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Frequency dependence of the dissipation factor tanδ, the permittivity ε, and the ac conductivity σac across the layers in the frequency 
range f = 5·104 ÷ 3,5·107 Hz was studied in layered TlGa1-xMnxS2 single crystals (x = 0,01; 0,03). In the alternate electric fields, the ac 
conductivity obeyed the f0,8 law at f = 5·104 ÷ 3,5·107 Hz. It was established that the mechanism of the ac charge transport across the layers in 
TlGa1-xMnxS2 single crystals is hopping over localized states near the Fermi level. Estimations yielded the following values of the 
parameters: the density of states at the Fermi level Nf = 9,9·1018 eV-1·cm-3 for TlGa0,99Mn0,01S2 and 8,1·1018 eV-1·cm-3 for TlGa0,97Mn0,03S2; 
the average time of charge carrier hopping between localized states τ = 5,7·10-2µs; average hopping distance R = 77Å for both crystals. 

 
Introduction 
 
TlGaS2 single crystals are representatives of layered 

wide-band semiconductors with high electric resistivity (ρ ≈ 
1010Ohm·cm at 300K) [1]. In [1] it is established by 
experiments that at T ≤ 200K in TlGaS2 single crystals along 
C-axis in dc electric field hopping conductivity with 
alternating length of jump in localized states near the Fermi 
level is taken place. In ac electric fields frequency dispersion 
of dielectric coefficients of TlGaS2 single crystals was 
observed [2]. In [3] the influence of γ-radiation on dielectric 
permittivity and electric conductivity of TlGaS2 crystals was 
investigated at 102 ÷ 106 Hz. The influence of intercalation of 
TlGaS2 with lithium ions on dielectric properties of obtained 
crystals was studied in [4]. 

The aim of the present paper is to study the influence of 
Ga partial substitution in TlGaS2 for Mn on dielectric 
properties of obtained crystals in alternate electric fields. 

 
Sample preparation and experimental technique 
 
Synthesis of TlGa1-xMnxS2 (x = 0,01; 0,03) produced in 

quartz ampoules, evacuated to the pressure 10-3 Pa. Synthesis 
of samples has been carried out at interaction of initial 
elements (Tl, Ga, Mn, S) of high purity degree. Technology 
of growth of these single crystals has been worked out. 
Synthesized samples and their single crystals were exposed to 
roentgenphase analysis, which was carried out at 
diffractometer DRON-3M in CuKα emission (Ni filter, λα = 
1,5418Å). Diffractogramms were recorded continuously, 
diffraction angles were determined by method of 
measurement according peak of intensity. Errors of reflection 
angles determination did not exceed 0,02°. X-ray analysis 
showed that TlGa1-xMnxS2 single crystals are crystallized in 
tetragonal structure with elementary cell parameters a = 
7,2692Å; c = 29,8981Å; ρx = 5,684g/cm3 for x = 0,01 and  a 
= 7,2658Å; c = 29,9392Å; ρx = 5,676g/cm3 for x = 0,03. 

Samples from TlGa1-xMnxS2 for measurements are 
obtained by spalling along C-axis of the natural spall from 
massive crystal and have a thickness (2.0÷ 2.5)·10-2 cm. 
TlGa1-xMnxS2     samples formed flat capacitors whose plane 
was perpendicular to the crystalline C-axis. The capacitor 
plate area was 6·10-2  ÷ 8·10-2 cm2. Ohmic contacts of samples 
are made by Ag paste. 

Measurements of the dielectric coefficients of TlGa1-

xMnxS2 single crystals were performed at fixed frequencies in 
the range 5·104 ÷ 3.5·107 Hz by the resonant method using a 

TESLA BM 560 Q-meter. For electrical measurements, the 
samples were placed in a specially constructed screened cell. 
An ac electric field was applied across the natural layers of 
TlGa1-xMnxS2 single crystals. The amplitude of the applied 
fields corresponded to the Ohmic region of the current-
voltage characteristics of TlGa1-xMnxS2 samples. All 
measurements were performed at T = 300K. The accuracy in 
determining the resonance capacitance and the quality factor 
Q = 1 ⁄tanδ of the measuring circuit was limited by errors 
related to the resolution of the device readings. The accuracy 
of the capacitor graduation was ±0.1pF. The reproducibility 
of the resonance position was ± 0.2pF in capacitance and ± 
(1.0 – 1.5) scale divisions in quality factor. 

We measured the electric capacitance of TlGa1-xMnxS2 
samples in the frequency range 5·104 – 3,5·107Hz. Using the 
measured capacities of samples, we calculated the 
permittivity ε at different frequencies. 

 
 
Results and discussion 
 
Fig.1 shows the experimental frequency dependences of 

the dielectric permittivity for TlGa1-xMnxS2 (x = 0; 0,01; 
0,03). It is seen from Fig.1 that for TlGaS2 single crystal 
(curve 1) significant variation of ε was not observed at 
studied interval of frequencies (ε = 26 ÷ 30). At Ga partial 
substitution in TlGaS2 for Mn ε of obtained samples 
decreased with the rise of frequency from 5·104 to 3,5·107Hz. 
For example, ε of TlGa1-xMnxS2 single crystal decreased by 5 
times for x = 0,01 and 2.5 times for x = 0,03.  

 

 
 
Fig.1. Frequency dispersion of the permittivity of TlGaS2 (1);  
          TlGa0,99Mn0,01S2 (2) and TlGa0,97Mn0,03S2 (3) at T=300K. 
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Observed in experiments monotonic decrease of ε with 
rise of frequency (Fig.1, curves 2 and 3) is evidence of 
relaxation dispersion. 

Experimental frequency dependences of the dissipation 
factor tanδ for TlGa1-xMnxS2 (x = 0,01; 0,03) were 
characterized with presence of maximums (Table) 

 
                                                         Table 

tanδ values vs frequency for TlGa1-xMnxS2  single crystals 
 

tanδ ·104 f, Hz 
x = 0,01 x = 0,03 

  5·104 1052 2449 
105 1660 2750 

 2·105 1602 3024 
 4·105 1478 2130 
 8·105 1427 3550 

   1,6·106 1791 3058 
   3,2·106 1252 1586 

6·106 1299 1695 
   1,2·107 1150 1519 
   1,8·107 1618 2180 
   2,4·107 1877 1938 
   3,0·107 1937 2335 
   3,5·107 1917 1438 

 
The maximums on tanδ(f) – dependences also confirm 

the fact of presence of relaxation losses. 
Fig.2 shows the dependences of dielectric permittivity of 

TlGa1-xMnxS2 single crystals on their composition at various 
frequencies of alternate electric field: 5·104; 105; 3,2·106 and 
3,0·107 Hz (curves 1-4). It is seen from Fig.2 that 
introduction of Mn to TlGaS2 crystals leads to significant 
decrease of their dielectric permittivity at all pointed 
frequencies. 

 

 
 
Fig.2. Dependence of the permittivity on composition of  
          TlGa1-xMnxS2 single crystals at various frequencies of  
          alternate electric field f, Hz: 1 - 5·104; 2 – 105;  
          3 – 3,2·106; 4 - 3·107. 
 
Frequency dependence of ε″ = ε·tanδ for TlGa1-xMnxS2 

crystals is given in Fig.3. As it is seen from Fig.3 Ga partial 
substitution in TlGaS2 crystals for Mn leads to modification 
of dispersion curves ε″(f). In TlGaS2 the ε″(f) curve has two 
branches: a weakly descending one at f = 5·104 – 106Hz and a 
rising one at f >106Hz. In TlGa1-xMnxS2 frequency 
dependences of ε″ differ from ε″(f) curve in TlGaS2; they 

were characterized by significant descending up to 107Hz, 
after that ε″ values are practically independent on frequency. 

 

 
 
Fig.3. Frequency dependence of ε″ for TlGaS2 (1);  
          TlGa0,99Mn0,01S2 (2) and TlGa0,97Mn0,03S2 (3). 
 
Fig.4 shows the experimentally measured frequency 

dependence of the ac conductivity of TlGa1-xMnxS2 single 
crystals at T = 300K. The ac conductivity σac of TlGaS2 varies 
as f0,8 in the frequency range 5·104 – 106Hz (curve 1). At high 
frequencies (f = 106 ÷ 3·107Hz) σac of TlGaS2 obeyed the f2 – 
law. As it was shown in [5] the conductivity proportional to f2 
is related to optical transitions in semiconductors and is 
dominant at high frequencies. 

 

 
 
Fig.4. Frequency - dependent ac conductivities of  
          TlGa1-xMnxS2 single crystals at room temperature: curve  
          1 – x = 0; 2 – x = 0,01; 3 – x = 0,03. 
 
 Dispersion curves σac(f) of TlGa1-xMnxS2 samples (Fig.4, 

curves 2 and 3) were characterized by f0,8 – law at all 
investigated frequencies. The σac ~ f0,8 dependence indicates 
that the mechanism of charge transport in TlGa1-xMnxS2 
single crystals in the frequency range 5·104 – 3,5·107Hz is 
hopping over localized states near the Fermi level. This 
charge transport mechanism is characterized by the following 
expression obtained in [6]: 
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where e is the elementary charge, k is the Boltzmann 
constant, NF is the density of localized states near the Fermi 
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level, a = 1/α is the localization length, α is the decay 
parameter of the wave function of a localized charge carrier, 
ψ ~ e-αr, and νph is the phonon frequency. 

Using expression (1), we can calculate the density of 
states at the Fermi level from the measured values of the 
conductivity σac(f). Calculated values of NF for TlGa1-xMnxS2 
(x = 0; 0,01; 0,03) single crystals were equal to 2,1·1018; 
9,9·1018 and 8,1·1018 eV-1·cm-3, correspondingly (localization 
radius chosen as 14Å, in analogy with the GaS single crystal 
[7], which is a double analog of TlGaS2). 

The theory of ac hopping conductivity provides an 
opportunity to determine the average time τ of charge carrier 
hopping from one localized state to another using the formula 
[5]: 

                      ( )αντ Rph 2exp1 −=− ,          (2) 
 

where R is the average hopping distance, 
 

                            
f

R phν
α

ln
2
1

=                               (3) 

 
Calculated values of τ and R for both TlGa1-xMnxS2 (x = 

0,01; 0,03) single crystals were equal to 5,7·10-2µs and 77Å, 
correspondingly. For TlGaS2 R = 103Å [2]. 

Knowing NF and R from [5]: 

                         1
23
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we estimate scattering of trap states near the Fermi level: ∆E 
= 0,11eV for TlGa0,99Mn0,01S2 and 0,13eV for 
TlGa0,97Mn0,03S2 single crystals. 

By formula: 
 
                               ENN Ft ∆⋅=                         (5) 
 

we can determine the concentration of deep traps in TlGa1-

xMnxS2: Nt ≈1017cm-3 for both compositions x = 0,01 and 
0,03. 

 
Conclusions 
 
Thus, the results of high-frequency dielectric 

measurements on TlGa1-xMnxS2 single crystals provided an 
opportunity to determine the mechanisms of dielectric losses 
and charge transport, and also to evaluate the density of states 
at the Fermi level; the average time of charge carrier hopping 
between localized states, average hopping distance, scattering 
of trap states near the Fermi level; concentration of deep 
traps.
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S.N. Mustafayeva, Ş.D. Əlizadə 

 
TlGaS2-DƏ Ga-UN QИSMƏN Mn-LA ƏVƏZ EDИLMƏSИNИN DИELEKTRИK XASSƏLƏRИNƏ TƏSИRИ 

 
TlGa1-хМнхS2 (0 ≤ х ≤ 0,03) монокристалларында ф = 5.104 ÷ 3,5.107Щс тезлик интервалында диелектрик нцфузлуьунун щягиги (ε) вя 

хяйали (ε′′) топлананлары вя лайлара перпендикулйар истигамятдя (σac) кечириъилик юйрянилмишдир. TlGa1-хМнхS2 монокристалында 
релаксасийа дисперсийасынын мювъудлуьу мцяййян едилмишдир. TlGaS2 монокристалында Эа ионларынын гисмян Мн ионлары иля явяз 
едилмяси онун диелектрик нцфузлуьунун азалмасына вя дисперсийа яйриляринин ε′′(ф) модификасийа олунмасына сябяб олур. TlGa1-хМнхS2 
монокристалы цчцн юлчцлян тезлик интервалында аъ- кечириъилийи σаъ~ ф0,8 ганунауйьунлуьа табе олур ки, бу да Ферми сявиййясиня йахын 
щалларда локаллашмыш йцкдашыйыъыларын сычрайышла щярякят етмясинин характерик хцсусиййятидир. Ферми сявиййяси ятрафында йерляшян щалларын 
сыхлыьы (НФ), енержиси (∆Е), сычрайышлар арасы мясафя вя орта сычрайыш вахты тяйин едилмишдир.   

 
С.Н. Мустафаева, Ш.Д. Ализаде 

 
ВЛИЯНИЕ ЧАСТИЧНОГО ЗАМЕЩЕНИЯ Ga  НА  Mn  В  TlGaS2 НА ДИЭЛЕКТРИЧЕСКИЕ 

СВОЙСТВА 
 

В слоистых монокристаллах TlGa1-хМnхS2 (0 ≤ х ≤ 0,03) исследована частотная дисперсия тангенса угла диэлектрических 
потерь (tgδ), действительной (ε) и мнимой (ε′′) составляющих комплексной диэлектрической проницаемости, ас - проводимости 
(σас) поперек слоев в области частот f = 5.104÷3,5.107Гц. Установлено, что в изученных монокристаллах TlGa1-хМnхS2 имеет место 
релаксационная дисперсия. Частичное замещение галлия в монокристаллах TlGaS2 марганцем приводит к уменьшению их 
диэлектрической проницаемости и модифицированию дисперсионных кривых ε′′(f). Во всем изученном диапазоне частот ас- 
проводимость монокристаллов TlGa1-хМnхS2 подчинялась закономерности σас~f0.8, характерной для прыжкового механизма 
переноса заряда по локализованным вблизи уровня Ферми состояниям. Оценены плотность (NF) и разброс (∆E) состояний, 
лежащих в окрестности уровня Ферми, среднее время и расстояние прыжков. 

 
Received: 20.12.05 
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(SnSe)1-x(GdSe)x(0,0≤x≤2,0) СИСТЕМ БЯРК МЯЩЛУЛЛАРЫНЫН РЕНТЭЕНОГРАФИК 
ТЯДГИГИ ВЯ ФИЗИКИ ПАРАМЕТРЛЯРИН ТЯРКИБ АСЫЛЫЛЫЬЫ 

 

М.С. МУРГУЗОВА, Б.А. ТАЩИРОВ 
АМЕА Физика Институту 

Азярбайжан, Бакы, Az-1143, Щ. Жавид пр., 33 
 

М.И. МУРГУЗОВ, Ш.С. ИСМАЙЫЛОВ, Ж.И. ЩЦСЕЙНОВ 
Азярбайжан Дювлят Педагоъи  Университети, 

 Бакы, Аз-1000,У.Щажыбяйов кцч,. 4 
 

Диференсиал термик, рентэен фаза вя микробярклийин тядгиги юйрянилмяси йолу иля (SnSe)1-x(GdSe)x(0,0≤x≤2,0) бярк мящлуллары тядгиг 
едилмишдир. Мцяййян олунмушдур ки, бу тяркибляр SnSe бирляшмяси ясасында галайын (Sn) гисмян гадалиниум (Gd) атомларыйла явяз 
олунмасы иля кристаллашыр. Отаг температурунда термо е.щ.г. (α); електрик кечирижилийи (σ); Холл ямсалы (Rx) вя йцкдашыйыжыларын Холл 
йцрцклцйцнцн (Ux)  тяркиб асылылыглары тядгиг едилмишдир. Тядгиг етдийимиз нцмуняляр гисмян компенсасийа олунмуш p тип 
йарымкечирижидирляр. 

 
Елм вя техниканын мцхтялиф сащяляринин сцрятли инкишафы 

эениш спектрли физики хассяляря малик йени перспектив мате-
риалларын алынмасы вя тядгигиня бюйцк стимул йарадыр. На-
дир торпаг металларынын иштиракы иля олан бярк мящлуллар да 
бу гябилдяндир. Чцнки  бу метал атомларынын 4f електрон 
сявиййяляринин мювжудлуьу вя 4f-5d щалларынын йахынлыьы 
онларын иштиракы иля алынан яринти вя бирляшмяляри мараглы тяд-
гигат обйектиня чевирир [1-3]. Мцяййян едилмишдир ки, 
(SnSe)1-x(GdSe)x системинин бярк мящлулларындан бязи тяр-
киблярин Холл ямсалынын Rx; хцсуси мцгавимятинин ρ вя 

магнит мцгавимятинин ∆ρ
ρ c

 температур асылылыьында 

T=285÷310 K-дя аномал дяйишмяляр мцшащидя олун-
мушдур. Бу дяйишмялярин сябябини вя SnSe бирляшмясинин 
гурулушунда олан мяхсуси дефектлярля баьлылыьы айдын дейил. 
Мящз она эюря бу системин бярк мящлулларынын эениш кон-
сентрасийа интервалында тядгигиня, кристаллик гурулушун юй-

рянилмяси вя физики-кимйяви анализиня, тяркиб - хасся арасын-
дакы ганунауйьунлуьун ашкар едилмясиня ещтийаж вардыр. 

Ишдя (SnSe)1-x-(GdSe)x систем бярк яринтиляриндян x=0,1; 
0,25; 0,50; 1,00; 1,50 вя 2,00 мол%-ли тяркибляр синтез едил-
миш вя онларын физики-кимйяви анализи, кинетик параметр-
лярдян: термо е.щ.г. - α, електрик кечирижилийи - σ, Холл ямса-
лы - Rx вя йцкдашыйыжыларын Холл йцрцклцйцнцн тяркиб асылы-
лыглары юйрянилмишдир. Рентэен фаза анализи ДПОЩ-3 маркалы 
rентэен дифрактометриндя апарылмышдыр. (SnSe)1-x-(GdSe)x 
систем яринтиляринин ана маддя олан SnSe-дя олдуьу кими 
орторомбик сингонийада кристаллашдыьы тясдиг олунмуш, уй-
ьун гяфяс параметрляри щесабланмышдыр. Дифференсиал тер-
мик анализ алчаг тезликли НТР-73 маркалы пирометрдя йери-
ня йетирилмишдир. Пирометрин собасы 9°С/дяг. сцрятля гыз-
дырылмышдыр. Синтез едилмиш яринтилярин микробярклийи ПМТ-3 
маркалы металлографик микроскопла апарылмышдыр.

 
                                                                                                                                                                                           Жядвял 1 
    (SnSe)1-x(GdSe)x  (0,0≤x≤2) тяркибли кристалларын дифрактограмлары (шцаланма CuKaλ=1,5418Å филтр Ni, 35 кВ, 10 мА) 
 

x=0,5 x=1,0 x=2,0 
№ θ интен

сивлик 
I 

dтяжр dщесаб θ интен-
сивлик 

I 

dтяжр dщесаб θ интен-
сивлик 

I 

dтяжр dщесаб 

1 6,87 10 6,4450 - 7,75 15 5,7166 5,7166 6,5 8 6,810 - 
2 7,76 13 5,7162 5,7083 9,30 14 4,7702 4,7351 7,70 17 5,7535 3,7259
3 8,50 7 5,2154 - 12,65 10 3,5201 3,4627 12,76 17 3,5154 3,7259
4 10,25 7 4,3322 4,3315 13,25 4 3,3634 - 13,35 7 3,3634 - 
5 12,66 13 3,5201 3,4586 14,07 17 3,1710 3,1927 14,00 10 3,1865 3,2042
6 13,25 7 3,3634 - 14,80 4 3,0178 3,0758 14,80 7 3,0178 2,9852
7 14,00 13 3,1865 3,1994 15,66 100 2,8571 2,8571 15,65 100 2,8663 2,8630
8 15,60 100 2,8550 2,8548 19,00 20 2,3678 2,3850 19,00 21 2,3678 2,3918
9 17,90 6 2,5081 - 21,75 12 2,0704 2,0677 19,78 4 2,2791 2,2893
10 19,00 20 2,3678 2,3649 22,24 10 2,0368 2,0327 21,65 10 2,0895 2,0992
11 19,60 6 2,2981 2,2839 23,16 8 1,9600 1,9451 22,20 10 2,0102 2,0129
12 20,75 7 2,1759 2,1652 24,94 19 1,8282 1,8315 23,75 10 1,9140 1,9087
13 21,85 9 2,0613 2,0567 26,08 8 1,7535 1,7536 24,98 17 1,8254 1,8248
14 22,25 9 2,0359 2,0203 27,25 7 1,1702 - 26,00 8 1,7505 1,7479
15 23,76 11 1,9140 1,9035 28,35 4 1,6289 1,6239 27,30 7 1,6807 1,6829
16 24,90 14 1,8309 1,8227 29,00 4 1,5800 1,5802     
17 26,00 7 1,7585 1,7658         
18 26,35 6 1,7429 1,7426         
19 27,30 6 1,6807 1,6791         
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Жядвял 2 
SnSe-GdSe систем яринтиляринин физики-кимйяви параметрляри 

 
№ 

 
Тяркиб мол% 

 
Хцсуси чяки 

103г/см3 
Гяфяс параметрляри  

Å 
 SnSe GdSe 

Термики 
гызма  
еффектляри ρпикн Pрент 

Микро- 
бярклийи, 
МПа a b c 

1 100 0,0 880 6,18 - 480 4,46 4,19 11,57 
2 99,6 0,4 880 6,20 6,40 500 4,73 4,33 11,42 
3 99 1,0 875 6,21 6,42 570 4,735 4,34 11,42 
4 98 2,0 790,875 6,22 6,41 590 4,736 4,35 11,45 
5 97 3,0 760,870 6,23 6,42 650 4,738 4,37 11,47 
6 96 4,0 725,865 6,24 6,43 720 4,74 4,38 11,51 
7 95 5,0 715,850 6,25 6,43 780 4,75 4,40 11,54 

 
Нцмунялярин сыхлыьы пикнометрик цсулла юлчцлмцш вя 

рентэенографик нятижяляр ясасында щесабланмышдыр. 
Нцмунялярин физики параметрлярини юлчмяк цчцн онлар 

щяндяси юлчцляри (3,0х5,0) 20 мм3 олан паралелепипед шяк-
линдя щазырланмышдыр. Юлчмяляр компенсасийа цсулу иля 
апарылмышдыр. Сабит ÓÈÏ-1 âÿ Á5-49 жяряйан мянбяйиндян, 
эярэинлик дцшэцсцнц юлчмяк цчцн Б7-21 вя Б7-30 маркалы 
универсал волтметрдян, жяряйаны юлчмяк цчцн Ø4313 мар-
калы, комбинасийалы жищаздан истифадя олунмушдур. Нцму-
нялярдян кечян жяряйанын гиймяти максимум 2,0 мА, 
нцмуня бойунжа олан температур градийенти ися ∆T=6÷10 
дяряжя тяшкил етмишдир. Холл ямсалыны тяйин едяркян сабит 
електромагнитдян истифадя олунмушдур (H=11000Ерс). Термо 
е.щ.г.-ни юлчяркян бурахылан хята ~2,4%, електрик кечири-
жилийини вя Холл ямсалыны тяйин едяркян ися 2,7% олмушдур. 

 (SnSe)1-x-(GdSe)x систем яринтиляринин комплекс физики-
кимйяви анализинин нятижяляри 1-жи жядвялдя верилмишдир. 
Жядвялдян эюрцндцйц кими бярк мящлулларда GdSe-нин 
фаизля мигдары артыгжа кристал гяфясин елементар юзяйинин 
параметрляринин зяиф артымы, яринтинин яримя температуру-
нун ися азалмасы мцшащидя олунур. 

Тяркибдя GdSe-нин 0,0÷3,0 мол% интервалында олдуг-
да рентэенограммалардакы хятлярин сцрцшмяси SnSe яса-
сында бярк мящлулларын ямяля эялдийини эюстярир. SnSe-я 

GdSe-нин ялавя олунмасы гяфяс параметрляринин вя елемен-
тар юзяйин щяжминин артмасына сябяб олур. Елементар юзя-
йя дцшян атомларын сайы ися дяйишмяз галыр. Елементар юзя-
йин мцшащидя олунан эенишлянмяси Sn атомларынын гисмян 
бюйцк радиуслу Gd атомлары иля явяз едилмяси иля йахшы 
узлашмасы вя Вегард ганунун юдянилмяси SnSe ясасында 
явязетмя типли бярк мящлулларын йарандыьыны сюйлямяйя им-
кан верир [4]. 

2-жи жядвялдя термик  гурма еффектлярин, хцсуси 
чякилярин (пикнометрик вя рентэенографик), микробярклийин 
вя гяфяс параметрляринин тяркиб асылылыглары верилмишдир. 
Жядвялдян эюрцндцйц кими тяркиблярин хцсуси чякиляри бир о 
гядярдя дяйишмямишдир. Лакин микробярклийи ися Gd-ун 
мигдарынын артмасы иля мцтянасиб артдыьы мцшащидя 
олунур. Гяфяс сабитляринин дяйишмяси ися ону эюстярир ки, 
алынан кристаллар гисмян деформасийа олунмуш орторомбик 
гурулушда кристаллашыр. Шякилдя термо е.щ.г.-α; електрик 
кечирижилийи -σ; Холл ямсалынын - Rx вя йцк дашыйыжыларын 
Холл йцрцклцйцнцн тяркиб асылылыглары верилмишдир. 
Графиклярдян эюрцндцйц кими тяркиблярдя GdSe-нин 
мигдары артыгжа σ вя u - Холл йцрцклцйцнцн гиймятляри 
мцтянасиб олараг азалыр. Холл ямсалынын (Rx) гиймяти ися 
артыр. Термо е.щ.г.(α) ися артмаг явязиня, азалыр. 

 

 
Шякил 1. (SnSe)1-x-(GdSe)x- систем бярк мящлулларында: 1- термо е.щ.г.- (α); 2- elektrik keciriciliyi (σ); 3-Холл ямсалынын – (Rx);  
             4‐Xoll yürüklüyü (U) tÿrkib asılılığı.T=300K. 
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ТЯЖРЦБЯНИН  МЦЗАКИРЯСИ 

 
Мцяййян олунмуш (SnSe)1-x-(GdSe)x систем яринтиляри-

нин гурулуш хцсусиййятляри эюстярир ки, тядгиг етдийимиз тяр-
кибляр галай (Sn) атомларынын гисмян гадолиниум (Gd) 
атомлары иля явяз олунмагла кристаллашыр. Бу явяз олунма 
просеси кристал гяфясиндя щетеровалент изоморфизм чеврил-
мяси иля баш вердийи ещтимал олунур. Бу щалда електроней-
траллыьын позулмасы цчцн ейни валентийин жями сахланылмаг-
ла ионлар групу тяряфидян тянзимлянир [5,6]. Изоморф явяз 
олунма принсипини вя кичик радиуслу ионларын полйаризяляш-
мясинин зяифлийини нязяря алараг эюстярмяк олар ки, (SnSe)1-x-(GdSe)x 
бярк мящлулларынын щетеровалент явязлянмяси валентлийин 
компенсасийа олунмасы иля, хцсуси щалда кристал гяфяси 
юзякляриндя йцкдашыйыжыларын мцбадиляси щесабына баш верир 
[6]. Башга сюзля Gd3+ мцсбят ионларынын эцжлц полйаризя-
ляшмяси щесабына SnSe гурулушунда Sn2+ (ион радиусу 
τ=1,02А0) Sn4+ (ион радиусу r=0,74A0) ионуна  кечмякля 

тянзимлянир. Бу щалда явязолунма груп щалында олур, йяни 
2(Gd3+) ионлары (Sn2+, Sn4+) ионларыны явяз едир. Алынан тяр-
кибляр гисмян компенсасийа олунмуш йарымкечирижи мад-
дяляр олмагла бярабяр онларда SnSe бирляшмясиня мяхсус 
икигат дефектли гурулушунда ионларын йенидян пайланмасы 
иля кристаллашыр [3,7]. 

Електрик кечирижилийин (σ) вя Холл ямсалынын (Rx) тяркиб 
асылылыглары (шякил 1) бу эюстярилянляри тясдиг едир. 

Термо е.щ.г.(α)-нин α=f(x) тяркиб асылыльында 
мцшащидя олунан ганунауйьунлугдан кянара чыхма ися 
еффектив кцтлянин дяйишмяси вя щямдя ялавя зоналарын йа-
ранмасы иля баьлы олдуьу ещтимал олунур [8]. Чцнки тяркиб-
лярдя Gd - атомларынын мигдарынын артмасы иля компенса-
сийа просеси эетмякля, йцкдашыйыжыларын консентрасийасы 
азалмасына бахмайараг α-нын гиймяти азалыр. Бу ися зона 
алты ялавя зоналарын йаранмасы иля изащ олуна биляр. 

   
[1] À.Ï.Ãóðøóìîâ, Á.Á.Êóëèåâ, À.Ì.Àõìåäîâ è äð. “Íå-

îðãàíè÷åñêèyå ìàòåðèàëû, 1984, Т.20. №7. ñ.1090-
1094. (Ðóñúà) 

[2] Ì.Ñ.Ìóðãóçîâà, Ì.È.Ìóðãóçîâ, Ø.Ñ.Èñìàéûëîâ. “Ãà-
äîëèíèóì åëåìåíòèíèí èøòèðàêû èëÿ SnSe ÿñàñûíäà îëàí 
áÿðê ìÿùëóëëàðûí ãàëâàíîìàãíèò õàññÿëÿðè. “Ôèçèêà, 
2003, æèëä 9, ¹ 1, ñÿù.59-61. 

[3] М.И.Мургузов, Ш.С.Исмайылов, Р.Ф.Мяммядова. 
“(SnSe)1-x(LnSe)x (Ln=La,Gd) систем яринтиляринин 
бязи кинетик хассяляри”. АДПУ-нун 2000-жи илдяки 
конфр. мат., с.64. 

[4] Á.Ô.Îðìîíò. “Ââåäåíèyå â ôèçè÷åñêóyu õèìèyu è êðèñ-
òàëëîõèìèyu ïîëóïðîâîäíèêîâ. Ì. 1982, ñ.528. 
(Ðóñúà) 

[5] Ì.È.Ìóðãóçîâ, À.Ï.Ãóðøóìîâ. “Çàêîíîìåðíîñòè âçà-
èìîäåéñòâèya â ñèñòåìàõ SnSe-LnSe. Òåçèñû äîêë. V 
Âñåñîyuçí. êîíô. ïî ôèçèêå è õèìèè ðåäêîçåìåëíûõ 
ïîëóïðîâîäíèêîâ. Ñàðàòîâ, 1990. (Ðóñúà) 

[6] R.M.Mehra, R.Shyam, P.C.Mathyr. Magnetoresisten-
ce in Amorphous semiconductors. Thin Solid Films. 
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[7] À.Ï.Ãóðøóìîâ. “Ôèçèêî-õèìè÷åñêàya è ôèçè÷åñêàya 
ïðèðîäû ñëîæíiõ ïîëóïðîâîäíèêîâiõ ìàòåðèàëîâ íà 
îñíîâå ìîíîñåëåíèäà îëîâà. Áàêó, 1991. (Ðóñúà) 

[8] Á.Ì.Àñêåðîâ. “Êèíåòè÷åñêèy eôôåêòi â ïîëóïðîâîäíè-
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М.С. Мургузова, М.И. Мургузов, Ш.С. Исмайылов , Ж.И. Гусейнов,  Б.А. Таиров 

 
РЕНТГЕНОГРАФИЧЕСКОЕ ИССЛЕДОВАНИЕ И ИЗУЧЕНИЕ ЗАВИСИМОСТИ ОТ СОСТАВА 
ФИЗИЧЕСКИХ ПАРАМЕТРОВ СИСТЕМ (SnSe)1-x(GdSe)x(0,0≤x≤2,0) ТВЕРДЫХ РАСТВОРОВ 

 
Исследованы твердые растворы (SnSe)1-x(GdSe)x(0,0≤x≤2,0) с помощью анализов: дифференциально-термического, 

рентгенфазового  и микротвердости. Определено, что эти составы на основе соединений SnSe кристаллизуются частично заменой 
атомов олова атомами гадалиниума (Gd). Исследованы зависимости от состава термо э.д.с.(α), электропроводимости (σ), 
коэффициента Холла (Rx) и Холловской подвижности (Ux) носителей заряда при комнатной температуре на образцах частично 
компенсированных полупроводников  p-типа. 

 
M.S.  Murguzova, M.I. Murguzov, Sh.S. Ismayilov, J.I. Guseynov, B.A. Tairov 

 
ROENTGEN RESEARCH AND INVESTIGATION OF COMPOSITION DEPENDENCE OF PHYSICAL 

PARAMETERS IN SOLID SOLUTIONS OF (SnSe)1-x(GdSe)x(0,0≤x≤2,0) SYSTEM 
 

The research of (SnSe)1-x(GdSe)x(0,0≤x≤2,0) solid solutions has been carried out by study of  differentially thermal, roentgen-phase and 
microhardness methods. It have been determined, that these compounds are crystallized due to replacing of Sn partially by Gd on the base 
SnSe. The composition dependences of thermo-electromotive force (α), electrical conductivity (σ), Hall coefficient (Rx) and Hall mobility of 
charge carriers have been studied for room temperatures. The studied examples are the partially compensated semiconductors of p-type. 

 
Received: 06.03.06 
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THE OBTAINING AND INVESTIGATION OF PHOTOELECTRIC PROPERTIES OF 

HETEROJUNCTION ON THE BASE InP – CdS STRUCTURES 
 

A.Z. BADALOV, M.M. EFENDIYEV, L.S. MAHMUDOVA 
Mingechaur Politechnical Institute 
Mingechaur, Dilara Aliyeva , 21 

 
 The technology of epitaxial growth of the layers of CdS on the substrate of InP with the transversal layer p+InP and without one is 

developed.  The electrical, photoelectrical properties of the obtained heterojunctions are investigated and also the influence of the 
technological factors on pInP – nCdS heterostructure properties is studied. 

 
The task of the widening of spectral range of the useable 

sources and radiation-measuring instrument appears during 
the development of the semiconductor electronics. As the 
semiconductor compounds AIIIBV and the solid solutions on 
their base can’t satisfy the demands of science and technique, 
so the creation of the “hybrid” heterojunctions, where the 
layer of AIIIBV compound is used in the capacity of the one of 
the components, and the layer of the AIIBVI compound is used 
in the capacity of the another one, is the one of the ways of 
the task solving. 

The heterojunctions InP-CdS′ present the special interest 
between many different variants, as the compounds, used in 
the given case, have the small disparity of lattice parameters 

%3.0=
∆
a
a  at 25°C, which practically doesn’t change with 

the temperature increase. 
Thus, the paper is dedicated to the treatment of the 

technology of epitaxial growth of the layers of CdS on the 
substrate of InP with the transversal layer p+InP, to the 
investigation of the electrical, photoelectrical properties of 
the obtained heterojunctions and also it will study the 
influence of the technological factors on pInP – nCdS 
heterostructure properties [1]. 

The growth from the gas phase with the help of the 
transport reactions is the main method of the obtaining of the 
monocrystalline films of CdS nowadays. We prefer the open 
lubricating system in the equipment design, as the more 
technological one in the comparison with the soldered 
ampoule. The open system allows to rule more effectively by 
the growth and doping processes of the film, and also to carry 
out several consistent operations in the one installation. 

Her main knots are: 
1) The systems of purification, stabilization and measurement 

of helium flow; 2) gas-distribution system with the source of 
three-chlorine phosphate; 3) quartz reactor with the volume 
Cd or S; 4) four-band resistance furnace with the system of 
the regulation and temperature measurement. 

 The plates by the size 5×10×0.5mm3, cut from InP 
monocrystal on the plane (I I I) with the exactness lower than 1°, 
were used in the capacity of the substrates. 

As it is known, the state of the surface of the 
semiconductor substrate defines significantly the quality of 
the produced devices, their longevity and durability. That’s 
why the obtaining of the high-quality surfaces of the 
semiconductor substrates, maximally perfect by the structure, 
geometry, homogeneous by the chemical nature and purity, is 
the especially important condition at the production 
semiconductor heterostructures. 

On the assumption of the above mentioned, the influence 
of the composition of the isotopic chemical etchant, time and 
etchant temperature on the substrate was considered by us. It 
has established, that the best results are obtained in the case 
of the use of the green etchant on the base of sulphuric acid, 
hydrogene peroxide and water [1]. It significantly improves 
the quality the initial polish surface of the substrates, oriented 
in the planes (111) and (100) in optimal conditions at room 
temperature at volume ratio H2SO4:H2O2:H2O=3:1:1. 

The reactor with the sources of CdS, S or Cd and InP was 
put into cool furnace and the expulsions were carried out by 
the dosed helium flows, which were directed on the CdS 
source and flowed around it, the furnace bands were heating 
till given temperature and it was possible to carry out the 
growth process. 

The special attention was paid to the creation of the fluent 
temperature gradient between furnace bands, that was the 
solving factor of the prevention of the spontaneous 
crystallization of CdS on the reactor walls. The temperature 
gradient depended on the temperature difference in the bands, 
but it was constant in all points of the furnace between bands 
(as at ∆T=50°C the gradient was 3°C/cm). Before the grafting 
the substrate was fixed in quartz holder and was put into cool 
corner of the reactor. 

After the finishing of the grafting the substrate slowly was 
moved into cool corner of the reactor, cooled there and taken 
together with the holder. On this step the experiment was 
over, but the installation allowed us to carry out several 
experiments consistently without furnace cooling. 

  The growth velocity was defined on the results of 
substrate weighing before and after the experiment on the 
half-microanalytical weights with delicacy 1⋅105gr. The 
estimation of the value of the grown layer CdS was carried 

out on the formulae 
S

m
d

⋅

∆
=
ρ

, where ρ are densities, ∆m is 

CdS layer mass, S is sample square. In order to consider the 
decrease of the substrate weight because of the gas etchant, 
the prior experiments, in which the carry-over of InP from the 
substrate in the etchant conditions was investigated, were 
carried out. Further, the obtained average value of carry-over 
was summed to the all results.  

It is established, that in the case of S excess in the gas 
phase under stoichiometric composition of the morphology, 
the surfaces of the CdS layer and crystalline structure change. 
It is shown, that with the help of the type of crystalline 
structure and morphology of epitaxial films of CdS it’s 
possible to rule by the creation of the chalcogenide excess in 
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the gas phase at the one and the same temperature of the 
substrate. 

Further, it is shown, that the possibility of the growth of 
the transversal layer of InP P+ -type on the interface of pInP-
nCdS heterojunction was foresaw in the device and the 
corresponding technological mode was chosen with the aim 
of the exclusion of the possibility of the erosion of surfaces of 
InP substrates. 

For the investigation of the influence of the back p-n-
homojunction on the pInP-nCdS properties of 
heterostructures, the technology was treated and nInP- pInP-
nCdS heterohomojunctions are prepared by thermal 
evaporation in the vacuum of the epitaxial layer of CdS on 
pInP-nCdS homojunction. Moreover, the new method of 
obtaining of pInP-nCdS heterojunctions [2], which includes 
CdS precipitation in the closed volume at T=140-160°C on 
InP from the source, consisting its second half. 

The roentgen-structural analysis showed that films have 
cubical structure and pInP – nCdS heterojunctions, prepared 
by the correspondence of the lattice parameters are close to 
the “ideal” ones. 

The microroentgen-spectral, roentgen-difractional 
analysis and usual metallographical methods, which show, 
that the obtaining of pInP – nCdS structure has the strong 
heteroborder and mutual diffusion of the constituents is small 
in the chosen technological mode, are used with the aim of 
the study of the interface of the prepared heterojunctions, the 
definition of the composition and character of the distribution 
of main components in the epitaxial layers [2]. 

The typical volt-ampere characteristics of pInP – nCdS 
heterojunction with the transversal layer in the dynamic mode 
(T=300°K) is given on the fig.1. As it is seen from the fig.1 
the investigated structure has the strongly expressed 
straightening: the rectification factor achieves the value 102 at 
U=1V. 

 

 
Fig.1. VAC of InP - CdS  heterojunctions at T=300°K, 
           on the point J=2mA; U=0.5V. 
            

The volt-ampere characteristics have been investigated in 
the wide interval of the densities of the current and 
temperatures (80-300°K). The straight branches of these 
characteristics in the half-logariphmic scale are shown on the 
fig. 2. As it is seen the rectilinear regions, proving the 
exponential dependencies of the direct current on the voltage 
are observed on the straight branches of VAC at the all 
studied temperature range.     

From the analysis of the tempo volt-ampere 
characteristics of pInP – p+InP - nCdS structures with the 
transversal layer, investigated in the wide interval of densities 
of the current and temperatures (150-300K) is followed, that 
the current passing through in the temperature range 150-
190K is explained by the method of the intraband tunneling 
of the thermally excited carriers. The mechanism of current 
passing through connects with the generation-recombination 
processes in the region of the volume charge in the 
temperature interval 240-300K and forward voltage 

VU
q
KT 5.03

<< . The current passing through at the more 

high voltages (U>0.5V) is defined by Zener tunneling of the 
electrons from the valence band of the narrow-band material 
InP in the conduction band of wide-band CdS [3].  

The volt-ampere characteristics of pInP – nCdS 
heterojunction at the different intensities of the lightening is 
shown on the fig.2. 

 
Fig.2. The volt-ampere characteristics of pInP - nCdS   
           heterojunction with transversal layer at the different  
            powers of the incident light:1 - 10MVt/cm2;  
            2 -   25MVt/cm2;  3-70MVt/cm2. 
 

 
Fig.3. The dependence of open-circuit voltage Uxx and  
          short-circuit photocurrent Isc on the lightening. 
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The dependences of the open-circuit voltage Uxx (I) and 
short-circuit photocurrent density Js.c. (2) on the power of the 
fallen white light on the sample are shown on the fig.3. It is 
shown, that short-circuit photocurrent density linearly 
increase  and the open-circuit voltage achieves the saturation 
with the increase of the power of the incident light. 

The investigation of the open-circuit voltage dependence 
(Uxx) on the temperature showed, that the voltage (Uxx) in the 
range 77÷300K linearly decreases with the increase of the 
temperature coefficient 2⋅10-3V/grad. 

The open-circuit voltage and short-circuit photocurrent 
density for the best samples are U=750÷780mV and 
Js.c.=30÷32mA/cm at the lightening of heterojunctions with 
the transversal layer by the white light of the power 
90mV/cm2.  

The value of the open-circuit voltage and short-circuit 
photocurrent density are correspondingly equal to 
740÷770mV and 15-17mA/cm2 for pInP – nCdS 
heterojunction without transversal layer at the lightening by 
the light of the power 70mV/cm2.  

It is shown, that the strongly slump of the quantum output 
value in the short-wave region of the spectrum (λ<0.55mkm) 
is caused by the light absorption in the “thick” layer of CdS 
(5 mcm), the slow slump is observed at the decrease of the 
photon energy of recombination losses and at the increase of 
the scattering from the generation place of electron-hole till 
interface. 

The photoelectric properties of n – Cd - pInP – nInP 
heterohomojunctions have also investigated. 

The accumulation of the photocurrent sign and the 
appearance of the strongly negative maximum at the photon 
energy, which is equal to 1.35eV is characteristic for the 
samples with nInP – pInP - nCdS heterohomojunction. 
Moreover, the positive short-wave maximum saves (fig.4). 
As it is seen, the strong junction from maximal positive value 
till minimal negative value on the narrow region of the 
spectrum is observed in spectral characteristics, and the 
region of the sign change of short-circuit photocurrent is 
linear in the dependence on the wave length of fallen 
radiation. The analogical results have obtained for the 
spectral dependence of the photo-electromotive force also. 
The negative and positive maximums at photon energy 1,4eV 
are caused by two different competitive mechanisms. 
Whereas the negative maximum connects only with the 
separation of electron-hole couples on pInP - nInP 
homojunction, the positive maximum is caused by the 
accumulation in the conditional nCdS - pInP heterojunction. 
For the confirmation of the above mentioned the experiment, 
in which the spectral distribution of photocurrent of the 
sample with p-n-homojunction after сo-polishing of CdS of 
main pInP - nCdS heterojunction was carried out. Moreover, 
the positive short-wave maximum disappears and negative 
maximum at 1,4 eV saves and doesn’t change the sign. The 
analogical co-polishing on the samples without p-n 

homojunction has led to the total disappearance of the 
sensitivity. 

 
 

Fig.4. The spectral distribution of Isc nInP - pInP - CdS   
           heterohomojunction.      
 
The energy band diagram of pInP - nCdS prepared 

heterojunctions with transversal layer on the interface and 
without it has constructed on the base of the experimental 
data. It is shown, that they describe Andersen midship, in 
which breaches of conduction band ∆Ec and valence band 
∆Eϑ are equal to ∆Ec =-0.12eV; ∆Eϑ =1.26eV for the 
structure with transversal layer and ∆Ec =-0.06eV and ∆Eϑ -
1.20eV for the structure without transversal layer and energy 
“beam” is absent in the conduction band. 

The main electrical and photoelectrical parameters (non-
ideality coefficient of VAC, short-circuit photocurrent 
density, saturation current, surface recombination velocity, 
quantum efficiency, transformation efficiency of solar energy 
in electrical one) in pInP – p+InP - nCdS heterostructures 
with transversal layer are better on 15-50% than in pInP – 
nCdS heterostructures without transversal layer. It is shown, 
that the improvement of the parameters of heterojunctions 
with transversal layer is caused by the decrease of the density 
of the recombination (defect) centers on the interface of pInP 
- nCdS  structure, and also by the increase of contact electric 
field strength. 
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A.Z. Bÿdÿlov, Ø.M. ßfÿndèyev, L.C. Mahmudova 
 

InP – CdS ÑÒÐÓÊÒÓÐ ßÑÀÑËÛ ÙÅÒÅÐÎÊÅ×ÈÄËßÐÈÍ ÀËÛÍÌÀÑÛ Âß ÎÍËÀÐÛÍ ÔÎÒÎÅËÅÊÒÐÈÊ 
ÕÀÑÑßËßÐÈÍÈÍ ÀÐÀØÄÛÐÛËÌÀÑÛ 

 
Ôîñôèä èíäèóì àëòëûüû öçÿðèíäÿ  êå÷èäëè p+InP  âÿ êå÷èäñèç ëàéëû  êàäìèé ñóëôèä ëàéëàðûíûí åïèòàêñèàë éåòèøäèðèëìÿ òåõíîëîýèéàñû èøëÿíèëìèø-

äèð.  Àëûíàí ùåòåðîêå÷èäëÿðèí åëåêòðèê âÿ ôîòîåëåêòðèê õöñóñèééÿòëÿðè àðàøäûðûëìûø, ùÿì÷èíèí òåõíîëîæè ôàêòîðëàðûí pInP – nCdS ùåòåðîñòðóê-
òóðëàðûí õöñóñèééÿòëÿðèíÿ òÿñèðè þéðÿíèëìèøäèð.  

 
 

А.З. Бадалов, Ш.М. Эфендиев, Л.С. Махмудова 
 

ПОЛУЧЕНИЕ ГЕТЕРОПЕРЕХОДОВ НА ОСНОВЕ InP – CdS СТРУКТУР И ИССЛЕДОВАНИЕ ИХ 
ФОТОЭЛЕКТРИЧЕСКИХ СВОЙСТВ 

 
Разработана технология эпитаксиального выращивания слоев сульфида кадмия на подложке фосфида индия с переходным 

слоем p+InP и  без переходного слоя. Исследованы электрические и фотоэлектрические свойства полученных гетеропереходов, а 
также изучено влияние технологических факторов на свойства pInP – nCdS гетероструктур. 
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OPTICAL PROPERTIES OF Bi2Te3-Bi2Se3 FILMS 

 
S.I. MEHDIYEVA, N.Z. JALILOV, N.M. ABDULLAYEV,  

N.R. MEMMEDOV, M.I. VELIYEV, V.Z. ZEYNALOV 
 

Institute of Physics of NAS of Azerbaijan 
Baku, AZ-1143, H. Javid ave., 33 

 
The spectrums of film samples Bi2Te3-Bi2Se3 of p-type with Tb impurity and n-type conductivity with Cl impurity have been 

investigated by methods of optical reflection (in region 1÷6,5eV) and transmission (in region 1-3,5 eV). The more intensive peaks, showing 
on the existence of interband transitions, are observed in the dependence of reflectivity factor (R) on energy (E) of incident radiation. 

 
The Вi2Тe3-Вi2Se3 is more effective electron 

thermoelectric material of refrigeratoring thermoelements and 
thermogenerators in temperature interval 200-550K. It gives 
way to the set of medium-temperature materials higher 550K. 
Firstly thermoelectric material on Вi2Тe3-Вi2Se3 base was 
synthesized and investigated by S.Sinani [1]. The 
composition 80% (mol.) Вi2Тe3 – 20% (mol.) Вi2Se3 with the 
width of prohibited band 0.27eV at room temperature has the 
best thermoelectric properties [2]. 

The Вi2Тe3-Вi2Se3 system creates the constant set of 
solid solutions. This means, that Te atoms in any quantity 
(from 0 till 100%) can be changed by their analogue  - 
selenium in Теl-Вi-Теll-Bi-Tel chains, that is caused to the 
technology flexibility, moreover firstly Se atoms are changed 
by all Te11 atoms, and further Te1 atoms. The Вi2Тe3-Вi2Se3 
(structure of 20%Bi2Те3) crystallizes in hexanal structure 
with lattice parameters a= 4,296Ǻ and с=5,988Ǻ [3]. The 
calculations of band structure of semiconductors of A IV

2 B VI
3  

type, and also the set of the experiments on the investigation 
of optical properties show on the fact, that electron spectrum 
in Вi2Тe3 has the three-dimensional character [3]. Moreover, 
the meaning of effective electron mass of the given 
composition achieves of maximal meaning m *

n =1,2m0. The 
relatively big value of prohibited band is the important factor 
for the use of this material in thermoelements till the 
temperatures 600-650K. 

At the synthesis of poly-crystal samples the initial 
components with doping additions are melted in quartz 
ampoules at temperature 1000K [4]. At the doping by Cu, as 
the long investigations have shown, the sample properties are 
changing during the time [5]. 

The investigation of reflection and transmission 
spectrums of Вi2Тe3-Вi2Se3 films of p- and n-type 
conductivity, doped by Tb and Cl is the task of the given 
paper. 

The obtaining method of films Вi2Тe3-Вi2Se3 was 
considered in the ref [6]. 

The doped binary films by the width of 300Ǻ have been 
obtained by us by cathode scattering on usual glass, on the 
glass, covered by carbon film, on mica and NaCl. The films, 
created on carbon, on the limit (100) of rack salt in range 
200-400°C, textured or crystallized in plane (001) parallel to 
the substrate. 

Cl was the main doping addition. This impurity was 
introduced with the aim of the change of conductivity type of 
material and increase of its thermoelectric effectiveness. 
Maximal value α2σ are achieved at the doping of the 
composition by the Cl till 0,3% (mol.) in CdCl2 form. In the 

given paper the investigation results on massive samples of 
p- and n-types Вi2Тe3 at the normal light falling, directed 
parallel and perpendicular to chip plane at 300K with the aim 
of the comparison of the results of the given paper with the 
results of ref [4], where different minimums of reflection 
coefficients at 1,11eV, possibly corresponding to three 
different effective masses are given. 

 

 
 

Fig.1. The reflection spectrums of p-Bi2Te3 monocrystals: 
          1 – along (c׀׀), 2 – perpendicular to (c⊥), 3 – in the  
          direction 45°C to C axes. 
 

The reflection spectrums in [4] were investigating on 
massive samples Вi2Тe3 of p-type conductivity, containing 
the impurity of terbium and n-type conductivity ones 
containing the impurity of chlorine. In the dependence of 
reflectivity factor (R) on energy of falling radiation, as p-, so 
n-type conductivity along (c׀׀) perpendicular (c⊥) and in the 
direction 45° to the axes of C crystal at 1,1 and 1.45eV the 
more intensive peaks are observed. The reflection spectrums 
of film samples Вi2Тe3-Вi2Se3 of p-type conductivity, 
consisting terbium impurity and n-type conductivity, 
consisting Cl impurity have been also investigated in the 
paper. The intensive peaks are observed in the dependence of 
reflectivity factor (R) of Вi2Тe3-Вi2Se3 films on radiation 
energy for n-type conductivity (fig.2), at 1,1eV and 1.45eV. 
The repeating splitting at 1,1eV and 1.45eV in Вi2Тe3 
spectrum the authors interpret as spin-orbital scattering of 
valence band and conductivity band. The peaks are observed 
for the n-type films at 3,8 eV. This fact corresponds with the 
data of ref [4], showing on the existence in Вi2Тe3-Вi2Se3 
films in 0,2-1,8eV interval of strong interband transitions.  

The dependence of reflection spectrum of film Вi2Тe3-
Вi2Se3 p-type conductivity, doped by Tb, and n-type 
conductivity with Cl impurity on the wave length, are given 
on the fig.2. 

The texture was changed on the disorder oriented 
polycrystal with increase of film width up to 3 mcm at 
temperature higher, than 500K at the evaporation. The doped 
polycrystal of film width 0,30; 0,35; 0,40mcm have been 
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obtained by us. Thus, the weak and more intensive peaks, 
which are connected with transfers in critic points of 
Brillouin band were observed at the investigation of 
reflection spectrums of Вi2Тe3-Вi2Se3 monocrystals as p-type 
with Tb impurities, so n-type with CdCl2 impurity. 

 
Fig.2. The reflection spectrums of film polycrystal p-Вi2Тe3-Вi2Se3  
          with Tb impurity; n- Bi2Те3-Bi3Sе3 with Cl impurity. 
 

From the dependence of absorption coefficients (T) of 
Вi2Тe3-Вi2Se3 films of p-and n-types of conductivity, given 
on the figure 3 it is seen, that in the region 1 eV the films 
Вi2Тe3-Вi2Se3 of p-type absorb the light energy on 16%, and 
of n-type conductivity absorb on 10%. These films can be 
used for the production of thermobatteries. 

It is known, that at the production of film thermobatteries 
the special coverings with big coefficients of transmission are 
needed. 

For the decrease of oxygen influence on the films at the 
high temperatures in the process of its exploitation and also 
in exclusion of electric shorting of thermoelectric branches at 
the creation of manylayered compact batteries the following 
demands are needed for such coverings: high electric density, 
low heat conductivity, thermostability at the widths less, than 
1mcm. The polymer coverings, widely used in 
microelectronics in the capacity of passivation and insulating 

coverings, have high disruptive pressure (more than 
106V/sm), specific resistance (more than 1010Om⋅cm), low 
specific heat conductivity (æ=(3-4)10-3Vt/cm К)) [7], high 
density of elastic deformation, high chemical stability to the 
different inorganic dissolvents. The polymer coverings are 
profitable on the given properties, than inorganic dielectric 
materials (СuО2, МgF2, etc.). 

 
Fig. 3. The transmission spectrums of film polycrystal p-Bi2Те3-Bi3Sе3   
            with Tb impurity; n- Bi2Те3-Bi3Sе3 with Cl impurity. 

 

In the conclusion we can say, that the intensive peaks, 
showing on the existence of interband transitions in the films 
in the interval 0,2-1,8 eV are observed in dependence of 
reflectivity factor (R) of p-Вi2Тe3-Вi2Se3 films on radiation 
energy for p-type conductivity at 1,1 and 1.45 eV, for n-type 
conductivity at 3,8 eV. The repeating splitting 1,1eV and 
1.45eV in the spectrum are interpreted as spin-orbital 
splitting of valence band and conductivity band. From the 
dependence of absorption coefficients (T) of Вi2Тe3-Вi2Se3 
films of p- and n-type conductivity it is seen, that in region 
1eV the Вi2Тe3-Вi2Se3 films of p-type conductivity absorb the 
light energy on 16%, and n-type conductivity ones absorb on 
10%. 
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С.И. Мещдийева, Н.З. Cялилов, Н.М. Абдуллайев, Н.Р. Мяммядов, М.И. Вялийев,В.З. Зейналов 

 

Bi2Te3-Bi2Se3 ТЯБЯГЯЛЯРИНИН  ОПТИК ХАССЯЛЯРИ 
     

Оптик яксолма (1-6 eV интервалында) вя бурахылма (1-3,5 eV интервалында) методу иля Tb иля ашгарланмыш п-тип вя Cl иля 
ашгарлыанмыш н-тип Bi2Те3-Bi2Sе3 ясасында алынмыш назик тябягяляр тядгиг олунмушлар. Яксолма ямсалларынын(Р) дцшян шцаланманын 
енержисиндян (Е) асылы олараг, 1,1 вя 1,45 eV-дя  зоналарарасы кечидлярин мювcудлуьуну эюстярян даща интенсив пикляр мцшащидя 
олунмушдур. 
 

C.И. Мехтиева, Н.З. Джалилов, Н.М. Абдуллаев, Н.Р. Меммедов, М.И. Велиев, В.З. Зейналов 
 

ОПТИЧЕСКИЕ СВОЙСТВА ПЛЁНОК Вi2Тe3-Вi2Se3 
                         

Методами оптического отражения (в области 1÷6,5эВ) и пропускания (в области 1-3,5 эВ) исследованы  спектры плёночных 
образцов Bi2Те3-Bi2Sе3  p-типа с примесью Тb и n-типа проводимоcти с примесью Ъl. Зависимость коэффициента отражения (R) от 
энергии подающего излучения (Е) показывает, что при значениях Е равных 1,1эВ и 1,45эВ наблюдаются более интенсивные пики, 
указывающие на наличие межзонных переходов. 
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THE INFLUENCE OF γ-RADIATION ON RELAXING PROPERTIES OF DOPED 

VANADIUM CRYSTALS TlInS2 
 

F.T. SALMANOV 
Institute of Radiational Problem of NAS of Azerbaijan 

AZ 1143, Baku c., H.Javid av., 31a 
 
The influence of γ-radiation on relaxing properties of TlInS2<V> compound has been studied. It has been established, that the Fogel-

Fulcher temperature Tf shifts to the side of low temperatures in this compound, and Bernce temperature Td shifts to the side of high 
temperatures. In the result, the temperature interval of existence of relaxing state becomes wider on ~40K. 

 
Our previous investigations [1-5] show, that doping of 

TlInS2 crystal by the some impurities leads to the strong 
relaxation of dielectric receptivity in the region of 
disproportionate phase. It has been established, the 
appearance of nano-sized polar domains, leading to the fact, 
that the state of dipole and ferroelectric glass precedes the 
ordered phase. The doping atoms, leading to the appearance 
of the relaxing state, create the capture levels in the forbidden 
band of semiconductor ferroelectric TlInS2. The charge 
carriers, settling these levels, are spatially limited and in as 
the result the conductivity in this case is carried out by the 
tunneling through the potential barriers. This was observed at 
the investigation of the process of charge transfer in crystals 
TlInS2, doped by atoms Fe, Mn, Cr, B, V, i.e. in these 
crystals in region of disproportionate phase the non-activated, 
temperature-independent hopping had been established.  

In given paper the results of the investigations of the 
influence of γ-radiation on relaxing properties of TlInS2<V> 
compound, where V – 0,3 atm.% are presented.  

TlInS2<V> monocrystals had been grown by the 
modified method of Bridgmen-Stockberger. The 
measurements were carried out on the borders, cut 
perpendicularly to polar axes. The borders had been polishing 
and covering by the silver paste. 

The dielectric constant ε was measured with the help of 
the bridges of alternating current Е7-8 (1 kHz) and Е7-12 (1 
МHz) in the temperature interval 150-250K. The velocity of 
temperature scanning was 0,1 K/min. The radiation of the 
samples (Co60) was carried out at the room temperature. The 
radiation dose was accumulated in the one and the same 
sample and was 400 Mrad. The measurements ε(T) were 
carried out after each radiation. 

The temperature dependencies of dielectric constant ε(T) 
of TlInS2<V> crystal are given on the fig.1. The investigation 
of frequency dispersion was carried out on two frequencies of 
measured field. The shifting of degraded maximum ε(T) in 
TlInS2<V> crystal at the frequency increase was ~3K (fig.1, 
curves 1-2). As we suppose, the condition of the appearance 
of relaxing behavior in TlInS2<V> crystal is the coincidence 
of the temperature of phase transition with temperature 
region of heat filling of local centers. The relaxing properties 
can be significantly changed by the introduction even the 
insignificant impurity quantity, influence on charge state of 
the compound [1,5]. Moreover, the temperature shift of 
maximum of dielectric constant can achieve the several 
degrees. 

The important peculiarity of ferroelectrics with degraded 
phase transition is the fact, that the dielectric constant in them 
higher the Tm temperature changes not on Curie-Weis law, 

but on law ( )0
2/1 TTBA −+=−ε . The dependence ε-1/2(T) 

for the compound TlInS2<V> is also given on the fig.1 
(curves 3,4). It crosses the temperature axes at Tf=170K from 
the side of the high-temperature phase. At this temperature 
the phase transition from relaxing (nano-domain) state 
macro-domain (ferroelectric) state is carried out. Also at the 
temperature Td=212K (Berns temperature) the phase 
transition from paraelectric into relaxing state is carried out. 

 

 
 
Fig. 1. The temperature dependence of dielectric constant ε(T)  
           of TlInS2<V> crystal, measured on the frequencies:  
           1kHz (curve 1); 1 MHz (curve 2). Curve 3,4 –  
           temperature dependence ε-1/2(T) for TlInS2<V> (without  
           radiation). 
 
The temperature dependencies of dielectric constant ε(T) 

at the radiation dose 400 Mrad is given on the fig.2. The 
radiation doses up to 200Mrad weakly influence on the 
dependence ε(T), leading only to the decrease of maximum 
value of investigated dependence. These radiation doses of γ-
radiation for these crystals are only slight ionizing radiation 
and plays the role of activating factor for such processes as 
the migration of point defects, impurities, domain borders 
and transitions of metastable states into stable ones. By other 
words, the radiation-stimulated senescence of the samples, 
not leading to the temperature changes of phase transitions 
and energetic spectrum of the crystal [7-8] is observed. At the 
achievement of the expositional dose in 400 Mrad the radical 
change of ε(T) dependency is observed. The strong 
degradation of the ε(T) curve in temperature interval Tf -Td 
and its widening in as the high temperature region, so the low 
one are observed (fig.2).  
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Fig. 2. The temperature dependency of dielectric constant ε(T)  
            of TlInS2<V> crystal, measured on the frequency 1kHz  
            (curve 1); 1 MHz (curve 2). Curve 3,4 – temperature  
            dependence ε-1/2(T) for TlInS2<V> (radiation by the  
            dose 400 Mrad). 
 
As it is known [8-9], the depredated character of ε(T) 

dependency is the necessary condition of the existence of 
relaxing state. The enough condition is the fact that ε-1/2(T) 
dependency changes on linear law. This dependence is 
demonstrated by the fig.2. As it is seen from the figure, ε-

1/2(T) dependence crosses the temperature axes at the 
Tf=140K (fig.2, curve 3) and at Td=220K (fig.2, curve 4) in 
radiated crystal with high-temperature and low-temperature 
correspondingly, relatively to the temperature of maximum of 
ε(T) curve. In relaxing ferroelectrics, this temperature is that 
one, at which the freezing of polar dipoles takes place and 
crystal from the state of ferroelectric glass transforms into 
ordered ferroelectric state. This temperature is also 
characterized by the fact, that at this the temperature filling of 
trap centers and localized charged impurities are neutral ones. 

As it is known [8], the existence of disordered 
distribution of the charges in the crystal is the main cause, 
leading to the degradation of phase transition. The increase of 
degradation at the radiation by the dose 400 Mrad shows on 
the fact that the dipole charge centers appear in crystal 
volume at the radiation. On the given stage of the 
investigation we can make the supposition about the nature of 
these dipole centers. These can be the radiation defects, 
created because of the energy of electron excitements, created  

by the radiation. On our opinion, the most probable 
mechanism of the creation of radiation defects in TlInS2<V> 
compound is repeated ionization of boron impurity atom. The 
created defect increases the energy levels in forbidden crystal 
band, the heat filling of this level carries out at the more low 
temperature, in the comparison with non-radiated compound, 
i.e. the region of the existence of the ferroelectric glass 
widens.  

In the ref [11] the influence of γ-radiation on dielectric 
constant of Rb2ZnCl4 and Pb2ZnBr4 crystals in the region of 
the incommensurate-commensurable phase transition had 
been investigated. It is shown, that the value of the peak of 
dielectric constant for both crystals decreases, and their value 
increases with the increase of the radiation dose. It is 
established, that the temperature of phase transition for 
Rb2ZnCl4 decreases, and for Pb2ZnBr4 it increases and 
widens with the increase of the radiation dose. The defects of 
ionizing type (charged defects), which appear in the result of 
γ-radiation, play in these processes the dominating role. The 
degradation of the phase transition probably is carried out 
because of the interaction of polar defects with spontaneous 
polarization of initial crystal [12]. According to [13], the 
decrease of the temperature of the phase transition with the 
increase of radiation dose is caused by the decrease of the 
concentration of ferroelectric active dipoles in crystal. 

The influence of γ-radiation on dielectric and electric 
properties of TlInS2 crystals in the region of 
incommensurable-commensurable phase transition [14] had 
been studied by us earlier and the possibility of the obtaining 
of relaxing state in these compounds had been established. It 
is shown, that the anion atom is charged positively and its 
normal position in the nod, surrounded by cations, is unstable 
at two (or more) divisible ionization. In the result of 
electrostatic interaction with positively charged cations, such 
positively charged anion is pushed into interstice, where 
further is neutralized. 

Analyzing the literature data and results of own 
experiments we can say, that γ-radiation strongly influences 
on relaxing state of TlInS2<V> compound and widens the 
temperature interval of its existence. It is also shown, that 
Fogel-Fulcher Tf temperature shifts to low temperature region 
and Berns Td temperature shifts to the high temperature 
region. 
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Ф.Т. Салманов 
 

     ВAНAДИУМ АТОМЛАРЫ ИЛЯ АШГАРЛАНМЫШ ТлЫнС2 КРИСТАЛЛАРЫНЫН РЕЛАКСОР ХАССЯЛЯРИНЯ  
γ-ШУАЛАРЫН ТЯСИРИ 

 
γ-шуаларынын ТлЫнС2<V> бирляшмясинин релаксор хассяляриня тясири юйрянилмишдир. Мцяййян олунмушдур ки, Фогел-Фулчер 

температуру Тф температурун азалмасы истигамятиля, Бернс температуру Тд ися – температурун артмасы истигамятиндя сцрцшцр. 
Нятижядя релаксор щалынын мювжуд олма температур областы ~ 40К эенишлянир. 

 

Ф.Т. Салманов 
 

ВЛИЯНИЕ γ-ОБЛУЧЕНИЯ НА РЕЛАКСОРНЫЕ СВОЙСТВА ЛЕГИРОВАННЫХ ВАНАДИУМ 
КРИСТАЛЛОВ TlInS2 

 
Изучено влияние γ-облучения на релаксорные свойства соединения TlInS2<V>. Установлено, что в этом соединении 

температура Фогеля-Фулчера Tf смещается в сторону низких температур, а температура Бернса Td – в сторону высоких 
температур. В результате температурный интервал существования релаксорного состояния расширяется на ~40К. 

 
Received: 29.03.06 
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(Би2Те3)1-Х(ТлIнТе2)Х  БЯРК  МЯЩЛУЛЛАРЫНЫН  БЯЗИ  ИСТИЛИКФИЗИКИ ХАССЯЛЯРИ  

 
М.М. СЕЙИДОВ, Ч.И. ЯБИЛОВ, Й.Н. БАБАЙЕВ 

Нахчыван Дювлят Университети  
Аз7000 Азярбайжан Республикасы Нахчыван шящ., Университет шящяржийи 

 
(Би2Те3)1-х(ТлIнТе2)х бярк мящлул яринтиляриндя термо-е.щ.г. ямсалынын цмуми истиликкечирмясинин, вя кристаллик гяфяс истилик-

мцгавимятинин температур асылылыглары тядгиг едилмишдир. Онларда електрон вя фононларын сяпилмя механизминин мцряккяб олдуьу 
ашкар едилмишдир. Бу, бир тяряфдян кристаллик гяфясин ялавя истилик мцгавимятинин йаранмасы, диэяр тяряфдян ися истиликкечирмянин биполйар 
щиссясинин эцжлц тясири иля ялагядардыр. Мцяййян едилмишдир ки, (Би2Те3)0,99(ТлIнТе2)0,01 тяркибиндя сяпилмянин тябияти гейри-мцтящяррикдир. 

 
Бисмут сесквителлуриди гиймятли термоелектрик материалы 

олдуьундан, онун ясасында йени тяркеибли бярк мящлулларын 
алынмасы вя хассяляринин тядгиги, онларын електрон техникасы 
гурьуларында тятбиг олунмасы мцмкцнлцйцнц ашкар едя 
биляр. Ядябиййатда Би2Те3 ясасында алынан вя хассяляри 
тядгиг едилян чохлу сайда бярк мящлуллар мювжуддур [1-
3], лакин (Би2Те3)1-х(АЫЫЫБЫЫЫЖ2)х типли бярк мящлуллар 
(бурада, АЫЫЫ вя БЫЫЫ галлиум йарымгрупу елементляри, Ж ися 
щалкоэенлярдир) тяряфимиздян илк дяфя олараг алыныб. Бу 
мягалядя (Би2Те3)1-х(ТлIнТе2)х бярк мящлулларынын (бурада 
х=0,01⋅вя 0,03) кинетик ямсалларынын температур 
асылылыгларынын юйрянилмясинин нятижяляри ачыгланыр. 
Эюстярилян бярк мящлуллар Би2Те3 иля ТлIнТе2 бирляшмяси 
арасындакы физики-кимйяви гаршылыглы тясирин тябияти 
арашдырыларкян ашкар едилмишдир [4]. Тядгиг едилян бярк 
мящлулларын истиликфизики хассяляри [5]-дя верилян методлара 
ясасян паралеллопипед шякилли поликристаллик нцмунялярдя 
юлчцлмцшдцр. Яринтиляр ампула цсулу иля бир зоналы собада 
∼1100К температурунда Би2Те3 вя ТлIнТе2  
компонентляриндян тядрижи сойудулма технолоэийасы иля 
синтез едилмишдир. Таразлыг щалына наил олмаг цчцн яринтиляр 
∼773К температурунда 280 саат мцддятиндя термики 
емала мяруз едилмишдир. 

Шякил 1-дя (Би2Те3)1-х(ТлIнТе2)х бярк мящлул 
яринтиляринин термо-е.щ.г. ямсалынын   температур   асылылыьы   
эюстярилмишдир.   Тядгиг  едилян   нцмунялярдя термо-е.щ.г. 
ямсалынын дяйишмяси мцряккяб зона гурулмасына малик 
олан йарымкечирижилярдя олдуьу кимидир. Нязяря алынса ки, 
Би2Те3 бирляшмяси беля йарымкечирижилярдяндир [6], о  заман  

α∼ф(Т) асылылыьыны ганунауйьун саймаг олар. Бцтцн 
температур интервалында бярк мящлулун щяр ики тяркибиндя 
п-тип кечирижилик мцшащидя едилир. 

(Би2Те3)1-х(ТлIнТе2)х бярк мящлул яринтиляринин цмуми 
истиликкечирижилийинин температур асылылыглары 2-жи шякилдя якс 
олунуб. Нцмунялярин тяркибляринин йахын олмасына 
бахмайараг, онларда æцм-нин температур асылылыглары 
бянзяр дейил. (Би2Те3)0,97(ТлIнТе2)0,03 тяркибиндя 
бцтювлцкдя, (Би2Те3)0,99(ТлIнТе2)0,01 тяркибиндя ися ∼500К 
температуруна гядяр цмуми истиликкечирмя мянфи цстлц 
гануна ясасян дяйишир. Лакин ∼500К-дян башлайараг 
(Би2Те3)0,99(ТлIнТе2)0,01 тяркибинин истиликкечирижилийи артмаьа 
башлайыр. Беля дяйишмянин айдынлашдырмаг мягсядиля 
яринтилярдя електрон вя фонон истиликкечирижилийинин 
гиймятляри щесабланмыш, онларын æцм.-йя олан тясиринин 
дяряжяси мцяййянляшдирилмишдир. Бу мягсядля фонон 
истиликкечирмясиндян гяфяс истилик мцгавимятиня кечириляряк 
истилийин дашынма механизми гисмян айдынлашдырылмышдыр. 
Шякил 3-дя (Би2Те3)1-х(ТлIнТе2)х бярк мящлул нцмуняляринин 
гяфяс истилик мцгавимятинин (Wг) температурдан асылылыьы 
эюстярилмишдир. Эюрцндцйц кими, (Би2Те3)0,99(ТлIнТе2)0,01 
тяркибиндя ∼400К-ня гядяр, (Би2Те3)0,97(ТлIнТе2)0,03 
тяркибиндя ися бцтцн температур интервалында истилийин 
дашынмасы цчфононлу механизм цзря баш верир. Бу заман 
истилик мцгавимятинин дяйишмяси фонон истилик 
мцгавимятинин нязяри гиймятинин ( 0

qW ) температурла 

дяйишмясиня уйьун эялир. 

 

 
 

Шякил 1. (Би2Те3)1-х(ТлIнТе2)х бярк мящлул яринтиляринин термо-е.щ.г. ямсалынын температур асылылыьы. 
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Шякил 2. (Би2Те3)1-х(ТлIнТе2)х бярк мящлул яринтиляринин цмуми истилик-кечирмясинин температур асылылыьы. 
 

Лакин ∼400К-дян башлайараг ∼700К температуруна гядяр 
(Би2Те3)0,99(ТлIнТе2)0,01 тяркибиндя (∼500К-дя бир гядяр 
зяифлямякля) ялавя истилик мцгавимяти (∆Wq) йараныр. 
Эюрцнцр, 400К-дян йцксяк температурларда цчфононлу 
истилик дашынмасына сяпилмянин оптики-акустик механизми 
ялавя олунур. Мигдаржа бу механизмин дяйярини 
∆W=Wтяжрцбя – Wцчфонон  кими гиймятляндирмяк олар. ∼500-
550К температур интервалынджа кристаллик гяфяс 
мцгавимятинин зяифлямяси мцшащидя олунур. Щесабламалар 
эюстярмишдир ки, ∼400-500К температур интервалында 
(Би2Те3)0,99(ТлIнТе2)0,01 тяркибинин истиликкечирмяси Т0,75 

гануну цзря дяйишир. Бу амил електрон-фонон гаршылыглы 
тясириня бир ишарядир, йяни бурада гяфяс истиликкечирмяси 
фононларын електронлардан сяпилмяси иля мящдудлашыр. 
Мялумдур ки, йцксяк температурларда фононларын истилик 
мцгапвимятинин артмасы биполйар истиликкечирмясинин 
мейдана эялмяси щесабына ола биляр [7].  

Бу мясяляйя айдынлыг эятирмяк цчцн мялум садя 

дцстурдан æб-п

2

0 12 ⎟
⎠
⎞

⎜
⎝
⎛ +=

kT
ETL ∆σ  истифадя едяряк 

(Би2Те3)0,99(ТлIнТе2)0,01 тяркиби цчцн бу кямиййятин 
гиймятляри щесабланмышдыр. 

 

 
 
Шякил 3. (Би2Те3)1-х(ТлIнТе2)х бярк мящлул яринтиляринин  
             кристаллик гяфяс истиликмцгавимятинин температур  
             асылылыьы вя (Би2Те3)0,99(ТлIнТе2)0,01 тяркибли яринтидя  
             биполйар истиликкечирмянин температурла дяйишмяси. 
 

 
Шякил 4. (Би2Те3)0,99(ТлIнТе2)0,01 тяркибли яринтидя Нернст- 
              Еттингсгаузен ямсалынын УЩЩ/ж кямиййятиндян  
              асылылыьы. 
 
Формулайа дахил олан гадаьан зонасынын енинин 

гиймяти эюстярилян тяркибин хцсуси електриккечирижилийинин 
температур асылылыьындан тяйин едилмишдир вя о ∼0,3 еВ 
дяйяриндядир. Шякил 3-дяки 3 сайлы яйри 
(Би2Те3)0,99(ТлIнТе2)0,01 тяркибиндя биполйар 
истиликкечирижилийинин температурдан асылылыьыны эюстярир. 
Эюрцндцйц кими, ∼480-500К температурундан 
башлайараг æб-п-нин артмасы мцшащидя олунур. Бу 
сябябдян беля бир нятижяйя эялмяк олар ки, йцксяк 
температурларда кристаллик гяфяс мцгавимятинин вя 
бцтювлцкдя истиликкечирмянин артмасы биполйар 
истиликкечирижилийинин щесабына олур. 

(Би2Те3)0,99(ТлIнТе2)0,01 тяркибиндя термо- вя 
галваномагнит хассяляринин юлчцлмяси нятижясиндя, 
електрон вя фононларын сяпилмя механизминин тябияти 
айдынлашдырылмышдыр. [8] ядябиййатында эюстярилир ки, 
сяпилмянин тябиятинин мцтящяррик вя йа гейри-мцтящяррик 
олмасы дяряжясини юлчцсцз Нернст-Еттингсгаузен (εй) вя 
Рига-Ледйук (СЩ) ямсалларынын магнит сащясинин 
эярэинлийи вя йахуд УЩЩ/ж кямиййятинин (бурада УЩ – 
йцкдашыйыжыларынын Щолл йцрцклцйц, Щ-магнит сащяси 
эярэинлийи, ж-ися ишыг сцрятидир) асылылыгларындан 
мцяййянляшдирмяк олар. [9] ишиня ясасян сяпилмя 
мцтящяррик тябиятлидирся онда εй∼УЩЩ/ж асылыьы яйриси 
УЩЩ/ж=1 дяйяриндя максимум гиймятя малик олур. Яэяр 
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сяпилмя гейри-мцтящяррикдирся о заман УЩЩ/ж≈1 вязиййяти 
алыныр. Шякил 4-дя (Би2Те3)0,99(ТлIнТе2)0,01 тяркиби цчцн 
Нернст-Еттингсгаузен ямсалынын УЩЩ/ж кямиййятиндян 
асылылыьы эюстярилмишдир. Эюрцндцйц кими, асылылыгда εй 

ямсалы УЩЩ/ж оху бойунжа ващиддян бюйцк гиймятляря 
малик олур. Бу амил сяпилмянин гейри-мцтящяррик 
олдуьуну эюстярир. 
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M.M. Seidov, Ch.I. Abilov, Y.N. Babaev 
 

THE SOME THERMOPHYSICAL PROPERTIES OF SOLID SOLUTIONS (Би2Те3)1-Х(ТлIнТе2)Х 
  
Temperature dependences of coefficients of termo-e.m.f, general heat conductivity and phonon heat resistance of alloys of 

solid solutions (Би2Те3)1-х(ТлIнТе2)х  are investigated. It is revealed complexity of the mechanism of electron and phonon 
scattering in them, caused as with the advent of additional thermal resistance of a crystalline lattice as the influence of the 
appreciable contribution of bipolar heat conductivity component. The inelastic character of scattering in compound 
(Би2Те3)0,99(ТлIнТе2)0,01. 

 
М.М. Сеидов, Ч.И. Абилов, Я.Н. Бабаев 

 
НЕКОТОРЫЕ ТЕПЛОФИЗИЧЕСКИЕ СВОЙСТВА ТВЕРДЫХ РАСТВОРОВ  (Би2Те3)1-Х(ТлIнТе2)Х 

 
Исследованы температурные зависимости коэффициентов термо-э.д.с., общей теплопроводности и решеточного 

теплосопротивления сплавов твердых растворов (Би2Те3)1-х(ТлIнТе2)х. Выявлена сложность механизма рассеяния 
электронов и фононов в них, обусловленного как  появлением добавочного теплового сопротивления кристаллической 
решетки, так и влиянием ощутимого вклада биполярной составляющей теплопроводности. Установлен неупругий 
характер рассеяния в составе (Би2Те3)0,99(ТлIнТе2)0,01.  
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THE MASS DISTRIBUTION AND PROBLEM OF SUBSTANCE STRUCTURE 

 
A.A. ABBASZADE*, Kh.A. GADGIYEVA*, E.Z. BABAYEV** 

Azerbaijan National Air-Cosmic Agency* 
Firm “Risk”** 

 
The mass distribution principle, as the directional one for the studying of the substance structure and time-space has been suggested. 

The physical meaning of the confirmations about the existence of zero mass for the substance particles has been considered. The meaning 
about of the non-existence of zero masses for all substance states has been said. 

 
The metaphysical conceptions in physics are the sources 

of the development and stagnation. If we come back to the 
old times, we will see that physical thought was operated by 
the different ideas and categories in the relation to home 
attributes and this or that quality, which was considered as 
the main one, took place on each progress step. The 
experimental physics doesn’t love this theme, and especially 
metaphysics (physic philosophy), which on its opinion 
doesn’t bring any definite practical profit, and demand the 
enormous efforts. Doubly theoretical physics is related to it 
with big interest. However, this interest often transfers into 
frank disliking, because of the filling of fatal despair. From 
this moment the errors from the one conception to another 
one and vice versa are begun on eternally locked circle. 

In the given paper we attempted to short the boundaries 
for such errors, though we know, that relations, given to the 
consideration, won’t have the significant influence on 
practicing physics, at least in such form, we mean that these 
formulas aren’t working. Moreover, we note, that we have 
the doubt that given approach is the disputable. 

Whet is the “first”: substance or the space? This eternal 
question is enough sore point for the physics and philosophy 
in all times, and nowadays it is also actual one. There are 
always two points of view about the relation of space and 
time to the substance in history of physics-philosophy. The 
first from them we can call the substantial conception. In it 
the space and time were treated as independent essences, 
existing with the substance and independently from it. 
Demokrit and Newton were agreed with this conception. 
Accordingly, the relation between the space, time and 
substance was introduced as the relation between three types 
of independent substations. This was led to the conclusion 
about the independence of properties of space and time on the 
character of the material processes, flowing in them. Second 
conception can be called the relational one. Its followers 
understand the space and time not as the independent 
essences, but as the systems of the relations, created by the 
interacted material objects. Outside this interaction system 
the space and time were presented as common forms of 
coordination of material objects and their states. 
Correspondingly, the dependence of the properties of the 
space and time on the interaction character of material 
systems was allowed. The relational approach is character for 
the conception of space and time of Aristotel, Leybniza, 
Halilei and Puankare. 

On the assumption of the relativism positions, i.e. 
accepting the primary substance as the reasons and the source 
of space and time, accepting the mass as universal and 
invariant substance metrics [1,2], we conclude: outside the 
substance the space-time and metrics aren’t defined. As it is 
seen from the expression: М≠R•T=0 is the de-escalation, the 
space and time are empty outside the substance, where M is 

substance mass, the equality to zero we accept for the 
substance absent, R substance metrics, T is time. The 
substance mass distribution dictates and creates the metrics of 
the space and space itself: ∆R=∆M•-1∆Т - substance 
distribution in time creates the space. 

Process: ∆Т=∆M•-1∆R of this redistribution gives the 
physical meaning to the time conception and creates the last. 

If we imagine the space substance as homogenous and 
isotropic ones, i.e. absolutely homogeneous in all directions 
and to put the observer into it, then he can’t define the 
extension and time motion and each time moment won’t 
differ from the previous one. But if the shift in substance 
distribution to the side of nonhomogeneous takes place in the 
one of these time moments in the result of medium 
fluctuation, i.e. the mass distribution appears and 
consequently, time moments will be different, thus if 
substance redistribution (mass distribution) designates as ∆M, 
then: 

                                    
MR
M

=
∆

                                  (1) 

                                    
MT

M
∆

=                                   (2)  

The expressions (1) and (2) are substation relations, 

If  ∆M=0  then,        
0

lim
M

MR
M∆ →

= = ∞
∆

                    (3) 

                        and           
0

lim 0
M

MT
M∆ →

∆
= =                     (4) 

The formulas (3) and (4) are conditions of absolutely 
homogeneous (isotropic) substance of the space (there is no 
planets, Galaxies and other bodies in Universe). 

For the modern picture of Universe at the condition, that 
it is locked system: 

If ∆M≠0 and always ∆M<M, i.e. 0<∆M<M, then: 

     1MR
M

= >
∆

      (5)  and    1MT
M
∆

= <         (6) 

The formulas (5) and (6) are the conditions of stationary 
state of Universe in present (there are planets, black holes, 
stars and Galaxies). 

In the case, if Universe is the open system, then at the 
condition: ∆M≥М, 

    1MR
M

= ≤
∆

     (7)    and      1MT
M
∆

= ≥            (8) 

The expressions (7) and (8) are accessible and can be 
considered as condition point of Universe divarication. 

In the case, if we take the local region of modern 
Universe and consider it as open system (in the relation to 
Universe), then if ∆m=m (i.e. either pressing of the substance 
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into the point (into object) or the explosion takes place), 
where m is substance mass of local region, and ∆m is 
substance mass distribution of local region. Then 

    r=
m

m
∆

=1       (9)    and       t=
m
m∆ =1.         (10) 

Here r and t are metrics and time of local region. 
The conditions (9) and (10) are conditions of the creation 

of massive object or its existence. 

           If ∆m>m;    then    R=
m

m
m ∆∞→∆
lim =0         (11) 

and 

                T= ∞=
∆

∞→∆ m
m

m
lim                             (12) 

The expressions (9), (10), (11) and (12) are conditions of 
region divarication (for example, explosion of supernova 
(star)). For example, for the condition of black hole: T=∞, 
R=0, that doesn’t disagree to the conclusions of common 
theory of relativity in approximation. 

The substance discontinuity is the one from the evident 
properties of it. Nowadays, the science operates by two types 
of substance: substances and fields, to which the vacuum can 
be summed in the capacity of the third one on our opinion. 
The discontinuity properties have been established for the 
thirst two substance types (supposing the universality of this 
substance quality), that allow to consider it profitable for the 
vacuum also. 

In the end of 19 century M. Plank [3] introduced the so-
called Plank mass mP≈1,2⋅1019 GeV/s2. Though, nowadays 
Plank mass is considered as fundamental physic value, 
characterizing the energetic scale of the superunity theory of 
all interactions, including the gravitational and is accepted as 
transfer mass, after which substance transfers in field state. 

We propose, that for each type of the substance there is 
its own transfer mass mP, after which the one substance type 
transfers into another one. 

For the relativist body the conception of gravitational 
mass isn’t useable. There is no point to talk about  
gravitational photon mass, if for the vertically fallen photon 
this value is less in two times, than for the flying horizontally 
one. The mass of the system of two photons, the E energy of 
which is 2E, if they  fly  in opposite directions and it is equal  

to zero if they fly in one direction. It is strange, that in spite 
of the fact, that mass nonadditivity doesn’t lead to 
disagreements; we had the situation, when the system from 
two photons looses such qualitative characteristic as mass 
one at the peer angles between two flying photons, at the one 
direction. We suppose, that the confirmation: m=0 is 
physically empty and has formal character. 

Analyzing the above mentioned, as the confirmation of 
official science [4], let’s give the following discussions. Each 
massive object, whichever less mass it has, will have the 
gravitational field. However, the modern conception about 
graviton, as about elementary particle leads us to the 
conclusion, that this field of the quite essential type, the 
quantum of which doesn’t have common physical properties. 
Let’s suggest, that quantum of gravitational field would have 
the characteristics of common physical mass, then we close 
to the opinion of some physics, according to which, if 
graviton would have the mass, then it would create the 
gravitational field. 

From it it’s followed, that either graviton doesn’t have 
the mass, or there is mass without gravitation (we understand 
the mass only as the quantity of some substance in the given 
case), but having other physical properties. 

This transfer mass doesn’t have by own gravitational 
field, but has other (another) physical properties, probably by 
the primary field from which the other fields and substance 
types are created at the change of mn value. 

The set of authors say the thought, that the substance of 
the gravitation field is the vacuum substance [5]. Such 
approach makes the graviton the vacuum quantum and takes 
the excess difficulty of the question. In the capacity of the 
example, it is possible to suppose, that the main criterion of 
the difference, for example, quantum of electromagnetic field 
from the gravitational quantum is the qualitative 
characteristic on mass. 

Topological physics bases on the conception of 
substance reflection in space and then the geometric 
characteristics become the basis ones for the flux of the laws 
and regularities. We have another question, how this or that 
image forms. In order to answer on this question the applied 
formulas with taking under the consideration of above 
mentioned expressions (1) and (2) are needed. 
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А.А. Аббасзадя, Х.А. Щажыйева, Е.З. Бабайев  
 

КЦТЛЯ ПАЙЛАНМАСЫ ВЯ  МАТЕРИЙАНЫН ГУРУЛУШУНУН ПРОБЛЕМЛЯРИ 
 

Бу мягалядя материйанын структуруну юйрянмяк мягсяди иля кцтлянин пайланмасы принсипи тяклиф олунмушдур. Материйанын 
метрикасы нязярдян кечирилмиш вя онун зярряжикляринин кцтлясинин сыфра бярабяр гиймят алмасынын физики мянасы арашдырылмышдыр.  

 
А.А. Аббасзаде, Х.А. Гаджиева, Э.З. Бабаев 

 

       РАЗНОМАССНОСТЬ И ПРОБЛЕМА СТРУКТУРЫ МАТЕРИИ 
 

Предложен принцип разномассности, как направляющий для изучения структуры материи и пространства-времени. Рассмотрен 
физический смысл утверждений о наличии нулевой массы для частиц материи. Высказано мнение о несуществовании нулевых масс 
для всех состояний материи. 
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EXACT EXPRESSION FOR THE THERMODYNAMICAL POTENTIAL OF A  

PARABOLIC QUANTUM WIRE 
 

R.G. AGHAYEVA 
Institute of Physics of the National Academy of Sciences of Azerbaijan 

AZ1143, Baku, H. Javid ave., 33 
 
The exact formula is obtained for the thermodynamical potential of a parabolic quantum wire directed perpendicular to the impressed 

magnetic field. 
 
The purpose of the present paper is to receive the exact 

formula for the thermodynamical potential of a parabolic 
quantum wire (QW) which axis direct perpendicular to the 
impressed magnetic field. Gazeau et. all [1] considered the 
analogous problem for QW directed parallel to magnetic 
field.  

All the calculations in this paper are made in the basis of 
coherent state [2], as the coherent-state method is the most 
simple and convenient way of solving the problem. The 
derivation of the thermodynamical potential (Ω ) is based on 
residue series in the complex plane, like that in [1]. The 
expression for Ω , derived in this paper, will be used in 
future for calculation the exact formulae of different physical 
values (for example, the thermoelectromotive force and the 
magnetic moment). 

Let us consider a quantum wire (QW) in uniform 
stationary magnetic field. We choose the vector potential in 
the form ),,( 00 xHA =

r
 which corresponds to the magnetic 

field H , parallel to the z axis. The QW is directed along the 
y  axis and characterized by parabolic confinements in the 

plane ),( zx . 
The Hamiltonian of the problem under consideration is  
 

( )[ ] ( )222
0

222

2
1

2
1 zxmpxmpp
m zcyx +++++=ℵ ωω                                                                                               

(1) 
 
where x  is the usual canonical coordinate, xp  is its 

conjugate momentum, mceHc =ω  is the cyclotron 
frequency, c  is the velocity of light in vacuum, m  is 
electron mass, e  is the absolute value of its charge and 0ω  
characterizes the parabolic potential of the QW for electron in 
conduction band. 

Since ℵ  is independent of y  it is possible to replace 

yy pp →  everywhere. The Hamiltonian (1) can be now 
written as 

 
                            321 ℵ+ℵ+ℵ=ℵ                         (2) 

where 
 

             ( )[ ]2
0

222
1 2

1 xxmp
m x −+=ℵ ω           (3) 

                           
eH
cp

x yc
2

0 ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−=

ω
ω

                        (4) 

                               2
0

22 ωωω += c                         (5) 

                     ( )22
0

22
2 2

1 zmp
m z ω+=ℵ                  (6) 

                             
m

py

2

22
0

3 ⎟
⎠
⎞

⎜
⎝
⎛=ℵ
ω
ω

           (7) 

1ℵ  and 2ℵ  are two independent harmonic oscillator 
Hamiltonians. It   is known [2], [3] that the Hamiltonian and 
wave function for harmonic oscillator in the coherent- state 
(CS) representation can be written in the form:  

 

                    ⎥⎦
⎤

⎢⎣
⎡ +=ℵ −+

2
1

1 ααω AAh                         (8) 

    ( ) ⎥
⎦
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⎢
⎣
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⎠
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where α  and γ  are the arbitrary complex numbers. 

It is easy to check that α  and γ  satisfies all necessary 
requirements of the CS.  

For example, in the case of α : 

1) α  is eigenstate of boson annihilation operator and 

integral of motion −
αA : 

 
                             αααα =−A           (14) 

                      0,1 =⎥⎦
⎤

⎢⎣
⎡ ℵ−

∂
∂ ±

αA
t

ih                       (15) 

                              [ ] 1, =+−
αα AA                       (16) 

 
2) α  is known to comply with normalization condition 

 
                                1=αα                       (17) 
 
The wavefunctions α  form a complete system, but 

they are not orthogonal. 
3) α  can be created from the ground state 0  for which 

 
                           00 =−

αA                       (18) 
 
From the foregoing it transpires that one should present 

the solution of the wave equation of the problem (2) 
 

                          0=⎟
⎠
⎞

⎜
⎝
⎛ ℵ−

∂
∂ ψ
t

ih                       (19) 

in the form 
 

                         ykγαψ =                       (20) 

 
where ., yy

yik
y pkek y == h  

Let us calculate the thermodynamical potential Ω  for 
the case under consideration. In Fermi- Dirac statistics Ω  is 
given by 

                 ( )( )ξβ

β
−ℵ−+−=Ω 1ln1 eTr                   (21) 

with TkB1=β ,  T  is temperature, Bk  is the Boltzmann 

contact, ξ  is the chemical potential of the conductivity 
electrons. 

We consider the case of physical interest: 
 
                                  0>−ℵ ξ                       (22) 
Let us prove that 
 

         ( )[ ] ( )( )

( ) ( )dl
lhil

ee
il

∫
+∞

∞−

−ℵ+−
−ℵ−

+
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2cos12
1ln

21

π

βξ
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much as [1]. 

It is necessary for that to reduce the right hand members 
to the left- hand side using the contour integration. 

In accordance with the Jordan lemma we take an 
integration path at 0>−ℵ ξ  lying in the lower halt- plane, 
where the integrand under consideration has only simple 
poles: 
                 ( ) ( ) ,...,,, 210120 =+−== nnill n         (24) 
 

Using residue theorems we get the right hand members 
in the form 
 

                  ( ) ( ) ( )( ).11
0

11∑
∞

=

−ℵ+−−+−
n

nn en ξβ                   (25) 

 
The application of the formula (1.511) from [4] to the 

series (25) finishes our proof. 
Taking into account the expression (23) we transform 

formula (21) to the following form: 
 

             
( )

( ) ( ) ( )dll
lil

e il

∫
+∞

∞−

+

+
−=Ω θ

πβ

ξβ

2cosh12
1 21

        (26) 

 
where ( )lθ  is the function 

                              ( ) ( ) 21 βθ ℵ+−= ileTrl                       (27) 
 
Now we shall calculate ( )lθ  in the basis of CS. 
Substitute the expressions (2), (8), (11), (7) into equation 

(27). For further calculation we adopt the following relations 
according to equations (22)-(25) of [5]: 

1) The trace of an arbitrary operator M  equals 

                                            yyy
y kMkdddk

L
MTr γαγαα

π
γ

ππ
11

2
22∫ ∫∫=                        (28) 
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where { }yk,,γα  are the set of quantum numbers in the CS, 

( ) ( ) ( ) ( )ααπαπ ImRe ddd 11 2 =  is the real element of the area 
in the complex plane and ( ) ( ) ( ) ( )γγπγπ ImRe ddd 11 2 = . 

2) the identity valid for boson operators 

           ( ) ( )[ ]21expexp ααχα χeAA −−=−+         
(29) 

3) the Poisson integral  in the form 

              ( ) 02 >=−∫
+∞

∞−

b
b

bkdk yy Re,exp π
        (30) 

 

4) and  

                       .0Re,
2

2 >=∫ − C
C

ed C πα α         (31) 

In our case 
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                                        χeC −=1                       (33) 

and
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It is easy to check that 0>bRe and 0>CRe  writing 

lill ImRe += and taken into account that 0Im <l  for the 
integration path lying in the lower half – plane.  

Introducing the well-known function ( ) 2aa eea −−=sh  
we finally get 
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The substitution of (34) - (36) into (26) leads to the 
following expression  for Ω : 
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                                   ( ) ( ) ( ) ( )[ ] ( )[ ]21sh21sh2cosh1 0

23 ωβωβπ hh +++= ilillillD .                            (39) 
 
Now we shall calculate Ω  for the case 0<ξ . The 

integral over l  can be evaluated by using residue theorems at 
the condition that the integrand function satisfies the Jordan 
lemma. The latter is valid if the integration path at 0<ξ  
lies in the lower half – plane. Observe that in the lower halt – 
plane the integrand function has only simple poles the same 
as in (24). 

We now determine Ω  by applying the residue theorems 
to (37): 

                         
( )
( )

( )

∑
∞

=

=∂
∂

−=Ω
0

0

2
n

ll nl
lD
lNiπ                       (40) 

 
Substituting (38) and (39) into (40) we find 
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                                                                                            (42) 
Obraztsov [6] deduced a formula relating the 

thermoelectromotive force (Q) in a quantizing magnetic field 
to the entropy (S) of a semiconductor: 

                               
eN
SQ −=                       (43) 

It is known that the average number of electrons ( )N  is 
given by 
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and 
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where V  is the volume. 
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Calculate Q  stating from (41)-(45). As result we obtain: 
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Put 1=n  and 00 =ω  in (46). Then we derive the well known result for the thermoelectromotive force of nondegenerate 

electron gas [6]: 
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PARABOLİK KVANT MƏFTİLİN TERMODİNAMİK POTENSİALI ÜÇÜN DƏQİQ İFADƏ 

 
İstiqaməti maqnit sahəsinə perpendikulyar olan parabolik kvant məftilin termodinamik potensialı üçün dəqiq ifadə 

alınmışdır.                         
 

Р.Г. Агаева 
 

ТОЧНОЕ ВЫРАЖЕНИЕ ДЛЯ ТЕРМОДИНАМИЧЕСКОГО ПОТЕНЦИАЛА ПАРАБОЛИЧЕСКОЙ 
КВАНТОВОЙ ПРОВОЛОКИ 

 
Получено точное выражение для термодинамического потенциала параболической квантовой проволоки, направленной 

перпендикулярно к приложенному магнитному полю. 
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ON PION CORRECTION TO QUARK MASS IN NEXT-LEADING ORDER OF MEAN-

FIELD EXPANSION IN NJL MODEL 
 

R.G. JAFAROV 
Institute of Physics Problems, Baku  State University 

Z.Khalilov, str., 23, AZ 1148  Baku, Azerbaijan 
 

The correction to quark mass are calculated in Nambu - Jona-Lasinio model with 4 – dimensional cutoff regularization and with dimen-
sional-analytical regularization in the next-to-leading order of mean-field expansion. The analytical calculations show that the pion correc-
tion to quark mass is equal to zero. Comparing the results in both regularization one can signify that the zero value of the pion correction to 
quark mass is the regularization-independent fact of Nambu - Jona-Lasinio model. 

 
1. Introduction 

 
The chiral-symmetrical Nambu - Jona-Lasinio (NJL) model 

[1] with the quark content [2] is one of the most successful 
theoretical laboratories for investigation of the phenomenon 
of the spontaneous breakdown of chiral symmetry and for 
study of the light hadrons in the non-peturbative region [3,4].  
The NJL model was intensively investigated also at finite 
temperature and density [5] and with various external fields 
[6]. 

The nonrenormalizability of the NJL model implies a 
suitable choice of regularization. The most common regulari-
zations for NJL model traditionally entail a four-dimensional 
cutoff (FDC) regularization [3,7,8] or three-dimensional 
momentum cutoff regularization [3,4]. Other regularization 
schemes are also used for NJL model [9]. 

Scalar meson contributions in the chiral quark condensate 
in the framework of the dimensional-analytical regularization 
(DAR) have been calculated in [10,11].  These contributions 
for physical values of parameters were found to be significant 
and should be taken into account in choice of the parameters 
values. The improved fit of parameters has been carried out 
in     SUv(2)× SUA(2)  - NJL model. 

In  [8] systematical comparison of the dimensional-
analytically regularized NJL model with the NJL model with 
FDC regularization has been done. Apart from the corrections 
to chiral condensate, the corrections to quark mass in both 
regularizations were also calculated. The numerical calcula-
tions at two characteristic values of condensate showed that 
the pion contributions to quark mass in both regularizations 
are equal to zero. Also it was supposed in [8] that an absence 
of the pion corrections to quark mass is a regularization-
independent fact of NJL model. 

The present work, which essentially based on results of 
[8], is devoted to analytical calculations of the pion correc-
tion to quark mass. 

 
2. NJL model  with  dimensional-analytical regulari-
zation and with four-dimensional cutoff.  Meson  con-
tributions in chiral condense 
 

The model under consideration contains up and down 
quarks fields ψ(x), each with n colors. The SUV(2)× SUA(2)  -
invariant Lagrangian of this model is:      

                              

( ) ( )[ ]2
5

2

2
ψτγψψψψψ αigiL ++∂=    ,                        

where τα-are  Pauli  matrices  normalized  by  tr(τaτb)=2δab. 

For formulating of the mean-field expansion we use an itera-
tion scheme of the  solution of  Schwinger-Dyson equation  
with  the fermion bifocal source, which has been  developed 
in [12]. 

The unique connected Green’s function in the leading   
mean-field approximation is a single-particle Green’s func-
tion  (quark propagator): 

 

                         ( ) ,)( 10 −−= pmS     
 

where the dynamical quark mass   m  is a solution  of  the  
gap  equation: 
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where    44 )2/(~ πqdqd ≡ . 
The  solution  of the gap equation  (1) in DAR  and  FDC  

regularization   leads to  [8]: 
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ξ and Λ are regularizations  parameters  in  DAR  and  in  
FDC regularization  correspondingly. 

Meson contribution to chiral condensate can be calculated 
in the next-to-leading term of the mean-field expansion. 

Ratio of the first iteration condensate χ(1) to leading-
approximation condensate χ(0) in the pion channel has the 
form [8,10]: 
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where  ∫ −
+

= 222

22

)(
~

pm
pmpdJ  

In (4) the pseudoscalar amplitude Aπ is [10]: 
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pseudoscalar quark loop. 

Making use of the gap equation (1) we obtain the following 
form for amplitude Aπ in momentum space: 
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where                                   
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The calculation of the integral (7) in both regularizations 
(in DAR and in FDC regularization) leads to: 
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Here  F(a, b; c; z)  is  the  Gauss  hypergeometric  func-
tion. 

The pseudoscalar amplitude poleAπ  according to the pole 
(p2=0) representations of the formulas (8) and (9) and the gap 

equation (2) in both regularizations  (at n=3) takes the follow-
ing forms: 
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As a measure of quantum fluctuations of the chiral con-

densate in pion channel, it is used the first iteration conden-
sate to the leading-approximation condensate in pole ap-
proximation of amplitude (10) in DAR [10]: 

                               
8о
1DAR =πτ                                   (12) 

Using the pole approximation of amplitude (11) in calcu-
lation of the ratio FDCrπ  in Euclidean momentum space in 
FDC regularization, we obtain for ratio of the first iteration 
condensate to the leading   approximation condensate: 
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3. Pion correction to quark mass 
 

In [8] it has been obtained the formula for the correction 
to quark mass in next-to-leading approximation of the mean-
field expansion. We’ll use that formula having the following 
form: 
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where )(1
πa and )(1

πb are  the  first order mass  functions.  
These functions are defined by the following equations: 
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Using in (15)  and (16) the leading singularity  approxi-

mation  for  ( )DARpoleAπ  (10)  and  ( )FDCpoleAπ  (11)  and  calcu-
lating  the  integrals  in  DAR  and  FDC   regularization  
(taking  also into consideration  (14))    we  obtain  for  pion  
corrections  to  quark mass the following expressions: 
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From  (17) and  (18) according to (12) and  (13) it follows 
that the pion contribution to quark mass is equal to zero. It 
means that the zero value of the pion correction to quark 
mass is independent from the regularization choice in NJL 
model.
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Р.Г. Ъяфяров 
 

НИЛ МОДЕЛИНДЯ ОРТА САЩЯ ПАЙЛАНМАСЫНЫН БАШ ЩЯДДИНДЯН СОНРАКЫ ЩЯДДЯ ПИОНУН  
КВАРКЫН КЦТЛЯСИНЯ ДЦЗЯЛИШЛЯРИНЯ ДАИР  

 
НИЛ моделиндя орта сащя пайланмасынын баш щяддиндян сонракы щяддя дюрдюлчцлц кясмя регулйарлашмасында вя юлчцлц-аналитик 

регулйарлашмада кваркын кцтлясиня дцзялишляр щесабланмышдыр. Аналитик щесабламалар эюстярир ки, кваркын кцтлясиня пионун дцзялишляри 
сыфыра бярабярдир. Щяр ики регулйарлашмадакы щесаблашмаларын мцгайисяси эюстярир ки, кваркын кцтлясиня пионун дцзялишляринин сыфра бя-
рабярлийи НИЛ моделиндя регулйарлашма сечиминдян асылы олмайан фактдыр. 

 
Р.Г. Джафаров 

 
К ПОПРАВКАМ ПИОНА В МАССУ КВАРКА В СЛЕДУЮЩЕМ ЗА ГЛАВНЫМ  

ПОРЯДКЕ РАЗЛОЖЕНИЯ СРЕДНЕГО ПОЛЯ В МОДЕЛИ НИЛ 
 

Вычислены поправки в массу кварка в модели НИЛ в регуляризации с четырехмерным обрезанием и в размерно-аналитической 
регуляризации в следующем за главным порядке разложения среднего поля. Аналитические вычисления показывают, что пионные 
поправки в массу кварка равны нулю. Сравнение результатов вычислений в обеих регуляризациях дает возможность утверждать, 
что равенство нулю пионной  поправки в массу кварка является фактом модели НИЛ, независимым от выбора регуляризации. 
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THE DIFFERENTIAL METHOD FOR DETERMINATION OF BASIC OPTICAL 

PARAMETERS OF ATMOSPHERIC AEROSOL IN UV BAND 
 

H.H. ASADOV, M.M. ALIYEV, E.S. ABBASZADEH 
159, Azadlig ave. ANASA, Baku, AZ1106, Azerbaijan 

 
In the article “The differential method for determination of basic optical parameters of atmospheric aerosol” the new approach to 

calculation of optical depth and Junge index is proposed. This approach is based on proposed differential method and previously proposed 
three-wavelength method of measurements in UV band. 

 
It is well known, that the aerosol is one of main parts of 

the Earth’s Atmosphere. The basic optical parameter of the 
atmospheric aerosol is optical depth of aerosol and some 
other parameters, including Junge index [1]. Also it is well-
known, that main and widely used method for determination 
of aerosol optical depth is Langley method [2]. 

The essence of this method is that we should take 
logarithm from both sides of equation of extinction of optical 
irradiation in atmosphere and bring this equation to the linear 
type, where slope of which will be equal to linear sum of 
separate optical depths: 

 

             ylmoozaer Reτττττ +++=∑ ,                  (1) 
 
where ylmoozaer Re,,, ττττ are  accordingly optical depths of 
aerosol, total ozone, gas molecules and Reyleigh scattering. 

In Langley method in order to calculate aerτ  we should 
use known, computed, or measured outside of UV band 
parameters lmooz ττ , and yReτ  for some fixed wavelengths. 

Therefore problems related with direct measurements of 
optical depth of aerosol in UV band leads to necessity to 
carry out non-direct measurements and then to calculate the 
optical depth using parameters determined outside of UV 
band. Here we also should note that well – known 
ozonometrical method of Dobson envisages in some cases 
removal of aerosol error using two pair of wavelength 
method for linear approximation of wavelength dependence 
of aerosol optical depth, but this method doesn’t allow us to 
carry out aerosol measurements removing influence of 
atmospheric ozone. 

As a result the Dobson method cannot be considered as 
universal and accurate method for research of optical 
parameters of components of the atmosphere in UV band. 
Such a universal property is possessed according to our view 
– point by three-wavelength method of atmospheric 
measurements in UV band that was described in [3]. 

In this article we shall describe the variant of application 
of this method for determination of main optical parameters 
of aerosol. First of all we should describe the differential 
method that will be also used. As it is well known [1], the 
optical depth of aerosol aerλτ  is determined by Ongstrem 
formula 

                            α
λ λτ −=Caer ,                                   (2) 

 
where C- parameter of Ongstrem; α - parameter related with 
Junge index n as follows: 

 

3−=nα . 
 
Taking derivative of equation (2) on λ we have following 

equation 
 

                    ( )1
1

+−−= αλ λα
λ

τ
C

d
d aer                          (3) 

or 

                   ( )1+−−=
∆

∆ αλ λα
λ

τ
Caer .                        (4) 

 
The foregoing formula (4) is the basis of proposed 

differential method. The formula (4) is the transcendental 
equation in relation to parameter α, and this equation may be 
solved using graphic method. 

The essence of the graphic method includes plotting of set 
of curves of function 

 

                       ( )0,, τλα
λ

τλ faer =
∆

∆
                        (5) 

 

for given discrete values of  λ, for given continuous interval 
α=αmin÷αmax. 

The crossing points of above curves with the horizontal 

line 
λ∆

τ∆ λ aery =  will give us needed values of α1, α2,…, αn. 

This process of solution of equation (5) is illustrated 
conditionally in fig. 1. 

It is obvious, that solution of equation (5) envisage 

presence of estimate of differential parameter 
λ∆

τ∆ λ aer . In 

order to calculate this parameter we use abovementioned 
three-wavelength method. 

 

 
Fig. 1. Schematic illustration of proposed method. 
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Now we describe in brief the basics of this method and 
the variant of its application for considered task. According 
to three-wavelength method we should carry out 
measurements in three-wavelength λ1, λ2, λ3 where  λ1 < λ2 < 
λ3. As a result we obtain parameters I1(λ1); I2(λ2) and I3(λ3) 
which accord to intensities of Solar irradiation at the Earth 
level in appropriate wavelengths. Then we should calculate 
following relative parameter z   

  

                        
( ) ( )

( )22

3311

λ
λλ

I
II

z
d ⋅

= ,                     (6) 

 
where d=2±∆; ∆ - parameter which is regulated by computer. 

For further description of the method we use the Bouger – 
Beer formula, which in general may be written as 

 

       
[ ]1Re100

mmX aerySI ττµγωλ∆ ++−⋅⋅⋅= ,       (7) 
 
where S0- the solar irradiation flux at the level of upper 
border of the atmosphere; γ - optical absorption of ozone; µ - 
optical mass of ozone; X - total content of ozone; τRey - optical 
depth of Reyleigh scattering; m - optical mass of Reyleigh 
scattering; τaer  - optical depth of aerosol; m1 - optical mass of 
aerosol. 

Taking into considerations formulas (6) and (7) we have:
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In order to obtain the aerosol part of formula (8) we should regulate the parameter d in such order that meets following 

equation 
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The indication of meeting of the condition (9) is to be 

carried out by auto correlation analysis of parameter Z. The 
computer should regulate the value of d till achievement of 
maximal value of ratio of high frequency component of 
parameter Z, to the low frequency part because the aerosol 
has most variability among other components of atmosphere. 
After meeting the condition (9) the equation (8) will be 
transformed to following formula 
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Then assuming linear type of dependence of function 
( )λτ rea  in narrow band 31 λλ ÷  we have 
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From the equation (11) we obtain following formula 
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Taking into consideration the linear dependence of 
( )λτ rea  in the narrow band 31 λλ ÷   we have 

 

            
m

dm
rae

Sz
SS

nl
02

0301
**

,, 1321

⋅

⋅

∆
=

∆

∆ +

λλ
τ λλλ

,       (14) 

where   

                     2
31* λλλλ −

+
=∆

d
.                            (15) 

 
Therefore, the considered combination of proposed 

differential method and three-wavelength method allows us 

to obtain estimates of differential parameter 
λ∆

τ∆ λ rea , which 

is necessary for calculation of parameter α and parameter n 
using formula (4). 

Summarizing the foregoing we can formulate the 
proposed method of calculation of atmospheric aerosol 
optical parameters (optical depth and Junge index) as follows. 

1. Carrying of three-waves measurements, in such regime, 
when ratio of high – frequency component of autocorrelation 
function of parameter Z to low frequency  part reaches its 
maximal value. 

2. Calculation of differential parameter 
λ∆

τ∆ λ rea  on the 

basis of data, obtained during realization of item 1. 
3. Carrying out of graphical solution of equation (5) 

shown in fig. 1. 
In conclusion we should stress out, that the proposed 

differential method in comparison with the Langley method 
bases on results of direct measurements in UV band, which 
conditions high authenticity of results obtained using this 
method.
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Щ.Щ. Ясядов, М.М. Ялийев, Е.С. Аббасзадя  

 
АТМОСФЕРДЯКИ АЕРОЗОЛУН ЯСАС ОПТИК ПАРАМЕТРЛЯРИНИН  
УБ ДИАПАЗОНДА ТЯЙИН ЕДИЛМЯСИ ЦЧЦН ДИФФЕРЕНСИАЛ МЕТОД 

 
Гейд едилмишдир ки, мювжуд методлар атмосфердя аерозолун оптик сыхлыьыны УБ диапазонда дягиг тяйин етмяйя имкан 

вермирляр. УБ диапазонда атмосфердяки аерозолун оптик сыхлыьыны тяйин етмяк цчцн Ангстрем ганунуна вя яввялляр тяклиф едилмиш 
цч дальалы юлчмя методуна ясасланан дифференсиал метод тяклиф едилмишдир. Метод рийази жящятдян ясасландырылмыш, онун тятбиги 
ардыжыллыьы шярщ едилмишдир. 

 
Х.Г. Асадов, М.М. Алиев, Э.С. Аббасзаде  

 
ДИФФЕРЕНЦИАЛЬНЫЙ МЕТОД ДЛЯ ОПРЕДЕЛЕНИЯ ОСНОВНЫХ ОПТИЧЕСКИХ ПАРАМЕТРОВ 

АЭРОЗОЛЯ АТМОСФЕРЫ В УФ ДИАПАЗОНЕ 
 
Отмечено, что существующие методы не позволяют точно определить оптическую плотность аэрозоля атмосферы в УФ 

диапазоне. Для определения оптической плотности аэрозоля атмосферы в УФ диапазоне предложен дифференциальный метод на 
основе закона Ангстрема и ранее предложенного трехволнового метода измерений. Дано математическое обоснование метода, 
пояснено последовательность его применения. 

 
Received: 23.05.06  
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THE CONDITIONS OF OBTAINING OF HOMOGENEOUS MULTI-COMPONENT 

THERMOELECTRIC ALLOYS 
 

F.K. ALESKEROV 
Scientific-Production Association “Selen” NASA 

Baku-1143, F. Agayev, 14 
 

The review of the articles on the heterogeneity of low-temperature materials on the base of chalcogenides of bismuth and stibium, 
obtained by the different technological methods has been formed. The influence of the appearing samples at the doping of the heterogeneity 
on the properties (micro- and macro-heterogeneity), obtained by the methods of powder metallurgy and vertically directed crystallization has 
been established. The regions of eutectic and island structures have been found in heterogeneous alloys, created by the compounds Bi2Te3, 
Sb2Te3 and Sb2Se3. 

   
Introduction 
The treatment of high-effective thermo-electrics on the 

base of multi-component systems of solid solutions (Bi-Te-
Se) <impurities> and (Sb-Te-Se-Bi) <impurities> leads to the 
creation and wide distribution of thermo-electric generators 
and refrigerators for the wide temperature interval. Nowadays 
the question is open: how we should change the compositions 
of solid solutions, in order to provide the high values of 
thermoelectric efficacy (Z) in wide temperature regions (100-
700°K). Moreover, the material should have such 
concentration of current carriers, in order the optimal 
(including Zmax) values of thermoelectromotive force (α) 
and electroconductivity (δ) are supplied for the given 
temperature interval. That’s why the task of the Z increase 
should be solved in the interconnection with the study of their 
structures and compound homogeneity. From other side, the 
knowing of component distribution allows to treat the 
technology of the obtaining of thermoelectric alloys of high 
quality. 

First part of the given paper is dedicated to the short 
analysis of known experiment results on heterogeneity of 
alloys IV

3
V
2 BA , obtained by different methods of crystals of 

solid solutions on the base Bi2Te3 and Sb2Te3. In the second 
part of the paper the structures of the layers Те(I)-Те(I) are 
given and analyzed. 

Bi2Te3, Bi2Te3-Sb2Te3, Sb2Te3-Sb2Se3-Bi2Te3 are doped 
by impurities, created the optimal concentrations of current 
carriers. 

 
First part 

 
The heterogeneities in alloys obtained by the different 

methods 
As the irregular distribution of the composition, so the 

possible creation of the strange phase at the synthesis (two-
phase creations by eutectic type) influence on the properties 
of bismuth and stibium chalcogenides. The monograph [1], in 
which the characteristics are considered, influencing on the 
formation of micro- and macro-heterogeneous in growing 
sample was the one of the earliest works: the longitudinal and 
transversal layer heterogeneities, homogenization and 
introduced additions. 

Many refs had been published in the further years in this 
direction, however, the wide review of authors [2], dedicated 
to the homogeneity of solid solutions Bi1-xSnxTe1-ySey 
(x=0,01; y=0,06, 0,12), grown on the Chochralsky method 
with the replenishment of liquid phase from the floating 

crucible demands the special attention. The authors revealed 
the influence of tin atoms on the homogeneity distribution of 
main components: in monocrystals Bi2Te3 the tin increases 
the compound heterogeneity; the fluctuation of Sb and Te 
content increases on 0,3% in stibium telluride. The studying 
of electrophysical properties of the system Bi2-уSnуTe3-хSeх 
was the continuity of these investigations [3]. The methods of 
micro-analysis of the surface levels have been changed. Thus, 
the defects of crystalline structure and dislocation structure of 
bismuth telluride and above mentioned solid solution have 
been studied by the method of transmission electron 
microscopy. The dislocations, situated in basis plane (0001) 
are the dominant defect type in the given monocrystals, also 
the presence of the defects of the packing and very small 
dislocation loops is shown. As all investigated monocrystals 
are pronounced semiconductors, so the observable defects 
don’t influence the significant influence on their 
electrophysical properties [3]. 

As a whole, heterogeneities and the structure unsoundness 
of material structures on the base of Sb2Te3 and Bi2Te3 
influence on the obtaining of the optimal concentrations of 
the electrons and holes. Many publications are dedicated to 
these problems; some of them are [2,3,4-7]. At the 
investigation of the structure of these materials, the 
investigators [4-7] dispute in the relation to the presence of 
these or that defects. The different frequency and the 
composition of the initial materials, and also different 
conditions of alloy synthesis take place. The heterogeneities 
in them will be significantly differ because of the 
peculiarities of the growing technology of crystals by the type 
Sb2Te3, Bi2Te3 and their solid solutions. 

        
The influence of the obtaining technology on the  
 crystal heterogeneities (Bi-Te-Se) and (Sb-Bi-Te) 
The micro-heterogeneities of the Bi2Te3-Sb2Te3 (х=0,3; 

0,6) system have been formed in [8] after the sample 
synthesis from them, obtained by the methods of directed 
crystallization from the alloy, pressing, storage extrusion, 
investigated by roentgen-spectral analysis. The qualitative 
analysis of the distribution curves of Se and Te 
concentrations proves the data [1] and shows on the presence 
in the solid solutions, obtained by the directed crystallization 
and extrusion method, longitudinal layer heterogeneity. The 
solid solutions, prepared by the methods of powder metal-
lurgy reveal the micro-heterogeneity, statistically distributed 
on the volume (micro-heterogeneities exceed 150 mcm). 
More homogeneous samples have been obtained by the 
directed crystallization. Such samples are called by directed 
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crystals (DC). The less homogeneous crystals are pressed 
ones (here the sizes of heterogeneities change in the 
dependence on the grain sizes, used in the powders). The 
homogeneity of the extruded samples depends on the 
homogeneity of the initial storages. However, the extrusion 
process itself significantly homogenizes the material [2]. 

Bi-Sb-Te homogeneity. The more high homogeneity 
Bi0,52Sb1,48Te3 is caused by the less temperature interval 
between the lines of liquidus and solidus in the system 
Bi2Te3-Sb2Te3, than in system Bi2Te3-Bi2Se3 in the 
comparison with Bi2Te3-хSех [2]. The concentration 
heterogeneity, observable in the extruded samples 
Bi0,52Sb1,48Те3 doesn’t have the layer character, inherent in 
Bi2Te3-хSех. 

 
Eutectic on Te base in the materials of n- and p-types 
The eutectic containing the pure Te has been revealed by 

the authors in the alloy Bi2Te3-хSех [8]. The quantity, 
structure and composition of it are defined by the method of 
sample obtaining. At the investigation of the layer surfaces of 
the crystals by the composition (Bi0,25Sb0,75)2 (Te0,95Se0,05)3  
the eutectic had been revealed. It was situated between basis 
planes of solid solutions [2]. This two-phase system consisted 
on the pure Te and material disseminations of the 
composition (Bi,Sb)2(TeSe)3, in which the ratio of the 
concentrations Bi and Sb is close to 34:66mol.%. The solid 
solution in eutectics is strongly enriched by Te. The 
composition of the second phase, revealed in grown crystals 
on Bridgmen method and doped by Te excesses (Bi2Те3)25 
(Sb2Te)70 (Sb2Se)5, is defined as 90%Te with small quantity 
of Bi, Sb, Se, that corresponds with data [8]. 

The streaks, having the eutectic structures are created in 
two-phase region between crystals of solid solution (Bi, 
Sb)2Те3. The distribution heterogeneity of excess Te at the 
band recrystallization of solid solution Bi1,6Sb0,4Те3 was also 
mentioned in [2]. The α change on the ingot and inversion of 
its sign is explained by this. The authors [9] inform about 
segregation of the doping impurity CdCl2 in upper part of the 
ingot (90 mol% BiTe3 – 10 mol% Bi2Se3) and change of the 
composition because of the significant evaporation of Te and 
Se. 

The monocrystals of solid solutions (Bi2Te3-Bi2Se3) and 
(Sb2Te3-Bi2Te3), grown by Chochralsky method, are 
characterized by the most homogeneity in the comparison 
with other materials (obtained by other known methods) [2]. 
The Bi2Te2,7Sе0,3 samples have the less homogeneity, if they 
have been obtained by the methods of directed crystallization, 
extrusion and powder metallurgy. 

At the corresponding purity of the initial components the 
composition of given crystals becomes the homogeneous one. 
The monocrystalline sample, grown up from materials of 
99,9999% purity, is the most homogeneous one. The thermo-
elements, produced from such alloys and also the 
intercalationed crystals Bi2Te3 are more perfect; they are used 
in different scientific-technical aims [10-12]. 

 
Second part 

 
Interlayer structure and electrophysical properties 
Method of experiment 
The monocrystals Bi2Te3, (Bi2Te3-Bi2Se3) и (Sb2Te3-

Bi2Te3-Sb2Se3) had been obtained by Bridgmen method [13] 
and known method of vertically directed crystallization. In 

scientific investigations and industrial manufacturing the 
growing up the multi-component crystals by Bridgmen 
method has the set advantages [13]: 

- repeatability and homogeneity of ingots, 
repeatability of the composition at the synthesis of multi-
component crystals and solid solutions, the saving of the 
calculated components because of the system insularity, the 
possibility of crystal obtaining with microstructural 
characteristics and sizes of monocrystalline regions, which 
are acceptable for the studying of the properties. 

Ampoules by the internal diameter 8-20mm, produced 
from the quartz glass, were washed firstly by nitric acid at the 
temperature ~350°K during 0,5 hours, further, by the 
distillated water many times. The degassing was carried out 
either in the stove, or in the flame of oxygen bumer at the 
continuous spooling. 

The initial furnace was prepared from the components Te, 
Se, Bi, Sb of pure 99,9999% (treated by needed purity). The 
furnace components were weighted with the delicacy +-
0,005g, common mass of furnaces depends on the ampoule 
size and was from 100 till 200g. The opened ampoule after 
the preliminary heating at 400-600°K was put into upper low-
temperature part of heated stove, where the temperature is 
lower on ≈ 70°K, than liquidus temperature of furnace Тlic. , 
by conic part, and was lifted with the velocity 5 mm/h. At the 
sample obtaining by the method of directed crystallization the 
velocities 10, 20 and 30 mm/h were used. 

The perfectness and heterogeneity of crystal structures 
were investigated by method of electron microscopy. The 
investigations were carrying out on the electron microscope 
JEM-35CX. The samples, cut from three parts of the crystal: 
initial, middle and final, had been investigated. The surface 
was obtained by the simple chipping on the planes before 
investigation (0001). 

 
The results and their discussion 
The sample heterogeneities, obtained by methods of 

Bridgmen and vertically directed crystallization had been 
analyzed. The samples, obtained by Bridgmen method were 
more perfect and in the middle region the regular distribution 
of the components took place Sb, Bi, Te, Se. The significant 
accumulations of the impurities were observed in the 
interlayer space of the samples, obtained by directed 
crystallization (we will call them, as it was mentioned - 
(DC)). The nonmonotonic change of component 
concentrations in crystallizing solid solutions Р - (Sb2Te370 
mol% Sb2Se3

.5 mol% - Bi2Te.25 mol%) < impurities> has 
been established. The presence of two-phase region, 
appearing at the achievement of Te concentration and having 
the layered structure has been revealed by us. The streaks, 
having two-phase eutectic structures are clearly seen in two-
phase region in the beginning of the ingot of samples by p-
type with the additions of Te superstoichiometry (no more, 
than 3% weigh.). This is proved by electron-microscopic 
photos (fig.1). The analysis shows, that these planes are 
eutectic ones Sb2Se3-Se (having the composition on state 
diagram SbSe3 50 mol % - Se 50 mol %); they are situated on 
basis plane (0001) and very negatively influence on 
thermoelectromotive force. Thus, in the beginning of the 
ingot the thermoelectromotive force has the value 

( )
°

÷+=
C

mcV160130α , and in final has the value 
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( )
°

−+=
C

mcV240230α . The middle part is more 

homogeneous one; the thermoelectromotive force oscillates 

in limits (195-205) 
°C

mcV
 at the value 

)11001300( −=δ Om-1cm-1. The electron-microscopic photo 
(fig.2) of this compound by p-type of the surface of basis 
plane shows the significant quantity of lamination steep Те(I)-
Те(I) and its micro-crystal structure. Such dispersion along the 
length of this plane (~10-12mm) practically doesn’t influence 
on thermoelectric parameters. The analogical micro-
dispersion structures are observed in Bi2Te3 <Cu, In> and 
doped solid solution (Bi2Te3

.95 mol % - Bi2Se3
.5 mol %) 

<CdCl2,Cu, In>. 
 

 
 
Fig.1. The electron-macroscopic photo of two-phase eutectic  
           Sb2Se3-Se. 
 

 
 
Fig.2. The electron-macroscopic photo of crystal of the system  
           (Sb2Te3

.75 mol % - Bi2Te.25 mol %)<3.0 weight Те>. 
 
The electron-microscopic image of pure Bi2Тe3 < In, Cu is 

given on the fig.3, and the island distribution of the impurity 
in the solid solution by n-type (doped by Cu and In) is shown 
on the fig.4. Such islands, situated on the surface of the plane 
(0001) along the layers Те(I)-Те(I)  in the middle part of ingots 
doesn’t negatively influence on the electrophysical 
parameters (DC). At this it is seemed, that electric resistance 
of the islands changes the optimization conditions of 
parameters of such multi-layered structures in the comparison 
with earlier considered cases of the layers, having the normal 
conductivity (δ ). The complex impurities (B, Cu, CdCl2, Te, 
Sb, SbCl3) at well their quantitative ratio, one play the donor 
roles, other have acceptor functions, allowing to obtain the 
needed concentrations of current carriers (including α  and 
δ ). 

  

 
 
Fig.3. The electron-macroscopic photo Bi2Te3, doped by  
           complex impurity In(0,05 weight%) и Cu(0,05 weight%). 
 

 
 
Fig.4. The islands steps of Cu on basis plane (0001) of bismuth  
           telluride. 
 
The investigations of the heterogeneities and elements 

distributions on the length and cross-section of given 
chalcogenides (DC) Sb and Bi (doped by impurities) were 
carried out by us mainly for the definition of the 
interconnection of conditions of obtaining and homogeneity. 
Here, in small degree the influence of this or that impurity 
heterogeneity on their thermoelectric parameters is reflected. 
The unit point of view on model of the introduction 
mechanism is absent and the complex character of 
introduction of impurity atoms in crystalline lattice on the 
base of which it could be possible to describe qualitatively 
the observable experimental facts. The formation of island 
structures in thin films and island layers Те(I)-Те(I) of the 
crystals by type Bi2Te3 and Sb2Te3 causes the special interest 
of many investigators. The theory, developed in [14] can be 
accepted by us in the following explanations of island 
structures, obtained by us in the interlayers. Such the kinetics 
of phase impurity exfoliation in adsorbent layer on the 
mechanism of increased diffusion in segregation process of 
impurities from sample width had been investigated by 
authors. It is shown, that in the case of gravitation between 
the impurities they reveal the tendency to the formation in 
adsorbent layer of surface structure [14]. The main 
characteristics of these structures change with time by 
nonmonotonic way. 

Thus, in our case in “closed” interlayer space Те(I)-Те(I) 
the accumulation of the impurities is bigger, than in other 
defect centers (vacancies from Te, in layers Те(I)-Bi and Те(I)-
Sb, grain limits, on external surface) takes place. In real 
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crystals (especially in layered materials by type of bismuth 
and stibium chalcogenide), consisting Se, tin, Cu, Ni, Fe, B, 
the distribution on the ingot (on the length and cross-section) 
is quite irregular. The one of the reason of this space 
heterogeneity can be segregation processes, caused by 
chemical interaction of impurities with atoms and matrix 
(Bi2Te3-Sb2Se3-Sb2Te3) – Te, Se, Bi and Sb. 

The eutectic phases Sb2Se3-Se (fig.1) and island layers 
from Cu and In (fig.3 and 4) are observed in the investigated 
by us electron-microscopic photos (fig.1-4). Rather on the 
fig.3,4 in basis plane (0001) Bi2Te3 the created islands are the 
Cu layers. It is known, that Cu because of small ion radius 
“settles” in interlayer space Те(I)-Те(I)  more, than in layers 
Те(I)-Bi и Те(I)-Sb, creating the many layers and finally the 
islands (fig.4). 

The similar phenomena are observed at the formation of 
film coverings created from the gas phase on massive 
substrates. For example, in [14] the results of direct 
observation of growing kinetics of island film Cu on the 
carbonic are analyzed. The growing of the islands is 
considered by them as multistage process, including in itself: 
diffusion of atoms on the substrate (in layered structure 
Bi2Te3 – in Van der Waals crack) Те(I)-Те(I), the transfer 
through potential barrier on island bounder, diffusion on 
island surface and joyance to the elementary capture centers 
on the surface (the quintets Те(I)-Те(I) are the surfaces in the 
considered variant Bi2Te3). 

In conclusion let’s consider the possible creations of 
eutectic alloys in the systems Bi2Te3, Sb2Se3, Sb2Te3 and in 
their solid solutions. The task is the creation of eutectics 
between the layers. Such layer had been revealed by us on 
eutectic base Sb2Se3-Se in basis plane (fig.1) of the system 
(Sb2Te3-Sb2Se3-Bi2Te3). This eutectic at the composition 50 
at.% of Se melts at the temperature 820°K. In the conditions 
of high pressures its melting point can be closer to the 
melting point of solid solution (till 910°K) and this can be the 
one from the possible reasons of the simultaneous growth 
(DC) of solid solution and eutectic (having very low thermo-
electric parameters). 

In this connection the thought about the undesirability of 
the use of complex solid solutions, the one of the component 
of which can be stibium selenide. 

 
Conclusion       
From all possible heterogeneities two heterogeneity in 

solid solutions on the base of Bi and Sb chalcogenides have 
been revealed. The one heterogeneity, connected with the 
creation of eutectic streak from Sb2Se3-Se negatively 
influences on thermoelectric parameters of the alloy on the 
beginning stages of growing (DC). The other heterogeneity 
connects with the creation of island layers in basis plane 
(0001) of layered crystal by type Bi2Te3. The growing 
perspective of such multi-layered structures on the base of the 
multi-component alloys doesn’t cause the doubts. 

 
[1] Б.М. Gолtsман, В.А. Кудинов, I.А Смирнов. 

Моноgрафиya - Полупроводниковiе термоeлектри-
chеские материалi на основе Bi2Te3. М.: Наука, 
1972, 320 с. 

[2] I.В.Gасенкова, В.А.Chубаренко, Е.А.Тyaвловскаya, 
Т.Е.Свеchникова. Ж. Поверkhност. Рентgеновские, 
синхротроннiе и нейтралнiе исследованиya, 2003, № 3, 
с.32-41. 

[3] I.В. Gасенкова, Т.Е. Свеchникова. Неорgаниchеские 
материалi, 2004, т.40, № 6, с.663-668. 

[4] N. Frangis, S. Kuypers, C. Manolikas et al., J. Solid 
State Chem, 1989, v. 69, N 8, p.817-819. 

[5] N. Frangis, C. Manolikas, S. Amelinckx. Phys. Status. 
Solidi. A. 1991, v.125, p.97-106. 

[6] N. Frangis, Kuypers, C. Manolikas et al. J. Solid. 
State Chem. 1990, v.84, p.314-334. 

[7] D. Maier, D. Eyidi, O. Eibl. Stoichiometric  Varlations 
and Strain Fields in (Bi, Sb)2(Se, Te)3 Peltier Material. 
Proc. of the Sixth Eur. Workshop on Thermoelectrics. 
Freiburg im Breisgan, 2001, p.32-35. 

[8] К.G. Gарtsман, Т.Т. Дедерgаев, А.С. Барат. Ж. 
Неорgаниchеские материалi. 1977, т.13, № 7, с.1210. 

[9] Heon Phil Ha, Dow Bin Hyun. Young Whan Cho, Jac 
Dong Shim. Proc. XIV Int. Conf. on Thermoelectrics. 
1995. St. Petersburg.: A.F. Ioffe Physical-Technical 
Institute, 1995, p.104. 

[10] J. Bludska, S. Karamazov, J. Navratil, I. Jakubec,      
J. Horak, Copper intercalation into Bi2Te3 single 
crystals, Solid State Ionics 171 (2004) 251-259. 

[11] Osami Vamashita and Shoichi Tomiyoshi, High 
performance n-type bismuth telluride with highly 
stable thermoelectric figure of merit, Journal of 
Applied Physics, v.95, N 11, 2004. 

[12] Д.А.Пshенай-Северин, Yu.I.Равиch, М.В.Ведерников. 
Ж. Физика и техника полупроводников, Россиya, 2000, 
т.34, т.10, с.1265-1269. 

[13] В.I. Shтанов. Ж. Кристаллоgрафиya, 2004, т.49, № 2, 
с.343-349. 

[14] Л.I. Стефановиch, E.П. Фелдман, В.М. Yuрchенко. 
Ж.Металлофизика. Новейshие технолоgии, 2002, т.24, 
№ 8, сс.1103-1122. 

 
 

F.K. Ələsgərov  
 

BИRCИNSLИ ЧOX KOMPONENTLИ TERMOELEKTRИK MATERИALLARIN ALINMAСININ  
TEXNOLOJИ ШЯРTLЯRИ 

 
Bismut və antimonun xalkogenidlərinin əsasında yaradılmış metodlarda qeyribircinsli termoelektrik materiallarının elmi ədəbiyyatda 

verilən məlumat göstərilir. Şaquli yönəlmiş kristallizasiya və toz metallurji metodu ilə alınmış nümunələrinin xassələrinə təsir edən legirə 
qeyribircinslilik müəyyən edilmişdir. Bi2Te3, Sb2Te3 və Sb2Se3 qeyribircinsli ərintilərdə eftektik və adalı strukturlar tapılmışdır. 
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Ф.К. Алескеров 
 

УСЛОВИЯ ПОЛУЧЕНИЯ ОДНОРОДНЫХ МНОГОКОМПОНЕНТНЫХ ТЕРМОЭЛЕКТРИЧЕСКИХ 
СПЛАВОВ 

 
Установлено влияние возникающих при легировании макро- и микронеоднородностей на свойства образцов, полученных 

методами порошковой металлургии и вертикальной направленной кристаллизацией. Из двух исследованных неоднородностей одна 
связана с возникновением слоя эвтектики Sb2Se3-Se в системе (Sb2Te3-Sb2Se3-Bi2Te3), другая связана с неоднородным 
распределением островковых примесей в базисной плоскости Те(I)-Те(I) слосистого кристалла Bi2Te3. 
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MATRIX COMPOSITE SENSOR FOR MEASUREMENT MERE STREAM  

 
 A.A. BAYRAMOV, N.A. SAFAROV 

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

 
For detection and research obvious and latent heat stream in mere has been developed the extended high-resistance sensor made on spe-

cial matrix technology. Detector measures both temperature of surrounding sea water, and direction of a stream. Signals from the sensor, 
amplified of the operational amplifier, by dint of the interface input into a computer for the further processing results of measurement and 
archiving of the data. The software package of processing and archiving of results of measurement is created. 
 

1. Introduction 
  
Detection and research obvious and latent heat stream in 

mere is an actual problem for studying the physical processes 
proceeding at oceans and the seas. It is the important problem 
for study and prediction of climate fluctuation for the Earth, 
for the solution ecological and many other things of problems 
of a national economy [1,2,3]. 

Stream at ocean can be watched on indirect indicators - to 
variation of temperatures or transferred stream by ice, to sus-
pended matters, a phytoplankton (so-called tracers), fixed by 
means of various sensors of remote sensing in visible and 
thermal infrared ranges, or the sensor units directly contact-
ing to an aquatic environment. Passive tracers, such as a chlo-
rophyll or temperature, visualize stream in a field of tempera-
ture or colour of a sea on space films. 

 Possibilities of measuring by radar filming performances 
of stream at ocean or sea were explored repeatedly. However, 
systems used now are not suitable for such investigations as 
do not ensure the vector measuring and do not allow receiv-
ing the space field pattern of rate. 

 On radar snapshots the surface developments established 
by stream are recorded. In areas of interacting of stream there 
can be fronts, bands of tide rings and choppy seas; these phe-
nomena are detected as a series of ghost lines or spots. 

Borders of stream and the structures coupled to stream 
(fronts, meanders, spurts, mushroom structures and vortexes) 
are well visible in a field of temperature on snapshots in a 
thermal infrared range.  

Fronts and the frontal areas are the most interesting phe-
nomena at ocean. In the frontal areas intensive dynamic proc-
esses, specially there where there are aqueous masses the 
greatest differences of the physicochemical properties.  

In the World ocean major diversity of vortexes and vortex 
motions is watched. Commonly ooze the frontal vortexes, the 
vortexes of midocean arising owing to baroclinic instability; 
the topographic vortexes coupled to a flow of aqueous 
masses, and synoptic vortexes, generated atmospheric proc-
esses, for example, typhoons. 

So-called mushroom stream are the vortex formations (or 
structures) also, its were discovered in the beginning 80th as 
a result of the analysis of space snapshots. Mushroom stream 
is a combination of a narrow jet flow and a couple of vor-
texes of an opposite sign - dipoles because of what this vortex 
structure likes a mushroom in a slit. 

Thus, widescale researches only near-surface stream in 
oceans and seas are carried out by methods of remote sensing 
and aerospace filming.  

The ultrasonic sounding method is one of widely used 
methods of learning of surface and subsurface stream [4]. In 
particular, at usage of this method, the cross flows of the het-

erogeneous stream bears to fluctuations of an acoustic signal 
transiting through it. These fluctuations are changed at a fre-
quency change of a signal in connection with a dimensional 
change of a Frenel zone. Accordingly, these fluctuations of 
signals on two different frequencies are coherent in a low-
frequency spectral range and incoherent in a high-frequency 
diapason. Thus discontinuity of ocean will be small on 
matching with a difference in across-sectional dimension of a 
Frenel zone for various frequencies. Function of a coherence 
of signals on various frequencies depends on a spatial distri-
bution of a stream. Therefore multifrequent sounding of 
stream reconstructs of the profile space of a stream. However 
with increasing of a logging depth the ultrasonic method re-
sults to greater errors. 

 Most precise measurements of a temperature field and a 
profile of a stream can be carried out only contact methods 
when the sensor is in an aquatic environment. 

 
2. Experiments 

 
There are two main problems at development of the sen-

sor contacting to an aquatic environment: 
1)   If electrodes of the sensors measuring a heat stream 

are isolated from water, pressure of water renders destroying 
influence on the sensor measuring a heat stream. 

2)   If electrodes of the sensor adjoin to water, the water 
environment shunts electrodes and brings distortions in 
physical value of electric parameters of the sensor. 

In paper results of development and research of the sensor 
on the basis of composite materials are given. The sensor is 
intended for measuring simultaneously temperature fields and 
the space a profile of the obvious and latent heat stream of an 
aquatic environment (in three coordinates). Measuring can be 
carried out both in near-surface areas, and on various depths 
in an aquatic environment. Usage for this purpose of compos-
ite materials allows us extend a research range.  

 Development of new polymeric composite materials, 
prediction and improving of their characteristics depends 
from binding which one is the major component of composite 
materials. In this connection recently the investigations in the 
field of a polymeric materials technology in particular con-
ducting polymeric composite materials [5], were increasing. 

The purpose of work is development of the sensor for si-
multaneous measuring a temperature field and the space a 
profile of the obvious and latent heat stream of an aquatic 
environment. 

The material of the matrix (the belt shape) sensor unit-
exemplar consists of three components: 
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1) Polymeric component of an exemplar, for collimating 
to an exemplar of pliability, a technological Q-factor and 
provision high resistive of the sensor unit; 

1) A piezoelectric filling compound in the form of 
slurry in the sensor unit (comminuted and mixed in a poly-
mer), for amplification of accumulation of charges on sur-
faces of a matrix and direction finding of a motion of an 
aquatic environment; 

2) thermo-filling - a semiconductor filling compound in  

the form of magnetic character slurry for provision thermo-
sensitivity of an exemplar. 

As a polymer it is possible to take polytetrafluoroethylene 
(teflon-4) or polyethylene. On insulating properties teflon-4 
belongs to best of known dielectrics. In table 1 basic charac-
teristics of teflon-4 and polyethylene are given. 

 

                                                                                                                                                                 Table 1 
 Resistivity, 

ρ, 
Ohm⋅м 

Dielectric fac-
tor at f=1MHz 
and to=20oC 

Dielectric loss tgδ 
at f=1 MHz and to=20oC 

Temperature 
stability, оС 

Ultimate 
tension, 

MPa 

Relative elonga-
tion, % 

Density, 
kg/m3 

Te
flo

n 
-4

 

 
1015÷1016 

 

 
1,9÷2,2 

 
(2÷2,5)⋅10-4 

 
-260 ÷ +250 

 
15÷30 

 
250÷300 

 
2300 

Po
ly

et
hy

l-
en

e 

 
1013÷1015 

 
2,1÷2,4 

 
(3-5) ⋅10-4 

 
-70 ÷ + 90 

 
10÷15 

 
300÷750 

 
910÷970 

 
Teflon-4 is more chemical persistent than noble metals 

that allows to use it at manufacture of the isolation working 
in corrosive environments. Teflon-4 is not combustible, is not 
hydroscopic, is not wetted with water and other fluids. Poly-
ethylene is more technological, relative a low-cost and more 
polarizable material. As the piezoelectric filling compound 
we used PKR-8, PKR-3 or CTS-300 because a coefficient d33 
is high. The piezoelectric modulus d33 characterizes a density 
of charge formed on plates of an exemplar at action mechanic 
exertion in a direction, previous polarization. For example, 
CTS-300 has a density of charge d33 = 280pC/N, ε =100, tк  = 
330oC. For getting the sensor unit semiconductor heat-
sensitive and piezoelectric materials immix on special tech-
nique with powdered polystyrene before achievement of ho-
mogeneous mixture. Current-output electrodes in the form of 
an elastic strip are superimposed in a uniform work cycle. 
The got exemplar is enveloped by a clean polymeric material 
for removal shunting in an aquatic environment (Fig.1). 

 
 
Fig. 1. Cross-section of a matrix sensor. 
 
On fig 2 the operating principle of the matrix (belt) sensor 

unit is displayed in one plain. Under action of a stream the 
matrix detector is bended on angle ∆ϕ from a planar state. 
Depending on direction of the stream ∆ϕ > 0  or ∆ϕ < 0, and 

dependence as on amplitude I = f (∆ϕ), and in a direction sign 
(I) = sign (∆ϕ) occurs. Therefore at measuring output current 
I depending on a time t, I =F (t), we get the diagram dis-
played on Fig.3. The direction of current variation I displays 
a streamline of current of an aquatic environment (on Fig.6 
its are visible in the form of sharp plus (up) or subzero 
(down) spikes). A degree of current I increase is proportional 
to temperature T of an aquatic environment. Calibrating a 
matrix sensor in standard basins with known streams and 
temperatures it is possible to plot graphics I = f (∆ϕ) in abso-
lute units. 

 
  
Fig 2. Operating principle of a matrix sensor in one plain. 
 
For measuring the space of a profile of a stream in three 

plains (coordinates) the modulus from three matrix sensors 
had in three directions is agglomerated. 

At occurrence of a stream in an aquatic environment the 
elastic strip of the sensor unit bends in the same direction and 
electrodes are polarized (a direction of polarization depends 
on a direction of a bend). The occurred charges are read out 
from electrodes, amplified by charge-sensitivity, converted 
by an Analog-Digital Converter and move on an input of a 
computer. The special program in a computer analyses the 
signals entered from the modulus of sensor units, defines 
temperature of an aquatic environment and a profile of a 
stream of current and records in a data bank. In the subse-
quent these data are used for construction of a temperature 
field and a stream of current in an aquatic environment. 

Piezoelectric 
 
Semiconduc-
tor 
 

b) ∆ϕ < 0 

a) ∆ϕ > 0
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Fig.3. Variation of output current I  from a time t. 

  

The function chart of a measuring system is given on fig.4.
 

 
Fig.4 The function chart of a measuring system: DAC – Digital Analog Converter, PC - Personal Computer. 

 
3. Conclusion 
  

Detection and research obvious and latent heat stream in 
mere is an actual problem for studying the physical processes 
proceeding at oceans and the seas. There are two problems 
for researchers: 

1) If electrodes of the sensors measuring a heat stream 
are isolated from water, pressure of water renders destroying 
influence on the sensor measuring a heat stream. 

2) If electrodes of the sensor adjoin to water, the water 
environment shunts electrodes and brings distortions in 

physical value of electric parameters of the sensor. 
With the purpose of the decision of these problems, has 

been developed the extended high-resistance sensor made on 
special matrix technology and measuring both temperature of 
surrounding sea water, and direction of a stream. Signals 
from the sensor, amplified of the operational amplifier, by 
dint of the interface input into a computer for the further 
processing results of measurement and archiving of the data. 
The software package of processing and archiving of results 
of measurement is created.  
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A.A. Bayramov, N.A. Sяfяrov 

 

СУ СЕЛИНИН ЮЛЧЦЛМЯСИ ЦЧЦН МАТРИСА ТИПЛИ КОМПОЗИТ ДЕТЕКТОР 
 

Су мцщитиндя эюрцнян вя эюрцнмяйян суйун ахмасынын ашкар вя тядгиг едилмяси цчцн хцсуси матриса технолоэийасындан истифадя 
олунмуш йцксяк мцгавимятли еластик сенсор ишлянилиб щазырланмышдыр. Детектор ейни заманда ятраф дяниз суйунун температуруну вя 
ахымын истигамятини юлчмяйя гадирдир. Сенсордан эялян сигнал эцжляндирилир, сонракы емал вя архивдя сахланылмаг цчцн интерфейс васитя-
си иля компцтеря дахил олунур. Юлчц нятижяляринин емалы вя йаддашда сахламаг цчцн програм пакети ишляниб щазырланмышдыр. 

 
А.А. Байрамов, Н.А. Сафаров 

 

МАТРИЧНЫЙ КОМПОЗИТНЫЙ ДАТЧИК ДЛЯ ИЗМЕРЕНИЯ ВОДНОГО ПОТОКА 
 

По специальной матричной технологии разработан и изготовлен высокоомный, эластичный детектор для определения видимых 
и неявных течений в водной среде. Детектор одновременно измеряет температуру и направление течения воды. Сигналы от детек-
тора усиливаются операционным усилителем, посредством интерфейса передаются в компьютер для дальнейшей обработки ре-
зультатов измерений и архивации данных. Создан пакет программного обеспечения для обработки и создания банка данных. 

 

Received:18.01.06  
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CENTRIFUGAL DISTURBANCE IN SPECTRUM TRANS-CONFORMER OF THE 

MOLECULE OF ETHYL ALCOHOL 
 

Ch.O. KADJAR, S.A. MUSAYEV, A.A. ABDULLAYEV, S.B. KAZIMOVA 
Institute of Physics of National Academy of Sciences, 

H.Javid av., 33, Baku AZ-1143 Azerbaijan 
 
In this paper the rotary, quart, sixth and oct- centrifugal constants of A-reduction of Hamiltonian of trans-conformer of ethyl alcohol 

molecule in three axial representations have been established. The introduction in opposite spectroscopic task anew identified 33 rotary 
transitions, situated in range of 24,0-498,0 GGs frequencies with high J(J=34) allow to decrease in three times mean-square inclination of 
above mentioned constants and because of this their combinations have been calculated more precisely. 

 
The investigation of micro-waved rotary spectrum of 

ethanol molecule CH3CH2OH had been begun with 
identification of Q-branches of its trans-conformer [1]. 
Further, its isotope replaced analogues had been investigated 
in our country by Imanov, Kadjar, Abdurakhmanov, 
Ragimov and other [2-5], abroad – by Miliggen-Efinger [6], 
Kulot [7], Kakar [8], Lovas [9] and by others. Further, many 
serious works were dedicated to the investigation and 

identification of submillimeter rotary transitions trans- and 
gosh-conformers of this molecule [9-14,16-18]. Firstly on the 
base of the result analysis, obtained in these refs in 1975 in 
Sagittarius constellation (Sgr B2) the three rotary transitions 
have been revealed: 606 – 515 82265,46 МHz, 414 – 303 
90117,51 МHz, 515 – 404 104808,58 МHz [10]. After it, in 
constellation Hot Cores G34,3+0,15 the rotary transitions of 
this molecule had been revealed in big quantity [11, 12]. 

 

                                                                                                                                                               Table 1 
                                The frequencies (MHz) of rotary transitions of molecule trans-ethanol  

Centrifugal deposit  
Transitions 

 
νexp ∆ν Quart- Sixth- Oct- 

1 2 3 4 5 6 
4 0 4 - 3 0 3 69521,200 -0,017 -1,952 0,085 0,086 
6 4 2 - 7 3 5 60136,578 0,102 -27,418 0,088 -0,013 
7 5 3 - 8 4 4 94895,800 -8,249 -60,011 8,526 8,185 
8 4 4 - 9 3 7 24789,250 -0,081 -8,794 0,086 -0,026 
8 5 3 - 9 4 6 77235,048 -0,056 -57,330 0,289 -0,064 

10 10 0 - 10 9 1 495876,700 0,113 -808,916 12,079 -2,559 
10 10 1 - 10 9 2 495876,700 0,113 -808,916 12,079 -2,559 
10 3 8 - 11 0 11 70336,001 -0,133 14,710 -0,069 0,009 
11 3 9 - 12 0 12 61775,903 -0,022 14,521 -0,122 0,015 
12 6 7 - 13 5 8 58889,529 0,008 -60,885 0,680 -0,383 
14 3 12 - 13 4 9 62593,411 -0,079 -75,856 -0,082 0,069 
16 4 12 - 15 5 11 50099,200 0,001 -118,431 0,044 0,291 
16 4 13 - 17 1 16 64654,377 -0,050 140,553 -0,658 -0,017 
17 4 14 - 18 1 17 52020,420 -0,172 138,707 -0,859 -0,016 
18 1 17 - 17 2 16 297087,881 -0,099 -224,093 -0,220 -0,019 
18 3 16 - 19 0 19 38769,436 0,096 -105,286 -1,538 0,054 
19 4 16 - 20 1 19 31772,729 -0,143 108,427 -1,426 -0,030 
23 6 18 - 22 7 15 68134,250 -0,054 -322,684 0,212 3,768 
23 5 19 - 24 2 22 43838,449 -0,212 543,686 -4,017 -0,986 
24 5 20 - 25 2 23 28697,089 -0,191 519,330 -4,562 -1,144 
25 4 21 - 24 5 20 250150,722 -0,062 -1077,06 3,425 1,092 
26 7 19 - 25 8 18 68657,454 0,021 -442,587 0,351 9,593 
26 2 24 - 27 1 27 52171,970 0,015 -832,258 -8,196 -1,219 
28 1 27 - 28 0 28 293453,889 -0,035 -656,144 -6,642 -0,832 
28 2 26 - 28 1 27 253327,468 -0,010 -835,831 -6,377 -0,995 
28 2 27 - 27 3 24 58778,250 -0,141 1154,863 3,762 0,876 
29 2 27 - 28 3 26 492412,557 -0,036 -844,304 -2,411 -0,193 
30 1 30 - 29 0 29 493256,377 -0,055 -579,460 -0,812 0,649 
30 0 30 - 29 1 29 493238,503 -0,046 -580,100 -0,810 0,647 
31 6 25 - 31 5 26 244342,608 0,208 853,466 -15,218 -7,420 
32 3 29 - 32 2 30 249604,873 0,139 -1518,16 -6,441 -1,480 
33 2 32 - 33 1 33 350959,413 -0,028 -1028,97 -13,215 -2,811 
34 1 33 - 34 0 34 362257,701 0,021 -1124,83 -14,910 -3,472 

 
Here ∆ν=νexp-νcalc.. 
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                                                                                                                      Table 2 
                      The rotary and centrifugal constants of CH3CH2OH molecule in three axial representations 
 

Representation   
Parameter Ir IIr IIIr 
X  (МHz) 9350,676(1) 8135,488(1) 34891,765(4) 
Y  (МHz) 8135,234(1) 34891,788(3) 9350,927(1) 
Z  (МHz) 34891,783(4) 9350,410(3) 8134,994(1) 
∆J  (кHz) 8,530(5) 118,83(6) 122,32(6) 
∆JK (кHz) -28,63(3) -359,78(19) -370,25(19) 
∆K (кHz) 252,87(11) 252,98(12) 253,01(12) 
δJ  (кHz) 1,738(1) -56,86(3) 55,12(3) 
δK (кHz) 6,63(9) 120,30(5) -132,03(5) 
HJ  (Hz) -0,011(9) 12,2(8) 12,4(8) 
HJK (Hz) 0,90(21) -68,6(38) -70,7(39) 
HKJ (Hz) -9,38(79) 97,4(49) 103,2(52) 
HK (Hz) 35,76(147) -41(1) -44,8(21) 
hJ   (Hz) -0,002(2) -6,1(3) 6,16(39) 
hJK (Hz) 0,11(22) 27,3(14) -29,4(15) 
hK (Hz) 58,8(65) -20,2(8) 22,8(9) 

LJ (MHz) 0,003(5) -27,6(33) -28,1(33) 
LJJK (MHz) 0,30(25) 128(22) 134(23) 
LJK (MHz) -44,8(83) -161(43) -175(46) 
LKKJ(MHz) 47(23) 61(33) 71(37) 
LK(MHz) -69(16) -0,7(93) -2(10) 
LLJ(MHz) -0,0007(13) 13,8(16) -14(1) 
lJK(MHz) -0,09(15) -49,2(93) 54(10) 
lLKJ(MHz) 15,3(71) 29(11) -35(13) 
lK (MHz) -582(145) -0,3(46) 1,1(55) 

               
                                                                                                                           Table 3 

The defined combinations of spectroscopic parameters of CH3CH2OH molecule in three  
axial representations 

 
Presentation  

Parameter Ir IIr IIIr 

A (MHz) 34891,8002 34891,7936 34891,7940 
B (MHz) 9350,6482 9350,6480 9350,6480 
C (MHz) 8135,2397 8135,2391 8135,2392 
 Taa (kHz) -232,7683 -232,5662 -232,5811 
Tbb (kHz) -12,0070 -12,0320 -12,0660 
Tcc (кHz) -5,0533 -5,1073 -5,0838 
T1 (кHz) 3,0493 3,2764 3,2828 
T2 (кHz) -3,5553 -3,4630 -3,4510 
Φaaa (Hz) 27,2705 24,4982 24,7425 
Φbbb (Hz) -0,0167 -0,0004 0,0942 
Φccc (Hz) -0,0062 0,0910 0,0177 
Φ1 (Hz) -19,4751 -25,5021 -25,4089 
Φ2 (Hz) -4,6031 -5,4553 -5,4198 
Φ3 (Hz) 0,0211 0,0986 0,1075 
Φ4 (Hz) 0,0025 0,0820 0,1140 
θ1 (MHz) -67,0808 -55,3147 -56,3899 
θ2 (MHz) 0,0023 0,0026 0,0003 
θ3 (MHz) 0,0054 0,0062 0,0059 
θ4 (MHz) -67,6859 -63,8631 -64,1170 
θ5 (MHz) -0,0034 0,0145 0,0023 
θ6 (MHz) -0,0175 -0,0556 -0,0609 
θ7 (MHz) -756,0766 -707,7655 -711,4906 
θ8 (MHz) 1,8591 4,0902 -7,4367 
θ9 (MHz) -4,4117 10,6619 5,8051 

 
In Lovas’s paper [9], the analytic review of all earlier 

obtained investigation results of molecule trans-ethanol and 
calculations of centimeter and millimeter spectrums of this 
molecule, representing the astrophysical interest are given. 

Further, Pearson and others identified 450 transitions with 
high J ≥ 33 [13], situated mainly in submillimeter region of 
wave lengths. 
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In Musayev's paper [14] 56 rotary transitions of this 
molecule, situated in 25,0-496,0 GHz range of wave length. 
The introduction in opposite spectroscopic task the new 
identified frequencies allow firstly to define the oct- 
spectroscopic constants, and also to define the rotary, quart 
and sixth spectroscopic constants of this molecule. Besides, 
in this paper the defined combinations of rotary and 
centrifugal constants (with the introduction of oct- terms) 
[15] in three axial representations [16,17] are calculated.  

At the solution of opposite spectroscopic task the Vatson 
Hamiltonian of A-reduction was used [19-21]. Because of the 
strong centrifugal ethanol spectrum distortion further in 
solution of opposite spectroscopic task the oct- terms of 
centrifugal distortion had been introduced, that gave the 
possibility to identify 33 transitions, relating to millimeter 
and submillimeter region of wave lengths. 

626 rotary transitions, 92 of which rotary transitions, 
identified in ref [9], 450 rotary transitions, identified in ref 
[13], 51 millimeter and submillimeter transitions, identified 
in ref [14] and 33 rotary transitions, identified by us, 20 from 
which relate to  millimeter and 13 relate to submillimeter 

range of wave lengths, have been introduced into opposite 
spectroscopic problem. The rotary and centrifugal constants 
till decimal terms of rotary Hamiltonian in three axial 
representations are obtained. 

The introduction in opposite spectroscopic task of anew 
identified 33 rotary transitions, situated in range of 24,0-
498,0 GHz frequency with high J(J=34) allow to decrease in 
three times the mean-square inclination of above-mentioned 
constants and because of it their defined combinations had 
been calculated more precisely. 

The frequencies of rotary transitions, identified by us, 
and also the centrifugal deposits of separately quart, sixth and 
oct- terms of these transitions are given in the table 1. The 
rotary and centrifugal constants of CH3CH2OH molecule in 
three axial representations are given in table 2. The defined 
combinations of spectroscopic constants of molecule trans-
conformer of ethyl alcohol, defined on the base of the 
constants given on the base of table 2, are given in the table 3. 

The rotary and centrifugal constants, obtained at the 
solution of the opposite spectroscopic task and their 
correlation matrix in representation IIr are given in the table 4.
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EТИЛ СПИРТИ МОЛЕКУЛУНУН ТРАНС - КОНФОРМЕРИНИН   СПЕКТРИНДЯ 
МЯРКЯЗЯГАЧМА  ЩЯЙЯЪАНЛАНМАСЫ 

 
Етил спирти молекулунун транс – конформеринин фырланма щомилтонийанын квартик, секстик вя октик спектрал сабитляри тяйин 

олунмушдур. Бу молекулун мисалында, илк дяфя олараг, редуксийа олунмуш фырланма щомилтанийанын J=34 гиймятляриндя октик спектрал 
сабитляринин тяйин олунан комбинасийасы щесабланмышдыр. 
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Ч.О. Каджар, С.А. Мусаев, А.А. Абдуллаев, С.Б. Кязимова 

 
ЦЕНТРОБЕЖНОЕ ВОЗМУЩЕНИЕ В СПЕКТРЕ ТРАНС-КОНФОРМЕРА  МОЛЕКУЛЫ  

ЭТИЛОВОГО СПИРТА 
 

В этой работе уточнены вращательные, квартичные, секстичные и октичные центробежные постоянные гамильтониана А – 
редукции   транс-конформера  молекулы этилового спирта в трех осевых представлениях. Включение в обратную спектроско-
пическую задачу заново идентифицированные 33 вращательных перехода, попадающих в диапазон частот 24,0-498,0 ГГц с 
высокими J (J=34), позволило в среднем в 3 раза уменьшить среднеквадратичное отклонение вышеуказанных постоянных и, 
благодаря этому, более точно вычислить их определяемые комбинации. 
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THE CONSTRUCTION PECULIARITIES OF LAYERED ORGANIC-INORGANIC 

SUPRASTRUCTURAL ANSAMBLE 
 

S.Sh. GAKHRAMANOV 
SPS “Selen” of National Academy of AR, 

F. Agayev, 14, Baku, Azerbaijan 
 

The modern positions on the directed designing of supramolecular systems have been considered on the bases: 
- Layered misfit compounds, 
- clathrates and silicates with frame structures, 
- layered hydroxides, 
- layered structures with variable size of structural planes, 
- layered compounds with variable size of structural cavities with “guests” of different size in        
      “master” lattice, 
- matrix crystals. 
It is shown that the sizes and forms of matrix molecules and “guest” (cluster) molecules play the important role in the organization of 

the regularities of suprastructure layered misfit compounds, clathrate compounds and silicates with frame structures, different intercalated 
layered compounds and hydroxides. 

It is established, that nonvalency chalcogen-chalcogen interactions play the special role in the creation of the supramolecular 
chalcogenide clusters. 

 
Introduction 
   
The supramolecular physico-chemistry is the scientific 

direction in the center of attraction of which are the creation 
processes from the separate molecules of complex systems, 
connected in a single whole by the means of the 
intermolecular interactions. These interactions keep the 
fragments together – the electrostatic forces, hydrogen 
connection, Van der Waals forces in a whole are significantly 
weaker, than covalent connections in the molecule itself. For 
the increase of the durability of connections, the big enough 
joining “blocks” are used in them. The developed system of 
the connections because of the big surface of the contact is 
created. The ability to the molecular recognition is the main 
property of self-organizing supramolecular objects. The 
component recognition supposes the “complementary”, - the 
mutual accordance of ensemble participants (substrate and 
receptor)   as the geometric, so on the level of the creation of 
intermolecular connections [1]. The author of the given paper 
[1] pointed the different scientific disciplines as the objects of 
supramolecular chemistry, especially emphasized the set of 
the objects of inorganic and organic chemistry. 

In the paper [1] it is emphasized, that intercalates, 
clathrates and structures of the type “master-guest” exist only 
in solid state. These structures aren’t discrete supramolecules, 
and are referred to the solid supramolecular ensembles. The 
ensembles of the “guests” in “longitudinal” structures of the 
“master” and discrete supramolecules are emphasized. The 
“longitudinal structures are the one-, two- or three-
dimensional continuous or the half-continuous crystal 
creations with ion or covalent connection character. 
Nowadays, the circle of these objects (and common 
definitions and conceptions to them) is drawn approximately. 
However, the some classification of objects of 
supramolecular inorganic chemistry is present. The 
intercalates with “guests” of different size in “master” degree, 
clathrates, silicates with frame structures, complex 
phosphates of molybdenum and vanadium are referred to 
them [2]. Here [2] the discussion of the objects of inorganic 
supramolecular chemistry is limited by the compounds by the 
type “guest-master”. They give the possibility of the studying 

of the ensembles, in which the “guest” molecules create the 
strong connections with longitudinal structures. These 
structures influence on the geometrical and typological 
correspondence of the components (complementary), and 
also on the peculiarities of their self-organizing. The studying 
of the given objects and also multiphase and other complex 
layered objects can give the information about the new 
mechanisms of their creation. 

 
Fig.1. The substructures МХ (Q-layer) and TX2 (Н-layer) with  
           disproportionate    lattice parameters (аq and аН) [6]. 
 
The principle of geometric and typological 

complementary can be broken at the creation of the inorganic 
supramolecular ensembles. In the paper [2] the (as the 
systems “guest-master”) layered intercalates (for example, in 
layered dichalcogenide matrix, graphite, clays) are especially 
emphasized. In them the layers in “master” lattice are 
connected because of Van der  Waalse interactions; the layers 
are shifted at the “guest” coming, and the change of interlayer 
distance is the sign of the intercalate creation [3]. The value 
of this change depends on the “guest” sizes and can be in 3-5 
times greater, than the initial crystallographical parameter of 
“master” lattice. However, the limit intercalate stoichiometry 
is caused not only by the ration of “guest” sizes and holes in 
“master” lattice. This intercalate stoichiometry AaMX2 (A-
metal, MX2 layered dichalcogenide matrix) is defined by the 
conditions of the filling of conduction band by the A donor 
electrons (i.e. by electron stabilization of whole AaMX2 
structure), that is shown in papers [4-5]. The geometrical 
facts go on the second plane – it is  proved by small sizes of 
M atoms in AaMX2 systems, the absence of the changes of 
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interlayer distances, small limit value a and dependence of 
the value a on valence A and M states (see fig.1 and 2). 

 

 
 
Fig.2. The scheme image of monolayer (a) and bilayer (δ)  
           misfit structures [6]. 
 
So-called “matrix crystals” – supramolecular ensembles 

– synthetic opal with holes of the definite sizes, created the 
regular cubic sublattice are known. The quasi-lattice with 
enormously big parameters is formed at the filling of the 
holes (for example by the selenium – “guest”). The geometric 
disproportion of sublattices is compensated by the 
deformation of one from them (“guest”). 

Another example of the disproportion of “guest” and 
“master is the variety of intercalates in layered 
dichalcogenide matrix – misfit compounds. They can be 
referred to the objects of supramolecular chemistry. These 
compounds present themselves the suprastructures, consisting 
from the structural elements, disproportionate in one 
crystallographical direction. It is need also to consider the 
peculiarities of structure self-organization of misfit layered 
compounds – synthetic chalcogenides with general formula 
(МХ)1+х (ТХ2)m (M-Sn, Pb, Bi, Sb, Ln; T-Ti, V, Nb, Ta, Cr; X-
S, Se; x=0,08-0,28; m=1=1,2) (fig.2). 

The properties of misfit compounds should be defined 
significantly by the power competition, responsible for the 
saving of the hardness of disproportionate substructures 
(layered dichalcogenide matrix TX2, from the one side and 
cubic structure of MK-c “guest” – from the another one, and 
strengths, connecting them in united suprastructure. At the 
same ratios of the given strengths the additive scheme of 
compound property estimation doesn’t work. The 
disproportion leads to the defect creation, and also to the 
fragmentation of one of sublattices, influencing on compound 
properties [6]. 

The further consideration of the given problem is 
connected with nano-chemistry objects. 

The nano-chemistry shows, that classic equations of 
chemistry kinetics aren’t applicable at particle nano-sizes. 
The excess energy of surface atoms, the part of which is big 
in the relation to the inside atoms, significantly influences on 
the temperature of phase transfers in nano-particles. If their 
sizes are comparable for example with delocalization radius 
of charge carriers, the nonlinear electric phenomena appear. 
The appearance of new original methods of nano-particle 
creation is connected with this.  

The region of nano-chemistry, which has the aim to 
create the closed or half-closed nano-and micro-reactors, is 
wide. For example, the polymers are created, in which the 
monodisperse empty spheres occupy 75% of volume. The 
diameter of these spheres can be regulated, beginning from 
the nano-sizes (10 nm), finishing by (1000 nm). The 

molecular constructions are created (by type “vaz”), able to 
“catch” of “guest” molecules and release them. The 
molecular traps - karseplexes are synthesized. All these 
structures are related to the class of molecular containers, 
which are able to catch the given molecules and release them 
at the change of conditions [7-9] (fig.3). 

The nano-chemistry creates the own objects – nano-
particles, nano-reactors, nano-containers from the one side, 
and from the other one – uses the advantages of nano-
particles, their special and flexibly variable properties for the 
own needs. Thus, two key conceptions are already defined – 
nano-particle and nano-reactor. The nano-particle 
characterizes the size parameter. The nano-reactor defines the 
nano-particle function. For example, Fe cluster almost totally 
loses its special properties and approximates to the metallic 
iron at the atom number in cluster n=15. At n>15 it stays as 
the cluster in size meaning, but it loses qualities of “nano-
reactor”, in which the qualities become the size function. 

The nano-holes in different porous materials can be 
calculated by nano-reactors till the state, when their structure 
and properties of reacting system depend on the size of holes. 
When these dependences disappear, the nano-holes become 
only nano-sized, in which caught particles behave as they 
would be in unlimited volume [7]. However, very often the 
separation of conceptions nano-particle and nano-reactor is 
impossible. Nevertheless, these conceptions are needed for 
the recognition of two sides of sized effect – as the pure 
scaled space and as the physico-chemical phenomena, when 
properties “guest-atoms” depend on the size (very important 
sides in nano-chemistry). 

And now few words about nano-reactors. The “empty” 
tube silicon fibers – one-dimensional nano-reactors have been 
created. The quazi-two-dimensional nano-reactors – hard 
graphite-like planes, connected by flexible-chain bridges 
from carbonic chains have been synthesized. The distances 
between graphite-like planes in such reactors can be varied 
[10]. The opposite and continuous pressing – the widening of 
interplane space is achieved because of the stimulating of 
conformational transfers in полиметиленовых chains – from 
rolled in nod of conformation (planes are maximally 
approached) till longitudinal chain (planes are maximally 
shifted). 

The descriptions of principally new organization of 
chemical substance on the level, when at the creation of 
different materials from the components the leading meaning 
has not their reacting ability, and correspondence of sizes and 
forms of molecules – “guests” – to the frame holes, 
constructed by other molecules, - “masters” (or to hole of 
another, more big molecule – master) are paid attention. Such 
principle of compound creation allows us to join the 
coordinationally-saturated molecules, not including into 
chemical interaction with each other, in submolecules, and 
submolecular crystalline phases, thermodynamically more 
stable, than impurity of initial components [11]. The clarity in 
above mentioned phenomena is put by interactions, with the 
creation of izostructural cluster compounds. The main 
conceptions of clathrate chemistry gave the beginning the 
real searches of submolecular creations. The investigations of 
clathrate compounds [12-14] helped to understand, why at 
total absence of valence chemical connections between 
molecules of initial components they are able to join in 
thermodynamically stable phase. 
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Fig.3. The nano-structure classification [19]. 
 
D.Len [1] emphasized the important role of invalency 

interactions in formation of similar compounds; the new 
conception “supramolecular chemistry”, which he has 
defined as “chemistry outside the molecule”, “chemistry of 
molecular ensembles and intermolecular connections” has 
been introduced by him. 

The opening of clathrato-creating complexes of metals 
had been enriched the science of materials by many new 
objects. The revealing of supermolecular compounds allows 
to reveal one more thermodynamically profit mechanism of 
germ creation of new phase. 

Thus, the necessity of the consideration of organization 
of chemical substance in the correspondence with sizes and 
forms of “guest” and “master” molecules of matrix has been 
became [15-19]. This is demonstrated on the fig.3. 

The world of layered structures is rich; the methods of 
their creation and use are diverged. The community of 
layered systems is revealed in inorganic and organic world – 
in world of all nature systems. All this says about the unity of 
the mechanism of cleavage nature creation. Let’s consider the 
one more example of the creation of layered structures. 

 

 
Layered structures with variable size of structural  

       holes 
 
Such structures can be used in the capacity of two-

dimensional nano-reactors. In these compounds the layers are 
connected between each other by Van der Waalse forces. 
Moreover, it is easy to change the size pf interlayer space. 
The layered structure increases the diffusion of diverge 
compounds in interlayer space and thus, eases the chemical 
modification of layered compounds. 

In this relation the works, dedicated to the synthesis of 
nano-composites with the use of layered matrixes are interest. 
The compounds with negatively charged layers and cations in 
interlayer space – allumosilicates are widely used. However, 
such materials have the set of disadvantages, prohibited to the 
studying of formation mechanism of nano-structures in 
layered matrix.  

Thus, the goal of the present paper is the review, analysis 
and revealing of common regularities in layered structures 
with elements “guests” in organic and inorganic 
suprastructures such as: clathrate compounds, eutectics, 
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misfit compounds and other layered systems with intercalates 
of different sizes in master lattice. 

 
 
Layered double hydroxides 
 
The layered double hydroxides (LDH) of the 

composition +
−
2

1 xM +3
xM 2)(OH ][ 2/ OmHX n

nx ⋅−  (X-
anion) are the more widely-spread two-dimensional nano-
reactors. The compounds with M2+=Mg2+, Zn2+, Fe2+, Co2+, 
Ni2+, Cu2+, Cd2+, Sn2+ and M3+=Al3+, Fe3+, Cr3+, Mn3+, Ga3+, 
In3+, Bi3+ are present. As a rule, the radiuses of cations M2+ 
and M3+, participating in formation of layered structure, 
shouldn’t differ more, than in 1,5 times. Practically any anion 
or anion complex can be in the capacity of the anion Xn. LDH 
structure presents itself the system of positively charged 
hydroxide layers x

xxd OHMM ])([ 2
32

1
++

−  and anions, 
situating in interlayer space [20]. Structure of layered double 
hydroxides is presented on the fig.4. 

 

 
 
Fig.4. The scheme image of the structure of layered double  
          hydroxides [7]. 
 
Besides anions in interlayer space the labile aqua 

molecules are present often. Given structure is stable because 
of the electrostatic interaction between positively charged 
hydroxide layers and interlayer anions, bringing the negative 
charge [20]. 

The anion situation in interlayer space can be diverged. 
As a rule, anions are situated in interlayer space thus, that in 
order to minimize its size. 

LDH have the set of unique properties, important for the 
directed synthesis of nano-materials. The one of such 
properties is the stability of layered structure LDH in wide 
range of change of the sizes of cations and anions. Thus, 
samples LDH Mg-Al have been obtained, containing the 
different anions with sizes from 0,3 till 5 nm in interlayer 
space.  

Thermal decomposition of LDH carries out with saving 
of layered structure that allows us to carry out the chemical 
reactions with the participation of anions of interlayer space 
at the high temperatures without the matrix decomposition 
[20]. Many functional properties of materials on the base of 
LDH connect with especial properties of intercalated anions 
in them. 

The given properties open the wide possibilities for the 
chemical design of nano-composite materials on the base of 
layered double hydroxides. 

The existence of hard hydroxide layers in LDH structure, 
limiting the interlayer space, creates the conditions for the 
synthesis of nano-systems, similar with conditions of their 
synthesis in nano-reactors. In [20] the composite obtaining, 
consisting from the nano-particles of CdS in interlayer space 
of LDH, is described. At thermolysis of Cu-consisting LDH 
at 400°C the creation of spherical particles of cuprum, by the 
size 2-5 nm (in interlayer space of matrix) and 5-8 nm (on 
surface) take place. At thermolysis of Ni-consisting LDH the 
spherical particles of Ni by diameter ~5 nm with very narrow 
particle distribution on sizes are formed. The increase of 
thermolysis temperature till 800°C leads to the increase of 
particle sizes till 15 nm with simultaneous distribution 
widening. And at thermolysis of Co-consisting LDH at 400-
800°C the large (~100 nm) metal particles in form of discs, 
the size and morphology of which practically don’t depend 
on thermolysis temperature, are created.  

Thus, the use of nano-reactors opens the possibility for 
the design of functional nano-materials with given 
physicochemical parameters. Moreover, the solid-state matrix 
allows to avoid the aggregation of nanopartricles and defend 
them from external influences. The semiconductor layered 
materials by type: GaSe, Bi2Te3, SB2Te3, InSe and others can 
be such solid-state matrixes. Thus, the given examples prove 
the advisability of use of layered structures in the capacity of 
two-dimensional nano-reactors. 

 
 
The consideration of design principles of 

supramolecular compounds with the use of organic 
cucurbituril     

 
 
Such work was made by authors of papers [9,21-22] on 

organic macro-cycle cavidants – cucurbit[n]uril, 

nONHC ][ 2466  (n=5-10). The existence of hydrophobic 
intermolecular hole equally with polarized carbonyl groups of 
portals of cucurbiturils causes the high specificity of the 
creation of compounds by the type “guest-master”, is shown 
by them. The possibility of cucurbiturils to be in the capacity 
of the synthetic containers, in which the biomolecular 
reactions between specially chosen “guests” carry out with 
high regio- and stereoselectivity, has been considered [9]. 

The introduction of gas molecules, metal ions, organic 
molecules into hole leads to the creation of stable 
compounds, having the unusual structure and interest 
properties. In review of paper [9] the synthesis and structure 
of supramolecular materials, obtained with the use of macro-
cycle cavidants, having the trivial name as cucurbiturils, are 
considered. 

 
 
The compounds of cucurbit[6]uril by type “guest-

master” 
 
The cucurbituril of С36Н36N24O12 composition 

(cucurbit[6]uril (5)), constructed from six glycoluril 
fragments, connected by methylene groups has been studied 
more well. 

The existence of enough hard intramolecular hole causes 
the possibility of cucurbit[6]uril (5) the introduction of small 
guest molecules. 
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The creation of the compounds has been proved by 
crystallographicly, and also by different physicochemical 
methods [9]. The cucurbit[6]uril (5) creates the stable 
compounds of the introduction with amines and diamines, 
alkyl and benzylammonium ions, dye molecules. 

   
The supramolecular compounds of cucurbit[6]uril 

with cluster aquacomplexes of metals   
 
The use of volume fragments, not having its geometry, 

able to create the developed system of intermolecular 
connections because of the big contact surface, is the 
important condition of directed constructing of nano-sized 
complexes or supramolecular compounds. The cluster 
aquacomplexes of molybdenum and tungsten are suitable 
enough large molecular constructing blocks for the creation 
of supramolecular compounds with cucurbit[6]uril (5) [9]. 

The given compounds have chain structure, in which the 
supramolecules of structure type “barrel” with two coverings 
are connected between each other because of the short ( in the 
comparison with sum of Van der Waalse radiuses, which is 
equal to 3,9Å of nonvalency interactions Se…..Se (3,59-
3,72Å). The hole cucurbit[6]uril in the compound 

OHClONHHCCPIClOHSeW y 2312243636236243 18)}()({[ ⋅  has 
the pyridine cation.  

The interactions of chalcogen-chalcogen between 
neighbour clusters, which are character for three-nucleus of 
chalcogenide clusters of transfer metals [9]. 

Chalcogen-chalcogen interaction between neighbour 
cluster fragments M3Y4 of supramolecular compounds is 
similar to interactions between chalcogen atom layers in 
layered dichalcogenide transfer metals MY2(Y=S,Se) [23].  

The comparison of the structures of chain 
supramolecular compounds 

OHClONHCClOHSeWo 261224363628243 16)}(])({[ ⋅  and 

OHClONHCClOHHgSeWo 2412243636414286 14)}]()({[ ⋅  [3] 
shows that they relate to each other as matrix and intercalate 
from the construction point of view: mercury atom is 
introduced between chalcogenide clusters M3Y4 practically 
don’t change the main parameters of supramolecules. Thus, 
as the authors of paper [9] conclude, the chemistry of 
supramolecular compounds of chalcogenide clusters is 
connected with chemistry of layered compounds more close, 
than it would be expected. In both cases the nonvalency 
interactions chalcogen-chalcogen play the important role in 
the structure creation. 

 
Conclusion 
     
The considered review and analysis of cucurbiturils 

clathrates, layered dichalcogenides allow us to consider the 
organic and inorganic systems in the capacity of the 
molecular constructing fragments for the directed 
construction of nano-sized ordered layered supramolecular 
compounds. In hole of one frame the introduction of different 
“guests” and also clusters leads to the interaction between 
them and it becomes the motive force of creation of 
supramolecular compound. It is established, that in chemistry 
the nonvalency interaction chalcogenide-chalcogenide play 
important role in structure creation. 

The peculiarities of synthesis of functional nano-
composites on the base zero-, one- and two-dimensional 
solid-state nano-reactors, connected with formation of holes 
(zeolites, pores of mezoporous matrixes) or with interlayer 
holes of layered compounds. With the help of the 
intercalation method of dichalcogenides and metals, it is easy 
to create the layered crystals, using the longitudinal structural 
blocks TX2 and introduced reagents in solution at T=300°K.
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S.Ş. Qəhrəmanov 

 
LAYLI ГЕЙРИ-ОRQANİK VƏ ORQANİK SUPRASTRUKTUR ANSAMBLLARININ QURULUŞUNUN 

XÜSUSİYYƏTLƏRİ 
 

Aşağıdakı supramolekulyar sistemlərinin istiqamətləndirilmiş quruluşunun müasir əsasnaməsi verilir: 
-Laylı misfit birləşmələrin, klatratlarının karkas strukturlu silikatların, laylı hidrooksidlərin, laylı struktur ölçüsü dəyişən 

struktur müstəvilərinin, laylı birləşmələrin ölçüsü dəyişən struktur aralıqların müxtəlif ölçülü “qonaqlarının”, “qəbul edən qəfəsdə”, 
matrisli kristallar.  

Göstərilir ki, suprastruktur laylı misfit birləşmələrinin, klatratların, karkas strukturlu silikatların, müxtəlif interkalyasiya 
olunmuş laylı birləşmələrinin, hidrooksidlərin qanunauyğun təşkil olunmasında əsas rolu matris molekulların və “qonaqlar” 
molekullarının (klasterlərin) ölçüləri və formatları təşkil edir. 

Təyin olunur ki, щalkogenid supromolekulyar klasterlərin əmələ gəlməsində əsas rolu щalkogen-щalkogen qeyri-valent 
əlaqələndirmələr oynayır.  

 
С.Ш. Кахраманов 

 
ОСОБЕННОСТИ КОНСТРУИРОВАНИЯ СЛОИСТЫХ ОРГАНО-НЕОРГАНИЧЕСКИХ 

СУПРАСТРУКТУРНЫХ АНСАМБЛЕЙ 
 

Рассмотрены современные положения по направленному конструированию супрамолекулярных систем на основе: 
- слоистых мисфитных соединений, 
- клатратов и силикатов с каркасными структурами,  
- слоистых гидрооксидов,  
- слоистых структур с переменным размером структурных плоскостей, 
- слоистых соединений с переменным размером структурных полостей с “гостями” различного размера в решетке 

“хозяина”, 
- матричных кристаллов. 
Показано, что в организации закономерностей супраструктурных слоистых мисфитных соединений, клатратов и силикатов с 

каркасными структурами, различных интеркалированных слоистых соединений, гидрооксидов главную роль играют размеры и 
формы молекул матриц и молекул (кластеров) “гостей”. 

Установлено, что в образовании супрамолекулярных халькогенидных кластеров особую роль играют невалентные 
взаимодействия халькоген-халькоген. 
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ВАЩИД ТЕХНОЛОЪИ ШЯРАИТДЯ АЛЫНМЫШ п, н-ТИП 

КЕЧИРИЖИЛИЙЯ МАЛИК Pb1-xMnxTe(Се) ЕПИТАКСИАЛ ТЯБЯГЯЛЯРИ 
 

Щ.Р. НУРИЙЕВ, Р.М. САДЫГОВ, С.С. ФЯРЗЯЛИЙЕВ, М.Б. ЩАЖЫЙЕВ 
АМЕА Физика Институту,  

Азярбайжан, Бакы, Аз-1143, Щ. Жавид пр., 33 
 
Тягдим олунан ишдя молекулйар дястядян конденсасийа методу иля BaF2 (111) алтлыглары цзяриндя Pb1-xMnxTe(Се) (х=0,01) 

епитаксиал тябягяляринин бюйцмя хцсусиййятляри тядгиг олунмушдур. Ялавя Те(Се) мянбяйинин температуруну тянзимлямякля ващид 
технолоъи шяраитдя тяляб олунан електрофизики параметрли (µn,p(77К)=(2,5÷3)⋅104 см2/В⋅с; (n,p77K)=5⋅1016÷1⋅1017 см-3), йцксяк кристал 
мцкяммяллийя (W½=90÷100") вя п,    н-тип кечирижилийя малик Pb1-xMnxTe(Се) (х=0,01) епитаксиал тябягяляринин алынма технолоэийасы 
ишляниб щазырланмышдыр. Мцяййян едилмишдир ки, кечирижилийин инверсийасы ялавя Те(Се) мянбяйинин температурунун 420 К-дян йухары 
гиймятляриндя баш верир. 

 
Спектрин инфрагырмызы диапазонунун интенсив юйрянил-

мяси, дарзолаглы йарымкечирижи материаллар ясасында опто-
електрон жищазларын щазырланмасыны важиб бир мясяля кими 
гаршыйа гойур. Бу материаллар ичярисиндя АЫВБВЫ типли бирляш-
мяляр вя онларын ясасындакы бярк мящлуллар хцсуси йер ту-
тур [1]. 

АЫВБВЫ типли йарымкечирижиляр групуна дахил олан Пб1-хМнхТе(Се) 
бярк мящлуллары спектрин 3÷5 мкм дальа узунлуьунда 
ишляйян жищазларын щазырланмасында истифадя олунмаг цчцн 
бюйцк перспективя маликдир. Беля ки, бу бярк мящлулларда 
Мн ионларынын олмасы онларда йарыммагнит йарымкечирижи-
ляря мяхсус йени хассялярин мювжудлуьуну цзя чыхарыр вя 
онларын ясасында техникада эениш тятбиг олунан, магнитля 
идаря олунан диодларын щазырланмасына бюйцк имканлар 
йарадыр [2]. 

1980-жи илдян башлайараг йарыммагнит хассяли беля бярк 
мящлулларын массив монокристаллары алынмыш вя онларын фи-
зики хассяляри эениш тядгиг олунмушдур [3-5]. Эюстярилян 
бярк мящлулларын епитаксиал тябягяляринин алынмасы вя онла-
рын ясасында йухарыда ады чякилян диодларын щазырланмасы 
бюйцк ящямиййят кясб едир. Бу ися Пб1-хМнхТе(Се) бярк 
мящлулларынын йцксяк кристал мцкяммяллийя, п, н-тип 

кечирижилийя вя тяляб олунан електрофизики параметрляря 
малик епитаксиал тябягяляринин алынмасы мясялясини гаршыйа 
гойур. 

Тягдим олунан ишдя 10-4 Па вакуумда молекулйар 
дястядян конденсасийа методу иля BaF2 (111) алтлыглары 
цзяриндя Пб1-хМнхТе(Се) (х=0,01) епитаксиал тябягяляринин 
бюйцмя хцсусиййятляри тядгиг олунмушдур. Алтлыг гисмин-
дя BaF2 мионокристалларынын тязя доьранмыш (111) лайлары, 
мянбя кими ися синтез олунмуш Пб1-хМнхТе(Се) (х=0,01) 
бярк мящлуллары истифадя олунмушдур. Алынмыш тябягялярин 
кристал мукяммяллийи електронографийа, електронмикроско-
пийа, рентэендифрактометрийа методлары иля тядгиг едилмиш-
дир. Эюстярилмишдир ки, даща йцксяк кристал мцкяммяллийя 
вя електрофизики параметрляря малик епитаксиал тябягяляри 
компенсяедижи ялавя Те(Се) мянбяйиндян истифадя етмякля 
алмаг олар. Апарылмыш тядгигатлар нятижясиндя мялум ол-
мушдур ки, алтлыьын температурунун Талт=663÷673 К, кон-
денсасйиа сцрятинин υк=8÷10Å/с гиймятляриндя галынлыьы 
0,5÷1 мкм вя кристал мцкяммяллийи W½=90÷100" олан н-
тип кечирижилийя малик епитаксиал тябягяляр алмаг мцмкцн-
дцр (Шяк. 1.а, б). 

 

а)  б)
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Шяк.1. Pb1-xMnxСe (х=0,01) епитаксиал тябягясинин електронограмы (а), рентэендифраксийа яйриси (б). 
 
Електронмикроскопийа тядгигатлары эюстярир ки, алынмыш 

епитаксиал тябягялярин сятщиндя гара лякяляр мцшащидя олу-
нур (Шяк.2.а). Ядябиййатдан мялум олдуьу кими бу лякя-
ляр, тяркибдя олан артыг гурьушун атомларынын оксидляшмяси 
нятижясиндя ямяля эялир [6-7]. Алынмыш епитаксиал тябягяляр-
дя йцкдашыйыжыларын йцрцклцйцнцн гиймяти ашаьы олур. 
Эюстярилян гара лякяляри арадан эютцрмяк вя уйьун олараг 

епитаксиал тябягялярдя йцкдашыйыжыларын йцрцклцйцнц артыр-
маг цчцн бюйцмя просесиндя компенсяедижи ялавя Те(Се) 
мянбяйиндян истифадя едилмишдир. Бунунла да гара лякяляри 
йох етмяк, уйьун олараг алынмыш тябягялярин кристал мц-
кяммяллийини вя йцкдашыйыжыларын йцрцклцйцнц артырмаг 
мцмкцн олмушдур. 
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а)  б)  
Шяк.2. Pb1-xMnxТe (х=0,01) епитаксиал тябягясинин сятщинин елетронмикроскопийа шякилляри: 
            a–Те мянбяйиндян истифадя етмядикдя;  б–Те мянбяийндян истифадя етдикдя. 

 
Епитаксиал тябягялярин бюйцмя мцддятиндя ялавя 

Те(Се) мянбяйинин температуру 370÷460 К интервалында 
дяйишир. Компенсяедижи Те(Се) мянбяйинин температуру-
нун 430 К-дяк артмасы иля бу лякяляр тамамиля арадан 
эютцрцлцр вя алынмыш епитаксиал тябягяляр парлаг, щамар 
сятщя малик олур (Шяк. 2.б). Ялавя Те(Се) мянбяйинин тем-
пературунун 420 К-дян сонракы артымы нятижясиндя тябягя-
лярдя кечирижилик типинин инверсийасы баш верир, н-тип кечири-
жилик п-типля явяз олунур (Шяк.3.). Бу факт бюйцмя просе-
синдя тез учан компонентлярин бош галан йерляринин 
АЫВБВЫ бирляшмяляри цчцн аксептор ролуну ойнайан Те(Се) 
атомлары иля долдурулмасы иля изащ олунур. Алынмыш тябя-
гялярдя йцкдашыйыжыларын йцрцклцйц µn,p(77К)=(2,5÷3)⋅104 см2/В⋅с, 
консентрасийасы ися (n,p77K)=5⋅1016÷1⋅1017 см-3  гиймятини 
алыр. Беляликля, вакууму позмадан ващид технолоъи шяра-
итдя, н, п-тип кечирижилийя вя йцксяк кристал мцкяммяллийя 
малик Pb1-xMnxTe(Се) (х=0,01) епитаксиал тябягяляри алын-
мышдыр. Йцксяк кристал мцкяммяллийя, н, п-тип кечирижилийя 
малик Pb1-xMnxTe(Се) (х=0,01) епитаксиал тябягяляринин 
ващид технолоъи шяраитдя алынмасы онларын ясасынла йарадыл-
мыш п–н кечидлярин, актив елементлярин щяссаслыьыны ашаьы 
сала биляжяк просеслярин тясиринин гаршысыны алыр вя йцксяк 
фотоелектрик параметрляря малик, спектрин инфрагырмызы 
областында ишляйян фотогябуледижилярдя истифадя олунмасына 
эениш имканлар йарадыр. 

 

 
 

Шяк.3. Pb1-xMnxTe(Се) (х=0,01) епитаксиал тябягяляриндя йцк- 
           дашыйыжыларын консентрасийасынын компенсяедижи ялавя  
           Те(Се) мянбяйинин температурундан асылылыьы. 
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Pb1-xMnxTe(Sе) EPITAXIAL FILMS WITH p, n-TYPE CONDUCTIVITY  

RECEIVED IN A UNIFORM WORK CYCLELE 
 
In this work peculiarities of the growth of Pb1-xMnxTe(Se) epitaxial films, grown on BaF2 (111) substrate by the molecular beam 

condensation method are investigated. By regulation of the temperature of additional source of Te(Se) in a single technological cycle the 
technology for obtaining structural-perfect films of Pb1-xMnxTe (Se) (х=0,01) with various n and p-type conductivity and fixed parameters 
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(µn,p(77К)=(2,5÷3)⋅104 cм2/В⋅с; (n,p77K)=5⋅1016÷1⋅1017 cм-3) has been developed. Is established, at the temperatures of additional source 
Te(Se) higher than 420 K an inversion of conductivity takes place. 

 
И.Р. Нуриев, Р.М. Садыгов, С.С. Фарзалиев, М.Б. Гаджиев  

 
ЭПИТАКСИАЛЬНЫЕ ПЛЕНКИ Pb1-xMnxTe(Се) p, n-ТИПА ПРОВОДИМОСТИ,  

ПОЛУЧЕННЫЕ В ЕДИНОМ ТЕХНОЛОГИЧЕСКОМ ЦИКЛЕ 
 
В настоящей работе исследуются особенности роста эпитаксиальных пленок Pb1-xMnxTe(Se) (х=0,01), выращенных на 

подложках BaF2 (111) методом конденсации молекулярных пучков. Регулированием температуры дополнительного источника 
паров Те(Se) в едином технологическом цикле разработана технология получения пленок Pb1-xMnxTe(Se) (х=0,01) p и n-типов 
проводимости с заданными электрофизическими параметрами (µn,p(77К)=(2,5÷3)⋅104 см2/В⋅с; (n,p77K)=5⋅1016÷1⋅1017 см-3) и высоким 
кристаллическим совершенством (W½=90÷100"). Установлено, что при температуре дополнительного источника паров Те(Se) выше 
420К происходит инверсия проводимости. 
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THE HALFTONING OF ELECTROSTATIC LATENT IMAGE OF Se 

ELECTROPHOTOGRAPHIC LAYERS BY THE SCANNING OF THE FOCUSED  
LASER BEAM 

 
N.I. IBRAGIMOV, V.G. AGAYEV 

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

 
It is established, that scanning (step�200mcm) of selenium EPh layers by the focused (∅�100mcm) laser beam with λ=0,354 and 

0,514 mcm and radiation density W=10÷103 Vt/cm2 provides the halftoning of the latent electrostatic image because of: Se evaporation till 
the substrate (W�103 Vt/cm2); melting of the amorphous layer and shunting sublayer of trigonal Se (W=25÷102 Vt/cm2); change of 
photoelectric properties of amorphous Se under the beam influence (W �10 Vt/cm2). 
 

The electric field of the latent image is created by the 
charges, situated on the external surface of the 
electrographical (EPh) layer and charges of the opposite sign, 
induced in the conducting layer substrate. The field, created 
by these charges, corresponds to the condenser field, the 
distances between the facings of which is equal to the width 
of the photosemiconductor, coated on the layer. The 
configuration of electric field under the latent electrostatic 
image plays the important role at its appearance. As rule, the 
big electric contrast on image bou7ndaries is caused by the 
dispersion field (fig.1). The field lines of latent image should 
be behind the boundaries of photosemiconductor layer, in 
other case the toner (developer) particles, charged negatively, 
won’t gravitate to the layer. The field lines lock mainly 
through EPh layer inside the total locked image regions. 
That’s why the toner particles are evaporated on the edges of 
total regions. This is the meaning of the “edge effect”, that’s 
why the dispersion field plays so important role near the 
edges of latent image. 

 

 
 

Fig.1. The configuration of electrostatic field of latent  
          image under the exhibited EPh layer on the narrow and  
          wide regions of original nigrescence. 

                  1 – layer of amorphous Se; 
                  2 – shunting sublayer of trigonal Se; 
                  3 – conducting substrate. 

 
By the methods of conformal transformations it was 

showed, that the biggest resistance of dispersion field took 
place near the edge of condenser facing 

)cos2(1E/Emax ϕ+= , where ϕ is the conversion 
coefficient [1]. Even near the obtuse facing edge (ϕ �174°) 
that corresponds to the edge of latent image, the field 
resistance is higher on the order, than in the distant regions 
from the edge. The last plays the important role in the 
creation of the “edge effect”. Thus the “edge effect” is caused 
by the nonhomogeneous of electric field of the latent image 

and dispersion field is significantly bigger near the element 
edges, than in central region. 

The existence of the “edge effect” makes the obtaining 
of the image from the original, having the big parts of total 
nigrescence and moreover the gray-level, impossible. In this 
case only narrow regions of the image (texts and schemes) 
are well revealed. 

There are three methods of the elimination of “edge 
effect”: the method of revealing electrode, the method of the 
halftoning of electrostatic image and method, based on the 
use of the metallized carrier [2-4]. The first and third methods 
lead to the complication of the apparatus, that’s why the 
halftoning of the electrostatic image is considered the perfect 
one. It includes the image transformation with the continuous 
optical density of the nigrescence in the system of the points 
or the lines, the one of which is the independent image region 
in the correspondence of the electric field resistance. 

The halftoning can be carried out by mechanical, optical 
and electrical method. For the mechanical halftoning the 
strokes (grooves) by the depth and width �100 mcm, are 
coated on the polished surface of the substrate by the steel 
needle. At the coating on such substrate of the 
photosemiconductor, all irregularities are revealed on the EPh 
layer surface with all consequences. However, such raster is 
ineffective, i.e. the its meaning is the different width of EPh 
layer, the enough width of which is difficult to carry out. 

The optical halftoning of latent image is the precip of the 
electrified (in corona discharge) EPh layer through optically 
total raster. The original image is exposed on the layer after 
raster precip. As the optical raster can be prepared 
photographically with big permissive ability, the raster grid 
won’t be almost seen on the revealed image. However, the 
method of optical halftoning is low-yield, i.e. the raster is the 
temporary on the EPh layer surface. 

The electric halftoning leads to the electrization of EPh 
layer (by corona discharge) through grid-screen, situated near 
the layer surface. Moreover, the irregular charge distribution 
appears the biggest densities of which take place in grid 
intervals, i.e. the temporary raster forms. 

There are methods of physical halftoning [5,6], based on 
the creation of constant raster by the change of physical 
properties of definite regions of Eph layer. Thus, the separate 
rotational regions with low resistance are formed by ion 
doping way in high-ohmic photosemiconductor. The 
complexity of the method is the difficultness of the creation 
of narrow ion beams.  
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In the present paper the method of halftoning of latent 
image in EPh layer with the help of the focused          
(∅�100 mcm) laser beam with photon energy �∆Eg (the 
width of forbidden band of photosemiconductor) is 
considered. EPh layer was established on the holder with 
microsupply, which provided its rotational-progressive 
(spiral) transference with step �200 mcm. The focused laser 
beam is directed on the layer surface (λ=0,354 and 0,514 
mcm) and thus the scanning was carried out. The time of 
beam activity was given by the rotation speed of EPh layer 
and varied in enough wide limits, that allows to change the 
radiation density W from 10 till 103 Vt/cm2 (without taking 
under the consideration of the reflection).  

As it is known [7],  at the Se coating on the oxidized 
aluminum substrate, the so-called shunting sublayer from 
trigonal Se (�1mcm), which provides the photosensitivity of 
EPh layer in the red spectrum region forms under this 
substrate. In the coating process the layer of amorphous Se, 

by the width in several decades of microns is already formed 
under it. Thus, selenium EPh layer presents by itself the 
sandwich: the conducting substrate (with oxide layer), 
shunting sublayer from trigonal Se and thin layer of 
amorphous Se (fig.1.). For the raster creation, such 
multilayered structure is treated by the shoot by the laser 
beam. 

The scanning results are the following ones. At W�103 

Vt/cm2 the output (evaporation) of Se till the substrate with 
the creation of delicate lines with crater-similar edges by the 
width �130 mcm was observed (fig.2.a). This circumstance 
leads to the formation of the structure of EPh layer, at which 
the regions with and without photosemiconductor layer by 
the width �200 and �130 mcm are regularly rotated 
correspondingly, i.e. the constant raster is created. 

 

 
 
  Fig.2. The scanning of selenium EPh layer by focused laser beam (λ=0,354 and 0,514 mcm) with the different radiation density W: 

                     a – W≳103 Vt/cm2, Se evaporation till the substrate; 
                     b – W≈25 ÷ 102 Vt/cm2, the melting of shunting sublayer of trigonal Se till the substrate; 
                     c – W ≲10 Vt/cm2, the increase of the width of shunting layer of trigonal Se in the result of the crystallization of the amorphous  
                           main layer. 

 
At W �25 ÷ 102 Vt/cm2 the melting of Se layer under the 

beam till the substrate takes place, i.e. the sublayer of 
shunting trigonal Se is melting. Because of the speed cooling 
the shunting sublayer on these regions can’t be in time in 
order to form, that decreases the photosensitivity. And the 
melting process of the upper amorphous layer itself, naturally 
changes the electric properties (it doesn’t mean in what 
direction) and creates the character roughness (the shine is 
cone away). The regular rotation of the melted and initial 
regions by the beam creates the constant raster (fig.2b). 

At W �10 Vt/cm2 the crystallization of amorphous layer 
is observed. The crystallization takes place not immediately,  

and it has the cryptic period. It’s important, that after 
influence by the laser beam, the photoelectric characteristics 
of these regions are significantly changed: the conductivity of 
amorphous Se increases, the time of dark slump of potential 
strongly decreases (EPh layer hasn’t the charge). The regular 
rotation of such regions creates the constant raster. (fig.2.c). 

The attempt of raster creation by beam scanning of the 
infrared laser (λ =1,06 and 10,6 mcm) of significant power 
wasn’t successful (W � 104 Vt/cm2) – Se is limpid in this 
spectrum region. The irregular evaporation of Se because of 
the local substrate heating was observed. 
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ÑÅËÅÍ ÅËÅÊÒÐÎÔÎÒÎÃÐÀÔÈÊ ËÀÉËÀÐÛÍÄÀ ÝÈÇËÈ ÅËÅÊÒÐÎÑÒÀÒÈÊ ÒßÑÂÈÐÈÍ ÐÀÑÒÐËÀÍÌÀÑÛ 

 
Ìöÿééÿí îëóíìóøäóð êè, ñåëåí ÅÔ ëàéëàðûíûí λ=0,354 âÿ 0,514 ìêì, øöàëàíìà ñûõëûüû W=10÷103 W/ñì2 îëàí ôîêóñëàíìûø 

(∅�100 ìêì) ëàçåð øöàñû èëÿ ñêàíèðÿ åäèëìÿñè (àääûì �200 ìêì): ñåëåíèí àëòëûüàúàí áóõàðëàíìàñû (W � 103 W/ñì2); àìîðô  
òÿáÿãÿíèí  âÿ  øóíòëàéûúû  òðèãîíàë  ñåëåí  àëòòÿáÿãÿñèíèí  ÿðèìÿñè (W � 25 ÷ 102 W/ñì2); øöàíûí (W � 10 W/ñì2) òÿñèðè àëòûíäà 
àìîðô ñåëåíèí (êðèñòàëëàøìà) ôîòîåëåêòðèê õàññÿëÿðèíèí äÿéèøìÿñè ùåñàáûíà ýèçëè åëåêòðîñòàòèê òÿñâèðèí ðàñòðëàíìàñûíû òÿìèí åäèð. 
 

Н.И. Ибрагимов,  В.Г. Агаев 
      

РАСТРИРОВАНИЕ СКРЫТОГО ЭЛЕКТРОСТАТИЧЕСКОГО ИЗОБРАЖЕНИЯ СЕЛЕНОВЫХ 
ЭЛЕКТРОФОТОГРАФИЧЕСКИХ СЛОЁВ СКАНИРОВАНИЕМ  

СФОКУСИРОВАННЫМ ЛУЧОМ ЛАЗЕРА 
 

Установлено, что сканирование (шаг � 200 мкм) селеновых ЭФ слоёв сфокусированным (∅� 100 мкм) лазерным лучом с  λ = 
0,354 и 0,514 мкм и плотностью излучения W = 10 ÷ 103 Вт/см2 обеспечивает растрирование скрытого электростатического 
изображения за счёт выпаривания селена до подложки (W � 103 Вт/см2), оплавления аморфного слоя и шунтирующего подслоя 
тригонального селена (W � 25 ÷ 102 Вт/см2), а также за счет изменения фотоэлектрических свойств аморфного селена под 
воздействием луча (W � 10 Вт/см2). 
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THE INFLUENCE OF OLIGONAPHTHOQUINONE ON SOME SUPERCONDUCTING 

PROPERTIES OF ERBIUM CERAMICS ErBa2Cu3O7-8 
  

Yu.A.VIDADI, F.V. ALIYEVA, M.A. NIZAMETDINOVA 
Institute of Physics, Аzerbaijan National Academy of Sciences 

Azerbaijan, Baku, Az-1143, H. Javid av., 33 
 
For samples of ceramics ErBa2Cu3O7-δ processed in the melt of oligonaphthoquinone the increase of temperature of superconductive 

transition at  1.5 K  and the increase of  critical current on 30% at constant speed of attenuation in superconductive ring is registered 
 

The information about influence of organic compound on 
the properties of high-temperature superconductors in 
literature are very few, the studying of this question has the 
scientific and practical meaning. The big interest presents the 
studying of the influence of oligonaphthoquinone on the 
properties of high-temperature superconducting ceramics 
ErBa2Cu3O7-8. As it is known, the powders of high-
temperature super semiconductors are mainly the powders 
with bad pressing. These powders are obtained by the 
methods of ceramic technology and they are the polydisperse 
ones with particle sizes 10-50 mcm. The universal means of 
the powder pressing improvement is their plasticization by 
organic additions. Besides it, the interaction of organic 
addition with structural superconductor elements can give the 
additional information about electron processes in the system. 
The obtaining of superconducting ceramics was carried out 
with the use of Er2O3 , CuO, BaO. The synthesis procedure 
was carried out on the following technological schemes, 
given on the fig.1. 

 
Fig.1. The temperature-time graphic of the samples. 

 
1. The mixture of the powders of initial compound 

components, well deteriorated and mixed in needed 
proportion, is annealed on the air at the temperature 800°C 
during 12 hours. After cooling till room temperature the 
future superconductor is pressed and formed the needed form. 
Further it is annealed during 6 hours in oxygen atmosphere 
and slowly cooled.  

2. The scheme of glass-ceramic obtaining, including the 
low-temperature annealing at 400-500 (with aim of increase 
of germ number in glass) and at 600-700°C (with aim of 
finishing of glass crystallization till the synthesis beginning 
of superconducting phase). The synthesis atmosphere is 
oxygen. The obtained results show, that the carrying out of 
the thermoworkings in oxygen atmosphere in temperature 
interval 800-850°C leads to the saving of the significant 
quantity of residual glass in the sample and to the slow 
development of synthesis process of superconducting phase. 

The microstructure investigation showed, that in the 
dependence on the initial state the ceramic has the fine-
dyspersated structure and often has large contributions of 
amorphic phase. In the result the samples with density 
4.5g/cm3 has been obtained. By the roentgen-graphical 
investigation and measurement of magnetic susceptibility on 
the alternating current it was established, that samples of 
ErBa2Cu3O7-8 composition have 85% of superconducting 
phase, width and beginning of superconducting transition 2K 
and 92K, correspondingly. 

From the tablets of superconducting ceramics by diameter 
14mm and width 2 mm, the core by diameter 4 mm was cut. 
The residuary ring core after cutting was used for the 
measurement of the critical current on the known method. 
The temperature of superconducting transfer of initial and 
treated samples was measured with the help of the 
registration of real part of magnetic susceptibility χ in 
alternating magnetic field with the frequency 40 Hz. 

The oligonaphthoquinone was heated till the melt 
obtaining. After it, the samples were put into melt and were 
held near the hour with the following drying on the air at the 
room temperature. Thus, the pore infill of the sample by the 
thin layer of the oligonaphthoquinone took place. In this case 
many granules and amount of intergranule intervals are 
covered by thin layer of oligomer. The sample treatment in 
the melt leads to the linear increase of critic parameters of 
superconducting ceramics. The increase of the temperature Tc 
on 1,5K of superconducting transition and increase critic 
current on 30% at the constant speed of current damping in 
the ring has been fixed. 

The flushing of the oligomer from the sample in the melt, 
by the way of its holding in pure chloroform leads to the 
almost total reconstruction of previous values of critic 
parameters and Tc, which is temperature of superconducting 
transition decreases on the value ∆Tc=1.5K, that is seen from 
the fig.2. 

 
Fig.2. The temperature dependence of real part of magnetic  
                     susceptibility. 
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If till the treatment the full current, captured by 
superconductor ring was 2,8Å, then after 
oligonaphthoquinone adsorption it increases till 3.35Å. The 
dependencies of damping speed of superconducting current in 
the ring till and before its treatment by oligonaphthoquinone 
are given on the fig.3. 

 
 

Fig.3. The damping of superconducting current in the ring: 
          •  -  till treatment by the oligonaphthoquinone 

           × – after the treatment by oligonaphthoquinone. 
  
It is seen, that firstly, experiment points in logariphmic 

scale during 600 seconds, with satisfactory delicacy in 

logariphmic coordinated lay on the direct line. This allows to 
estimate the activation energy of pinning whirlwinds, which 
till our case was 0.22eV. Secondly, the experiment points, 
obtained till and before ring treatment in 
oligonaphthoquinone melt, are well laid on the one line, that 
evidences about the independence of relaxation velocity of 
superconducting current on the treatment in the ring. 

The total understanding of this phenomena is still absent. 
In the case of the high-temperature superconducting 
ceramics, presenting by itself the system of superconducting 
grains, connected by the system of Josefson contacts, 
influence mechanism can be more significantly complex. 

The increase of critic current in ceramics connects with 
the improvement of the properties of intergranule contacts, 
i.e. the oligonaphthoquinone probably, either creates the 
additional current conducting bridges, or improves the 
currentconducting properties already existed contacts. At the 
same time the increase of the temperature of the 
superconducting transfer, probably is connected with 
influence of oligonaphthoquinone adsorption on the ceramic 
grains. That’s why it can be proposed, that reason of revealed 
phenomenon in given paper connected with 
oligonaphthoquinone adsorption from the melt on the surface 
of superconducting sample has the more complex character.
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Йу. А. Видади, Ф. В. Ялийева, М.Я. Низамятдинова 

ОЛИГОНАФТОХИНОНУН ErBa2Cu3O7-8 КЕРАМИКАСЫНЫН БЯЗИ ИФРАТКЕЧИРИЖИ ХАССЯЛЯРИНЯ ТЯСИРИ 
 

Рентэенографик тядгигатлар вя магнит гаврайыжылыьынын юлчцлмяси васитясийля эюстярилмишдир ки, ErBa2Cu3O7-8 керамикасынын 
олигонафтохинон яринтисиндя емалы ифраткечирижи кечидин бющраны температуруну 1.5К йцксялмясиня вя бющран жяряйанынын 30% 
артмасына эятирир.  
 

Ю. А. Видади, Ф. В. Алиева, М.А. Низаметдинова 
 

ВЛИЯНИЕ ОЛИГОНАФТОХИНОНА НА НЕКОТОРЫЕ СВЕРХПРОВОДЯЩИЕ СВОЙСТВА ЭРБИЕВОЙ 
ErBa2Cu3O7-8 КЕРАМИКИ 

 
Получены сверхпроводящие керамики ErBa2Cu3O7-8 с использованием окислов Er2O3, CuO, BaO. Рентгенографическим 

исследованием и измерением магнитной восприимчивости установлено, что образцы содержат 85% сверхпроводящей фазы с 
температурой сверхпроводящего перехода 92К. Показано, что обработка эрбиевых керамик в олигонафтохинонном расплаве 
приводит к увеличению критической температуры сверхпроводящего перехода на 1.5К и критического тока на 30%. 
 

Received: 16.02.06 
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THE INFLUENCE OF THE RADIATION BY ELECTRONS ON ELECTROPHYSICAL AND 

OPTICAL PROPERTIES OF THIN MONOCRYSTAL FILMS Pb1-XMnXTe  
 

Sh.M. ABBASOV, G.T. AGAVERDIYEVA, T.I. KERIMOVA 
The Institute of Radiational Problem of NAS of Azerbaijan Republic 

 
I.R. NURIYEV, R.M. SADIKHOV 

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

 
In the given paper the influence of electron radiation on electrophysical and optical properties of Pb1-xMnxTe (x=0.04) epitaxial films, 

obtained by condensation method of molecular beams on BaF2 substrates (III). 
It is established, that the samples become more photo-sensitive after radiation.  
 

These materials present the big scientific interest and 
attract the investigators’ attention because of the wide use of 
narrow-band semiconductors AIVBVI in optoelectronic 
devices. They are used at the production of different devices 
of infrared technique [1]. The set of the methods for the 
obtaining of homogeneous epitaxial films of perfect structure 
of these materials with given thickness, composition and 
concentration of charge carrier has been treated [2]. 

The insignificant quantity of refs, dedicated to obtaining, 
investigation and application of epitaxial films PbS1-xSex 
PbSe1-xTex takes place. However, we don’t have the works, 
which are dedicated to the influence of the radiation by 
electrons on electro-physic properties of thin films Pb1-xMnxTe.  

The crystal structure and physical properties of the films 
mainly are defined by substrate’s parameters. It is desirable 
the maximal coincidence of lattice parameters, coefficients of 
thermal expansion of substrate and evaporated film. The use 
of monocrystal planes of the given compounds or solid 
solutions in the capacity of substrates allow to achieve the 
total coincidence of all parameters. From the other side, the 
epitaxial films and structures obtained on isolated dielectric 
substrates present big practical interest. 

In the given paper the growth peculiarities of epitaxial 
films Pb1-xMnxTe (x=0.04), grown on new-chipped border of 
BaF2 (111) and on polished planes (100) by method of 
condensation of molecular beams, are considered. The choice 
of BaF2 in the capacity of the substrate is caused by the fact, 
that it has cubic structure of CaF2 type with parameter of 
elementary cell 6,⋅19Å, it is gauzy in spectral range 3÷12 
mcm, it is dielectric and has well mechanic density and 
chemically inert. 

The epitaxial films Pb1-xMnxTe on BaF2 substrates, 
obtained by the method of molecular-beam epitaxy [3,4] are 
also investigated. The film width was near 0.5÷1mcm. 

The measurements were treated on the structures, created 
by two silver contacts, obtained by the evaporation in 
vacuum. The width of actuation length was 0.5-1.5cm at the 
gap value from 16 till 64 mcm. The variable air-gap and 
ohmic structure conductivities can be measured on the 
standard scheme.  

The epitaxial films are grown by the methods of 
condensation of molecular beams in the vacuum 104 Pa. The 
source of molecular beams were alloys Pb1-xMnxTe (x=0,04), 
before synthesized by corresponding chemical composition. 

The additional compensating source of the steams Te in 
growth process was used with the aim of the obtaining of the 

films with more perfect structure and needed values of 
electro-physic parameters. The investigations show, that 
epitaxial growth takes place at substrate temperature 
Tn=473÷523K. The films with more perfect structure 
(W1/2=90÷100), width 0,5÷1 mcm are obtained at the 
condensation velocities 8÷9Å/sec and Tn=613÷653 K. 

The initial samples were obtained at the room temperature 
on linear accelerator of electrons ELA-6 (Е=5МeV, 
dΦ/dt~1012сm2⋅sec-1, Φ≤7⋅1017cm-2). The temperature 
dependencies of specific resistance of each sample ρ were 
measured before and after radiation (fig.1). 

 
 
Fig.1. The temperature dependences of specific resistance,  
           radiated by electrons (Ф=5⋅1017cm2), 
           1 - the sample before radiation;  
           2 – the sample after radiation. 
 
It is established, that all investigated samples have firstly 

slow decrease, and after slow increase of specific resistance ρ 
at temperature 77K at radiation by electrons. Moreover, the 
more significant changes are character for the samples with 
lowest initial electron concentration. 

The character of the dependencies ρ (1/T) of samples with 
high initial concentration of electrons after radiation doesn’t 
change. The activative region, connected with own ionization 
of charge carrier appears in temperature region, which are 
close to the room one. 
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Fig.2. The spectrum of photoconductivity of films Pb1-xMnxTe  
           (x=0,04) (x=0,04), fixed at temperature 77K 
           1 – the sample before radiation;  
           2 – the sample after radiation.        
 
At the same time the experimental data, obtained [5,6] at 

the investigation of crystals of p-type don’t allow to predict 
with accuracy the change character of melts’ parameters of n-
type at the radiation: in the dependence on the ratio of 
generation velocities of defects of donor and acceptor 
character, the radiation of crystals of n-type can lead as to the 
conversion of p-n-type (dNd/dФ<dNa/dФ) , so to the increase 
of electron concentration in conduction band till the 
stabilization of Fermi level on energetic level of defects of 
donor type (dNd/dФ>dNa/dФ). Besides, the question about 

energetic position of radiation level of donor type and 
character of reconstruction of energetic spectrum of radiated 
melts at the variation of the content of tin in the melts isn’t 
clear.  

That’s why the investigation of deep radiation by 
electrons on electrophysic properties of unalloyed 
monocrystals Pb1-xMnxTe (x=0,04) with the aim of the 
definition of parameters of energetic spectrum of charge 
carriers for these materials, clearness of the change character 
of their properties and in particular, the possibility of the 
achievement of limit material characteristics in the result of 
the radiation was the common task of the given paper. 

On the base of the treated mode the high-ohmic epitaxial 
films Pb1-xMnxTe of n- and p-type conductivity with n, 
ρ(77K)=4⋅1015÷1.5⋅1016cm3 concentration and mobility of 
charge carriers µ (77K)=2.5÷3⋅104cm2/V⋅sec have been 
obtained. The films with different types of conductivity were 
obtained by the temperature change of main Pb1-xMnxTe  and 
compensating source Te. It is established, that at the above 
mentioned conditions the epitaxial films are photosensitive at 
the temperature of liquid nitrogen (77K) (fig.2). 

  As it is seen from the picture the maximum of spectrum 
of photoconductivity of Pb1-xMnxTe  films (x=0,04) is shifted 
to the side of more short waves in the comparison of the 
similar spectrums for other compositions of given solid 
solutions (0≤x≤0,04) given in the ref [7], that is explained by 
the increase of the width of prohibited band with increase of 
manganese quantity in investigated samples. From the fig.2 it 
is seen, that the samples were become more sensitive after the 
radiation.
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Ш.М. Аббасов, Щ.Р. Нурийев, Э.Т. Аьавердiйева, Р.М. Садыгов, Т.И. Кяримова 

 
Pb1-x Mnx Te ЯСАСЛЫ НАЗИК ТЯБЯГЯНИН ЕЛЕКТРОФИЗИКИ ВЯ ОПТИК ХАССЯЛЯРИНЯ ЕЛЕКТРОН 

ШЦАЛАРЫНЫН ТЯСИРИ 
 

Бу ишдя молекулйар конденсасийа цсулу иля  BaF2 алтлыг цзяриндя алынмыш Pb1-x Mnx Te (х= 0,04)  назик тябягяляринин електро-
физики вя оптик хассяляриня електрон шуаланмасынын тясири тядгиг едилмишдир. Мцяййян олунмушдур ки, шуаланмадан сонра нцмуня-
лярин оптик щяссаслыьы артыр.   

 
           Ш.М. Аббасов, И.Р. Нуриев, Г.Т. Агавердиева, Р.М. Садыхов, Т.И. Керимова 

 
ВЛИЯНИЕ ОБЛУЧЕНИЯ ЭЛЕКТРОНАМИ НА ЭЛЕКТРОФИЗИЧЕСКИЕ И ОПТИЧЕСКИЕ 

СВОЙСТВА ТОНКИХ МОНОКРИСТАЛЛИЧЕСКИХ ПЛЕНОК Pb1-x MnxTe 
 

В настоящей работе исследовано влияние облучения электронами на электрофизические и оптические свойства 
эпитиаксиалных пленок Pb1-x Mnx Te (х= 0,04) полученных методом конденсации молекулярных пучков на подложках BaF2 (ÛÛÛ). 

Установлено, что после облучения образцы становятся более фоточувствителными. 
 
Received: 16.05.06 
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VALIDITY AND SAFETY OF BANK OF STATISTICAL DATA 

OF THE PASSIVE PHYSICAL EXPERIMENT 
 

A. Z.  MURADALIYEV, Y. Z. FARZALIYEV  
ASRI of Power and Power Design, 

 Baku, Zardabi ave., 94 
 

The methods of protection retrospective given are considered about reliability and efficiency Power Station Blocks as from full or partial 
destruction database, so and undeliberate mistake. In base of the system of the checking are found methods, using surplus information, 
logical methods, recommended matrix method 

 
One of the basic directions to increase of efficiency of 

the automated information systems analysis and control of 
reliability of the equipment and devices of electro power 
systems is the increase of validity of the retrospective data. 
The information support of the personnel at the decision of 
operational tasks connected to a problem of reliability of the 
equipment should be objective. The infringement of 
objectivity of results of the analysis and control of reliability 
occurs as a result of complete or partial destruction of a 
database, and as a result of inadvertent mistakes.  

In [1] was shown that the complete or partial destruction 
of a database occurs in case of submission of inadvertent, 
casual teams from the keyboard, fluctuation of a voltage in a 
network and failures in the COMPUTER. The prevention of 
destruction of a database, maintenance of its safety is 
achieved by creation of the duplicate of objects of a database 
with the closed access, automatic control of their integrity 
and restoration at failure. The special procedures of 
systematic updating of the duplicate objects of a database are 
developed. It is necessary to consider inadvertent mistakes at 
input of the information in a database not only possible, but 
also inevitable. The visual monitoring system of reliability at 
all efficiency is not capable to prevent all inadvertent 
mistakes and furthermore to protect a database deliberate 
distortions.  

The description of technical methods of protection 
retrospective data on reliability and efficiency Power Station 
Blocks from possible mistakes is resulted below. 

 The data include: monthly importance of manufacture of 
the electric power (W), specific charge of fuel (b), charge of 
the electric power in system of own needs (Wsc), date both 
time of a beginning and end of non-working condition, kind 
of switching-off, type of a condition, type of the damage 
equipment, type of unit of the damage equipment, character 
of damage [2].  

Let's remind, that as against system methods of the 
protection which is carried out within the framework of 
accepted DBASE (in our case, accepted, PARADOX), the 
technical methods should be developed and to be based on 
the account of interrelation of the separate data. 

 
1. Control of mistakes at entering given about the 

basic productively parameters of power blocks.  
 
The protection of these data is carried out by a method of 

input of the superfluous information, what the data on the 
basic production parameters Power Blocks are. It is obvious, 
that these parameters can be calculated on production 
parameters Power Blocks. Just in this sense it is considered 
superfluous. After input of this block of the data the 

automated monitoring system and elimination of mistakes 
carries out: 

- the control of reliability of the data about 
manufacture of the electric power by a method of the control 
sums under the formula: 
 

                          3
n

1i
I 10WW1 −

=

≤− ∑ Σ
                  (1) 

 
where n - number PB; Wi - manufacture of the electric power 
i - st PB; W - manufacture of the electric power on POWER 
BLOCKS as a whole. 

The accounts will be carried out with accuracy 0,1%, 
practically sufficient for the subsequent analysis of these 
data. If a condition is carried out, the control is transferred to 
the subsequent stage of the control. Otherwise system 
requests about an opportunity of correction of the statistical 
data. The user, by checking up conformity entered statistical 
given and data in the initial document, can correct a mistake. 

If by the reason of input was the mistake in the initial 
document and the time for the analysis of these data is 
necessary for the User, he presses the appropriate key, the 
attribute of unauthenticated of the data is entered and the 
control is transferred to data input about non-working 
condition, having a place, power block; 

- the control of reliability of the data about the specific 
charge of fuel and charge of the electric power in system of 
own needs will be carried out accordingly under the 
formulas: 

                         5,0WWbb
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where bi - specific charge of fuel i - in PB; b - specific charge 
of fuel on Power Station Blocks; Wsc, i - charge of the electric 
power in system of own needs i- in PB; WSCí, - charge of the 
electric power of system of own needs Power Station Blocks 

The algorithm of the control and elimination of mistakes 
of the data about bi and WSCI, i with i = 1, n is similar to the 
considered above algorithm for Wi with i =1,n. 

 
2. Control of reliability at data input about date both 

time of a beginning and end of a condition and its 
duration. 

 
The algorithm includes consecutive input and control of 

reliability: dates (day, month, year) beginning j- st of a 
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condition i- st PB - Н
jiТ , ; dates of the end j- st of a condition 

i- in PB - К
jiТ , ; time (hour, mines.) beginning j- st of a 

condition i- in PB - Н
jit , ; time (hour, mines.) end j- st of a 

condition i- st PB - К
jit , ; duration j- st of a condition i- st PB - 

ji,τ . 
The control of reliability of a beginning of a condition 

will be carried out by logic methods by a way: 
− comparison to the moment of the end previous (mi) 

of a condition i- st PB – ( K
jiT 1, − ). It is obvious, that 

Н
ji

К
ji TT ,1, ≤− . A case, when the data about are absent however 
К

jiТ 1, −  is possible. For example, PB in one of the previous 
periods was deduced in emergency repair (in a reserve, or in 
scheduled repair), which was completed in current (in one of 
subsequent) accounting periods. On this marked comparison 
the check of presence of date precedes К

jiТ 1, − . If the items of 

information about К
jiТ 1, − for any reason are absent, the User 

is notified on it and the opportunity of entering is requested 
К

jiТ 1, − . If the answer positive (Y), on the screen of the 
monitor j-1 a condition i- st PB of the appropriate accounting 
period is allocated, is entered К

jiТ 1, −  and further control is 

transferred to repeated input 
К

jiТ , . If PB still is in a condition 
of emergency repair (reserve or scheduled repair), or item of 
information about К

jiТ 1, −  are absent, the User is notified on 
inadmissibility of data input about a technical condition it PB 
and opportunity of data input about the HARDWARE of the 

following PB. If there are items of 
К

jiТ 1, −  information about, 

the condition is checked Н
ji

К
ji TT ,1, ≤− .  

      - comparison Н
jiТ ,  to dates started ( Н

ПT ) and end ( К
ПT ) 

accounting period. 
It is obvious, that the beginning of each of i=1,m of 

condition should be satisfied to conditions Н
П

Н
i TT ≥j,  and 

К
П

Н
ji TT ≤, . It is uneasy to notice, that the entered control 

parities exclude an opportunity of mistakes in months and 
years and limit a mistake in days of a date started of a 
condition. Feature of the control of date of the end of a 
condition ( К

jiТ 1, − ) is the opportunity of its absence and 
registration in the subsequent accounting periods. 

The algorithm of the control of reliability of date of the 
end of a condition is reduced to the following to procedure: 
      - checks conformity to conditions Н

ji
К
ji TT ,, ≥   (block 3) 

Н
П

К
ji TT ≥,  and К

П
К
ji TT ≤, .  

On analogue with the control Н
jiТ ,  the entered control 

parities exclude an opportunity of mistakes in months and 
years of date and limit size of a possible mistake in days of 

date of the end of a condition. After input of time of a 
beginning of a condition the automatic control checks: 
- 23,, ≤Н

jiчасt  not excess of number of hours (block 2); 

- 59,. ≤Н
jiминt  not excess of number of minutes (block 3); 

- 
Н

ji
K

ji tt ,1, ≤−  not excess of time of the end of a previous 

condition, where Н
jiмин

Н
jiчас

Н
ji ttt ,.,,, 60 +⋅=  provided that 

Н
ji

K
ji TT ,1, =− . 
The control of reliability of time of the end a condition 

practically is similar to the control н
j,it , with that difference, 

that this information at the uncompleted condition will be 
absent. The control thus is transferred to the block of the 

control of presence of the data K
jiT , . If the data about K

jiT ,  
are absent, the User is warned about inadmissibility of data 

input 
Н

j,it , the data are automatically erased also control is 
transferred on a route to the block of data input about a kind 
of switching-off.  

As was perfectly above, the entered control parities allow 
definitely to prevent mistakes of data, input and as a matter of 
fact concern to a method using “internal reserves” of the data. 
The possible mistakes of the data describing year and month 
of occurrence and the termination of condition and partially - 
of the item of information on day and hour of month of year 
are completely eliminated. To ensure reliable protection of 
these data, the superfluous information on duration of a 
condition (in hours) is entered. A condition of the control is 
not the excess of unit of a difference of the duration, entered 
into a computer memory, of a condition ji ,τ and settlement 

size 0
ji,τ . The size 0

ji,τ  is calculated as a difference of the 
calendar moments of time of the end and beginning of a 
condition. And if this condition is not carried out, the 
management is transferred to algorithm of liquidation of a 
mistake, the principle of which action was considered earlier. 
 

3. Experience of application of the automated 
monitoring system of reliability.  

 
The monitoring system of reliability of the initial data was 

test on a database, which earlier repeatedly was used at the 
decision of many operational tasks [2]. As was marked [1], 
the mistakes of the data came to light and during the analysis 
of reliability power blocks. Thus, not only the concrete 
mistakes were corrected, but all statistical material was 
analyzed. 

The opportunity of reception of erroneous results of the 
analysis required the labor-consuming visual control of 
reliability of the data, and the experience of work has learned 
more skeptically concerns to the first accounts and to the 
recommendations, following from these accounts. Therefore, 
the application of the monitoring system of the data has not 
revealed serious mistakes. However number of discrepancies 
was found out. They were caused, as by mistakes in primary 
carriers of the information, and at input of the information in 
the COMPUTER. Is noticed, that the mistakes most 
frequently arise in numbers containing many of marks 
(“manufacture of the electric power”, date started and end of 



A. Z.  MURADALIYEV, Y. Z. FARZALIYEV 

 64

condition, charge of the electric power in system of own 
needs). The application of qualifiers of the textual 
information has allowed essentially to lower probability of 
mistakes, which were shown now in an inadvertent choice of 
adjacent codes. Not less probable the mistakes in carriers of 
the initial data improved have refused at the visual control or 
arisen at formalization and entering of the data in the special 
tables. 

At entering the initial data and automated control of their 
reliability the deliberate attempts were automatically warned 
to deform the information, and the registration of admitted 
mistakes has allowed to open the basic reasons of their 
occurrence and to accept the appropriate measures. Essential 
result has appeared also protection of integrity of a database 
[1], which earlier repeatedly was broke and required 
significant efforts for the restoration. 

 
Conclusions: 
 
1. The system of automatic protection of the 

information, entered in THE COMPUTER, about reliability 
and efficiency Power Station Blocks is developed. In a basis 
of the monitoring system there are methods using the 
superfluous information, logic methods recommended matrix 
method. The matrixes of interrelation of versions of attributes 
essentially simplify algorithm of the control of occurrence of 
possible mistakes. 

2. The practical approbation of the automated system 
of protection of integrity, safety and faultlessness of a 
database testifies to its high efficiency. 
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A problem of safety of a databank about reliability of 
Power Station Blocks. A problem of power, ¹ 1, 2006. 

[2] E.M. Farhadzadeh, T.Kh. Safarova, A.Z. Muradaliyev, 
 

 T. K. Rafiyeva, Y.Z.Farzaliyev. The automated system of 
the analysis of individual reliability and efficiency Power 
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А.З. Мурадялийев, Й.З. Фярзялийев  

 
ПАССИВ ФИЗИКИ  ЕКСПЕРИМЕНТИН СТАТИСТИК ВЕРИЛЯНЛЯРИ БАНКЫНЫН ДЦРЦСТЛЦЙЦ ВЯ 

ТЯЩЛЦКЯСИЗЛИЙИ 
  
ДРЕС-ин енеръи блокларынын етибарлыьы вя сямярялилийинин база верилянляринин там вя йа гисмян даьылмасындан, щям дя верилянлярдя 

тясадцфи сящвлярдян мцщафизя цсулларына бахылмышдыр. Нязарят системи ясасында ялавя информасийадан истифадя едян цсуллар, мянтиги 
цсуллар, тяклиф олунан матрис цсулу тапылыр. 

 
А.З. Мурадалиев, Ю.З. Фарзалиев  

 
ДОСТОВЕРНОСТЬ И БЕЗОПАСНОСТЬ БАНКА СТАТИСТИЧЕСКИХ ДАННЫХ  

ПАССИВНОГО ФИЗИЧЕСКОГО ЭКСПЕРИМЕНТА 
 

Рассмотрены методы защиты базы данных о надежности и эффективности энергоблоков ГРЭС как от полного или частичного 
ее разрушения, так и непреднамеренных ошибок. В основе системы контроля находятся методы, использующие избыточную 
информацию, логические методы, рекомендуемый матричный метод. 
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THE INFLUENCE OF SEMICONDUCTOR PROPERTIES OF THE BASE ON 

LUMINESCENCE DAMPING KINETICS OF NEODYMIUM LEVEL 2/3
4 F  IN THE CRYSTALS 

32SLa−γ , SULPHIDE, OXO-SULPHIDE AND SULPHIDE-OXIDE GLASSES 
 

A.A. MAMEDOV 
Institute of Physics of National Azerbaijan Academy of Sciences 

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

The influence of semiconductor properties of the base on luminescence damping kinetics 
2/3

4F  the neodymium level in the crystals 

32SLa−γ , sulphide, oxisulphide and sulphide-oxide glasses has been investigated. 
 

The three-valency neodymium ion is the most spread 
activator of solid-state laser mediums [1]. This is connected 
with the its following peculiarities: 

1) relatively intensive bands in visible region; 
2) four-level generation scheme; 
3) the generation wave length (λ≈1,06 и 1,35 mcm 

[2])which is comfortable for many practical 
applications;  

4) the possibility to easy enough rule by the laser 
radiation as on the spectrum (harmony generation on 
nonlinear crystals), so in time (cavity damping). 

The electron configuration of thrice-free ionized 
neodymium atom is 4f3. The electron number is odd one and 
J values are half-integral ones. The position of gravity centers 
of Nd3+ levels with definite J is close in different matrixes the 
same as all other three-valency rare-earth ions have. This is 
connected with weak interaction of 4f electrons with crystal 
field, in the comparison with spin-orbital one, as 4f 
membrane has been died and well screened by external 
membranes 5s and 5p. The electron transitions between 
membrane therms 4fn are forbidden in the absence of the 
disturbing field. The influence of electric field of forbidden 
medium is partly taken and powers of oscillators of optical 
transitions have the order 10-7. The interaction with crystal 
field is revealed also in Stark structure of spectrums, 
consisting from narrow discrete lines, which are obliged to 
transitions between Stark components of different therms. 
The number of Stark components is defined by J value and 
local symmetry of impurity center. 

The metastable level 2/3
4 F  is the upper laser level of 

neodymium, and 2/11
4 I  or 2/13

4I  is lower level. In many 
laser crystals the degeneration taking down on the electric 
field is full. The 2/15

4
2/13

4
2/11

4
2/9

4 ,,, IIII  and 2/3
4 F  levels 

are separated on 5,6,7,8 and 2Stark components 
correspondingly. Each Stark component stays doubly 
degenerate on magnetic field, i.e. is the Cramer's doublet. 
The main generation transition connects the 2/3

4F  and 

2/11
4 I  levels. The final laser level 2/11

4 I  lies on 2000 cm-1 
higher, than the main one, that causes the four-level 
generation scheme and laser work at the room temperature. In 
many laser mediums with neodymium, the relaxation speed 
from absorption bands into metastable state is the big enough 
one, anyway not less, than 108 cm-1 [3]. The bigger relaxation 
speed is proved by the many-phone non-radiation transitions 

in the result of the electron-phonon interaction. Thus, at the 
excitation of neodymium, the absorption bands are caused by 
the transitions on the superincumbent (in the comparison with 

2/3
4F ) levels, the absorbed energy minus the Stokes losses 
makes the occupancy the metastable state. Moreover, any 
replenishment of excited state, the velocity of which is equal 
to relaxation speed of metastable state is absent, thus that 
coming and going processes from metastable state are 
significantly separated in time and aren’t cover the each 
other. The given conditions, as a rule, are carried out in 
known dielectric laser crystals and glasses, activated by Nd3+. 
The situation was another one in semiconductor single 
crystals 3222 SNdLa xx−−γ  and sulphide glasses, investigated 
by us. The experimental facts are: 

Firstly, the non-exponentiality is observed at the 
activator low concentrations in crystals 3222 SNdLa xx−−γ  at 
the excitation by the light, the wave length of which is 
λ=0,53 mcm on the initial region of decomposition curves of 
metasdtable level 2/3

4F  of neodymium. 
  Secondly, the neodymium deceleration takes place at 

the excitation of the samples 3222 SNdLa xx−−γ  by the light, 
the wave length of which is λ=0,53 mcm on the far stages of 
the decomposition of metastable level 2/3

4F  of neodymium. 

Thirdly, the time evolutions of population 2/3
4 F  of 

neodymium in 32SLa−γ  and sulphide glasses have strongly 
expressed maximums. 

Firstly let’s discuss the first two experimental facts. The 
crystal lattice 32SLa−γ  is characterized by big quantity of 
structural vacancies, chaotically distributed (~1021cm-3), that 
leads to the quasi-amorphous lattice structure. Nowadays, it 
is established, that in many amorphous semiconductors, the 
electron states near band edges are localized, moreover, the 
continuous state density N(E) can take place, i.e. all states are 
localized in some energy interval. However, the some energy 
Ec, separating the localized and non-localized states, exists. 
From the defect crystal structure 32SLa−γ  the quazi-
continuous distribution of traps, the density maximum of 
which is situated on the depth 0,1-0,2 eV from conduction 
band bottom, takes place. In forbidden band of single crystals 

32SLa−γ , the levels with energies 1,3 and 2,6 eV below the 
bottom of the conduction band are revealed [4]. These levels 
in [4] are designated as level I and level II correspondingly. 
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In single crystals 32SLa−γ  the photoluminescence band 
with maximum in region 1,6-1,7 eV is observed. 

The luminescence spectrum at the excitation by the light, 
the wave length of which is 0,53 mcm, is presented on the 
fig.1. The spectrum consists from the one wide band. 

 

 
 
Fig.1. The luminescence spectrum of 

32SLa−γ  crystal at the  

           excitation by the light with wave length λ=0,53 mcm  
           (T=330K). 

 

 
 
Fig.2. The luminescence excitation spectrum of  
          

32SLa−γ  crystal (T=300K). 
 
The excitation spectrum of luminescence of non-doped 

crystal 32SLa−γ  is given on the fig.2. It consists from wide 
non-elementary band, being the superposition at less of three 
excitation bands: the band situated in region 460-470 nm 
(2,6-2,7 eV), the band with maximum ~430 nm (~2,9 eV) and 
the band, situated in region 390-400 nm (3,1-3,2 eV), caused 
by the own excitation. The half-width of excitation spectrum 
is 0,5-0,8 eV. It is need to note, that the own luminescence 

32SLa−γ  is well excited by the light with wave length 
λ=0,53 mcm. Vice versa, the wideband radiation isn’t 
observed at the crystal excitation 32SLa−γ  by the light with 
wave length λ=0,6 mcm. 

For the explanation of the luminescence in single crystals 
32SLa−γ  the next model is suggested. The luminescence in 

single crystals 32SLa−γ  is caused by the recombination of 
donor-acceptor couples, differing not only by the distance 

between donor and acceptor, but by the energy of donor 
ionization. In the capacity of donor, the quasi-continuous set 
of traps near conduction band takes place, and the center, 
causing the appearance of level II with big cross-section of 
capture for holes is the acceptor. The luminescence excitation 
is carried out firstly, at the direct neglecting of electrons from 
valency band on level II (this transition corresponds to the 
energy 2,8-2,9 eV). Moreover, the luminescence excitation is 
carried out at the electron transition from II level into 
conduction band and at the followed their capture by the 
quazi-continuously distributed traps (transition from energies 
2,6-2,7 eV). And finally, the luminescence is excited at the 
creation of electron-hole couples by the light from the region 
of own absorption 32SLa−γ . The big half-width of 
spectrum is explained by the existence of quasi-continuous 
distribution of donors near bottom of conduction band. The 
damping velocity of own luminescence decreases with time – 
on far stages of decomposition it becomes the significantly 
less, than the decomposition velocity of excited state of 
neodymium 2/3

4F . It is character, that the own luminescence 
of matrix is significantly damps at the introduction of 
neodymium ions, moreover, the modulation of wideband 
matrix radiation Nd3+ and also the decrease of intensity of 
wideband radiation there, where Nd3+ doesn’t observe, is 
observed. The decomposition law of excited state of 
neodymium at the excitation of the sample with radiation 
λ=0,53 mcm on far stages of decomposition is identical to 
damping law by own damped luminescence (fig.3). This is 
suggest the idea to fact, that the superposition of neodymium 
and matrix radiations takes place at the excitation of activated 
crystal by the radiation with λ=0,53 mcm in region of 
neodymium luminescence. However, the coincidence of the 
laws of damping of own luminescence and neodymium 
luminescence can be then, when the energy transformation 
from the traps to the impurity centers of neodymium takes 
place, if the velocity of this transformation is less, than the 
decomposition velocity of excited neodymium state [5]. That 
fact, that luminescence isn’t observed, for example, in region 
0,99mc, where neodymium doesn’t radiate, and 
decomposition kinetics of excited state of neodymium, 
measured in region ~0,9 mcm (transition 2/9

4
2/3

4 IF → ), 
coincides with decomposition energy, measured in region 
~1,06 mcm (transition 2/9

4
2/3

4 IF → ), evidences about second 
mechanism of decomposition retardation of excited state of 
neodymium at the excitation by the radiation with λ=0,53 
mcm. Thus, the revealed first experimental fact is caused by 
the slow energy transition from the traps to neodymium ions. 
At the temperature increase the increase of decomposition 
velocity is observed, and at temperature decrease is vice 
versa. This is connected with fact that “retardation” of 
luminescence on transition JIF 4

2/3
4 →  disappears with 

temperature increase, in the result of the increase of release 
rate of electrons, captured by traps. 

The quantum output of luminescence from metastable 
state 2/3

4 F  Nd3+ in crystal +−− 3
32 %9,0 NdSLaγ , at the 

excitation by the light with wave length λ=0,812 mcm 
approaches to the unit [6], i.e. the measured life time τm 
corresponds to radiational one τ0. Thus, the decomposition of 
excited state 2/3

4 F  of Nd3+ level carries out on exponential 
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law and decomposition curves at the excitation of any level, 
situating higher, than 2/3

4 F  of Nd3+ level should be direct 
ones. The other picture is observed. The decomposition 
curves of metastable state of neodymium 2/3

4 F  are not 
direct ones at the excitation by the light with wave length 
λ=0,53 mcm (fig.3, curve a), not only in final, but in initial 
region. 

  

 
 
Fig.3. The decomposition curves of metastable state 2/3

4 F   
      Nd3+  in crystal 32SLa−γ -0,9%Nd3+ at the excitation  

          by the short impulse of the light λ=0,53 mcm (a),  
          λ=0,6 mcm (b).       
 
At the density increase of excited radiation            

(λ=0,53 mcm), the formula of decomposition curve 2/3
4 F  of 

neodymium level didn’t change. This evidences about the 
fact, that cooperative phenomena doesn’t cause the 
observable anomaly. The exponential potential is observed at 
the light excitation with wave length λ=0,6 mcm, 
corresponding to 2/7

4
2/5

4
2/9

4 GGI +→  transition. The 
observable anomaly was explained by the following way. The 
Nd3+ ions are excited and electrons are taken from the II level 
to the quasi-continuous trap levels simultaneously, at crystal 

+−− 3
32 NdSLaγ  excitation by the light, the wave length of 

which is λ=0,53 mcm. In excited neodymium ions, the 

energy is transformed to the metastable state 2/3
4 F . The 

energy, corresponding to the 2/13
4

2/3
4 IF →  transition (1,41 

mcm or ~0,88 eV) of neodymium ions is transformed to the 
electrons in valency band. This energy is enough for the 
electron neglecting from the valency band on II level. 
Moreover, Nd3+ ions are in low excited states 2/13

4 I . Thus, 

the energy transition from 2/3
4 F  level is carried out. 

Because of this reason, the non-exponentiality is observed on 
initial stage of decomposition kinetics. The electron 
neglecting from the valency band on II level can only 
increase the life time of excited electrons in conduction band. 
Thus, in the difference from the wide-known dielectric 
matrixes, the conduction electrons interact with valency 4f-
electrons in semiconductors. 

Let’s consider the third experimental fact. The 
observation of luminescence becoming flushed Nd3+ on 

JIF 4
2/3

4 →  transitions in 32SLa−γ  and sulphide glasses is 
the consequence of slow occupancy of upper laser level. In 

+−− 3
32 NdSLaγ  crystal and sulphide glasses at the light 

excitation with λ=0,53 mcm, the transition possibilities from 
absorption bands in metastable state were significantly less 
(105÷106 sec-1), that in significant degree is caused by the 
relatively short spectrums of own oscillations of given bases. 
The luminescence coming flushed on JIF 4

2/3
4 →  transitions 

wasn’t observed in oxo-sulphide and sulphide-oxide glasses 
at Stokes excitation. The comparison of the spectrums of 
combination light scattering of 32SLa−γ  crystal and oxo-
sulphide and sulphide-oxide glass is revealed, that the more 
high-frequency oscillations are present in glass, than in 
crystal [7]. Besides, as the spectrum of combination 
scattering of glassy material reflects the distribution of 
density spectrums and its oscillation states that it is clear, that 
the density maximum is on the oscillation frequencies with 
high energy [8]. It is clear, that these obstacles in significant 
degree define the big velocity of non-reflecting relaxation 
energy from the excitation levels and its more effective 
accumulation on upper laser level Nd3+ in oxo-sulphide and 
sulphide-oxide glasses in the comparison with the crystal 

32SLa−γ . 
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Ф. Ц. Ьцььцвщм 
 

32SLa−γ  ЛКШЫЕФДДФКЭТВФ ЫГДАШВ, ЩЛЫЩЫГДАШВ МЦ ЫГДАШВЩЩЛЫШВ ЖЪЖЦДЦКШТВЦ ЬФЕУКШФДЭТ 

НФКЭЬЛУЮШКШСШ ЧФЫЫЦДЦКШТШТ ТУЩВШЬШТ 2/3
4 F  ЫЦМШННЦЫШТВЦТ ДНГЬШТУЫЫУТЫШНФТЭТ ЫБТЬЦ 

ЛШТУЕШЛФЫЭТФ ЕЦЫШКШ 
 

32SLa−γ  лкшыефддфкэтвф, ыгдашв, щлыщыгдашв мц ыгдашвщщлышв жъжцдцкштвц ьфеукшфдэт нфкэьлуюшкшсш чфыыцдцкштшт тущвшьшт 
2/3

4 F  
ыцмшннцыштвцт днгьштуыыутышнфтэт ыбтьц лштуешлфыэтф ецышкш ецвйшй увшдьшжвшк. 

 
А.А.Мамедов 

 
ВЛИЯНИЕ ПОЛУПРОВОДНИКОВЫХ СВОЙСТВ ОСНОВЫ НА КИНЕТИКУ ЗАТУХАНИЯ 

ЛЮМИНЕСЦЕНЦИИ  УРОВНЯ 2/3
4 F  НЕОДИМА В КРИСТАЛЛАХ  32SLa−γ ,  СУЛЬФИДНЫХ, 

ОКСОСУЛЬФИДНЫХ И СУЛЬФИДООКСИДНЫХ СТЕКЛАХ             
Исследовано влияние полупроводниковых свойств основы на кинетику затухания люминесценции уровня 2/3

4 F  неодима  в 

кристаллах  32SLa−γ , сульфидных, оксосульфидных и сульфидооксидных стеклах.  
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