275 290 300 310 320 330 340 350 360 
Мядрясяли 17,56 10,62 8,074 6,317 5,131 4,294 3,644 3,177 2,788 
Ал шяраб 30,38 12,59 9,247 7,143 5,670 4,529 3,760 3,196 2,626 
Хиндогни 20,70 10,61 7,966 6,144 4,978 4,176 3,553 3,161 2,834 
Аь Гарабаь 29,04 14,87 10,470 7,797 6,012 4,698 3,662 2,953 2,449 
Алабашлы 26,60 13,96 10,420 8,080 6,589 5,520 4,685 4,039 3,552 
Партвейн 777 26,47 14,78 10,760 8,366 6,713 5,538 4,626 3,828 3,124 
Аьдам 24,36 13,38 9,637 7,503 6,043 4,957 4,073 3,415 2,776 
Цзцм спирти 24,26 16,69 13,750 11,740 10,170 8,973 8,279 7,804 7,813 
Эюй-эюл 40,03 17,51 12,230 9,640 8,049 6,846 5,980 5,2999 4,804 
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Бу дцстуру цзцм мящсулларына тятбиг етдикдя чох 
бюйцк хята алыныр вя онлар цчцн температур артдыгжа 
(ρЖп) даим йцксялир. Мясялян, температур 275-дян 
350К-я гядяр дяйишдикдя (ρЖп) 30-70% артыр. Яэяр (3) 
дцстуру явязиня к=(ρЖп)350/(ρЖп)275 нисбятини эютцрсяк 
эюрярик ки, бу нисбят турш чахырлар цчцн сабит галажаг вя 
тяхминян к≈1,32 олажаг. Алабашлы, Партвейн 777 вя Кцр-
дямир чахырлары цчцн к≈1,64. 

Вебер [13] 50 тямиз майеляр цчцн апардыьы тяж-
рцбяляр ясасында беля бир емпирик ифадя вермишдир 

 

         constA
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p

==⎟⎟
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ρρ

λ
  ,              (4) 

 
бурада М – молекулйар кцтлядир. 

(M/ρ)1/3 щядди молекулларын мяркязляри арасындакы орта 
мясафяйя мцтянасибдир. Веберя эюря сабит А=0,21 (бу-
рада λ-нын юлчц ващиди кал/(см.дяг.дяр)-дир). Йохлама 
эюстярир ки, тяжрцби нюгтяляр (4) асылылыьындан чох кянара 
чыхыр. 

Сонралар Предводителев [14] йенидян (4) ифадясини ня-
зяри йолла чыхармыш вя исбат етмишдир ки, А=ф(Т). Бурада А 
– инвариантдыр. О, майенин нювцндян асылы дейил. Бу асылы-
лыьы майе синифляри цчцн ишлятмяк ялверишлидир. Ону гуру-
лушу вя тяркиби чох мцряккяб олан цзцм мямулатларына 
тятбиг етдикдя мцсбят нятижя алынмыр. А(Т) кямиййятинин 
температур ямсалы айры-айры чахыр мящсуллары цчцн кя-
миййятжя вя кейфиййятжя фярглянир. 
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КОЭФФИЦИЕНТ ТЕМПЕРАТУРОПРОВОДНОСТИ И ЧИСЛО 

ПРАНДТЛЯ ВИНОГРАДНЫХ ИЗДЕЛИЙ 
 
В статье рассмотрены экспериментальные данные по теплофизическим свойствам виноградных изделий Азербайджана и на ба-

зе их вычислены коэффициент теплопроводности и число Прандтля в зависимости от температуры. 
 

A.D. Aliyev 
 

  THERMAL CONDUCTIVITY COEFFICIENT AND  
PRANDTL’S  NUMBER OF GRAPE PRODUCTS 

  
In given paper the experimental data on thermal physical properties of grape products of Azerbaijan are considered and on the basis of 

them thermal conductivity coefficient and Prandtl ‘ s number in  dependence on temperature are calculated. 
 
Received: 14.09.2004 



ФИЗИКА                                                            2004                                                        ЖИЛД X №4 
 

 
IMPROVING OF HISTOGRAM PARAMETERS OF 

 MAGNETITE NANOPARTICLES DISTRIBUTION ON SIZE 
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Baku Az-1143 , H. Javid str. 33  
 

Histogram of magnetite nanoparticles distribution on size has been constructed on the base of their vicinity to firing ground frequency. 
Future parameters of histogram of distribution have been improved by least square method. Constructed histogram of distribution has been 
applied to calculation of moments of distribution and magnetization curve of system of magnetite nanoparticles. Analysis of obtained result 
showed, that constructed histogram is more accurate describe disperse system of magnetite nanoparticles. 
 

1. Introduction. 
 

Distribution of particles of disperse systems on size is one 
of base physical characteristics of these systems. Distribution 
function is used to determination of physical parameters of 
disperse systems by its statistical averaging, it allows to 
analyze mechanism of particle growth and to describe 
behavior of these systems in external field and etc. 
Nanoparticle size distribution function has been determined 
by different physical methods [1-7]. Magnetic granulometry, 
dynamical laser light scattering, acoustics spectrometry and 
small X-ray scattering methods have determined size 
distribution function of magnetite nanoparticles on size. 
These all methods are based on measurement of intensity of 
physical parameters, related with the size distribution of 
nanoparticles. By this methods will obtain distribution 
functions of nanoparticles on magnetic, brown diameter and 
etc. In this case, magnetic and brown diameter of 
nanoparticles is necessary transfer to their geometrical 
diameter. For this calculations it is necessary value of 
thickness of nonmagnetite layer, length of stabilizer molecule 
and etc. [2,3,5,9-12]. 

At present work histogram of distribution of magnetite 
nanoparticles on size has been constructed. Parameters of 
histogram have been improved by least square method. 
Moments and parameters of distribution, magnetization curve 
of systems of magnetite nanoparticles has been obtained by 
experimental and calculated by frequency firing ground and 
histogram distributions without and with improved 
parameters. Results of investigation showed, that moments of 
distribution and magnetization of disperse systems of 
magnetite nanoparticles calculated by histogram with 
improved parameters are more near corresponding 

parameters obtained by frequency firing ground and 
experimental.  
 

2. Determination histogram of distribution of 
nanoparticles on size. 

 

       One of criterion of construction accurate histogram of 
some parameter distribution of disperse system may be 
vicinity of intensity of parameters of disperse systems 
calculated by statistical averaging with this histogram and 
frequency firing ground, respectively. 
       Theorem: If the constructed histogram of distribution 
and frequency firing ground of some parameters of disperse 
system are in the vicinity to each other, then characteristics of 
disperse system determined by this histogram and frequency 
firing ground will be vicinity each other too. 
       Proof: The vicinity of two discrete functions (histogram 
and frequency firing ground) will be estimated by the 
following formula 
 

     ρ δ( , ) ( ) ( )P H P r H ri i
i

n
= − ≤

=
∑

1
   (2.1) 

                         

where P(r) and H(r) the frequency firing ground and 
histogram of distribution on parameters “r”,  respectively.  
We inequality (2.1) will transform in the following way. Both 
parts of inequality (2.1) multiplied to G(r,Ej). G(r, Ej) is the 
function “r”, “E” described as one of physical characteristics 
of disperse system. For all values of arguments “r”,  “Ej”  
G(r,Ej) Ј 1. This inequality (2.1) may by generalized to all 
values of “Ej“. Then obtain: 
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As P(r), H(r) and G(r,Ej) і 0 for all values of arguments “r”,  
“Ej” and in definition: 
 

                 I E G r E P rp j i j i
i

n
( ) ( , ) ( )=

=
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1
   

and  

                I E G r E H rH j i j i
i

n
( ) ( , ) ( )=
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1
 

 

These last expressions are statistical averaging of G(r,Ej) 
on parameter “r” by histogram (H(r)) and frequency firing 
ground (P(r)), respectively. Taking into account last 
expressions we obtain: 
                 

                     I E I EP j H j
j

m

( ) ( )− ≤
=
∑

1
δ                       (2.2) 

                          

Thus the inequality (2.2) is condition of vicinity of IP(Ej) 
and IH(Ej), which was to be proved. 

It’s known, that all constructed distribution functions, 
histograms must have different and non-zero values at all 
considered values of argument [13]. Thus, numbers of 
histograms, which may be constructed on the base of 
conditions [13] and (2.1) are limited. 

 

3. Results and discussion. 
 

Four samples of magnetite nanoparticles have been 
investigated [14-16]. Improved histogram data, determined 
by above mentioned method are (f;x)I =(0,2; 0,203), (0,4; 
0,563) , (0,6; 0,194) , (0,8; 0,036) , (1,0; 0,004), (f;x)II = 
(0,25; 0,664) , (0,5; 0,247), (0,75; 0,08), (1,0; 0,009), (f,x)III 
=(0,167; 0,121); (0,334; 0,403); (0,54; 0,293); (0,667; 0,123); 
(0,833; 0,05); (1,0; 0,01), (f,x)IV =(0.2, 0.304); (0.4, 0.46); 
(0.6, 0.197); (0.8, 0.035); (1.0, 0.004) for samples I-IV, 
respectively. In fig.1(a,b) there have been presented curve 
firing ground frequency (curve 1), distribution histograms 
magnetite nanoparticle samples I without (curve 2) and with 
improved data (curve 3). 
 

 

Fig.1(a,b). Curve frequency firing ground (1) [14], distribution histogram without (2) and with (3) improved parameters of  magnetite  
                  nanoparticle sample –I (a). –II (b). 

 
In table 1 there have been shown moments and 

parameters of distribution calculated by frequency firing 
ground, histogram without and with improved parameters and 
relative errors of calculations. As it is seen from table, moments and 
parameters of distribution calculated by histogram are more 
accurate. 

In fig.2 there have been shown magnetization curves, 
obtained by experiment, calculated by Langevan equation 
using frequency firing ground, histogram, without and with 
improved parameters. As it is seen from fig.2 magnetization 
curve, calculated by histogram with improved parameters is 
closer to experimental magnetization curve and curves 
calculated by frequency firing ground. 

  
 
Fig.2 Magnetization curves of magnetite nanoparticle samples –I and –II obtained by experimental (1) [15,16], calculated by equation (4.1) 

using frequency firing ground (2), distribution histogram without (3) and with (4) improved parameters. 
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Thus, analysis of carried out investigations shown, that 
for monodisperse systems it may be constructed one and 
accurate histogram describing distribution of nanoparticles on 
size. Physical parameters (moments, parameters of 
distribution, magnetization of disperse systems of magnetite 

nanoparticles) of disperse systems may be calculated more 
accurately and rapidly by this histogram. Thus, it is 
established, that histogram of distribution with improved 
parameters more convenient and more exactly describes 
distribution of magnetite nanoparticles. 

 
                                                                                                                                                                             Table 1. 

Initial moments of distribution magnetite nanoparticles samples I-IV, calculated by firing ground of frequency, 
histogram without and with improved parameters 

 
Moments and 
parameters of 
distribution 

calculated by 
firing ground 
frequency (1) 

Relative error of calculation 
of moments by histogram 
without (2) and with (3) 

improved parameters 

Moments and 
parameters of 
distribution 

calculated by 
firing ground 
frequency (1) 

Relative error of calculation of 
moments by histogram without 

(2) and with (3) improved 
parameters 

 
N 

1 2 3 1 2 3 
I sample II sample 

x  .94807E+02 .1406 .0413 .77570E+02 .1706 .0375 

x2  
.95468E+04 .3035 .0625 .65486E+04 .3402 .0516 

x3  
.10200E+07 .4885 .0634 .60048E+06 .5031 .0526 

x4  
.11541E+09 .6924 .0457 .59517E+08 .6551 .0491 

x5  
.13788E+11 .9094 .0135 .6328E+10 .7949 .0461 

x6  
.173224E+13 1.1322 .0286 .715167E+12 .9239 .0453 

x7  
.227792E+15 1.3529 .0756 .851209E+14 1.0452 .0466 

x8  
.311936E+17 1.5651 .1234 .105799E+17 1.1617 .0492 

x9  
.442499E+19 1.7644 .1691 .136342E+19 1.2752 .0523 

x10  
.646957E+21 1.9488 .2106 .181099E+21 1.3862 .0556 

III sample IV sample 

x  .733193E+02 .095 .024 .54401E+02 .108 .048 

x2  
.566779E+04 .190 .031 .30949E+04 .222 .077 

x3  
.461060E+06 .281 .023 .18391E+06 .344 .087 

x4  
.393497E+08 .367 .004 .11395E+08 .474 .080 

x5  
.350948E+10 .447 .023 .73457E+09 .612 .058 

x6  
.325578E+12 .518 .055 .491326E+11 .755 .024 

x7  
.312638E+14 .582 .087 .339946E+13 .901 .018 

x8  
.309242E+16 .640 .118 .242519E+15 1.047 .064 

x9  
.313672E+18 .693 .147 .177805E+17 1.190 .119 

x10  
.324975E+20 .742 .171 .133542E+19 1.329 .159 
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ÍÀÍÎÞË×ÖËÖ   ÌÀÃÍÅÒÈÒËßÐÈÍ   ÞË×ÖËßÐß   ÝÞÐß  ÙÈÑÒÎÃÐÀÌ   ÏÀÉËÀÍÌÀÑÛÍÛÍ   
ÏÀÐÀÌÅÒÈÐËßÐÈÍÈÍ  ÒßÊÌÈËËßØÄÈÐÈËÌßÑÈ   

                            
                                       

Íàíîþë÷öëö ìàãíåòèòëÿðèí þë÷öëÿðÿ ýþðþ ùèñòîãðàì ïàéëàíìàñû îíóí òåçëèêëÿð ïîëèãîíóíà äàùà éàõûí îëìàñû øÿðòè ÿñàñûíäà òÿéèí îëóíìóø 
âÿ äàùà ñîíðà îíóí ïàðàìåòðëÿðè ÿí êè÷èê êâàäðàòëàð ìåòîäó èëÿ äÿãèãëÿøäèðèëìèøäèð. Òÿéèí îëóíìóø ùèñòîãðàì ïàéëàíìàñû ïàéëàíìàíûí 
ìîìåíòëÿðèíè âÿ íàíîë÷öëö ìàãíåòèòëÿð ñèñòåìèíèí ìàãíèòëÿøìÿ ÿéðèñèíèíè ùåñàáëàíìàñûíäà èñòèôàäÿ îëóíìóøäóð. Àëûíìûø íÿòèúÿëÿð áó öñöëëà 
òÿéèí îëóíìóø ùèñòîãðàìûí äèñïåðñ ñèñòåìëÿðèí ïàéëàíìàñûíû äàùà äöçýöí õàðàêòåðèçÿ åòäèéèíè òÿñäèã åòäè.  
 

 
Р.А. Али-заде, Р.Р. Гусейнов 

 
УЛУЧШЕНИЕ ПАРАМЕТРОВ ГИСТОГРАММЫ РАСПРЕДЕЛЕНИЯ  

НАНОЧАСТИЦ МАГНЕТИТА ПО РАЗМЕРАМ 
 

Гистограмма распределения наночастиц магнетита по размерам была построена на основе его близости по полигону частот. 
Параметры гистограммы улучшены методом наименьших квадратов. Полученная гистограмма распределения использована для 
определения моментов распределения и намагничивания дисперсных систем наночастиц магнетита. Анализ полученных 
результатов доказали, что полученная таким способом гистограмма более точно описывает распределение дисперсных систем. 
 

Received: 16. 11. 2004. 
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THE MEASUREMENTS OF DIELECTRIC PROPERTIES OF ACETONITRILE-BENSOLE 

SOLUTIONS IN THE MICROWAVE REGION 
 

S.T. AZIZOV, M.A. SADICHOV, Ch.O. KADJAR 
Institute of Physics of National Academy of Sciences of Azerbaijan,  

AZ-1143, H. Javid av., 33 
 

The results of the measurement of the dielectric properties of solutions, technique and definition algorithm ε′, ε′′ are given 
in the article. The existence of the concentration spectrum in these solutions, at which the chosen nonreflecting absorption of 
the falling radiation appears, it is established. 

 
Introduction 
The investigations of dielectric properties of polar liquid 

solutions in the region of their wave dispersion allow to 
obtain the information about their molecular structure. 
Besides, as it is shown in the ref [1], these investigations give 
the possibility to study the revealing of nonreflecting 
absorption of electromagnetic radiation, which reveals in the 
dissolved solutions of polar molecules. 

 
Technique of investigation 
In this connection, the investigations of solution dielectric 

characteristics of aсetonitrile-bensole in the microwave 
range, at λ=1,5 cm and temperature T=20°C have been 
carried out. 

The measurements are carried out on the installation, 
working at the wave length λ=1,5sm. In the installation, the 
panoramic meter of stationary wave P2-66 and indicator 
device JA2P-67, are used. The acetonitrile-bensole solution is 
put in the specially constructed short-circuit measuring 
waveguide cell on the end the last is thermostated and 
includes the mechanism of smooth regulation of layer width. 

The obtained experimental data about minimums of taken 
dependence η on l, and also η∞ are used for the calculation of 
ε ′ , ε ′′′ . For their finding, the method, based on the 
information parameter measurement of taken dependence of 
stationary wave coefficient η on the substance layer width, 
taken in the experiment has been applied. These parameters 
are substance layer widths lm and value ηm in the minimal 
points of η(l) function, and also the values η∞ at the liquid 
widths, at which the η  value reaches its limit value η∞. The 
necessity in the usage of η∞ at the definition of ε ′ , ε ′′′  of 
strongly absorbing polar liquids and their solutions, which  ?      

The algorithm and realizing its calculation program, 
working in the dialogue mode of the investigator with the 
personal computer IBM have been treated. They base on the 
use of data in the refs [2,3,4] of equations, establishing the 
functional connection between measure ηm, lm, η∞ and 
decisions ε ′ , ε ′′′  parameters, which is equitable for every 
number N of function minimum η(l). The following 
equations are used for abnormal region (6) of function η(l), 
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and the ratio for η∞, obtaining from Frenel equation, but is expressed with the use of given denotes:  
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Fig.1. The block scheme of the calculation algorithms of the  
          dielectric coefficients of polar liquids and their solutions:  
          a) algorithm of the subprogram A, b) algorithm of the  
          subprogram B, c) algorithm of the subprogram C. 

 
For the improvement of exactness and reliableness of the 

carried out measurements and calculations on them, and also 
for the escape of the probable appearance of two-valued 
property in the calculation of ε ′ , ε ′′′ , the program system 
includes three subprograms, the every of which is oriented on 
the calculation carrying out of ε ′ , ε ′′′  on the one from the 
couple of the measured parameters lm, ηm (subprogram A); lm, 
η∞ (subprogram B); η∞, ηm (subprogram C) (fig.1.). Every of 
these subprograms include the entering procedures of the 
values, including in the initial equations of the aprioristicly 
famous parameters λ, λb, p=(λ/λk)2 in the operating computer 
memory, depending on the type of applied experimental 
installation and frequency, at which the measurements are 
carried out. The input of the given measurements ηm, η∞ , lm 
carried out the input of the number N of the function η(l) 
minimum, chosen at the measurements. The use of this or 
that subprogram is defined by the attenuation character of the 
experimental dependence η on l of the investigated objects. 
Thus, for the liquids with the value of the dielectric loss 
factor higher than 0,5 is better to use of subprogram C. At the 
measurements of the weak absorbing dissolved solutions of 
polar liquids, it is need to use the subprogram A. 
Independently on the subprogram choice, the search of the 
values ε ′ , ε ′′′  is ended at the carrying out of the conditions 

        
x x y yi i i i− ≤ − <− −1 1δ δ;  

 
where б is the reasonable error value in the calculations of 
the intermediate parameters x and y; xi, xi-l, yi, yi-l are the 
values of the intermediate parameters x and y on i-m and j-m 
repeating steps. 

 
The discussion of results 
 
The obtained data of the solutions ε ′ , ε ′′′  are given in the 

table 1 and on the fig.2. The solutions of polar acetonitrile in 
the nonpolar bensole, the dielectric properties of which are 
well enough studied in the high-frequency range, have been 
chosen in the capacity of the objects. Earlier, in the refs [5,6], 
by the investigations of dielectric properties and reflection 
characteristics of acetone-bensole and water-dioxan solutions 
in the centimeter wave range, the probability of the 
observation of the total absorption effect of the 
electromagnetic radiation has been proved. It is established, 
that at the given frequency of falling radiation and solution 
temperature, the total nonreflecting wave absorption appears 
at the strong defined layer widths and solution compositions. 
Taking into consideration, that dispersion regions of 
acetonitrile are in the centimeter and millimeter wave ranges, 
the investigations are carried out at the wave length λ=1,5sm 
and temperature 20°C. For the prediction of the layer width 
and solution composition, at which the appearance of the 
total absorption of the falling radiation in the chosen 
solutions is expected, the given measurements of their 
dielectric constants ε ′  and dielectric losses ε ′′′ , represented 
in the ref [7], are used.  

Found by the calculation way, with the help of the above 
mentioned method, the resonance values of the layer width 
and solution compositions are compared with the similar 
data, obtained from the experimental investigations of the 
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dependences η on l at the different concentrations of bensole 
in the solutions. 

The obtained in the experiment values of ε ′  and ε ′′′  at 
the different bensole concentrations are used for the 
construction of the dependences of the values ε ′  and ε ′′′  of 
the corresponding solutions in the same coordinate ox. 

The experimental x and calculated xp values of resonance 
molar concentrations of polar component of acetonitrile 
solutions in the bensole at the temperature 20°C and wave 
length 1,5 cm. The ε0, τ⋅1012 s is the statistical dielectric 
constant and relaxation time of solution polar component; the 
critical wave length λk=2,3 cm.  

 
                                                                      Table 1 

Solutions Acetonitrile-bensole 

ε0 , τ    36,8 3,3 

Number of zero 
minimums  N 

ХP Х 

1 
2 
3 
4 

19,4 
7,4 
4,8 
3,6 

19,4 
6,6 
4,6 
3,4 

   
The coordinates of the cross-section points of the 

experimental and theoretical dependences fig.2 are found by 
the graphical way by their combination with the values of the 
curve family of resonance values ε ′ , ε ′′′ , obtained by the 
calculated way, and on the last values are found the 
corresponding resonance values of bensole concentrations in 
the solutions. 

The calculated by such graphical method, the values of 
resonance concentrations of polar component in the chosen 
solutions are given in the table 1. For the comparison there 
are also the values, but obtained from the behavior analysis of 
the experimentally taken concentration dependences of wave 
reflection coefficient module in the minimum points of the 
curves ρ on l. 

The given in the table calculated and experimental values 
of resonance concentrations of solution polar component are 
in well agreement between each other. 

 

   
 
Fig.2. The experimental dependencies of  ε ′  on ε ′′′   of the  
          acetonitrile solution in the bensole at the temperature  
          T=20°C and the wave length λ=1,5 sm. 
 
Conclusion 
 
The investigated effect of the resonance nonreflecting 

absorption of electromagnetic waves in the solution has the 
general character and can be revealed in many solutions of 
polar dielectrics at the definite measurement frequency 
selection, temperature and composition of the investigated 
solution. The method and calculation algorithm of the 
dielectric properties and characteristics of polar substances 
and their solutions is also treated.
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ÌÈÊÐÎÄÀËÜÀËÛ ÄÈÀÏÀÇÎÍÄÀ ÀÑÅÒÎÍÈÒÐÈË-ÁÅÍÇÎË ÌßÙËÓËËÀÐÛÍÛÍ ÄÈÅËÅÊÒÐÈÊ  

ÕÀÑÑßËßÐÈÍÈÍ ÞË×ÖËÌßÑÈ 
 

Ìÿãàëÿäÿ ε′, ε′′-èí òÿéèí îëóíìàñû ìåòîäó âÿ àëãîðèòìè, ìÿùëóëëàðûí äèåëåêòðèê õàññÿëÿðèíèí þë÷öëÿðèíèí íÿòèúÿëÿðè ýþñòÿðèëèá. Áó 

ìÿùëóëëàðäà êîíñåíòðàñèéà ñïåêòðèíèí ìþâúóä îëìàñû òÿéèí îëóíóá âÿ áóíóí ÿñàñûíäà äöøÿí øöàíûí ñå÷èëìÿ ÿêñîëóíìàéàí óäóëìàñû áàø 

âåðèð. 
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С.Т. Азизов, М.А. Садыхов, Ч.О. Каджар 
 

              ИЗМЕРЕНИЯ ДИЭЛЕКТРИЧЕСКИХ СВОЙСТВ РАСТВОРОВ АЦЕТОНИТРИЛ-БЕНЗОЛ В 
ДИАПОЗОНЕ МИКРОВОЛН 

 
В статье приведены результаты измерения диэлектрических свойств растворов, методика и алгоритм определения ε′, ε′′. 

Установлено существовавние в этих растворах спектра концентраций, при которых возникает избирательное безотражательное 
поглощение падающего излучения. 
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OBTAINING AND RESEARCH OF ELECTRICAL PROPERTIES OF Y1-XCdXBa2Cu3O7-δ 
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Institute of Physics Azerbaijan National Academy of Sciences 
 Baku - 1143, H.Javid ave., 33 

 
The temperature dependences of electrical conductivity, thermoelectromotive force and thermal conductivity of Y1-XCdXBa2Cu3O7-δ 

were carrying out. It was established, that the superconducting transition is not vanished up to 80 at.% of Cd. On the temperature 
dependences of investigated coefficients are observed the sharp changes of dependence course likely phase transition. 
 

The obtaining new HTSC with higher critical 
temperature (Tc) of transition in a superconducting (SC) state  
from not deficient and cheap materials, easily yielding to 
mechanic processing still remains to one of actual questions 
of physics of superconductors. There is a large number of the 
publications, in which one were made partial replacement of 
atoms Y by atoms Tm, Nd and other elements observing a 
superconducting  (SC) transition at Тс=91-95К. 

The given work is dedicated to obtaining and research of 
electrical properties of Y1-XCdXBa2Cu3O7-δ. Samples            
Y1-XCdXBa2Cu3O7-δ were obtained in two stages: the mixture 
of oxides CdO, BaO and CuO in the conforming ratio was 
mixed, was frayed and caked at 800-8500С on air during 20-
25 hours. The obtained mixture for the second time was 
frayed, was extruded in tablets and undergo to an annealing 
in a flow of oxygen under pressure 1,2-1,5 аt. at 900-9500С 
during 25-30 hours. 

 
Fig.1.The temperature dependence of specific resistivity for  
         different values X (see to text) of Y1-XCdXBa2Cu3O7-δ 

 
 In a fig. 1 are submitted the temperature dependences of 
specific resistivity ρ(Т) of Y1-XCdXBa2Cu3O7-δ at different 
values Х (Х=0-1; 0,1-2; 0,2-3; 0,3-4; 0,4-5; 0,5-6; 0,6-7;     
0,7-8; 0,8-9). As it is seen, up to 80 аt.% Cd  the 
superconductivity in them does not vanish. Let's remark, at  
Х=0,9  (though the data ρ(Т) for specimens with Х > 80 аt. % 
in figure are not submitted), value ρ increases in 50 times, 
and course of temperature relation ρ(Т) becomes semi 
conducting. In a sample with Х=1 the value of ρ increases for 
4 order, the semi conducting course ρ(Т) becomes sharper, 
passing through a maximum at 170К, decreases in 6 times, 
but the SC up to 77К does not observed. From the data 
introduced in a fig.1, it is seen, that change of values of 
resistance in a normal condition, in process of increasing Х, is 
not systematical. In particular values ρ for structures Х=0,4 
and 0,7 are close to a sample with Х=0, or ρ for sample with 

Х=0,5 is maximal and on much more, than sample with 
Х=0,8. Notably, that in samples with Cd temperature of SC 
transition Т0 displaces in the party low Т, but also here it is 
difficult to observe for regularity of change Т0 from Х. 
However, it is seen that at replacement of atoms Y by atoms 
Cd (up to 80аt. %) the temperature of SC transition is saved, 
and varies within the limits 88-90K. With the purpose of 
improvement of the obtained results experiments were 
suggested with some changes. In this case the carbonate of 
barium - BaCO3 is used in return for of barium oxide - Ba2O 
and is made some changes in a temperature regime. A 
mixture of oxides Cd, CuO and BaCO3 in accordance to a 
structure CdBa2Cu3O7-δ (X=1) was mixed, was frayed in an 
agate mortar, and was heated up to 9200С within 6 hours. 
Temperature of heating was rise as contrasted to by previous 
case, with the purpose of decomposing BaCO3 on Ba and 
СО2. On completion of heating from the obtained material 
the spacers were pressed in. The spacers were heated up to 
9200С and were stand during 15-20 hours, then, with the 
purpose of a sintering, temperature was increased up to 
10000С, and not for long having stand up to former value 
9200С was lowered. Having stand at this temperature during 
2 hours, up to the room temperature slowly was cooled. 
 

 
Fig.2. The temperature dependences of specific resistivity  
           (1,2,3), thermo-e.m.f. (4,5) and thermal conductivity (6)   
           of CdBa2Cu3O7-δ. 

 
 In a fig. 2 the temperature dependences of resistance 

ρ(Т) (1,2,3-after first, second and third measurement 
respectively), thermoelectromotive force α(Т)  (4,5 – after 
second and third measurement respectively)  and thermal 
conductivity (k) (6,7- after second and third measurement 
respectively) for  CdBa2Cu3O7-δ  is submitted. As is seen the 
value of resistance for the obtained sample is of the same 
order, as well as in Y-123 ceramics: has a metallically course, 
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the value of α and its temperature dependence also 
corresponds to a metallically course. The superconducting 
transition was observed at the temperature of Тc=85К.  

It is necessary to mark some peculiarity on temperature 
dependences of investigated coefficients in area 250-290К. 
As it is seen, there is some sharp change of these coefficients 
similarly to phase transitions. Temperature dependences of 
thermal conductivity at room temperatures same, as at phase 
transitions in superconducting state, i.e. the temperature 
dependences of thermal conductivity passes through a 
maximum below Tc. Below room temperatures the behavior 
of all three investigated coefficients resembles phase 
transition in superconducting state at 90К. The specific 

resistivity, decreasing up to zero, further is raised with 
temperature decreasing. The experiments were conducted 
repeatedly three times. The two times observed peculiarity on 
α(Т) and ρ(Т) in third and fourth time were not watched. The 
temperature dependence course of thermal conductivity has 
not changed after the third measurement. Is probably, it was 
connected to a metastable superconducting phase at these 
temperatures. 

Proceed from the obtained results it is possible to 
conclude, that at is successful a selected technological regime 
it is possible to receive samples Y1-XCdXBa2Cu3O7-δ with Х<1 
with superconducting properties to a close structure 
YBa2Cu3O7-δ. 
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Ñ.À. ßëèéåâ, Ñ.Ñ. Ðÿùèìîâ, Â.Ì. ßëèéåâ  

 
Y1-XCdXBa2Cu3O7-δ ALINMASI Vß ÎÍÓÍ ÅËÅÊÒÐÈÊ ÕÀÑÑßËßÐÈ 

 
Y1-XCdXBa2Cu3O7-δ íöìóíÿëÿðèí åëåêòðèêêå÷èðèúèëèéè, òåðìîåëåêòðèê ù.ã. âÿ èñòèëèêêå÷èðìÿñè òÿäãèã åäèëìèøäèð.Y1-XCdXBa2Cu3O7-δ-äÿ 

èôðàòêå÷èðèúèëèê 80 àò.% Cä-éÿ ãÿäÿð éîõ îëìóð. Òÿäãèã åäèëìèø ÿìñàëëàðûí òåìïåðàòóð àñûëûëûãëàðûíäà 260-280Ê îáëàñòûíäà ôàçà êå÷èäëÿðèíÿ 
îõøàð êÿñêèí äÿéèøìÿ ìöøàùèäÿ åäèëìèøäèð. 
 

С.А. Алиев, С.С. Рагимов , В.М. Алиев 
 

ПОЛУЧЕНИЕ И ИССЛЕДОВАНИЕ ЭЛЕКТРИЧЕСКИХ СВОЙСТВ Y1-XCdXBa2Cu3O7-δ 
 

Исследованы температурные зависимости электропроводности, термоэдс и теплопроводности  образцов Y1-XCdXBa2Cu3O7-δ. 
Получено, что в Y1-XCdXBa2Cu3O7-δ сверхпроводимость не исчезает вплоть до 80 ат.% Cd. На температурных зависимостях 
исследованных коэффициентов образца CdBa2Cu3O7-δ в области 260-280К обнаруживается резкое изменение хода зависимостей, 
аналогично поведению при фазовых переходах. 
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Excitation of EL was accomplished by the applied to a crystal, constants and variable electrical fields. Thus, the luminescence of 
the matrix and radiation caused by transitions of rare earth ions is observed. 

 
Research of EL of rare earth ions in wide (-band-) gap 

semiconductors represents the big interest in connection with 
perspectives of reception of stimulated radiations with 
electrical rating and creations of plane solid-state display, 
oscillographic and television screens [1,2]. 

Investigation results of EL characteristics of monocrystals 
GaS:Ln3+ are presented in the given article. The samples with 
thickness from 70 up to 150mkm with sandwich contacts, 
made of In, Al, Ag etc, were used for investigation of EL.  

 Spectra of an electroluminescence in monocrystal 
GaS:Nd at 77K and 200Hz are shown on fig. 1. Narrow-band 
lines of radiation in an interval of wavelength on 
electroluminescence spectrum 0.53÷0.55 and 0.59÷0.61 mcm 
are caused accordingly by transitions of 4G7/2→4I9/2 and 
4G7/2→4I11/2 of Nd3+. It is known, that Nd ions have rich 
radiating ability in infrared area of a spectrum. In our 
researches intensity of radiation in infrared region is very 
weak. Therefore this part of a spectrum is not shown on fig. 
1. 

 
. Fig.1.  EL spectra of GaS:Nd (T=77K, f=200H. 
 
EL spectra of monocrystal GaS:Er are shown on fig.2. 

From all investigated transitions the most intensive was a  
transition  4S3/2→4I15/2. 
 

 
Fig. 2. Spectra of photo (continuous curves) and electro- 

            luminescence (dotted curves) of monocrystals 
Electroluminescence spectra of monocrystal GaS:Tm are 

shown on fig. 3. The area 0.79÷0.83 mcm is caused by 
transition 3F4→3H6, and 0.68÷0.72 mcm is caused by 
transitions 3F3→3H6 of Tm3+ ion. 

 
Fig. 3. Spectra of photo (curve 1 at 77K, curve 2 at 300K) and  
           electroluminescence (curve 3 at 77K) of monocrystals GaS:Tm  
 

 
Fig. 4. Dependence of EL intensity on applied to the sample  
            (GaS:Nd). 
 
 One of the most essential characteristics of 

electroluminescence, allowing to determine its mechanism, is 
the dependence of intensity of radiation on the applied 
voltage.  This dependence for monocrystal GaS:Nd3+ is 
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shown on fig. 4. Obviously, dependence of intensity of an 
electroluminescence on voltage submits to the exponential 
law [3] 

                             ⎟⎟
⎠

⎞
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⎝

⎛
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u
bII exp0         .                  (1) 

 
I0 is defined by an external source of electrons, and 

parameter of exponent is defined by the value of area. Similar 
dependence for crystal GaS:Er is shown on fig. 5. Such 
character of dependence of EL intensity is observed also at 
excitation of samples by a constant electrical field. 

 
Fig. 5. Field dependences of EL intensity at different  
            frequencies of applied variable field, at 77K   
            (4S3/2→4I15/2  GaS:Er); 1- 200, 2-300,  3-400, 4-600, 
            5-800, 6-1000Hz. 
 
Exponential growth of EL intensity from voltage specifies 

that EL in the area of strong fields is caused by shock 
ionization of impurity centers. We also establish, that the 
relation of intensity of luminescence Il to dark current Ic 
passing through a sample, also changes on the exponential 
law [4]. 

                     ⎟
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⎞
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cAII Tл exp/    .                       (2) 

 
Such dependence for crystal GaS:Er is shown on fig. 6. 

Realization of such regularity also specifies the shock 
mechanism of excitation of an electroluminescence in 
GaS:Ln3+. In the area of electrical fields where the deviation 
from exponential dependences is found out, the cubic site and 
a site of sharp growth of a current comes to light on current-
voltage characteristics of monocrystals GaS:Ln3+. 

It is shown in work [5,6], that passage of a current in 
structures is In- GaS:Ln3+-In is caused by double injection. 
Besides the visible luminescence in monocrystals GaS:Ln3+, 
at small voltage is observed near to the cathode and with 
growth of voltage is distributed to the anode. Hence, it is 
possible to assume, that at small fields the injection 
electroluminescence phenomenon is observed. 

It is known, that the mechanism of shock ionization is 
possible at presence of a strong field (≥105V/cm). However, 
in the investigated crystals, EL is observed in an interval of 
electrical fields 103÷105 V/cm . Obviously, acceleration of 
carriers occurs on barrier of Shotki. It is possible, that the 
electroluminescence at fields of ≥105V/sm may be connected 

with microasperity of crystal, formed at doping of rare earth 
elements. 

 
Fig. 6.  Dependence of   Lg Jл:Jт on U-1 for monocrystal   
             GaS:Er at excitation by constant field  Т= 77 К,  
                    4S3/2→4I15/2 Er3+ 
 
  The low-frequency peak is found on frequency 

dependences of EL intensity at 200 Hz (fig7). Intensity grows 
with increase of frequency from 20 up to 200Hz. With the 
further increase up to 10Hz intensity slowly decreases. 
Expression for a quantum output of radiation is received in 
work [7]:  
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                                                                                              (3) 
where Na and Nb-concentration of activating and braising 
impurity, the C1-constant, α  and  β- probabilities of capture 
of holes from a valent zone on levels of activating and 
braising impurity, T-time of holes redistribution , E-depth of 
activator deposition, ∆t -is the certain part of the period (δ): 
∆t=δ/f . Apparently from the formula (3), the quantum output 
grows with increase of frequency of the applied variable 
field. The increase of brightness of a luminescence observed 
on experiment at low frequencies, apparently, is caused by 
increase of a quantum output. With the further increase of 
frequency the quantum output does not play an essential role 
anymore as the power absorbed at the big frequencies, poorly 
depends on the frequency. The high-frequency area of this 
curve is well straightened in double logarithmic scale (fig. 7). 
It specifies on capacitor character of recession [8]. 

Temperature dependence of EL intensity of broadband 
radiation (λm=0,58mkm) contains three sites. EL intensity 
practically does not vary in the area of temperatures 77÷95К, 
that specifies the impurity character of energy absorption [9]. 
The inclination, which is equal to 0.70 eV is found above 
temperature 95K. As is known, the wide strip with a 
maximum at wavelength (λm=0,58 mcm is caused by 
transition of electrons from a zone of conductivity on p-type 
levels [10]. P-type levels grasp electrons from a valence zone 
with increase of temperature. Temperature dependence of EL 
intensity of transition 4S3/2→4I11/2 of Er3+ electrons repeats a 
course of temperature dependence of broadband radiation. 
Apparently, transfer of energy to ions Er3 + is accomplished 
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through strips with maximum λ=0.58mkm. Similar results 
were received for monocrystal GaS:Tm [11]. 
 

 
 
Fig. 7. Frequency dependence of EL intensity at 77K  
            (4S3/2→4I15/2  GaS:Er) 

Electroluminescence in monocrystals GaS:Ln3+   is found  at 
fields where the cubic law is broken to CVC (current-voltage 
characteristic) and enough amount of free carriers of both 
types is injected in volume of the semiconductor. The similar 
situation is formed at excitation of a crystal hν>Eg. The only 
difference is in the infusing of the electrical field 
(Е≥104V/sm) applied to a crystal on capturing of carriers and 
in facilitating of the process of liberation of the located 
carriers (thermal field effect). Formed in volume of a crystal 
free carriers may recombine on interzoned transitions and 
through local conditions in the forbidden zone. 

Thus, on the basis of experimental results it is possible to 
conclude, that found EL in monocrystals GaS:Ln3+ at 
relatively  weak fields, EL mechanism is injection, and at 
more strong fields - shock ionization. GaS:Er at T=77K 
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GAS:LN3+ (LN – ND, ER, TM) KRISTALLARIN ELEKTROLÜMINISENSIYASI 

 
GaLn3(Ln – Nd , Er , Tm) kristallarыnda elektrolцminesсеnsiya hadisяsi sabit vя dяyiшяn elektrik sащяляриндя tяdqiq 

olunmuшdur. Bu zaman nadir torpaq elementinя xas olan шualanma vя hяmчinin zonalar arasы keчidя uyьun шцalanma 
mцшahidя olunmuшdur. 

 
Ф.Ш. АЙДАЕВ, О.Б. ТАГИЕВ. 

 
ЭЛЕКТРОЛЮМИНЕСЦЕНИЯ (ЭЛ) В GAS:LN3+ (LN – ND, ER, TM) 

 
Возбуждение ЭЛ осуществлялось приложением к кристаллу  постоянных и переменных электрических полей. При этом 

наблюдается свечение самой матрицы и излучение, обусловленное внутрицентровыми переходами редкоземельных ионов.  
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The results of influence of an electron beam irradiation on galvano-tehmomagnetic properties in monocrystals CdxHg1-xTe 

 (0 ≤ x ≤ 0,25) in the wide range of temperatures (4,2 ÷300K) and magnetic fields (60 ≤ H ≤ 22.000ers.) were analyzed in given work. 
       It is shown, that action of irradiation on Hall effects is most essential at week fields and low T. Comparison of results σ(T), R(T,H) with 
the two – zoned  theory has to reveal quantitatively influence of an irradiation on concentration and mobility of carriers of a charge and to 
conclude, that the electron beam irradiation of CMT crystals leads to increase of electron concentration, caused by vacancies of tellurian  
with donor type. It is established, that CdxHg1-xTe (with x = 0,12 ÷0,15) can be used as sensitive elements in termomagnetic receivers of IR 
irradiation. It is established, that at T<40K in CdxHg1-xTe (x ≤ 0,15)  concentration of acceptor centers which are included in a conductivity 
zone, greater more that concentration of donors. 
       The acceptor levels plays role of traps for both – for ionizing electrons and for electrons induced by irradiation. It was set up, that 
electron been irradiation with integral doze 5,6*1017 elec/cm2 to increase of specific sensitivity of receivers of IR radiations up to twice at 
T=300K. 
 

 Introduction 
 

The first studies of influence of radiation defects on 
physical properties of CMT appeared in the beginning of   
70-ies [1,2]. In [2], the irradiation was made by electron 
beam at 25K. After the irradiation, samples of p-type were 
converted to n-type and the electroconductivity grew by 4 
order. However after heating of samples, the initial properties 
almost were restored. In [3] irradiation was made by 
integrated beam   Ф-4*1017sm-2 at 77K. The increase of n and 
reduction of photoconductivity is revealed. Short term 
heating at 300-320K eliminate the entered radiation 
infringements. It was shown, that created at low temperature 
irradiation defects, has a small thermal stability and anneals 
basically at temperatures 50-75K [2] and 150-225K [4]. It is 
known, that using of temperatures of the irradiation leads to 
formation of various types of stable defects [5]. 
       Meanwhile, practical use of the irradiation demands 
knowledge of physical properties of radiation defects and 
their thermal stability at 300K. In this sense, the works [6, 7], 
in which n and p-type samples were irradiated at 300K are 
interesting: in n-type samples p insignificantly decreased, and 
conductivity remained almost constant, whereas in p-type 
samples was a change of type and σ passed through a 
minimum. Authors [6, 7] analyzing the obtained results, 
conclude, that the electron beam irradiation at 300K, 
irrespective at initial type of conductivity, leads to formation 
of new donor centers in CMT crystals. MOD-structure is 
investigated in [8]. More detailed researches were carried out 
in [9-15]. As seen from brief review, the study of influence of 
the electron beam irradiation on kinetic phenomena CMT has 
only incidental character up to our researches. Coefficients of 
electro conductivity and Hall have been considered only at 
300K and in the certain value of magnetic field and 
irradiation doze for limited structure and concentration. Thus, 
the methodical shortcomings were tolerated. In particular, 
many authors argue on change of a sign of the conductivity, 
influence of the irradiation on the mobility on the dates of σ 
and R at one certain the magnetic field, meant at this product 
R⋅σ as mobility. As known, there is a simultaneously 
participation of electrons and holes in conductivity of CMT, 
therefore dependences of R(H), σ(H) and other factors are 

complex. Change of sign of R at any value H does not mean 
change of conductivity type and R⋅σ not always is the 
mobility of one of carriers of charge and etc. 

The features of zone structure of crystals, state of 
admixture levels were not considered at interpretation of the 
obtained results. For example, in some studies, there are such 
conditions: the electron beam irradiation results in growth 
acceptor centers, reduce or has no effect on mobility etc. 
       With the aim of elimination of the listed blanks of the 
problem, the complex researches of the influence of electron 
beam irradiation on electric, galvanomagnetic and 
thermomagnetic properties of CMT of various structures and 
concentration of carries of the charge at wide interval of 
temperature and magnetic fields has been carried out, and a 
role of electron RD and opportunities of practical use of 
electron processing has been studied. 
 

1. Influence of an electron beam irradiation   
on conductivity and galvanomagnetic phenomena 
in  CdxHg1-xTe (CMT)  

 
The galvanomagnetic effects are one of the sensitive 

phenomena   to external influences. By studying the influence 
on them of temperature, the magnetic field and irradiation is 
possible to obtain exhauste date on concentration, mobility, 
mechanism of dispersion, etc. 

   The influence of the electron irradiation an CMT with 
energy 3,5 Mev, an integrated  beam to Ф=1,46⋅1018cm-2, on 
R for structures x=0, 0.1, 0.12, 0.15, 0.20, 0.25 at T=4,2÷300 
K  will be considered  in this study. The characteristic curves 
of dependences R (H,T,Ф) for samples x=0.12 and 0.15 are 
submitted in Fig.1.2. Apparently, the lead to significant 
change of factors, and irradiation is most effective at low T 
and weak H. As seen from curves R(H), the irradiation lead to 
increase of R at investigated range of T. The point of 
inversion of sign of R is displaced to high values of H by 
rising of the irradiation doze. Rising of the R(H0) sign 
inversion at high fields H should be connected with, 
reduction of mobility and hole concentrations or with 
increase in concentration and mobility of electrons, according 
to expression (1).  
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Fig. 1. Field dependences of Hall coefficient for samples of     
             Сd0,12Hg0,88Te. Continuous line – calculation ,°-Ф=0;  
             •-Ф=5,6 1017 cm-2 ;∆-Ф=1,5.1018 cm-2, х-D=1010 rad 
 

 
Fig. 2. Field dependences of Hall coefficient for samples of  
             Сd0,12Hg0,88Te. Continuous line – calculation,ο-D=0;  
             •-Ф=7,2.1017cm-2; х-D=1010rad 

 
As in two-zone model, the influence of n on R is most 
essential, the growth H0 is caused, basically by increasing of 
n. The R(H) in any magnetic field, according to theory looks 
like:          
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where npiHii ,; == µτ    

    The strong dependence of R(H) should be observed at 
µ<<1 and not too great value of p/n. Analysis of temperature 

dependences R(T) shows, that the R(T) differ both 
quantitatively and qualitatively at the strong and weak fields. 
R monotonously decrease by reduction of T at H=8.7 kErs 
and there is the inversion of the sign of R at T=80K. 

The course of R(T) radically changes in process of 
decreasing of H. 

R grows with reduction of T up to 200K at H=1,5 kErs 
occurs through a maximum, and with further downturn of T 
up to 77, the value of R decreases. 

At weak fields (H=60 Ers) character of curves R(T) 
strongly differ before and after the irradiation: before  of the 
irradiation, has a weak maximum, it disappears in process of 
the irradiation and monotonous growth of R by increasing of 
T is observed. The location of the maximum and value of R 
changes on depending of H. With growth of H the maximum 
is displaced aside high T and value of maximum decreases. 

The growth of maximum in R(T) is connected with 
competing action of electrons and holes. 

At weak fields a leading role plays electrons, at high H, 
holes, that results in shift of position of a maximum aside of 
high T, which causes reduction of the value of a maximum. 
The shift of a maximum aside low T and growth of its value 
is observed at irradiation. 

So, the observable effect is explained by growth of n at 
an irradiation. 

As is known, at the mixed conductivity, irrespective of 
the from izoenergy surfaces and the constancy of time of a 
relaxation, in week fields always S(H) looks like ∆ρ /ρ0 ∼ H2 
and it strongly depends on values of mobility and 
concentration of each of carries of a charge. In case of the 
mixed conductivity in approach τ=const, in any H we have: 
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Where 2121 ,,, RRσσ -factors of electro-conductivity and the 
Hall electrons and holes.  

The characteristic data on dependence )(
0

H
ρ
ρ∆ at various T 

and dozes of an irradiation are submitted on Fig. 3. 
The passage )(

0

T
ρ
ρ∆  through a maximum at 200K 

showed be take attention. It is connected, by that, the 
0ρ
ρ∆  

should get the maximal value at 22
np nµρµ ≅ . For submitted 

samples CMT, such conditions, are carried out in nearly of 
200K. As we seen, the electron irradiation in an interval    

200-300 T does not affect almost on 
0ρ
ρ∆ . At helium 

temperature the 
0ρ
ρ∆  grows, but the most essential increase of 

0ρ
ρ∆

  occurs at T=77 K. It is connected with increasing of n 

at the irradiation. 
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Fig.3. Field dependences of cross magnetoresistance of ∆ρ/ρ0      
          of sample of  Сd0,12Hg0,88Te  before and after e- 
           irradiation; ο-Ф=0; •-Ф=5,6.1017cm-2;∆-Ф=1,5.1018cm-2  
           at different temperatures. 
 
From the submitted results follows, that it is possible to 

pick up such structure CMT and ratio of n and p, that the 

0ρ
ρ∆

 gets the much greater value, than in the investigated 

crystals. Using of high value of 
0ρ
ρ∆

 and its increase under 

action of an electron irradiation, it is possible to create 
various converters. In particular, having compensated a 
voltage in a zero field it is possible to create the high-
sensitivity gauge of a magnetic field. 

 
Fig.4. Restore of Rx at thermal treatment  (t=1 hour,   

                  Тannealing=430К) in sample of   Cd0,12Hg0,88Te after e-   
                    irradiation; ο-Ф=0 (before thermal treatment; ∆-after   
                    thermal treatment (Ф=0); •-Ф=7.1017 cm-2;�-after  
                    annual. 

 
For an establishment of temperature anneals for the 

defects entered by an irradiation, samples after measurements 

were exposed izochronic annuals. As heat treatment in itself 
influences on electric properties of CMT, samples previously 
(up to an irradiation) were exposed to heat treatment. 
On Fig.4 characteristic curve actions of an electronic 
irradiation on R(H), and also izochronic annuals before and 
after an irradiation are submitted. It is visible, that the 
annuals during one hour at 1600C practically liquidates RD. 
Similar results are received and from the analysis of other 
kinetic factors. We shall note, that before our researches there 
were no quantitative data of irradiation influences on n, p, 

pn µµ , . This rather challenge as in conductivity 
simultaneously paricipate electrons and holes. 

 
Fig. 5. Temperature dependences of parameters of charge  
             carriers in Сd0,15Hg0,85Te; dotted-Ф=0; continuous-  
             Ф=7,2.1017 cm-2. 

 
In [16,22-24] we have described the technique of the 

definition of parameters of charge carries in CMT. It has been 
applied here, for quantitative definition of n, p and µ n 

andµ p before and after an irradiation which results are 
presented in Fig.5. 

With the purpose of check of reliability of the received 
results about R(H), experimental data have been compared 
with theoretical curves designed under the formula (1) by 

attraction of the found parameters n nµ
, p

pµ
. The 

characteristic dependences R(H) compared with calculation 
curves are presented in Fig. 1 and 2. 

It is seen, that the character of curves R(H) before and 
after an irradiation does not vary, and the consent of 
experiment with the theory in weak and strong fields is good 
enough, and the deviation in intermediate fields is observed. 
This question was analyzed in detail in [16,17]. Same 
situation is observed for other irradiated samples.  

Apparently, the irradiation reduce of mobility of 
electrons in 1.4 times and of holes in 15-20%. At this, the 
irradiation does not influence on mechanism of dispersion. 

The most interesting fact is the temperature dependence 
of concentration, arisen of a result of the irradiation. This 
question was not discussed in literature, but it is most 
attractive. It seems, that if the irradiation results in increase of 
concentration of electrons (at T≥ 200K, n≈ 1013 cm-3) and 
with downturn of T they should not decrease as donor 
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impurity in CMT are ionized at the lower temperatures [18-
20]. Hence, concentration of electrons at 4.2K before and 
after an irradiation should grow strongly. 

However, the ratio of concentration of electrons remains 
to be constant in wide range of T. From our data follows, that 
this process occurs and induced by electrons (as result of 
before and after an irradiation). 
 

2. Influence of the electron irradiation of thermo-emf 
and thermomagnetic pheno-mena 

 
It is known, that the determining factors in thermo-emf 

and thermomagnetic pheno-mena are the concentration and 
mobility of electrons. As electron irradiation of crystals CMT 
results in increase in concentration of electrons and some 
reduction of mobility. Therefore, the study of the influences 
irradiation of thermoelectric and thermomagnetic phenomena 
can give the additional information on the nature of 
electroactive defects, arising during the irradiation with this 
purpose the study of thermo-emf, magneticthermo-emf  and 
the cross-section thermomagnetic effect in temperatures of 
4,2-300K and magnetic fields 0 ≤≤ H 22 kErs has been 
carried out. 

The characteristic dependences α (T) before and after an 
irradiation for a samples with x=0.12 and x=0.15 are 
presented in Fig. 6.  

As seen, in area, where α >0, the irradiation reduced 
value of α , and in area where α <0 leads to increase of α . 
Thus, the sign of inversion of thermo-emf is displaced in area 
of low temperatures, and in the sample with x-0.15 in the 
same direction, the position of the maximum of dependence 
α (T) is placed also. There results and data on 
galvanomagnetic properties, confirm a conclusion on increase 
of electron concentration at irradiation. 

It is necessary to know the temperature dependence of 
parameters of charge carries for the quantitative analysis of 
thermo-emf. 

These parameters which have been determined, are 
involved for the analysis of the data α (T,Φ ). 
 

 
 
Fig. 6. Temperature dependences of thermo-emf α0 for  
             samples of Cd0,12Hg0,88Te; ο-Ф=0, •-Ф=5,6.1017 cm-2,  
             ∆-Ф=1,5.1018  cm-2. 

 
Fig. 7. Temperature dependences of thermo-emf α0 for  
             samples of Cd0,12Hg0,88Te; continuous lines –  
             calculation; ο-Ф=0; •-Ф=5,6.1017 cm-2. 

 
The continuous lines in Fig.7 present the results of 

calculation of α (T), made according two-zonal model. As 
seen, that the calculated curves well describes the 
experimental data: The reduction of α  and displacement of 
positions of maximum and point of inversion of the sign of 
α . The appreciable deviatation of calculated results from 
experiment at T>50K is connected with unsplit condition of 
zone structure Cd0.15Hg0.85Te, at which the nonparabolic 
zones of conductivity strongly amplifies ( β ≥ 1), that results 
in growth of an error of definition of zone parameters (Eg, 
m,η ) and Fermis corresponding integrals. 

As shown by calculations, up to an irradiation, at low T 
(T<25K) in spite of the fact, that α n>α p, the holes 
dominate at thermo-emf with growth of T (since 4.2), the   
α n, α p and σ n grow, and the growth α p outstrips α n. 
Strong growth α p(T) is connected with the constancy P(T). 
At performance of conditions, growth α n≈ α p (at T=25 K), 
the α (T) passes through a maximum the further reduction of 
α (T) (despite of α p> α n) is caused by strong growth of 
σ n and σ 0.It not only compensates the reduction of α n, but 
also reduces α p. The condition α n≈ α p is carried out 
already at T≈ 18K, that explains shift of position of the 
maximum α (T) at low T range. Increasing of σ n(T) at 
radiation process causes also displacement of the point of 
inversion of the sigh of α  at low T. The behavior of field 
dependences of magneticthermo-emf α (H), measured at 
various temperatures is interesting. The researches have 
shown that, the irradiation leads to increase of α (H) in all 
range of it (and α (H)<0) at room temperature. The 
α (H)>0 before irradiation at T=200K, the irradiation with 
doze up to Φ =5.6·1017cm-2 decrease the magneticthermo-
emf, and the increase of doze up to 1.46·1018cm-2 leads to 
change of sign of α (H) at low fields (H<2kErs). At 
(H>2kErs) the α (H)>0, but quantity of magneticthermo-emf 
less than initial. Character of charge magneticthermo-emf at 
T≥ 200K shows the increase n (hence σ n and σ 0) at the 
irradiation. It is difficult to explain a course α (H) at the 
irradiation doze up to Φ =5.6·1017cm-2 and T=100K. In week  
fields (H≤ 2kErs) magneticthermo-emf less than initial value, 
that corresponds to behavior α (H) at high T, but value 
α (H) at (H>1.5kErs) exceeds the value α (H) up to an 
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irradiation. After an irradiation up to Φ =1.46·1018cm-2 the 
value of α (H) decreases in all interval of H [25]. 

The H-E effect is most sensitive to the mechanism of 
dispersion, presence of other type of charge carries, to charge 

of their concentration and mobility. Dependences Eg from H 
and T for a sample with x=0.15 indicated, that the Eg grows 
by growing of H or passes through a maximum. 

  
[1] F.A.Zaitov,V.V.Aksenov  Proceedings of All-Union 

conf. On physics and chemistry of compounds of 
A2B6   Kiev, 1969, p.34 

[2] J.J.Melngailis , L.R.Lean and   C.H.Thedora. 
J.Appl.Phys.1973, №44, №6, 2647-2651 

[3] Yu.V.Lilenko, L.N.Limarenko, M.V.Kolikovsky In 
transactions. Semiconductors with narrow forbidden 
band and semimetals. Lvov 1975. p. 59-62  

[4] C.E.Mallon, J.A.Naber, J.F.Colwell. IEEE Tr .Nuvl. 
Sci,1973, № 20. p. 214-219 

[5] A.G.Foyt, F,C.Harman, Y,P.Donelly. Type 
Appl.Sett.1971. v. 321-323 

[6] V.N.Brudniy, A.V.Voychekhoyskiy, Qrechux, and 
others. FTP, 1977, v.11, №8, p.1540-1544 

[7] A.V.Voychekhovskiy, V.N.Broudnyi, Yu.V,Silenko, 
M.A.Krivov, A.S.Petrov, Solid Sistem Commun. 
1979,v.31, №2,p.105-108 

[8] F.D.Shepherd. IEEE Trans., Nucl.Sci.1074,v,21, №6, 
p.34-39 

[9] F.A. Zaitov. Q.Yu. Anderson, A.A. Druqova. 
Proceedingsof All-Union conf. «Radiation effects in 
semoconductors and semiconductive devices» Baku, 
1980, p. 87.  

[10] Q.Yu.Anderson, F.A.Zaitov Proceedings of all-Union 
conf. on radiation physics of semiconductors and 
related to them materials. Tashkent, 1984, p. 41  

[11] L.Bovina, F.A.Zaitov, O.V.Mixina, V.I.Stafecv. 
Neorganicheskiye materiali, 1976, v. 12, N 7, p. 1305-
1306.  

[12] F.A.Zaitov, O.V.Mixina, A.Ya.Polyakova. 
Neorganicheskiye materiali, 1977, v. 13, N 10, p. 
1922-1923.  

[13] N. Dekhtiyar, M. I. Dekhtiyar, V. V. Dyakin and others. 
FTP, 1984, v. 18, N 11, p. 1970-1974.  

[14] V. Voychekhovskiy, F. A. Zaitov, A. N. Kokhanenko 
and others. FTP, 1981, v. 15, N 8, p. 1606-1608 

[15] V. Voychekhovskiy, F. A. Zaitov, A.N.Kokhanenko and 
others. Proceedings of All-Union conf. on «Radiation 
effects in semiconductive devices»        

[16] S.A.Aliev, G. T. Gadjiev, E. I. Zulfigarov. Proceedings 
of all-Union conf. on radiation physics of 
semiconductors and related to them materials. 
Tashkent, 1984, p. 66  

[17] E. I. Zulfigarov, S.A.Aliev, G. T. Gadjiev. Actual 
problems of radiation researches. Baku, 1991, p.29. 

[18] C.T.Elliot, J,Z.Spain, Sol.State Comm.v.8,24, p.2063, 
1970 

[19] C.T. Elliot, J. Melingailis, T.C. Harman, J.A. Kofalas, 
W.C. Vernan. Phys Rew.B.V. p. 2985, 1972 

[20] B.L.Gelmont, M. I. Dyakonov. JETR, v. 62, N 2, p. 
713, 1972 

[21] B.M.Askerov. Kinetic effects in semoconductors. 
Nauka, L., 1970, 303 p. 

[22] A.V. Voychekhovskiy, A.N. Kokhanenko. Proceedings 
of International conf. «Physico-сhemical processes in 
nonorganic materials» Kemerova, 2004, v. 2, p. 25. 

[23] C.A. Aliev, E.I. Zlfigarov, T. G. Gadjiev. Izv. vuzov 
SSSR «Physics », 1988, p. 11  

[24] S.A. Aliyev, E.I. Zulfigarov. Izv. Vuzov SSSR 
«Phisics», 1989, N5, p. 11. 

[25] E.I. Zulfigarov. Proceedings of Intern. Conf. «Phisico-
chemical processes in nonorganic materials» 
Kemerova, 2004, v. 1, p. 35-37. 

 
Å.È. Çöëôèãàðîâ  

 
  ÅËÅÊÒÐÎÍ ØÖÀËÀÍÌÀÑÛÍÛÍ CdXHg1-XTe ÊÐÈÑÒÀËÛÍÄÀ ÊÈÍÅÒÈÊ ÅÔÔÅÊÒËßÐß ÒßÑÈÐÈ 

 
     Ìÿãàëÿäÿ ýåíèø òåìïåðàòóð (4,2-300K) âÿ ìàãíèò ñàùÿëÿðèíè (60≤Ù≤22.000E) äèàïàçîíóíäà CdxHg1-xTe ìîíîêðèñòàëûíäà êèíåòèê 
åôôåêòëÿðÿ åëåêòðîí øöàëàíìàñûíûí òÿñèðèíèí íÿòèæÿëÿðè àíàëèç åäèëìèøäèð. 
     Ýþñòÿðèëìèøäèð êè, êè÷èê ñàùÿëÿð âÿ àøàüû òåìïåðàòóðëàðäà øöàëàíìàíûí Ùîëë åôôåêòèíÿ òÿñèðè äàùà ÷îõäóð.σ(Ò),Ð(Ò,Ù) àñûëûëûãëàðûíûí 
íÿòèæÿëÿðèíèí èêèçîíàëû íÿçÿðèééÿ èëÿ ìóãàéèñÿñè øöàëàíìàíûí éöêäàøûéûæûëàðûí êîíñåíòðàñèéàñû âÿ éöðöêëöéöíÿ òÿñèðè àéäûíëàøäûðìàüà âÿ áåëÿ 
áèð íÿòèæÿéÿ ýÿëìÿéÿ èìêàí âåðäè êè, ÊÐÒ êðèñòàëëàðûíûí åëåêòðîíëàðëà øöàëàíäûðûëìàñû åëåêòðîíëàðûí êîíñåíòðàñèéàñûíûí äîíîð òèïëè òåëëóðóí 
âàêàíñèéàëàðû èëÿ øÿðòëÿíÿí àðòûìûíà ýÿòèðèá ÷ûõàðûð. Ìöÿééÿí åäèëìèøäèð êè, CdxHg1-xTe (õ=0,12÷0,25) êðèñòàëëàðû ÈÃ-øöàëàíìàíûí 
òåðìðìàãíèò ãÿáóëåäèæèëÿðèíäÿ ÿñàÿ åëåìåíò êèìè èñòèôàäÿ îëóíà áèëÿð. Àøêàð åäèëìèøäèð êè, Ò<40 Ê îëäóãäà CdxHg1-xTe (õ≤0,15) êðèñòàëûíäà 
êå÷èðèæèëèê çîíàñûíäàêû àêñåïòîð ìÿðêÿçëÿðèíèí êîíñåíòðàñèéàñû äîíîðëàðûí êîíñåíòðàñèéàñûíäàí ÷îõ-÷îõ áþéöêäóð. Àêñåïòîð ñÿâèééÿëÿðè ùÿì 
èîíëàøäûðûæû åëåêòðîíëàð, ùÿì äÿ øöàëàíìàíûí éàðàòäûüû åëåêòðîíëàð ö÷öí òÿëÿ ðîëóíó îéíàéûðëàð. 

 
 

Э.И. Зульфигаров  
 

ВЛИЯНИЕ ЭЛЕКТРОННОГО ОБЛУЧЕНИЯ НА КИНЕТИЧЕСКИЕ ЭФФЕКТЫ  В СdXHg1-XТe  
  
В работе анализированы результаты влияния электронного облучения на гальвано-термомагнитные свойства в монокристаллах 

CdxHg1-xТе (0 ≤ х ≤ 0,25) в широком диапазоне температур (4,2÷300К) и магнитных полей (60 ≤ H ≤ 22.000 э.). 
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Показано, что действия облучения на эффект Холла наиболее существенно при слабых полях и низких Т. Сопоставление 
результатов σ(Ò),Ð(Ò,Ù) с двухзонной теорией позволило количественно выявить влияние  облучения на концентрации и 
подвижность  носителей заряда и заключить, что электронное облучение кристаллов КРТ приводит к возрастанию концентраций 
электронов, обусловленные вакансиями теллура донорного типа. Установлено, что при Т<40К в СdxHg1-xТе (х ≤ 0,15)  концентрация   
акцепторных  центров, входящих в зону проводимость, на много больше концентрации доноров. Акцепторные уровни  играют роль 
ловушек как для ионизирующихся электронов, так и  для электронов  наведенных облучением. 
 

Received: 12.05.2004 
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ABOUT DIFFUSION OF PHASE TRANSITION OF AgSbTe2 
 

S.S. RAGIMOV, S.A. ALIEV 
Institute of Physics NAS of Azerbaijan, Baku.Az - 1143, H.Javid ave, 33 

 
It was investigated the influence of second phase on the electrical conductivity, thermo-e.m.f. and Hall coefficient of AgSbTe2 in 200-

450K temperature interval. It was shown, that the phase transition in AgSbTe2 related by presence of p-Ag2Te is diffuse and encompasses 
~70% from all phase transition. It was established, that the α→β phase transition has exponential character. 
 

Introduction 
 

In [1] was conducted the detailed research of 
thermoelectric properties of samples of Ag-Sb-Te system. 
Samples were obtained by a method of zone crystallization. 
The experiments have shown that from a beginning part to 
middle of an ingot samples are monophase and correspond to 
Ag19Sb29Te52. Starting from middle of an ingot on 
temperature dependencies of electrical conductivity σ(Т), 
Hall coefficients R(Т) and thermo-e.m.f. α(Т) the anomalies 
were observed. These results were analyzed within the 
framework of the theory of kinetic phenomena for two-phase 
systems [2]. Was proposed, that in investigated samples the 
matrix is Ag19Sb29Te52, and second phase р-Ag2Te. Was 
established, that really these structures are two-phase and the 
contents of the second phase changes within the limits of   
11-13 vol. %. In [3] is established, that in crystals of Ag2Te 
the structural phase transition (SFT) has diffusion nature. 
Was calculated the parameters of   diffusion phase transition 
(DFT) Т0, a, L0(T), dL0/dT, and is determined the area and 
degree of diffusion of phase transition (FT).  

 In this work was put the problem to consider the 
influencing of the second phase Ag2Te on electrical 
properties of a system Ag-Sb-Te at more high temperature 
encompassing area of FT and to study the contents Ag2Te on 
electrical properties in FT area. 
 

Experimental results 
 

In a fig. 1 the temperature dependencies of coefficients 
of electrical conductivity σ(Т), Hall R(Т) and thermo-e.m.f. 
α(T) of AgSbTe2 are shown. As it is visible, since 390К the 
discontinuous change of all three factors takes place that 
unconditionally, is connected with FT Ag2Te containing in 
AgSbTe2.  

 

  
Fig.1.The temperature dependences of electrical conductivity 

 (σ), thermo-e.m.f. (α) and Hall coefficient (R) of 
AgSbTe2. 

 
For a quantitative analyze of the obtained data it is 

necessary on basis of experimental data in FT region to find 
mass distribution of α and β- phases, according to the data mα 
and mβ to calculate FT parameters: temperature of FT -Т0, at 
which one mα = mβ; a temperature-dependent constant a of 
FT, function of inclusion L0 (T) of a β-phase in an α-phase 
and temperature speed dL0/dT of FT. 
 

The theory and analysis of experimental results 
 

 The theory of diffusion phase transition (DFT) is 
particularized in [4,5]. It as well as theory of other phase 
transitions, is base of thermodynamic reasons. The 
characteristic peculiarity of DFT is the absence of sharp 
jumps of physical quantities, which indicates coexisting of 
two phases in a certain interval ∆Т. It means that 
thermodynamic potential and other additive values of a 
system in DFT area contain the conforming characteristics of 
both phases. Thus it is possible to use general results 
obtained at construction of thermodynamic potential for 
condensate systems, according to which one: 

 
       Ф(Т)=Фα(Т)+∆Ф(Т)•L(Т)         (1) 
 
where ∆Ф(Т)=Фβ(Т)-Фα(Т), Ф1(Т)- thermodynamic potential 
of the first phase, Ф2(Т) of the second phase, L(Т) - function 
of inclusion. For finding L(Т) it is necessary to take into 
account, that in DFT it is necessary conditionally to 
distinguish three temperature interval: T<T1, T1<T<T2 and 
T>T2.  Therefore 
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If to designate temperature of FT beginning through Т1, 

and the temperature of FT end through Т2, then for L(Т) we 
have: 
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 In case of diffused FT 
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From (4) and (5) it is seen, for their determination the 

parameters а0 and Т0 are necessary found. A technique of 
determination а0 and Т0 in detail are described in [3]. If to 
take into account, that L(Т) characterizes a part of phases in 
the region of their coexisting, it can be determined and as: 
        

                     L(T)=
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Values mα and mβ it is necessary to determine directly 
from temperature dependences of investigated physical 
phenomena in FT region. From the joint solution (4) and (6) 
in the supposition а=а0 we obtain: 

 

                                   =
β

α

m

m
ln a(T0–T)                   (7) 

 From (7) follows, that at constant value a ln(mα /mβ=y) 
is a linear function Т. 

 In work [3], enabling, that in FT region the abruptly 
change of electrical and thermal properties of Ag2Te is 
related by a quantitative change α and β phases, mα and mβ 
were calculated. On temperature dependences of electrical 
and thermal properties, the dependence lny on Т are 
constructed and Т0 and a are determined. For this purpose it 
was proposed to achieve linear change Т in transition zone. 
Then from a beginning up to the end of FT the interval 
∆Т=Тe-Тb can be divided into equal intervals and 
corresponding values of measured coefficients to attribute to 
suspected phases, for example: 
 
          ∆Ту=Ту,α1-mβ/mα)+∆Ту,β(mβ/mα)         (8)   
 

By such method distribution mα and mβ were determined 
in FT region, Т0, a, then L(Т), dL/dT are calculated and it is 
shown, that for determination of FT parameters the most 
sensible to FT electronic processes can be used.  

 
 

Fig.2. The temperature dependence of ln(mα/mβ),  
          obtained from electrical conductivity data. 

 

 In a fig. 2 the dependence lny on Т, obtained on the data 
σ(Т) and R(T) for AgSbTe2 are shown. The interception of 
these straight lines with an axis Т gives value Т0, at which 
one mα=mβ, and relation ∆lny/∆T=а. Under the data Т0 and a 
according to the formulas (4) and (5) the temperature 
dependence of a function of inclusion L(Т) and speed dL/dT 
of FT are calculated. The temperature dependence L(T) and 
dL/dT are shown in a fig. 3 and 4. 
 

 
Fig.3.The temperature dependence of inclusion function L. 

 

 
Fig.4. The temperature dependence of speed of change of  

          inclusion function dL/dT. 
 

 In these figures for comparison, the data for Ag2Te are 
presented also. These data visually demonstrate a diffuse FT 
in Ag2Te and AgSbTe2. According to the DFT theory the 
region of FT diffusion ∆Т is determined by interception of a 
straight line conducted from half of maximum value dL/dT 
parallel to axis ∆Т, from a curve dL/dT. In a fig. 4 these 
straight lines are indicated by broken lines. For Ag2Te the 
region of diffusion encompasses 2∆Т=8,5К, and in AgSbTe2 
the diffusion encompasses 2∆Т=18К. From the formula (5) 
follows, that maximum value dL/dT corresponds to а/4, i.e. 
degree of diffusion is the temperature-dependent constant of 
FT. From the obtained data also it is follows, that in the 
region of diffusion the transition of an α-phase in a β-phase 
goes on exponential law mα/mβ=ea(T

0
-T).  

The calculations demonstrate, that the region of FT 
diffusion encompasses ~70% of all phase change   (∆Т=Тe-
Тb) 
 The mechanism leading to diffusion of FT is fluctuations of 
physical states in matter. The main causes of the fluctuation 
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at structural FT are as follows: irregularity of distribution of 
temperature, owing to an allocated significant amount of heat 
at SFT, in particular in Ag2Te, polycrystalline of a low 
temperature phase of argentums chalcogenides, distorting of 
crystal lattice, high impurity concentration, deviation from a 
stoichiometry etc. irregularity of physical states.  

It is necessary to pay the special attention that diffusion 
of FT in AgSbTe2 more, than twice surpass diffusion in 
Ag2Te. It means that at FT Ag2Te, arranged inside 
Ag19Sb29Te52 as the second phase, additional source of 
fluctuations takes place. Certainly, it could be expected, as 
distribution 11-13 weights. % Ag2Te inside a matrix should 
result to additional heterogeneities: temperature at FT, 
heterogeneities of distribution Ag2Te on volume basis, on 

borders of two phases etc. We shall note that more detailed  
research of two-phase systems can expand knowledge about 
mechanisms of FT diffusion in solids. Some results about it 
are obtained at research of a problem of diffusion FT in 
HTSC [6-9]. In these works the FT region of a lot known 
HTSC is considered and influence of magnetic field on a 
degree of FT diffusion is determined. Is shown, that the dual 
states (normal and superconducting), created by a magnetic 
field in a transition zone, hardly enhances a fluctuation, a 
source by which one is vortex current. However, number of 
vortexes in SC of the second kind, though grow with 
increasing of a magnetic field, but they as against of phase - 
Ag2Te in a matrix Ag19Sb29Te52 are distributed uniformly. 
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ÀgSbTe2—Äß FAZA KE×ÈÄÈÍÈÍ  ÉÀÉÛËÌÀÑÛ 

 
200-450Ê òåìïåðàòóð èíòåðâàëûíäà ÀgSbTe2—íèí åëåêòðèêêå÷èðèúèëèéèíÿ, òåðìî å.ù.ã. âÿ Õîëë ÿìñàëûíà èêèíúè ôàçàíûí òÿñèðè òÿäãèã 

åäèëìèøäèð. p-Ag2Te -óí îëìàñû èëÿ ÿëàãÿäàð îëàí ÀgSbTe2- íèí ôàçà êå÷èäèíèí éàéûíûã îëìàñû âÿ áöòöí ôàçà êå÷èäèíèí 70% ÿùàòÿ åòìÿñè 
ýþñòÿðèëìèøäèð. α—ôàçàíûí β-ôàçàéà êå÷èäèíèí åêñïîíåíñèàë ãàíóí èëÿ áàø âåðìÿñè ýþñòÿðèëìèøäèð. 

 
С.С. Рагимов, С.А. Алиев 

 
О РАЗМЫТИИ ФАЗОВОГО ПЕРЕХОДА В  AgSbTe2 

 
Исследовано влияния второй фазы на электропроводность, термоэдс и коэффициент Холла AgSbTe2 в температурной области 

200-450К. Показано, что фазовый переход в AgSbTe2, обусловленный присутствием р-Ag2Te, является размытым и охватывает 
~70% от всего фазового перехода. Установлено, что переход α–фазы в β-фазу происходит по экспоненциональному закону. 
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Photoelectric properties of a new high sensitive photodetector elaborated on basis of silicon avalanche micro-pixel structures being an 

adequate analogue of known vacuum photomultipliers are investigated.  It was found that dynamic range of this device exceeds five orders at 
gain of photo signal of 250. The offered photodetector may be successfully used for registration of weak light pulses and gamma radiation. 

 
During last decade the silicon avalanche micro-pixel 

photodiode (AMPD) is considered as one of perspective 
options for creation of the cheapest multichannel avalanche 
photodetectors [1-2]. In given article the first results on 
photoelectric properties of a new AMPD are presented. 

Advanced properties the new AMPD is connected with a 
local negative feedback (LNF) effect, which significantly 
reduces influence of the crystal non-uniformity on the 
characteristics of the avalanche multiplication process. The 
LNF effect is achieved by forming an electric field of specific 
geometry in the multilayer silicon structure, which ensures 
localisation of avalanche processes and limits them to the 
micro-regions (micro-pixels) of 3-5µ in diameter depending 
of design. This results in a unique combination of high signal 
amplification and uniform avalanche multiplication over 
sensitive area of the device. 

The new AMPD is produced on basis of low-resistive 
silicon wafer of p-type conductivity with specific resistance 
of 10 Ohm⋅cm. A schematic cross section of this AMPD is 
submitted in figure 1. 

 
Fig.1. Cross-section of the avalanche structure. 

                1–silicon substrate with p-type conductivity,  2–guard ring   
                of n-type Si,  3–matrix of p-n-junctions,  4–silicon dioxide       
                layer, 5–aluminium layer,  6–semitransparent titanic  
                electrode.  
 

A silicon dioxide layer of 1000Å thickness was grown on 
silicon wafer, through which it was made ion implantation 
with phosphorous followed by annealing process at 
temperature of 1000C. The semitransparent titanic layer 
surrounded with an aluminium ring was used as a field 

electrode. Using this procedure and special photo masks, a 
matrix of small p-n-junctions with step about 8-10µ was 
made in sensitive area of structure. About 10,000 micropixel 
c/mm2 are formed over the sensitive area of the proposed 
avalanche photodiode.  

The operation principle of the AMPD is as follows. 
Positive bias voltage is applied to the field electrode, large 
enough to cause avalanche multiplication in the array of p-n 
junctions. At this bias the depletion region reaches the Si-
SiO2 boundary where a very thin (~10nm) layer of n-type 
conductivity with high resistance is formed. The value of the 
surface resistance of this layer determines efficiency of LNF 
effect. During the avalanche development time (~1 ns) most 
of the multiplied electrons are collected in the given p-n-
junction as a charge packet. Dimensions of the packet are 
approximately equal to diameter of p-n-junction, which is 
about 3-5µ. The packet produces local decrease of the electric 
field at this p-n junction, thus locally quenching the 
avalanche process. After the avalanche process is suppressed, 
the charge packet (electrons) drifts along the Si-SiO2 
boundary to the peripheral drain electrode during 100-200ns. 
The short signal pulse is generated by the displacement 
current across the dielectric (silicon dioxide) layer. 

 

 
Fig.2. Spectral dependence of quantum efficiency.  
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Multiplication factor (signal gain) M was determined by 
formula М=∆Jt/∆iph., where ∆Jt - an increment of the total 
avalanche current at potential U>50V (in the beginning of 
avalanche process), ∆iph - an increment of photocurrent 
initiating avalanche process, which is measured at U=20V (e. 
g. at absence of avalanche process). 

Figure 2 shows quantum efficiency (QE) of the AMPD 
vs. light wavelength. A mercury lamp was used as a light 
source for this measurement. Quantum efficiency of the 
AMPD sample was defined concerning spectral sensitivity 
known p-i-n diode S1223 from Hamamatsu.  

It was found that the maximal value of quantum 
efficiency is about 58 %, and this value is limited by 
transparency of the titanic layer. Fall of quantum efficiency 
in range of short wavelength is connected with both high 
absorption factors for incident light and high rate of 
recombination process in the Si-SiO2 boundary. Reduction of 
QE in the right part of this dependence is determined by 
lowering of absorption factor in the silicon wafers. 

Dependence of photoresponse (an amplitude of 
photocurrent) on quantity of incident photons has been 
investigated at gains of M=250 and 4000. A light emitted 
diode with wavelength of 450nm was used for these 
measurements. 

It was found that the dynamic range of photo response is 
determined by multiplication factor (gain) of avalanche 
process in semiconductor. As shown in figure 3 
photoresponse increases linearly up to number of photons   
Nph ~20000 at М=4000.  However the AMPD may have 
linear photoresponse up to Nph~500000 in conditions of 
M~250. This nonlinearly of photoresponse appearing at high 
gains may be explained by decreasing of electric field in p-n 
junction because the drain layer hasn’t enough conductance 
to discharge avalanche region.  

Thus, photoelectric properties of the new high sensitive 

photodetector made on basis of avalanche silicon structures 
being adequate analogue of known vacuum photomultipliers 
are investigated. Dynamic range the device may exceed five 
orders at gain of M~250. The AMPD offered may be 
successfully used for registration of very weak light pulses. 

 

 
Fig.3. Dependence of photoresponse on number of falling  
          photons in a pulse. 
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Ìÿëóì âàêóóì ôîòîåëåêòðîí ýöúëÿíäèðèúèíèí àíàëîãó îëàí âÿ ñèëèñèóì òÿðêèáëè ñåëâàðè ìèêðîïèêñåë ñòðóêòóðëàðûí ÿñàñûíäà ùàçûðëàíìûø 
éöêñÿê ùÿññàñëûãëû ôîòîäåòåêòîðóí ôîòîåëåêòðèê õàññÿëÿðè òÿäãèãè åäèëìèøäèð. Áó ãóðüóíóí äèíàìèê îáëàñòûíûí ôîòîñèãíàëûí 250 äÿôÿ 
áþéöäöëìÿñè çàìàíû 5 òÿðòèáäÿí éóõàðû îëäóüó òàïûëìûøäûð. Òÿêëèô îëóíàí ôîòîäåòåêòîð çÿèô èøûã èìïóëñëàðûíûí âÿ ãàìà øöàëàíìàíûí 
ãåéäèééàòû çàìàíû óüóðëà èñòèôàäÿ îëóíà áèëÿð. 
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ИССЛЕДОВАНИЕ ФОТОЭЛЕКТРИЧЕСКИХ ХАРАКТЕРИСТИК КРЕМНИЕВЫХ ЛАВИННЫХ МИКРО-

ПИКСЕЛЬНЫХ СТРУКТУР С ПОВЕРХНОСТНЫМ ТЕЧЕНИЕМ НОСИТЕЛЕЙ ЗАРЯДА 
 

Исследованы фотоэлектрические свойства высокочувствительного фотодетектора, являющегося аналогом известного 
вакуумного ФЭУ и приготовленного на основе кремниевых лавинных микропиксельных структур. Найдено, что динамическая 
область этого устройства превышает пять порядков при усилении фотосигнала в 250 раз. Предложенный фотодетектор может быть 
успешно применен для регистрации слабых световых импульсов и гамма-излучения. 
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The thermoelectromotive force and Nernst-Ettingshausen effects of non-degenerate semiconductors under the conditions of strong 

electron-phonon mutual drag are investigated by taking into account the electron and phonon heating in high electric field. The dependences 
of thermoelectromotive force and Nernst-Ettingshausen voltage on the electric field strength and lattice temperature are obtained.  
 

Recently the theoretical and experimental interest in 
thermoelectric and thermo-magnetic effects in bulk and low-
dimensional systems has been intensified [1-6]. There are 
also some theoretical investigations of thermoelectric and 
thermo-magnetic effects in semiconductors under high 
external electric and non-quantizing magnetic fields [7-12]. 
In addition, there are some review articles devoted to these 
subjects [13-14]. In this paper the thermoelectromotive force 
and transverse Nernst-Ettingshausen effect of non-degenerate 
semiconductors under the conditions of strong electron-
phonon mutual drag are investigated by taking into account 
the electron and phonon heating in high electric ( E

r
) field. 

The spectrum of electrons   is assumed to be parabolic: 

m
p2

=ε .                                                                           (1) 

The basic equations of the problem are the coupled 
Boltzmann transport equations for electrons and phonons. It 
is assumed that the electrons and phonons are scattered 
mainly by each other (the conditions of strong mutual drag) 
via the deformation interaction. We consider the quasi-elastic 
scattering of electrons by acoustic phonons. In this case the 

distribution functions of electrons ( )r,pf  and phonons 

( )r,qN  may be written as: 

( ) ( ) ( )
p
p

r,fr,fr,pf 10 εε += ,          (2) 

( ) ( ) ( )
q
q

r,qNr,qNr,qN 10 += ,          (3) 

where 0f  ( 0N ) and 1f ( 1N ) are the isotropic and 
anisotropic parts of the electron (phonon) distribution 
functions, respectively. We assume that the so called 
“diffusion approximation” for electrons and phonons applies. 

Therefore, 01 ff <<  and 01 NN << .  

If the inter-electronic collision frequency eeν  is much 
more than the collision frequency of the electrons for the 

energy transfer to lattice εν , then ( )r,f0 ε  is the Fermi 

distribution function with an electron temperature eT . Note 
that all temperatures are in energy units. 

We assume that in the lattice there is a “thermal 
reservoir” of short-wavelength (SW) phonons for long-
wavelength (LW) phonons interacting with 

electrons:
0s

T
p2maxq <<≈ , where 0s  is the sound 

velocity in the crystal, maxq  is the maximum quasi-
momentum of LW phonons. Under these conditions LW 

phonons are heated and ( )r,qN0  has the form [15] 
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where pT  is the effective temperature of the LW phonons. In 
accordance with Ref. [15], in the case, when the phonons are 
scattered mainly by electrons, the temperature of LW 
phonons pT  becomes equal to the temperature of 

electrons eT . Therefore, under the conditions of strong 

mutual drag ep TT = . 
The anisotropic parts of the distribution functions of 

electrons and phonons are obtained by solving the coupled 
system of Boltzmann equations: 
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Here e  is the absolute value of the electron’s charge, 

Tc EEE += , TE  is the thermoelectric field, m  is the 
electron’s effective mass, mceH /=Ω  is the cyclotron 
frequency, HHh /

vr
= , qs0q =ωh  is the phonon energy, 

( ) q
s

E
qW

0

2
0

ρ
π
h

=  is the square matrix element of the 

electron-phonon interaction, 0E  is the deformation potential  

 
 
constant, ( )qβ  and ( )εν  are the total phonon and electron 
momentum scattering frequencies, respectively:

( ) ( ) ( )ενενεν ip += , ( ) ( ) ( ) ( )qqqq bpe ββββ ++= ,                                                                                 (7) 

where the indices i, p , e and b denote the scattering by impurity ions, by phonons, by electrons and by crystal boundaries, 
respectively.  
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where ρ  and L are the density and the minimum size of 

specimen, respectively, 0χ  is the dielectric constant of the 

crystal, N  and iN  are the concentrations of electrons and 
ionic impurity, respectively. 
Solving the coupled equations (5) - (6) it is easy to calculate 
the electric current density of electrons 

( ) ( )∫
∞

−=
0

2
132 dpf

3
e

j εεε
π h

.                              (10) 

Let us direct external electric and magnetic fields along 
the y  axis, and the gradient of lattice temperature (or the 
gradient of external electric field) along the z  axis 

( ozToyHE e∇,
rr

). Using the equations 0== zx jj  

with (10) we obtain the following expressions for the 
thermoelectric field TzE and the transverse NE field TxE :
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where pe,α  are the electron ( e ) and phonon ( p ) parts of the thermoelectromotive force and peQ , are the respective parts of NE 
coefficient. 

( ) ( ) ( )[ ]dxxb1
x

xa
0

i

1i

i1 ∫
∞ −

+⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ Ω
=

ν
σ , 

eT
x ε
= ,                                                                                                      (13) 

( ) ( ) ( )
( ) ( ) ( ) dxxb

TT
x

x
xa

e i
e

e

e

e
i

e
i ⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎥
⎦

⎤
⎢
⎣

⎡
−+−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛ Ω
= ∫

∞ −

ϑ
ϑζ

ϑ
ϑζ

ν
β 11

0

1

1                                                                                  (14)                 

( ) ( ) ( ) ( ) ( ) ( )[ ]dxxbx
x

xa
e i

i
p

i 11
1

0
1 λλ

ν
β +⎟⎟

⎠

⎞
⎜⎜
⎝

⎛ Ω
=

−∞

∫   
T
Te

e =ϑ, .                                                                                     (15) 

Here ( )eϑζ  is the chemical potential of hot electrons 
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The coefficient ( )xλ  characterizes the efficiency of the 
thermal drag, whereas coefficient ( )xγ  describes the same 
for the mutual drag: 
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Under the conditions of strong electron-phonon mutual 
drag, i.e. when the electrons and phonons are scattered 
mainly by each other ( ) ( ) ( ) ( )qq ep ββενεν ≈≈ , , and as 

it seen from (20) 10 →≈ γγ . In this case from (17) and 

(18) follow, that ( )xb1  and ( )xb2  grow with raising 0γ  and 

tend to infinity at 1,0 0 →→Ω γ .Thus to calculate γ  
from (20) one should take into account as well some other 
non-basic mechanisms of electron and phonon scatterings. In 
the conditions ( ) ( ) ( ) ( ) ( )qqq ebppi βββενεν <<<< ,;  

the thermal drag coefficient ( )xλ  and the mutual drag 

coefficient ( )xγ may be written in the form 
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Using (8) and (9), from (22) we obtain: 
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In the parabolic case the chemical potential of hot non-

degenerate electrons with concentration N  takes the form: 
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Under the conditions of the strong mutual drag 
( 1, 0 →= γϑϑ pe ) the electron temperature is determined 
from the energy balance equation 
        ( ) ( ),2

eppe WE ϑϑσ =                       (25)       

where ( )eϑσ  is the conductivity of semiconductor in 
heating electric field, and ( )eppW ϑ  is the power transferred  

by the LW phonons to the thermal reservoir of the SW 
phonons: 
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We consider the case, when external electric and 

magnetic fields are directed along the y  axis, and the 
gradient of lattice temperature (or the gradient of external 

electric field) along the z  axis ( ozT,oyHE e∇
rr

). In 

these conditions 
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When ( ) ( ) ( ) ( ) ( )qqq ebppi βββενεν <<<< ,; , using (23) we obtain: 
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We consider the following limiting cases: 

1) The relaxation channel of the electron momentum by 
impurities becomes wider than that of the phonon momentum 
scattering by the crystal boundaries or by the phonons 

(
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). In this case the calculation of the 

expression ( )Eeϑ  from (25), (26) and (28) at 1>>= ep ϑϑ  

gives 
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2) The phonons are scattered by phonons or by crystal 
boundaries more intensively than electrons are scattered by 

impurities (
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). In this case there are two 

sub cases: 
2a) bp ββ >> . At 1>>= ep ϑϑ  using (25), (26) and (28) 
we obtain: 
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2b) bp ββ << . In this sub case at 1>>= ep ϑϑ  we obtain: 
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 In the region of weak-heated electric field 
( )11<<−eϑ  the electron temperature eϑ  may be 
represented as: 

2

1 ⎟⎟
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⎞
⎜⎜
⎝

⎛
+=

i
e E

Eϑ ,          (32) 

where iE  ( 3,2,1=i ) are the characteristic fields in the 
cases 1), 2a) and 2b). 

Let us study the thermoelectric power ( )0α  and Nernst-

Ettingshausen effects ( ( )Hα∆  and Q ) of non-degenerate 
semiconductors under the conditions of strong electron-
phonon mutual drag in weak ( ν<<Ω ) and strong 
( ν>>Ω ) magnetic fields. On the basis of (11) to (15) it 
may be shown that under these conditions the phonon part of 
NE coefficient ( pQ ) and the variation of the phonon part of 

the thermoelectric power ( ( )Hpα∆ ) are equal to zero, both 
in weak and strong magnetic fields. Under the conditions of 

strong mutual drag, in the arbitrary magnetic fields we obtain 
from (11), (13) and (15): 
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The electron parts of longitudinal and transverse NE 
effects strongly depend on the magnetic field strength. In 
weak magnetic fields ( ν<<Ω ) for the thermoelectromotive 

force ( )Heα  and for the change of thermoelectromotive force 

( ) ( ) ( )0eee HH ααα −=∆                      (34) 
we obtain the following expressions: 
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where ( )eTµ  is the mobility of hot electrons in the non-
degenerate semiconductors: 
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From (35)-(36) it is seen that thermoelectromotive force in 
weak magnetic fields decreases with increasing of the 
magnetic field strength. The electron part of NE coefficient in 
weak magnetic fields: 
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In strong magnetic field ( ν>>Ω ) for the 
thermoelectromotive force one obtains the following 
expressions: 

( )
( ) ⎥

⎥

⎦

⎤

⎢
⎢

⎣

⎡
+−= ee

N

mT
e

H ϑ
π

α
3
2

2 4

2ln
2
3

2
51

h
.     (39) 

 
From (39) it is seen that the thermoelectromotive force 

increases in strong magnetic field: 

( )
e

He 2
3

=∆α .                                                             (40) 

The electron part of NE coefficient in strong magnetic 
fields:    
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Experimentally interesting are the total 

thermoelectromotive force (V) and the NE voltage (U) given by 

 ( ) pe

L

0 pzpeze VVdzTTV z +=∇+∇= ∫ αα ,  (42)

   

( ) pe

Lx

0 pzpeze UUdxTHQTHQU +=∇+∇−= ∫ ,     (43) 

where xL  and zL  is the linear dimensions of the specimen in 
the x- and z-directions, respectively. Let us consider 
dependences of  V  and U on the heating electric field and 
lattice temperature under the following conditions: at one end 
of the specimen the electrons are in a state characterized by 
the lattice temperature T, whereas at the other end they are 
heated ( )1>eϑ  by the external electric field. 

Taking into account the expressions of ),( TEeϑ  in 

(33) to (43), we obtain explicit forms of V  and U  as 
functions of E  and T . In the case of strongly heated 
( 1>>eϑ ) electron gas in the arbitrary magnetic fields for 

eV  and pV we obtain the following expressions:  
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In weak magnetic fields ( ν<<Ω ) for eU  one obtains 
the following expressions: 
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In strong magnetic fields ( ν>>Ω ): 
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Note that under the conditions of strong mutual 

drag ep αα >> , both in weak and strong magnetic fields, 

i.e., the total thermoelectromotive force mainly consists of the 
phonon part [16]. 

From (32), (41) and (42) it follows that in the region of 
weak-heated ( )11<<−eϑ  electric field the total 

thermoelectromotive force V  and the NE voltage U  are 

proportional 2E .
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GÜCLÜ ELEKTRON-FONON QARŞILIQLI SÖVQÜ ŞƏRAITINDƏ CIRLAŞMAMIŞ YARIMKEÇIRICILƏRDƏ QIZMAR 

ELEKTRONLARIN TERMOMAQNIT EFFEKTLƏRI 
 

Elektron və fononların elektrik sahəsində qızması nəzərə alınmaqla, güclü elektron-fonon qarşılıqlı sövqü şəraitində, cırlaşmamış 
yarımkeçiricilərdə qızmar elektronların termoelektrik hərəkət qüvvəsi və Nernst-Ettingshausen effektləri tədqiq edilmişdir. Termoelektrik 
hərəkət qüvvəsinin və Nernst-Ettingshausen gərginliyinin elektrik sahəsinin intensivliyindən və qəfəs temperaturundan asılılıqları 
tapılmışdır. 
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ТЕРМОМАГНИТНЫЕ ЭФФЕКТЫ ГОРЯЧИХ ЭЛЕКТРОНОВ В НЕВЫРОЖДЕННЫХ ПОЛУПРОВОДНИКАХ В 
УСЛОВИЯХ СИЛЬНОГО ВЗАИМНОГО УВЛЕЧЕНИЯ ЭЛЕКТРОНОВ И ФОНОНОВ 

 
Исследованы термо-эдс и эффекты Нернста - Эттингсгаузена в невырожденных полупроводниках, в условиях   сильного 

взаимного увлечения и разогрева электронов и фононов в греющем электрическом поле.Получены зависимости термо-эдс и 
напряжения Нернста - Эттингсгаузена от напряженности электрического поля и температуры решетки. 
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OPTIMIZATION OF THE SIZE OF PHOTOVOLTAIC (PV) ARRAY AND BATTERY 

STORAGE CAPACITY FOR POWER SUPPLY SYSTEM IN REMOTE AREAS 
 

MOHAMMAD JAVAD OKHRAWI 
Department of Electrical Engineering, Faculty of Engineering 

Azarbaijan University of Tarbiat Moallem, Tabriz, Iran 
 

In this paper, a new model is developed for determination of the size of photovoltaic (PV) array and battery storage capacity for 
stand-alone power supply system. The optimum size of the PV array and battery bank is important factor for a cost effective and good 
performing system. Based on the energy concept, data of solar irradiance, temperature, manufactures specifications of a PV module and 
battery, this model enables us to optimize the number of PV modules and the size of battery bank for the best performance of the entire 
system. 

 
1. Introduction 

 
  Photovoltaic energy can make a significant 

contribution to improving the quality of life of innumerable 
small communities especially in rural areas by helping to 
meet the basic needs such as health care, education, 
refrigeration, water pumping and communication [1]. 

The present work is to assess the economic feasibility of 
stand-alone PV power supply systems in sunny countries 
and to find hints on the most suitable plant concept [2].  

Two different options were investigated in order to 
evaluate the most attractive photovoltaic stand-alone 
electricity supply concept for a remote area with an 
averaged daily demand of 30 kWh. 

Polycrystalline (LA361K54S) was selected in both the 
fixed-mounted and sun-traced operational mode. This new 
model is developed to estimate the photovoltaic generator's 
area and battery storage capacity requirements. A chart 
recorder has recorded the annual amounts for global normal 
and global inclined ( )°30  data of irradiance. The amount 
of electricity produced by the photovoltaic generators (rated 
peak power: 50-150 kW, depending on battery capacity) 
was calculated the model efficiency as a function of cell 
temperature, irradiation intensity and air mass. The battery 
store (Ni-Cd) was modeled in form of linear Model [3]. 
These equations were all then combined to carry out real-
data simulations over one year for all two cases based on 
hourly mean values of irradiation and temperature data [4]. 
Therefore, this data is used as the basis for the design and 
sizing of a stand-alone photovoltaic (PV) [7]. 

 
2. Investigated Options 

 
  It was intended that the power plant should consist of a 

PV generator (consisting of modules and panels) and 
battery storage only. Plant reliability should be guaranteed 
for 24 hours per day throughout the whole year. The 
following PV module (Table 1) is selected  for  the present 
investigation. 

Within the simulation performed, two options were 
considered: Sun-traced and fix-mounted PV generators. 
Table 2 shows the monthly global irradiation. Two typical 
profiles for the summer and winter consumption resp. were 
created for simulation purposes. They differ remarkably.  

The annually averaged daily load curve is shown in 
Fig.1.  

 

                                                                              Table 1 
                            Investigated module  

                   Cell type  Polycrystallin 
Module type   LA361K54S 
Produced by     Kyocera 
Efficiency ( PVη )       11.7% 

Cost US$/Wp 1998         5.3 
Lifetime         25 
Maximum power       45W 
Open circuit voltage       20.5 V 
Short circuit cell current  phI =2.98 A 

Reverse saturation current  OI =9.23 nA 
Voltage (max. power point)  MPPV = 16.3V 
Current (max. power point)  MPPI =2.76A 
Number of cells in series   SN =36 

 
 Table 2: Monthly global irradiation (kWh/ 2m ) on  
               to a sun-traced  and an inclined plane °30  

   Month    Sun-traced    Inclined plane 30° 
 

    Jan        225             148 
    Feb        234             165 
    Mar        275             227 
    Apr        264             215 
    May        350             234 
    Jun        365             228 
    Jul        374             230 
    Aug        346             247 
    Sep        325             246 
    Oct        284             225 
    Nov        233             175 
    Dec         230             170 

 
   3. Mathematical Model for the PV- 
   Battery-Load System 
 
    The equivalent circuit of a solar cell can be best 

estimated by single diode in parallel with the cell [5]. The 
generation of current phI  by light is represented by a 
current generator in parallel with a diode, which represents 
the p-n junction.  
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             )1( /
0 −−= qmkt

V

ph eIII  
Where k is Boltzmann's constant, T is absolute cell 

temperature, oI  is the dark saturation current, m is an 

empirical non-ideality factor and phI  is the light generated 
current.  

The output power from a PV module is directly 
dependent on the irradiance level. 
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SN  is the number of cells in a series which in this 

study SN  equals 36. 
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Where i represents the i-th typical day in month.  
For each typical day in a month, the necessary energy 

)( outE  to cover the energy of the load demand )( loadE is 
calculated. 

While ( ))()( iEiEN loadPVoutPV ≤⋅⋅ η  for any typical 

day, is increased the number of modules PVN  in the PV 
array by one. This process continues and the final value of 

PVN is the optimum number of PV module in the array. 

PVη is the efficiency of a PV system due to conversion 
losses. 

This load is to be fitted with a linear combination of two 
other function of time. These functions are the average 
power output of the PV module and the power available 
from battery bank. In a design of a solar-battery system, it 
is desirable to cover the load demand by PV module as 
much as possible. First step in determination of the 
performance of the solar-battery system is to determine the 
number of PV modules that meet the load for a PV system 
only. 

                   
PVout

load
PV P

PN
η⋅

=     

The amount of power generated by PV array can be 
greater than the load,  

                  ( ))()( iPiPN loadPVoutPV ≥⋅⋅ η  
or less than the load, 
            ( ))()( iPiPN loadPVoutPV ≤⋅⋅ η  
The battery current (in-flow or flow-out) is calculated 

by: 

            
bat

loadPVoutPV
bat V

iPiPNiI )()()( −⋅⋅
=

η
 

 
If ( ))()( iPiPN loadPVoutPV ≤⋅⋅ η ,  then  0)( ≤iIbat , 

battery is discharging, (out-flow). 

If ( ))()( iPiPN loadPVoutPV ≥⋅⋅ η ,  then  0)( ≥iIbat , 
battery is charging, (in-flow). 

The battery's state of charge (SOC) is computed as 
[6][3]: 

BCEbatSDR tiIiSOCiSOCiSOC ησ ⋅∆⋅±⋅−=+ )()()()1(
  

Where )(tSOC  is the state of charge, SDRσ  is the 

discharge rate, )(tIbat±  is the battery charge (+) and 

discharge (-) current, t∆  is time in hours, BCEη  is battery 
charging efficiency.  

During discharge, BCEη  is assumed to be one. When 

charging, BCEη  is 0.65 to 0.85, depending on the charging 
current. When gassing starts at critical state of charge, 

BCEη  drops to 0.3  
The demand for 100% power reliability means that the 

loss-of-load probability LoLP [2] has to be zero during the 
observed period of time T: 

                     
T

tk
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else
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Battery storage lifetime is highly dependent on the 
number of cycles, being determined by the storage capacity 
and the permitted minimum state of charge minSOC . 

 
 
Fig. 1:  Daily consumption profile of electricity 
 

4. Simulation Model  
 

    The amount of electricity produced was calculated 
using correlations expressing the solar cell efficiency PVη  
as a function of the irradiance intensity G, cell temperature 
υ  and air mass AM [7]. For the Polycrystalline modules in 
equation they are given bellow. 
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The parameters iP  in these semi-empirical correlation 
were found by non-linear least squares  fitting techniques 
using hundred of tests under actual operating conditions. 
Measuring results and correlated values agree well in the 
covered ranges of independent variables [8]. 

The battery storage was modeled in the form of linear 
equation using the following recursive relationship [6][3]: 

BCE
bat

bat
SDR C

tItSOCtSOCtSOC ησ ∗
∆

±⋅−=+
.)()()1(

 where SOC is the state of charge, batC  is the nominal 

capacity of the battery store, SDRσ  is the discharge rate, 

batI±  is the battery charge (+) and discharge (-) current 

and BCEη  is battery charging efficiency. 
Fig. 2 shows the simulation process. Total module or 

panel area A, battery capacity batC , state of charge SOC 

and starting time Ot  are all initialized at the beginning of 

the simulation process. Load demand loadP  , irradiation G 
and temperature υ  are extracted from a previously 
prepared data sheet. The module's efficiency PVη  and the 
air mass AM are then calculated. This information 
subsequently is used to determine the power outP  of the 
photovoltaic generator and the loss-of-load probability 
LoLP. Finally, a new SOC is found from the battery store 
model. This procedure is repeated over the time period T 
(one month). As long as LoLP is not equal to zero at the 
end of this time period, either the battery storage or the 
generator area will have to be increased. The cost of 
electricity production was calculated when the generator 
area A and battery capacity batC  satisfied the demand for 
100% reliability. 

 
5. Results 

 
  As shown in Fig. 3, the minimum permitted state of 

charge, minSOC , has a powerful effect on the battery store 
capacity (at constant panel area), and therefore has a strong 
influence on the size of the whole battery store. High 

minSOC values lead to very long store. As expected, small 
storage capacities lead to a large panel area. Conversely, 
large storage capacities lead to small panel area. However, 
the simulations also show that the panel area A must not fall 
bellow a certain minimum value. Due to the self discharge 
of the battery store this holds even in the case of continues 
no-load operation. The analysis of the electricity generation 

cost shows a strong dependence on the battery store 
capacity and on the minimum permitted state of charge 

minSOC (Fig. 4). In Fig. 4 the results of the most attractive 
case, i.e. sun-traced Polycrystalline modules is shown. 
Minimum cost are found at a minSOC value of 0.8. From 
Fig. 4 it is concluded that undersizing of the battery store 
leads to a significant increase of the generation cost, while 
oversizing has less consequences. 

 

 
 
Fig. 2: Simulation process flow chart 
 
6.  Conclusions 

 
The present investigation demonstrated that the 

minimum permitted state of charge minSOC had a strong 
influence on the battery storage size and with that on the 
cost of the plant. Low values for minSOC lead to small 

storage size and low storage costs, while high minSOC  
values lead to very large and expensive battery stores. On 
the other hand, smaller stores have to be replaced more 
frequently, leading to increased electricity production cost 
too.  In the cases examined, the optimum value of 

minSOC was 0.8. The performed simulations show that one 
hour resolution for irradiation and temperature data is 
sufficient. Higher resolution leads to unnecessarily long 
computing time.   

Furthermore, it has been shown for sunny countries that 
with stand-alone photovoltaic power plants, Polycrystalline  
modules in sun-traced operational mode lead to the lowest 
electrically production cost because of their longer lifetime 

Initialize: obati tCASOC ,,,  

   Read: tttl GP υ,,,  

Calculate: η,tAM  

Calculate: LoLPPout ,  

Increase :A
    and /or  
     Cbat 
 Initialize 
     SOCi 
    and  to t < Tend 

LoLP=0 

Calculate electricity production cost "K"

       Output of: KCA bat ,,  

  SOCi=SOC 

   Calculate: new  SOC 
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and better efficiency. In some cases, the cost of the battery 
store exceeds 60% of the cost of the whole plant. When 
planning a stand-alone PV power plant, it may be better to 
include a reduced battery store capacity, i.e. to replace part 

of the store by the use of a fossil-fueled generator, to 
guarantee the reliability of the plant during periods of low 
irradiation. It would thus be possible to reduce the costs to 
about 70%.  

  
Fig. 3: Dependency of total panel area on battery                          Fig. 4: Dependence of electricity cost on the battery 
             store capacity                                                                              store capacity 
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THE WEINBERG ANGLE IN A MAGNETIC FIELD AND  
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The work is devoted to the calculation of the parameter wθ
2sin  in an external magnetic field in the framework of the Weinberg-

Salam-Glashow model. The new formula for wθ
2sin  obtained from the ratio of the cross sections of the neutrino-electron and antineutrino-

electron scattering reactions in a weak magnetic field shows that  wθ
2sin  is a function of the kinematic and dynamic  parameters. The 

restriction for the neutrino (antineutrino) mass is found. 
 

The existence of weak neutral currents was confirmed by 
the initial observation of −− +→+ ee µµ νν  reaction at 

CERN [1]. The relation between the weak coupling constant 
g and the electric charge e is established with the Weinberg 
angle wθ , which characterizes the contribution of an 
electromagnetic current to a neutral current [2] 
                              wsinge θ=                                          (1)                                                 

  where    w
21

F mG2g
54

= , FG  is the Fermi constant, 

wm  is the mass of the W  boson. 
On the basis of the experimental data on the neutral 

currents it was found that 01.023.0sin w
2 ±≈θ [3]. This 

value of wθ
2sin  belongs to )m(mq 2

w
2

z
2 ≈ , where q2 is 

the momentum transfer squar    

                         2

2

w
2

g
esin =θ                                           (2) 

is not constant and it is a function of the momentum transfer 
squared. One of the possibilities to determine wθ

2sin  is  
measuring the ratio of the cross sections of the reactions [4-9] 
                 −− +→+ ee ll νν ,                                         (3)             

                 −− +→+ ee ll νν ,                                         (4)                     

where       τμ ννν ,l =  and τμ ννν ,l = . 
 Systematic uncertainties in the neutrino flux and 

spectrum create some difficulties in precise measurements of 
the cross sections of the considered processes. The primary 
uncertainty in the neutrino flux is connected with the 
uncertainty in the acceptance of the detector [8]. The 
questions concerning the limitation on the systematic 
uncertainties in the neutrino flux and spectrum is discussed in 
[ 3,7,8].  

 From the ratio of the cross sections of these reactions 
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≡                                         (5)                    

it has been found that   032.0209.0sin w
2 ±=θ  [5]. The 

CERN group reported the result 037.0211.0sin w
2 ±=θ  

[6]. The agreement of these experimental results with the 

value of wθ
2sin  predicted by the electroweak theory is one 

of the best confirmations of the Standard Model.  
The reactions (3) and (4) in an external magnetic field 

can be used for testing the theory of electroweak interactions 
in a strong magnetic field. Measurement of  the parameter 

wθ
2sin  in an external magnetic field allows testing the 

Standard Model. This work is devoted to the calculation of 

wθ
2sin  in an external magnetic field in the framework of 

the Weinberg-Salam-Glashow model. In this paper we also 
try to find the restriction for a neutrino mass.  

Generally, electroweak radiative corrections are 
important for precise measurements of the cross sections of 
the considered processes. These corrections to neutrino-
electron scattering in the Standard Model were computed by 
Sarantakos, Sirlin and Marciano [10]. Radiative corrections 
connected with leptonic interactions were also discussed in 
the review [11]. We perform our calculations in the tree level 
approximation. In this approximation and in the conditions of 
relatively low energies and weak magnetic fields the 
electroweak radiative corrections can be neglected. Of 
course, the consideration of these corrections can improve an 
agreement of the results of our calculations with the 
experimental data. 

In our calculations we neglect neutrino masses and 
mixing. For generality, we take into account the propagator 
effects (Z boson contribution). But in the low-energy region 
we will use the low-energy approximation of the Standart 
Model.  

In calculations of the cross sections of the neutrino 
(antineutrino)-electron scattering reactions we apply the 
method of the exact solution of the relativistic wave equation 
(the Dirac equation) in an external magnetic field. This 
method is one of the most effective methods of theoretical 
investigations and it allows to go out beyond the perturbation 
theory and foretell some theoretical predictions.  

 The cross section of the reaction (3) in a crossed 
electromagnetic field was found in [12]. It is well known that 
a constant crossed electromagnetic field simulates an 
arbitrary constant electromagnetic field of the strength 

       G1041.4
e

m
HF 13

2
e

0 ×==<<                            (6)  



 
if ultra relativistic particles take part in the process. Here 0H  
is the Schwinger field strength, e  is the elementary charge 
and F can be the strength of a magnetic field or the strength 
of an electric filed.  

Let us suppose that the electrons are ultra relativistic 

em>>′εε,(  where ε  and ε ′  are the energies of the initial 

and final electrons and em  is the electron mass) and the 
strength of a constant external electromagnetic field is 

0HF << .  
        In this work we use the system of units where 

1c ==h . The signature of the metric is )( −−−+ . As this 
is a constant external field we can consider the constant 
magnetic field. If we take into account that the vector of 
intensity of the constant magnetic filed H is directed along 
the axis Oz, the longitudinal momentum of the initial electron 
is zero and the vector of momentum of the initial neutrino 
(antineutrino) k is directed along H, we can write the 
following formulae for the invariant spectral variable u and 
the invariant parameters χ  and κ : 

  11 −
′

=−
′

=
ε
ε

χ
χu ,                                                       (7)  

[ ]
0

2
1

2
3 )(

H
H

m
pF

m
e

ee

εχ β
αβ =−= ,                            (8) 

2
0

2

2)(2

ee m
k

m
kp ε

κ ==                                                           (9) 

where αβF  is the tensor of the constant external field,  

)( pp ′→=′ χχ , p  and p′  are the 4-momenta of the 
initial and final electrons, k is the 4-momentum of the initial 
neutrino (antineutrino), 0k  is the energy of the initial 
neutrino (antineutrino), H is the strength  of an external 
magnetic field. Here χ  is the dynamic parameter and κ  is 

the kinematic parameter. In spite of the fact 1)/( 0 <<HH  

due to the condition em>>ε  the field parameter χ  can 

reach the value 1≥χ . In this case, the contribution of the 
field to the cross sections of the considered processes is 
significant.  

In the framework of the Weinberg-Salam-Glashow 
model the cross sections of the processes (3) and (4) in a 
constant external magnetic field are  
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where zm  is the mass of a Z boson, +σ  and 

222 )1( RL gugf ++=+   are for the reaction (3), −σ  and 
222 )1( LR gugf ++=−   are  for the reaction (4), 

w
2

L sin
2
1g θ+−= , wRg θ2sin= . Here the functions  
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are determined with the Airy function 
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To determine wθ
2sin  in an external magnetic field we find 

the ratio −+= σσR : 
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If we take into account wLg θ2sin
2
1
+−= , 

wRg θ2sin= , we obtain 
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According to the general theory developed in [13] the 

influence of the external magnetic field on the processes (3) 
and (4) is determined by the parameter 

                                  
κ
χη = .                                           (23)                         

Let us consider the asymptotic behaviour of the ratio R  
in the limiting case  

1<<η  (weak field). For 1<<η , we use the weak 
asymototic expansions of the Airy functions (see, for 
example, [14]) 
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where dxxdx /)()( θδ =  is the Dirac delta function, 

3
2−=ηA  is the parameter ( )1>>A ,  )(xθ  is the 

Heaviside function. Supposing in the expression (10) 
1)/( 2 <<ze mmκ , we find the following expression for 
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    1043 2 +−−= ssf ,                                                  (40)   
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In the expressions (26-41) 22 /)(1 empqs +=+= κ  is 
the normalized Mandelstam variable. The terms in (26) 
proportional to c  and h  correspond to the interference 
terms.In the expression (26) we retain the interference terms 
for low energy applications.               

When the energy of the initial neutrino (antineutrino) is 
of order ~ MeV ( MeVk 5.00 = )  and the energy of the 

electron is GeV5.0=ε , for the kinematic parameter κ we 
have 1102 3 >>×=κ  and 11 >>+= κs . In the weak 
magnetic field limiting case from (27) we find the following 
formula for wθ

2sin : 
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From the last expression we see that the contribution of 

an external magnetic field to wθ
2sin  is determined by the 

terms proportional to s2η . If we take into account the 



 
definition of η  and formula for χ  and κ , we have 
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The contribution s2η  is determined by three variables 

0k , H  and ε . This contribution is especially significant 
when we have dealings with relatively strong magnetic field 
and low-energy neutrinos (antineutrinos). In this case not 
very high ε  is desirable. If we set 0

210 HH −= , 

MeVk 5.00 =  and GeV5.0=ε , the estimations give 
82 10625.0 −×=sη   that is very small.  

According to the formula (43) the upper limit of s2η  is 
determined by the maximal possible value of H and the 
minimal possible values of 0k  and ε . The order of the 

maximal value of s2η   can not be greater than 
-12 10~23.0sin =wθ . The maximal possible value for 

H  can be 0HH ~  and the minimal possible value for the 

electron energy can be em~ε . In this case the value 
-12 10~sin wθ  can be achieved due to the multiplier 3

0
−k .  

 

However, there is definite restriction for the lowest value 

0mink  of the neutrino (antineutrino) energy 0k . The neutrino 

(antineutrino) energy 0k  can not be smaller than the value 

0mink . Otherwise, the order of the parameter wθ
2sin  would 

be greater than 0.1~sin 2
wθ . But s2η  can not be 

greater than -110~ . It means that the lowest energy of a 
neutrino (antineutrino) is 0mink . If a neutrino (antineutrino) 

is a massive particle, the lowest limit of 0k  corresponds to 
neutrino (antineutrino) mass. So, the muon neutrino 
(antineutrino) mass 

l
mν  can not be greater than  0mink : 

e

e

m

s

m
H
H

m
l 2

1
2
1

3
1

2

42

0 ≈

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

=≤
η

ε
ν 0mink        

or      MeVm
l

255.0≤
ν

.                                                (44) 

 This estimation is right for µν , µν , τν  and τν . 
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УГОЛ ВАЙНБЕРГА В МАГНИТНОМ ПОЛЕ И ОГРАНИЧЕНИЕ НА МАССУ НЕЙТРИНО 

      

Работа посвящена вычислению параметра wθ
2sin  в рамках модели Вайнберга-Салама-Глешоу во внешнем магнитном поле. 

Новая формула для wθ
2sin , полученная из соотношения сечений реакций нейтрино-электронной и антинейтрино-электронной 

рассеяний в слабом магнитном поле, показывает, что wθ
2sin  является функцией кинематического и динамического параметров. 

Найдено ограничение на массу нейтрино (антинейтрино). 
 

Â. À. ÙÖÑÅÉÍÎÂ, Ð. Å. ÃÀÑÛÌÎÂÀ, Å. Ç. ÑßÔßÐÎÂÀ 
 

ÌÀÃÍÈÒ ÑÀÙßÑÈÍÄß ÂÀÉÍÁÅÐÃ ÁÓÚÀÜÛ Âß ÍÅÉÒÐÈÍÎ ÊÖÒËßÑÈ Ö×ÖÍ ÌßÙÄÓÄÈÉÉßÒ 
    Èø õàðèúè ìàãíèò ñàùÿñèíäÿ Âàéíáåðã-Ñàëàì-Ãëåøîó ìîäåëè ÷ÿð÷èâÿñèíäÿ wθ

2sin  ïàðàìåòðèíèí ùåñàáëàíìàñûíà ùÿñð îëóíìóøäóð. 

Çÿèô ìàãíèò ñàùÿñèíäÿ íåéòðèíî-åëåêòðîí âÿ àíòèíåéòðèíî-åëåêòðîí ñÿïèëìÿ ðåàêñèéàëàðûíûí åí êÿñèêëÿðèíèí íèñáÿòèíäÿí wθ
2sin  ö÷öí àëûíìûø 

éåíè èôàäÿ ýþñòÿðèð êè, wθ
2sin  êèíåìàòèê âÿ äèíàìèê ïàðàìåòðëÿðèí ôóíêñèéàñûäûð. Èøäÿ íåéòðèíî (àíòèíåéòðèíî) êöòëÿñè ö÷öí ìÿùäóäèééÿò 

òàïûëìûøäûð. 
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The paper is devoted to research of influence the heat treatment of silicon plates on their mechanical characteristics. Silicon plates n- and р-
type conductivity having diameter of 100 mm are investigated. Plates had surface orientations of (111). 
 

1. Introduction 
 

During the fabrication of integrated circuits and other 
semiconductor devices, silicon wafers are exposed to various 
mechanical and thermal processes. As a result, there is a big 
danger of dislocation generation in these wafers and 
deterioration of semiconductor devices characteristics. 
Therefore, the questions connected with the problem of 
dislocation generation in semiconductor materials in a wide 
temperature interval, still remain topical and need to be 
further investigated. 

There are many articles that are devoted to dislocation 
generation under the action of various external factors  

[1-3]. According to our and other articles [1,4], 
dislocation movement under loading has a spasmodic 
character.  

By using the investigation methods of microhardness and 
fracture toughness, much valuable information can be 
obtained about the mechanical proprieties of semiconductor 
materials in a wide range of temperatures. 

 
2. Experimental methods 
 

Investigations were carried out on both n- and p-type 
silicon wafers having diameters of 76 and 100mm with (111)-
1 and (100)-2 surface orientations. Microhardness H, fracture 
toughness K and the imprint length d were used as the 
characteristic parameters (Fig.1,2,3).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 
 
At least 20 tests for each sample were carried out for 

determination of the microhardness.  The microhardness 
measurements were accomplished by a PMT-3 type device. . 
The fracture toughness was determined on the same imprints 
as used for microhardness. The investigated samples were 
heat treated in the atmosphere. For heating each wafer 

uniformly and avoiding it from direct heat radiation, it was 
covered with another wafer. The loads applied on the Vickers 
pyramid were varied in the range 0.3-1.2 N.          

The calculations of the microhardness and the fracture 
toughness values  were done using [5].  

 
Fig.2. 

 
The experiments were carried out at room temperature. 
Microhardness and diagonal length of the replica channel 

have been used as characteristic parameters. Microhardness 
has been determined by results of not less than 20 tests for 
each sample by means of device PMT-3.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                     Fig.3 
 
The Vickers pyramid has been used as indenter. Heat 

treatment of the investigated samples has been carried out in 
an air atmosphere. Loading on pyramids (at indenting) is 
varied from 0.3 up to 1.2 N.  

The following experimental results are obtained. 
1.Dependence of microhardness on annealing temperature 

has the exponential character, namely, with reduction of 
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annealing temperature the microhardness value sharply grows 
and further reaches the monotonous growth (Fig.1).  

2. With growth of annealing temperature up to Т~4500С 
diagonal length of the replica channel decreases,at the further 
growth of annealing temperature it sharply increases. 
Moreover, at Т=250С and Т=10000С diagonal length of the 
replica channel at the edges of plates is more than in the 
middle of plates (Fig.2).  

3. The non-uniform distribution of fracture toughness on 
the surface of wafers depends on the loading. On the edges of 
wafers K value is less than that on the middle of wafers. At 
the increasing of the annealing temperature (at constant F 
values) the value of K increases reaching the maximum value 

and it  sharply decreases at temperatures above 8000C.  
 
3. Conclusions 
1. The occurrence of dislocations at low temperatures area 

(where the thermal   activation is practically absent) means 
that during the local indentation of the sample surface, 
stresses larger than the Pairel`s stress can be created. 

2. The temperature dependences of the microhardness and 
dislocations and sliding strips running from the imprint after 
annealing process confirm again the relaxation possibilities of 
elastic stress at the room temperatures. 
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ÒÅÐÌÎÈØËßÌßËßÐÈÍ ÑÈËÈÑÈÓÌ ËÞÂÙßËßÐÈÍÈÍ ÌÅÕÀÍÈÊÈ ÕÖÑÓÑÈÉÉßÒËßÐÈÍß ÒßÑÈÐÈ  

 
Èø, äèàìåòðè 100 ìì îëàí, í âÿ ï òèï êå÷èðèúèëèéÿ ìàëèê, (111) îðèåíòàñèéàëû ñèëèñèóì ëþâùÿëÿðèíèí ìèêðîìþùêÿìëèê, ÷àò ÿìÿëÿýÿëìÿéÿ 

äþçöìëöëöê âÿ ñ. ìåõàíèêè õöñóñèééÿòëÿðèíÿ òåðìîèøëÿìÿëÿðèí òÿñèðèíèí òÿäãèãèíÿ ùÿñð îëóíìóøäóð.Ýþñòÿðèëìèøäèð êè, òåðìîèøëÿìÿëÿð çàìàíû 
ìåõàíèêè õàññÿëÿðèí äÿéèøìÿñèíÿ ñÿáÿá äèñëîêàñèéàëàðûí ùÿðÿêÿòè âÿ ìåõàíèêè ýÿðýèíëèêëÿðèí ðåëàêñàñèéàëàðûäûð. 

 
А.М.Гашимов, Ш.М.Гасанли 

 
ВЛИЯНИЕ ТЕРМИЧЕСКОЙ ОБРАБОТКИ НА МЕХАНИЧЕСКИЕ  

ХАРАКТЕРИСТИКИ КРЕМНИЕВЫХ ПЛАСТИН  
 
Работа посвящена исследованию влияния термической обработки кремниевых пластин n- и p- типа проводимости диаметром 

100 мм и с ориентацией (111) на механические характеристики: микротвердость, трещиностойкость и др. Показано, что изменения 
механических характеристик при термической обработке обусловлены движением дислокаций и релаксацией механических 
напряжений. 
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The process of transient radiation of magnetic moment at the strong change of dielectric constant in time  is considered. The formulae 

for eigen field and radiation field are obtained. It is established, that with the increase of energy the contribute of magnetic transient radiation 
with comparison of charge one increases essentially. In the case of magnetic medium at the strong change of physical properties isotropic 
radiation appears.  
 

The transient radiation, appearing at the intersection of 
the boundary section of two mediums by the charge, firstly 
was considered by Ginzburg and Frank [1]. In our previous 
works the transient radiation of the magnetic moment on the 
strong boundary section of two mediums [2], and also the 
transient radiation of the magnetic moment on the scoured  
boundary of section of mediums, in a particular, the transient 
radiation in the plane-layered medium [3-6] were 
investigated.  

One of the reason of the appearance of the transient 
radiation at the constant velocity of the source is the change 
of the physical properties of the medium in time. In the given 
task the transient radiation, appearing in the medium, 
physical properties of which strong change in time, is 
considered. The sharpness criterion of medium properties 
change is defined by the condition, when the time length of 
the change is much less, than time of the radiation forming. It 
is considered, that in the time moment t=0, the dielectric and 
magnetic constants change by the jump from the values ε1 
and µ1 till the values ε2 and µ2  correspondingly. 

  On the base of Maxwell equations the differential 
equations for field vectors have been obtained: 
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Here the current density and charge density, created 

constantly by the moving magnetic moment are defined by 
the formulae 
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where ( ) ( )trmt,rM υδ rrrrr

−=  and ( ) [ ] ( )trmt,rP υδβ rrrrrr
−=  

are vectors of electric and magnetic polarization. 
The considered task is completely homogeneous by the 

space that is why all values need to decomposition in Fourier 
integral on the space components. Moreover, we have 
Fourier-images of equations (1) and (2): 
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In the equations (5) and (6) the Fourier-images of current 

density and charge density are correspondingly equal to: 
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The equations (5) and (6) are nonhomogeneous common 

differential equations, the common solutions of which are 
presented in the sum form of the private solution of 
nonhomogeneous equation (eigen field) and common 
solution of homogeneous equation (radiation field): 

 

         ( ) [ ][ ] ( )
( ) ( )[ ]223

s
k kk2

tkiexpKmk4tB
βµεπ
υµπ

rr

rrrrr
r

−
−

=  ,              (9) 

 
 

                       

                                             ( )
( )

( )[ ] [ ]( ) ( )
( )223

s
k kk

tkiexpmkkKmk
2
4tE

βµε
υββµε

επ
π

rr

rrrrrrrrrr
r
r

−
−−

=         .                                   (10)

 



I.M. ABUTALIBOV, M.B. ASADOVA, I.G. JAFAROV 

 72

                                                 ( ) [ ][ ]
( )

( ) ( )[ ]t/kcit/kci
23

r
k ebeb

k2
Kmk4tB µεµε

π
π

−
−

+ +=
rrr

r
r  ,                                                     (11) 

 

                                     ( )
( )

[ ][ ][ ] ( ) ( )[ ]t/kcit/kci
33

r
k ebebKmkk

k2
4tE µεµε

µεπ
π

−
−

+ −−=
rrrrr

r  ,                                    (12) 

 
In these formulae the s index corresponds to the eigen 

field, and r index corresponds to radiation field. In the 
formulae (11), (12) the complex coefficients b+ and b- 
describe the amplitudes of two waves, propagating in the 
opposite directions - on k

r
and against k

r
 correspondingly.  

At t<0, the radiation field is absent and at t >0 the two 
waves appear immediately. The amplitudes of the radiation 
field are defined from the condition of the linking of the 
solutions: 
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from which we obtain: 

 

                                          

( )
( ) ( )

( )
( )( ) ( )( )⎥⎥⎦

⎤

−−

−
±

⎢
⎢
⎣

⎡
±

−
−

−
= ±±

2
22

22
11

2
2211

22

2
22

2
2

2
11

2
1

2

kkkk
/kk

kkkk2
k,kb

βµεβµε
µεµε

εµβ

βµε
µ

βµε
µ

β

rrrr
rr

rrrr
rr

                                        (15) 

 
From the condition of the field corporeality we have: 
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Moreover, the formulae (15) it is followed, that 
                       

             ( ) ( )ββ
rrrr

,kb,kb ±± =−−  .                    (17). 
 

From the formulae (15) it is followed, that module is  

−+ > bb  at any source velocity, and in the ultrarelativistic 
case it is −+ >> bb . It is need to note specially, that in the 
rest state of the magnetic moment at the strong change of the 
physical properties of magnetic medium 
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that proves about the fact, that radiation takes place that 
can’t be said about rest charge, amplitudes of radiation field 
of which is such case ( ) 00,ka =±

rr , i.e. the radiation doesn’t 
take place. This effect is interest by the fact that the rest 
particle is the nonstationary medium, having magnetic 
moment, then because of the magnetic moment the transient 
radiation will be exactly, that has the real value for fixation of 
particles. For the nonmagnetic medium (µ1=µ2=1) the 
amplitudes of transient radiation, charge and magnetic 
moment are proportional to the jump of the dielectric 
constant, 21 εε − , i.e. the more bigger the jump of the 
dielectric constant, the more stronger the radiation is. For the 
nonmagnetic medium the ratio of module quadrate is equal 
to: 
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  The dependence of the ratio (18) on the energy at the 
fixed angle θ is given on the fig.1. As it is seen from the 

plots, the ratio 
22

b/b −+  strongly increase with the increase 
of energy, that shows, that the main pert of the radiation 
energy is on the radiation part forward. 

 

 
 
Fig.1. The energy distribution of the ratio of quadrate module  
           amplitudes. Here curve 1 corresponds to the value θ=15°,  
           but curve 2 corresponds to the value θ=5°. 
 
The plot of the dependence of the ratio (18) on the angle θ 

at the fixed energy value is given on the fig.2. From the fig.2 
it is seen, that in the region of small angles the forward 
radiation becomes stronger, i.e. the radiation is along the 
source velocity. 
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Fig.2. The angular distribution of the ratio of quadrate module  
           amplitudes. Here curve 1corresponds to the value γ=10,  
           but curve 2 corresponds to the value γ=25. 

 
    In the work the influence of the electron magnetic 

moment on its transient radiation is also considered. The 
expression for the ratio of the intensity module quadrate of 
the transient forward radiation of the magnetic moment and 
charge: 
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and m0 is the electron magnetic moment in the eigen 
reference system. 

 
Fig.3. The energy dependence of the ratio of quadrate of module  
           intensities of transient radiation of magnetic moment and  
           charge. Here curve 1 corresponds  to the value  θ=5°., but  
           curve 2 corresponds to the value  θ=15°., curve 3  
           corresponds   to the value  θ=30°. 
 
The plot of the dependence of the ratio (19) on the γ 

energy at the fixed values of angle θ is given on the fig.3. 
From the figure it is seen, that at small angles and velocity 
increase, this ratio strongly decreases. This is connected with 
the fact, that charge transient radiation with the velocity 
increase more increases, than transient radiation of the 
magnetic moment. At the transition to the big angles (θ=15°, 
30°) with γ energy increase, to ratio (19) increases, i.e. 
deposit of the magnetic transient radiation becomes more 
significant, than charge one. 

 
Fig.4. The angular dependence of quadrate of the module of  
           intensities of transient radiation of magnetic moment and  
            charge. Here curve 1 corresponds to the value γ=25, but  
            curve 2 corresponds to the value γ=40. 
        
 The angular distribution of the ratio (19) at the fixed 

values of γ energy is represented on the fig.4. As it is seen 
from the plots, the deposit of the magnetic transient radiation 
significantly increases with the angle increase, so for example 
at the angle θ=45° (γ=40) and θ=60°(γ=25) the charge and 
magnetic transient radiation become almost equal. The 
energy of the radiated transient photon is chosen by 

2Mc1,0 γεγ = , where Mc2=0.51MeV is electron rest energy 
at the construction of the curves on the figures 3 and 4. 

These results can be applied in the one of the important 
tasks of the modern physics of high energies.
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И.М. Абуталыбов, М.Б. Ясадова, И.Щ. Жяфяров 

 
МАГНИТ МОМЕНТИНИН ГЕЙРИ-СТАСИОНАР МЦЩИТДЯ КЕЧИД ШЦАЛАНМАСЫ 

 
Диелектрик нцфузлуьун замана эюря кяскин дяйишмясиндя магнит моментинин кечид шцаланмасына бахылмышдыр. Мяхсуси вя 

шцаланма сащяляри цчцн ифадяляр алынмышдыр. Мцяййян едилмишдир ки, енеръинин артмасы иля магнит кечид шцаланмасынын пайы йцк 
шцаланмасына нисбятян кифайят гядяр артыр. Магнит мцщитляр цчцн физики хассялярин кяскин дяйишмясиндя изотроп шцаланма баш 
верир.   

 
 

И.М. Абуталыбов, М.Б. Асадова, И.Г. Джафаров 
 

ПЕРЕХОДНОЕ ИЗЛУЧЕНИЕ МАГНИТНОГО МОМЕНТА В НЕСТАЦИОНАРНОЙ СРЕДЕ 
 

Рассмотрен процесс переходного излучения магнитного момента при резком изменении диэлектрической проницаемости во 
времени. Получены формулы для собственного поля и поля излучения. Установлено, что с ростом энергии вклад магнитного 
переходного излучения относительно зарядового значительно увеличивается. В случае магнитной среды при резком изменении 
физических свойств возникает изотропное излучение. 
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 Az-1073, Baku, Z.Khalilov str.,23 
 

The nanoparticles of gallium selenide in the volume of glass matrix are obtained with the help of the crystallization method in the 
matrix. The X-ray diffraction investigations show, that the nanoparticles of gallium selenide with structure δ-GaSe form in the glass matrix. 
In the obtained structures, the photoluminescence radiation spectra (at the excitation wave length 510nm) have half-widths of lines ~0,23eV 
with the radiation maximum 710nm. 

 
Introduction 
 
Last years, the big attention has been paid for the technology working of the obtaining and studying of nanoparticle 

physical properties of layered gallium selenide semiconductor [1-5]. The limit of particle sizes leads to very interest physical 
phenomena. With the decrease of the particle sizes, the material physical properties change significantly. The decrease of the 
particle sizes increases the ratio of surface area (S) to the particle volume (V) and increases the contribution of the surface 
atoms to the physical and thermodynamical properties of nanoparticles. For example, the decrease of nanoparticle sizes CdSe 
from 10 nm to 1nm increases the past of surface atoms practically from 20% till 100% [6]. The increase of the ratio (S/V) at 
the decrease of the particle sizes increases the contribution of surface energy to the free energy. As result, the materials, which 
are unstable in the volume state, can be stable in the nanoparticle form [7]. The semiconductor nanoparticles are perspective 
materials in the computers, medicine and instrument making [6]. The one of the important problem of the computers is the 
increase of system speed, which can be solved with the help of nanomaterials, having the high nonlinear-optical properties [6]. 
Such materials can allow to create the computing systems, working in the terahertz regions. That’s why the working of new 
technologies and materials for the high-speed computers present the big interest. The composite materials on the base of 
nanoparticles of layered semiconductor GaSe, which has the high nonlinear optical  properties can become the one of such 
materials. As it is known with the decrease of nanoparticle sizes the forbidden band width of material increases because of 
quant-size effect [8-9]. However, the situations are possible at witch with the decrease of the particle sizes, the forbidden band 
width of nanomaterials decreases. Such situation described in the work [10] is realized for nanotubes of GaSe. It is shown, that 
such systems are stable. The possibilities of the change of forbidden band width of GaSe in the wide interval make this 
material one of the interest object of scientific researches. 

 
The technology of obtaining and  nanoparticle  structure of GaSe 
 
The meaning of the technology is that nanoparticle and matrix materials (or its components) are taken into quartz ampoule 

or corundum crucible. The matrix melting point should be lower, than nanoparticle material melting point.  
The mixture is heated up to the homogeneous mass formation at the temperature higher than melting point of nanoparticle 

material. Moreover, components (anions and cations) of nanoparticle dissolve in the melt of matrix material and form the 
homogeneous mixture. Further the mixture is cooled by the definite program. At the mixture cooling, the supersaturation on 
semiconductor components forms in the system. At the same time, the creation of buds and nanoparticle formation begins. The 
process of nanoparticle formation in the matrix melt volume accompanies with the creation of buds of different sizes and 
carrying out of crystallization process. Moreover, the absorption of small particles by the big ones is benefit on energy 
expenditure.  

As result, the nanoparticle crystallization centers form. The formation of these centers in the matrix melts volume 
decreases of supersaturation factor around the nanocrystal. In this connection, the probability of new bud creation around 
nanoparticles decreases. The sizes of the created microcrytals depend on the mixture duration time at such temperature. After 
that the mixture is cooled till the room temperature by the definite program. 

  The GaSe nanoparticles in the volume of glass matrix are formed by us by the following method. The glass and 
components of nanoparticle (Ga and Se) are taken in the quartz ampoule.  Metallic Ga and Se in the stoichiometric weight 
ratio are mixed with the well ground glass and are taken in the quartz ampoule. The nanomaterial components are 5% in the 
weight ratio with matrix. The quartz ampoule is pumped, with the help of forvacuum pump and made unbrazing. After that the 
ampoule is taken in the muffle stove and is heated till the temperature 12000C. The heating time was near 90 minutes. 
Moreover, the homogeneous mixture creates. The Ga and Se components interreact in the volume and totally dissolve in the 
glass melt. After that the homogeneous melt is cooled by the special program. The melt is kept at the temperature 8500C 
during 60 minutes, later the melt is cooled till the room temperature. The obtained composite material is porous one. The 
planes, prepared from this material, are treated by the thermal annealing at the temperature 5700C during hours. In the result of 
this process, the nonhomogeneous of composite material removed.  
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The GaSe nanoparticle structure is defined with the help of X-ray diffraction analysis ( DRON 2.0). The glass, in the 
volume of which the gallium selenide nanoparticles are formed, is ground in the mortar. After that the powder X-ray-grams are 
obtained (fig.1).  

 
 
 
 
 

 
Fig1. X-ray diffraction from powder GaSe:glass 
 
The analysis results are shown in the table 1. As it is seen from the table, the observable values of spacing of lattice planes 

significantly don’t differ from standard values. 
 

 Table 1. 
№ Observable value d in A0 Standard value d in A0 I hkl 
1 7,993 7,988 40 004 
2 3,998 3,994 100 008 
3 3,234 3,232 36 101 
4 2,899 2,90 42 105 
5 2,776 2,779 94 106 
6 2,5226 2,527 12 108 
7 2,3989 2,392 30 109 
8 1,874 1,8697 15 1014 
 

 
 
The value of interplanar distances corresponds to phase δ-GaSe. The nanoparticle sizes δ -GaSe are founded from the ratio 

[11]. 
 

                                                    
θβ
λ

cos
9.0

=d   ,                                                                       (1)  

 
where β- is intensity half-width of diffraction line, measured in radians, λ=1,5406A0 is wavelength CuKα, θ- is diffraction 

angle. The average value of particle sizes GaSe, calculated from the equation (1), is equal 15,6nm. Such small value for 
nanoparticle sizes of gallium selenide is explained by the fact, that duration time for crystallization process is chosen very 
small. In the result of this, the process of nanoparticle enlargement (coalescence) was difficulties. Besides, probably, the high 
temperature (8500C) harms to the increase of the particles in the direction Van der Wasl forces evidently. 

 
  The photoluminescence in nanoparticles of GaSe 
 
  The optical properties of gallium selenide nanoparticles, formed in the metanol volume are investigated in detail in the 

ref.[1]. The particle sizes in these experiments change from 2nm till 6nm. The average particle size is 4,0nm. The half-width 
of radiation line depended on wavelength and changed in interval (0,16-0,7)eV. After chromatographic particle division on 
sizes the average size is equal ~ 2,5 nm. In this case the half-width of radiation line decreases in 1,5 times in the comparison 
with the previous samples.  
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The radiation spectra (fig.2a) and excitation spectra (fig.2b) in the GaSe nanoparticles: glass at the temperature 90K, are 
investigated by us. At the excitation by photos with the energy λ=510 nm, the not wide band with half-width, which is equal to 
0,23 eV and radiation maximum at 710nm (1,75eV) are observed. The nanoparticle excitation spectra have very wide band with 
half-width E=0,42eV, and maximum is  in the region 2,42 eV. 
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Fig. 2а. Radiation spectra of GaSe nanoparticles. 
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Fig. 2b. Excitation spectra of GaSe nanoparticles. 
 
The observable by us wide excitation spectrum testifies about the wide interval of particle distribution on the sizes. In the 

result of which, the width of the prohibited band in the dependence on the sizes, changes in the wide range, according to the 
ref [8]. 

 
 

                                     2*

22

2 dm
E hπ
=∆  ,                                                          (2) 

 
where h is Plank’s constant, d is particle size, m* is effective reduced mass of electrons and holes, п=3,14 constant. In the 

result of which, the of fundamental absorption edge in the nanoparticles spreads.  
The temperature dependence of photoluminescence of Ga Se nanoparticles, formed in the glass matrix is investigated also 

by us. The dependence of radiation intensity maximum (λ 710nm) on the sample heating temperature in the temperature 
interval 80-270K is investigated (fig.3).  

As it is seen from the figure 3, in the temperature interval (80-120)K, the radiation intensity increases~15%, and in the 
temperature interval (120-200)K, the intensity change doesn’t significant (less, than 2%). The temperature increase leads to the 
insignificant intensity increase of photoluminescence (~7%). Such form of temperature dependence is explained by the fact, 
that nonradiative transfers are near radiative transition. At the temperature  increase, the carrier transition from the 
nonradiative transitions into the radiative one takes place, in the result of which the radiation intensity increases. The last 
heating leads to the radiation level saturation. In the temperature interval (200-270)K the decrease of the carrier concentration 
in the radiated level takes place and radiation intensity decreases. 
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Fig.3. Temperature dependence of photoluminescence of  GaSe nanoparticles. 
 
Conclusion 
 
Thus, for the first time the gallium selenide nanoparticles in the volume of glass matrix are formed by the crystallization 

method. By X-ray diffraction analysis, it is shown, that the nanoparticles with the structure б-GaSe form in the glass matrix. 
The wide value of excitation spectrum half-width is explained by the distribution of particle sizes in the big range. It is shown, 
that maximum radiation intensity of photoluminescence weakly depends on the temperature.   
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ØÖØß ÌÀÒÐÈÑÄß ÔÎÐÌÀËÀØÄÛÐÛËÌÛØ GASE ÍÀÍÎÙÈÑÑßÚÈÊËßÐÈÍÈÍ ÁßÇÈ ÔÈÇÈÊÈ ÕÀÑÑßËßÐÈ 

 
Ìàòðèñäÿ êðèñòàëëàøìà ìåòîäó èëÿ øöøÿ ìàòðèñäÿ GaSe íàíîùèññÿúèêëÿðè àëûíìûøäûð. Ðåíòúåí ñòðóêòóð àíàëèçè âàñèòÿëñèëÿ ìöÿééÿí 

åäèëìèøäèð êè, øöøÿ ìàòðèñäÿ δ-GaSe ñòðóêòóðëó íàíîùèññÿúèêëÿð ôîðìàëàøûð. Àëûíìûø íöìóíÿëÿðäÿ ôîòîëöìåíåññåíñèéà ñïåêòðèíèí éàðûì åíè 
(510íì äàëüà óçóíëóüó èëÿ ùÿéÿúàíëàíäûðûëäûãäà) ~0,23åV, øöàëàíìà ñïåêòðèíèí ìàêñèìóìó èñÿ 710íì äèàïàçîíóíäàäûð. 
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ПРОЦЕСС РОСТА И НЕКОТОРЫЕ ОПТИЧЕСКИЕ СВОЙСТВА НАНОЧАСТИЦ GaSe, 

СФОРМИРОВАННЫХ В ОБЪЕМЕ СТЕКЛЯННОЙ МАТРИЦЫ 
 

С помощью метода кристаллизации в матрице были получены наночастицы селенида галлия в объме стеклянной матрицы. 
Рентгеноструктурными исследованиями было показано, что в стеклянной матрице формируются наночастицы селенида галлия со 
структурой δ-GaSe. В полученных структурах спектры излучения фотолюминесценции (при длине волны возбуждения 510нм) 
имеют полуширины линий ~0,23eV с максимумом излучения 710нм. 
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ФОТОЭЛЕКТРИЧЕСКИЕ СВОЙСТВА БАРЬЕРА ШОТТКИ 
НА ОСНОВЕ  ГИДРОГЕНИЗИРОВАННОГО АМОРФНОГО 

КРЕМНИЯ (α-Si:H) 
 

А.Г.МАМЕДОВА, Ш.С.АСЛАНОВ. С.В.ГАМИДОВ, С.Т.ГАХРАМАНОВА, А.И.БАЙРАМОВ 
 

Институт Физики НАН Азербайджана 
 
        В работе приведены результаты получения пленок гидрогенизированного аморфного кремния 
(α- Si:H) методом магнетронного распыления и исследования их электрических, 
фотоэлектрических и оптических свойств. На основе полученных пленок созданы солнечные 
элементы с барьером Шоттки с высокими фотоэлектрическими параметрами.      
            
         Последние годы все большее внимание уделяется исследованию свойств 
тонких пленок неупорядоченных полупроводников. Среди них особенно выделяется 
гидрогенизированный аморфный кремний (α-Si:H). Интерес к этому материалу 
обусловлен, главным образом, возможностью создания на его основе эффективных 
и дешевых фотоэлектрических преобразователей солнечной энергии[1].  
 В ряде исследований  было установлено, что в процессе разложение силана в 
плазме при приложении магнитного поля улучшаются фотоэлектрические свойства 
пленок [2, 3]. Поэтому в данной работе для получения пленок  α-Si:H применяется 
метод магнетронного распыления на постоянном токе из монокристаллической 
кремниевой мишени. Метод магнетронного распыления на постоянном токе 
обладает рядом преимуществ; эффективный контроль содержания водорода в 
камере и в пленке, а также температуры подложки в широком интервале, 
использование для распыления мишени сложного состава,  высокая скорость 
осаждения, относительно низкое напряжение осаждения (менее 400В), что 
ограничивает отрицательное воздействие энергии ионов на структуры  и 
водородной связи в пленках, применимость в массовом производстве и др. 
    Целью данной работы является получение α-Si:H с использованием метода 
магнетронного распыления на постоянном токе, исследование их электрических и 
фотоэлектрических свойств в зависимости от состава, а также изготовление на их 
основе барьеров Шоттки с высокими фотоэлектрическими параметрами.      
     Нами разработано и изготовлено магнетронное распылительное устройство в 
вакууме, позволяющее использовать мишень в виде плоского диска с диаметром 
100мм. При получении пленок α-Si:H использовалась кремниевая мишень чистоты 
99,99.   Для осуществления эффективного процесса гидрогенизации с пониженной 
плотностью дефектов в запрещенной зоне, нами оптимизировались  параметры 
осаждения - парциальное давление водорода PH, давление аргона PAr, температура 
подложки Ts, входная мощность P  и смещение на подложке  VB . Наилучшие пленки 
были получены при параметрах приведенных в таблице 1. 
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                         Таблица1.Технологические условия получения пленок α–Si:H. 
T (oC) PH (%) PAr(%) Ptotal (mtorr) VB(V) 
250 50 50 10 -100 

 
       
 
 
 
Результаты комплексного исследования характеристик пленок приведены в таблице 2. 
 
                           Таблица 2. Характеристики полученных пленок α–Si:H 
Содержание
водорода по 
отношению 
к  Si (%) 

содержание 
кислорода 
по 
отношению 
к  Si (%) 

Оптическая 
ширина 
запрещенной 
зоны (eV) 

Плотность 
состояний 
(cm-3⋅eV-1) 

Диэлектр. 
постоянная 

Отношение 
световой и 
темновой 
проводимостей 

1 2 3 4 5 6 
19 1 1.92 8⋅1016 8.5 105 

 
        
     Нами были изготовлены солнечные элементы с барьером Шоттки на основе 
гидрогенизированного аморфного кремния α-Si:H на стекленной подложке. 
Площадь изготовленных элементов составляли 2x2cm2, в качестве металлического 
контакта использованы аморфные слои  Al+Ni,  а для создания барьера Шоттки 
использованы монокристаллические пленки силицида платины PtSi. 
Tермообработка для получения моно-PtSi и стабилизация параметров  α-Si:H были 
совмещены и проведены в вакууме и в среде форминг газа (N2 + H2 ). 
    Cтруктура металлической пленки определена методами рентгенодифрактометрии 
и электронографии. Результаты представлены на рис.1                                                                          
 
 

 
 
 
 
 
 
            
                                                                                       
 

 
Рис 1. a –рентген дифракционная картина монокристаллической пленки PtSi и  b- 
электронографическая картина аморфной пленки Al+Ni. 
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.    Следует отметить, что применение аморфных и монокристаллических 
металлических пленок обеспечивает долговечность и надежность элементов, так  
как в этих пленках отсутствуют  диффузионные процессы по границам зерен. 
Конструкция изготовленных солнечных элементов  представлена на рис 2: 

                                    Рис.2 
 
1 – стеклянная подложка,  2 – n+- α-Si:H, 3 – n- α-Si:H ,  
1′ - α-Аl+Ni, 4 –моно-PtSi, 5-Ti+W метал. контакты,:6- просветляющее покрытие 
 В процессе распыления с целью получения n+ типа проводимости использован 
фосфин PH3. 
 Для улучшения адгезии к стеклянной подложке металлических контактов 
нанесен очень тонкий слой  SiOx толщиной 0,01мкм. 
 Параметры изготовленных элементов определены на специальном стенде с 
регулируемой освещенностью. При освещенности 100 mW/cm2, AM1 напряжение 
холостого хода, UОС =0,88 mU (open circuits voltage) , ток короткого  
( short circuits current) Isc=15.3 mA/cm2,     
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A.H. Mÿmmÿdova, Ş.S.Aslanov, S.V.Hÿmidov, S.T.Qÿhramanova, A.H.Bayramov 
            

HIDROGENLßŞDÈRÈLMÈŞ AMORF SÈLÈSÈUM (α-Si:H) ßSASLI ŞOTTKÈ BARYERÈNÈN 
FOTOELEKTRIK XASSßLßRÈ 

 
      İşdÿ maqnetron tozlandırma metodu ilÿ hidrogenlÿşdirilmiş amorf silisium incÿ tÿbÿqÿlÿrinin 
alınması vÿ onların elektrik, fotoelektrik vÿ optik xassÿlÿrinin tÿdqiqi nÿticÿlÿri verilmişdir. Alınmış 
tÿbÿqÿlÿrin ÿsasında yöksÿk fotoelektrik parametrlÿrÿ malik Şottki baryerli gönÿş elementlÿri 
yaradılmışdır. 
 

A.G. Mamedova, Sh.S.Aslanov, S.V.Gamidov, S.T.Kakhramanova, A.I.Bayramov 
 

PHOTOELECTRICAL PROPERTIES OF SCHOTTKY BARRIERS ON THE BASIS OF 
HYDROGENIZED AMORPHOUS SILICON (α-Si:H) 

 
    In this work the results of preparing of hydrogenized amorphous silicon thin films by the magnetron 
sputtering method and studies of their electrical, photoelectrical and optical properties are given. On the 
basis of obtained films high efficient solar cells with Schottky barriers are created. 
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1. Introduction. 

The studying of the behavior of some characteristics of hadron-nuclear and nuclear-nuclear interactions as a function of the 
collision centrality Q is an important experimental method to get information about the changes of nuclear matter phase, 
because the increasing of the centrality could lead to the growth of the nuclear matter baryon density. In other words, the 
regime change in the behavior of some centrality depending characteristics of events is expected by the varying the Q. It would 
be the signal about the phase transition. This method is considered as the best tool reaching the quark-gluon plasma phase of 
strongly interacting matter. 

Some experimental results demonstrate already the existence of the regime changes in the event characteristics behavior as 
a function of collision centrality. 

Let us look over some of them1. 
 
  First results of hadron -nuclear reactions. 

In paper [1] the results are presented from BNL experiment E910 on pion production and stopping in proton-Be, Cu, and 
Au collisions as a function of centrality at a beam momentum of 18 GeV/c. The centrality of the collisions is characterized 
using the measured number of «grey» tracks, Ngrey , and a derived quantity, ν, the number of inelastic nucleon-nucleon 
scatterings suffered  by the projectile during  the collision. The values of average multiplicity for π-- mesons (<π-- 
Multiplicity>) as a function of Ngrey and ν for the three different targets are plotted  in Fig. 1.  
We see that the <π-- Multiplicity> increases approximately proportionally to Ngrey and  ν for all three targets at small values of  
Ngrey or ν  and saturates with increasing of Ngrey  and   ν  in the region of  more high values of Ngrey  and   ν. It is also shown 
with a solid line in Figure the expectations for the <π- Multiplicity> (ν) based on the wounded - nucleon (WN) model and with 
dashed line, does a much better job of describing p-Be yields than the WN model. So the results demonstrate definitely the 
regime changes of the behavior for these distributions. BNL E910 has measured the Λ production as a function of collision 
centrality for 17.5 GeV/c p–Au collisions [2]. Collision centrality is defined by ν. The Λ yield versus ν is plotted in Fig.2(5). 
The open symbols are the integrated gamma function yields. The black symbols are the fiducial yields. The various curves 
represent different functional scalings. We see that the measured Λ yield increases for  ν ≤ 3 and then it saturates with 
increasing ν. Similar results for K+-, K0

s
 - mesons and Ξ- multiplicity in p+Au collision at 17.5 GeV/c have also been obtained 

by the BNL E910. 
 
The results on the nuclear-nuclear reactions. 

In paper [3] the experimental results of particle multiplicity distributions in silicon-emulsion collisions at 4.5A GeV/c are 
reported. The correlations between the multiplicities of target fragments are given. The saturation effect of target black 
fragment multiplicity in the collisions is observed. It is demonstrated in Fig. 3 where the dependence of <Nb> on Ng for silicon-
emulsion collisions at 4.5A GeV/c (closed circles) is presented. The corresponding results for oxygen-emulsion collisions at 
3.7A GeV (open circles) and 200A GeV (open squares) are given in the figure, too. One can see that the value of <Nb> 
increases with the increasing Ng in the region of Ng<8, and the saturation effect appears in the region of Ng>8. The saturation 
effect was previously observed in proton-emulsion collisions at high energy [4]. Recently, in oxygen-emulsion collisions at the 
Dubna and SPS energies, the saturation effect was also observed [5]. 
 

                                                           
1 It is necessary to note that the number of identified protons (Np), fragments (NF), slow particles (Nslow),  of h - and g - particles (Nh  and  Ng  
accordingly in emulsion experiments) have been used to obtain information on the Q and correspondingly on the impact parameter of the 
collision.The measured energy flow of the particles at an emission angles θ=00   and  θ=900   have also been used to define the Q. 
Apparently, it is not simple to compare quantitatively the results on Q-dependencies  of event characteristics  taken from different papers. 
 
 



 
 
Fig.1.The values of  average multiplicity for  π- - mesons (<π- 

Multiplicity>) as a function of   Ngrey and ν for the three 
different targets. Solid line in figure is expectations  for the 
<π-  Multiplicity> (ν) based on the wounded -nucleon (WN) 
model  and  the dashed line, does a much  better job of 
describing  p-Be yields than the WN model.  

Fig.2 Λ production as a function of collision centrality for 17.5 
GeV/c p–Au collisions. The open   symbols are the  
integrated gamma function yields. The black symbols 
are the fiducial yields. The various  curves represent 
different  functional  scalings. 

 
In paper [6] the results are presented on dimuon production in proton-tungsten and sulphur-tungsten interactions at 200 

GeV/c/nucleon were measured using the HELIOS/3 dimuon spectrometer at the CERN SPS. It was made a direct experimental 
comparison between the S-W and p-W results for the ratio µµ/charged particles and found there was a clear excess in µµ  
production relative to charged particle production in S-W interactions compared to p-W interactions as a function of mass. The 
excess is defined as the difference between S-W and p-W spectra. The values of inverse slope parameter of the transverse mass 
distribution for low mass excess versus of the charged multiplicity is shown in next Fig. 4. We can also see the regime change 
in  the behavior of  this distribution. 

The ratio of the J/ψ to Drell-Yan cross-sections has been measured by the  CERN NA50 as a function of the centrality in 
Pb-Pb  collision at 158 GeV/nucl [7]. It is shown in this Fig.5. ET fixes the centrality, which was a transverse energy flow. The 
result for light nuclei collisions is also demonstrated with solid line in the figure. The regime change is observed for the 
behavior of these dependencies.  

 
 
Fig. 3 The dependence of <Nb> on Ng for silicon-emulsion 

collisions at 4.5A GeV/c  (closed circles). The corresponding 
results for oxygen-emulsion collisions at 3.7A GeV  (open 
circles) and 200A GeV (open squares) are given in the figure, 
too. 

            
 

Fig. 4 The values of inverse slope parameter of the transverse mass 
distribution for low mass excess versus of the charged 
multiplicity production in proton-tungsten and sulphur-
tungsten  interactions at 200 GeV/c/nucleon. 

 
 
 
 



 
Fig.5 The ratio of the J/ψ to Drell-Yan   cross-sections as a function 

of the centralityin Pb-Pb  collision at 158 GeV/nucl .                
 

Fig. 6 <Pt> as a function of the transverse energy for J/Ψ mass 
intervals. The error bars are only    statistical. 

In paper [8] the moon pairs produced in Pb-Pb interactions at 158 GeV/c per nucleon are used to study the transverse 
momentum distributions of the J/Ψ , Ψ’  and dimuons in the mass continuum. In particular, the dependence of these 
distributions on the centrality of the Pb-Pb collision is investigated in detail. 
The <Pt> values obtained for the J/Ψ  are plotted in Fig. 6 as a function of ET. It is seen for the J/Ψ , the values of <Pt> first 
increase and then tend to flatten when the centrality of the collision increases. 

 
Fig. 7 Inverse slope parameter, T, of the J/Ψ  transverse mass distributions, plotted  as a function of the transverse    energy. 

 
The transverse mass distributions of the produced muon pairs have also been studied in order to allow a comparison with 

thermal models. The inverse slope T of  J/Ψ transverse mass distributions is also plotted in Fig. 7 as a function of the  ET. First 
it increases with ET and then seem to flatten at high ET, as the  <Pt>  values.  

So the main obtained result is the existence of the regime changes. The regularity is observed for hadron-nuclear and 
nuclear-nuclear interactions as well for the interaction of light and heavy nuclei; at high and at low temperature; and for the π-
mesons, nucleons, fragments (F), strange particles (S) and J/Ψ, that is the regularity is also observed at small densities and 
temperatures. Therefore it could not be connected with the existing of the predicted QCD point for hadronic matter quarks-
gluons phase transition.  
 
 2. The Mixed Phase 

Therefore it was suggested to consider the appearance of the strongly interacting matter mixed phase (MP) for a qualitative 
understanding of the regularity. MP is considered as a phase of compressed nucleons. These phase are predicted by QCD for 
the temperatures around the critical temperature Tc . It could be formed in the result of nucleon percolation in density nuclear 
matter. It is well known the statistical and percolation theories can describe the critical phenomena best of all. But how we 
have seen the regime changes have also been observed for small density and temperature for which the conditions of applying 
of statistical theories are practically absent. So the percolation approach could be the only approach for the description of the 
results. Therefore we consider the percolation mechanisms as one of the mean mechanisms for MP formation. It would lead to 
the formation of the percolation cluster. 
In paper [9] was discussed that percolation clusters much larger than hadrons, within which color is not confined; 
deconfinement is thus related to percolation cluster formation. This is the central topic of percolation theory, and hence a 
connection between percolation and deconfinement seems very likely [10-12]. So percolation cluster can be color object. 



Therefore MP could be considered as a system of color and color-neutral objects and experimental information on the 
particular conditions of the MP formation is important for the fix the onset stage of deconfiment. 
 
2.1.Experimental signals on Mixed Phase  

To experimental confirmation the MP formation it is necessary   to extract the signals on the accompany effects of MP. We 
can say that the effects of cluster formation, the appearance of critical nuclear transparence and the π-meson condensate could 
be the accompany ones.   

 
 3.1 Effect of percolation cluster formation. 
 

 
Fig. 8 Angular distributions of protons emitted in π-12C -interactions 

at  momentum  40 GeV/c  
 

Fig. 9 Angular distributions of protons emitted in π-12C -interactions 
at. the momentum  5 GeV/c. 

The cluster could be form in the result of percolation of nucleons in high-density baryon system. There are many papers in 
which the processes of nuclear fragmentation [13] and the processes of central collisions [14] are considered as critical 
phenomena and it is suggested that the percolation approach to be used to explain these phenomena. We suppose that the 
cluster had formed at some critical values of Q  in  hadron-nucleus and  nucleus-nucleus collisions and then with increase of  Q 
it would decay on fragments and free nucleons. 
The existence of the percolation cluster could explain the experimental results on the angular distributions of emitted protons 
in π-12C -interactions at the momentum 40 GeV/c [15]. In these experiments the angular distributions of protons (with the 
momentum less than 1.0 GeV/c) were studied in the   events with total disintegration of nuclei (or central collisions).  This 
distribution is shown in Fig.8. The anomalous peak in this distribution is seen. The results on the angular distributions of 
protons emitted in π-12C -interactions at momentum 5 GeV/c [16] confirm the existence of the anomalous peak (Fig.9). We 
believe that it could be connected with formation and decay of the percolation cluster. The anomalous peak in angular 
distribution of emitted protons and fragments could be considered as the signal of the percolation cluster and MP formation 
(signal I). 
 
3.2 Effect of critical nuclear transparence 

When the MP appears the conduction of nuclear mutter could sharply increase and the matter could become a 
superconductor [9] because the nucleons must be bound in the result of percolation in high-density baryon system. It could 
lead to critical change of the angular correlation of particle production and might be another signal on MP formation (signal 
II).    
                                
3.3 Effect of π-meson condensation 

 The meson condensate appearance effect might be the other accompanying effect for the processes of MP formation.  The 
idea of a meson condensate formation was predicted [17] many years ago. But up to now there are no experimental results 
definitely confirming this idea. When we analyzed the results from the TAPS setup [18] we found some results, which could 
be interesting for the experimental search of the meson condensate. In these papers the temperature of the slow π0 -mesons 
defined as slopes of the invariant transverse mass (mt) spectrum, which are shown in Fig.10 - 11. The result at low mt is to be 
very interesting as the behavior of the mt-spectrums differ from the exponential law (in Fig. 10). We believe that some part of 
these deviations could be connected with the appearance of meson condensate. It depends on the centrality (Fig.11). The last is 
the main argument confirming that the observed deviation could be connected with the meson condensate. The centrality 
dependence of this deviation could be considered as one more signal on MP formation (signal III). 



 
Fig.10 Transverse-mass spectra of π0 and η-mesons for Au+Au interactions at 0.8 A MeV. 

 
Fig.11. Transverse-mass spectra of  π0 and η-mesons for Au+Au interactions at 0.8 A MeV in: 

 a) noncentral  collisions; b) in central collisions. 
4. Conclution 

So we think that the simultaneous observation of signals I-III could all low to get an important information for answer of 
the question on MP formation. Therefore we are going to investigate the behavior of angular distributions of protons;  a 
behavior of  π0- or  π++π--mesons pair invariant spectrum as a function of the mt ;  the particles yield at different emission 
angle as a function of the centrality.   

We expect to see a simultaneous appearance of the signals I-III.  
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The effect of copper diffusion and electrodiffusion on structural, electrical, optical and photosensitivity characteristics of thin film 

Cu/CdS   structures was investigated. The thermal diffusion of copper at 300-400oC is accompanied by conversion of conductivity type of 
the films from n- to p-type, decrease of resistivity and origin the long-wave photosensitivity at λ≥540 nm. 
XRD patterns of Cu/CdS structures exposed to thermal diffusion showed presence of Cu-S compounds. Diffusion under direct electrical field 
(electrodiffusion) of copper in Cu/CdS structures at room temperature results in increase or decrease the photosensitivity in depending on 
polarity of applied electric field. 
 

1. Introduction 
 

CdS thin films have been widely studied in the past 10 years due to their potential applications as windows in solar cells 
manufacturing. On the other hand, the Cu-CdS bilayer system is used for the preparation of metal-coated semiconductor 
nanocrystals which are of great interest for the fabrication of optical and electroluminescent devices [1]. As a rule, the as-
grown CdS films has  n-type conductivity, the high dark  resistivity (about 105 -108 Ω cm) and exhibit a high photoconductivity 
(104 - 106). Donor centers which formed in CdS during growth, were attributed to the strong self-compensation effect due to 
the native point defects (vacancies of the sulfur sublattice, the interstitial cadmium atoms etc) caused by deviation of CdS 
composition from the stoichiometry. To make the as-grown CdS films useful in optoelectronic applications, the dark resistivity 
must be reduced from 105 - 108 Ω cm to almost 10 Ω cm. Moreover, on this view preparation of p-type CdS thin films is need. 
Growth of the p-type CdS by doping or conversion of n-type CdS into p-type and by thermal impurity diffusion is a hardly 
realized process [2,3]. Copper is substitutional  acceptor impurity in CdS. Copper are reported to be incorporated also as 
interstitial donors, and mobility of interstitial Cu atoms is known to be very high [4]. Cu-diffusion doping was used for 
preparation of p-type CdS [5]. 

Here, we report the results of investigations of the effect of copper diffusion and electrodiffusion on structural, electrical, 
optical and photosensitivity properties of CdS thin films. 
 

2. Experimental Procedure 
 

The n-type CdS thin films with a thickness of 2-4 µm were fabricated on glass and SnO2-coated glass substrates by spray-
pyrolysis technique. The temperature of the substrates was 250oC. The resistivity of as-grown n-type CdS films was about of  
….Ω cm . The Cu films (about of 20 –30 nm) were deposited onto the upper surface of the CdS films by vacuum evaporation. 
Then, Cu diffusion in n-type CdS thin films was performed by annealing of Cu/nCdS structures at 300oC for 10 min in 
vacuum. Moreover, the doping of CdS films was also carried out by electrodiffusion of Cu in CdS at room temperature under 
applying the accelerating or retarding electric field. Current-voltage characteristics of Cu-CdS structures were measured at 
room temperature in darkness and under an illumination of about 100 mW cm-2 from a solar simulator. The spectral 
distributions of photosensitivity were measured in the wavelength range 400-1100 nm at room temperature. Optical 
transmission spectra of films grown on glass substrates were measured in the range 400 – 1100 nm by using a “Lambda 2” 
Perkin-Elmer spectrometer. 

The crystalline structure and composition of the undoped and Cu-doped films were analysed by the X-ray diffraction 
(XRD) technique using a Rigaku D/Max 111C diffractometer with CuKα radiation. The surface morphology of films was 
studied using a JEOL JSM-6400 scanning electron microscope (SEM).  
 

3. Results and discussion 
 

The electrical measurement showed that resistivity of as-grown n-type CdS films was about of 109 Ω cm. 
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Fig 1. XRD patterns for (a) CdS film and (b) Cu/CdS structure (300oC, 10 min). 
 

Figure.1illustrate the XRD patterns of as-grown CdS film and Cu/CdS structure exposed to annealing at 300oC for 10 min. 
The strong XRD peak at 2θ =26.6o corresponds to diffraction angles of the (002) plane of hexagonal CdS  [6]. Therefore, the 
CdS films deposited on a glass substrate by spray-pyrolysis were of a hexagonal structure and the c-axis of crystallites was 
mostly oriented perpendicular to the substrate. (102), (110) and (103) peaks Cu-S compounds (Cu2S) in XRD patterns were 
additionally observed for the Cu/CdS structure exposed to copper diffusion at 300oC. The morphology studies of CdS and Cu-
doped CdS films reveal the existence of polycrystalline structure with crystallite dimension of …. and …µm (Figure 2). 

 

 
 

Fig 2. SEM micrographs for (a) CdS and (b) Cu-doped CdS films. 
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The conversion of conductivity type of CdS film from the n-type to the p-type, as result of Cu diffusion into CdS film at 
300-400oC is measured by thermoprobe. Herewith the resistivity of p-type film decreases from 109up to 2x107 Ω cm. 
Optical absorption coefficient spectra, depending on the duration of copper diffusion in bilayer Cu/CdS structure at 400oC are 
presented in Figure 3. 
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Fig 3. Optical absorption coefficient spectra of Cu/CdS structure (1) before and 

                                                 after annealing at 400oC for (2) 15, (3) 30 and (4) 45 min. 
 

Data on the absorption edge of films determined from (αhν)2 - hν  plots are presented in Figure 4. 
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Fig 4. The energy band gap of Cu-doped CdS film in dependency on duration of annealing at 400oC. 

 
It is seen that the band gap of films decreases from 2.42 eV (CdS) to 1.5 eV (Cu1.96S) as result of Cu diffusion in CdS film. 

These results can be explained by diffusion of Cu in CdS accompanied with formation a new Cu-S phases in CdS films. 
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Fig 5. The spectral distribution of photosensitivity of Cu/CdS structure after annealing at 400oC for 30 min. 
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Figure 5 shows the spectral distribution of photocurrent for Cu/CdS structure exposed to annealing at 400oC. It can be seen 
that the edge of photosensitivity begins at about of 800 nm (1.55 eV) and a peak of photosensitivity settles down at 510 nm 
(2.43 eV) corresponding to the band gap of CdS. 
Thus the thermal diffusion of copper in Cu/nCdS structures at 300-400oC results in the conversion of conductivity type of the 
film from n-type to the p-type, decreases the resistivity from 109 to 2x107 Ω cm and the band gap from 2.4 eV to 1.5 eV,  and 
origins the long-wave photosensitivity at λ ≤ 800 nm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 6. The spectral distribution of photosensitivity of Cu/CdS structure (1) before and after electrodiffusion 
                           for (2) 5, (3) 7, (4) 10, (5) 15 and (6) 20 min  at 25oC (“+” on Cu). 
 

Figure 6 shows normalized spectra of photocurrent of Cu/CdS structure in depending on duration of electrodiffusion at 
room temperature (+10V on Cu-side). Region of spectral photosensitivity for all spectra spreads from 500 to 780 nm and 
photosensitivity decreases with increase duration of electrodiffusion. In contrast, applying the negative polarity (-10V) on Cu-
side of Cu/CdS structure results in increase of photosensitivity of Cu/CdS structure as a function of duration of electrodiffusion 
(Figure 7). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 7. The spectral distribution of photosensitivity of Cu/CdS structure (1) before and after 
                                        electrodiffusion for (2) 2, (3) 4 and (4) 6 min  at 25oC (“-” on Cu). 
 

Decrease of photosensitivity of Cu/CdS structure on accelerating action (for positive  Cu ions) of applied electric field can 
be explained by the fast penetration of Cu+ ions into CdS film accompanied by decrease of copper concentration at Cu/CdS 
interface. Applying the retarding electric field to Cu/CdS structure, on the one hand, prevents to penetration of Cu+ ions inside 
of CdS film and the others hand, assists the out-electrodiffusion of S+ ions to interface, accompanied by formation of Cu-S 
phases. 
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Raman and photoluminescence studies of CaGa2S4 compound was performed. The orthorhombic thiogallate CaGa2S4:Tb3+ exhibits pho-

non energies: 280 cm-1 (~35 meV) and 360 cm-1 (~45 meV) for the most intense vibration modes. Factor group model predicts that the total 
number of  Raman-active phonons is  84  for this structure.  
It is shown that the excitation spectra contains wide intense band (max~320 nm) and emission process of CaGa2S4:Tb3+ connected with 
radiative (5D4→

7F6,  5D4→
7F5 , 5D4→

7F4, 5D4→
7F3) energy transitions of Tb3+ ions. 

Decay characterisation of intensive maximum (545 nm) shows that the lifetime of Tb3+ ions is 2.7 ns (fast decay) and 615 µs ( long decay).  
 

1. Introduction 
Ternary compounds of general formula MIIMIII

2(S,Se)4 (where MII and MIII are respectively divalent and trivalent 
cations) form an extensive class of semiconductors and present luminescent properties when doped with rare earth elements. 
Photoluminescence and cathodoluminescence properties of thiogallate compounds doped with rare earth activators have been 
studied since the seventies [1-5]. The Eu2+- and Ce3+ doped CaGa2S4 and SrGa2S4 compounds are well known respectively as 
efficient green and blue phosphors with excellent colour coordinates [1]. They have been claimed as promising candidates for 
full-colour Thin Film Electroluminescence (TFEL) displays [6] and Field Emission Display (FED) applications [7]. The aim of 
this work is to clarify the origins of the vibration modes in the chalcogallate based phosphors in order to increase the knowl-
edge about the lattice dynamical properties that influence the luminescence efficiency. Indeed, among the non-radiative transi-
tion mechanisms leading to a thermal relaxation of the luminescent centre, a multiphonon process is often observed between 4f 
excited levels of rare-earth ions. It involves mainly the high-energy optical phonons. The non-radiative multiphonon transition 
probability is increasing with the frequency increase of the high-energy phonons of the lattice. In the case of ElectroLumines-
cent (EL) materials, the most frequent scattering event under high electric field is the emission of optical phonons and the 
cooling of "hot electrons" is dominated by the coupling to the high-frequency modes. The scattering rate is lower for EL phos-
phors presenting low phonon energies. For CathodoLuminescent (CL) materials the rate of phonon energy loss is controlled by 
the phonons with highest energy and the CL efficiency of the phosphors decreases with increasing phonon energy [8]. This 
work is also an opportunity to collect spectra of powders CaGa2S4:Tb3+ that will be used as references to study by Raman spec-
troscopy and photoluminescence the quality of thin films prepared for device applications.  

 
2. Samples and experimental details 
 

CaGa2S4 compound was obtained from an intimate mixture of CaS and Ga2S3 in a single zone furnace in quartz ampoules at 
1200°C. The good crystalline properties of the powders were showed by XRD measurements .Activation by Tb (2 atom %) 
was realised using TbF3 doping during the synthesis process. 
The samples were excited by a pulsed nitrogen laser (Laser Photonics LN 1000, 1.4mJ energy per pulse, pulse width 0.6 ns). 
The emitted light from the sample, collected by an optical fiber located at 10mm perpendicular to the surface, was analysed 
with a Jobin-Yvon spectrometer HR460 and detector for visible range. 
The decay curve was analyzed with a Jobin-Yvon HR360 monochromator coupled with: - a PM Hamamatsu R5600U and a 
scope Tektronix TDS 784A with a time constant of the order of 2 ns for the fast decay time; - a PM Hamamatsu R928 and a 
scope Nicolet 400 with a time constant of the order of 10 ns for the longer decay time. Stokes and anti-Stokes spectra were 
recorded between –500 cm-1 and +500 cm-1. Line positions are determined by calculating the arithmetic average of both Stokes 
and anti-Stokes values. Raman scattering spectra of  CaGa2S4 were measured by a Jobin-Yvon U1000 spectrometer with a Kr 
Spectrophysics laser and a photomultiplier counter at room temperature in back scattering configuration, with a laser excitation 
wavelength of λ= 676.4 nm and a laser power of 140 mW.   

 
3. Results and discussion  
3.1. Normal vibration modes 

 
Stokes spectrum of the polycrystalline CaGa2S4 is given from 20 cm-1 to 500 cm-1 in fig.2. Each line in the Stokes part of the 
spectrum can be associated to an anti-stokes line positioned symmetrically with respect to the laser line frequency.  
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Fig.1. Raman spectra of polycrystalline CaGa2S4 

 
The Stokes spectrum consists of 18 vibration lines positioned between ω=74.4 cm-1 and ω=413 cm-1 listed in table. In spectra 
the Raman vibration lines are divided into two groups separated by a domain without Raman frequencies between 200 and 275 
cm-1. Two intense vibration lines dominate the (Fig.1.) Raman spectra of polycrystalline CaGa2S4  284.8-361.8 cm-1. 
 
Table. 
X-Ray Diffraction data and Raman frequencies of polycrystalline CaGa2S4:Tb3+ 
h K L D(Å) Raman frequencies(cm-1) 
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5.083 
 
 
4.624 
 
3.635 
 
2.934 
 
2.825 
 
 
2.533 
 
 
 
2.300 
 
2.251 
 
 
1.682 
 
 
1.593 

74.7 
92.3 
98.3 
117.2 
127.2 
148.6 
156.5 
171.8 
180.8 
191.7 
199.8 
284.8 
300.8 
311.4 
342.5 
361.8 
408.0 
413.0 

 
The CaGa2S4 compounds of the type MIIGa2S4 (where MII= Sr, Eu, Pb, Ca, Yb) belong to the orthorhombic crystal class with 
the space group D2h

24 (Fddd). There are 32 formula-mass units per unit cell (z=32) and therefore 56 atoms in a primitive cell: 8 
MII, 16 Ga, 32 S. According to our XRD data and [1,9] the MII atoms occupy square anti-prismatic sites formed by eight sul-
phur atoms (fig.2) (symmetry group: D4d). 
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Fig.2. Schematic illustration of the local environment around one of the Ca ions in CaGa2S4 phosphors. The Ca ion occu-

pies square antiprismatic sites (eightfold coordinated surrounded by S2- ions). 
 
Gallium atoms are tetrahedrally coordinated to four sulphur or atoms forming GaS4 units (symmetry group: Td) and the sulphur 
atoms are at the centre of deformed MII

2Ga2 tetrahedrons forming SMII
2Ga2 units.  

The factor-group analysis [10] shows that vibration modes can be classified as Γv= 19 Ag + 21 B1g + 22 B2g + 22 B3g +19 Au + 
20 B1u + 21 B2u + 21 B3u. According to the symmetry rules, the Ag, B1g, B2g and B3g modes are Raman active. Thus the factor 
group method predicts that the total number of Raman-active phonons is 84 for this structure. We observe the vibrations be-
tween Ga and S atoms but also those concerning the S neighbours of Ca or Ga atoms that move together along the anion-cation 
direction. The vibrations of S around Ca can be described in the CaS8 molecular model: the Raman-active modes have the A1, 
E2 and E3 symmetry in the D4d group and their frequencies are independent of the Ca mass [11]. The vibrations of Ga-S bind-
ings can be described in the GaS4 molecular model in the Td symmetry. 
The fact that the Ca mass has very slight influence on the Raman spectrum excludes the possibility of the SGa2Ca2 vibrating 
units. The interpretation of the spectrum in terms of vibrations of isolated groups seems to provide an adequate first approxi-
mation because the binding energy of the Ga-S bonds is significantly higher than that of the Ca-S bonds in CaGa2S4 com-
pound. Thus the GaS4 model seems to be more adequate than the CaS8 model to interpret the CaGa2S4 Raman spectra. So we 
can formally consider the structure as consisting of isolated ions Ca and isolated GaS4. The model of isolated vibrating GaS4 
and isolated Ca subunits is in good agreement with the fact that no mass effect of Ca atoms is observed.  
We propose to investigate the Raman vibrations of Ga-S bindings in respect with Ga2S3 Raman spectrum because the vibra-
tions of Ga2S3 have been also described in the GaS4 molecular model in the Td symmetry [12]. By analogy with the assignment 
of Ga2S3 vibrations, vibration lines of CaGa2S4 compound above 270 cm-1 are assigned to internal vibration modes due to 
stretching vibrations of S-S and Ga-S in the tetrahedral GaS4 units. Among those located at frequencies lower than 200 cm-1 
some may be due to bending vibrations of the GaS4 tetrahedral units and others may correspond to external vibration modes 
issued from translation vibrations of molecular subunits (lattice modes)[13,14].  

 
3.2    Luminescent properties 

Fig. 3a and 3b show the excitation and emission spectra of the Tb3+ ion incorporated in CaGa2S4. In addition to the band below 
290 nm which corresponds to an excitation via the host lattice, excitation specter contains an intense band.  

 

 

 

 

 

 

 
 
 
 
 
 
 
 

Fig.3a. Excitation spectra of CaGa2S4 :Tb3+ at 300 K.(Excitation of the 5D4→7F5 emission lines.) 
 

For excitation into this band CaGa2S4:Tb3+ shows an intense visible emission at 300K. The probability of non-radiative transi-
tions between 4fn levels is dropped owing to the low phonon energies. Because of the large energy gap between the 5D4 and 7F0 
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(see fig.4) levels of Tb3+, multiphonon de-excitation processes from the 5D4 level are negligible. The most intense radiative 
transition originating this level, 5D4→7F5, lies in the green, but because of the transitions to the other components (5D4→7F6, 
5D4→7F4, 5D4→7F3) of the 7FJ multiplet, the color purity (x=0.372, y=0.524, fig.7) is unsatisfactory.  

 

 

 

 

 

 

 

 

 

 

Fig.3b. Emission spectrum of the CaGa2S4:Tb3+ at 300 K. (Excitation in the f→d band; λexc.=337.1 nm.) 

However the lowest-energy f-d transitions of the latter are spin forbidden, so the first intense bands Tb3+ ion lie at close wave-
lengths. The charge transfer and f-d bands lie at energies higher than that of the absorption edge of the host lattices. Among the 
non-radiative transition mechanisms leading to a thermal relaxation of the luminescent center a multiphonon process is often 
observed between 4f excited levels of rare-earth ions. 

 

 

 

 

 

 

 

 

           

        

 

 

 

 

     Fig.4. Diagram of energy transfer Tb3+ ion. 

  
Fig.5. Color coordinates for CaGa2S4:Tb3+ crystal. (R, G, B: CRT coordinates). 
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The non-radiative multiphonon transition probability is dependent on the energy difference between the electronic states ∆E 
and n, the number of phonons necessary to fill the energy gap, i.e. ∆E=n ħω. 

 
3.3. Decays 
As all the main transitions observed come from the same 5D4 excited level, we analyzed only the decay for the most intense 
transition (5D4 → 7F5) at 545 nm.  
The fig.6a represents the fast decay at λanal = 545 nm. This fast decay must come from the broad band observed on the emis-
sion spectrum under λexc = 337.1 nm (Fig.3b).  

  
Fig 6a. Decay curve under λexc= 337.1 nm. The dashed line represents the decay time of 2.7 ns 
 
The fig.6b represents the long decay at λanal = 545 nm. We made a fitting of the exponential part of this decay with a lifetime of 
615 µs (fig.6b). This exponential part of 615 µs corresponds to the intrinsic lifetime of Tb3+. At short time, the decay presents a 
non exponential part due to an energy transfer mechanism with nonradiative transitions and a loss of energy.  

 
 Fig.6b. Decay curve under λexc= 337.1 nm. The dashed curve represents the   simulation of two exponential decays of 615 µs 
and 271 µs. 

4. Conclusion  

The Raman study of polycrystalline CaGa2S4:Tb3+ compounds was performed to clarify the origins of the Raman vibrations. 
We observe that no vibration involving directly the divalent cation Ca is present in the Raman spectra since the mass of the Ca 
has very little influence on the vibration frequencies. The Raman vibrations depend essentially on the MII cation size. Since the 
effect of the MII cation on the MIIGa2S4 Raman spectra is very slight we conclude that the orthorhombic thiogallates present 
nearly the same phonon energies whatever the MII cation..  

The non-radiative multiphonon transition probability is given by:  

( ) ( ) ( )ωα h/exp0 EWEW NRNR ∆−=∆ . 

The non-radiative multiphonon transition probability is increasing with the frequency increase of the high-energy phonons of 
the lattice [15]. In the case of EL materials, the energy exchange between electron and phonon is described by the electron-
phonon interaction Hamiltonian. Under high electric field the most frequent scattering event is the emission of optical phonons 
and the energy relaxation of electrons is dominated by the coupling to the high-frequency modes. Scattering rate is lower for 
EL phosphor lattice presenting low high-frequency phonons [15]. For CL materials the rate of phonon energy loss is controlled 
by the highest energy phonons and the CL efficiency of the phosphors decreases with increasing phonon energy [16].Several 
conclusions can be drawn from Raman vibration spectra of CaGa2S4 compound. The optical high-frequency phonons of crystal 
we have to consider correspond to the vibration modes dominating the high-frequency domain, i.e. at about 35 and 45 meV.  
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It is known that superposition of states of states taking place in the quantum world can occur in the macroworld  too due to the 
mechanism of intensification. “Schrodinger cat” is a fact of such intensification. It is known that in an open system the 
“Schrodinger cat” paradox  is explained by the decoherence  phenomenon  but in a close system it is explained  by the many-
world interpretation of quantum mechanics Everett-Wheeler.  The quantum real world is presented as a certain complex multi-
spatial geometric figure and  what we call the “classical” world is one of face of this figure. In the paper it has shown that the 
this complex figure constitutes  the simplex notion in the functional analysis.  It has been shown that such an interpretation of 
mechanics enables one to obtain the non-uniform wave equation, and  Schrodinger equation is the uniform equation of this 
equation.   
 
1. Simplex. 
 
From the functional analysis [1] it is known that the sequence of points {xn+1} are in general provisions 
when  these points are not in  (n-1)-dimensional space. If  these points are connected with each other,  
they form n- dimensional  simplex. For example, one point – zero-dimensional simplex, the piece - one-
dimensional one, the triangle – two-dimensional one, the tetrahedral - three-dimensional simplex , etc.      
( Table 1).  
                                                                                                                                Таble 1 
                                                        THE    SIMPLEX  
 
0-dimensional 
 

1-dimensional 2-dimensional 3-dimensional 4-dimensional etc. 

Point Piece Triangle   Tetrahedral It isn’t possible 
to imagine 

 
 
 

                      THE NUMBER OF FACES OF   SIMPLEX  ( )!!
!

KnK
nC K

n −
=  

1 2 
 

6 
 

14 
 

30 
 

 

 
It is known that if  х1, х2... хn  points are in the general provisions, any (к+1) points of them, where k < n, 
are also  in the general provisions and form  k - dimensional  simplex named k-dimensional  face of the 
given simplex. For example, the three-dimensional simplex – the tetrahedral - has 4 two-dimensional  
faces (triangles), 6 one-dimensional faces (pieces) and 4 zero-dimensional  faces (points). In total  the 
sum of the faces equals 14 . Let's note that a cube are not the simplex because for creation of the simplex  
from the 8 points  it is necessary all these points are in the  6- dimensional space. Let's consider  the 4-
dimensional  simplex. Here the number of the points are 5. All of them should not  be located in  the 
three-dimensional space. It is impossible to imagine such a figure. This 4-dimensional simplex has 30 
faces: 5 three-dimensional faces (tetrahedron), 10 two-dimensional  faces (triangles), 10 one-dimensional 
faces (pieces) and 5 zero-dimensional faces (points). Thus the formed  from more than four points  
simplex cannot be presented in our three-dimensional space. It is the complex  volumetric figure. 
The simplex  in n-dimensional space is the minimal convex set, i.e. all points of a kind Σаnxn, where Σаn 
=1 belong to this simplex. From the theory of probabilities [2] it is known  that the  probability of event is 
closely connected to random  and average value . The  belonging to a simplex  points are the set of all 
average value if  we count that the tops of the simplex {xn} are the random value  and an are probabilities 
of xn . In this point of view the consideration of a simplex is expedient. Also from the point of view of 
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A.Einstein who wrote [4]: ”… We should refuse from the description of the nuclear phenomena  as 
phenomena  in  the space and the time . We should  go  away from old mechanical review.  The  quantum  
physics formulates the laws which manager sets but  not  individuals.  It is described the probabilities and 
not the  properties. It is formed the laws opening the future of systems but not  the laws managing the 
changes of  probabilities in the time  and concerning  to  large sets of individuals.”  
   
2. Superposition in quantum mechanics.  
  
          It is known that by using imagination experiment  “shrodinger cat”  [5]  it is proved that the 
superposition of  two microstate ( atom decayed and atom didn’t decay) transform in the superposition of  
two macrostate ( cat is alive and cat is dead). If in the open system this paradox is solved by the 
“decoherence” [12]  than in the close system that is solved by the theory in which the consciousness is 
included. One of such theory is many- word interpretation of quantum mechanics of Evverett-Willer 
[9,10].  
     The author of  paper Menskii М.B. [6]  the quantum world  symbolically represented as some complex  
volumetric figure and what we name "a classical reality " is only one of projections of this figure. He 
presents the following interesting scheme. 
   
 
                           The objective quantum world 
 
                                           ↓ 
 
                          The illusion of the classical world 
 
 
In this scheme the quantum world is objective because it  does not depend on consciousness of the 
observer. In this case the system is close, i.e. our consciousness inside volumetric figure. The objective 
real world exists in the form of the parallel worlds, each of which is not  realer than the rest. In  scheme 
the classical world is illusion because it depend on consciousness of the observer. In this case the system 
is open, i.e. our consciousness outside volumetric figure Being outside the volumetric figure our 
consciousness is interacting with the surrounding world and in consequence the decoherence take place. 
Picture of the world seen by us is the result of the coupling of wave functions of our consciousness and 
surrounding world [13]. We always see only one of the parallel worlds, but other worlds do not cease to 
exist. Therefore the classical world is only one of many variants and it  arises in our consciousness. From 
the beginning of existence of the quantum mechanics  the famous scientists Pauli [11], Wigner[12], 
Shredinger [5]  said   about the necessity of inclusion of the observer’s consciousness  in the quantum 
theory of measurements. Wigner paper contains more stronger statement: the consciousness not only 
should be included  in the theory of measurements  but the consciousness may influence on the reality. As 
M. Plank wrote: 
” … We are compelled to recognise that behind the sensual world there is a second, real  world,  which  
exists independently from the man , the world  which we cannot directly study but which we comprehend  
through the sensual world,  known signs  which  inform us just as if we could  consider the subject 
interesting for us through glasses, optical properties of which  are completely unknown for us.” 
        
3. Construction of the simplex 
 
    Apparently  the above mentioned complex  volumetric figure is the simplex.  
Let's imagine that on  two-co-ordinate plane xoy, on an axis х the number of dead “Schrodinger cats” and on 
an axis y the number of alive cats are marked. Let's suppose  in experiment with 100 “Schrodinger cats”  80 
cats are alive and 20 cats are dead. It is may be different numbers alive and dead cats from the total number 
all cats. But we consider  numbers 100, 80, 20. In this case the probabilities are approximately equal 0,8 
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(alive cat) and 0,2(dead cat). The points 20 and 80 are two tops  of the simplex. In the other case or at other 
moment of time with 100 "Schrodinger cats " there are 60 alive cats and 40 dead cats. These points we put in 
other system of coordinates х1oy1  in 3 dimensional space. If we connect given 4 points we receive  three-
dimensional simplex - tetrahedral. (Fig.1) 
 
 

 
 If we would consider a lot of points we shall receive the complex volumetric figure – n-dimensional 
simplex.  Tetrahedral  is the final simplex that we can represent  in our three-dimensional space. The 
simplex of higher order have faces taken from these tetrahedron. The ribs of the tetrahedral indicate to 
various probabilities. For example, the rib linking the points 80 alive cats and 40 dead cats point out at 
80/120=2/3 of probability of case in that cat  is alive. In the case 60 alive and 20 dead cats the rib of the 
simplex shows the probability that is equal 60/80=3/4 and etc. The rib linking the points 20 dead and 40 
dead cat and the rib linking the points 80 alive and 60 alive cats point out to probability of 1. Let’s 
consider  the faces of the simplex. In the case of alive cat on one of them the probability changes from 2/3  
to 0,8 ; on another face – from 3/4  to 0,6; on third - from 2/3 up to 0,6; on fourth – from 3/4 to 0,8 etc. 
 
 
4.The directing  cosines  and  the probabilities. 
 
From the quantum mechanics [ 7 ] it is known the following:  Let’s assume that  e is the energy 
eigenvalue operator  Ê . 
                                                          e  =  Σ Ck ek 
where ek  are   eigenvectors ( the basis ), 
         Ck  are coefficients  and  Σ Ck ek = 1 . 
                 
                                                      (ek , e ) = | ek | ∗ | e | ∗ cos α  
 
where   cos2α  is the corresponding to ek  part of  e. 
 
 
 

                                  Y 
                              80 
 
     Y^ 
 
 

60                                                                X^   
 
 
                                                     40 
 

 
                                                              20                                       X    
 
 

Fig.1 
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From the physical point of view this means that if we measure the energy of the identical systems that are 
in the e state then the part of the number of Ek energy measurements  equals  cosα (more exactly it equals 
|cosα |). Therefore |cosα | is called directing cosine and it is the probability that the system have Ek energy 
in the state e. 
 It is known that for many operators  cosα  is the complex number 
                            
                                                  cosα = x+iy =Aeiβ 

  
where A=const  is the length of the vector cosα. 
 Then cos2α = x2 + y2 . 
 Using the mentioned simplex, the above can be imagined  and presented as the following. 
 Let’s assume that  e1 and  e2 are eigenvectors.  
 E1 and E2   are the eigenvalue energy E (E1 is energy of decayed atom, E2 is energy of normal atom). 
 

                                                     
The information about an amounts of atoms with energy E1 and E2 are given us on the axis e1, e2, 
respectively. 
The exact information about the amounts of normal or decayed atoms are presented on the e1 and e2 axes.   
The statement of physical system and uncertainty of information are presented by vector e and  angle α 
that is formed by rotation of e on the plane e1oe2, respectively ( fig.2). Note that in [14] paper the 
statements of physical system are pictured by unit rays. The rotation of unit vector was considered by 
Orlov [8] and called by him “the intention” of the quantum system. Thus angle α is the uncertainty  
measure.   
The vector e is non-eigenvector and one may be written in the form superposition of  e1 and e2 . 
                                           
                                                  e = C1e1 + C2e2 

The projections of e on e1 and e2  axes are the number of decayed and normal atoms, respectively and 
cosα is the part of  decayed atoms and sinα (sinα=cos(90-α))   is part of normal   of  total number of all 
atoms. Let’s assume that e1 is a real axis and e2 is a imaginary one of a complex number. When 
constricting the simplex let’s сonsider the case which we used at constricting the simplex: from 100 
“schrodinger cats” (c=a+b=100)  80 cats are alive (a=80) and 20 cats are dead (b=20) (fig.3). It is clear 
that probabilities are equal to: 

Fig.2 
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ba

ap
+

=1    (cat is alive) ,        
ba

bp
+

=2 (cat is dead). 

 
 It is the main point that  p1 + p2 = 1. 
 But it is possible take also other measure p* for which the equality Σ p* = 1 will be held true. 
 It is known that  sin2α + cos2α =1. 
 Assume  cos2α = p *1  and  sin2α = p*

2 . 
 Here  p*

1  and p*
2 are other measures which we will call “the new probabilities”. From fig.3 it is clear that 
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In quantum mechanics the wave  function ψ is interpreted  as the  following. The square of wave function 
amplitude⏐ψ⏐2 is the probability p that the particle is in state E. We suppose that  in our consideration 
⏐ψ⏐2 isn’t the probability p, but that  is ”the new probability p* .” Thus: 
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−
×

+
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1
ψ  . Then  
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=2ψ =sinα e-iα    and   
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So we suppose that in quantum mechanics the directional cosines can be presented  not in the form  cosα 

= a + ib,  but as  =αcos
iba

a
+

. Taking  cosα = a + ib and cos2α = a2 + b2 , we can’t  see that cos2α is 

the part of the total amount, on the contrary taking  cosα = 
iba

a
+

   it can be seen that cos2α (cos2α = 

Fig.2 
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22

2

ba
a
+

) is the part of the total amount .So the rubs of our simplex accordingly point on the different 

statement of physical system and probabilities.  
 
 
 5.  The Schrodinger’s equation and new wave equation.  
 
It is known that Schrodinger equation  

                                                          0
2

2

=−∆ ψψ E
m

h    (1) 

(the solution of which is 
)( pxEt

h
i

Ae
−−

=ψ  ) cannot be derived and it was  obtained intuitively in order to 
explain strange properties of  the microscopic world. In this paper it has been shown that Schrodinger 
equation has been derived by using the above mentioned geometrical interpretation of quantum 
mechanics.  
As it was shown in section 3,   
                                                      ψ = cosα e-iα      (2) 
                 

 Then it is easy to derive the following equation: 24 =+∆′ ψψ . Here
α2
2

∂
∂

=∆′ . However  comparing 

)( pxEt
h
i

Ae
−−

=ψ with ψ = cosα e-iα  we can write   

                                                                α=
h

pxEt −       (3). 

In the stationary case α=α(x). Then 2
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                                                                4
2

2

+∆ψ
m
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In order to solve this  non-uniform differential equation we should  solve the corresponding uniform 
equation  

                                               4
2

2

+∆ψ
m

h ψE =0    (5) 

which is  Schredinger equation  (Eq.1 ) , if  4 factor substitutes for  -1. From the theory of differential 
equations it is known that the general solution of  Eq.4 is equal to the solution of Eq.5  plus one partial 
solution of  Eq.4  which, taking into account the expression (3),  is  in given case 

cosα e-iα  = cos
h

pxEt −  exp(-i
h

pxEt − ). Thus  the general solution of Eq.4  has the form of  ψ =A exp(-

i
h

pxEt − ) + cos
h

pxEt −  exp(-i
h

pxEt − ). 
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There have been studied the influence of partial substitution of Ga on Yb in TlGaS2 single crystals, on 

roentgendosimetric characteristics of grown single crystals. Analysis of obtained experimental data showed that 

roentgenconductivity coefficient (Kσ) in all crystals under investigation is regularly decreased as with the rise of irradiation 

dose (E) as increasing the value of accelerating voltage (Va) on X-ray tube. As a result of partial substitution Ga→Yb in 

TlGaS2 single crystals Kσ is increased, and roentgen-ampere characteristics (∆IE,0 ~ Eα) tend to linearity (α=1) in the range of 

low intensities of soft (low Va) roentgen radiation. In the range of comparatively high intensities of harder (high Va) roentgen 

radiation α→0.5 as for TlGaS2, as for TlGaS2<Yb>. 

 

TlGaS2 single crystals are representatives of laminated semiconductors. These crystals are wide-

band and high resistive. Dc- and ac- conductivities of TlGaS2 single crystals were investigated in [1, 2]. 

In [3], the results of study of γ-radiation influence on ac-conductivity of TlGaS2 single crystals were 

described.  Of some interest is the study of influence of Ga partial substitution in TlGaS2 for rare earth 

elements on their physical properties.  

The aim of the present paper is the study of influence of partial substitution of Ga on Yb in 

TlGaS2 single crystals, on roentgenconductivity and roentgendosimetric characteristics of these crystals. 

Samples of TlGaS2<0.1 mol.% Yb> composition have been synthesized by melting of initial 

high-purity (no less 99.99) components in vacuumed quartz ampoules up to 10–3 Pa, and their single 

crystals have been grown by Bridgeman-Stockbarger method. X-ray analysis showed that 

TlGa0.999Yb0.001S2 is crystallized in monoclinic structure with elementary cell parameters:    a = 10.776; b 

= 10.776; c = 15.646 Å; β = 100.06°; z = 16; roentgen density ρx = 5.022 g/cm3. Samples from TlGaS2 

and TlGaS2<Yb> for measurements are obtained by spalling along the    C-axis of the natural spall from 

massive single crystals and have a thickness by 50÷100 µm order. Ohmic contacts of samples are made 

by In melting. Samples have produced in planar structure so that constant electric field applies along the 

layers of single crystals, and X-rays were directed along the C-axis of crystals. Distance between the 

indium contacts was equal to 0.10÷0.15 cm for different samples. Electric conductivity (σ) of obtained 

samples has been measured at 300 K. Intensity of applied constant electric field is corresponding to ohmic 
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and quadratic section on volt-ampere characteristics (VAC). For measurements the samples have been 

placed in screened cell. The ratio of dark resistivities after and prior to Yb-doping amounts to ~ 70.  

Roentgenconductivity and roentgendosimetric characteristic measurements are carried out in low 

load resistance regime at 300 K. The source of roentgen radiation is the installation of X-ray diffraction 

analysis (URS-55a) with the tube BSV-2 (Cu). Intensity of roentgen radiation (E) is regulated by 

measurement with current variation in tube at each given value of accelerating potential (Va) on it. 

Absolute values of roentgen radiation dose E(R/min) are measured by crystal dosimeter (DRGZ-02). 

 Roentgenconductivity coefficients Kσ characterizing roentgensensitivity of investigated crystals 

are determined as the relative change of conductivity under roentgen radiation a per dose: 

EE
K EE

⋅

∆
=

⋅
−

=
0

0,

0

0

σ
σ

σ
σσ

σ ,                                         (1) 

where, σ0 is conductivity in the absence of roentgen radiation (dark conductivity), σE is conductivity 

under the effect of radiation with the dose intensity E(R/min). 

There have been determined values of characteristic coefficients of roentgenconductivity as of 

the initial single crystal TlGaS2 as of TlGaS2<0.1 mol.% Yb> at different values of accelerating voltage 

(Va) on the tube and corresponding doses of roentgen radiation. 

 
Fig. 1 Dependences of characteristic coefficients of roentgenconductivity on dose                       intensity 
for  TlGaS2 single crystal (F = 80 V/cm)   at   various  values of accelerating voltages:  1 – 25; 2 – 30; 3 – 
35; 4 – 40; 5 – 45; 6 – 50 keV and 300 K. 

In Fig. 1 there have been presented dependence of Kσ on dose intensity for TlGaS2 single crystal 

at 300 K and electric field F = 80 V/cm (ohmic section of VAC). Curves 1-6 correspond to various values 

of accelerating voltage Va from 25 to 50 keV (effective hardness).  
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Fig. 2  Kσ(E) – dependences for TlGaS2<Yb> single crystal (F=70 V/cm) at various values of Va: 1 – 25; 
2 – 30; 3 – 35; 4 – 40; 5 – 45; 6 – 50 keV (T = 300 K) 
 
Fig. 2 shows same dependence Kσ(E) for TlGaS2<Yb> single crystal at F = 70 V/cm. It is seen from these 

figures that roentgensensitivity of TlGaS2 single crystal changes in interval 0.025÷0.174 min/R, but in 

TlGaS2<Yb> Kσ = 0.024÷0.480 min/R, i.e. roengenconductivity coefficient of TlGaS2<Yb> crystal is 

increased comparing with Kσ of TlGaS2 crystal. Analysis of obtained data showed that 

roengenconductivity coefficient of TlGaS2<Yb> crystals are regularly decreased as with the rise of dose 

as with the increase of values of accelerating voltage Va on roentgen tube. At Va > 30÷35 keV and E > 

10÷15 R/min change of Kσ (E,Va) is slight in studied crystals TlGaS2 and TlGaS2<Yb>. One of the 

possible reason of observed regularities is that roengenconductivity in investigated crystals, especially at 

comparatively low accelerating voltages is predominantly due to radiation absorption in thin layer of 

crystal. In this case with the rise of radiation intensity there have been started to prevail the mechanism of 

surface quadratic recombination which leads to observed decrease of roengenconductivity. With the rise 

of accelerating potential effective hardness is increased owing to penetration depth into crystal is 

increased, as a result of which there have been taken place predominantly absorption-generation of free 

roentgen carriers in volume and fraction of incident radiation passing through crystal is increased. 

Dependence of Kσ on dose intensity was measured also at high electric fields (from quadratic 

section of VAC). Kσ(E)-dependence for TlGaS2<Yb> single crystal at F=1.5⋅103 V/cm has been shown in 

Fig. 3. 
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Fig. 3 Dependences of Kσ vs E for TlGaS2<Yb> at F=1.5⋅103 V/cm and Va = 25; 30; 35; 40; 45; 50 keV 
for curves 1–6. 
 

Table 1 shows the experimental results of Kσ(E)-study obtained for TlGaS2 single crystal at F = 

300 V/cm. It is seen from Fig. 3 and Table 1 that the values of Kσ at voltages from quadratic region of 

VAC are less comparing with Kσ measured at ohmic voltages as for TlGaS2 as for TlGaS2<Yb> single 

crystals. This experimental result is evidence of fact that at high electric fields concentration of injected 

from contact charge carriers is more than concentration of roentgen carriers. In other words in formula (1) 

dark conductivity σ0 increased due to injection and as result, Kσ decreased. 

We also study roentgen-ampere characteristics of TlGaS2 and TlGaS2<Yb> single crystals (Fig. 

4 and 5), from which it follows that dependence of stationary roentgencurrent on roentgen radiation dose 

has a ratio character: 

∆IE, 0 = IE – I0 ~ Eα                                                     (2) 

 

Table 1 
Roentgenconductivity coefficients of TlGaS2 single crystal at supply 

voltage (working voltage) equal to 40V (F = 300 V/cm) and T = 300 K. 
 

Va, keV E, R/min Kσ, min/R Va, keV E, R/min Kσ, min/R 

0.75 0.067 7.00 0.036 25 

1.26 0.064 

40 

8.89 0.033 
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1.47 0.068 12.60 0.030 

1.68 0.066 16.38 0.029 

1.82 0.082 20.09 0.029 

2.03 0.089 23.80 0.033 

2.24 0.085 27.58 0.031 

2.38 0.088 31.29 0.031 

2.59 0.093 35.07 0.030 

 

2.73 0.099 

 

38.78 0.029 

1.75 0.080 10.00 0.025 

2.73 0.073 13.37 0.025 

3.64 0.060 19.32 0.024 

4.62 0.058 25.34 0.027 

5.53 0.052 31.29 0.027 

6.44 0.053 37.24 0.028 

7.42 0.047 43.26 0.028 

8.33 0.047 49.21 0.027 

9.31 0.045 55.23 0.027 

30 

10.22 0.047 

45 

61.18 0.026 

3.75 0.053 13.50 0.024 

5.18 0.048 17.01 0.025 

7.00 0.046 24.64 0.025 

8.82 0.042 32.27 0.028 

10.64 0.041 39.90 0.029 

12.46 0.042 47.53 0.030 

14.28 0.043 55.16 0.030 

16.10 0.042 62.79 0.029 

17.92 0.039 70.42 0.029 

35 

19.74 0.038 

50 

78.05 0.028 
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Fig. 4 Roentgen-ampere characteristics of TlGaS2 single crystal at various effective hardnesses: 1 – 25; 2 
– 30; 3 – 35; 4 – 40; 5 – 45; 6 – 50 keV (T = 300 K) 
 

 
Fig. 5 Dependences of ∆IE,0 vs E for TlGaS2<Yb> at Va = 25÷50 for curves 1–6. 
 
Ratio of given dependence α is determined graphically from roentgen-ampere characteristics as the 

tangent of angle of slope of dependence lg ∆IE,0 vs lg E. α – values for investigated crystals vs effective 

hardness Va are shown in Fig. 6. As it is seen from Fig. 6 with partial Ga→Yb substitution in TlGaS2 

single crystals, roentgen-ampere characteristics tend to linearity (α=1) in the range of low intensities of 
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soft (low Va) roentgen radiation. In the range of comparatively high intensities of harder (high Va) 

roentgen radiation α→0.5 as for initial as for doped by Yb TlGaS2 single crystals. 

 
Fig. 6 α(Va) – dependences for TlGaS2 (curve 1) and TlGaS2<Yb> (curve 2) single crystals 
 

Obtained results show that TlGaS2<Yb> single crystals have high roengensensitivity and can be 

used for the creation of roentgendetectors. 
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РЕНТГЕНОДОЗИМЕТРИЧЕСКИЕ ХАРАКТЕРИСТИКИ  
ДЕТЕКТОРОВ НА ОСНОВЕ МОНОКРИСТАЛЛОВ TlGaS2<Yb> 

 
С.Н. Мустафаева, Э.М. Керимова, П.Г. Исмаилова, М.М. Асадов 

 
Изучено влияние частичного замещения Ga на Yb в монокристаллах TlGaS2<Yb> на 
рентгенодозиметрические характеристики выращенных монокристаллов. Анализ полученных 
экспериментальных результатов показал, что коэффициент рентгенопроводимости (Kσ) 
исследованных кристаллов закономерно уменьшается с ростом дозы (E) и энергии (Va) 
рентгеновского излучения. В результате частичного замещения Ga→Yb в TlGaS2  Kσ 
увеличивается, а рентген-амперные  характеристики  (∆IE,0~Eα) стремятся к линейности (α=1) в 
области малых интенсивностей мягкого (низкие Va) рентгеновского излучения. В области 
сравнительно высоких интенсивностей жесткого (высокие Va)   рентгеновского   излучения  
α→0.5  как  для  TlGaS2, так и для TlGaS2<Yb>.             
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TlGaS2<Yb>   MONOKRÈSTALI ßSASINDA HAZIRLANMIŞ RENTGEN 
DETEKTORLARININ RENTGEN DOZÈMETRIK XARAKTERİSTİKALARI 

 
S.N. Mustafayeva, E.M. Kÿrimova, P.H. İsmayılova, M.M. Asadov 

 
Yetişdirilmiş kristallarda Ga→Yb qismÿn ÿvÿz olunmasının rentgen dozimetrik xarakteristikalarına 
tÿ’siri þyrÿnilmişdir. Alınmış eksperimental nÿticÿlÿr gþstÿrdi ki, tÿdqiq olunan kristallarda rentgen 
ke÷èricilik ÿmsalı (Kσ) dozanın (E) vÿ rentgen şöasının enerjisinin (Va) artması ilÿ qanuna uyğun olaraq 
azalır. TlGaS2-dÿ Ga→Yb qismÿn ÿvÿz olunması nÿticÿsindÿ Kσ yöksÿlir, rentgen-amper 
xarakteristikalar isÿ (∆IE,0~Eα) yumşaq rentgen şöasının (ki÷ik Va) aşağı intensivli oblastında xÿttilÿşir 
(α=1). Sÿrt (yöksÿk Va) rentgen şöasının yöksÿk intensivlikli oblastında TlGaS2-dÿ olduğu kimi 
TlGaS2<Yb>-dÿ α→0.5 olur.                           
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structed. It is proven that the most simplest special case of General Geom-
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1 Introduction

As we know equation for geodesics of Riemannian geometry

d2xλ

du2
= −Γ′σ

λν(x)xν
ux

λ,

2Γ′
λ,µν =

∂gλν

∂xµ
+

∂gλµ

∂xν
− ∂gµν

∂xλ
.

coincides with the equation of motion for a particle interacting with gravitational field
gµν . And equation for gravitational field is related to curvature charchteristics of Rie-
mannian geometry

gS =
∫

dx
√
−gR′

R′ = gµνR′
µν , R′

λν = ∂νΓ
µ

λµ − ∂µΓµ
λν + Γµ

ρνΓ
ρ
λµ − Γµ

ρµΓρ
λν , g = detgµν ,

where R′
λν is the curvature tensor of Riemannian geometry.

This can be generalized to a definition of underlying geomety for any theory. So,
we understand geometrization of a theory as follows:1. Equation of motion for par-
ticle interacting with a given field must coincide with equation for geodesics of the
corresponding geometry. 2. Equation of motion for the given field must be related to
curvature characteristics of the corresponding geometry.

Because, Riemannian geometry and theory of gravitation satisfy these two require-
ments, Riemannian geometry is considered as an underlying geometry for gravitation.

As it is known equation or action function for gravitation could not be found using
tools of field theory because in order to get conserved energy momentum for grav-
itational field it was required to add to the action infinite number of terms. Only
geometrization principle made it possible to find a proper action for gravitation [3].

After this was realized [4]–[5] at the beginning of XX century, many physicists and
mathematicians tried to geometrize electromagnetism and unify it with gravitation
using geometrization principle [6]–[16]. All these approaches considered this problem
in the framework of Riemannian geometry and failed to satisfy the above mentioned
requirements completely or to reproduce Electromagnetism and Gravitation exactly. I
will mention drawbacks of two well known theories, only. They are Weyl and Kaluza-
Klein theories.

A Drawback of Weyl theory is that some of its predictions contradict experiment
[17].

Drawbacks of Kaluza-Klein theory are that it has charge/mass problem and ad-
ditional dilaton field. As it is noted by its originator, T. Kaluza, this theory is not
applicable even to electrons because of the charge/mass problem [7].

At the end of this talk I will show that Electromagnetism can not be geometrized
in the framework of Riemannian geometry.

To solve these problems, instead of increasing dimensionality of spacetime or choos-
ing different metrics in Riemannian geometry, we construct a new geometry, called
General geometry. We show that it includes Riemannian geometry as a special case,
its the most simplest special case is the geometry underlying Electromagnetism. Using
its another special case we propose a unified model of electromagnetism and gravitation
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which reproduces electromagnetism and gravitation exactly and predicts that electro-
magnetic field is a source for gravitational field. It is formulated in four dimensional
spacetime and does not contain any additional fields.

Geometry underlying the proposed model is created by interacting particles and
sources for electromagnetic and gravitational fields unlike geometry underlying gravi-
tation,Riemannian geometry, which is created by sources for gravitational field only.

2 General Geometry

In this section we construct a new geometry. This geometry includes Riemannian geom-
etry, geometry underlying Electromagnetism (see next section), geometry underlying a
unified model of Electromagnetism and Gravitation, and infinite number of geometries,
physical interpretation of which is not known at the present time, as special cases. Be-
cause of this we call it General Geometry. Besides mathematical applications, this new
geometry has important physical applications. We demonstrate it in the next section.

Let M be a manifold with coordinates xλ, λ = 1, ..., n. Consider a curve on this
manifold xλ(u). Vector field

V = ξλ ∂

∂xλ

has coordinates ξλ. In Riemannian geometry it is accepted that

dξλ

du
= −Γ′σ

λν(x)xν
uξ

λ, (1)

where Γ′σ
λν(x) are functions of x only.

To construct General Geometry we assume that

dξσ

du
= −Γσ

λ(x, xu)ξ
λ. (2)

Γσ
λ(x, xu) are general functions of x and xu. The next step is to consider x as a function

of two parameters u, υ and find lim ∆ξσ/∆u∆υ.
∆u→0

∆υ→0
In order to do that we need

dξσ

du
= −Γσ

λξ
λ,

dξσ

dυ
= −Γ̃σ

λξ
λ,

Γσ
λ = Γσ

λ(x, xu, xυ), Γ̃σ
λ = Γ̃σ

λ(x, xu, xυ).

After simply calculations we arrive at

lim
∆ξσ

∆u∆υ
= Rσ

λξλ,

∆u→0

∆υ→0

where

Rσ
λ =

d

dυ
Γσ

λ −
d

du
Γ̃σ

λ + Γ̃σ
ρΓρ

λ − Γσ
ρ Γ̃ρ

λ.

We call Rσ
λ curvature function.
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Representing Γσ
λ(x, xu) as

Γσ
λ(x, xu) = F σ

λ (x) + Γσ
λν(x)xν

u + Γσ
λνµ(x)xν

ux
µ
u + ...

and considering each order in xu or their combinations separately we define a set of new
geometries. Only the first order in xu is already known Riemannian geometry. Let us
show how curvature function is related to curvature tensor in the case of Riemannian
geometry. Let

Γσ
λ(x, xu, xυ) = Γσ

λν(x)xν
u, Γ̃σ

λ(x, xu, xυ) = Γσ
λν(x)xν

υ.

Curvature function for this case is

Rσ
λ = Rσ

λµν(x
ν
ux

µ
υ − xν

υx
µ
u),

where
Rσ

λµν = ∂µΓσ
λν − ∂νΓ

σ
λµ + Γσ

ρµΓρ
λν − Γσ

ρνΓ
ρ
λµ

is the curvature tensor of Riemannian geometry.

3 Geometry of Electromagnetism

In the case of Electromagnetism we do know equation for the field and particles inter-
acting with it but we do not know geometry underlying it. This is the reversed case
for gravitation. We need to know geometry underlying electromagnetism because in
that case we can construct geometry underlying unified model of Electromagnetism
and gravitation and as in the case of gravitation, derive equation for the unified model.

For geometry of Electromagnetism, we consider the most simplest case of General
Geometry

Γσ
λ(x, xu, xυ) = F σ

λ (x(u, υ)), Γ̃σ
λ(x, xu, xυ) = F σ

λ (x(u, υ)),

when Γσ
λ(x, xu) does not depend on xu and show that it is an underlying geometry for

electromagnetism. In order to prove, that geometry defined by

dξσ

du
= −F σ

λ (x)ξλ (3)

with the length of a curve

ds =
√

ηµνdxµdxν +
q

cm
Aµdxµ

is an underlying geometry for electromagnetism we must show that equation of motion
for a particle interacting with electromagnetic field coincides with equation of geodesics
in this geometry, and Maxwell equations and Lagrangian for electromagnetic field are
related to its curvature characteristics.

Geometry defined by (3) has different properties than Riemannian geometry defined
by (1). We do not get into details here. We simply mention that in this geometry the
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notion of parallel transport is not defined. As we show in the sequel this makes it be
underlying geometry for Electromagnetism.

To obtain equations for geodesics we substitute ξλ in (3) by xλ
u and arrive at

d2xσ

du2
= −Fσλ(x)xλ

u.

This is exactly equation of motion for a charged particle moving in electromagnetic
field Aµ, if we choose

Fσλ =
q

cm
(∂σAλ − ∂λAσ).

So, the first requirement is satisfied with this choice of function Fσλ. In [18], we have
proved this relation between Fσλ and Aµ.

It remains to show that Maxwell equations and Lagrangian for electromagnetic field
is related to curvature characteristics of geometry (3). To this end let us find curvature
function for (3)

Rσ
λ = Rσ

µλ(x
µ
υ − xµ

u),

where
Rσ

µλ = ∂µF
σ
λ .

This tensor is an analog of curvature tensor of Riemannian geometry. After summing
by two of the three indices we obtain

Rλ = Rµ
µλ = ∂µF

µ
λ .

Vector Rλ is an analog of Ricci tensor. Equations Rλ = 0 coincide with the Maxwell
equations. In order to construct a Lagrangian we need a scalar function. In our case
we have two quantities Rλ and Aλ. Aλ originates from the length of a curve (metric)
as gµν originates from the length of a curve in Riemannian geometry. We can construct
from Rλ and Aλ a Lagrangian

R = AλRλ = ∂µ(AλF µ
λ )− 1

2
FµλF

µλ.

This coincides with the Lagrangian of electromagnetic field up to total derivative.
We see that as in the case of Riemannian geometry and gravitation we can find

equations and action functional for electromagnetic field from geometric characteristics
of geometry underlying Electromagnetism. And equation for geodesics coincides with
the equation of motion for a particle interacting with electromagnetic field.

From the geometrical point of view a charged particle interacting with electromag-
netic field can be considered as a free particle in the spacetime with the length of a

curve ds =
√

ηµνdxµdxν + q
cm

Aµdxµ and equation for geodesic

d2xσ

du2
=

q

cm
(∂λAσ − ∂σAλ)x

λ
u,

where Aµ is a solution to equation Rλ = 0.
This theory does not has any drawbacks like in the theories constructed before. It

reproduces electromagnetism exactly is free from additional fields and extra dimensions.
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4 Unification of electromagnetism and gravitation

Now, we consider a different special case of General Geometry. For geometry underlying
our unified model we choose functions Γ and Γ̃ as

Γσ
λ(x, xu, xυ) = F σ

λ(x(u, υ))+Γσ
λν(x)xν

u, Γ̃σ
λ(x, xu, xυ) = F σ

λ(x(u, υ))+Γσ
λν(x)xν

υ.

And the length of a curve as

ds =
√

gµν(x)dxµdxν +
q

cm
Aµ(x)dxµ.

For our choice of Γσ
λ, (2) becomes

dξσ

du
= −(F σ

λ(x) + Γσ
λν(x)xν

u)ξ
λ, (4)

We substitute ξσ in (4) by xσ
u and obtain equation for geodesics

d2xσ

du2
= −F σ

λ(x)xλ
u − Γσ

µν(x)xµ
ux

ν
u.

It coincides exactly with equation of motion for a particle with charge q and mass m
interacting with electromagnetic and gravitational fields if we choose

Fµν =
q

cm
(∂µAν − ∂νAµ), 2Γλ,µν =

∂gλν

∂xµ
+

∂gλµ

∂xν
− ∂gµν

∂xλ
. (5)

In this paper we assume these relations and declare Aµ as electromagnetic field and gµν

as gravitational field. These relations between F and A, and Γ and gµν are proven in
[18] and it is shown that Aµ can be identified with electromagnetic field, q with charge,
m with mass of a particle interacting with Aµ, c with the velocity of the light, and gµν

with gravitational field.
The corresponding curvature function is

Rσ
λ = (∂µF

σ
λ − Γρ

λµF
σ

ρ + Γσ
ρµF

ρ
λ)(x

µ
υ − xµ

u)+

1

2
(∂νΓ

σ
λµ − ∂µΓσ

λν + Γσ
ρνΓ

ρ
λµ − Γσ

ρµΓρ
λν)(x

ν
υx

µ
u − xν

ux
µ
υ). (6)

From (6), we see that gravitational field is coupled to F σ
λ through covariant derivative

∆µF
σ

λ = ∂µF
σ

λ − Γρ
λµF

σ
ρ + Γσ

ρµF
ρ
λ.

We have gµν , Aµ and curvature function to use to find an action for the unified model.
First, we construct a tensor from (6)2

Rσ
λµν =

cm

4q
(∆νF

σ
λAµ−∆µF

σ
λAν)+

1

16πG
(∂νΓ

σ
λµ− ∂µΓσ

λν +Γσ
ρνΓ

ρ
λµ−Γσ

ρµΓρ
λν),

where G is gravitational constant. Finally we have a scalar

R = gλνRµ
λµν

2One may construct different tensors from (6).
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and action

egS =
∫

dx
√
−gR =

c2m2

4q2

∫
dx
√
−gF µνFµν +

1

16πG

∫
dx
√
−g gR,

gR = gµν gRµν ,
gRλν = ∂νΓ

µ
λµ − ∂µΓµ

λν + Γµ
ρνΓ

ρ
λµ − Γµ

ρµΓρ
λν , g = detgµν ,

where use has been made of

∆νF
µν =

1√
−g

∂ν(
√
−gF µν), ∆νgµλ = 0.

Note, that the action is invariant under gauge transformations of fields and general
transformations of coordinates. Covariant derivative appears naturally in this formal-
ism. Hence, geometrization principle leads to an action which is invariant under gauge
transformations of fields and general transformations of coordinates. We conclude that
geometrization principle is more general than gauge principle.

Equation of motion for gravitational field is

c2m2

4q2
(
1

2
F ρσFρσg

µν − 2F νσF µ
σ) +

1

16πG
(−gRµν +

1

2
gRgµν) = 0. (7)

From (7) it follows that gR = 0 for n = 4 (in the rest of the paper we restrict ourselves
to four dimensional spacetime) and (7) becomes

c2m2

4q2
(
1

2
gρngσmFnmFρσgµν − 2gσmFνmFµσ)− 1

16πG
gRµν = 0. (8)

We see that electromagnetic field is a source for gravitational field. In the weak gravita-
tional and strong electromagnetic field approximation gµν ∼ ηµν = diag(1,−1,−1,−1)
and

gR00 ∼ −∂µΓµ
00 = −1

2
∆g00, ∆ =

∂

∂xi

∂

∂xi
, i = 1, 2, 3.

The 00 component of equation (8) gives

∆Φ = 4πc2G(EiEi + HiHi) + O(hF ), g00 = 1− 2
Φ

c2
, (9)

where Φ is the Newtonian potential, Ei = ∂0Ai−∂iA0 and Hi = 1
2
εijk(∂jAk−∂kAj) are

electric and magnetic fields respectively and εijk is antisymmetric tensor. Accordingly,
total energy of electromagnetic field produces gravitational field.

Because geometrization principle gave true equation for gravitational field, we can
be sure that this equation is also true. The proposed theory gives exactly Gravitation
when electromagnetic field is equal to zero and Electromagnetism when gravitational
field is equal to zero. It predicts that electromagnetic field is a source for gravitational
field. This theory is formulated in four dimensional spacetime and does not contain
any additional fields.

8



5 Discussion

For Riemannian geometry

dξλ

du
= −Γ′σ

λν(x)xν
uξ

λ,

it is possible to make a change of coordinates so that its right hand side will be equal
to zero, because of its right hand side structure. In new coordinates x′, equation for
geodesics becomes

d2x′σ

du2
= 0.

From physical point of view this corresponds to finding a reference frame where trajec-
tory of particles is strait line, because this equation must coincide with the equation of
motion. For gravitational interaction we can find a reference frame where gravitational
interaction is absent. Accordingly, Riemannian geometry is suitable for gravitational
interaction only. For electromagnetic interactions it is not possible to find a reference
frame where it is absent. Therefore, all attempts to geometrize electromagnetism or
unify it with gravitation in the framework of Riemannian geometry must fail.

On the other hand for geometry

dξσ

du
= −(F σ

λ(x) + Γσ
λν(x)xν

u)ξ
λ

it is not possible to eliminate its right hand side by changing coordinates because of
F σ

λ term. And this property makes it to be underlying geometry for the proposed
unified model.

In general relativity, geometry underlying gravitation and metric are independent
of properties of interacting particles. This is a consequence of equivalence principle.
Geometry and metric depends on the characteristics of sources for gravitational field gµν

only. For electromagnetic interactions there is no equivalence principle, so geometry
and metric underling electromagnetism and unified model of electromagnetism and
gravitation must depend on characteristics of interacting particles, because particles of
different charges move in electromagnetic field differently.

For our model we have

dξσ

du
= −(

q

cm
(∂µAν − ∂νAµ) + Γσ

λν(x)xν
u)ξ

λ.

Accordingly, geometry underlying unified model of electromagnetism and gravitation
depends not only on the characteristics of sources for Aµ and gµν but also on the
characteristics of interacting particles q and m. This means that geometry and the

length of a curve (metric) ds =
√

gµν(x)dxµdxν+ q
cm

Aµ(x)dxµ are created by interacting
particles too, together with sources unlike gravitational interaction. This gives us a
new understanding of problem of geometry and matter.

Next, we note that in General Relativity, if we consider sources for gravitational
field we must add the so called source term gµνT

µν to the action

gS =
∫

dx(
√
−gR′ + gµνT

µν).

9



T µν is the energy– momentum tensor of sources for gravitational field. We can not
simply replace it with energy- momentum tensor of any field, if it is not a source for
gµν . Some people say that General Relativity also predicts that electromagnetic field
is a source for gravitational field trough inclusion of it to T µν . I would like to stress
that in General Relativity there is no natural place for electromagnetic field because
inclusion of electromagnetic field in T µν declares it as a source for gravitational field
which is the assumption but not prediction.

Resuming, we can say that we have eliminated the need for extra dimensions and
additional fields for formulating unified model of electromagnetism and gravitation by
formulating a new geometry. This approach can be useful for formulating a unified
electroweak model without Higgs fields and for unifying strong interactions with the
other ones.
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A NEW LOW-NOISE AVALANCHE PHOTODIODE WITH MICRO-PIXEL STRUCTURE 
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A new design of the avalanche photodiodes with an array of micro-pixel p-n-junctions was developed on base of metal-oxide-silicon 
structure. The thermal oxide layer of 1000A thickness contains tunnel oxide regions with about 25A thickness. The device exhibits a noise 
factor ~ 4 at a high multiplication factor (M~10000).  A high space uniformity of sensitivity was found for gain of M~ 1000.  
 

INTRODUCTION 
The use of the metal–insulator–silicon (MIS) structure as 

an avalanche photodiode was first proposed in [1, 2]. The 
traditional MIS-structures exhibited very high gains in 
comparison with ordinary avalanche photodiodes (APD). 
However, the mentioned avalanche MIS-structures need 
pulsed bias for operation because of a thick oxide layer.  This 
disadvantage was avoided by using wide-gap resistive layers 
instead of the insulator (see [3–6]). In this case, carriers 
accumulated during avalanche process at interface silicon-
resistive layer flow out through the high-resistive layer.  A 
major disadvantage of such structures is the poor 
reproducibility of wide-gap layer. 

In this study, we examine the characteristics of an 
avalanche photosensitive MIS structure, where carriers flow 
out from the avalanche regions to upper electrodes throw 
specially created pixels with tunnel oxide layer of ~25A 
thickness. 
 

DEVICE DESIGN AND OPERATION 
The device is intermediate between conventional 

avalanche photodiodes and photosensitive MIS structures 
intended for avalanche mode operation. This planar 
photodiode was made on p-Si wafer with a specific resistance 
about 1Ω*см. The photosensitive area is covered with a 
silicon oxide (SiO2) layer of ~1000A and a semitransparent 
titanium coating connected to a collector electrode of thick 
aluminium ring (Fig.1.). 

The silicon oxide layer separates metal electrodes from a 
substrate. On a surface of silicon substrate a matrix of p-n-
junctions was manufactured. Above the p-n-junctions a thin 
oxide of  ~25A was made.  The sizes of p-n-junctions were 
2µ*2µ, and interval between them – 6µ. The amplification of 
photocurrent is yielded only in these p-n-junctions. Then the 
avalanche current flows out to contacts by tunnelling process 
throw thin oxide layer. This enables the MIS structure to 
operate in the avalanche mode at a continuous bias mode.  
 

EXPERIMENTAL DATA 
We studied photodiode noise properties using a 

conventional technique for low-signal radio engineering; i.e., 
a dc signal was measured after square-law detection of noise, 
which made it possible to restrict our measurements to a 
relatively narrow frequency range (3 MHz in the considered 
case). 

 
Fig. 1. Cross section of the avalanche MIS- photodiode;  
           1 - p-Si substrate,  2 - p-n-junction,  3 - thin oxide  
           layer,  4- thick oxide layer,  5- semitransparent Ti  
           layer,  6- thick Al layer. 

 

 
Fig. 2. Excess noise factor F versus the signal gain M. 

 
Figure 2 displays the measured noise factor for the tested 

diode. The noise factor was measured using light emitting 
diode with λ∼0.55µ, which is absorbed mostly in near- 
surface region. In this case, holes are injected into the diode 
active region, which is extremely adverse to the signal-to-
noise ratio, as is evident from the data acquired at relatively 
low M. The avalanche MIS photodiode exhibited 
substantially better noise characteristics because of local 
negative feedback effect. It is necessary to note, that the noise 
factor measured at the highest M are lower than those 
calculated according to the McIntyre theory [7] for electron 
injection and for very small k = 0.005. 
 

GAIN DISTRIBUTION OVER THE  
PHOTOSENSITIVE AREA 
One of disadvantages of APD’s with traditional design is 

its non-uniform photosensitivity over the working area, 
which becomes more pronounced with increasing 
multiplication factor. A negative feedback mechanism in MIS 
avalanche photodiodes substantially levels off this problem. 
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Fig.3. Coordinate dependence of photosensitivity at M~1000. 
 

Figure 3 displays the measured coordinate dependence of 
photosensitivity at M~1000. The measurements were carried 
out using an optical probe with a diameter of 30µ. The non-

uniformity found in the sensitivity over the area does not 
exceed 20%. The appreciable photo- sensitivity beyond the 
receiving area edge is caused by scattered radiation in the 
optical system. 
 

CONCLUSION  
A new type of avalanche photodiode high gain was 

developed on base of MIS technology.  The micro-pixel 
avalanche photodiode demonstrates very low noise factor at 
signal gains more than 102. Further studies will be focused on 
increasing of signal gain up to 106.  
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Bilateral Grant #3106.  

 
[1] N. I. Gol’braikh, A. F. Plotnikov, and V.E. Shubin, 

Kvantovaya Elektron. (Russia) 1975,2, 2624 
[2] S. V. Bogdanov, A. B. Kravchenko, A. F. Plotnikov, and 

V. E. Shubin, Phys. Status Solidi 1986,A 93, 361  
[3] G. Gasanov, V. M. Golovin, Z. Ya. Sadygov, and  

N. Yu. Yusipov. Sov. Tech. Phys. Lett. 1988,14, 313  
[4] Z. Ya. Sadygov, Russian Patent # 2086047 (1996). 

[5] Z. Ya. Sadygov, M. K. Suleimanov, and T. Yu. Bokova. 
Pis’ma Zh. Tekh. Fiz. 2000,26 (7), 75 or Tech. Phys. 
Lett. 2000,26, 305 

[6] Z. Ya. Sadygov, V. N. Jejer, Yu. V. Musienko, 
T. V. Sereda, A. V. Stoikov, I. M. Zheleznykh.  
Nucl. Instrum. and Methods in Phys. Res., 2003,A504 , 
301-303. 

[7] R. McIntyre  IEEE Trans. Electron Devices ED-13 (1), 
164 (1966). 

 
O. ßëÿêáÿðîâ, E. Úÿôÿðîâ, Ð. Ìÿäÿòîâ, Ì. Ìóñàéåâ, Ç. Ñàäûãîâ, Í. Ñÿôÿðîâ, Ì. Ñöëåéìàíîâ 

 
ÉÅÍÈ ÌÈÊÐÎ-ÏÈÊÑÅË ÑÒÐÓÊÒÓÐÀ ÌÀËÈÊ ÀØÀÜÛ ÊÖÉËÖ ÑÅËÂÀÐÈ ÔÎÒÎÄÈÎÄËÀÐ 

 
Ìåòàë-Îêñèä-Ñèëèñèóì ñòðóêòóðó ÿñàñûíäà ìèêðî-ïèêñåë ï-í-êå÷èäëÿð ìàññèâèíÿ ìàëèê ñåëâàðè ôîòîäèîëàðûí éåíè ôîðìàñû èøëÿíèá 

ùàçûðëàíìûøäûð. 1000 À ãàëûíëûüûíäàêû îêñèä ëàéû òÿãðèáÿí 25 À ãàëûíëûüûíäà òóíåë îêñèä áþëöìëÿðèíè îçöíäÿ ñàõëàéûð. Éöêñÿê ýöúëÿíäèðìÿ 
ôàêòîðó àëòûíäà (M~10000) ãóðüóíóí êöé ôàêòîðó òÿãðèáÿí 4-ÿ áÿðàáÿðäèð. M~1000 ýöúëÿíìÿñè çàìàíû èñÿ ùÿññàñëûüûí ÿí éöêñÿê ôÿçà 
áèðúèíñëèéèíÿ ìàëèê îëìàñû àøêàðëàíìûøäûð.  
 

O. Алекперов, E. Джафаров, Р. Мадатов, М. Мусаев, З. Садыгов, Н. Сафаров, М. Сулейманов 
 

НОВЫЙ НИЗКОШУМНЫЙ ФОТОДИОД С МИКРО-ПИКСЕЛЬНОЙ СТРУКТУРОЙ 
 

Новый шаблон лавинных фотодиодов с массивом микро-пиксельных p-n-переходов был разработан на основе Металл-Оксид-
Кремний структуры. Термальный оксидный слой толщины 1000А содержит туннельные оксидные регионы толщины около 25А. 
Устройство демонстрирует фактор шума ~4 при факторе высокого умножения (M~10000). При увеличении фактора M~1000 
найдено высокое пространственное однообразие чувствительности.  
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