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Ишдя ФеIн2Се4 лайлы монокристалынын мцхтялиф тезлик вя температурларда диелектрик нцфузлуьу вя диелектик  итки буъаьынын танэенси 

тядгиг едилмиш вя онларын тяърцби гиймятляри щесабланмышдыр. ε-нун бюйцк гиймят алмасы кристалдакы дефектляр арасында електронларын 
сычрайышлы мцбадиляси иля ялагядардыр. Мцяййян едилмишдир ки, итки буъаьынын танэенси тезликля тярс мцтянасибдир (1/ω). Йцксяк тезликлярдя 
(500 кЩз вя 1 Мщз) температур артдыгъа тэδ експоненсиал ганун цзря артыр.   

 
Сон илляр д тябягяси тамамиля долмайан елементляр да-

хил олан цчлц халкоэенид бирляшмяляр гейри-ади физики хасся-
ляри вя практик тятбигляри сайясиндя интенсив тядгигатларын 
обйектиня чеврилмишдир. Бу бирляшмяляр ичярсиндя физики про-
сесляри аз юйрянилмиш АБ2Х4 (бурада А-Мн, Фе, Ъо, Ни; Б-
Эа, Iн; Х-С, Се, Те) типли бюйцк синиф материаллар хцсуси 
мараг кясб едир [1-7]. Бу бирляшмялярин ясасында лазерляр, 
ишыг модулйаторлары, фотодетекторлар, терморезисторлар вя с. 
функсионал гурьулар йаратмаг цчцн перспективлидир. Щал-
щазырки ишдя АБ2Х4 типли бирляшмяляря аид олан ФеИн2Се4 
монокристалынын диелектрик хассяляринин тядгиги нятиъяляри 
верилмишдир.    

ФеIн2Се4 монокристалы Бриъмен методу иля алынмышдыр. 
Рентэенографик методла мцяййян едилмишдир ки, ФеIн2Се4  

монокристалы гяфяс параметрляри а=4,18Å,  ъ=19,47Å, 
ъ/а=4,65 олан щексагонал гурулуша кристаллашыр [8]. 
ФеИн2Се4  монокристалынын бязи електрик хассяляри [9] ишиндя 
юйрянилмишдир. Диелектрик хассялярини юйрянмяк цчцн га-
лынлыьы ~ 0,1 мм олан монокристал лювщялярдян онлара эц-
мцш пастасы вурараг конденсаторлар щазырланмышдыр. Елек-
трик тутумунун юлчцлмяси Е7-20 (25÷106щз) рягямли им-
метанс юлчц ъищазынын кюмяйи иля апарылмышдыр. 

 
Шяkil 1.  FeIn2Se4 monokristalы цчцн 295K temperaturda  
              dielektrik nцfuzluьunun tezlikdяn asыlыlыьы. 
 
Шякил 1-дя 295K температурда диелектрик нцфузлуьунун 

(ε) ъяряйанынын тезлийиндян (ф) асылылыг графики верилмишдир. 
Графикдян эюрцнцр ки, 1÷20 кЩз тезлик интервалында ε 
тезликдян асылы олараг 450÷1150 аралыьында мцяййян  
гиймятляр алыр. Сонра ися тезлийин артмасы иля (20÷50 кЩз) 

диелектрик нцфузлуьу ε=630 гиймятини алараг бир гядяр 
сабит галыр. Даща сонра ися 50 кЩз тезликдян башлайараг ε -
нун гиймяти тядриъян азалараг сонда  ~ 200 гиймятини алыр. 

 
Шяkil 2.  FeIn2Se4 monokristalы цчцн mйxtяlif tezliklяrdя  
              dielektrik nцfuzluьunun temperaturdan asыlыlыьы: 
              1 -50 kHz, 2 -100 kHz, 3 -500 kHz, 4 -1 MHz. 
 
Шякил 2-дя мцхтялиф тезликлярдя ФеIн2Се4 монокристалы-

нын диелектрик нцфузлуьунун температур асылылыьы верилмиш-
дир. Шякилдян эюрцнцр ки, температурун артмасы иля ε артыр. 
Ашаьы тезликлярдя (1 вя 2 яйриляри) бир дцз хятт мейли мцша-
щидя едилир. Даща йцксяк тезликлярдя ися (3 вя 4 яйриляри) ди-
електрик нцфузлуьунун температур асылылыьы мцхтялиф мейлля-
ря малик ики дцз хяттдян ибарятдир. Йцксяк температурлу 
щиссядя ε ~1/Т асылылыьынын мейли температурун артмасы иля 
ашаьы температурлу областа нисбятян даща йаваш азалыр. 
295÷375K температур интервалында вя 50÷1000 кЩз тезлик-
лярдя диелектрик нцфузлуьунун гиймяти 180÷1500 интерва-
лында дяйишир. Мялумдур ки, цчлц бирляшмялярдя дефектляр 
кристалын йетишмя просесиндя ямяля эяля биляр [10]. ε -нун 
гиймятинин бюйцк олмасынын сябяби кристалда олан дефект-
ляр арасында електронларын сычрайышлы мцбадилясидир [11-12]. 
Температурун йцксялмяси иля диелектрик нцфузлуьунун арт-
масы дефектлярин консентрасийасынын артмасы иля ялагядар-
дыр.  

Шякил 3-дя  ФеIн2Се4 монокристалы цчцн 295K темпе-
ратурда диелектрик  иткисинин танэенс буъаьынын (тэδ) тезлик-
дян асылылыг графики верилмишдир. Шякилдян эюрцнцр ки, тезлик 
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артдыгъа итки буъаьынын гиймяти азалыр. Билдийимиз кими, 
диелектрик иткиси диелектриклярдя електрик енержисинин истилийя 
чеврилян щиссяси кими юзцнц эюстярир. Йарымкечириъи вя 
диелектриклярдя итки кристалын гурулушундан вя дефектлярин 
тябиятиндян асылыдыр [13]. Дефектлярин консентрасийасындан 
асылы олараг диелектрик иткиси он вя йцз дяфялярля дяйишя биляр. 

  

 
 
Шяkil 3.  FeИn2Se4 monokristalы цчцн 295 K temperaturda  
               dielektrik itkisinin  tangens bucaьыnыn tezlikdяn  
               asыlыlыьы. 

 
Диелектриклярдя електрик енержисинин истилийя чеврилмя меха-
низмляриндян бири електрик кечириъилийи иля ялагядардыр. Бил-
дийимиз кими, кристалда сярбяст електронлар електрик сащя-
синдян енержи алараг истигамятлянмиш йердяйишмя едяряк 
електрик ъяряйаны йарадыр вя юз сярбяст щярякятляри заманы 
кристалын атом вя молекуллары иля гаршылыглы тясирдя олараг 
(сяпиляряк) юз енержиляринин мцяййян щиссясини  итирирляр. Мя-
лумдур ки, електрик кечириъилийи йцксяк темпратур вя ашаьы 
тезликлярдя итки буъаьынын танэенсинин гиймятини артырыр [13].   
ФеИн2Се4 монокристалында електрик  кечириъилийи  293÷393K 
темпратур  интервалында 10-3÷10-4 ом-1см-1 гиймятлярини алыр [9]. 
Она эюря дя  ФеIн2Се4 монокристалы цчцн тэδ параметринин 
гиймяти бюйцк олур. Билдийимиз кими ЪР вя Р-ин паралел 
бирляшдирилмяси заманы диелектрик иткисинин танэенс буъаьы 

 

                        тэδ = жа/жр = 1/ωЪРР                    (1) 
 

ифадяси иля тяйин олунур. Бурада жа-актив,  жр -реактив ъяряйан 
сыхлыьы, ω-ися тезликдир.  

Зяиф електрик сащяси цчцн 
  

                    жа = σЕ                                      (2) 
 

Ом гануну юдянилир. Диэяр тяряфдян диелектрики мцстяви 
конденсатор кими тясяввцр етсяк, реактив ъяряйанын сыхлыьы-
ны ашаьыдакы кими йазмаг олар: 

 

                           жр = ω ε ε 0Е                        (3) 
 

Бурада ε0 - електрик сабити, ε - ися диелектрик нцфузлуьу-
дур. (2) вя (3)-ц (1)-дя нязяря алсаг, аларыг: 

 
  тэδ = жа/жр =σ / ε ε 0ω           (4) 
 
ФеIн2Се4  монокристалы цчцн ε вя σ –нын тезликдян асылы 

олараг дяйишмяси чох кичик олдуьу цчцн нязяря алмасаг, 
итки буъаьынын танэенсинин тезликля тярс мцтянасиб (тэδ ~ 
1/ω)  асылылыьы юдянилир. Беля ки, шякил 3-дяки итки буъаьынын 
танэенсинин тезликдян асылылыг графики (4) ифадясиня уйьун-
дур.  

 

 
 
Шяkil 4.  FeIn2Se4  monokristalы  цчцn  mцxtяlif  tezliklяrdя   
              dielektrik  itkisinin tangens  bucagыnыn  tempera- 
              turdan  asыlыlыьы:  
              1 -50 kHz,  2 -100 kHz, 3 -500 kHz, 4 -1 MHz. 
 
Шякил 4-дя мцхтялиф тезликлярдя итки буъаьынын танэен-

синин температурдан асылылыг графики верилмишдир. Шякилдян 
эюрцнцр ки, мцхтялиф тезликлярдя температур артдыгъа ися ит-
ки буъаьынын танэенсинин гиймяти артыр. Тезлик артдыгъа ися 
итэи буъаьынын танэенсинин гиймяти азалыр. ФеIн2Се4  моно-
кристалында йцксяк тезликлярдя (500кЩз÷1Мщз) температур 
артдыгъа тэδ кечириъиликля шяртлянян експоненсиал ганун 
цзря артыр [13]. 

Беляликля, ишдя  ФеIн2Се4  монокристалынын мцхтялиф тез-
лик вя температурларда диелектрик нцфузлуьу вя диелектрик 
итки буъаьынын танэенси тядгиг едилмиш вя онларын тяърцби 
гиймятляри щесабланмышдыр. ε-нун бюйцк гиймят алмасы 
кристалдакы дефектляр арасында електронларын сычрайышлы мц-
бадиляси иля ялагядардыр. Мцяййян едилмишдир ки, итки 
буъаьынын танэенси тезликля тярс мцтянасибдир (1/ω). Йцк-
сяк тезликлярдя (500кЩз вя 1Мщз) температур артдыгъа тэδ 
експоненсиал ганун цзря артыр. 
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N.N. Niftiyev, F.M. Mamedov, O.B. Tagiyev, M.B. Muradov 
 

THE DIELECTRIC PROPERTIES OF LAYERED MONOCRYSTALS FeIn2Se4 
 

The dielectric constants and angle tangent of dielectric loss at different frequencies and temperatures for layered monocrystals FeIn2Se4 
are explained and their experimental values are defined. The big value of ε is connected by electrons with hop exchange between defects, 
having in crystal are defined. It is established, that angle tangent of dielectric loss decreases in inverse proportion with the frequency (~1/ω). 
tgσ increases on exponential law at high frequencies (500 kHz and 1 MHz with temperature increase.  

 
  Н.Н. Нифтиев, Ф.М. Мамедов, О.Б. Тагиев, М.Б. Мурадов 

 
  ДИЭЛЕКТРИЧЕСКИЕ СВОЙСТВА СЛОИСТЫХ МОНОКРИСТАЛЛОВ FeIn2Se4 

 
Исследованы диэлектрические проницаемости и тангенс угла диэлектрических потерь при различных частотах и температурах 

для слоистых монокристаллов FeIn2Se4  и определены экспериментальные их значения. Большое значение ε связано с прыжковым 
обменом электронами между имеющимися в кристалле дефектами. Установлено, что тангенс угла диэлектрических потерь 
уменьшается обратно пропорционально частоте (~1/ω). При высоких частотах (500 кГц и 1 МГц) с ростом температуры  tgδ растёт 
по экспоненциальному закону. 
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The simple examples of spontaneous breaking of various symmetries for the scalar theory with fundamental mass have been considered. 

Higgs' generalizations on ”fundamental mass” that was introduced into the theory on a basis of the five-dimensional de Sitter space are 
found. 
 

The concept of mass having its root in great antiquity 
still remains fundamental. Every theoretical and experimental 
research in classical physics and the quantum physics, related 
to mass - a step to an insight of the nature. Besides mass, 
other fundamental constants, such as Planck’s constant h  
and speed of light c, also play the most important role in 
modern theories. The first one is related to quantum 
mechanics, and the second one is related to the theory of 
relativity. 

Characteristics and interactions of elementary particles 
(EP) can be described more or less in terms of local fields 
(LP) which in their turn regard to low representations of 
corresponding compact groups of symmetry. Concept of LP 
essentially is a synonym of concept EP. At present 
elementary particles are such kind of particles (real and 
hypothetical), characteristics and interactions of which could 
be adequately described in terms of LP. As we know, mass of 
E P m  is Kazimir’s operator of noncompact Poincare group, 
and those representations of the given group which are used 
in the quantum field theory (QFT), can take any values in an 
interval ∞<≤ m0 . Two particles today mentioned as EP 
can have masses different from each other on many orders. 
Formally standard QFT remains logically irreproachable 
circuit in cases when masses of particles can be comparable 
to masses of macromatters. Modern QFT does not forbid 
such physically nonsensical extrapolation. Probably it is the 
basic defect of the theory?  

 In 1965 M.A. Markov has put forward a hypothesis [1] 
according to which the spectrum of masses of EP should 
break on «planck mass»  

 
       GevGcmm Planck

19
. 10/ ≈=< h  ,              (1) 

 
Here h , c are known universal constants and G is a 

gravitational constant. The particles of limiting mass 
.Planckmm =  named by M.A. Markov as "maximons" are 

called to play a special role in the world of elementary 
particles. The concept of "maximon" is assumed as a basis of 
Markov’s script of the early universe [2]. It is significant that 
in relation to QFT Markov’s restriction (1) acts as an 
additional phenomenological condition. It does not affect 
structure of this theory in any way, and even for the 
description of maximon the standard theoretical-field device 
is used. New version of QFT, in basis of which the postulate- 

M.A.Markov's principle about limitation of mass of 
elementary particles (1) is put alongside with traditional 
quantum and relativistic postulates, has been worked out by 
V.G. Kadyshevsky [3]. The key role in the approach 
developed by him belongs to 5-dimensional configuration 
representation. Remaining inherently four-dimensional, the 
theory assumes the original local Langrangian formulation in 
which dependence of fields on auxiliary fifth coordinate also 
is found as local. Internal symmetries in this formalism 
generate the gauge transformations localized in the same 5-
dimensional configuration space. Thus Markov’s condition is 
written down as Mm ≤ , considering limiting mass M simply 
as  a certain new universal constant of the theory, so-called 
«fundamental mass» (FM). EP with Mm = are still called as 
maximons. In the limit ∞→M  new QFT coincides with the 
usual field theory in which the spectrum of particles is 
unlimited. On a strict mathematical basis new parameter FM 
is entered in QFT which. Together with parameters of the 
standard quantum theory this parameter will play an essential 
role in high energy physics [4]. In work [5] geometrical 
interpretation of effect of spontaneous breaking of symmetry 
which plays a key role in standard model is advanced. This 
approach is related to an effective utilization in device QFT 
of 4-pulse de Sitter and anti-de Sitter’s spaces with constant 
curvature. In our works [6] simple examples of spontaneous 
breakings of various symmetries for the scalar theory with 
FM have been considered and Higgs’ generalizations on FM 
are cited.  

In the given work we shall continue research on the basis 
of simple examples of spontaneous breakings of various 
symmetries for the scalar theory with ФМ. For this purpose 
we use Lagrangian formalism from works [3, 4]. 

Formulation of QFT with FM, discussed in work [4], is 
based on the quantum version of the de Sitter’s equation, that 
is on the 5-dimensional equation of a field: 

 

  3,2,1,0
5

2

22
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To every field in 5-space a wave function ),( 5xxΦ  
submitting with the equation (2) is compared. This is 
equivalent to the statement that ),( 5xxΦ  the field in usual 
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space-time is described by wave function with the double 
number of components: 

             ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛Φ
≡

⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜

⎝

⎛

∂
Φ∂

Φ
↔Φ

)(
)(

)0,(
)0,(

),(
5

5

x
x

x
x

x
xx

χ
 .             (3) 

 
Typical for this circuit the doubling of number of field 

degrees of freedom disappears at ∞→M . At finite M the 

analogue of a usual field variable should be considered 

)0,()( xx Φ=Φ , and function 
5

)0,()(
x
xx

∂
Φ∂

=χ is auxiliary. 

Now we shall consider simple examples of spontaneous 
breakings of various symmetries for the scalar theory with 
FM.  

The Lagrangian of the real scalar field in frameworks of 
QFT with FM has the form [4]: 

 

                                    
( ) [ ]

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
Φ−+Φ+⎥

⎦

⎤
⎢
⎣

⎡ Φ
= 2222

2

0 )(cos)()(
2
1),( xxMxm

x
xMxL

n

µχ
∂
∂

.                                    (4) 

 
Taking into account interaction in (3), we can (4) write following: 
 

                           ( ) ))(()()(cos)(
2

)(
2
1)(

2
1),( 2

2
22

2

xUxxxMxm
x

xMxL ϕχµϕχϕ
∂
ϕ∂

µ

−−−−⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
= ,                    (5) 

 

here 
2

2

1cos
M
m

−≡µ , where m - mass of the particles, 

described by field ϕ , and χ  is the auxiliary field, playing a 
role in interaction, M - fundamental mass and )(ϕU  is the 
unknown function describing interactions of particles.  

Whether is possible to choose the interaction 
))(()(int xUxL ϕχ=  between fields )(xϕ  and )(xχ  that 

Higg’s potential for a field )(xϕ  exists at exception of a field 
)(xχ ? Free Lagrangian (5) is invariant under transformation 
ϕϕ −→  and χχ −→ . But thus is necessary to demand, 

that )()( ϕϕ UU −=− , that )(ϕU  is an odd function of ϕ . 
Action for (5) is possible to be written as: 

 

                        )())}(()(]))(cos)(()())([(
2
1{ 22222 xdxUxxxMxm

x
xS ϕϕχϕµχϕ

∂
ϕ∂

µ

+−−−= ∫ .                     (6) 

 
If we differentiate (6) on )(xχ , we find: 
 

                      2

))(()(cos)(
M

xUxx ϕµϕχ +=                 (7) 

 
Substituting (7) in (6), we have: 
 

]cos)(2)()[(
2
1)( 2

2
222 µϕϕϕϕ

∂
ϕ∂ϕ
µ

U
M

Um
x

Ltot ++−=  ,   

                                                                                              (8) 
that is invariant to ϕϕ −→ . 

From breakings of discrete symmetry for usual scalar 
field it is known that Higg’s potential looks like: 

 

          4222

4
1

2
1)( ϕλϕϕ +−= mV ,                        (9) 

 
where λ is the dimensionless constant describing interaction 
between particles.  

Let find a kind of )(ϕU  function that in (8) potential 
Higgs to appear. We shall consider the Lagrangian (8) at 

imm → , then 
2

2

2

2

11cos
M
mch

M
m

+=′→−= µµ . 

 
Potential energy (9) shall look like: 
 

         ϕµϕϕϕ '
2

2
22 )(

22
1)( chU

M
UmV −−−= .      (10) 

 
Comparing (10) and (9), for )(ϕU  we have two different 

roots (real and imaginary) at 
2

'22
2 2

λ
µϕ chM

<  and one 

ϕµϕ '2)( chMU −=  at 
2

'22
2 2

λ
µϕ chM

= . It results to that 

 ),()( 0
max ϕϕ imonHiggstot LL = i.e. 

 

             2220
max 2

1)
 x
  (

2
1 )( ϕ

∂
ϕ∂ϕ
µ

ML imon −= .           (11) 

 

Now we shall consider a case when 22
2

int 4
)( χϕλϕ −=L . 

At imm →  Lagrangian (5) shall look like: 
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                                    ]
2

)()
 x
  [(

2
1)( 22

2
2'22'222 χϕλϕµχϕµ

∂
ϕ∂ϕ
µ

−−−+= chMshMLtot ,                             (12) 

 
where mshM ='µ . 

If we differentiate (12) on χ , we find: 

2

'
22

2

2

ϕλ
ϕµχ

+
=

M

chM . Now (12) shall look like:  

                       

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

+
+−+=

2
22

2

2'24

2

22
2

2
2'222

)
2

(
)1

2
(

2
)

 x
  (

2
1)(

ϕλ
ϕµϕλϕλϕµ

∂
ϕ∂ϕ
µ M

chM
M

shMLtot .                             (13) 

 
This is one of Higg’s generalizations on fundamental mass. From (13) at ∞→M  we shall receive the usual Higg’s 

Lagrangian: 
 

                                                   
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−+=

∞→ 2
)

  x
  (

2
1)(lim

42
222 ϕλϕ

∂
ϕ∂ϕ
µ

mLtotM
.                                           (14) 

 
In case of spontaneous breaking of global symmetry U (1) we have: 
 

                                      
22

2
22222

2

22
2

2222
2

2
 cos

 x
 

2
cos

 x
  )(

ϕχλχϕϕχµχϕ
∂
ϕ∂

ϕχλµϕχϕ
∂
ϕ∂

−++−−=

=−−−−=

MMM

MmxLtot

,                             (15) 

 
at imm → , then 

 

                                
22

2
'22222

2

2
 +  

 x
  )( ϕχλχϕϕχµχϕ
∂
ϕ∂

−+−−= chMMMxLtot .                             (16) 

 
This Lagrangian differs from (15) by its sign before m2, but still invariant to group of global transformations: 
 

                                              
)()()(          ),(=(x)
  )()()(      ),()()(

***

***

xexxxe
xexxxexx

igig

igig

χχχχχχ

ϕϕϕϕϕϕ
εε

εε

=→→

=→=→
.                                          (17) 

 
Taking a derivative from (16) on χ and χ , we shall find the equation of motion for χ  and  χ accordingly:  
 

                       0
2

- M+ 2
2

'22 =− χϕλϕµχ chM   and 0
2

- M+ 2
2

'22 =− χϕλϕµχ chM  

 

From these equations we find: 
2

2

2

'

2
1

 
ϕλ

ϕµχ

M

ch

+
=  

and 
2

2

2

'

2
1 ϕλ

ϕµχ

M

ch

+
= . Having substituted these values in 

(16), we shall find: 
 

               ,)(
  x
  )(

2

ϕ
∂
ϕ∂ VxLtot −=                      (18) 

where )V(ϕ  is Higg’s potential  

2

2

2

222
22

2M
л1

м'chM
M)V(

ϕ

ϕ
ϕϕ

+
−=

. This potential has the 
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minimum 2'
2

4

min )1(2)( −−= µ
λ

ϕ chMV  at )1'(2
2

2
2 −= µ

λ
ϕ chM . 

In a flat limit ∞→M  (18) will have a usual form. If we shall 
write as ( )ϕϕϕ min)()( VVVNew −=  then we have: 

 

            
2

2

2

22
2

2

2
1

2
2

)(
ϕλ

ϕ
λϕ

M

h

VNew

+

⎥
⎦

⎤
⎢
⎣

⎡
−

=  ,                    (19) 

 

where )1( 2
2

'
2

22

−= µ
λ

chMh , this quantity at ∞→M  is equal 

2

2

λ
m . At ∞→M  (19) has a usual 

form VmVNewM
=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−=

∞→

2

2

2
2

2

2
)(lim

λ
ϕλϕ . It is obvious, that 

function (19) )(ϕNewV  has a minimum at 

)1(2 '
2

2
2

0 −= µ
λ

ϕ chM . It is always possible to choose as 

vacuum material value 12 '
0 −= µ

λ
ϕ chM . For )(xLtot  

we receive expression:  

          
2

2

2

22
2

22

2
1

2
2

)(
ϕλ

ϕ
λ

∂
∂ϕ

M

h

x
xLtot

+

⎥
⎦

⎤
⎢
⎣

⎡
−

+= .           (20) 

 
This Lagrangian invariant to global gauge U(1) - 

transformation: αϕϕϕ ie=→ ' . The system described by 
Lagrangian (20), has spontaneously broken symmetry U(1). 
Now the point 0)()( * == xx ϕϕ  does not corresponding with 
a minimum of energy. There any point on a circle of radius 

1'2
2

−= µ
λ

chMR is agree with a minimum of energy. We 

can choose as stable vacuum any position, situated on a circle 
of radius R, that is all states are equivalent because of change 
concerning transformation (17). We shall choose value of 
gauge phases 0=α , uniform for all the world, and we shall 
write down ϕ(x) in the form of real and imaginary parts: 

          ))()((
2

1)( 21 xixhx ϕϕϕ ++=  ,            (21) 

here ϕ1(x) and ϕ2(x) are two material fields, describing 
excitation of system concerning vacuum 

2
)( hx =ϕ . At 

transition to stable vacuum U(1) invariance is broken, as the 
phase of function ϕ is fixed. 

In new variables for Lagrangian (20) we have: 
 

                                              ( )
( )[ ]2

2
2

12

2

22
21

2
1

2
2

2

2

1

21

4
1

2
8

)(
2
1)(

2
1

),()(                           

ϕϕλ
ϕϕϕλ

∂
∂ϕ

∂
∂ϕ

ϕϕϕ

µµ +++

++
+⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
+⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

=⇒

h
M

h
x

x
x

x

LL tottot

.                             (22) 

 
 
As a result of spontaneous breaking of symmetry the 

goldstone scalar massless particle ϕ2 and the real scalar 

particle ϕ1 with mass 

2

221

4
1

M
h

hm
λ
λ

+

=  have appeared. At 

∞→M   we have mm 21 = . 
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ELEMENTAR ZƏRRƏCİKLƏRİN KÜTLƏ MƏHDUDİYYƏTİ HAQQINDA 
 

Fundamental kütləli skalyar nəzəriyyənin köməyi ilə müxtəlif simmetriyaların spontan pozulmasına aid sadə misallar  
təhlil edilmişdır. “Fundamental kütlə” üçün Higgs ümumiləşməsi tapılmışdır. Bu ümumiləşmə nəzəriyyəyə de-Sitterin beş 
ölçülü fəzası əsasında daxil edilmişdir.   

 
А.И. Мухтаров, Р.М. Ибадов, У.Р. Ходжаева 

 
ОБ ОГРАНИЧЕНИИ МАСС ЭЛЕМЕНТАРНЫХ ЧАСТИЦ 

 
Рассмотрены простые примеры спонтанного нарушения различных симметрий для скалярной теории с 

фундаментальной массой. Найдены обобщения Хиггса на “фундаментальную массу”, которые введены в теорию на 
основе пятимерного пространства де-Ситтера. 
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SEARCH FOR THE CRITERIA TO SELECT OF MULTINUCLEON COLLISIONS 

 
Y.H. HUSEYNALIYEV1, 2, M.K. SULEYMANOV3, 4, O.B. ABDINOV3, A.S. VODOPIANOV4  

     1) Bahauddin Zakaria University, Multan; 2) Sumgayit State University, Sumgayit;                
     3) Institute of Physics of NASA, Baku; 4) Joint Institute for Nuclear Research, Dubna 

 
The experimental results on properties of multinucleon π-12C interactions at pπ− = 40 GeV/c are discussed. To select the multinucleon 

interactions the criteria was used that the number of identified protons (with momentum ρp<1 GeV/c) great or equal 2 for an event. To analyze 
the properties of the multinucleon events the variable R was used. The values of the R, were determined as a ratio between the inclusive 
spectra of π±- mesons (protons) emitted in multinucleon events and in the all ones. We have studied the ρ⊥-, β0- and T- dependences of the R. 
It is shown that the main characteristics of pions for the multinucleon events do not differ from ones for all events. There is no correlation 
between the processes of pion production and the emission of protons for the chosen events. We obtained that the region of multinucleon 
processes could be fixed using the values 3-4 of a proton number. 

               
Introduction 

 

One of the main trends of the advancement of modern 
high-energy physics is the study of strongly interacting 
matter under extreme conditions (high temperatures and/or 
densities of the baryon charge). This scenario could have 
arisen at the early stages of the Universe evolution, in the 
process of formation of neutron stars, and they can be 
brought about under laboratory conditions in collisions of 
relativistic heavy nuclei. According to the currently available 
theoretical notions, strongly interacting matter may be 
subjected to a series of phase transitions with increasing 
temperature and/or density of the baryon charge, among 
which is the first-order phase transition of restoration of 
special symmetry of strong interactions - chiral symmetry 
that is strongly violated at low temperatures and/or densities 
of the baryon charge. These phases are determined by 
temperatures and baryon densities that can be achieved in the 
process of collision depending on energy and atomic number 
of accelerated nuclei. 

Studying the characteristics behavior of the hadron-
nuclear and nuclear-nuclear interactions as a function of 
collision centrality (Q) is an important experimental method 
to get information about changes in the nuclear matter phase, 
because the increasing Q could lead to the growth of the 
nuclear matter baryon density. In other words, the regime 
change in the behavior of some centrality depending 
characteristics of events is expected by variation of Q to be a 
signal on phase transition. This method is considered to be 
the best tool for reaching the quark-gluon plasma phase of 
strongly interacting matter. Some experimental results have 
already demonstrated the existence of the regime changes in 
the event characteristics behavior as a function of the 
collision centrality [1-8]. The regularity is observed for 
hadron-nuclear [1-2], heavy [3-7] and light nuclear [8] 
interactions in a large domain of nuclear masses and initial 
energies. It has also been observed for the behavior of some 
centrality characteristics of  π-mesons, nucleons, fragments, 
strange particles and even for those of  J/ψ. It is necessary to 
touch upon any other question which is very important for the 
centrality experiments. It is clear that the centrality of 
collisions Q can not be defined directly in the experiment. In 
different   experiments the values of Q are defined as a 
number of identified protons , projectiles'  and  targets' 
fragments,  slow particles, all particles, as the  energy flow of  
particles with emission  angles θ ≅ 0°  or  with  θ ≅ 90°. 
Apparently, it is not simple to compare quantitatively the 
results on Q-dependencies obtained in different papers; on 

the other hand the definition of Q could significantly 
influence the final results.  So it is necessary to understand 
what centrality Q is.  Usually for a chosen variable to fix Q it 
is supposed that its values have to increase linearly with a 
number of colliding nucleons or baryon density of the nuclear 
matter. The simplest possibility to fix the centrality is to use a 
number of proton emitted in reactions -- to consider the 
multinucleon processes. The physics of these processes 
serves as a bridge which joins the study of high energy 
mechanisms of particle production and that of new phases of 
strongly interacting matter. But there is one very important 
question what is the criteria to experimentally separate the 
multinucleon processes? What are boundary values of chosen 
variables after which new, multinucleon physics could start?  

To answer the above questions is a main goal of this 
paper. To achieve this goal the π-12C-interactions at Pπ - = 40 
GeV/c were used. The events could give the unique 
possibility to study fragmentation of the nuclear target 
because the projectile fragments could be separated easily 
from target ones. Other important point of the interactions 
under consideration is that the interactions with light nuclei 
as well as 12C could cleanly show a connection between the 
collisions of the free nucleon targets and with nucleon in 
nuclear medium to get further information on the states of 
nuclear matter.  

 
Experimental results 
 

Using the experimental data on π-12C - interactions at      
Pπ -=40 GeV/c obtained from the 2m propane bubble chamber 
of JINR (Dubna) [9] the relative  inclusive spectra (R) of the 
π±- mesons and protons (with momentum pp <1 GeV/c ) were 
analyzed  separately as a function of the variables: the 
transverse momentum  pt ,  the β0  = (Ei

 – PLi)/mN ( Ei , PLi and  
mN

 are the total energy and longitudinal momentum of 
particles in lab. system and the mass of nucleon accordingly ) 
[10] and the kinetic energy T of the particles in lab. system.  

The chamber, placed in a magnetic field of 1.5 T, was 
exposed to beams of light relativistic nuclei at the Dubna 
Synchrophasotron [11]. Practically all secondaries, emitted at 
a 4π total solid angle, were detected in the chamber. All 
negative particles, except those identified as electrons, were 
considered as π− mesons. The contaminations by 
misidentified electrons and negative strange particles do not 
exceed 5 and 1%, respectively. The minimum momentum for 
pion registration was about 70 MeV/c. The protons were 
selected by a statistical method applied to all positive 
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particles with a momentum of |p| > 500 MeV/c (slow protons 
were identified with |p|≤700 MeV/c by ionization in the chamber).  

The Ntot=8791 π-12C events were used and the corresponding 
inelastic cross section was σine= (87.5±1.0)mbn. [12] The 
interaction of the projectiles with “quasi-free” nucleons of the 
target were not taken into account. 

The values of R were determined as a ratio of the 
spectrum of dN/dpt; dN/dβ0 and dN/dT obtained in the events 
with Np ≥2 (multinucleon events - mn) to the similar ones in  
all events. The 3571 multinucleon events were found and 
analyzed by us.  

 
Fig.1a-b: The values of   Rpt  as a function of pt  for:  
                a) π±

  -mesons and b) protons emitted in the π-12C- 
                interactions at Pπ-=40 GeV/c. 
 

The obtained results are presented in Figs.1a, b-3a, b. It 
can be seen that the values of R do not depend on the values 
of the pt for pions and protons (Fig.1a, b) –first result. There 
are some dependencies for the values of R (for protons at 

values of β0 >1.0 and for pions   and T for pions at lower 
values of β0 (Fig.2a, b) –second result. It is also seen that the 
values of R for protons (Fig. 3b) and for negative pions (Fig. 
3a) do not depend on T (third result) but there are some 
points at lower values of T for which the values of R for 
positive pions all more than 1.0 (fourth result). 

The ratio of average values of the multiplicity for pions 
and protons produced in the multinucleon events and in all 
events are shown in following table.  It is seen that values of 
average multiplicity are almost equal for both events and do 
not depend on the pion charge. In selected multinucleon 
events the average values of protons are 80% more than in all 
π-12C-ones. So it can be said that almost double proton 
number does not lead to significant changes in the produced 
pion spectrum and their multiplicity in an event. It could be 
understood that there is no correlation between the processes 
of pion production and the emission of protons. One of the 
explanations of it could be that there are many protons among 
the chosen ones (for example see [13]), which become 
evaporated.            

  
                                            Table   

The ratio of the average values of multiplicity.   
 

Type of particles <nmn>/<ntot> 
π+ mesons 0.96 ± 0.03 
π− mesons 1.05 ± 0.02 

Protons 1.81 ± 0.02 

 
Fig.2a-b: The values of   Rβ

0
  as a function of β0

  for : a) π±
   -mesons and  b) protons emitted in the π-12C-interactions at Pπ-=40 GeV/c.   

 
Fig.3a-b: The values of  RT  as a function of  T   for : a) π±

   -mesons and b) protons emitted in the π-12C-interactions at Pπ-=40 GeV/c.   
 
What can one learn from these results? To answer this 

question it could be better to start from second and third 
results for pions which say that the number of pions at lower 
values of T and β0 are greater than 1.0 that is their number in 
multinucleon collisions is more than for all ones. It could be 
connected with the effect of meson condensation. The idea of 

meson condensation formation was predicted [14] many 
years ago. But still now there are no experimental results to 
directly confirm this idea. It is due to the absence of a setup 
which could measure the slow π0 -mesons’ characteristics 
with high accuracy. Now there is a setup TAPS [15] which 
can measure the slow π0 -mesons’ characteristics with high 
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accuracy. When some results from this setup [15] were 
analyzed few of them could be interesting for the 
experimental search of the meson condensate. In these papers 
[15] temperature of the slow  π0 -mesons was defined as 
slopes of the spectra which are shown in figs. 4-6. One 
temperature for interactions of light nuclei and two 
temperatures for the heavy ions ones were found. The result 
at low mt is very interesting as the behavior of the spectra 
differ from the exponential law (from these figures). Some 
part of these deviations might be connected with the meson 
condensation. It increases with the mass of the interacting 
nuclei and depends on the centrality (Fig.4-6). The last is the 
main argument confirming that the observed deviation could 
be connected with the meson condensation. 

 
 

Fig.4  Transverse-mass spectra of π0  and η-mesons for Au+Au  
           interactions at intervals ∆y near midrapidity. 

 
 

Fig.5. Transverse-mass spectra of π0  and η-mesons for Au+Au      
           interactions at 0.8 A MeV. 
 
As mentioned above there are the dependences for the 

values of the R (for protons at the values of β0 >1.0 and for 
pions at the lower values of β0) with increasing β0   (Fig.2a, 
b)—second result. To explain the result let us consider the 
variable β0    which is defined as β0 = (Ei

 – PLi)/mN and it must 
be less than one for the protons produced in the nucleon-
nucleon interaction and could be greater than one only in 
multinucleon collisions whether mass of the target is greater 
than mN or the number of collisions great than one. So it is 
seen that in the region around the β0≈1, R as a function of β0 
starts to change for protons (Fig.2b).  It could mean that the 
area of new physics – multinucleon physics begins at values 
of the β0>1.0. Anoshin et al. [16] found that the probability of 
pion production with values of β0>1.0 is (2.0 ± 0.2) % and 
certainly the probability of proton emission with values of 
β0>1.0 in π-12C-interactions at Pπ - = 40 GeV/c is much more 
than this values, it is (37.0± 1.0) % [17]. It explains why the 
regime change point could not be observed on the behavior of 
R as a function of β0 pions. 

 

 
 

Fig. 6. Transverse-mass spectra of π0 and η-mesons for Au+Au interactions at 0.8 A MeV. 
           a) in noncentral  collisions; b) in central collisions. 
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Fig. 7. The Np -dependence of the π 12C reactions at 40 GeV/c. 
                       

 
    Fig. 8. The average multiplicity of  pions produced in π-12C- 

                        interactions at Pπ - = 40 GeV/c as a function of   
                            nc

max= β0
max.  The β0

max is the maximum values of β0   
                        in the event for the pions. 

 
The result presented in fig.7 confirms the assumption. In 

this figure a number of π-12C events (at Pπ - = 40 GeV/c) is 
shown as a function of Np [18]. The regime change point is 
seen at the values of np ~ 3–4 which was used by the author 
to separate the central events. In this paper [18] it was shown 
that the probability of the processes of total disintegrated 
nuclei (or central collisions) in events with the particles 
having β0>1.0 is almost 5 times more than in all events.  

So it can said that the multinucleon physics could start at  

the values of Np greater than 2, present results demonstrate 
that it could start at the values of Np ~ 3–4 for π-12C-
interactions at Pπ - = 40 GeV/c. 

The results could also mean that only single variable, for 
example, Np, is not enough to choose the multinucleon events 
and it is necessary to include other variables. For the events 
under consideration such variable could be β0. In paper [12] it 
was shown that the new region on β0 could be chosen using 
the values of β0>0.6 for pions. In Fig.8 is shown the average 
multiplicity of the pions produced in π-12C-interactions at Pπ - 
= 40 GeV/c as a function of the nc

max= β0
max.(the figure was 

taken from the paper [12].The β0
max is the maximum values 

of β0 in the event for the pions. It can be seen that the regime 
changes with the behavior of the the average values of pion 
multiplicity i.e. at the values of β0≈0.6.  

 
Conclusion  
 
It can be concluded that: 
- the main characteristics of pions for the events with 

two or more protons do not differ from ones for all 
events; 

- there is no strong correlation between the processes of 
pion production and the emission of  protons for the 
events with two or more protons; 

- the region of multinucleon processes begins from the 
values 3-4 of a proton number.  

We believe that this result teaches us that the 
multinuclear events could be the correct selection using the 
criteria: a number of protons greater than 3-4 for protons and 
the values of β0>0.6 for pions produced in π-12C-interactions 
at Pπ - = 40 GeV/c. 
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Y.H.Huseynaliyev, M.K. Suleymanov, O.B. Abdinov, A.S. Vodopianov 

 
ÇOXNUKLONLU HADİSƏLƏRİN SEÇİLİB AYRILMASI ÜÇÜN LAZIM OLAN  

ŞƏRTLƏRİN AXTARILMASI 
 

Bu məqalədə −− C12π qarşılıqlı təsirlərində əmələ gələn çoxnuklonlu hadisələrin xassələrinə dair təcrübi nəticələr müzakirə edilir. Bu 
cür hadisələri seçib ayırmaq üçün belə bir şərtdən istifadə edilir ki, hadisədə müşahidə edilmiş, impulsu 1 QeV/c –dən kiçik olan protonların 
sayı 2 –dən çox olsun. Çoxnuklonlu hadisələrin xassələrini tədqiq etmək üçün R  kəmiyyətindən istifadə edilir ki, o, bu hadisələrdə əmələ 

gəlmiş ±π  -mezonların (protonların) inklyuziv spektrlərinin, bütün hadisələrdə əmələ gəlmiş ±π  -mezonların (protonların) uyğun 

inklyuziv spektrlərinə olan nisbəti kimi təyin edilir. Tədqiqatda R kəmiyyətinin ⊥p , 0β  və T parametrlərindən asılılığından istifadə 
edilmişdir. Göstərilir ki: çoxnuklonlu hadisələrdə əmələ gələn π –mezonların xassələri bu zərrəciklərin uyğun bütün hadisələrdəki 
xassələrindən fərqlənmir; bu hadisələrdə əmələ gəlmiş π –mezon və protonlar arasında korrelyasiya yoxdur. Belə bir nəticəyə gəlinmişdir ki, 
çoxnuklonlu hadisələri seçib ayırmaq üçün hadisələrdə müşahidə edilən protonların sayının 3-4 -ə bərabər və çox olması şərtindən istifadə 
etmək lazımdır. 
 

Я.Г. Гусейналиев, М.К. Сулейманов, О.Б. Абдинов, А.С. Водопьянов 
 

ПОИСК КРИТЕРИЕВ ОТБОРА МНОГОНУКЛОННЫХ СОБЫТИЙ 
 

В данной работе обсуждаются экспериментальные данные по рождению многонуклонных событий в 
−− C12π взаимодействиях. Выделялись события, в которых рождалось более 2 протонов с импульсом менее  1 GeV/c . Для 

исследования свойств многонуклонных событий использовалась величина R , которая определялась из отношения инклюзивных 

спектров ±π - мезонов (протонов), рождающихся в этих событиях, к инклюзивным спектрам ±π - мезонов (протонов), 

рождающихся во всех событиях. Исследовалось зависимость величины R от ⊥p , 0β  и T . Показано что: свойства π – мезонов,  
рождающихся в многонуклонных событиях, отличаются от свойств этих частиц, рожденных во всех событиях; в многонуклонных 
событиях между π – мезонами и протонами нет корреляции. Проведенные исследования показали, что для выделения 
многонуклонных событий необходимо выделять события, в которых число протонов 3-4 и более. 
 

Received: 06.03.07 
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THE SEMICONDUCTOR IMPEDANCE OF ELECTRON TYPE CHARGE CARRIERS WITH 

HOMOGENEOUS BOUNDARY CONDITIONS 
 

R.H. YAZDANXAN  
Islamic Azad University, Islamshahr Branch Iran 

 
E.R. HASANOV 

Baki, Institute of Physics of NASA,  
Baki Dovlet Universiteti 

 
The semiconductor impedance of electron type charge carriers with homogeneous boundary conditions for electric field has been 

calculated. The criteria of electric field values, at which the current oscillations in the circuit with definite frequency take place, has been 
found. 
 

The homogeneous sample with falling branch on volt-
ampere characteristic is used as active element in amplifiers 
and electric oscillation generator. The properties of such 
sample as the element of electric circuit is comfortable to 
describe with the help of impedance conception Z(ω). We 
will investigate the properties of homogeneous 
semiconductor for one oscillation period, i.e. when kL=2π,   
k is wave vector, L is sample length. If the small alternating 
voltage is given on the sample 

 

                             (1) 

 
then by the definition  we have: 

  

                 .                        (2) 
 
The total current is the sum of conduction and 

displacement currents 

           =  +  ,  ,              (3) 

  
where ε is sample dielectric constant, E is electric field. We 
limit by the one-D case and that’s why 

 

               .                       (4) 

 
We obtain from (3) for small inclinations from 

equilibrium state as follows: 
 

              
                      (5) 

 

 .   (6)  

 
 

 
The continuity equation and Poisson’s equation have the 

form: 

 
                          = .                          (7) 

 
In one-D case the total current according to (7) depends 

only on t and J=J(t). Considering that  
= + +  from (5-7), we obtain 

 
             
             .          (8) 

 
If fluctuations of the field and charge density take place 

homogeneously, then  
 

               .                    (9) 
 
The solution of inhomogeneous equation (8) with taking 

into consideration of boundary conditions (9) has the form

                                                                         (10) 
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. 
Integrating the expression (10) over x, we find impedance 
 

                                    
                              (11) 

 

Designating , (S is sample cross-

section) and taking into consideration r1, r2, k1, k2, we obtain 
the expression for impedance 

 

   
 .       (12) 

 
The expression (12) is correct for one oscillation period, 

i.e. 

                                                          (13) 
 

we easily obtain the following expression from expressions 
k1,  k2 
 

; 

 

 
     .  (14) 

 

Substituting k1
0 value in (13) we easily obtain the 

frequency values for one current oscillation period in the 
sample 

                      
 .                               (15) 

 
We obtain the following expression for real and 

imaginary parts of impedance from expression (12) with 
taking into consideration  k1k2 values  

 

                               (16) 

 
 From (16) it is seen, that at Е>Echаr the real part of 

impedance has the negative sign, i.e. the current oscillation 
with frequency (15) takes place: 

 

l4E 0char σ
ε
π

=  

 
Under experimental conditions in the sample with 
concentration n≈3⋅1015, length 0,01 cm and mobility 
µ≈3⋅1014, Echar ≈ 2⋅103 V/cm. 
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êîíôåðåítsèya, Ôèçèêà 2005, ñòð. 237-239. 
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R.H. Yazdanxan, E.R. Həsənov  

 
BİRCİNS SƏRHƏD ŞƏRTLƏRİNİ ÖDƏYƏN ELEKTRON KEÇİRİCİLİKLİ  

YARIMKEÇİRİCİNİN İMPEDANSI 
 

Elektrik sahəsi üçün bircins sərhəd şərtləri ödənilən electron tip keçiriciliyə malik yarımkeçiricilərdə impedans hesablanmışdır. Dövrədə 
müəyyən tezliklə yaranan rəqslərə uyğun elektrik sahəsinin dəyişmə kriteriyası tapılmışdır. 

 
Р.Х. Язданхан, Е.Р. Гасанов  

 
 ИМПЕДАНС ПОЛУПРОВОДНИКА ЭЛЕКТРОННОГО ТИПА НОСИТЕЛЕЙ ЗАРЯДА С ОДНОРОДНЫМИ 

ГРАНИЧНЫМИ УСЛОВИЯМИ 
 

Вычислен импеданс полупроводника электронного типа носителей заряда с однородными граничными условиями для 
электрического поля. Найдены критерии значений электрического поля, при которых происходят колебания тока в цепи с 
определенной частотой. 
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ALGORITHM OF DETERMINING CONDITIONS FOR NON-CATOPTRICAL ABSORPTION 

OF ELECTROMAGNETIC RADIATION IN POLAR LIQUID STRATA 
 

R.M. KASIMOV, I.U. IBADZADEH, V.V. BOGATOV 
Institut of Chemical problem, 

Az-1143, H. Javid av., 29 
 

The algorithm of determining conditions of non-catoptrical absorption of electromagnetic radiation in a polar liquid strata is proposed 
according to measurement of their static and dynamic dielectric properties. 

 
Lately, a method of chronological radio spectroscopy 

based on electric pulse sounding of the substance strata with 
subsequent Fourier-transformation of the reflected signal [1, 
p.25] finds its application for express-measurement of 
dielectric properties of the substance in a wide frequency interval. 
Application of the given technique appears to be justified 
when thickness of the reflecting substance strata is sufficient 
for full dissipation of the radiation penetrating into the strata. 
Failure to take this into consideration may result in reception 
of unreliable data, especially in the course of researching 
weakly absorbing materials or in case of application, due to 
technical reasons, of measuring cells of a limited size. 

At the same time, the given method may be utilized in the 
tasks of identifying polar liquids provided that Fourier-
transformation of the total reflected signal has been 
conducted, i.e. with the account of finiteness of the thickness 
of the substance strata located in the metal measuring cell [2, 
p.106]. In this case, the dependence of the amplitude of 
reflected signal received as a result of Fourier-transformation 
on frequency of the incident radiation and thickness of 
substance strata will represent surface in the three-
dimensional space, possessing a set of zero minima specific 
to every substance realized at a certain selective values of 
frequency and thickness. Existence of such a peculiar 
spectrum of selective strata frequency and thickness values 
renders an opportunity of identifying a researched substance, 
by comparison of its spectrum with the spectra of known 
substances. For realization of such an opportunity one must 
possess a databank of selective values of substance strata 
thickness and radiation frequency. They may be obtained 
either experimentally with application of the specified 
method of pulse sounding pure reference liquids, or by 
calculations, using literary data on their static and dynamic 
properties. We shall take advantage of the latter. 

As has been established in the work [3, p.490], full or 
non-catoptric absorption of electromagnetic radiation in a flat 
strata of a dielectric put on a metal substrate, arises at a point 
of one of the wave reflection factor module dependence 
minima ρ from thickness l covering substance strata where 
the size of this minimum reaches its zero value. Conditions of 
existence for such function zero minimum ρ(l) correspond 
with such selective values of dielectric permeabilityε ′ and 
dielectric losses ε ′′  of the covering substance, which are 
functionally connected among themselves by the following 
equation: 
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accordingly is the module and phase of wave reflection factor 
from the border of air-coating section; N - number of zero 
minimum. 

Included in the equation factor of wave refraction п and 
factor of dielectric loss у are related with its ε′  and ε″  known 
ratios: 

           ( )22 1 yn −=′ε ;  yn22=′′ε ,                      (2)  
 

At the set length of a wave λ of the incident radiation 
necessary to meet the conditions of its full absorption, 
selective thickness l covering strata is determined by 
expression:  

                    ⎟
⎠
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⎛ −

−
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π
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44

1N2
n

l   ,                      (3) 

 

One of the parameters determining existence of full 
radiation absorption in a substance strata, is an interval of 
wavelength modulation ∆λ  or thickness ∆l of the substance 
strata, within the limits of which the size of the reflected 
signal does not exceed a set in advance boundary value ρb. 
According to the research findings [4, p.737], this parameter 
is determined from the following equation: 
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where index 0 corresponds with the selective values х, у, λ and l. 
For finding selective values l0, λ0 , as well as ε′ , ε″ , n 

and у for a specific substance, one must have the knowledge 
of frequency dependences ε′ and ε″. It is known, that in the 
field of its dispersion the polar liquid behavior ε′ and ε″ with 
frequency is described by the generalized equation: 
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where ε0 ,ε∞  - is a static and high-frequency dielectric 
permeability; τ  - time of relaxation; ω - circular frequency; 
α, β - empirical parameters, determining the corresponding 
type of dispersion. Provided that α = 0 and β = 1 equation (5) 
will be transformed into the known Debye equation [1, p.25]. 

In certain cases the best approximation to experimental 
data is achieved if the substance wave dispersion is 
represented as a superposition of two or three dispersions of 
Debye type:                    
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where j , Cj – is a number of dispersive area and its brought 
contribution.  

From the joint solution of equations (1) - (6) may be 
found dependences between the required selective values l0, 
λ0 of the polar substance and its static and dynamic dielectric 
characteristics ε0 ,ε∞ , τ, α , β  , Cj . 

The developed algorithm of the initial system solution for 
equations (1) - (6) includes initial procedure of entering into 
the computer operational memory of values of static and 
dynamic dielectric characteristics ε0 ,ε∞ ,τ , α , β , j and Cj, of 
the chosen polar liquid, and the serial number N of the 
function zero minimum ρ(l) . Since according to the work [3, 
p.492] data, the spectrum of selective values of wavelength 
and thickness of the coating layer has low-frequency and 
high-frequency branches, calculation of the required 
parameters was carried out in two stages with subsequent 
calculation result conclusion for each of the calculation 
stages. At both stages of calculation was carried out search of 
values n and у, being the roots of equations (1) and (5), (6). 
Thus the size z=ln(ωτ) was used as the varied parameter, 
modulating within limits (-∞, 0) or (0, ∞) accordingly in 
calculations λ0 and l0 of the low-frequency and high-
frequency branches of their spectrum. As a criterion of the 
calculation program stop were accepted achievements within 
the limits of set accuracy of the equality of values y, 
calculated according to equations (1) and (5),(6).      

According to the developed solution algorithm, near the 
preset value z from equation (5) or (6) were corresponding 
values ε′ and ε″ ; thus, in case of application of equation (5) 
were used expressions following there from: 
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Obtained values ε′ and ε″ were then used for calculations 
of пD and yD on equations (2) transformed according to these 
parameters: 

        
ε

εεε
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 Thus found values пD and уD have been used as initial 
estimates in the course of iterative procedural calculation of 
уK as per equation (1), but transformed to the following type: 

                           ( )12
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N
ry
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The obtained according to (10) during iteration resulting 
уK value was compared with уD and, in case of their non-
conformity, a repeated calculation of both values was carried 

out, but with the change of ∆z of the variable z. Modification 
of the z value is carried on until the following condition is 
met:  

                               δ≤− DK yy  ,         (11) 
 

where δ – is a set in advance accuracy of у value definition. 
 Thus obtained values of пD and уK  therefore, 

corresponded to their selective values, i.e. to such figures 
under which is met the condition of full incident radiation 
absorption in the layer of the chosen polar liquid. With these 
values пD, уK and the set values of static and dynamic 
dielectric parameters of liquid, the required selective incident 
radiation wavelength λ0 was determined on the equations (5) 
or (6), and later, by means of equations (3) and (4) 
accordingly, selective thickness l0 of the liquid strata and 
within the limits of wavelength intervals and strata thickness, 
the value of the reflected signal does not exceed the boundary 
value ρb 

 For solution of the set task it has been resolved to take 
advantage of the modern MS Visual Basic 6.0 software 
developing environment. Results of calculations are 
automatically collected and displayed by such programs as 
MS Word or Excel, and also may be directly entered into MS 
Access database.  

Search of the required selective values of yK and пD for 
each N is completed in case of meeting condition (10) | yK  - 
yD|<< δ. On found thus values of yK  and пD a calculation of 
the required selective values the wavelength λ0 is carried out, 
as well as strata thickness l0, dielectric penetrability ε´and 
dielectric losses ε″. Since the frequency spectrum of radiation 
and substance strata thickness contains low-frequency and 
high-frequency branches, calculations were carried out in two 
stages, described by a choice of the h iteration range.  

The discovered required values are displayed in text field 
windows to which attributes the found values are given. The 
results of calculations are entered in MS Word or Excel file 
in direct access (Append) mode at operator’s discretion.   

Results of such solution of the equations (1)-(4) are 
illustrated by Table 1 depicting data of calculation λ0, l0 of 
some polar liquids possessing wave dispersion with known 
values of relaxation time τ, static ε0 and high frequency ε∞ 
dielectric penetrability, as well as empirical parameters α, β. 
Consequently, this implies that any polar liquid, possessing 
wave dispersion within certain frequency range, has therein a 
strictly determined and inherent in the given liquid spectrum 
of selective values of the substance wavelength and strata 
thickness, corresponding with the conditions of full radiation 
absorption within the substance. The spectrum consists of a 
low-frequency and high-frequency branches, distinguished by 
the nature of selective wavelength change with increase of 
selective substance strata thickness. Thus, with increase of N 
figure, and consequently, the selective thickness l0 of the 
substance strata as well, a spike λ0 occurs for a low-
frequency branch of the spectrum and its reduction for high-
frequency branch appropriately. Distinctive feature of 
selective full absorption of electromagnetic radiation is a 
probability of spectrum degeneration in view of smallness of 
value ε0 , in particular in case of substances with weak 
polarity, such as an anisole, chloroform, etc. Spectrum 
decline is manifested in absence of lines therein, 
corresponding to small N values. 
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                                                                                                                                                                                    Table 1 
Selective values of wavelength λ0 and thickness l0 of some polar liquids’ coating strata for low-frequency and high-

frequency branches of non-catoptric wave absorption spectrum. ε0, ε∞, τ  - implies both static and high-frequency dielectric 
permeability and liquids’ relaxation times. 

 

№ Liquid  N 

 
Low frequency spectrum branch 

 
High frequency spectrum branch 

0λ cm l0 cm 
λρ
λ

b

∆  
0λ mm l0 mm 

λρ
λ

b

∆  

1 Acetone 
ε 0=21,2 
ε∞=1,9 
τ=3,23⋅10-12 s 
α=0,02;   β=1 

1 
2 
3 
4 
5 

1,943 
6,144 
10,36 
14,60 
18,86 

0,111 
1,008 
2,822 
5,560 
9,226 

0,579 
0,193 
0,116 
0,083 
0,065 

0,470 
0,195 
0,123 
0,089 

0,070 

0,092 

0,108 
0,112 
0,114 

0,114 

1,726 
0,996 
0,687 
0,517 
0,413 

2 Acetonitrile 
ε 0=36,23 
ε∞=2 
τ=3,8⋅10-12 s 
α=0,14,   β=1 

1 
2 
3 
4 
5 

3,522 
13,62 
24,89 
37,00 
49,55 

0,154 
1,716 
5,201 
10,80 
18,58 

0,444 
0,146 
0,087 
0,062 
0,048 

0,244
0,080 

0,046 
0,031 
0,023 

0,042 
0,041 

0,040 
0,038 

0,037 

1,584 
0,896 
0,816 
0,465 
0,372 

3 
 

 

Acetophenone  
ε 0=18,66 
ε∞=2,45 
τ=7,4⋅10-12 s 
α= 0,28,  β=1 

1 
2 
3 
4 
5 

3,079 
21,31 
45,87 
74,73 
107,0 

0,211 
3,822 
13,51 
30,63 
56,25 

0,689 
0,213 
0,126 
0,090 
0,069 

1,470 
0,255 

0,121 

0,076 

0,053 

0,191 

0,114 

0,093 
0,083 

0,075 

1,247 
0,699 
0,473 
0,355 
0,283 

4 1-Butanthiol  
ε 0=5,21 
ε∞=2,085 
τ=9,4⋅10-12 s 
α=0,   β=0,65 

1 
2 
3 
4 
5 

--- 
2,933 
5,475 
7,860 
10,22 

--- 
1,018 
3,053 
6,081 
10,15 

--- 
0,475 
0,278 
0,198 
0,154 

 --- 
2,910 
1,220 
0,713 

0,481 

  --- 
1,360 
0,994 

0,828 

0,724 

  --- 
0,743 
0,533 
0,411 
0,332 

5 Pentandiol 
ε 0=4,85 
ε∞=2,094 
τ=24,3⋅10-12 s 
α=0,   β=0,5 

1 
2 
3 
4 
5 

--- 
--- 

9,352 
13,86 
18,19 

--- 
--- 

5,442 
11,15 
18,72 

--- 
--- 

0,296 
0,209 
0,162 

  --- 
  --- 
2,810 
1,360 
0,813 

  --- 
  --- 
2,190 
1,536 
1,182 

  --- 
  --- 
0,490 
0,384 
0,314 

6 Diethyl ether  
ε 0=4,36 
ε∞=1,845 
τ=2,44⋅10-12 s 

α=0,   β=1 

1 
2 
3 
4 
5 

--- 
1,085 
1,935 
2,745 
3,553 

--- 
0,411 
1,180 
2,323 
3,851 

--- 
0,539 
0,318 
0,226 
0,176 

  --- 
1,330 
0,793 

0,561 
0,439 

  --- 
0,721 
0,726 

0,732 
0,726 

  --- 
0,952 
0,688 
0,529 
0,427 

7 Diethyl  phthalate  
ε 0=7,86, C1=0,829 
εx1=3,31 εx2= 2,37, 
τ=133⋅10-12 s,   
τ=2,5⋅10-12 s, 

1 
2 
3 
4 
5 

--- 
87,94 
151,0 
213,0 
221,3 

--- 
24,15 
67,96 
133,6 
221,2 

--- 
0,350 
0,209 
0,149 
0,093 

   --- 
41,970 
2,883 
1,725 
1,276 

  --- 
17,215 
2,234 
1,926 
1,844 

  --- 
0,605 
0,482 
0,376 
0,302 

 
Since every substance possesses an individual spectrum 

λ0, l0, its experimental identification and comparison with 
initially found spectra of known substances makes possible 

identification with their means of unknown researched 
substances.  

 

[1] Y.Yu. Akhadov. Dielectric parameters of pure liquids. 
Moscow. Publ. H. MAI.1999, p. 812.  

[2] R.M. Kasimov, Ch.O. Kajar, E.R. Kasimov, S.R. 
Gasanov. Azerb. Rep. Patent. 2005. 

[3] R.M. Kasimov. Magazine of engineering and physics, 
1994, v. 67, № 5-6, p.489.  
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ÏÎËYÀÐ ÌÀÉÅ ÒßÁßÃßÑÈÍÄß ÅËÅÊÒÐÎÌÀÃÍÈÒ ØÖÀËÀÍÌÀÍÛÍ ÒÀÌ ÓÄÓËÌÀÑÛ ØßÐÒËßÐÈÍÈ 
ÌÖßÉÉßÍËßØÄÈÐßÍ ÀËÃÎÐÈÒÌ 

 
Ñòàòèê âÿ äèíàìèê õàññÿëÿðèí þë÷öëìÿñè ÿñàñûíäà ïîëéàð ìàéå òÿáÿãÿñèíäÿ åëåêòðîìàãíèò øöàëàíìàíûí òàì óäóëìàñû 

øÿðòëÿðèíè ìöÿééÿíëÿøäèðÿí àëãîðèòì òÿêëèô îëóíìóøäóð. 
 

Р.М. Касимов, И.У. Ибадзаде, В.В. Богатов 
  

АЛГОРИТМ ОПРЕДЕЛЕНИЯ УСЛОВИЙ БЕЗОТРАЖАТЕЛЬНОГО ПОГЛОЩЕНИЯ 
ЭЛЕКТРОМАГНИТНОГО ИЗЛУЧЕНИЯ В СЛОЕ ПОЛЯРНОЙ ЖИДКОСТИ 

 
Предложен алгоритм определения условий безотражательного поглощения электромагнитного излучения в слое полярной 

жидкости по данным измерения их статических и динамических диэлектрических свойств. 
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OPTICAL EXTINCTION BY SMALL PARTICLES OF AMORPHOUS SILICON DIOXIDE 

 
T.D. IBRAGIMOV, E.K. HUSEYNOV 

Institute of Physics of National Academy of Sciences. 
33 H.Javid Avenue, AZ1143. Baku, Azerbaijan 

 
Extinction spectra of amorphous silicon dioxide small particles depending on particle sizes, their concentration, and surrounding medium 

are investigated in the vicinity of the one phonon states zone. 
It is shown that at the particles sizes comparable and larger than the wavelength of incident light the transmission peak is observed in 

extinction spectra, which corresponds to the equality of refractive indices of particle substance and surrounding medium. At particle sizes 
smaller than the wavelength of incident light the surface modes of particles are appeared, frequencies of which shift to lower frequencies as 
the dielectric constant of the surrounding medium increases.  

 
1. Introduction 
 
The substance as particles widely exists both on the Earth 

and in the interstellar space. We also use many properties of 
particles in daily life, medicine, cosmetology, and other 
areas. Rapid development of nanotechnology and 
nanophysics provides to use very small particles in the most 
various areas of modern optoelectronics [1] and medicine [2]. 
One of the actual directions of physics of small particles 
clearing widespread perspectives of corresponding 
application in novel areas of photonics, is the study of 
interaction of electromagnetic radiation with particles.  The 
present work focuses an attention to the establishment of laws 
of optical absorption and scattering by small particles through 
ones of silicon dioxide depending on their sizes, 
concentration, and surrounding medium.  

 
2. Experimental 
 
The pieces of chemically pure amorphous silicon dioxide 

are used for getting of small particles. After careful crushing 
in agate mortar with small addition of spirit the obtained 
powder was passed through the system of sieves with the 
known sizes of apertures. Such method allows obtaining the 
fractions of particles with the grain sizes of 160-200 µm, 100-
160 µm, 63-100 µm, 50-63 µm, and less than 50 µm. Last 
fraction was subjected to the subsequent division on 
sedimentation time in the column with spirit according to 
expression 

 
                           t = 18hη/ (ρ1 – ρ2) g d2, 

 
where h - a column height; η – a viscosity factor; ρ1  and  ρ2 - 
densities of silicon monoxide and spirit, accordingly; g – free 
falling acceleration; d - the particle cross-section sizes. The 
obtained fractions were dried up in a vacuum of 10-2 torr at 
temperature of 50º С within a week. Then they were mixed 
up with pure powders of TlCl, KBr, KCl и NaCl (Beckman 
firm) in vibromill within 8 hours.  The mixture were pressed 
by means of an optical vacuum pressform (Beckman firm) in 
tablets in diameter of 13mm. Force of pressure varied 
depending on the microhardness of the matrix compound. 
Besides, the powder was also deposited on the surface of KBr 
plate. 

Extinction spectra were carried out on spectrophotometer 
Specord 75 IR in the frequency range of 4000-400cm-1. The 
resolution and an accuracy of frequency definition were not 
worse than 2cm-1. More precise of the band form and 
frequencies were carried out by the two-beam 

spectrophotometer of the model 4260 of Beckman firm. In 
this case, the resolution and the accuracy of frequency 
definition reached up to 1cm-1. Radiation represented itself 
the parallel light beam falling perpendicularly to the tablet 
plane. For getting of additional information the tablet without 
the filler was placed in the comparison beam.  

The transmission spectra in the visible region were 
recorded on spectrophotometer of model 557 (Hitachi firm). 
The refractive indices of pure silicon dioxide in the visible 
region and matrices in the infrared region were determined on 
the interference pattern from transmission spectra. High-
frequency dielectric constant of silicon dioxide was defined 
as a square of refractive index in the visible region. Dielectric 
constants of matrices were determined by similar method. 
Low-frequency constant of silicon dioxide was measured by 
the device BM-560 on the frequency of 50Hz.     

 
3. Results and Discussion 
 
When the light propagates in the medium consisting of 

particles, its intensity decreases according to the expression  
 
                  I = I0 exp (-αextL),                                    (1) 
 

where extinction factor αext  is the additive value. It consists of 
absorption and scattering factors: 
 

           αext = NCext = NCabs + NCscat ,                  (2) 
 

where N – the number of particles in the volume unit; Сext, 
Cabs  and Cscat – extinction, absorption, and scattering cross-
sections, accordingly. According to Mie theory, the scattering 
processes dominate at the particles sizes comparable and 
larger than the wavelength of incident light. Thus, if the 
refraction index of environment medium differs from one of 
particle substance then the sample strongly scatters. But the 
refractive indices can be equalized near the resonant band of 
the particle substance where its refractive index sharply 
changes. At that case, the sample becomes optically 
homogeneous near the corresponding frequencies and the 
scattering decreases. This effect we observe in fig.1. The 
extinction spectra of silicon dioxide small particles with 
weigh concentration of 2 % and the sizes more than 50µm 
imbedded in KBr are presented in this figure. As seen, the 
transmission maximum on the frequency of 1336cm-1 and the 
absorption bands with maxima on the frequencies of 475cm-1, 
805 cm-1, and 1092 cm-1 are observed. The latter has the 
greatest intensity and halfwidth. The transmission increases 
with increasing of the particle sizes but the contrast of the 
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transmission band is deteriorated. Using (1-2) it is easy to 
show that the transmission intensity is inversely proportional 
to the particle sizes. The transmission band is more precisely 
observed at particle sizes of 50-63 µm and has the form close 
to Gauss one. 
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Fig.1. Extinction spectra of silicon dioxide particles in the KBr  
           matrix for different fractions: 1- 160-200 µm, 2- 100- 
           -160 µm, 3- 63-100 µm, 4- 50-63 µm.                                 
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Fig.2. Extinction spectra of silicon dioxide particles with sizes  
          of 50-63 µm in the KBr matrix for different concentrations:  
          1-1 %, 2-2 %, 3- 3 %, 4- 4 %, 5 – 6 %. 

 
The extinction spectra of silicon dioxide particles with 

sizes of 50-63µm at various concentrations in KBr are 
presented in fig.2. One can see that the frequency of 
transmission maximum at 1336cm-1 remains invariable but 
with increasing of filler concentration the transmission 
intensity decreases and the ratio between the transmission 
maximum and common background is improved. Obviously, 
the transmission maximum corresponds to those values of 
refractive indices of silicon dioxide which coincide with ones 
of the matrix. Analogical extinction spectra of silicon dioxide 
small particles are observed when matrix is KCl or NaCl, and 
also at precipitation on the KBr surface. At that case the 
frequency of transmission maximum changes while the 
frequencies of absorption maxima remain invariable. The 
greatest frequency of transmission maximum is observed 

when the filler is KBr, and the least – at the powder 
precipitated on the KBr surface. Any transmission maxima 
are not observed for the samples with the TlCl matrix. 
Apparently, that given fact connects with disjointness 
dispersion curves of filler and matrix for these samples. 
Accordingly the sample scatters light the same manner for all 
frequencies in the measured spectral region. Being based on 
the above-stated arguments and using dispersion curves of 
matrices a set of refractive indices at various frequencies can 
be determined. The obtained values are results in Table 1. 

    
                                                                  Table 1.  

The frequencies of transmission maxima of samples and the 
magnitudes of refractive indices of silicon dioxide for 

different frequencies. 
 

Matrix frequency of 
transmission 

maxima (сm-1) 

refractive 
index 

KBr 1336 1.532 
NaCl 1320 1.508 
KCl 1312 1.464 
Air 1211 1.000 
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Fig.3. Extinction spectra of silicon dioxide particles with sizes  

                 less than wavelength of incident light in the KBr matrix:          
                 1-3.5-4.0µm, 2- 0.5-0.7µm, 3- 0.3-0.5µm, 4- less than 0.3µm. 

 
The transmission spectra of silicon dioxide particles at its 

sizes smaller than the wavelength of incident light result in 
fig. 3. For the largest particles (3.5-4.0µm) the spectrum is 
characterized by two bands of approximately equal intensity: 
the low-frequency band closed to the frequency (1082cm-1) of 
transverse optical phonon [3] and more high-frequency band. 
A diminution of particle sizes results in reduction of low-
frequency band and at sizes less than 0.5µm to its full 
disappearance. Position of high-frequency band is shifted to 
high frequencies and reaches 1181cm-1 at particle sizes of 
d<0.3µm. Similar dependences are observed when 
surrounding medium is TlCl, KCl, NaCl, or an air. The 
experimental results of values of frequencies of absorption 
maxima for particles with d< 0,3 µm are collected in Table 2. 
Apparently, the frequencies of absorption maxima shift to 
lower frequencies as the dielectric constant of the 
surrounding medium increases. 
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                                                                          Table2. 
The frequencies of main absorption band maxima of 

silicon dioxide particles depending on surrounding medium. 
 

surrounding   
medium 

dielectric 
constant 

experimental 
frequency 
(сm-1) 

calculated 
frequency 
(сm-1) 

TlCl 5.10 1139 1136 
KBr 2.33 1181 1176 
NaCl 2.25 1183 1178 
KCl 2.13 1188 1182 
air    1.00 1225 1228 

 
It is known that lattice dynamics on the particle surface 

depends on the surrounding medium and differs from bulk 
vibrations. At decreasing of particle sizes surface vibrations 
increase their contribution to experimental spectra. They are 
radiation modes and shown in absorption and emission 
spectra. The condition of appreciable display of surface 
modes is ωtR/c<1 [4] for spherical particles, where ωt-the 
frequency of transverse phonon, R- radius of the particle, and 
c – the light velocity. The surface modes are located in the 
frequency range in which ε(ω)<0 that corresponds to 
frequencies between ones of transverse and longitudinal 
phonons of the  bulk sample. They are defined for spherical 
particles from the following expression 

 

                ε (ω) = -(n + 1) ε m/n,                           (3) 
 

where ε and εm – dielectric constants of particles and 
surrounding medium, respectively; n- natural numbers. The 
most intensive mode with n=1 called the Frohlich one is 
uniformly polarized, and its frequency is given by  

    
        ωf = ωt [(ε0 + 2 εm )/ (ε∞ +2εm)]1/2,             (4) 
 

where ωt- the frequency of transverse optical phonon; ε0  and    
ε∞ are the low- and high-frequency dielectric constants 
respectively. 

For interpretation of experimental results we take the 
frequency of transverse optical phonon equaled 1082cm-1, 
ε0=3.75 and ε∞=2.46. Calculated values of Frohlich 
frequencies are collected in Table 2. As it is seen, the good 
agreement between experimental and calculated frequencies 
is observed. The most intensive band is wide. Obviously, the 
given fact is connected with the amorphous state of particles 
and, correspondingly, high extinction factor of surface 
phonons [4]. On the other hand, the form of particles strongly 
influences on the distribution of surface charge and, 
accordingly, on the frequencies and the band form of surface 
modes. Observation under the optical microscope has shown 
that particles have an irregular form. According to [5], in that 
case the band of surface mode should occupy all area 
between the frequencies of transverse and longitudinal optical 
phonons. 

In summary, at the particles sizes comparable and larger 
than the wavelength of incident light the transmission peak is 
shown in extinction spectra, which corresponds to the 
equality of refractive indices of particle substance and 
surrounding medium.  

The surface vibrations of particles are appeared at particle 
sizes smaller than the wavelength of incident light. The 
frequencies of surface modes shift to lower frequencies as the 
dielectric constant of the surrounding medium increases. The 
surface mode band in the absorption spectra becomes 
stronger as the size of the particle decreases. 

 
[1] N.N.Ledentsov, V.M.Ustinov, V.A.Shchukin, P.S.Kop'ev, 

Zh.I.Alferov, D.Bimberg. Semiconductors. 1998, v.,32, n. 
4, p.343. 

[2] Bruce A.Holm, Earl J.Bergey, Tapas De, David J. Rodman, 
Rakesh Kapoor, Laurent Levy, Christopher S. Friend 
and Paras N. Prasad. Molecular Crystals and Liquid 
Crystals.2002, v. 374, p. 589. 

[3] M. Nakamura, Y. Mochizuki, K.Usami, Y. Itoh, T. Nozaki. 
Solid State Communications, 1984, v.50, n.12, p. 1079. 

[4] Shinji Hayashi. Japanese Journal of Applied Physics. 
1984, v.23, n. 6, p. 665. 

[5] C.F.Bohren, D.R.Huffman. Absorption and Scattering of 
Light by Small Particles. John Wiley & Sons. 
Chichester, N.Y. 1983. 450 p. 

 
Ò.Ú. Èáðàùèìîâ, Å.Ê. Ùöñåéíîâ 

 
ÀÌÎÐÔ ÑÈËÈÑÈÓÌ ÄÈÎÊÑÈÄ ÊÈ×ÈÊ ÇßÐÐßÚÈÊËßÐÈÍ  ÎÏÒÈÊ ÅÊÑÒÈÍÑÈÉÀÑÛ 

                            
Àìîðô ñèëèñèóì äèîêñèä êè÷èê çÿððÿcèkëÿðèíèí áèðôîíîíëó ùàëëàð çîíàñû ÿòðàôûíäà åêñòèíñèéà ñïåêòðëÿðèíèí çÿððÿcèkëÿðèí þë÷öñö, 

êîíñåíòðàñèéàñû âÿ ÿòðàô ìöùèòäÿí àñûëûëûüû òÿäãèã åäèëìèøäèð. 
Ýþñòÿðèëìèøäèð êè, çÿððÿcèkëÿðèí þë÷öëÿðè èøûüûí äàëüà óçóíëóüóíäàí áþéöê îëäóãäà  ÿòðàô ìöùèòèí âÿ çÿððÿcèê ìàääÿñèíèí èøûüûí ñûíìà 

ÿìñàëëàðû áÿðàáÿðëèéèíÿ ìöâàôèã øÿôôàôëûã ïèêè ìöøàùèäÿ îëóíóð. Çÿððÿcèkëÿðèí þë÷öñö èøûüûí äàëüà óçóíëóüóíäàí êè÷èê îëäóãäà èñÿ òåçëèêëÿðè 
ìöùèòèí äèåëåêòðèê íöôóçëóüó àðòìàñû èëÿ êè÷èê òåçëèêëÿð îáëàñòûíà ñöðöøÿí ñÿòùè ìîäàëàð þçöíö áèðóçÿ âåðèð. 

 

Т.Д. Ибрагимов, Э.К. Гусейнов 
 

  ОПТИЧЕСКАЯ ЭКСТИНЦИЯ МАЛЫХ ЧАСТИЦ АМОРФНОЙ ДВУОКИСИ КРЕМНИЯ 
 

Исследованы спектры экстинции малых частиц аморфной двуокиси кремния в окрестности зоны однофононных состояний в 
зависимости от размера частиц, их концентрации и среды нахождения.  

Показано, что при размерах частиц больших длин волн падающего света наблюдается пик пропускания, соответствующий 
равенству коэффициентов преломления вещества частиц и среды нахождения. При размерах частиц меньших длины волны 
падающего излучения проявляют себя поверхностные моды, частоты которых смещаются в низкочастотную область с увеличением 
диэлектрической проницаемости среды. 

 
Received: 28.03.07  



ФИЗИКА                                                          2007                                                      ЖИЛД XIЫЫ  №3 

 25

 
ÊÈ×ÈÊ ÞË×ÖËÖ ÑÏÅÊÒÐÀË ÚÈÙÀÇËÀÐ Ö×ÖÍ ÎÏÒÈÊ ÑÈÑÒÅÌÈÍ ÈØÛÃ ÝÖÚÖ 

 
N.Y. ÉÀÃÓÁÇÀÄß, T.H. ÄÈËÁÀÇÎÂ 

Åëìè - Òÿäãèãàò Àåðîêîñìèê Èíôîðìàòèêà Èíñòèòóòó, ÀÌÀÊÀ 
 

Úèùàçûí îïòèê ñèñòåìèíèí èøûãëàíìàéà âÿ èøûã ñåëèíÿ ýþðÿ èêè ùàë ö÷öí èøûã ýöúö ùåñàáëàíìûøäûð: 
-ñïåêòðàë õÿòòèí åíè úèùàç ôóíêñèéàñûíûí åíèíäÿí ÷îõ êè÷èê  îëàí ùàë; 
-ñïåêòðèí åíè úèùàç ôóíêñèéàñûíûí åíèíäÿí ÷îõ áþéöê îëàí ùàë. 
 
Ñïåêòðàë úèùàçëàðûí äàëüà óçóíëóüóíóí âÿ ñïåêòðàë õÿòëÿ-

ðèí èíòåíñèâëèéèíèí þë÷öëìÿñèíèí äÿãèãëèéèíÿ òÿñèð åäÿí õàðàê-
òåðèñòèêàëàðû úèùàçûí äèñïåðñèéàñû, àéûðäåòìÿ  ãàáèëèééÿòè  âÿ 
èøûã ýöúöäöð. 

Ñïåêòðàë úèùàçëàðûí ÷ûõûøûíäà øöàëàðûí ìîíîõðîìàòèêëèéèíè 
àðòûðìàã ö÷öí òÿêëèô îëóíàí ñèñòåìèí [1] äèñïåðñèéàñû âÿ 
àéûðäåòìÿ ãàáèëèééÿòè ùåñàáëàíìûø âÿ ýþñòÿðèëìèøäèð êè, [2] 
áåëÿ ñèñòåìëÿðäÿí èñòèôàäÿ åòìÿêëÿ êè÷èê þë÷öëö éöêñÿê àéûðä-
åòìÿ ãàáèëèééÿòëè äèôðàêñèîí ñïåêòðàë úèùàçëàð éàðàäûëìàñû äà-
ùà ñÿìÿðÿëèäèð. 

Òÿãäèì åäèëÿí èøäÿ áåëÿ ñèñòåìëÿ èøëÿíìèø ìîíîõðîìàòî-
ðóí èøûã ýöúöíöí ùåñàáàòû  âåðèëèð. 

Öìóìè ùàëäà èøûã ýöúö, þë÷öëÿí ôîòîìåòðèê êÿìèééÿòëÿ 
ìÿíáÿèí ïàðëàãëûüû àðàñûíäàêû ìöòÿíàñèáëèê  ÿìñàëûäûð. Îíà 
ýþðÿ äÿ èøûã ýöúöíö èøûãëàíìàéà ýþðÿ (P) âÿ èøûã ñåëèíÿ ýþðÿ 
(Ô) ôÿðãëÿíäèðèðëÿð. Áóíäàí áàøãà ñïåêòðàë úèùàçûí èøûã ýöúö 
ñïåêòðèí åíè èëÿ úèùàç ôóíêñèéàñûíûí  åíè àðàñûíäàêû íèñáÿòäÿí 
àñûëû îëäóüóíäàí èêè êÿíàð ùàëà áàõìàã ëàçûì ýÿëèð: 

    1) ñïåêòð õÿòòèäèð - ñïåêòðàë õÿòòûí ∆λ<<δλ åíè úèùàç ôóíê-
ñèéàñûíûí δλ åíèíäÿí ÿùÿìèééÿòëè äÿðÿúÿäÿ àçäûð - ∆λ<<δλ. 
     2)  ñïåêòð êÿñèëìÿçäèð    -∆λ>>δλ. 

Ìîíîõðîìàòîð ñèñòåìèíèí èøûã ýöúöíö  õÿòòè ñïåêòð  ö÷öí 
òÿéèí åäÿê (øÿê.1). Ìÿíáÿèí 1′-õÿòòè ñïåêòðè  åíè ℓ-, 
ùöíäöðëöéö ù- îëàí 1- ýèðèø éàðûğûíà éþíÿëäèëèð. ×þêöê äèô-
ðàêñèéà ãÿôÿñèíè (2) èøûãëàíäûðàí øöàëàðûí ñåëè ýèðèø éàðûüûíäà 
ìÿíáÿèí õÿéàëûíûí ïàðëàãëûüû Β′(λ), ãÿôÿñ ö÷öí ìÿíáÿ ðîëó 
îéíàéàí ýèðèø éàðûüûíûí ñàùÿñè âÿ Ω- úèñèì  áóúàüû èëÿ ìö-
ÿééÿí åäèëèð. Áó  ñåëèí ãèéìÿòè  áöòöí ñïåêòðàë õÿòëÿð ö÷öí  

         

           ΩΒΦ ⋅⋅⋅= hu l                                (1) 

îëàð. Áóðàäà Áó= ( )∫Β
2

1

λ

λ

λ  äλ    - åíè λ2 -λ1 îëàí ñïåêòðàë õÿòòèí 

èíòåãðàë ïàðëàãëûüû, Ω-ãÿôÿñèí  èøëÿê äèàìåòðè  èëÿ òÿéèí îëóíàí 
èøûã äÿñòÿñèíèí úèñèì áóúàüûäûð. 

 

 
 
Øÿêèë 1.Õÿòòè ñïåêòð ö÷öí øöàíûí  éîëó. 
 

Øöà äÿñòÿñè ãÿôÿñäÿí ÿêñ îëóíàíäàí ñîíðà âåðèëìèø äàëüà 
óçóíëóüó ö÷öí þë÷öëÿðè ℓ′,h′ îëàí 3 ýèðèø éàðûüûíà òîïëà-
íûð.Ùÿìèí ñåëèí ýèéìÿòè 

 

          ΩΒρΦρΦ ⋅⋅=⋅= hu111 l                          (2)    
   

áóðàäà ρ1 - ãÿôÿñèí ÿêñ åòäèðìÿ ÿìñàëûäûð. 
Úèñìèí àëûíàí õÿéàëûíäà èøûãëàíìàíûí ïàéëàíìàñû úèùàç 

ôóíêñèéàñûíûí ôîðìàñûíäàí àñûëûäûð. Ýåíèø ýèðèø éàðûãëû (éÿíè 

úèùàç ôóíêñèéàñû éàðûã òèïëè) îëàí ùàëà áàõàã. Áó ùàëäà úèùàç 
ôóíêñèéàñûíûí åíè ýèðèø éàðûüûíûí ùÿíäÿñè õÿéàëûíûí ñïåêòðàë 
åíèíÿ áÿðàáÿðäèð.Ôÿðç åäèëÿí ùàëëàðäà 3 ýèðèø éàðûüûíûí õÿéàëû 
ìîíîõðîìàòèê èøûãäà þë÷öëÿðè ℓ′, h′ —îëàí äöçáóúàãëû øÿêëèí-
äÿ îëàúàãäûð. Ùÿì äÿ ùåñàá åäÿúÿéèê êè, ïàðëàãëûã Bu -ýèðèø 
éàðûüûíûí åíè âÿ ùöíäöðëöéö áîéóíúà ñàáèòäèð, éÿíè èøûã 
äÿñòÿñè ÷ûõûø éàðûüûíûí ñÿòùèíäÿ áÿðàáÿð ïàéëàíìûøäûð. Áåëÿ 
îëàí ùàëäà ñïåêòðàë õÿòòèí èøûãëûüû 

                              

                                        ( ) ( ) ΩΒλρΩΒλρ
Φ

Ε ′⋅⋅=⋅
′⋅′

⋅
⋅=

′⋅′
= u1u1

1
1 h

h
h l

l

l
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Φ1-èøûã ñåëè ñèëèíäðèê ýöçýöäÿí (4) ÿêñ îëóíàðàã çÿèôëÿéèð 
âÿ Ω″ úèñèì áóúàüû äàõèëèíäÿ ïàéëàíûð. Áó çàìàí èøûã äÿñòÿñè 
5 ñÿòùèíäÿêè ñÿïèëìÿ ëÿêÿñè ùöäóäëàðûíäà E2 -  èøûãëàíìàñû 
éàðàäûð.  

       ( ) ( )
h

i
h u ′′⋅′′

Ω′
⋅Β⋅=

′′⋅′′
Φ

=Ε
ll

,1
2

2 λρλρ ,          (3)     

 

áóðàäà ρ2 (λ, i)  - ñèëèíäðèê ýöçýöíöí ÿêñåòäèðìÿ ÿìñàëû îëóá 
äàëüà óçóíëóüó âÿ äöøìÿ áóúàüûíûí ôóíêñèéàñû, ℓ″, h″-
ñÿïèëìÿ ëÿêÿñèíèí åíè âÿ ùöíäöðëöéöäöð.Ðåàë ñèñòåìëÿðäÿ  

èêèíúè òÿðòèá êè÷èëÿíëÿðè íÿçÿðÿ àëìàñàã 
 

                                       
2

2 utqS
′′

′′⋅=′′l  

 

oëäóüóíó  ùåñàáëàìàã ÷ÿòèí äåéèë. S″-ýöçýö èëÿ 5 ñÿòùè àðà-
ñûíäàêû ìÿñàôÿäèð.    

h″-è òÿéèí åäÿê. Ñÿïèëìÿ ëÿêÿñèíèí ùöíäöðëöéö h´-èí õÿ-
éàëûíûí éàðàäûëìàñûíäà èøòèðàê åäÿí 1âÿ2 êÿíàð øöàëàðëà 
ùöäóäëàíûð (øÿê.2). 

 
Øÿêèë 2. Õÿòòè ñïåêòð ö÷öí ñÿïèëìÿ ëÿêÿñèíèí þä÷öëÿðè. 
 

        
Øÿêèëäÿí ýþðöíöð êè, 
 

                             

S
hutq

uu
utqSh
hhh

′∆
′

=′

′=′′
′′⋅′′=′∆

′∆+′=′′

2

2

1

1
                              (4)  

 

   Ö÷áóúàãëàðûí îõøàðëûüûíäàí 
 

                            
S

SS
h
D

′∆
′∆−′

=
′

. 

Áóðàäàí äà                     

                                 ( )hD
hSS
′+
′′

=′∆   

îíäà       

                                 
S

Dhutq
21
+′

=′      âÿ    (4)  èôàäÿñè 

 

       
( )

S
SDh

S
S

S
hDShh

′
′′

+′⎟
⎠
⎞

⎜
⎝
⎛

′
′′

+=
′

′+′′
+′=′′ 1          (5)                                                                                              

 

øÿêëèíè àëàð. 
(5) —èôàäÿñè ñÿïèëìÿ ëÿêÿñèíèí ùöíäöðëöéöäöð. 
Àñòèãìàòèçìèí àçàëäûëäûüû ñõåìëÿðäÿ   
 

                                     
S
Shh
′

⋅=′  

Àñòèãìàòèçìèí àçàëäûëìàäûüû ùàëäà (áàõûëàí ñõåì áó ùàëà 
àèääèð )  

                                   ah
S
Shh +
′

=′                         (6)  

 

áóðàäà hα-àñòèãìàòèê óçàíìàäûð  
Ìÿëóìäóð êè,[3] 
 

        ( )ϕϕψψϕ sinsincos tqtqDha +⋅=          (7)
    

Áèçèì áàõäûüûìûç ùàëäà   S´=S îëäóüóíäàí 
   

                              ahhh +=′                                       (8)  
 
Áåëÿëèêëÿ,(3)-èôàäÿñèíÿ äàõèë îëàí áöòöí êÿìèééÿòëÿðè 

òÿéèí åòäèê. Õÿòòè ñïåêòð ö÷öí èøûãëàíìàéà ýþðÿ èøûã ýöúö áåëÿ 
øÿêèë àëûð. 

                      ( ) ( )
h

iP
′′′′

Ω′
⋅⋅=
l

,21 λρλρλ                        (9) 

 

Áóðàäà êè÷èê Ω´ -áóúàãëàðû ö÷öí  [4] 
    

2

2

)(4 S
D
′

=Ω′
π

 

 

Áþéöê - Ω´ - áóúàãëàðû ö÷öí [4] 
 

2
sin2 u′

=Ω′ π  
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Ìîíîõðîìàòîð ñèñòåìèíèí èøûã ýöúöíö êÿñèëìÿç ñïåêòð 
ö÷öí òÿéèí åäÿê. Éóõàðûäàêû øÿðòëÿð äàõèëèíäÿ ∆λ -ñïåêòðàë  
åíè úèùàç ôóíêñèéàñûíûí δλ -ñèåêòðàë åíèíäÿí ÷îõ áþéöê îëàí 
ñïåêòðàë ñàùÿñèíÿ áàõàã. [3] —äÿ êÿñèëìÿç ñïåêòð ö÷öí ýèðèø 
éàðûüûíûí EH -èøûãëàíìàñû òÿéèí åäèëèð. Ùÿìèí äöñòóðäàí 
èñòèôàäÿ åòìÿêëÿ áàõûëàí ñèñòåì ö÷öí (øÿê.1)   

 

               ( ) ( ) δλΩλΒλρΕ ′⋅⋅= 11                        (10) 

 
éàçìàã îëàð. 

Áóðàäà ( )−Β λ  êÿñèëìÿç ñïåêòðèí îðòà ñïåêòðàë ïàðëàãëû-

üûäûð. δλ - éàðûã úèùàç ôóíêñèyañûíûí ñïåêòðàë åíèäèð (øÿê. 3) 
Îíäà áó õÿéàëäà úÿìëÿíÿí  Φ1 - èøûã ñåëè 
  

                               l′′⋅= h11 ΕΦ    

îëàð. 

 
Øÿêèë 3. Êÿñèëìÿç ñïåêòð ö÷öí ñïåêòðàë èíòåðâàëûí þë÷öëÿðè. 
 
Ñèëèíäðèê ýöçýöäÿí (4) ÿêñ îëóíàí ùÿìèí ñåë ÿêñ îëóíìà 

íÿòèúÿñèíäÿ àçàëûð âÿ 5 ìöñòÿâèñèíäÿ E2-  èøûãëàíìàñûíû 
éàðàäûð (øÿê.1) . 

       ( ) ( ) ( )
h

i
′′⋅′′

Ω′
⋅⋅Β⋅=Ε
l

δλλλρλρ ,212          (11) 

 
ℓ″- âÿ h″- êÿìèééÿòëÿðèíè òÿéèí åäÿê. 
Êÿñèëìÿç ñïåêòð ö÷öí ℓ″- ∆λ ñïåêòðàë èíòåðâàë ñàùÿñèíèí 

óçóíëóüóäóð.Îíóí ãèéìÿòè λ1- âÿ λ2- äàëüà óçóíëóãëàðû èëÿ 
ùöäóäëàíàí õÿòëÿð ö÷öí úèùàç ôóíêñèéàñûíûí ìÿðêÿçëÿðè àðà-
ñûíäàêû ∆ℓ″ -ìÿñàôÿñè âÿ úèùàç ôóíêñèéàñûíûí δℓ″ -åíèíèí úÿ-
ìèíÿ áÿðàáÿðäèð (øÿê.3) 

òÿðèôÿ ýþðÿ  

λ
λ

δ

d
dl

l

lll

⋅∆=′′∆

′′+′′∆=′′
 

áóðàäà 
λd

dl
-ìöøàùèäÿ ìöñòÿâèñèíäÿ ∆λ -  äàëüà  èíòåðâàëû 

ö÷öí îðòà õÿòòè äèñïåðñèéàäûð. 
Úèùàç ôóíêñèéàñûíûí δℓ″ - åíè ìîíîõðîìàòèê øöàëàíìà 

öñöí ÷ûõûø éàðûüûíûí åíèíÿ áÿðàáÿð îëóá                         
  

                 

2

22
2 ⎟

⎠
⎞

⎜
⎝
⎛ ′′
⋅′+

′′
⋅′′=′′

utqutqS llδ  

Îíäà                           

                  

2

22
2 ⎟

⎠
⎞

⎜
⎝
⎛ ′′
′+

′′
⋅′′+⋅∆=′′

utqutqS
d
d

l
l

l
λ

λ   (12) 

 
h″ - ìîíîõðîìàòèê  ùàëäà îëäóüó êèìè òÿéèí åäèëèð, ÷öíêè 

áó èñòèãàìÿòäÿ ñèñòåìèí äèñïåðñèéàñû ñûôûðäûð. (11) âÿ (12) —
èôàäÿëÿðèíè íÿçÿðÿ àëàðàã èøûãëàíìàéà ýþðÿ èøûã ýöúö ö÷öí 
éàçàðûã.

         

                                           ( ) ( )
))((

,21

hh
d
d

iPH

′∆+′′′+⋅∆

Ω′
⋅=

l
l δ
λ

λ
δλλρλρ                                                         (13) 

 
Ìîíîõðîìàòîðäàí ÷ûõàí øöàëàíìà ñåëèíè òÿéèí åäÿê. 

Ìöøàùèäÿ ìöñòÿâèñèíäÿ ÷ûõûø éàðûüû, éàõóä ôîòîãÿáóëåäèúè 
ãóðüó éåðëÿøäèðÿê. ×ûõûø éàðûüûíäàí êå÷ÿí,éàõóä ôîòîãÿáóë-
åäèúèíèí ãåéä åòäèéè ñåëèí ãèéìÿòè ÷ûõûø éàðûüûíûí ñàùÿñè, éà-
õóä ôîòîãÿáóëåäèúèíèí èøûüà ùÿññàñ ñàùÿñè èëÿ ýèðèø éàðûüûíûí 
õÿéàëûíûí ñàùÿëÿðè íèñáÿòèíäÿí àñûëûäûð.×ûõûø éàðûüûíûí åíèíèí 
ℓçıx, ùöíäöðëöéöíöí h çıx - îëäóüóíó ãÿáóë åäÿê. 

Ö÷ ùàëà áàõàã: 
1)  ℓçıx<ℓ″ ,  h çıx<h″.  Îíäà ÷ûõûø éàðûüûíäàí êå÷ÿí  Ô-

ñåëèíèí ãèéìÿòè ÷ûõûø éàðûüûíäà èøûãëàíìàíûí ãèéìÿòè âÿ ÷ûõûø 
éàðûüûíûí ñàùÿñè èëÿ òÿéèí åäèëèð. (3)-èôàäÿñèíè íÿçÿðÿ àëûá õÿòòè 
ñïåêòð ö÷öí éàçà áèëÿðèê 

 

                                             ( ) ( ) ( )
h

hih cixcix
cixcix ′′⋅′′

⋅⋅Ω′
⋅Β⋅=⋅⋅Ε=Φ′ ⋅

l

l
l λλρλρλλ ,212                                           (14) 

 

Ñïåêòð êÿñèëìÿç îëàí ùàëäà (11) èôàäÿñèíè íÿçÿðÿ àëàðàã ÷ûõûø ñåëèíèí èôàäÿñèíè áåëÿ éàçà áèëÿðèê  
 

                                            ( ) ( ) ( )
h

hih cixcix
cixcixHH ′′⋅′′

⋅Ω′
⋅⋅Β=⋅⋅Ε=Φ′ ⋅

l

l
l δλλλρλρ ,212                                       (15) 

 

(14) âÿ (15) —èôàäÿëÿðèíäÿí ýþðöíöð êè, èñòÿð õÿòòè, èñòÿð 
êÿñèëìÿç ñïåêòð ö÷öí ñèãíàë èòýèñè ìöøàùèäÿ åäèëèð. 

2) ℓçıx=ℓ″ ,  h çıx=h″.  Áó ùàëäà õÿòòè âÿ êÿñèëìÿç ñïåêòðèí 
÷ûõûø ñåëèíèí ãèéìÿòè áåëÿ òÿéèí åäèëèð. 

 
 
 

                 
( ) ( ) ( )
( ) ( ) ( )⎩

⎨
⎧

Ω⋅⋅Β⋅=Φ
Ω′⋅Β⋅=Φ
δλλλρλρ

λλρλρλ

i
i

H ,
,

21

21
   (16) 

 

Áó ùàëäà ôàéäàëû ñèãíàëûí ùàìûñû ÷ûõûø éàðûüûíäàí êå÷èð. 
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3)  ℓçıx>ℓ″ ,  h çıx>h″.  Õÿòòè ñïåêòð ùàëûíäà ÷ûõûø ñåëè áóí-

äàí ÿââÿëêè ùàëäà îëäóüó êèìè 
 

                 ( ) ( ) ( ) Ω′⋅Β⋅=Φ′ λλρλρλ i,21                   (17) 

 
Êÿñèëìÿç ñïåêòð ùàëûíäà ÷ûõûø ñåëè áóíäàí ÿââÿëêè ùàëäàí 

÷îõ îëàð. Áåëÿêè, ýåíèø ÷ûõûø éàðûüûíäàí áþéöê ñïåêòðàë 
èíòåðâàë êå÷ÿúÿêäèð. 

      ( ) ( ) ( )
h
hi cixcix

H ′′⋅′′
⋅

⋅Ω⋅⋅Β⋅=Φ′
l

lδλλλρλρ ,21      (18) 

ßýÿð ÷ûõûø éàðûüû ÿâÿçèíÿ ìöøàùèäÿ ìöñòÿâèñèíäÿ ôîòîãÿ-
áóëåäèúè éåðëÿøäèðèëÿðñÿ, îíóí ãÿáóë åòäèéè èøûã ñåëè  1, 2, 3-
ùàëëàðûíäàêû äöñòóðëàðëà ùåñàáëàíûð, àíúàã  ÷ûõûø éàðûüûíûí 
ñàùÿñè ÿâÿçèíÿ ôîòîãÿáóëåäèúèíèí èøûüà ùÿññàñ ñÿòùèíèí ñàùÿñè 
ýþòöðöëöð. 

 
 

[1] Ò.Ù. Äèëáàçîâ, Í.É. Éàãóáçàäÿ. «Ôèçèêà», 2006, XII, 4,  
(÷àïäàäûð) 

[2] Í.É. Éàãóáçàäÿ, Ò.Ù. Äèëáàçîâ. ÀÌÀÊÀ-íûí õÿáÿðëÿðè, 
2006, 3, (÷àïäàäûð) 

[3] Ì.È. Ìàëûøåâ. Ââåäåíèye â eêñïåðèìåíòàëíóyu ñïåêòðî-
ñêîïèyu. Ì. «Íàóêà», 1975, ñ.248. (Rusca). 

[4] Ì.È.Ýïøòåéí. Èçìåðåíèya îïòè÷åñêîãî èçëó÷åíèya â eëåê-
òðîíèêå.  Ì.«Eíåðãèya»,1975, ñ.248. (Rusca). 

          
 

N.Y. Yagubzade, T.G. Dilbazov 
 

OPTICAL EFFICIENCY OF OPTICAL SYSTEM OF THE SMALL-SIZED SPECTRAL DEVICE 
 
It is calculated optical efficiency of optical system of the device taking into consideration the brightness and light flux in the cases, 

when: 
- the spectral line width is much less than spectral width of hardware function;  
- the spectrum width is much more than width of hardware function. 
 

Н.Я. Ягубзаде, Т.Г. Дильбазов 
 
СВЕТОСИЛА ОПТИЧЕСКОЙ СИСТЕМЫ МАЛОГАБАРИТНОГО СПЕКТРАЛЬНОГО ПРИБОРА 
    
Вычислена светосила оптической системы прибора по освещенности  и по потоку в случаях, когда: 
-ширина спектральной линии значительно меньше спектральной ширины аппаратной функции; 
-ширина спектра много больше ширины аппаратной функции. 
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İŞIQ KONSENTRATLARLA İŞLƏYƏN  Bi2Te3 – Bi2Se3 ƏSASLI YÜKSƏK İNTENSİVLİKLİ 

TERMOFOTOVOLTAİK ELEMENTLƏR 
 

Q.M. ƏHMƏDOV  
Institute of Physics of National Academy of Sciences. 

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

Termofotovoltaik sistemlərin köməyi ilə günəş enerjisinin elektrik enerjisinə çevrilməsi məsələsinə baxılır. p və n – keçidlər timsalında p 
– tip  Bi2Te3  və n – tip Bi2Se3 keçiriciliyə malik monokristallardan istifadə etmək təklif olunur. Vahid texnoloji tsikldə diskret termik buxar-
lanma metodu ilə alınan p - Bi2Te3 – n - Bi2Se3  p-n nazik təbəqəli strukturu  termofotovoltaic qurğularda istifadəyə yararlıdır. Həmçinin gös-
tərilmişdir ki, adi ənənəvi günəş elemenlərinə nəzərən üstünlüyü onların geniş spektral həssaslığa və konsentrə edilmiş günəş şüasına dö-
zümlülüyüdür.  

 
Fotoqalvanik elementlərdə qadağa zolağından yuxarı və 

ona bərabər enerjili fotonlar üçün elektrik enerjisinə çevrilmə 
prosesi effektiv olaraq baş verir. Əgər qadağa zolağı enerji-
sindən kiçik və ondan uzaqda olan qeyri-effektiv fotonlar 
mənbəyə qayıdarsa tam çevrilmə effektivliyin çox yüksək ol-
ma potensialı vardır. Digər tərəfdən xüsusi seçimli emitter-
lərdən istifadə edərək dərhal qeyri-effektiv fotonların emissi-
yasından yaxa qurtarmaq mümkündür [1]. 

Termofotovoltaik sistemlərin qurulma istqaməti özündə 
şüalandırıcı mənbəyə uyğunlaşan aralıq zonalı fotoqalvanik 
elementlərin inkişafını birləşdirir ki, bu cür elementlər onlarla 
Vt/sm2 – xüsusi selin təsirinə məruz qala bilirlər. Elementlə-
rin yüksək xüsusi sıxlıqlı selə məruz qala bilmə qabiliyyəti 
kimi tələblər 1970-ci illərin ortalarında günəş şüalarını kon-
sentrə edən yerüstü qurğulu termofotovoltaik elementlərin 
layihələndirilməsinə marağı kəskin artırdı. 

Bununla yanaşı hələ bir çox on illər bundan öncə etiraf 
olunmuşdur ki, işıqlanmayan tərəfdə iki kontakta malik ele-
mentlər adi fotoqalvanik layihəli elementlərə nəzərən üstün-
lüyə malikdir [2]. Bu üstünlüklər özünü zolaqlı torun kölgə-
sindən və torun ölçüsünə qoyulan məhdudiyyətlərdən azad 
olmaqla biruzə verməlidir ki, bu səbəbdən bəzi kontaktların 
müqaviməti nəzərə alınmaz dərəcədə kiçik ola bilər.  

 
 

Şəkil 1. Germanium əsaslı əks kontakta malik termofotovoltaik  
             element.  
 

Şəkil 1-də göstərilən barmaqvari əks kontaktlı element 
çox sürətlə inkişaf etmişdir [3]. Çoxböyük yaşama müddətinə 
malik olan germanium layları litium birləşmələrindən əldə 
olunmuşdur ki, onlar ilkin hallarda nüvə qeydedicilərində is-
tifadə üçün yetişdirilmişdir. Baxılan aralıq zonalı xüsusiyyət-
lərə əlavə olaraq silisiuma nəzərən germaniumdan istifadə 
ona görə məqsədəuyğundur ki, germaniumda əsas yükdaşıyı-
cıların yaşama müddəti daha çoxdur. Barmaqvari formada 
elektrodlar arasında yaranmış əks kontakt uzun təmas oblastı 
tələb edir, belə ki, bir çox yükdaşıyıcılar generasiya olunduq-
dan sonra elementin tam qalınlığını dəf etməlidirlər (şəkil 2). 

 
Şəkil 2. Germanium termovotovoltaik elementin en kəsiyi.  
 

Elementə xas olan ikiölçülü xarakterlilik adi birölçülü 
analizin istifadəsinə imkan vermir və onun layihələnməsində 
iki ölçülü prosedur inkişaf etdirilməlidir. Konkret olaraq dar 
çərçivədə strukturun periodikliyindən istifadə olunaraq baza 
oblastının keçid sərhədlərində adi qanunlara uyğun müəyyən-
ləşmiş sərhəd şərtləri ilə baza oblastı üçün kəsilməzlik tənli-
yinin analitik həlli alınır. Bu mövcud əldə oluna bilən yeganə 
həll olduğundan elementlərin layihələndirilməsində istifadə 
olunmuşdur ki, nəticədə bu layihə aydın şəkildə optmallaş-
mamışdır və daha yaxşı modelləşmə metodlarına ehtiyac du-
yulur. 

Bi2Te3 – monokristalları ilkin komponentlərin kvars am-
pulada 48 saat ərzində gedən sintezi nəticəsində alınmışdır. 
Sonradan nümunə yerləşən ampula temperatur qradienti al-
tında soyudulmuşdur. Nümunələr p-tip keçiriciliyə və 
yükdaşıyıcıların konsentrasiyası  1,1·1019sm-3 malik olmuş-
dur. Bi2Se3 – nazik təbəqəsi  (0001) müstəvisi üzrə yenicə 
doğranmış Bi2Se3 monokristalından diskret termal tozlanma 
üsulu ilə alınmışdır. Təbəqələr n-tip keçiriciliyə və yükdaşı-
yıcıların konsentrasiyası  1,1·1019sm-3 malik olmuşdur. p-n 
heterokeçidləri silisium nümunələrinin yüksək temperaturlu 
qızması metodu ilə əldə edilmişdir. Yeni hazırlanmış p-tip  
keçiriciliyə malik olan Bi2Te3 parçalarının səthində n - tip  
keçiricilyə malik olan  Bi2Te3-x Sex  nazik monokristal təbəqə 
formalaşır. Bi2Te3-xSex təbəqəsəninin qalınlığı və onun struk-
turu selen atmosferində yerləşmə müddətinə və temperatura 
görə tənzimlənir. Beləliklə  p-n heterokeçidlər hamar forma-
da olurlar. Düzlənmə faktoru  30-40 təşkil edərək, 0,15V- 
gərginliyə dözə bilir. Təbəqələrin xassələrinin birbaşa olaraq 
onların kondensasiyası prosesində idarə olunması vahid tex-
noloji tsikldə verilmiş yükdaşıyıcı konsentrasiyasına malik p-
n heterostrukturlar formalaşdırmağa imkan verir. Ən yaxşı 
parametrli təbəqələr altlığın temperaturu 250-280oС olarkən 
tozlanan zaman və sonradan bu nümunənin 20-30 dəqiqə ər-
zində qızdırılması nəticəsində alınır. Təbəqələrin alınmasında 
optimal sürət  2-5 nm/san təşkil edir və onun sonrakı artımı 
təbəqələrin strukturunun pisəlməsi ilə gedir.  p-n strukturlu  p 
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-Bi2Te3 – n -Bi2Se3 təbəqələr, bircinsli iş tsiklində diskret-
termik tozlanma metodu ilə alınmışdır və aşağı gərginlikli 
düzləndirici qurğularda istifadə üçün yararlıdır.   

Bu ölçmələrin gözlənilməz nəticələrindən biri germani-
umda birbaşa enerji keçidinin iki- və üçqatına uyğun gələn 
enerjili fotonlar üçün çoxpilləli daşıyıcıların müşahidə 
olunmasıdır (şəkil 3).  

 
Şəkil 3. Germaniumda birbaşa keçid enerjisinin iki- və üçqatına  
             uyğun gələn çoxpilləli daşıyıcıların enerjiləri. 
 
Enerji böhranının qəbul olunması çərçivəsində yerüstü 

günəş elektrik qurğularına maraq artmışdır. Bir çox səbəb-
lərdən belə qənaətə gəlinmişdir ki, yüksək konsentrasiyalarla 
işləmək mümkün olmayacaqdır [1]. Bu səbəblər arasında – 
yüksək sel altında ardıcıl müqavimətin elementin effektivli-
yini azaltması; elementlər yüksək temperaturda işləməli 
olduğundan aşağı faydalı ış əmsalına malik olması; yüksək 
temperaturdan yaxa qurtarmaq çətin olması nəticəsində torun 
xəttlərinin əriməsi təhlükəsi vardır [4]. 

Termofotovoltaik layihəli elementlər tezliklə yüksək gü-
nəş şüası konsentrasiyalarında işləməyə yararlı oldular. Ger-
manium əsaslı barmaqvari əks kontaktlı termofotovoltaik 
elementlərin hazırlanmasında əldə olunmuş uğurlar yüksək 
konsentrasiya ilə işləyə bilən silisium əsaslı barmaqvari əks 
kontaktlı elementlərə tətbiq olunmağa başladı (şəkil 4). 

Bu cür ilk elementlər germaniumda olduğu kimi analitik 
metodlar istifadə olunmaqla əldə edildi. Silisiumun səthinin 
müvəffəqqiyyətlə passivasiya olunması və əsas baza oblastda 
yükdaşıyıcıların böyük yaşama müddətinə nail olunması ilə 
müəyyən olunmuşdur ki, günəş elementlərinin işinin məh-
dudlaşmasında dominəedici faktor yarımkeçirici-metal inter-
feysində rekombinasiyadır [5, 6].  Bunun reallaşmasında apa-
rıcı rolu barmaqvari əks kontakt tutur ki, metallaşma üçün ki-
fayət edən böyük səthi oblast üstünlüyünü saxlamaq şərti ilə 
yarımkeçirici ilə metal arasındakı kontakt oblastını azaldır və 
bununla da ardıcıl müqavimətin aşağı düşməsinə nail olunur.  

Şəkil 5-də göstərilən nöqtəvi kontaktlı element 
yarımkeçirici ilə yalnız kiçik oblastlarda təmasda olur və 
nəticədə yüksək effektivliyə malik olan yüksək günəş şüaları 
konsentratorları ilə işləyən silisium elementi əldə olunur [7].   

 

 
Şəkil 4. Barmaqvari əks kontaktlı silisium elementi. 
 
 

 
Şəkil 5. Nöqtəvi kontaktlı silisium termofotovoltaik elementi. 
 
Yüksək günəş şüası konsentratorları ilə işləyən silisium 

elementlərinin çoxlu miqdarda müxtəlif həndəsi konfiqurasi-
yaları, o cümlədən şaqulu keçidli birləşmələr mövcuddur. Ən 
yüksək effektivliyə malik yüksək günəş şüası konsentratorları 
işləyən elementlər III-V, V-VI qrup monolit tandem element-
ləridir. Bununla yanaşı onlar termovotovoltaik işlərin ilkin 
inkişaf fazasında olmamışdır.  Termofotovoltaik elementlərə 
son zamanlar artan marağı nəzərə alaraq demək olar ki,  III-
V, V-VI tandem elementləri termofotovoltaik sistemlərin 
tərkib hissələri kimi  istifadəsi yolunda tədqiq olunmaqdadır.
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G.M. Akhmedov  
 

HIGH INTENSITY THERMOPHOTOVOLTAIC CELLS ON THE BASIS Bi2Te3 – Bi2Se3 TO LIGHT 
CONCENTRATION APPLICATIONS 

 
The transformation problems of a solar energy into electrical power with the help of thermophotovoltaic systems are considered. The 

monocrystals Bi2Te3  of p-type as and Bi2Se3 n-type conduction are offered to use in the capacity of p- and n-transitions. The p- and n- film 
structure p-Bi2Te3 - n-Bi2Se3, obtained by a method of discrete thermal evaporation in a uniform technological cycle, are suitable for usage in 
thermophotovoltaic devices. And also it is shown, that advantage of these devices before traditional solar elements are a wide sensitivity 
spectrum and tolerance to the concentrated solar irradiation. 

 
Г.М. Ахмедов  

 
ВЫСОКОИНТЕНСИВНЫЕ  ТЕРМОФОТОВОЛЬТАИЧЕСКИЕ ЯЧЕЙКИ НА ОСНОВЕ Bi2Te3 – Bi2Se3 

ПРИМЕНЯЕМЫЕ ДЛЯ РАБОТЫ В СВЕТОВЫХ КОНЦЕНТРАТОРАХ 
 

Рассматриваются вопросы преобразования солнечной энергии в электрическую энергию с помощью термофотовольтаических 
систем.  В качестве p и n – переходов предлагается использовать монокристаллы Bi2Te3 р-типа и Bi2Se3 n-типа проводимости. 
Пленочные р-п структуры р-Bi2Te3 - n-Bi2Se3, полученные методом дискретного термического испарения в едином 
технологическом цикле, пригодны для использования в термофотовольтаических устройствах. А также показано, что 
преимуществом этих устройств перед традиционными солнечными элементами являются широкий спектр чувствительности и 
терпимость к концентрированному  солнечному излучению.   
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YÜKSƏK EFFEKTİVLİ GÜNƏŞ ENERJİSİ ÇEVRİLMƏSİNDƏ SİLİSİUM 

FOTOELEMENTLƏRİNİN TEMPERATUR XASSƏLƏRİ  
  

V.D.  ŞÜKÜROVA  
Sumqayıt Dövlət Universitetit, Sumqayıt, Azərbaycan  

 
Müəyyən olunmuşdur ki, şüalanma konsentratorunun tətbiqi zamanı elementlərin FİƏ və doldurma əmsalı üçün maksimumlar vardır. 

Elementlərin gücünün günəş şüalanmasının intensivliyindən asılı olaraq ölçülməsi nəticəsində göstərilmişdir ki, səthi teksturə olunmuş 
elementlərdə optimal sel konsentrasiyası mövcuddur ki, bu zaman FİƏ maksimaldır. Müəyyən olunmuşdur ki, xüsusi konstruksiya üzərində 
yerləşən fotoelementlər sistemini su ilə təbii soyutmaqla günəş batareyalarının effektivliyinin kəskin artmasına nail olmaq mümkündür. 
Aparılmış tədqiqatlar nəticəsində baxılan materialların termodözümlülüyünün nisbi qiymətləndirilməsi alınmışdır, istilik selinin işçi 
diapazonu təyin olunmuşdur. 

 
İdeal fotoçeviricilərin nəzəriyyəsinə görə işıq selinin 

konsentrasiyasının artması ilə maksimal FİƏ sərbəst gediş 
gərginliyi kimi loqarifmik artır. Real fotoçeviricilərin FİƏ-
nın artımını məhdudlaşdıran əsas faktor aşqarlanmış təbəqə, 
baza və kontaktların müqavimətləri kimi təyin olunan daxili 
ardıcıl müqavimətdə gərginlik düşgüsüdür. Buna görə FİƏ-
nın işığın intensivliyindən asılılığı maksimuma malikdir və 
müqavimətin azalması ilə böyük intensivliklər tərəfə 
sürüşür.Bu o deməkdir ki, hər bir konkret konstruksiyada 
optimal konsentrasiyanı hesablamaq lazımdır. Bu səbəbdən 
konsentrə olunmuş şüalanma altında fotoçeviricilərin tədqiqi 
məsələsi fiksə olunmuş daxili müqavimətdə optimal 
konsentrasiya dərəcəsini və hər bir şüalanma 
konsentrasiyasının qiyməti üçün optimal müqavimətin 
qiymətini təyin etməyə yönəlib. O elementlərdə ki, 
fotocərəyana əsas tövhəni baza oblast verir, burada materialın 
seçimi FİƏ-na güclü təsir edir [1]. Yükdaşıyıcıların toplanma 
əmsalı və sərbəst gediş gərginliyi ilə bağlı olan müəyyən bir 
optimal aşqarlanma səviyyəsi vardır. Bir tərəfdən aşqarlanma 
səviyyəsinin artması ilə əks doyma cərəyanı və ardıcıl 
müqavimət azalır ki, bu da çevrilmənin effektivliyinin 
artmasına gətirir. Digər tərəfdən, aşqarlanma səviyyəsinin 
artması ilə qeyri-əsas yükdaşıyıcıların yürüklülüyü və yaşama 
müddəti kəskin azalır. Real fotoçeviricilərin volt-amper 
xarakteristikası üçün aşağıdakı doğrudur.  
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Maksimal gücün əldə olunma şərti   
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olduğundan, şüalanmanın nisbətən aşağı selində 
JFR<<AkT/q,  maksimal güc təxminən belə artır:  
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və faydalı iş əmsalı InK ilə mütənasib artır.  

Böyük intensivliklərdə (JфR>>AkT/q) maksimal güc zəif 
artır, FİƏ konsentrasiyadan asılı aşağı düşür:  

                 ( )
0

2
2

0 ln
4 J

J
RJE

AkTQ F

Fg

ηη =                         (4) 

 
Optimal fotocərəyan və işçi cərəyan şiddəti FİƏ-nın 

maksimum şərti ilə təyin olunur:  
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İşıqlanma intensivliyi 400W/sm2 olduqda doldurma 

əmsalı maksimuma malikdir və 75% təşkil edir. Maksimal 
FİƏ müqavimətdən asılıdır və Q(R) toplama əmsalı ilə J0(R) 
əks cərəyan şiddətlərinin asılılıqları ilə bağlıdır.   
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Ardıcıl müqavimətin dəyişməsi zamanı günəş selinin 

konsentrasiyasının optimal qiyməti  Kopt≈1/R təxmini  qanu-
nauyğunluğu ilə dəyişir. Burada R - Оm·sm2 ilə ifadə 
olunmuşdur. Müasir dövrdə aşağıomlu baza yarımkeçirici-
lərin, həcmi kontaktların və optimal kontakt torunun 
istifadəsi hesabına çox kiçik ardıcıl müqavimətli xüsusi 
konstruksiyalar yaradılmışdır. 

Dünyanın bir çox elmi – texnoloji mərkəzlərində alınmış 
eksperimantal nəticələr ona dəlalət edir ki, qaz və günəş 
yaxın gələcəkdə əsas və ekoloji təmiz enerji mənbələridir. 
Yaxın dövrlərə qədər günəş batareyaları nisbətən bahalı 
monokristallik silisium əsasında hazırlanırdı. İlkin silisiumun 
dəyərinin azalması, günəş elementlərinin hazırlanmasında 
proqresiv texnologiyalar müasir günəş batareyalarının 
dəyərinin bir neçə dəfə azalmasına imkan verdi. Günəş 
elektroenerjisinin dəyərinin azalmasında ikinci istiqamət 
konsentrə olunmuş günəş şüalanmasının çevrilməsindədir. 
Bununla bağlı olaraq konsentrə olunmuş günəş radiasiyasında 
işləyə bilən günəş çeviricilərinə olan tələblər artır.  Bu işdə 
konsentrə olunmuş günəş şüalanması altında işləyən silisium 
əsaslı fotoelektrik çeviricilərin xarakteristikalarının 
tədqiqinin nəticələri verilmişdir. 

Günəş şüalanması 90% şəffaflığa malik alüminium tor 
tərəfdən daxil olur. Əksolmanın azalması üçün fotoelementin 
səthində ∼0,05mkm qalınlığa malik  SiO2 optik təbəqə 
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çəkilmişdir. Hazırlanmış fotoelement nümunəsi məlum olan 
analoqlar səviyyəsində kvant çıxışa malikdir.  

Elementin işçi səthi teksturə olunmuşdur, işçi səthdə 
kontakt – tor formasındadır və kontakt üçün metal pastanın 
trafaret çap üsulu ilə çökdürülmüşdür.  

Düşən şüalanmanın müxtəlif konsentrasiyalarında foto-
elementlərin volt-amper xarakteristikası çıxarılmışdır. Ölç-
mələr plastina-radiator sisteminin müxtəlif temperaturunda və 
ümumi qəbul olunmuş AK1,5(atmosfer kütləsi) spektrində 
aparılmışdır. Radiator stabil temperaturun saxlanması ilə 
maksimal istilik ayrılmasına görə seçilmişdir. Günəş 
radiasiyasının konsentrasiyasının artması elementin 
temperaturunun artmasına gətirir. 1400Vt/sm2 olduqda 
temperatur təxminən 52oC təşkil etmişdir.Böyük cərəyan 
şiddətləri ilə işləməni nəzərə alaraq və  aktiv elementin 
xarakteristikasına cərəyan götürülən kollektorların 
müqavimətlərinin mümkün təsirini azaltmaq üçün böyük en 
kəsiyə malik müqaviməti 0,01Om olan mis naqillərdən 
istifadə olunmuşdur.  

Yeni tip günəş elementləri və batareyaları bir çox 
industrial məqsədlə tətbiq oluna bilər, məsələn, müxtəlif 
naqilsiz sensorların qidalanmasında və ya portativ yoxlama-
ölçü cihazlarında, idarəetmə pultlarında. 17% effektivliyə 
malik olaraq, bu günəş elementləri batareyaların xidmət 
müddətinin kifayət qədər artırılmasına qadirdir, və bu zaman 
avadanlıqların korpusunda böyük yer tutmayırlar [2].  

Konsentrə olunmuş günəş şüalanmasının çevrilmə 
perspektivlərinin realizasiyası xüsusi konstruksiyalı, birinci 
növbədə kiçik ardıcıl müqavimətə və ya yüksək foto-
keçiriciliyə malik fotoçeviricilərin yaradılması ilə bağlıdır. 
Günəş elementlərinin işində mühüm moment onların 
temperatur rejimidir. Elementin 25оС –dən yuxarı halda bir 
dərəcə qızması ilə o gərginlikdə 0,002V, yəni 0,4%/оС itirir. 
Günəş şüasının təsiri ilə fotoelektrik qurğuların işçi hissəsi 
qızır, nəticədə qurğuların faydalı iş əmsalı aşağı düşür. Bu 
səbəbdən praktikada ikinci ciddi problem – konsentratorlu 
fotoçeviricilərin yaradılmasında ondan istilik selinin daşınma 
zərurətidir. Fotoçeviricinin işçi temperaturunun 50-60оС 
səviyyəsində saxlanması üçün tələb olunan radiator sahəsi 
konsentratorun midelinin sahəsinə bərabərdir. Buna görə 
istilikdaşıyıcı sistem ağır və enerjitutumlu ola bilər. Bununla 
bağlı işıqlanma intensivliyinin artması ilə fotoçeviricilərin 
temperatur stabilliyinin artması mühüm məsələdir. Çox 
böyük intensivliklərdə n – p strukturun sərbəst gediş 
gərginliyinin temperatur qradienti yarımkeçiricinin Nc, Nv 
icazə olunan zonalarında elektron halının sıxlığı ilə təyin 
olunur:  
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Konsentratorlu fotoçeviricilərin tədqiqi zamanı əsas ma-

raq həmişə sərbəst gediş gərginliyinin temperaturdan asılılığı 
olmuşdur. Belə ki, qısa qapanma cərəyanı yalnız işıq selinin 
intensivliyindən asılıdır. O yükdaşıyıcıların yaşama 
müddətinin və kontaktların müqavimətinin dəyişməsi ilə 
bağlı olan nəzərə alınmaz zəif effektlər nəzərə alınmasza, 
praktik olaraq temperaturdan asılı deyil. Amma sərbəst gediş 
gərginliyi temperaturdan asılıdır və silisium üçün bu dəyişmə 
təxminən  -0,002V/dər təşkil edir. Çıxış gücü sərbəst gediş 
gərginliyi ilə xətti asılı olduğundan, o uyğun olaraq 

temperaturdan asılı  1°C –yə 0,05% dəyişir. Buna görə günəş 
elementlərinin soyudulması zərurəti yaranır [3]. 

Bizim eksperiment üçün bu standart şərtlər istifadə 
olunmuşdur: işıqlanma 1000 Vt/m2, başlanğıc temperatur 
25оС,  АМ 1,5 spektri (45о –də günəş spektri) 

 
Şək. 1. Fotoçeviricilərin quruluşu (nümunələr bazası n-tip  
            silisium olmaqla p+-n-n+ - quruluşa malikdir.  

                  1- teksturə formalı əksedici örtük;  2 - p+- Si;  
            3 - n-Si ; 4 - n+-Si; 5 – metal.  
 
Müasir dövrdə praktik tətbiq olunan adi günəş element-

lərinin FİƏ 10-19% tərtibdə dəyişirlər. İstifadə olunan hava 
və maye ilə soyutma metodları qurğuların FİƏ-ın 
artırılmasında  qaneedicidir. Bu işdə maye ilə soyutma 
üsulunu seçərək, təbii konveksiya istifadə olunmaqla su ilə 
soyutma tətbiq olunmuşdur.  

Günəş batareyalarının soyutma kanallarında mayenin 
konvektiv istilikdaşıma məsələsinə baxaq. Məsələ bu cür 
modelləşir. İki müstəvi plastin arasında müstəvi maye axınını 
tədqiq edək. Mayenin axma istiqaməti x oxu ilə üst-üstə 
düşür. Günəş batareyasının qızan elementləri ilə maye 
arasında istilik mübadiləsi prosesini şərh edən aşağıdakı 
istilikkeçirmə tənliyini yaza bilərik:   
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Sağ tərəfdəki ifadə maye ilə günəş batareyasının qızan 

səthi arasında istilik mübadiləsini əks etdirir. (β- istilik 
mübadiləsi dərəcəsini xarakterizə edən və həndəsi ölçülərdən 
asılı əmsaldır).  

Eksponensial ifadə soyudan mayenin sirkulyasiyasını gös-
tərir; burada ω - sirkulyasiyanın tezliyidir. Praktik əhəmiyyət 
kəsb edən maye və günəş batareyalarının işçi səthləri 
arasında qərarlaşmış istilik rejimi  bu formula ilə təyin 
olunur: 

 
                       tietTtyT ϖ−Φ+= ~)(),( 0                    (10) 
 
Bu düsturdan ϖ  tezliyi ilə temperaturun periodik 

dəyişməsi görünür. 
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burada aşağıdakı işarələnmələr qəbul olunmuşdur: 
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∆Т – günəş batareyalarının işçi səthinin temperaturunun 
maksimal azalma qiymətidir. 

Başqa sözlə desək, maye işçi səth boyunca axaraq, onu 
periodik olaraq soyudur və istilik daşıyır. Aydındır ki, bu 
zaman günəş batareyalarının FİƏ artır. Batareyaların konkret 
həndəsi forması üçün elə optimal konfiqurasiya və 
konveksiyada maye sürəti seçmək olar ki, bu zaman baxılan 
effekt maksimal olacaqdır. 

 
Şək. 2. Günəş elementlərinin temperaturunun düşən işıqlan- 
            manın intensivliyindən asılılığı (nöqtələrin yanındakı  
            ədədlər elementlərin FİƏ-dır) 
 
Şüalanmanın artması ilə FİƏ artır. Su ilə soyutma tətbiq 

olunmaqla elementlərin FİƏ-nı təxminən 1% artırmaq 
mümkündür. Bütün elementlər spektrin infraqırmızı oblastı 
üçün şəffafdır ki, bu hal da elementlərin günəş altında az 
qızmasına səbəb olur və uyğun olaraq onların effektivliyi 
artır. İntensiv qızma altında işləyən müxtəlif optik detalların 
hazırlanmasında materialın seçimi  məsələsinin həlli zamanı 
müxtəlif temperaturlarda materialların möhkəmliyi və 
istilikdözümlülüyü haqqında məlumatlar zəruridir. Bir çox 
yeni optik materiallar üçün bu cür məlumatlar yoxdur. Buna 
səbəb materialların özlərinin, o cümlədən aşağı möhkəmlik 
və istiliyədözümlülük, sıxılmadan çox dartılmaya qarşı aydın 
nəzərə çarpan  zəif müqavimətə malik olan spesifikliyidir. 
Bütün bunlar ənənəvi mexaniki metodların tətbiqini, məsələn, 
müxtəlif temperaturlarda dartılma, müəyyən 
xarakteristikaların təyin olunmasını kifayət qədər 
çətinləşdirir. Belə şəraitdə optik materialların istiliyə 
dözümlülüyünün sınağının birbaşa aparılması böyük 
əhəmiyyət kəsb edir.  

Optik materialların sınağı zamanı yuxarıda göstərilən 
xüsusiyyətlərini nəzərə alaraq isitmə üsulu və mənbəyinə, 
xüsusən, mənbənin stabilliyi, isitmədə bircinslilik, çirkləndi-
rici aşqarların olmaması və sadə gərilmə-deformasiya halının 
olması baxımından yüksək tələblər irəli sürülür. Bu nöqteyi-
nəzərdən konsentrə olunmuş günəş enerjisinin istifadəsi ilə 
bir tərəfli qızdırılma şərti ilə dairəvi formada olan təbəqələrin 
sınağı böyük əhəmiyyət kəsb edir. 

Bu işdə prinsipial sxemi ümumi formada aşağıdakı şəkil 
3-də verilmiş qurğuda bəzi optik materialların qızdırılan 
zaman istiliyə dözümlülüyünün tədqiqinin bəzi nəticələri və 
metodikası verilmişdir.  

Qurğu uzunluğu 40sm və fokus məsafəsi 30sm olan üzvi 
şüşədən ibarət paraboloid konsentrator əsasında yaradıl-
mışdır. Termocütlü nümunə konsentratorun fokal zonasında 
yerləşmişdir. İstilik parametrlərinin dəyişməsi nümunənin 
fokusunun pozulması ilə, yəni onun güzgünün oxu boyunca 
yerdəyişməsi hesabına əldə olunur.  

Şüalanmanın maksimal əldə oluna biləcək sıxlığı bu 
qurğuda 14kVt/m2 tərtibində olmuşdur. Bu tələblər bir çox 

praktik hallar üçün təmamilə kifayət edir. Sınağa epoksid və 
optik yapışqanlı təbəqə ilə olan nümunələr məruz qalmışdır. 
Elementlər sərbəst olaraq metal çərçivəyə salınmış və xüsusi 
olaraq bütövlüyü və temperaturu müəyyənləşdirən sensorlarla 
təchiz olunmuşdur ki, onlar da öz növbəsində dağılma 
momentini və nümunənin daxili səthinin temperaturunu fiksə 
edir. Sərbəst yerləşmiş plastinanın səthinin qeyri-bircins 
qızdırılması zamanı onda təmiz əyilmə ilə səciyyələnən 
gərilmə-deformasiya halı baş verir. Onun daxili səthində 
dartılma gərginlikləri olur ki, bu da ən təhlükəli haldır. 

 
 

 
 

Şək. 3. Optik materialların istiliyə dözümlülüyünün tədqiqi  
            üçün qurğunun prinsipial sxemi (1- termocüt, 2- nü- 
            munə, 3- güzgülü kondensator) 
  
Nazik təbəqələrin termoelastikliyi nəzəriyyəsindən 

müəyyən olunur ki, belə gərilmələr, həmçinin təbəqənin 
deformasiyası aşağıdakına bərabərdir: 
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burada h – təbəqənin qalınlığı; t(x) – qalınlığa görə tempera-
turun paylanması; E, α, ν - uyğun olaraq Yunq modulu, xətti 
genişlənmə əmsalı və təbəqə materialının Puasson əmsalıdır. 

İstilik keçirmə tənliyindən qalınlığa görə orta inteqral 
temperaturun ifadəsini almaq çətin deyil: 
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q – xarici səthə istilik seli; с , ρ - uyğun olaraq materialın 
istilik tutumu və sıxlığıdır. 

Əgər sınağ zamanı nümunədə hər hansı bir anda gərilmə 
və ya deformasiya özünün limit qiymətinə çatarsa  
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burada σ0, ε0 – dartılmaya qarşı möhkəmlik limiti və 
dartılmaya qarşı deformasiya limitidirlər ki, bu da daxili 
səthin aşağıdakı temperaturunda olur 
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Aşağıda 20Vt/sm2 istilik selində nümunələrin sınağının 

bəzi nəticələri verilmişdir: 
 1) Epoksid yapışqan, qalınlığı 3mm  - 130 oC (sınağ 

müddəti  τ = 23san) 
 2) Optik yapışqan, qalınlığı 3mm  - 145 oC (sınağ 

müddəti  τ = 54san) 
Beləliklə, Т0 kəmiyyəti optik materialların termodö-

zümlülük xarakteristikası kimi qulluq edə bilər. Sınaq zamanı 

əgər istilik seli, dağılma müddəti və daxili səthin temperaturu 
ölçülərsə digər xarakteristikalar kimi Т0 kəmiyyətini də təyin 
etmək mümkündür. Aparılmış tədqiqatlar nəticəsində baxılan 
materialların termodözümlülüyünün nisbi qiymətləndirilməsi 
alınmışdır, istilik selinin işçi diapazonu təyin olunmuşdur. 
Müəyyən olunmuşdur ki, şüalanma konsentratorunun tətbiqi 
zamanı elementlərin FİƏ və volt-amper xarakteristikasının 
doldurma əmsalı üçün maksimumlar vardır. Elementlərin 
gücünün günəş şüalanmasının intensivliyindən asılı olaraq 
ölçülməsi nəticəsində göstərilmişdir ki, səthi teksturə 
olunmuş elementlərdə optimal sel konsentrasiyası mövcuddur 
ki, bu zaman FİƏ maksimaldır. Müəyyən olunmuşdur ki, 
xüsusi konstruksiya üzərində yerləşən fotoelementlər 
sistemini su ilə təbii soyutmaqla günəş batareyalarının 
effektivliyinin kəskin artmasına nail olmaq mümkündür. 
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THE TEMPERATURE CHARACTERISTICS OF SILICON PHOTOCELLS WITH A HIGH PERFORMANCE 

OF CONVERSION OF A SOLAR ENERGY 
  

It is established, that fill factor and efficiency of photocells have maximum values at the application of radiation concentrator. The 
measurements of element capacity in the dependence on ratio of solar irradiation show, that optimal flow concentration, at which the 
efficiency is maximal one, is observed in silicon photocells, passed surface texturing technique. On the basis of the carried work it is 
established that, one can achieve the essential increase of effectiveness of solar batteries by the way of natural system water cooling, 
consisting in photocells of special construction. As a result of the carried tests, the comparative estimation of heat resistance of the 
considered materials is obtained, the working ranges of heat flows are defined. 

 
В.Д. Шукюрова 

 
ТЕМПЕРАТУРНЫЕ ХАРАКТЕРИСТИКИ КРЕМНИЕВЫХ ФОТОЭЛЕМЕНТОВ С ВЫСОКОЙ 

ЭФФЕКТИВНОСТЬЮ ПРЕОБРАЗОВАНИЯ СОЛНЕЧНОЙ ЭНЕРГИИ 
 
Установлено, что при применении концентратора излучения коэффициент заполнения и КПД фотоэлементов принимают  

максимальные значения. Измерения мощности элемента в зависимости от кратности солнечного излучения  показали, что в 
кремниевых фотоэлементах, прошедших технологию текстурирования поверхности, наблюдается оптимальная концентрация 
потока, при котором КПД максимально. На основе проделанной работы установлено, что путем естественного водяного 
охлаждения системы, состоящей из фотоэлементов специальной конструкции можно добиться значительного увеличения 
эффективности солнечных батарей. В результате проведенных испытаний получена сравнительная оценка термостойкости 
рассмотренных материалов, определены рабочие диапазоны тепловых потоков. 

 
     Received: 16.03.07 
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Ù.À. ÀÁÁÀÑÎÂ 

Àçÿðáàécàí Ìåìàðëûã âÿ Èíøààò Óíèâåðñèòåòè 
Àéíà Ñóëòàíîâà, 5 

 
Ñ.È. ÌÅÙÄÈÉÅÂÀ, Ì.Ì. CÀÂÀÄÎÂÀ 

Azərbaycan MEA Fizika İnstitutu,  
 H. Cavid pr. 33, AZ 1143, Bakı, Azərbaycan 

 
Ìèñ ùàëëîýåíèäè ÿñàñûíäà ùàçûðëàíìûø äèîäóí îïåðàòîð ìåòîäó âàñèòÿñèëÿ Êèðõùîô ãàíóíëàðûíäàí èñòèôàäÿ åäÿðÿê íÿçÿðè éîëëà ãàïàëû 

äþâðÿäÿ cÿðÿéàí âÿ ýÿðýèíëèéèí òàðàçëûüûíû íÿçÿðÿ àëûíìàãëà òóòóìóí ãèéìÿòè òÿéèí åäèëìèøäèð. Äéóìåë òÿíëèêëÿðèíè ùÿëë åòìÿêëÿ îïåðàòîð 
ìåòîäó èëÿ ñèãíàëûí ñþíìÿ ìöääÿòè, äàùà äîüðóñó êîíäåíñàòîð âÿ äèîä äþâðÿñèíäÿêè cÿðÿéàíûí òàìàìèëÿ ñûôðà äöøìÿñè òÿéèí åäèëìèøäèð. 
Íÿòècÿäÿ ýèðèø ìöãàâèìÿòèíÿ ãèéìÿòëÿð âåðìÿêëÿ äèîäóí òóòóìó òÿéèí åäèëìèøäèð. 

 
Ñîí èëëÿðäÿ ìåòàë — äèåëåêòðèê éàðûìêå÷èðècè òÿðêèáëè äèîä-

ëàðûí òÿäãèãàòû éöê ÿëàãÿëè cèùàçëàðûí ìåéäàíà ýÿëìÿñèíÿ ñÿ-
áÿá îëìóøäóð. Áó cèùàçëàðûí ÿñàñ öñòöíëöêëÿðè îíëàðûí åëåê-
òðèê åíåðjèñè òÿëÿá åòìÿäÿí èíôîðìàñèéàíû éàääà ñàõëàìàëàðû, 
ùàçûðëàíìà òåõíîëîýèéàñûíûí ñàäÿëèéè, éöêñÿê òåìïåðàòóðàéà 
äàâàì ýÿòèðìÿñè âÿ áþéöê òåçëèéÿ ìàëèê îëìàñûäûð.  

ÀçÑÑÐ-è Ôèçèêà Èíñòèòóòóíäà ìèñ ùàëëîýåí ÷åâðècè äèîäëàðû 
ùàçûðëàíìûø âÿ áèð ñûðà ìöÿëëèôëèê øÿùàäÿòíàìÿñè àëûíìûøäûð. 
Ìÿãàëÿäÿ äèîäóí èø ðåjèìè àðàøäûðûëìûø âÿ òóòóìóíóí òÿéèí 
åäèëìÿñèíèí éîëó ýþñòÿðèëìèøäèð. Äèîäóí êîíñòðóêñèéàñû âÿ 
äàõèëèíäÿ ýåäÿí ôèçèêè ïðîñåñëÿð îíóí òóòóìóíà òÿñèð ýþñòÿðèð. 
Äèýÿð òÿðÿôäÿí ãåéä åòìÿê ëàçûìäûð êè, òóòóì þç íþâáÿñèíäÿ 
äèîäóí èøëÿìÿ òåçëèéèíÿ òÿñèð ýþñòÿðèð. Èíòåãðàë åëåìåíòëÿðäÿ 
äèîäóí åêâèâàëåíò ñõåìèíè ìöõòÿëèô âàðèàíòëàðäà ýþñòÿðìÿê 
îëàð, làêèí áöòöí ñõåìëÿðäÿ òóòóì äèîäà ïàðàëåë áèðëÿøäèðèëìÿëèäèð.  

Có2Ñå äèîäóíóí êîììóòàñèéà ñõåìëÿðèíäÿ éöêñÿê òåç-
ëèêäÿ èøëÿìÿñè ö÷öí òóòóìóí ìèãäàðû ÿñàñ ïàðàìåòð êèìè íÿ-
çÿðÿ àëûíìàëûäûð. Îíà ýþðÿ äÿ, Có2Ñå äèîäóíó ÷åâðècè ðåjè-
ìèíäÿ èøèíè àðàøäûðìàã ëàçûìäûð. Äèîäóí äþâðÿñèíèí äîëìà 
âÿ áîøàëìà çàìàí ñàáèòè (Cä) îíóí ÷åâðèëìÿ òåçëèéèíÿ òÿñèð 
ýþñòÿðèð. Áó íþãòåéè íÿçÿðäÿí Có2Ñå äèîäóíóí òóòóìóíóí 
òÿéèí åäèëìÿñè âàcèáäèð. 

 

 
 
Øÿêèë 1. Có2Ñå äèîäóíóí åêâèâàëåíò ñõåìè.    
 
Áó ìÿãñÿäëÿ äèîäóí åêâèâàëåíò ñõåìèíèí âÿ òóòóìóíóí 

òÿéèí åäèëìÿñè ìÿñÿëÿñè ãàðøûéà ãîéóëìóøäóð. 
Äèíàìèê ðåjèìè àðàøäûðìàã ö÷öí âÿ Cä êÿìèééÿòèíè òàï-

ìàã ö÷öí äèîäóí äþâðÿñèíÿ ð ìöãàâèìÿòèíè ÿëàâÿ åäèðèê (øÿ-
êèë 1). ð ìöãàâèìÿòèíÿ äèîäóí èø ðåjiìèíè àðàøäûðìàã ö÷öí 
ïàðàëåë èêèøóàëû îññèëëîãðàô ãîøóëóð. Äèîäóí èìïóëñ ðåjèìèíè 
àðàøäûðìàã ö÷öí äþâðÿíèí ýèðèøèíÿ ñèíóñîèäàë ñèãíàëëàð âåðèëèð. 
Ñèãíàëûí ìöñáÿò éàðûìïåðèîäóíäà äèîäóí ìöãàâèìÿòè êè÷èê 
îëóð âÿ äþâðÿäÿ cÿðÿéàí ìàêñèìóì îëóð, âÿ ýÿðýèíëèê òàìà-
ìèëÿ ð  ìöãàâèìÿòèíäÿ äöøöð. 

Ýèðèø ñèãíàëûíûí èñòèãàìÿòèíèí äÿéèøìÿñèëÿ äèîä áàüëàíûð 
âÿ äþâðÿäÿ cÿðÿéàí Cä òóòóì cÿðÿéàíû èëÿ õàðàêòåðèçÿ åäèëèð. 
Áó cÿðÿéàí êå÷èä cÿðÿéàíû àäëàíûð. 

 

 
 
Øÿêèë 2.  Có2Ñå äèîäóíóí ÷åâðèëìÿ çàìàíû ññèëëîãðàììàñû. 
 
Êå÷èä cÿðÿéàíûíûí ãèéìÿòèíè òÿéèí åòìÿê ö÷öí Êèðõùîô 

ãàíóíëàðûíûí îïåðàòîð ôîðìàñûíäà éàçûëàí òÿíëèêëÿðèíäÿí èñòè-
ôàäÿ åäÿê. Áó òÿíëèêëÿð àøàüûäàêû êèìè éàçûëûð: 
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Cÿðÿéàí âÿ ýÿðýèíëèéèí àíè ãèéìÿòëÿðèíè ÿâÿç åòìÿêëÿ (1) 
òÿíëèéèíè îïåðàòîð øÿêëèíäÿ áåëÿ èôàäÿ åòìÿê îëàð: 
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ùàðàäà êi, U(P) - ýèðèø ýÿðýèíëèéèíèí îïåðàòîð ôîðìàñû; 
I1(P), I2(P), I3(P) - cÿðÿéàíûí îïåðàòîð ôîðìàñû, áóäàãëàðäà 
óéüóí îëàðàã i1, i2, i3 ; 
ð — ìÿùäóäëàøäûðûæû ìöãàâèìÿò; 
ðä — äèîäóí áàüëû ùàëäà ìöãàâèìÿòè. 

Áóðàäàí àëûðûã: 
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Ãåéä åòìÿê ëàçûìäûð êè, ñèãíàë âåðèëäèêäÿ äþâðÿäÿ ìöñ-
áÿò èìïóëñäà äèîä à÷ûëûð âÿ áóäàãëàðäàí i1, i2, i3 cÿðÿéàíû àõûð. 
Áó cÿðÿéàíëàð ìÿùäóäëàøäûðûcû ìöãàâèìÿòëÿ âÿ äèîäóí ìö-
ãàâèìÿòèëÿ òÿéèí åäèëèð. Äöç èñòèãàìÿòèíäÿ äèîäóí ìöãàâè-
ìÿòè òóòóìóí ìöãàâèìÿòèíäÿí êè÷èê îëäóüóíà ýþðÿ äèîäóí 
à÷ûã âÿçèééÿòèíäÿ Cä  òóòóìóíäàí cÿðÿéàí êå÷èð âÿ ò1 ìöääÿ-
òèíäÿ (øÿêèë 2) Cä òóòóìóíóí ãöòáëÿðèíäÿêè ýÿðýèíëèê à÷ûã äè-
îäóí öçÿðèíÿ äöøÿí ýÿðýèíëèéÿ áÿðàáÿð îëóð. ò2 ìöääÿòèíäÿ 
Cä òóòóìóíóí ýÿðýèíëèéè áîøàëûð âÿ ò2 çàìàíûíûí àõûðûíäà òó-
òóì òàì áîøàëìûø âÿçèééÿòäÿ îëóð. ßýÿð ýÿðýèíëèêäÿ äèîä 
áàüëàíûðñà, ìÿíôè ñèãíàëûí àìïëèòóäàñû òàìàìèëÿ òóòóìà ãî-
øóëìóø îëóð.  

ò=ò3 àíûíäà Cä òóòóìóíäàí ìàêñèìàë äîëìà cÿðÿéàíû êå-
÷èð âÿ òóòóì äîëäóãcà áó cÿðÿéàí àçàëûð, ñîíðà ñûôûðà åíèð. è3 
cÿðÿéàíûíû òÿéèí åòäèêäÿ ÓÆ=0 ãÿáóë åäèðèê. Îíà óéüóí îëà-
ðàã (3) òÿíëèéè àøàüıäàêû øÿêèëäÿ éàçûëûð. 
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ùàðàäà êi, 
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è3 æÿðÿéàíûíûí îðèýèíàëû ãûñà ìöääÿòëè ñû÷ðàéûøëû τ (Äéóìåë èí-
òåãðàëû) óçóíëóüóíà ìàëèê èìïóëñëà òÿéèí åäèëèð. 
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Ãÿáóë åäÿê êè, 
a

t 160=  ìöääÿòäÿ êå÷èä cÿðÿéàíû òàìà-

ìèëÿ ñþíöð. 
Òÿcðöáÿ ýþñòÿðèð êè, áó âàõò ñèíóñîèäàë ñèãíàëûí óçóíëóüó-

íóí áèð ùèññÿñèíè òÿøêèë åäèð. Áóíëàðû íÿçÿðÿ àëàðàã äÿãèãëèêëÿ 
éàçà áèëÿðèê êè, 
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(6) âÿ (8) äöñòóðëàðûíû áèðëÿøäèðñÿê: 
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Cÿðÿéàíûí òàì ñþíìÿ ìöääÿòèíè ò3-ò2 (øÿêèë 2) 40-à áþë-
ìÿêëÿ ãèéìÿòëÿíäèðìÿê îëàð 
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Ãåéä åòìÿê ëàçûìäûð êè, rd>>rîëäóüóíäàí (10) èôàäÿñèíè 
êè÷èê áèð õÿòà èëÿ àøàüûäàêû êèìè éàçìàã îëàð: 
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Áåëÿëèêëÿ, ð —è 10 Îì ãÿáóë åòñÿê âÿ  ò3-ò2=1 ìêñ îëàðñà, 
Cä=40íƒ îëàð. Áó êÿìèééÿò äèîäóí òóòóìóäóð. Òóòóìóí áó 
ãèéìÿòèíÿ êîíòàêòëàðàðàñû âÿ äèîäóí ÷ûõûøëàðû èëÿ ýþâäÿñè àðà-
ñûíäàêû òóòóì äàõèëäèð.  

Có2Ñå äèîäóí òóòóìó îíóí èìïóëñ ñõåìëÿðèíäÿ èøëÿäèéè 
çàìàí áþéöê ÿùÿìèééÿò êÿñá åäèð. Áåëÿ êè, áó ïàðàìåòð äèî-
äóí éöêñÿê òåçëèêäÿ èøëÿìÿñèíè òÿìèí åäèð. 
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H.A. Abbasov, S.I. Mehdiyeva, M.M. Javadova 
 

  THE DETERMINATION OF DIODE CAPACITY ON THE BASE OF Cu2Se 
 
The  diode capacity on the base of Cu2Se is obtained. The time of the current collapse in the circuit of capasitor and diode and also diode 

capacity value are calculated using the operator method of the solving of the current and voltage balance equation.      
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Г.А. Аббасов, С.И. Мехтиева,  М.М. Джавадова 
 

ОПРЕДЕЛЕНИЕ ЕМКОСТИ ДИОДА НА ОСНОВЕ Сu2Se 
 
Определена емкость диода на основе халькогенида меди (ХМ). Используя операторный метод решения уравнений баланса 

токов и напряжения, вычислены время полного прекращения тока в цепи конденсатора и диода, а также величина емкости 
диода. 
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(PbSe)1-x(CoSe2)x  SİSTEMİ ƏRİNTİLƏRİNİN TERMOELEKTRİK XASSƏLƏRİNİN TƏDQİQİ 
 

M.Ə. ƏLİCANOV, N.M. ORUCOV, A.O. MEHRABOV, S.M. ƏLİCANOVA, H.İ. İBAYEV 
AZ-1073. Azərbaycan Memarlıq və İnşaat İnstitutu, Bakı, Ayna Sultanova küçəsi 5, 

1143, Bakı, H. Cavid, 33, MEA Kimya Problemləri İnstitutu 
 

PbSe tərəfdən bərk məhlul  sahəsi təyin olunmuşdur. Göstərilmişdir ki, CoSe2-nin həll olunması 10 mol%-də baş verir. PbSe 
birləşməsinin və onun əsasında 24,6 mol% nümunələrin elektrikkeçirmısi və termo l.h.q.-si 300÷1000K temperatur intervalında, 
istilikkeçirmə isə 300÷900K temperatur intervalında ölçülmüşdür.  

PbSe birləşməsinin elektrikkeçirməsi (300÷740)K temperatur intervalında azalır, metallik xarakter daşıyır. Temperaturun sonrakı artımı 
σ–nın artmasına səbəb olur və (750÷1000)K temperatur intervalında yarımkeçirici xarakter daşıyır.  

PbSe birləşməsi və onun əsasindakı nümunələr üçün keçiricilərin “p” və “n” tipi müəyyən olunmuşdur.  
Alınmış nümunələr üçün (450÷700)K temperatur intervalında termoelektrik effekti təyin olunmuşdur ki, bu da yüksək əhəmiyyətə 

malikdir. 
 
IV qrup elementlərinin (Ge, Sn, Pb) hallogenlərinin (S, 

Se, Te) birləşmələri (AIVBVI) fiziki və kimyəvi xassələrinin 
xarakterinə görə başqa yarımkeçirici birləşmələrdən fərqlənir. 
Bunlar stexiometrik tərkibdən kənara çıxmaqla, kiçik qada-
ğan olunmuş zolağa, mürəkkəb zona quruluşuna malik oldu-
ğundan, onların öyrənilməsi hal-hazırda tədqiqatçıları maraq-
landırır.  

 
 
Şəkil 1. (PbSe)1-x(CrSe)x sistmi ərintilərinin elektrik keçirici- 
             liyinintemperatur asıılığı. 
             •- x=0.00; o- x=0.02; ∆- x=0.04; ∗- x=0.06  
 
Həmin qrupa daxil olan PbSe birləşməsi də göstərilən 

xüsusiyyətlərə malikdir. Odur ki, bu birləşmə və onun 
əsasındakı ərintilər yarımkeçirici cihazların hazırlanmasında 
geniş tətbiq olunur. PbSe birləşməsi stexiometrik tərkibdən 
asılı olaraq həm “p” və həm də “n” tipli keçiriciliyə malik 
olur. Maraqlıdır ki, bu birləşmə ərimə temperaturuna yaxın 
temperaturlarda metallik və sonra yarımkeçirici xarakter da-
şıyır. Bərk və maye halında xüsusi qurğularda onun elektrik-
keçirməsi və termo e.h.q.-si ölçülmüşdür, hər iki oblastda qa-
dağan olunmuş zolağın PbSe-CoSe2  sistemində fiziki-kim-
yəvi analiz metodlarından istifadə edərək, qurğuşun selen tə-
rəfdən bərk məhlul sahəsi müəyyən edilmişdir. CoSe2-nin 
10mol% qədər həll olduğu göstərilmişdir. Burada PbSe bir-

ləşməsinin və onun əsasında 2, 4, 6 mol% nümunələrin elek-
trik keçirməsi və termo e.h.q.-si 300÷1000 K temperatur in-
tervalında, istilikkeçirmə isə 300÷900K temperatur interva-
lında ölçülmüş və alınan nəticələr 1, 2 və 3-cü şəkillərdə qra-
fiki olaraq verilmişdir. σ~f (T) asılılıq qrafikindən göründüyü 
kimi (şək.1) PbSe birləşməsinin elektrikkeçirməsi (σ) 
300÷740K temperatur intervalında azalır, metallik xarakter 
daşıyır. 

Temperaturun sonrakı artımı σ-ın artmasına səbəb olur və 
750÷1000K temperatur intervalında yarımkeçirici xarakter 
daşıyır. Məxsusi keçiricilik oblastına uyğun gəlir. Tədqiq 
olunan nümunələrdə σ-ın temperaturdan asılı olaraq dəyişmə-
si əsas komponent (PbSe)-də olduğu kimidir. Nümunələrdə 
metal-yarımkeçirici keçid temperaturu aşağı temperatura görə 
dəyişir. Belə ki, keçid temperaturu 6 mol% CoSe2 tərkibli 

nümunə üçün 590 K olur. lgσ~f (
T

310 ) asılılıq qrafikindən 

istifadə edərək (bu qrafik işdə verilmişdir) öyrənilən nümunə-
lər üçün qadağan olunmuş zolağın eni hesablanmışdır. ΣET-
nin qiyməti 0.30eV (PbSe) üçün ilə 0.54eV (6 mol% CoSe2 
tərkibli nümunə üçün) arasında dəyişərək artır. PbSe 
birləşməsi və onun əsasında bərk məhlul sahəsində 2.4 və 
6mol% CoSe2 tərkibli ərintilərin termo e.h.q.-si 300÷1000K 
temperatur intervalında ölçülmüş və alınan nəticələr qrafiki 
olaraq şəkil 2-də verilmişdir.  

 

 
 
Şəkil 2. (PbSe)1-x(CrSe)x sistmi ərintilərinin termo e.h.q-nın  
             temperatur asıılığı. 
             •- x=0.00; o- x=0.02; ∆- x=0.04; ∗- x=0.06  
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Göründüyü kimi temperaturun artması ilə termo e.h.q. 
T≈760÷810-ə kimi maksimum alınmaql artır, sonradan, az da 
olsa azalmağa başlayır. Nisbətən aşağı temperatur (T≤520K) 
termo e.h.q. az, sonra isə kəskin artır (T≥520K), α~f (T) 
qrafikindən göründüyü kimi termo e.h.q.-nin temperaturdan 
asılı olaraq dəyişməsi mürəkkəb xarakter daşıyır və birinci 
temperatur intervalında  

 

                 α= )ln
2
5(

n
Ncp

e
K

++                             (1)  

 
ilə xarakterizə olunur. 
Burada Nc – keçiricilik zonasında (deşiklərin) effektiv yükda-
şıyıcıların sayıdır.  

Termo e.h.q.-nin ikinci temperatur intervalında dəyişməsi, 
həyəcanlanmış yarımkeçiricilərdə olduğu kimi aşağıdakı düs-
turla xarakterizə oluna bilər. 

 

                       α≈
eF

Tk 22
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3

2π
                                   (2)  

 
(2)-də F-Fermi səviyyəsidir. 

Bu hal qarışıq yarımkeçiricilərdə, qarışıq yükdaşıyıcılar 
mövcud olduğuna görə: 
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ifadəsi ilə xarakterizə  
oluna bilər. T≈300 K, F=10 eV olduğundan, α≈10-6

K
V  olar.  

Termo e.h.q. tədqiq etmədiyimiz nümunələrdə tempera-
turdan asılı olaraq düz xətt qanunu üzrə dəyişir, maksimum 
qiymətdən sonra azalmağa başlayır və üçüncü temperatur 
intervalına aid edilə bilər. Belə halda üçüncü növ yükdaşı-
yıcıların (elektronların) əmələ gəldiyini qəbul etsək: 
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ilə ifadə oluna bilər. 

Bütün temperatur intervalında termo e.h.q.-nin işarəsinin 
dəyişməsinə görə keçiriciliyin “p”, onun əsasındakı nümunə-
lər üçün “n” tip olduğu göstərilmişdir. İstilik keçirmə 
300÷900K temperatur intervalında azalır (şəkil 3) və yalnız 
T≥750÷810K temperatur intervalında az da olsa artma müşa-
hidə olunur: T ≤700 K temperatur intervalında istilikkeçirmə 
iki dəfədən çox azalır.  

 

 
  
Şəkil 3. (PbSe)1-x(CrSe)x sistmi ərintilərinin istilikkeçirməsinn 
            temperatur asıılığı. 
            •- x=0.00; o- x=0.02; ∆- x=0.04; ∗- x=0.06  
 
Bu azalma əvvəlcə kəskin (T≤600K), sonra isə nisbətən 

az dəyişir.  
İstilikkeçirmənin artması, əlavə olaraq, bipolyar 

diffuziyanın dəyişməsi ilə əlaqələndirilə bilər.  
                         

                                 Z=
χ
σα 2

                                      (4) 

 
ilə hesablanmış və alınan nümunələrin 450÷700K temperatur 
intervalında daha yüksək Z-ə malik olunduğu müəyyən 
olunmuşdur. 

 
[1] V.M. Gлазов, S.И. Chикевскайа. Jидкие полупроводники. 

М: Наука, 1967, 244 с. (Rusca). 
[2] N.Kh.Абрикосов, L.E. Shелимова. Полупроводниковiyе 

материалi на основе соyединений АIVBIV. М: Iзд. 
Наука 1975, 196 с. (Rusca). 

[3] M.A. Алидjанов, M.Z. Ализаде. Полупроводниковiyе 
свойства соyединений типа АIVBIV. М: Iзд. ВИНИТИ 
1987, 103 с. (Rusca). 

 
M.A. Alijanov, N.M. Orujov, M.O. Mehrabov, S.M. Alijanova, H.I. Ibayev 

 
RESEARCH OF THERMOELECTRIC PROPERTIES OF (PbSe)1-x (CoSe2)x SYSTEM ALLOYS 

 
The region of solid solution from PbSe side is determined. It has been demonstrated that solubility of CoSe2 occurs until 10 mol%. 

Electroconductivity of thermo e.m.f. (electromotive force) of PbSe samples and its alloys compound, containing 2.4 and 6 mol%, at 
(300÷1000) and thermal conductivity at (300÷900) K were measured.  

Electroconductivity of PbSe compound decreases at temperature interval (300÷740)K and has metallic property. Further increase of 
temperature corresponds to increase of σ in temperature interval (750÷1700)K and electroconductivity has  semi-conducting properties.  

Conductivity type of “p” type and “n” type for PbSe compounds and samples on its basis is determined.  
Thermoelectrical effect that has high profile is determined for obtained samples in temperature interval (450÷700)K. 
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М.А. Алиджанов, Н.М. Оруджев, А.О. Мехрабов, С.М. Алиджанова, Г.И. Ибаев 
 

ИССЛЕДОВАНИЕ ТЕРМОЭЛЕКТРИЧЕСКИХ СВОЙСТВ СПЛАВОВ СИСТЕМЫ (PbSe)1-x (CoSe2)x 
 

Определена область твердого раствора со стороны PbSe. Показано, что растворимость CoSe2 происходит до 
10мол%. Измерены электропроводность термо э.д.с. образцов соединения PbSe и его сплавов, содержащих 2,4 и           
6 мол%, при (300÷900) K и теплопроводность при (300÷900)K. 

Электропроводимость соединения PbSe уменьшается в температурном интервале (300÷740) K и носит метал-
лический характер. Дальнейшее увеличение температуры соответствует увеличению σ в температурном интервале 
(750÷1000) K и носит полупроводниковый характер. 

Определены р и п проводимости для соединения PbSe и для образцов на его основе.  
Для полученных образцов в интервале температур (450÷700)K наблюдается термоэлектрический эффект, имею-

щий важное значение.  
 
Received: 16.03.07 
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THEORY OF INTERNAL INSTABILITY IN THE SEMICONDUCTORS WITH ONE TYPE OF 

CHARGE CARRIERS 
 

M.B. JAMSHID  
Islamic Azad University, Islamshahr Branch IRAN 

 
E.R. HASANOV  

Baki, Institute of Physics of NASA, Baki State University 
 

The frequencies and increase increment of arising waves in homogeneous and impurity semiconductors have been calculated. The 
change interval of external electric field in the conditions of internal instability has been found.  
 

The theoretical investigation of electric instabilities in 
the semiconductors forms the possibilities for experimental 
preparations amplifier and generators, working in high-
frequency band. The oscillations, arising inside the sample, 
can go out increasing and at that the current in the external 
circuit oscillates, i.e. the external instability arises. At 
external instability the oscillation frequency ω is real value, 
and wave vector k is complex one. If current oscillations take 
place in external circuit, then this means, that charge and 
electric field oscillations inside the sample have already 
aroused. Thus, the sample, inside of which the charge and 
electric field distributions take place, is the active circuit 
element. Firstly, by this reason it is needed the foundations of 
charge internal oscillation and electric field for theoretical 
description of current in external circuit. When the charge 
redistribution arises inside the sample, the possibility of 
internal instability arises. At internal instability the wave 
vector is the real one, and oscillation frequency is complex 
value.  

In this paper we will theoretically investigate the 
conditions of internal instability in the semiconductors with 
one type of charge carriers. When the semiconductor is pure 
material (i.e. there aren’t impurity atoms in semiconductor), 
then charge redistribution inside the sample takes place 
because of external fields. If there are impurity atoms in 
semiconductor, then current carriers can be captured 
(recombination), or emitted (generation) by impurity atoms. 

The corresponding control system with taking into 
consideration of recombination and generation of charge 
carriers has the form: 
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ρ=e(n+nrec.); N is concentration of impurity atoms, ω(E) is 
capture frequency of charge carriers by impurity atoms, nrec. 
is electron recombination concentration, γ(0) is coefficient of 
electron emission by impurity atoms. Linearizing system (1) 
without taking into consideration with respect to electric field 
and concentrations of charge carriers  

                      );,(0 txEEE ′+=   , ),( 0EtxE <<′       
          n=n0+n′(x,t) n′(x,t)<< 0

0n   
 

and considering, that fluctuation values 

[ ]),(k    ),( txntxE ′′ ∼ )( tkxie ω−  from (1), we will obtain the 
dispersion relation of the following type: 
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From (2) it is seen, that ω=ω0+ij; U0=µ0E0 
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Substituting (3) in [ ]),(k    ),( txntxE ′′ ∼ )( tkxie ω− , we 

easily see, that σ<0, i.e.  
 

σ = 0 
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The oscillations of charge carriers inside the sample 

increase and sample state is instable. These oscillations take 
place with frequency ω0. However, at 

0
00

8
EEdE

dDen
=

=
ε
πµ  these oscillations are periodic ones, 

i.e. Reω=0. At that the considered fluctuations damp or 
increase without oscillation. The increase increment of 
aperiodic oscillations has the form  

 

24 DK−= σ
ε
πγ   (4)   2,1,0m     ,2

±±== m
L

K π . 

 
From (4) it is seen, that aperiodic oscillations can arise in 

long samples quickly, than in short ones. 
Let’s consider the arise conditions of instable fluctuation 

waves inside sample in impurity semiconductors. 
Linearizing system (1) with taking into consideration of 

recombination and generation of charge carriers, we easily 
obtain the following dispersion relations 

24 DK−−=
ε
πτγ
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 is Maxwell relaxation time 
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Designating x=1ωτ  from (5) we obtain  
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Considering, that 10 ixxx +=  and 01 xx <<  from 

solution (6’), we obtain 
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From (7) it is seen, that recombination fluctuation is 

increasing one, if 
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Thus, the emergences of electric instability in impurity 

semiconductors essentially depend on recombination and 
generation frequencies of charge carriers. This process (i.e. 
sample instable state) leads to wave radiation from sample 
with definite frequency ω0. 

      
[1] E.R. Gasanov. Vestnik BGU. Seriya Fizika, 2000 q. 
[2] E.R. Gasanov. Vestnik BGU. Seriya Fizika, 2001 q, №1. 

[3] L.D. Landau i E.M. Liphshits. Elektrodinamika 
sploshnikh sred. Moskva, 1957g.  

 
M.B. Cəmşid, E.R. Həsənov 

 

BİR TİP KEÇİRİCİLİYƏ MALİK YARIMKEÇİRİCİLƏRDƏ DAXİLİ DAYANIQSIZLIQ NƏZƏRİYYƏSİ 
 
Bircins və aşqarlı yarımkeçiricilərdə daxili dayanıqsızlıq şəraitində artan dalğaların tezlikləri və inkrementləri 

hesablanmışdır. Dayanıqsızlığa uyğun elektrik sahəsinin dəyişmə intervalı tapılmışdır. 
 

М.Б. Джамшид, Е.Р. Гасанов 
 

ТЕОРИЯ ВНУТРЕННЕЙ НЕУСТОЙЧИВОСТИ В ПОЛУПРОВОДНИКАХ С ОДНИМ  
ТИПОМ НОСИТЕЛЕЙ ЗАРЯДА 

 
Вычислены частоты и инкременты нарастания возникающих волн в однородных и в примесных полупроводниках. Найден 

интервал изменения внешнего электрического поля в условиях внутренней неустойчивости. 
 

Received: 08.05.07 
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THE SECOND ACCEPTOR LEVEL OF ARGENTUM IN SOLID SOLUTIONS Ge-Si 

 
Z.A. AGAMALIYEV 

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

 
The investigation results of second acceptor level of argentum in solid solution Ge-Si, containing 18 at.%Si are given in the paper. The 

monocrystals are obtained by the withdrawal from the melt with the application of feeding ingot. The second acceptor level of argentum is in 
the upper half of forbidden band. That’s why for its revealing it is necessary to doubly dope crystals by Ag and Sb impurities with such 
calculation, that the first acceptor level of argentum can be doped totally, and the second one can be doped partly. Sb is introduced in crystals 
in the monocrystal growth process through gas phase, and Ag is introduced by diffusion method. 

The argentum depth of occurrence is defined by the investigation of temperature dependence of Hall coefficient and by the comparison 
of experimental data with results of equation solution of electrical neutrality crystal. The depth of occurrence of argentum second level, 
counted from depth of conduction band, is equal to 0,41 eV.   

 
The revealing of the second acceptor level of argentum in 

solid solution Ge-Si, containing 18at% Si and definition of its 
activation energy is the aim of the present paper. At the given 
composition of Ge-Si system the argentum in it acts as 
amphoteric impurity and reveals the multiplet character. In 
Ge the argentum creates three acceptor and one donor levels, 
and in Si creates probably one acceptor and one donor levels. 

The second level of argentum is in upper half of 
forbidden band in the composition considered by us. For its 
revealing it is also necessary the presence of small donor 
acceptors in crystal. The stibium (Sb) is used in one’s 
capacity of donor impurity. The monocrystals of Ge-Si alloys 
are obtained by the withdrawal from the melt with the 
application of feeding ingot. The stibium is introduced into 
melt from its gas state through small vent, made on crucible 
bottom. The argentum is introduced into crystals by the 
diffusion method. 

It is necessary to chose by such way for revealing and 
investigation of second acceptor level of argentum in Ge-Si 
crystals of Ag(NAg) and Sb(NSb) concentrations, that the 
following relation should be filfilled:    

 

       ( ) aAgSbaAg NNNNN +≤<+ 2                      (1) 
 
Here the concentration of having small acceptors in 

crystal is designated through Na and it is accepted, that 
concentrations of all levels of argentum are equal each other. 
At carrying out of the condition (1) Sb donor centers, being 
near the bottom of conduction band in forbidden band, send 
their fifth valency electrons and totally fill the small acceptor 
states and first acceptor centers of argentum, and second 
acceptor state fills either totally, or partly. At that both small 
acceptor state and first acceptor state of argentum are in 
passive state and practically don’t give the contribution in crystal 
conductivity (donor state of argentum also doesn’t reveal itself as 
below it there aren’t empty acceptor centers). The centers of 
the second acceptor state of argentum at NSb = 2NAg+ Na are 
filled by electrons totally, and at NAg+Na< NSb< 2NAg+Na are 
filled partly.  

In both cases electrons from the second state with 
temperature increase transit into conduction band, i.e. it acts 
as donor state (“pseudo-donor state”). The temperature 
dependence of Hall coefficient (R) of the one of the samples 
of n-type, in which impurity concentrations satisfy the 
relation (1) is given on the fig.1. As it is seen from the figure, 
R practically linearly depends on the temperature in low-

temperature region in semi-logarithmic scale. The slow 
dependence of R on T in high-temperature region connects 
with the fact that second acceptor state of argentum gradually 
fails, wasting its electrons with the temperature increase. 

The saturation absence in low-temperature region shows, 
that there aren’t residual (non-compensated) stibium centers 
after the compensation of acceptor centers. Besides, the 
change of R on T more, than on two orders allows one to 
define the depths of occurrence of the second acceptor sate of 
argentum εII

Ag to enough high accuracy. 
                         

 
Fig.1.  
 
In the given case the equation of crystal electrical 

neutrality has the following form: 
 

        ( ) Sb
II
Ag

I
Aga NnNNNn =−+++ 2  .                (2) 

 
Here n is concentration of free electrons and first acceptor 

state of argentum correspondingly, n2 is concentration of the 
centers of second acceptor state of argentum, captured by 
electrons. n and n2 are expressed by the following known 
formulae: 
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where F is Fermi level, εII

Ag is depth of occurrence of the 
second acceptor state of argentum, counted out the bottom of 
conduction band. NII

Ag is concentration of compensated part 
of the centers of second acceptor state of argentum, k is 
Boltzmann constant, h is Planck’s constant, T is Kelvin 
temperature, γ2  is statistical weight of the second acceptor 
state of argentum, mn

* is effective mass of electron state 
density. Let’s designate the required unknown by the 
following method: 
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Substituting (3), (5), (6) into (2), we obtain after vanilla 

calculations: 
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Let’s write the solution of equation (7): 
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Here we eliminate the negative root as it hasn’t the 
physical meaning. In the temperature interval, when the 
condition is:  
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the solution (8) is simplified and has the following form: 
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The relations (10) and (2) allow one to find the 
temperature dependence of the concentration of free 
electrons: 
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is constant value.  

Multiplying both sides of (12) on T-3/4 and finding the 
logarithm, we obtain: 
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 (14) is the line equation, from the angular coefficient of 
which it is possible to define εII

Ag . Taking into consideration 
the relation of the concentrations (n) with Hall coefficient    
(R ), it is possible to define εII

Ag from inclination of R 
temperature dependence. The dependence of lg(kT3/4) on 

T
1000 , calculated from the curve 1 is presented on fig.2. The 

calculated value of activation energy of second acceptor state 
on inclination angle of this (R) dependence is equal 0,41eV 
(the calculation is done from the bottom of conduction band).  
 

 
Fig. 2. 

 
The obtained results quit good agree with data of papers 

[2-4], where the impurity states of argentum for other 
compositions of Ge-Si solid solutions have been investigated.

   
[1] B.S. Aliyeva. Issledovaniye mexanizmov rasseivaniya 

dirok i povedeniya primeey medi, serebra v tverdix 
rastvorax Ge-Si. Diss. na soisk. uch. ctep.kand.fiz.mat. 
nauk. Baku, 1971. (in Russian). 

[2] G.Kh. Azhdarov, R.Z. Kyazimzade, M. Hostut. Deep 
impurity levels in Ge1-x Six  alloys, Solid state 
communications , 111, 1999, 675-679. 

[3] R.Z. Kyazimzade. Graund-State binding eneryies of 
substitutional  Cu, Ag and Au impurity atoms in Ge1-x Six  
crystals. Tr. J. of Physics, 20, 1996, 1160-1165. 

[4] R.Z. Кyazimzade.Osnovniye primesniye sostoyaniya 
zameshshayushshikh atomov medi, serebra i zolota v 
kristallakh Ge1-x Six .(in Russian). 
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З.Я. Аьамалыйев 
 

Эе-Си БЯРК МЯЩЛУЛЛАРЫНДА ЭЦМЦШЦН ИКИНЪИ АКСЕПТОР СЯВИЙЙЯСИ 
 

Ишдя эцмцшцн икинъи аксептор сявиййяси тяркибиндя 18 ат.% Си олан Эе-Си бярк мящлулунда Щолл ямсалынын температур асылылыьына 
ясасян тядгиг едилмишдир. Бунун цчцн монокристалларда мювъуд ола билян дайаз аксептор мяркязляри вя эцмцшцн биринъи аксептор 
сявиййяси стибиум донор ашгарынын кюмяклийи иля конпенсасийа едилмишдир. Щолл ямсалынын тяърцбядян алынан температур асылылыьы 
кристалын нейтраллыг тянлийинин щялли иля мцгайися едиляряк эцмцшцн икинъи аксептор сявиййясинин активляшмя енержиси (0,41 еВ) тапылмышдыр. 

 
З.А. Агамалиев 

 
ВТОРОЙ АКЦЕПТОРНЫЙ УРОВЕНЬ СЕРЕБРА В ТВЕРДЫХ РАСТВОРАХ Ge-Si 

 
В статье приведены результаты исследований второго акцепторного уровня серебра в твердом растворе Ge-Si, содержащем 

18ат.% Si, Монокристаллы получены вытягиванием из расплава с применением подпитывающего слитка. Второй акцепторный 
уровень Ag находится в верхней половине запрещенной зоны. Поэтому для его выявления приходилось кристаллы двукратно 
легировать примесями  Ag и Sb с таким расчетом, чтобы первый акцепторный уровень Ag компенсировать полностью, а второй – не 
полностью. Sb вводилось в кристаллы в процессе роста монокристаллов через газовую фазу, а Ag – методом диффузии. 

Глубина залегания Ag определялась исследованием температурной зависимости коэффициента Холла и сравнением 
экспериментальных данных с результатами решения уравнения электрической нейтральности кристалла. Глубина залегания 
второго уровня Ag , отсчитываемая от дна зоны проводимости, равна 0,41 эВ. 
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THE ATOMIC SHORT-RANGE ORDER PARAMETERS IN THE FILMS OF TRIPLE 

COMPOUNDS Of Cu – In – S(Te) SYSTEM 
 

M.A. NURIYEV 
Nakchivan State University 

 
E.E. ALEKPEROVA, D.I. ISMAYLOV 

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

 
The structural characteristics of short-range order parameters in amorphous films CuInS2 (Te2 were discussed on the base of electron 

diffraction method. 
The values of nearest atomic spacings, the radii of coordination spheres and coordination numbers have been established.   
 
Earlier it has been established by us, that at the thin film 

interactions of Cu-In-S(Te) obtained by the simultaneous and 
serial evaporation of individual chemical elements the film 
phase composition is also characterized by triple compounds 
of CuInS2, CuInTe2 compositions along with double 
compounds with Cu(In) – S(Te) system, being double cross-
sections of triple systems [1-2].  

It is experimentally established by our investigations, that 
thin films of any composition and any phase compounds of 
Cu–In–S(Te) systems in the difference from the massive 
sample can be created in the form of amorphous and 
polycrystalline, monocrystalline and textured layers. Using 
the possibilities of oriented crystallization the obtaining of 
thin films of CuInS2(Te2) compounds, having long-period 
superlattices is possible. It is also shown, that amorphous 
films CuInS2 and CuInTe2 with s=4πsinπ/λ=25,32; 34,52; 
58,27 and 15,78; 32,37; 56,07nm-1 correspondingly, are 
crystallized with periods of elementary cells of tetragonal 
lattice CuInS2 a=0,552; c=1,108 and crystal lattice CuInTe2  
a=0,168; c=1,234nm. The both crystal structures are 
described by space symmetry group of )(24 12

2dDdI       
crystal [3].  

The temperature-time dependencies of crystallization are 
defined: kinetic parameters of amorphous film crystallization 
of CuInS2(Te2) compounds and quantitative values of 
activation energies are established. 

Moreover, the question of atomic short-range order 
parameters in amorphous films of CuInS2(Te2) , the structures 
of which are quite indefinite and are totally absent in 
scientific literature is not quite investigated. This question is 
present as quite important one, as physical properties of any 
materials are defined by atomic short-range order parameters 
on concept, existing now. 

The films with width ~30 nm, coated by evaporation of 
synthesized substances CuInS2(Te2), and films, obtained both 
at simultaneous and serial precipitation of individual 
components of the given systems were used as investigation 
objects.  

The functions of atom radial distribution (FARD) are  

calculated by us by method of integral equations, in the 
foundation of which lies the formula: 
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defining the curve of atom radial distribution for amorphous 
substances, consisting of atoms of different types. The 
structural characteristics of amorphous films were defined on 
the results of electrometer measurement system of diffraction 
maximums, allowing one to filter the electrons on the 
energies.  

The dependence of intensity of electron beam I on 
S=4πsinθ/λ was written in the mode of direct registration of 
electron current. At the construction of I(s)/Σf2(s) function we 
graphically define the graded curve <I(s)>/Σf2(s), near which 
the given function oscillates by the following way 
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where s1, s2 are lower and upper integration limits, 
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22 )()( , N=3 is number of atom types, being 

part of composition  of considered CuInS2,CuInTe2; ai - 
falling to the share of formula unit of different type atoms,  
fi(s) is atom scattering factors. 

The calculated interferential function  
 

i(s)=I(s)/∑f 2(s)-<I(s)>/∑f 2(s) 
 

was transformed into FARD.  
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here ki is relative atom scattering power of i type, which is 
equal to fi(s)/∑f2(s),  ρij(r) is atom partial radial densities, ρ is 
average atom density.  

The density of amorphous films CuInS2(Te2) was chosen 
on 10% less, than density of corresponding crystal 
substances. 

The normalization factor α was defined as average values 
of following ones: 
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The curve of atom radial distribution (CARD) of 
amorphous CuInS2 and CuInTe2, constructed on the base of 
experimental intensity curves have quit expressed three 
maximums at r1=0,250; r2=0,262; r3=0,380 and r1=0,285; 
r2=0,293; r3=0,418 nm correspondingly. The areas under the 
corresponding maximums are equal: ∆=25,7; 39,5; 55,6 and 
33,0; 46,6; 70,2 correspondingly. CARD of amorphous 
CuInS2 is given on the fig.1. 

 

 
 
Fig.1. The curve of radial distribution of CuInS2 atoms. 
 
The distances r1=0,250; 2,80 on FRDA of  CuInS2(Te2) 

are interpreted as the average from of atomic spacings Cu – S 
and Cu – Te. The average tetrahedral covalent radii Cu – 
S(Te)=0,256(0,285)nm. 

The calculations of area values under first peaks give the 
values 22,9 for CuInS2 and 31,2 for CuInTe2, well coinciding 
with experimentally obtained atomic spacings in 
CuInS2(Te2). The second coordination spheres with radii

r2=0,262 in CARD of CuInS2 and r2=0,293 nm in CARD of 
CuInTe2 can be interpreted as the average atomic spacings 
Cu(In) – S(Te). These atomic spacings are bigger, than sum 
of covalent octahedral radii of Cu(In) and sulfur atoms, and 
also Cu(In) and tellurium. The calculation of area values 
under second maximum CARD of CuInS2 gives the value 
∆2=43,1. This can be explained by the supposition that 
atomic spacings In–S in second coordination sphere meet 
with bigger probability, than ones  Cu – S. 

The atomic spacings r3=0,380; 0,418 nm correspond to 
ones between same atoms S–S in CuInS2 and Te–Te in 
CuInTe2. 

Based on these data, note, that structure of amorphous 
films of CuInS2(Te2), the matrixes of which consist of 
tetrahedral and octahedral atom surroundings (n1=4; n2=6), 
i.e. atoms Cu and In, having surroundings, which consist of 
four and six sulfur (tellurium) atoms, well agree with grid 
model, consisting mainly of structural fragments.   

 

 
 
If we will take the values of atomic distances, which are 

character for CuInS2 and CuInTe2 crystals and are equal to 
0,255 and 0,290nm correspondingly, then in this model the 
radii of first coordination spheres would be r1=0,250 nm for 
CuInS2 and  0,285nm for CuInTe2. They are bigger, than 
experimental values, obtained by us, showing, that covalent 
bonds, acting between atoms remain in crystal lattices and 
even amplify in amorphous films of CuInS2(Te2) compounds. 

Thus, it is revealed, that matrix of amorphous films 
consists of tetrahedral and octahedral atom surroundings, i.e. 
structural motives, character for crystal lattice of 
corresponding triple compound are saved in amorphous films 
by the same way as in amorphous layers, established by us in 
[4].   

However from CARD, constructed by us for amorphous 
films of CuInTe2 compound, it is established, that there are 
inhomogeneous regions, enriched by tellurium atoms in the 
structure of this compound along with tetrahedral and 
octahedral atom surroundings. As the calculation of Cu 
coordination number gives the value, which is equal to seven 
(n2=7), it is followed to suppose, that defined part of cuprum 
atoms in CuInTe2 has the surrounding, consisting of eight 
tellurium atoms. By this fact it is established, that the change 
of structural unit forms and character of their packing take 
place in the region of second coordination sphere that leads to 
more solid packing of structural dimmers in CuInTe2.

      
 
[1] Fazoobrazovaniye pri vzimodeystvii stekhiometriches-

kikh kolichestv elementarnikh sostavlyayushshikh sis-
temi Сu–In–S(Te). Trudi Nacionaloy konerencii po rostu 
kristallov,  «NKRK – 2006». Moskow, 2006, s.428. (In 
Russian).  

[2] D.I. Ismailov, M.A. Nuryev, E.E. Alekperova. Tempera-
turno-vremenniye zavisimosti kristallizacii amorfnikh 
plenok CuInS2. CuInТе2. Trudi Mejdunarodnoy konfe-
rencii «Neravnovesniye processi v poluprovodnikakh». 
Tashkent, 2007, s.113 – 114.(in Russian). 
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р.153–170.  

[4] M.A. Nuriyev. Fazoobrazovaniye i fazoviye prevrashshe-
niya v tonkikh plenkakh troynoy sistemi Сu–In–Sе: 
Avtoref. Dis. … kand. fiz.-mat. nauk, Baku, 1986, 21s. 
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M.A. Nuriyev, E.E. Ələkbərova, D.İ. İsmayılov 

 
Сu – In – S(Te) SİSTEMLƏRİNİN ÜÇLÜ BİRLƏŞMƏLƏR TƏBƏQƏLƏRİNDƏ YAXIN ATOM  

MƏSAFƏLƏRİ 
 

Elektronoqrafik tədqiqatlar əsasında СuInS2(Te2) amorf təbəqələrində yaxın atom məsafələrinin struktur xarakteristikaları müzakirə 
edilmişdir.  

Ən yaxın atomlararası məsafələrin kəmiyyətləri, koordinasiya dairələrinin radiusları və birinci seçilən bu və ya digər atom ətrafında ən 
yaxın qonşuların sayı müəyyən edilmişdir.  
  

М.А. Нуриев, Э.Э. Алекперова, Д.И. Исмаилов 
 

БЛИЖНИЙ АТОМНЫЙ ПОРЯДОК В ПЛЕНКАХ ТРОЙНЫХ СОЕДИНЕНИЙ СИСТЕМ Сu – In – S(Te) 
 

На основе электронографического исследования обсуждены структурные характеристики ближнего атомного порядка в 
аморфных пленках СuInS2(Te2).  

Установлены величины ближайших межатомных расстояний, радиусы координационных сфер и число ближайших соседей 
вокруг того или иного атома выбранного за начальный. 
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THE REFLECTION OF TRANSVERSELY POLARIZED WAVE AT ITS INCIDENCE 

ANGULARLY ON TWO-LAYER SYSTEM: ANTIREFLECTING COATING – ABSORPTIVE 
SUBSTRATE 

 
S.R. KASIMOVA 

Institute of Physics of NAS of Azerbaijan 
370143, Baku, H.Javid av., 33 

 
The results of theoretical investigations of reflection characteristics of transversely polarized wave at its incidence angularly on 

absorptive dielectric substrate with coated layer of antireflecting non- absorptive coating, regulated on thickness, are given. The possibility of 
experimental observation of non-reflective wave absorption in considered two-layer system is well founded. 

 
The conditions of effect initiation of total non-reflective 

absorption of transversely polarized electromagnetic wave at 
its incidence angularly on plane absorbing substrate of 
infinite thickness with the layer of non-absorptive dielectric, 
coated on it were investigated in the paper [1,2]. It has been 
established, that these conditions are fulfilled in the 
dispersion region of substrate at well-defined selective values 
of coating layer thickness, frequency and wave angle of 
incidence. The carrying out of investigations of wave 
reflection characteristics of considered two-layer system in 
wide change interval of regulated parameters that is 
technically difficultly realized for their experimental 
definition. Let’s carry out the simplest method of 
experimental relieving of total wave absorbance in substrate 
at fixed incident radiation frequency, when wave reflection 
characteristics of the system are investigated only in the 
dependence on wave angle of incidence on it at the given 
thickness of coating layer.  

  Let’s consider the relieving possibility of this effect at 
the passing of plane transversely polarized wave through 
layer of non-absorbing substance into absorbing substrate of 
infinite thickness. According to data of paper [1], the 
conditions of non-reflecting wave passing through similar 
two-layer system can arise in minimum point of dependence 
of wave reflection coefficient module ρ on thickness l of 
antireflecting coating layer and if condition ρ=0 in this point 
is fulfilled. These conditions are described by the following 
bond equations between the selective values of refraction 
coefficient of substrate n and factor dielectric loss γ of one, 
wave length of incident radiation λ0, layer thickness l0 and 
refraction coefficient n1 of antireflecting coating.  
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Here: dn λλ /= ; dn 11 / λλ= ; 2/δtgy = ; 
εεδ ′′′= /arctg ; p−= 1/λλ ; 

dλ ; 1dλ  is wave length in the 
substance substrate and coating correspondingly at the wave 
propagation angularly to plane surfaces, limiting them; 
p=sin2α0; α0 is wave angle of incidence; N0 is number of zero 
minimum of ρ dependence on l; )p1/()p( −−′=′ εε ; 

)p1/( −′′=′′ εε ; )p1/(11 −= εε , where ε ′ , ε ′′  and ε1 
are connected with refraction coefficients n and factor of 

dielectric loss γ of substrate and refraction coefficient n1 of coating 
by known relations correspondingly 

 
      ( )22 1 yn −=′ε   ;  yn22=′′ε  ; 2

11 n=ε   .    (3) 
 
We use the equation (1-3) for the finding of dependencies 

between selective values of dielectric constant ε ′  and 
dielectric loss ε ′′ of substrate substance, layer thickness l0 
and wave refraction coefficient n1 of substance of 
antireflecting coating, wave length λ0 and angle of incidence 
of electromagnetic radiation α0, at which the conditions of 
non-reflecting radiation passing in the considered system 
coating-substrate are fulfilled The dependencies of ε ′′  on ε ′  
and l0/λ0 on ε ′  at N0=1 and n1=1.5, calculated on these 
equations are given on the fig.1 as illustration. At α0=0 the 
dependence of ε ′′  on ε ′  looks like the semicircle, which 
crosses the absciss axis at the values ε’, which are equal to 1 
and ε1

2 correspondingly. The radius of similar circle increases 
with α0 increase and becomes the infinite one on the value at 
α0=90°. 

 
Fig.1. The dependencies between selective values of layer    
           thickness of antireflecting coating l, dielectric constant  
           ε ′  and dielectric loss ε ′′  of the substance of absorptive  
           substrate at antireflecting absorption of transversely  
           polarized incident wave at the angle α0. The wave  
           refraction coefficient of coating substance n1=1.5; λ is  
           wave length of incident radiation. 

            
The selective values of wave angles of incident and layer 

thicknesses of antireflecting coating, corresponding to them, 
at which the wave reflection is totally absent for substances 
of substrate and coating with the known values ε ′ , ε ′′  and 
n1 for the given frequency of the incident radiation can be 
found graphically or on the equations (1)-(3). From the figure 
it is followed, that if at the given n1 the operating point with 
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such values ε ′  and ε ′′  is situated in [ ε ′ , ε’’] coordinate 
plane inside the limiting dependence ε ′′  on ε ′  for α0 =0, 
then the antireflecting radiation absorption is impossible with 
such substrate in two-layer system. If the operating point with 
such values ε ′ , ε ′′  is situated higher, than limiting 
dependence ε ′  ( ε ′′ ) for α0=0, then in such substrate 
substance should observe the antireflecting absorption of 
incident radiation at well-defined wave angle of incidence 
and layer thickness of antireflecting coating, corresponding to it. 

The selective values of wave angles of incidence α0 and 
thicknesses of coating layer l0, at which the conditions for 
antireflecting absorption of incident radiation of the given 
frequency in it, calculated on the base of equations (1)-(3) are 
given in the table. The different polar liquids, having the 
wave dispersion in microwave range were used as the 
substrate material [3]. 

The investigations of wave reflection characteristics from 
two-layer system coating-substrate, in which polar liquids 
were used as substrate substance, and non-absorptive 
substance with n1=1.5 were used as coating. The 
dependencies of wave reflection coefficient module ρ of 
similar systems on the wave angle of incidence α0 in interval 
(0,90°) and at coating thicknesses by close or equal selective 
values, obtained from equation (2) were defined. The 
complex expression for reflection coefficient of transversely 
polarized wave ρ&  of considered two-layer system was used  
for finding of these dependencies: 
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λεπγ /2 1i=  is wave propagation constant in material 

coating; Z0, Z1, Z are wave resistances relatively vacuum, 
coating and substrate materials correspondingly; α1, α2 are 
wave refraction angles in coating and substrate materials; l is 
thickness of coating layer; λ is wave length of incident 
radiation [4]. 

 
 
Fig.2. The dependencies of module of wave refraction  
           coefficient ρ on the angle of incidence of transversely 
           polarized wave on the two-layer system coating- 
           substrate at and near selective thickness of coating layer,  
           the material of which has the refraction coefficient  
           n1=1.5. The substrate is 4-ethylpyridine, wave length of  
           radiation is λ=3.22cm. 

The dependencies of module of wave refraction 
coefficient ρ of considered two-layer system on radiation 
angle of incidence α0 on it at the values of thickness of 
coating layer, which is equal or close to its first selective 
value, calculated on the equation (4) are given on the fig. 2 
for the illustration of the obtained results. The 4-ethylpyridine 
is chosen as substrate material. The calculation data confirm 
that antireflecting wave absorption in the given liquid is 
expected at the of polarized incident wave at the angle 54.6° 
and at first minimal possible thickness of coating 
antireflecting layer, which is equal to 0,557 cm. The 
dependencies of ρ on α0 of two-layer systems, in which the 
methyl alcohol and cyclohexanon are correspondingly used 
as substrate, are presented on the fig. 3. At that the l01 
thicknesses of first selective antireflecting layers of these 
coatings, which are smallest on the value, are chosen 
correspondingly 0,137 and 0.637 cm. The same effect can be 
obtained at the use of second l02 and following selective 
thicknesses of antireflecting layer, which are bigger, than first 
ones on the values, which are multiple to of wave half-length 

dλ  in coating substance. However, its appearance will take 
place in narrowest region of α0 change. The last one is 
proved by data of fig. 4, on which the dependencies of ρ on α 
for three first selective coating thicknesses of antireflecting 
system with methyl alcohol as substrate material. 

 
Fig.3. The dependencies of module of wave refraction  
           coefficient ρ on the angle of incidence α0 of  
           transversely polarized wave on the two-layer system  
           coating-substrate. 

                  1. Substrate is methyl alcohol; refraction coefficient and  
                      layer thickness of coating are correspondingly 1.5 and  
                      0.137 cm; wave length is 0,818cm. 
                  2. Substrate is cyclohexanon; refraction coefficient and  
                      layer thickness of coating are correspondingly 1.5 and  
                      0.637cm; wave length is 3.2cm. 

 

 
 
Fig.4. The dependencies of module of wave refraction  
           coefficient ρ on the angle of incidence α0 of transversely 
           polarized wave on the two-layer system coating-substrate  
           at refraction coefficient n1=1.5 and selective thicknesses  
           of coating layer 0.137(1), 0454(2) and 0.770 cm(3). The  
           substrate material is methyl alcohol, wave length is 3.2 cm. 
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The obtained results are unambiguously put out on the 
possibility of experimental observation of antireflecting 
absorption of transversely polarized electromagnetic radiation 
of the given frequency at its incidence angularly on the 
antireflecting absorptive dielectric substrate. This effect is 

expected at well-defined selective values of wave angle of 
incidence and layer thickness of antireflecting coating at 
known values of dielectric properties of substrate and 
coating.  

 
                   
                                                                                                                                                                       Table 

The table of selective values of angle of incidence α0 of transversely polarized wave, thickness of coating layer l01, l02, l03 
of antireflecting system coating –absorptive substrate at value of coating refraction coefficient n1=1.5. ε ′ , ε ′′ , n, γ  are 

dielectric and optic parameters of liquids, used as substrate at the temperature 20°C; λ and λd is wave length in vacuum and in 
the substance of antireflecting layer correspondingly. 

 
Liquid λ, cm ε ′  ε ′′  n γ α0,grad l01,cm l02,cm l03,cm λd, cm 

Methyl alcohol 3.20 8.03 8.80 3.16 0.441 68.6 0.608 1.969 3.30 2.721 
Methyl alcohol 0.818 5.35 3.20 2.41 0.276 49.7 0.137 0.454 0.770 0.633 
Cyclohexanon 3.20 11.67 5.84 3.52 0.236 67.4 0.637 1.990 3.344 2.706 
2-ethylpyridine 3.22 5.732 2.65 2.45 0.220 47.7 0.549 1.783 3.016 2.467 
4-ethylpyridine 3.22 5.757 3.95 2.52 0.310 54.6 0.557 2.246 4.134 2.377 
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УДАН АЛТЛЫГ-ШЯФФАФЛАНДЫРЫЖЫ ЮРТЦК: ИКИЛАЙЛЫ СИСТЕМЯ БУЖАГ АЛТЫНДА ДЦШЯН ШАГУЛИ  

ПОЛЙАРИЗАСИЙАЛЫ ДАЛЬАНЫН ЯКСИ 
      

Удан диелектрик алтлыга чякилмиш шяффафланмыш удмайан, галынлыглы дяйiшкян юртцйя бужаг алтында дцшян шагули полaризасийалы 
дальанын якс олунма характеристикаларынын нязяри тядгигатынын нятижяляри верилмишдир. Бахылан икилайлы системдя дальанын якс олунмадан 
udulмасынын тяжрцби юйрянилмясинин мцмкцнлцйц ясасландырылмышдыр. 
 

С.Р. Касимова 
 

ОТРАЖЕНИЕ ПОПЕРЕЧНО-ПОЛЯРИЗОВАННОЙ ВОЛНЫ ПРИ ЕЕ ПАДЕНИИ ПОД УГЛОМ НА 
ДВУХСЛОЙНУЮ СИСТЕМУ: ПРОСВЕТЛЯЮЩЕЕ ПОКРЫТИЕ-ПОГЛОЩАЮЩАЯ ПОДЛОЖКА 

 
Приведены результаты теоретических исследований характеристик отражения поперечно-поляризованной волны при ее 

падении под углом на поглощающую диэлектрическую подложку с нанесенным на нее регулируемого по толщине слоя 
просветляющего непоглощающего покрытия. Oбоснована возможность экспериментального наблюдения безотражательного 
поглощения волны в рассматриваемой двухслойной системе.     
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THE REVEALING OF DIMENSION EFFECT IN ELECTRON SUBSYSTEM PROCESSES OF 

DISPERSED ZrO2 IN SPECTRUMS OF ULTRAVIOLET REFLECTION 
 

M.M. ALIYEV, E.A. ZELENKOVA, U.G. GEZALOV 
Institute of Radiation Problems of NAS of Azerbaijan 

AZ 1143, Baku, F. Agayev str., 9 
 

The influence of surface disorder of dispersed ZrO2 on internal transitions (d-d transition) of electron subsystems of Zr atom is 
investigated by the method of ultraviolet reflection. It is shown, that shift of absorption bands in frequency region 20000 – 21000 cm-1 is 
caused by the d-d transitions namely between egt2g sublayers but spectrum band 15700 cm-1 doesn’t shift, has impurity character and is 
related to Fe3+ ions. 
 

In papers [1-6] it is shown, that surface disorder of  
grains in dispersed mediums (DM), depending on their 
dimensions, influences on phase content [1,6-8], processes of 
formation and electronic excitation [9-13]. The probability of 
last carrying out is defined by surface specific character [1-4] 
and depends on density (or distances between defects), 
charge of structure defect of intrinsic or impurity character 
and is defined by their donor-acceptor nature, differing by 
electron configurations and phase content of near-surface 
layer [1,2,4,6,10]. The formed surface specific character of 
DM in the comparison with their massive samples changes 
the relaxation time of localized and intermediate active states 
or particles as a result of change both of formation time and 
carrying out mechanism of electron processes in the volume 
[14-18]. However, the role of granule dimension factor with 
structure defects of intrinsic and impurity character in change 
of phase content and its influence on the mechanism oh 
electron process formation and internal transitions in electron 
subsystems from the dimension effect point of view hasn’t 
been investigated enough [4,5,12,15]. 

In this connection in the present paper the influence of 
degree of dispersion and sintering temperature, i.e. phase 
composition on electron transition in ZrO2 samples in the 
region of intrinsic absorptions by the method of ultraviolet 
reflection has been studied. 

The fractional samples of fire-proof dielectric ZrO2 
(fraction dimensions d~50, 80, 100, 125, 160 and 200 mcm) 
with impurity quantity ~10-3% are used as DM. The content 
of having impurities Fe3+, Mn3+ and Cu2+ and etc. was 
defined by electron spectroscopy of chemical analysis (ESCA 
method). The tablets by thickness 1 mm and diameter 16 mm 
at pressure 500 kG/cm2 are prepared for each fraction. The 
tablets were sintered at temperatures 873 and 1723K in 
platinum crucible of hydrogen-muffle furnace [3,4,13]. The 
changes of structure and phase states in ZrO2 samples were 
controlled by X-ray analysis and by infrared method on 
spectrophotometer SPECORD 71 IR. The spectrums of 
ultraviolet reflection were taken from spectrophotometer 
SPECORD UV VIS M-40 in frequency region (54000 – 
14000) cm-1. 

The spectrums of ultraviolet reflections in the frequency 
region (30000÷10000) cm-1 for different fractions of ZrO2 
tablets, annealed at 873K, are presented on the figure 1. It is 
seen, that the value of reflecting ability in region of intrinsic 
absorptions for different fractions differs on ~20% from each 
other (fig.1, c.1-5) and correspondingly increases with the 
granule dimensions till frequency 14000 cm-1 and at the more 
high frequencies the strong decrease is observed. At this two 

absorption bands with frequency ν1~20000 cm-1 (with energy 
ε~2,5 eV) and ν2~15700 cm-1 (~1,95 eV) reveal 
independently on fraction dimension. 

 
 

 
 
Fig.1. The ultraviolet mirror reflections of ZrO2 tablets with   
           fraction dimensions d=50(1), 100(2), 125(3), 160(4) and  
           200(5), treated at temperature: T=873K. 
 
At increase of fraction dimensions from 50 till 200 mcm 

the band position of ν2~15700 cm-1 doesn’t change (fig.1, 
c.2-5) has the impurity character, is related to Fe3+ ions, that 
is agreed with investigations results [19-21]. The position 
constancy of frequencies ν2~15700 cm-1 with change of 
fraction dimension proves about bond strength of replaced 
free-charged iron cations (Fe3+) by four-charged zirconium 
cations (Zr4+) in ZrO2 lattice [3,7,20], that doesn’t cause any 
change in crystal modification (deformation or slip) both 
cubic and monoclinic ones. 

However, the band absorption with frequency ν1 
correspondingly with increase of granule dimension shifts to 
the side in short-wave region of spectrum and shift difference 
is ∆ν=(21000÷20000) cm-1 and corresponding to [13, 19, 20] 
is caused by d-d transition, i.e. between sublayers egt2g [11, 
15, 19, 22]. The shift of absorption band ν1 on ∆ν=1000 cm-1 
probably is connected with influence of surface field of 
localized states, forming as a result of ionization of surface 
defects in near-surface layer of ZrO2 granules [5,6,10,12]. 
The presence of surface field and its influence on shift of 
absorption band ν1 (fig.1) is confirmed by results of EPR-
investigations of formation regularities and decay of localized 
charges, i.e. paramagnetic centers (PMC), carried out for 
extreme dimensions d~50 and 200 mcm [9,12,13]. On the 
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basis of mechanism of PMC thermal decay it is established, 
that activation energy for these extreme dimensions differs 
and is equal to 0,18 and 0,23eV, correspondingly. The results 
of both independent methods are self-coordinated. 

The initial region of reflection spectrum independently 
on granule-fraction dimensions of differs by value of 
reflection ability, that is caused by energy change of optic 
ionization of volume F- and F+-centers, depending on phase 
content and existing in cubic (ionization energy ~3,8 and 2,81 
eV [8,15,16,21,23], monoclinic (~3,07 and 1,95 eV 
[19,20,23]) modifications. The difference of values of 
reflection ability probably connects with influence of surface 
charge states [1-16,12,14] on volume ionization processes of 
localization anion centers. The sustaining factor of this is 
coincidence and slip of reflection spectrums independently on 
fraction dimensions in ZrO2 tablets, treated at temperature 
1773K (fig.2).  

 

 
 
Fig.2. The ultraviolet mirror reflections of ZrO2 tablets with  
          fraction dimensions d=50(1), 100(2), 164(3) and 200(5),  
          treated at temperature: T=1673K. 
 
As it is seen from the fig.2 the absorption band of 

frequency ν1~20000cm-1 disappears independently on 
fraction dimension, whereas the position of absorption band 
ν2~15700cm-1 doesn’t change (c.1-5). The curves of 

reflection spectrums shift to the side of short-wave region of 
spectrum with increase of granule dimensions of fractions 
d~50÷200 mcm, and their form doesn’t change. However, the 
boundary of reflection spectrum shifts with respect to fraction 
dimensions: into low-frequency region at d<125 mcm that 
indicates about bias of monoclinic modification and into 
short-wave region at d>125 mcm that is the result of the 
increase of cubic modification part in near-surface layer of 
ZrO2 samples. This is connected with reconstruction of 
crystal cubic modification because of decrease of density of 
surface defects both cationic and anionic vacancies [3-6,8-
10], that causes the decrease of value of surface field of 
localized charges [1,2,9,12]. That’s why the shift in initial 
part of spectrum into short-wave region (fig.1 and 2) is 
observed for ZrO2 samples, thermo-treated at T=873 and 
1773K in spectrums of ultraviolet reflection. The coincidence 
of spectrum boundaries takes place at comparison with the 
samples, annealed at 873K [15,16,19]. The shift of initial 
boundary of absorption spectrum with decrease of granule 
dimensions connects with formation of crystal phase, the 
volume part of cubic modification remains but it decreases in 
near-surface layer. At that the increase of part of monoclinic 
modification increases in near-surface layer. The dimension 
dependence of change of modification part is proved by 
investigation results of lattice dynamic by infrared method 
and X-ray analysis. It is established, that part of crystal phase 
both in volume and on surface increase with decrease of 
granule dimensions, i.e. two phases dominate: cubic and 
monoclinic ones. However, part of crystal phase for samples, 
treated at 873K at granule dimensions 50<d<125 mcm tops 
one in comparison with samples of granule dimensions 
125<d<200 mcm because of influence of surface field, 
causing the increase of degree of order of volume content [1-
8, 21].   

Thus, the behavior of absorption bands ν1 and ν2 in 
ultraviolet reflection spectrums in the dependence on grain 
dimensions and temperature of preliminary thermotreatment 
indicates about the fact, that first of them is caused by d-d 
transition, and second one is connected with presence of 
impurity centers of Fe3+, which replace of Zr atoms of regular 
lattice ZrO2. 
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ÓÁ ÝÖÇÝÖ ßÊÑÎËÓÍÌÀ ÑÏÅÊÒÐËßÐÈÍÄß ÄÈÑÏÅÐÑ ÇðÎ2-ÍÈÍ ÅËÅÊÒÐÎÍ ÀËÒÑÈÑÒÅÌËßÐÈÍÄß  

ÞË×Ö ÅÔÔÅÊÒÈÍÈÍ ÉÀÐÀÍÌÀÑÛ 
 

ÓÁ-ýöçýö ÿêñîëóíìà ìåòîäó èëÿ äèñïåðñ ÇðÎ2-äÿ ñÿòù íèçàìëûëûüûíûí Çð àòîìóíóí åëåêòðîí àëòñèñòåìëÿðèíèí äàõèëè êå÷èäëÿðèíäÿ (ä-ä 
êå÷èäè) ðîëó òÿäãèã îëóíìóøäóð. Þë÷ö àñûëûëûüû ÿñàñûíäà ýþñòÿðèëìèøäèð êè 20000-21000 ñì-1 òåçëèê îáëàñòûíäà óäóëìà çîëàüûíûí éåðèíè 
äÿéèøìÿñè ä-ä, äàùà äîüðóñó ågò2g àëòñàâèéÿëÿðè àðàñûíäàêû êå÷èäëÿð èëÿ ÿëàãÿäàðäûð, 15700 ñì-1 çîëàã èñÿ éåðèíè äÿéèøìèð, àøãàð õàðàêòåðè 
äàøèéèð âÿ Ôå3+ èîíóíà àèääèð. 

 
М.М. Алиев, Е.А. Зеленкова, У.К. Гезалов 

 
ПРОЯВЛЕНИЕ РАЗМЕРНОГО ЭФФЕКТА В ЭЛЕКТРОННЫХ ПОДСИСТЕМНЫХ ПРОЦЕССАХ 

ДИСПЕРСНОГО ZrO2 В СПЕКТРАХ УФ-ОТРАЖЕНИЯ 
 

Методом УФ-зеркального отражения исследована роль поверхностной разупорядоченности дисперсного ZrO2 на внутренние 
переходы (d-d переход) электронных подсистем атома Zr. На основе размерной зависимости показано, что смещение полос 
поглощения в области частот 20000-21000 см-1 обусловлена d-d переходами, точнее переходами между подуровнями egt2g, а полоса 
15700 см-1 не смещается, имеет примесный характер и отнесена к ионам Fe3+. 

 
Received: 14.03.07. 
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THE STRUCTURAL AND THERMODYNAMIC ASPECTS OF POLYMORPHIC 

TRANSFORMAIONS IN Ag2Se 
 

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

Az 1143, H. Javid ave., 33 
 

The monocrystals Ag2Se have been synthesized and grown by sublimation method. The polymorphic transformations in Ag2Se have 
been investigated by high-temperature X-ray-diffractometer method and it is established, that low-temperature orthorhombic modification at 
406K transforms into high-temperature OCC modification. The transformation is reversible and takes place by the type monocrystal – 
monocrystal. The existing thermodynamic data were widely used at result discussion.   
 

1. The crystal structure Ag2Se  
 
From the state diagram, given in [1,2], it is seen, that the 

argentum with selenium form the one compound Ag2Se, 
containing the 26,79 weight% Se.  

The reference data about crystal structure of low-
temperature modification α–Ag2Se are contradictory. In [3] it 
is given only the table of interplanar spacings, calculated 
from powdergram of low-temperature α-Ag2Se. In [4], 
studying the thin films of Ag2Se, obtained in vacuum by 
method of electron diffraction, it is shown that low-
temperature modification is crystallized in tetragonal 
syngony with lattice parameters a=7,06Å and c=4,98Å. In 
[5,6] the sample investigation, obtained on crystal surface 
KCl and NaCl with evaporation in vacuum of Se and Ag was 
carried out by electron-diffraction method at room 
temperature. It is seen, that FCC modification is obtained 
from the film, obtained at 573K at room temperature, and 
orthorhombic modification with lattice parameters a=7,06Å, 
b=7,76Å and c=4,34Å is obtained from FCC modification 
below 473K. In [7] it is seen, that low-temperature 
modification has pseudocubic structure with lattice 
parameters a=4,978Å. The same author gives the rhombic 
modification with lattice parameters a=7,046Å, b=14,32Å 
and c=7,82Å, which transforms into pseudocubic one after a 
time. In [8] it is informed, that the monoclinic and triclinic 
modifications with lattice parameters a=7,0Å, b=7,8Å and 
c=4,3Å, α =920, β=91,50, γ=920 are detected as result of 
some heating and cycles in some region of Ag2Se film. In [9] 
Ag2Se investigation was also carried out in thin-film state and 
it is shown, that at low temperatures there are tetragonal, 
orthorhombic and triclinic modification of Ag2Se in the one 
and the same film. 

From above mentioned it has became clear, that different 
investigators give the contradictory syngonies for low-
temperature modification of Ag2Se: cubic [6], tetragonal 
[4,10], orthorhombic [7,11-18], monoclinic [8,19] and 
triclinic [9,10,20]. Note that in the given papers the 
conditions of sample derivations just as investigation 
methods were different. This especially related to 
investigations of thin-film states. The different types of 
structure are related to unit low-temperature modification of 
Ag2Se by this reason.  

In many papers [21-23], where metal block samples were 
used, the temperature of polymorphic transformation in 
Ag2Se was in the temperature interval 406-413K. 

The crystal structure of low-temperature modification 
was considered in more detail in [14,18]. In [14] the 
orthorhombic structure with lattice parameters a=7,05Å, 

b=7,85Å and c=4,33Å is established by electron-diffraction 
method for low-temperature modification of Ag2Se. The 
elementary cell contains Z=4Ag2Se, space symmetry group is 
D2

2-P2221.  
In [18] the orthorhombic structure with lattice 

parameters a=4,333Å, b=7,062Å and c=7,764Å for low-
temperature modification of Ag2Se is also supposed. The 
elementary cell contains Z=4Ag2Se, space symmetry group is 
D4

2 – P212121. 
 

 
 
Fig.1. The structure projection of monoclinic α-Ag2S and  
           orthorhombic α-Ag2Se on the [011] direction.  
 
In orthorhombic lattice Ag(I) is in tetrahedral Se atom 

surroundings, and Ag(II) is in triangular one. Further at 
working of experimental data we will use the space symmetry 
group P2221. The choice of especially this structural model, 
but not P212121 doesn’t connect with falsity of the last one. In 
spite of the fact, that low-temperature modification of Ag2Se 
crystallizes in orthorhombic syngony there is big similarity 
with monoclinic structure of Ag2Se. The atom distribution in 
both structures is shown on the fig.1.  

The structural investigation of high-temperature 
modification β-Ag2Se [24] proves the similarity with 
structure β-Ag2Se, i.e. Se2- form OCC lattice, and Ag atoms 
distribute in big number of empty spaces of this lattice, 
mainly in larger from them. The lattice parameter slightly 
increases in the comparison with β-Ag2S in β-Ag2Se, i.e. 
∆a=(4.98-4.88)Å=0,10Å. This difference is equal to 
difference of ion radii of Se (1.93) and S (1.82). 

On data [24] the parameter of elementary cell β-Ag2Se is 
equal to α=4.983Å, elementary cell contains Z=2Ag2Se, 
space symmetry group is O5

h – Fm3m.  
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2. The synthesis and growing of monocrystals Ag2Se   
 
In [25] it is shown, that Ag2Se compound can be 

prepared by the fusion of elements in evacuated quartz 
ampoules at temperature higher than 1323K keeping the melt 
during 15-20 hours. By author opinion, the transmission 
method of selenium steams in nitrogen or argon current under 
the surface of heated wood-wool of argentums up to 673K. 
The process is carried out during 6-8 hours till the appearance 
of selenium mirror behind boat with argentums. After finish 
of selenium absorption the obtained selenide is kept in 
vacuum during several hours for distillation of excess 
selenium. It isn’t recommended to increase the temperature at 
that as essential dissociation of argentums selenide is taken 
place already at temperatures higher than 673K. The vacuum 
distillation can be changed by remelting in evacuated quartz 
ampoules, if there isn’t much free selenium in selenide. The 
band recrystallization method can be also used for obtaining 
of very pure samples of Ag2Se [10].  

In the given paper samples of Ag2Se were synthesized 
from components. The initial elements had purity: Ag-
99.999%, selenium has the mark “B5”. The double-walled 
ampoules from high-quality quartz were used as reactor. The 
internal diameter of ampoule is 1.5 cm and length is 10 cm. 
The ampoules were filled by initial components of Ag2Se in 
necessary quantities, were evacuated till pressure 1.3 MPa, 
and further were soldered up. The quantities of initial 
components, necessary for synthesis are: Ag is 66.6666 at%,     
Se is 33.3333 at%. The ampoule with Ag2Se was in 
temperature-stable band of furnace, further furnace 
temperature was increased till selenium melting point 493K 
and ampoule was kept at this temperature during two hours, 
for which the total reaction of selenium-argentums carries 
out. This prevents the ampoule explosion because of the 
increase of selenium steams at temperature increase. After 
that the furnace temperature was increased with velocity     
50K/hour higher, than melting point 1170K of Ag2Se. After 
4-hour keep at this temperature the furnace with velocity 
50K/hour was cooled till 350K and the annealing for total 
homogenization of composition was carried out at this 
temperature during 200 hours. After that the component 
excesses, and also separate formations were absent at 
ampoule inspection. 

 
3. The roentgen-phase analysis   
 
The roentgen-phase analysis was carried out for 

establishment of the fact that obtained ingot is one-phase. 
The powder, which was filled in glass capillary with internal 
diameter ~0,8 mm and extrusion of it from capillary by wire 
of diameter 0,7 mm was prepared from synthesized 
composition, the pressed samples in the form of wire were 
obtained. The powdergrams in camera RKD-57.3 on CuKα 
radiation were taken from such samples. The calculation 
results of powdergrams are given in the table 1. The 
interplanar spacings, calculated from diffraction data, and 
also interplanar spacings with corresponding indexes hkl, 
calculated on computer on lattice parameters are given in this 
table. 

From table 1 it is seen that experimental interplanar 
spacings dexp. well coordinate with interplanar spacings dcalc., 
calculated with the help of computer on parameters of 
elementary cell, given in papers [14,18]. As all 

experimentally fixed diffraction lines are well indicated by 
both structural models, i.e. P2221 and P212121, then further 
we will use structural model P2221. 

 
4. The growth of monocrystals of Ag2Se    
 
The monocrystals of Ag2Se are grown by gas-transport 

reaction or sublimation method. The monocrystals of Ag2Se, 
grown by sublimation method, were big enough and well 
faceted (see fig.2). The powder of synthesized sample was 
filled in quartz ampoule and ampoules, evacuated till pressure 
10-3Pa, were put in central part of horizontal furnace. The 
crystallization temperature was below the melting point, and 
process duration was 70 hours. 

 

 
 
Fig. 2. The monocrystals of low-temperature modification  
            α-Ag2Se with facets of high-temperature OCC  
            modification. 
 
Note that temperature, at which crystal growth takes 

place at growing of monocrystals by sublimation method or 
gas-transport reaction, is higher than temperature of 
polymorphic transformation. That’s why usually crystals of 
high-temperature OCC modification, i.e. β-Ag2Se grow. Only 
at cooling below equilibrium temperature the monocrystals of 
high-temperature modification transform into low-
temperature α-Ag2Se. The monocrystals of Ag2Se, which are 
illustrated on the fig.2, are low-temperature modifications, 
accepted of external habit of OCC modification. 

 
5. The polymorphic transformations in Ag2Se     
 
The monocrystals α-Ag2Se by dimension 5x3x1mm were 

set up on holder of plane samples of diffractometer. The 
seven clear diffraction reflections, the calculations of which 
are given in the table 2 were written at room temperature in 
interval of angles 100≤2θ≤900. After record of diffraction 
reflections at room temperature the furnace was taken on and 
the record at 323K, 373K and 393K was carried out. Note 
that the change in line numbers and intensities at these 
temperatures doesn’t take place. Continuing sample heating 
till 433K, in previous interval of angles of reflection the only 
three diffraction reflections on planes (200), (211) and (220) 
of high-temperature OCC modification was fixed (table 2). 
The repeated record was carried out at room temperature after 
sample cooling. It was established, that orientation of α- and 
β-crystal at tenfold cycle of transformations hadn’t changed, 
i.e. α-crystal “remembers” its initial orientation, and β-crystal 
“remembers” its one. Naturally, the question arises, where 
information on orientation memory of α-crystal in β and vice 
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versa, β-crystal in α at mutual transformation α⇌β is saved. 
Logically the one variant is possible: the potential germ of α-
crystal after the transition in β-crystal and vice versa, saving 
on defect place can be “remembering” element.  

The gauge for finding of equilibrium temperature 
between α- and β-modifications in Ag2Se was set up on 
intensity maximum of the one of more intensive and 
structurally-sensitive diffraction reflections (2θ=36044’) from 
plane (130) of low-temperature α-Ag2Se, which disappears 
after total transformation α→β. Beginning from 393K the 
crystal was heated with velocity 2K/hour. Observing the 
beginning of intensity slump (at heating) or reversible 
reconstruction (at cooling), it was established, that 
equilibrium temperature between α- and β-modifications is 
equal to Ttr=406±1K. The parameter of elementary cell of 
high-temperature modification of Ag2Se is calculated from 
diffraction record of angles of refractions from planes (200), 
(211) and (220) at temperatures 433K, 473K and 523K. The 
calculation of lattice parameters and microdensity of α- and 
β-modifications in the dependence on temperature, which are 
graphically illustrated on the fig.3 are given in table 2. 

 
 
Fig.3. The temperature dependence of lattice parameters and  
          of α- and β-modifications density of Ag2Se. 
 
As it is seen from fig.3 at α→β transformation the 

microdensity changes by jump, i.e. ∆ρ=ρα-ρβ=0.18 g×cm-3. 
This density difference of α- and β-modifications increases 
the elastic voltages on the boundary of two modifications. At 
α↔β transformation the sample monocrystallinity remains 
and even becomes better for 4-times transformation. The 
monocrystallinity strongly worsens at further increase of 
transformation multiplicity because of the stress 
accumulations and defects. The thermal expansion of low-
temperature orthorhombic and high-temperature OCC 
modifications of Ag2Se is calculated from temperature 
dependence of lattice parameters. The values of coefficients 
of thermal expansion are given in the table 3.  

As it seen from the table, the coefficient of thermal 
expansion of orthorhombic modification Ag2Se slowly 
increases at temperature increase in direction [100] and [010], 
and decreases in direction [001]. The anisotropic expansion 
of orthorhombic modification in the dependence on 

temperature is the one of the transformation reasons of this 
modification in OCC modification.  

 
6. The connection of thermodynamic polymorphic  
    modifications 
 
  It is known, that the polymorphic modification of 

substance, which has the free Gibbs minimum energy is the 
most stable at given thermodynamic conditions (temperature 
and pressure). If their free energies are equal, then these 
modifications are in equilibrium state with each other: 

 
G1(T,P)=G2(T,P). 

 
One can ignore the energy change because of the volume 

change and the equality of Helmholtz free energies becomes 
the equilibrium condition: 

 
F1(T)=F2(T), E1 – TS1=E2 – TS2, ∆E – T∆S=0, 

 
where E is internal energy, S is crystal entropy. The 
polymorphic modification with lesser internal energy is stable 
at absolute zero of temperature. The modification with more 
high entropy can become more stable at increase of 
modification temperature. This will take place at 
transformation temperature Ttr, when ∆E=(E2 – E1)tr=Ttr(S2 – 
S1)=Ttrtr. From here it is followed, that values ∆S and ∆E are 
positive ones for the all transformations, which take place at 
T increase. By other words, the polymorphic transformations 
at temperature increase should be accompanied by heat 
absorption in the correspondence with Le-Shatelye principle. 
This means, that structural reconstruction carries out by such 
way, that new-formed structure assumes atom heat 
oscillations with bigger energy at lesser bond voltages. This 
takes place at the increase of crystal volume and often is 
accompanied by decrease of coordination number. 

Phase transformation of I type takes place: a) at strongly 
defined temperature Ttr, b) with transformation change of first 
derivatives of free energy, enthalpy, entropy, volume (heat 
capacity). The transformations on Le-Shatelye principle 
should be accompanied by increase of enthalpy or system 
internal energy, i.e. Hβ – H =∆H, Cp(β) – Cp(α)=∆Cp and Sβ - 
Sα=∆S. 

 

 
 
Fig.4. The temperature dependence of heat capacity of Cp and  
          Cv entropies in temperature interval, capturing the  

          polymorphic transformation α=β in Ag2Se.  ⊙ is Cp,   
           is Cv and      is entropy.  
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The heat capacity at constant pressure Cp, enthalpy   
H(T) – H(298K), entropy S(T) – S(298K) and free Gibbs 
energy G(T) – G(298K)/T in temperature interval 298K-
1000K, which captures the temperatures of polymorphic 
transformations in Ag2Se are given in [28]. Using Nernst 

empiric formula Cp=Cp+0.0214Cp
2 

meltT
T

 from data Cp in 

temperature interval 298-1000K, we calculate heat capacity 
Cv and (Cp, Cv) cal/mol⋅K and ∆S cal/mol⋅K, which endure 
the jumps at transformation temperature, are graphically 
given on the fig.4. The enthalpy jump is equal to              
H(T)–H(298K)=1681 cal.mol-1 at temperature of polymorphic 
transformation, and entropy jump is equal to Sβ - Sα=         
=4.14 cal.mol-1K-1. It is known, that polymorphic trans-

formations take place, if ∆G=0 and then ∆HT – Ttr∆ST=0. The 
transformation temperature at these conditions are equal to  
Ttr = 

T

T

S
H
∆
∆  = 

14/4
1681  = 406K. In [29-32] authors obtained the 

enthalpy and entropy values of polymorphic transformations 
in Ag2Se, which are equal to 1.tr

K406 molccal68.1H −⋅=∆  and 
11tr

K406 Kmolcal14.4S −−⋅=∆  by different methods. 
The structural and thermodynamic data prove that 

polymorphic transformations in Ag2Se are related to phase 
transformations of first type. The transformation of 
orthorhombic modification in OCC modification is 
accompanied by jump change of internal energy, entropy and 
phase volume (density). This is well shown on the fig.3,4. 

 
                                                                                                                                            Table 1.  

   
 The calculation of Ag2Se powdergram. 

Rad. CuKα (λα = 1.5418 Å), filter is Ni. The mode: 35 kV, 8 mA, exposition 24h. 
 

№ dexp. (Å) I/ I0 
On data [14] On data [18] Parameters of crystal lattice 

dcalc.(Χ) hkl dcalc.(Χ) hkl 

Orthorhombic [14] 
а=7,05 Å, 
b=7,85 Å 
c=4,33 Å, 
Z=4Ag2Se, 

sp.gr. 2
2D -P2221 
 
 
 
 
 
 
 
 

Orthorhombic [18] 
а=4,333 Å 
b=7,062 Å 
c=7,764 Å 
Z=4Ag2Se 

sp.gr. 4
2D -P212121 
 
 

1 3.786 10 3.7915 011 3.7836 101 
2 3.338 10 3,3392 111 3.3351 111 
3 2.734 10 2.7337 201 2.7372 120 
4 2.679 100 2.6883 121 2.6158 112 
5 2.622 4 2.6226 220 2.6121 022 
6 2.580 10 2.5816 211 2.5815 121 
7 2.453 20 2.4531 130 2.4300 013 
8 2.238 60 2.2395 031 2.2370 122 
9 2.110 20 2.1011 230 2.1194 113 

10 2.085 60 2.0871 012 2.0874 023 
11 2.070 20 2.0695 102 2.0712 210 
12 2.001 40 2.0012 112 2.0012 211 
13 1.956 10 1.9625 040 1.9410 004 
14 1.890 20 1.8903 231 1.8918 202 
15 1.825 10 1.8278 321 1.8255 132 
16 1.720 10 1.7197 410 1.7216 041 
17 1.670 20 1.6696 222 1.6676 222 
18 1.609 10 1.6078 420 1.6071 042 
19 1.569 10 1.5700 050, 312 1.5615 231 
20 1.504 10 1.5063 340 1.5032 223 
21 1.474 20 1.4755 322 1.4746 232 
22 1.440 10 1.4447 151 1.4457 204 
23 1.413 20 1.4100 500 1.4150 310 
24 1.392 10 1.3916 113 1.3921 311 
25 1.354 10 1.3545 023 1.3573 233, 125 
26 1.324 10 1.3216 511 1.3232 151, 321 
27 1.311 10 1.3113 440, 060 1.3060 044 
28 1.282 20 1.2864 160 1.2907 242 
29 1.240 10 1.2413 530 1.2416 313, 053 
30 1.211 10 1.2115 432 1.2099 243 
31 1.192 10 1.1932 531, 233 1,1920 153, 225 
32 1.172 10 1.1723 450, 512 1.1735 332, 126 
33 1.143 10 1.1431 360 1.1434 314, 054 
34 1.122 10 1.1223 611 1.1239 161,244 
35 1.097 10 1.0894 621, 243 1,0974 216, 136 
36 1.075 10 1.0741 423 1,0745 107 
37 1.059 10 1.0602 114 1.0597 226 
38 1.043 10 1.0435 024 1.0434 402 
39 1.012 10 1.0122 542 1.0121 325 
40 1.001 10 1.0004 513, 034 1.0004 422, 071 
41 0.972 10 0.9706 443 0.9748 171, 344 
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                                                                                                                                                                     Table 2. 
  

The calculation of Ag2Se diffractogram. 
Rad.CuKα (λα=1.5418 Å), filter is Ni. The mode: 35kV, 8mA. 

 
Texp., K θ I/I0 dexp., (Å) dcalc., (Å) hkl Lattice Parameters 

299 

17006′ 40 2.6212 2.6212 220 
Orthorhombic 
а=7,0645 Å 

b=7,8470 Å, c=4,3254Å 
Z=4, sp.gr. 2

2D -P2221 
V=239.7791Å3 
ρ=8.1614 g/cm3 

18022′ 20 2.4465 2.4531 130 
21042′ 60 2.0852 2.0871 012 
24003′ 20 1.8918 1.8906 140 
26035′ 10 1.7227 1.7197 410 
29025′ 10 1.5694 1.5700 050 
33004′ 20 1.4129 1.4100 500 

323 

17004′ 40 2.6266 2.6270 220 
а=7,0645 Å 
b=7,852 Å 
c=4,3295Å 

Z=4, sp.gr. 2
2D -P2221 

V=240.2613Å3 
ρ=8.145 g/cm3 

18020′ 20 2.4512 2.4544 130 
21041′ 60 2.0869 2.0874 012 
24001′ 20 1.8941 1.8915 140 
26033′ 10 1.7246 1.7239 410 
29024′ 10 1.5704 1.5704 050 
33003′ 20 1.4135 14135 500 

373 

17002′ 40 2.6320 2.6298 220 
А=7,0740 Å 
b=7,8630 Å 
c=4,3355Å 

Z=4, sp.gr. 2
2D -P2221 

V=241.1529Å3 
ρ=8.115 g/cm3 

18019′ 20 2.4528 2.4574 130 
21039′ 60 2.0897 2.0897 012 
24000′ 20 1.8955 1.8939 140 
26031′ 10 1.7265 1.7254 410 
29021′ 10 1.5726 1.5726 050 
33001′ 20 1.4148 1.4148 500 

393 

17000′ 40 2.6365 2.6307 220 
а=7,0775 Å 
b=7,8680 Å 
c=4,3386Å 

V=241.5983Å3 
ρ=8.100 g/cm3 

18017′ 20 2.4574 2.4589 130 
21038′ 60 2.0909 2.0911 012 
23059′ 20 1.8964 1.8949 140 
26030′ 10 1.7277 1.7262 410 
29020′ 10 1.5736 1.5736 050 
33000′ 20 1.4155 1.4155 500 

433 

18002′ 100 2.4900 2.4905 200 ОCC, 
 а=4,9809Å 

Z=2, sp.gr.Fm3m 
V=123.573Å3, ρ=7.918g/cm3 

22017′ 60 2.0330 2.0334 211 

25057′ 80 1.7617 1.7610 220 

473 
18001′ 100 2.4924 2.4923 200 А=4,9846Å 

Z=2 
V=123.8486Å3,ρ=7.901g/cm3 

22015′ 60 2.0356 2.0349 211 
25055′ 80 1.7629 1.7623 220 

523 
18000′ 100 2.4948 2.4953 200 А=4,9906Å 

Z=2 
V=124.2963Å3,ρ=7.872g/cm3 

22014′ 60 2.0373 2.0374 211 
25054′ 80 1.7649 1.7645 220 

 
                                                                                                                                 Table 3. 

 
The heat expansion of orthorhombic and OCC modification of Ag2Se. 

   

Temperature, К α[100]10-6К-1 α[100]10-6К-1 α[100]10-6К-1 [ ] [ ] [ ] 16001010100 10
3

−− ××
++

= K
ααα

α  

299-323 
299-373 
299-393 

17.69 
18.17 
19.58 

26.55 
27.55 
28.47 

39.50 
31.55 
32.47 

27.91 
25.76 
26.84 

433-473 
433-523 

26.57 
21.64   26.57 

21.64 
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Y.İ. Alıyev, Ə.Q. Babayev, C.İ. İsmayılov, Y.Q. Əsədov  
 

Ag2Se MONOKRİSTALLARININ POLİMORF ÇEVRİLMƏLƏRİNİN QURULUŞ VƏ TERMODİNAMİK 
ASPEKTLƏRİ 

 
Ag2Se monokristalı sintez edilmiş və sublimasiya üsulu ilə monokristalı yetişdirilmişdir. Yüksək temperaturlu rentgendifraktometrik 

üsul ilə Ag2Se monokristalının polimorf çevrilmələri tədqiq edilmiş və göstərilmişdur ki, Ag2Se monokristalının aşağı temperaturlu 
ortorombik modifikasiyası 406 K-də yüksək temperaturlu həcməmərkəzləşmiş kubik fazaya çevrilir. Çevrilmə prosesi dönər xarakterə malik 
olmaqla monokristal-monokristal tip çevrilməyə aiddir. Tədqiqat nəticələrinin müzakirəsi Ag2Se monokristalına aid termodinamik 
məlumatlar əsasında aparılmışdır. 

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

 
СТРУКТУРНЫЕ И ТЕРМОДИНАМИЧЕСКИЕ АСПЕКТЫ ПОЛИМОРФНЫХ  

ПРЕВРАЩЕНИЙ В Ag2Se 
 

Синтезированы и методом сублимации выращены монокристаллы Ag2Se. Высокотемпературным рентгендифрактометри-
ческим методом исследованы полиморфные превращения в Ag2Se и показано, что низкотемпературная орторомбическая 
модификация при 406К превращается в высокотемпературную ОЦК модификацию. Превращение обратимое и происходит по типу 
монокристалл-монокристалл. При обсуждении результатов широко использовались существующие термодинамические данные. 
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И.М. ЯФЯНДИЙЕВА, Ш.Г. ЯСЭЯРОВ, Л.K. AБDULLAYEVA,  
М.Н. АЬАЙЕВ, М.Щ. ЩЯСЯНОВ 

Бакы Дювлят Университети,  Физика Проблемляри ЕТИ 
AZ 1148,  Бакы ш., акад.Защид Хялилов küç.23 

 
Мягалядя Ал0,8Ни0,2/nSi Шоттки  диодларынын волт-ампер характерстикалары анализ едилмиш, електрофизики параметрлярин диодун щяндяси 

юлчцляриндян асылылыьы тядгиг олунмушдур. Ъяряйан дашынмасында сятщи щалларынын ролуна бахылмышдыр. Сятщи електрон щаллар сыхлыьынын   
енерэетик пайланмасыны тяйин етмяк цчцн диелектрик аралыглы метал-йарымкечириъи контакт моделиндян истифадя олунмушдур. Алынмыш 
сятщи щаллар сыхлыьынын спектри гадаьан олунмуш зонада алуминиум вя никел цчцн сяъиййяви  дискрет сятщи сявиййялярин мювъудлуьуну  
ашкар етмишдир.  

 
Сон илляр електрониканын инкишафы иля ялагядар олараг ки-

чик юлчцлц Шоттки диодларына (ШД) мараг даща да артмышдыр 
[1]. Метал-йарымкечириъи айрылма сярщяддинин бцтцн мюв-
ъуд нязяриййяляри беля бир фярзиййя ясасында гурулмушдур 
ки, сярщяд атом мигйасында чох кяскиндир, лакин бир чох 
фактлар тясдиг едир ки, щятта отаг температурунда металын 
чюкдцрцлмяси заманы метал-йарымкечириъи айрылма сярщядди 
эюстярилян атом мигйасында кяскин ола билмяз. Реал метал-
йарымкечириъи контактлары щямишя бу вя йа диэяр дяряъядя 
гейри-биръинсдир [2]. Шоттки диодларында айрылма сярщядди-
нин биръинлилийини тямин етмяк мягсядиля чох щалларда 
аморф метал тябягя истифадя олунур [2,6,9,10,11]. Бу он-
дан иряли эялир ки, биръинсли айрылма сярщяддини йарадан мо-
нокристаллик тябягянин алынмасы техноложи бахымдан чятин-
дир. Метал тябягя поликристаллик олдугда ися айрылма сяр-
щядди биръинсли ола билмяз.  

Диэяр тяряфдян, контакт структурларын електрофизики па-
раметрляри ъищазын алынма технолоэийасындан вя  материал-
ларын нювцндян  асылыдырлар. Бу бахымдан, биръинсли айрылма 
сярщяддинин йарадылмасы ещтималыны артыран аморф тябягяля-
рин истифадя едилмяси даща мягсядяуйэундур.  

Кичик щяъм вя кичик сащялярдя ашгарын мигдары вя она 
уйьун олараг сятщи сявиййялярин сыхлыьы флуктуасийа едир. Бу-
на эюря дя метал-йарымкечириъи структурларынын юлчцляринин 
кичилдилмяси параметлярин флуктуасийасына сябяб ола биляр. 
Бу ися ейни характеристикалы елементляр йарадылмасыны чятин-
ляшдирир.  

Йухарыдакылары ясас тутараг аморф метал тябягяли кичик 
юлчулу Ал0,8Ни0,2-nSi Шоттки диодлары тядгиг едилмишдир.  

 
Експериментин кечирилмяси вя алынмыш нятиъялярин мцзакиряси 
 

Ал0,8Ни0,2 аморф хялитяси вакуум електрон–шца бухар-
ланмасы методу иля алынмышдыр [3].  Алтлыг олараг (111) ори-
йентасийалы  н-тип силисиум лювщясиндян истифадя олунмушдур.  

Диод матриси сащяляри (1÷14)⋅10-6см2 диапозонунда дяйи-
шян 14 диоддан ибарятдир. Ал0,8Ни0,2/нСи диодларынын волт-
ампер характеристикалары (ВАХ) эениш температур 
(298÷458)К вя  эярэинлик (дцз истигамятдя (0,1÷0,5)В, якс 
истигамятдя (0,1÷15)В) интервалында  тядгиг олунмушдур. 
Мягалядя  4⋅10-6см2 , 6⋅10-6см2, 13⋅10-6см2 юлчцлц сащяйя ма-
лик диодларын отаг температурунда (Т=298К) вя 
(0,1÷0,5)В эярэинлик интевалында тядгигиндян алынан нятиъя-
ляр аналлиз едилмишдир.  

Експериментдян алынмыш ВАХ-ларын анализи характерис-

тика диференсиал маиллийинин- ⎟
⎠
⎞⎜

⎝
⎛ = dV

Id lnα  тятбиг олунан  

эярэинликдян вя температурдан асылылыьыны эюстярир. Бу ися 
контактын физики моделинин мцряккяб олдуьуну ашкар едир. 
Бу мцряккяблик  ики факторла: контактда сятщи електрон 
щалларынын вя диелектрик аралыьын мювъудлуьу иля ялагялян-
дириля биляр [4].  

Експериментдян алынан нятиъяляр ясасында lnI=f(V) асы-
лылыьы гурулмушдур. Эярэинлийин (0,1÷0,5)В гиймятляриндя 
асылылыьын хятти щиссясини нязяря алмагла отаг температу-
рунда (Т=298К) мцхтялиф сащяли: 4⋅10-6см2 , 6⋅10-6см2, 
13⋅10-6см2 диодлар цчцн потенсиал чяпярин щцндцрлцйцнцн  
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гиймятляри щесабланмыш, онларын эярэинлик вя сащядян 
асылылыьы тядгиг едилмишдир (шяк.1.),   (шяк. 2.). 

 
Шякил 1. Ал0,8Ни0,2-nSi -нСи диодлары потенсиал чяпярин щцндцрлцйцнцн эярэинликдян вя  сащядян асылылыьы 
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Тятбиг олунмцш эярэинлийин кичик гиймятляриндя алынмыш 
потенсиал чяпярин щцндцрлцйцнцн орта гиймяти 

еV)63,0(Ф b = ядябиййатдан мялум гиймятляря уй-
ьундур [2,3,9,10,11].  

Шякил 1 вя шякил 2-дян эюрцнцдцйц кими потенсиал чяпя-
рин  щцндцрлцйц вя гейри-идеаллыг ямсалынын диодун щяндяси 
юлчцляриндян асылылыг характери ейнидир. 

 
Шякил 2. Ал0,8Ни0,2-нСи диодлары гейри-идеаллыг ямсалынын эярэинликдян вя  сащядян асылылыьы 

 
Термоелектрон емиссийа нязяриййясиня ьоря  потенсиал 

чяпярин  щцндцрлцйц вя гейри-идеаллыг ямсалы эярэинликдян  
асылы олмамалыдыр.  

Алымнмыш нятиъялярдян беля бир гянаятя эялмяк олар ки, 
Ал0,8Ни0,2 аморф тябягя вя Си арасында диелектрик аралыг 
мювъуддур вя тятбиг олунан V эярэинлийинин бир щиссяси V1 
аралыьына, диэяр щиссяси ися фяза йцкц областына (ФЙО) 
дцшцр: V=V1+V2. Бц заман  Шоттки диодунун  цмуми  мо-
дели цчцн ВАХ  беля ифадя  олунур: 

 

                     )(
21

kT
eV

kT
eV

s eeII −
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Сятщдя йцкдашыйыъыларын енержи спектринин дяйишмяси вя 

потенсиал  чяпярин  йаранмасы юлчц еффектлярини ашкар едян 
сятщи щалларынын хцсусиййятляри иля изащ олунур[5]. Контакт-
да сятщи щаллар мювъуд олдугда тятбиг олунмуш эярэинлик 
нятиъясиндя орадакы йуклярин мигдары дяйишир. Бу ися н - 
гейри–идеаллыг ямсалынын эярэинликдян асылы олараг дяйишмя-
синдя юзцнц эюстярир.  

Мцхтялиф сащяли: 4⋅10-6см2 , 6⋅10-6см2, 13⋅10-6см2  диод-
лары цчцн алынмыш нятиъялярин мцгайисяси ону эюстярир ки, 
верилмиш эярэинлик интервалында диоду характеризя едян ясас 
електрофизики параметрлярин  диодун щяндяси юлчцляриндян 
асылылыг характери  ейнидир. Бу ися  диодларын щяндяси юлчцля-
риндян асылы олмайараг флуктуасийаларын тякрарланмасыны 
билдирир. Нятиъядя алыныр ки, термоелектрон емиссийа нязярий-
йясиндян фяргли олараг ъяряйан дашынмасы сятщи щаллар Васи-
тясиля баш верир [6] вя дашынманын характери бцтцн сащяляр 
цчцн ейнидир. 

Диференсиал маиллийин (α, α*-дцзцня вя яксиня истигамят-
дя) эярэинлик, температур вя сащядян асылылыьы имкан верир 
ки,  Ал0,8Ни0,2-нСи диодунун  диелектрик аралыглы моделя уй-
ьун эялдийини сюйляйяк. Йухарыдакылары ясас тутараг вя мя-
лум методикайа ясасланараг [6] силисиумун гадаьан 
олунмуш зонасында сятщи щалларын сыхлыьы щесабланмышдыр: 
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бурада: ε1 - аралыьын диелектрик нцфузлуьу, ε2- фяза йцкц 
областынын диелектрик нцфузлуьу,  L0 - фяза йцкляр областынын 
ени (V=0 олдугда ), d -  диелектрик аралыьын галынлыьыдыр.   

Ялдя едилмиш нятиъяляр ясасында силисиумун гадаьан 
олунмуш зонасында сятщи щалларын дифференсиал сыхлыьынын 

(
dE

dmi ) енержийя эюря пайланмасы  шяк.3-дя эюстярилмиш-

дир. Сятщи щалларын кясилмяз спектриндя фонунда дискрет 
сявиййяляр ашкар едилмишдир. 

Алынмыш спектр ядябиййатла мцгайися едилдикдя Ei=0,23 еВ 
вя Ei=0.75еВ сявиййяляринин  никеля мяхсус олмасыны ашкар 
олунур [7 ],  (0,33-0,41)еВ вя (0,54-0,56)еВ сявиййяляри 
металларын (W, Mo, Cu, Al) силисиумла олан мцхтялиф тех-
ноложи шяраитлярдя алынмыш контактларда мцшащидя олунур-
лар. Эуман етмяк олар ки, (0,33-0,41)еВ сявиййяси силисиу-
мун сярбяст валентлийи иля ялагядардыр . Бу нятиъя ондан 
иряли эялир ки, бу енержи сявиййяси мцхтялиф методларла алын-
мыш мцхтялиф металларла силисиумун контактында мювъуд-
дур вя онун консентрасийасы техноложи режимдян асылы 
олараг артыр вя йа азалыр [8].  

Ядябиййатдан мялумдур ки, Аэ, Ъу, Ни металларын 
адсорбсийасы заманы Си сятщиндя ики: (0,66-0,71)еВ вя 
0,74еВ сявиййяляри йараныр. Бу сявиййяляр адсорбсийа етмиш 
метал атомларынын сятщдя мювъуд олан структур дефектиля 
йарадылмыш ялагяси иля шяртлянирляр [5].  

Беля бир ещтимал вар ки, (0,54-0,56)еВ енержи сявиййяси 
метал вя Си гаршылыглы тясириндян йараныр [8]. Бу сявиййя 
спектрал-шуаланма методу иля алынмыш контактларда да 
мцшащидя олунур. Бу щалда металын бухарланмыш атомлары 
метал-Си ялагясини йаратмаг цчцн кифайят гядяр бюйцк 
ененжийя малик олурлар.  
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Шяк.4.16  Ал80Ни20 –nSi Шоттки диоду цчцн дифференсиал сятщи щаллар сыхлыьынын енержийя эюря пайланмасы. 

 
Нятиъя 
 
Ал0,8Ни0,2/nSi Шоттки  диодларын айрылма сярщяддиндя 

ъяряйан дашынмасынын сятщи щаллар ролунун цстцнлцйц иля 
баш вермяси мцяййян едилмишдир.  

Айырылма сярщяддин електрон щалларынын   енерэетик пай-
ланмасыны тяйин етмяк цчцн юнъя [5]  тяклиф  олунан  модел- 

дян истифадя едилмишдир.  
Алынмыш сятщи щаллар сыхлыьынын спектри силисиумун га-

даьан олунмуш зонасында Ал, Ни вя Си-а аид дискрет  ся-
виййялярин мювъудлуьу  ашкар едилмишдир.  

 Алынмыш нятиъяляр аморф хялитяли контактларын йарадыл-
масында, дашынма механизмляринин анализиндя вя йени тят-
биг сащяляринин арашдырылмасында истифадя олуна биляр.
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ELECTRONIC PROPERTIES OF INTERFACE  OF Al0.8Ni0.2/nSi  DIODES  

 
In the paper current-voltage characteristics  of Al0.8Ni0.2/nSi  Schottky diodes has been analyzed. The dependence of electro-physical 

parameters on their geometrical sizes has been investigated. The role of surface states in current transfer has been considered. For the 
obtaining of power distribution of surface state’s density the model of metal - semiconductor contact with a dielectric gap has been used. The 
obtained spectrum of surface states conditions has revealed the surface levels inherent to aluminum and nickel. 

 
И.М. Эфендиева, Ш.Г. Аскеров, Л.К. Абдуллаева, М.Н. Агаев, М.Г. Гасанов 

 
ЭЛЕКТРОННЫЕ СВОЙСТВА ГРАНИЦЫ РАЗДЕЛА ДИОДОВ  Al0,8Ni0,2/nSi 

 
В статье проанализированы вольт-амперные характеристики диодов Шоттки Al0,8Ni0,2/nSi, исследована зависимость 

электрофизических параметров от их геометрических размеров. Рассмотрена  роль поверхностных состояний в переносе тока. Для  
получения энергетического распределения плотности поверхностных состояний  была  использована модель контакта металл-полу-
проводник с диэлектрическим зазором. Полученный спектр поверхностных состояний выявил поверхностные уровни,  присущие 
алюминию и никелю. 
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Àçÿðáàéæàí Òèáá Óíèâåðñèòåòè 

 
Ð.Æ. ÃÀÑÛÌÎÂÀ, Ã.ß. ÑßÔßÐÎÂÀ, Í.À. ÀÑËÀÍÎÂÀ  

Áàêû Äþâëÿò Óíèâåðñèòåòè 
AZ 1148,  Áàêû ø., àêàä. Çàùèä Õÿëèëîâ kö÷., 23 

 
Ýþñòÿðèëìèøäèð êè, ñàáèò èíòåíñèâëèê éàõûíëàøìàñûíäà ìÿðêÿçèñèììåòðèê îëìàéàí ìöùèòëÿðäÿ ìöùèòèí êóáèê ãåéðè-õÿòòèëèéè èêèícè 

ùàðìîíèéàíûí ýåíåðàñèéàñû çàìàíû ìöùöì ðîë îéíàéûð. Êóáèê ãåéðè-õÿòòèëèéèí íÿçÿðÿ àëûíìàñû ãàðøûëûãëû òÿñèðäÿ îëàí äàëüàëàð àðàñûíäàêû 
îïòèìàë ôàçà ìöíàñèáÿòèíÿ òÿñèð åäèð. Áó äà þç íþâáÿñèíäÿ èêèícè ùàðìîíèéàíûí èíòåíñèâëèéèíèí ôÿçà äþéöíìÿëÿðèíèí ïåðèîäóíó äÿéèøäèðèð. 
Ôÿçà äþéöíìÿëÿðèíèí ïåðèîäóíóí ìöùèòèí êóáèê ãåéðè-õÿòòèëèêäÿí àñûëûëûã ôàêòû ìöùèòèí êóáèê ãåéðè-õÿòòè ãàâðàéûcûëûüûíû ãèéìÿëÿíäèðìÿéÿ 
èìêàí âåðèð. 

 
Ãåéðè-õÿòòè ãàâðàéûcûëûã ãåéðè-õÿòòè ìöùèòèí ÿñàñ ïàðà-

ìåòðëÿðèíäÿí áèðèäèð. Áó ïàðàìåòðèí òÿéèíè ÿñàñÿí ãåéðè-õÿòòè 
îïòèêà ìåòîäóíà ÿñàñëàíûð. Áóíóí ö÷öí îïòèê òåçëèêëè øöà-
ëàíìàëàðûí ãåéðè õÿòòè ìöùèòëÿðäÿ ÷åâðèëìÿ ïðîñåñèíäÿí èñ-
òèôàäÿ îëóíóð [1-3]. Èêèícè ùàðìîíèéà ïðîñåñèíèí ñàáèò àìïëè-
òóä éàõûíëàøìàñûíäà òÿùëèëè ýþñòÿðèð êè, òåçëèéèí èêèícè ùàðìî-
íèéàéà ÷åâðèëìÿñèíèí åôôåêòèâëèéè ìöùèòèí ãåéðè-õÿòòè ãàâðàéû-
cûëûüû èëÿ ìöòÿíàñèáäèð [4, 5]. Áó ôàêò ãåéðè-õÿòòè ãàâðàéûcûëû-
üûí òàïûëìàñûíà èìêàí éàðàòäû. Ëàêèí, ãåéä åòìÿê ëàçûìäûð êè, 
ñàáèò àìïëèòóä éàõûíëàøìàñûíäà ãåéðè-õÿòòè ãàâðàéûcûëûüûí òÿ-
éèíè î ãÿäÿð äÿ êîððåêò äåéèëäèð. ×öíêè, áó éàõûíëàøìàäà ãàð-
øûëûãëû òÿñèð ïðîñåñèíäÿ ÿñàñ äàëüàíûí ùÿì ùÿãèãè àìïëèòóäàñû 
âÿ ùÿì äÿ ôàçàñû äÿéèøìÿç, éÿíè ñàáèò ýþòöðöëöð. Áó äà äàë-
üàëàðûí ãàðøûëûãëû òÿñèðèíèí éàëíûç áàøëàíüûc ìÿðùÿëÿñèíè äöç-
ýöí õàðàêòåðèçÿ åòìÿéÿ èìêàí âåðèð. 

Àõûð çàìàíëàðäà ãåéðè-õÿòòè ãàâðàéûcûëûüûí òÿéèíè ñàáèò èí-
òåíñèâëèê éàõûíëàøìàñûíäà äà àïàðûëìûøäûð [6]. Ñàáèò àìïëèòóä 
éàõûíëàøìàñûíäàí ôÿðãëè îëàðàã, ñàáèò èíòåíñèâëèê éàõûíëàøìà-
ñûíäà ãàðøûëûãëû òÿñèð çàìàíû ÿñàñ äàëüàíûí éàëíûç ùÿãèãè àì-

ïëèòóäàñû äÿéèøìÿç ùåñàá åäèëèð, äàëüàëàðûí ôàçàñûíà èñÿ ùå÷ 
áèð ìÿùäóäèééÿò ãîéóëìóð. Áóíóíëà äà, èêèícè ùàðìîíèéà 
äàëüàñûíûí ÿñàñ äàëüàíûí ôàçàñûíà ÿêñ òÿñèðè íÿçÿðÿ àëûíìûø 
îëóð. Îíà ýþðÿ äÿ ñàáèò èíòåíñèâëèê éàõûíëàøìàñûíäà äàë-
üàëàðûí ãàðøûëûãëû òÿñèðèíè õàðàêòåðèçÿ åäÿí ãûñàëäûëìûø òÿí-
ëèêëÿð ñèñòåìèíèí ùÿëëè, ñàáèò àìïëèòóä éàõûíëàùìàñûíäàêû ùÿë-
ëÿ íÿçÿðÿí äàùà äÿãèã îëóð [6]. Ñàáèò àìïëèòóä éàõûíëàøìàñû-
íûí íÿòècÿñèíäÿí ôÿðãëè îëàðàã, ñàáèò èíòåíñèâëèê éàõûíëàøìà-
ñûíäà èêèícè ùàðìîíèéà äàëüàñûíûí ùÿãèãè àìïëèòóäàñûíûí âÿ 
åëÿcÿ äÿ èíòåíñèâëèéèíèí ôÿçà äþéöíìÿëÿðèíèí ïåðèîäó ìöùèòèí 
ãåéðè-õÿòòè ãàâðàéûcûëûüûíäàí àñûëûäûð. Áó àñûëûëûã ãåéðè-õÿòòè 
ãàâðàéûcûëûüûí äàùà äÿãèã òÿéèíèíÿ èìêàí éàðàäûð. 

Ùàçûðêè èøäÿ ñàáèò èíòåíñèâëèê éàõûíëàøìàñûíäà ìÿðêÿçè-
ñèììåòðèê îëìàéàí ìöùèòëÿðäÿ èêèícè ùàðìîíèéàíûí ýåíåðàñè-
éàñû ïðîñåñè çàìàíû äàëüàëàðûí þç-þçöíÿ òÿñèðè äÿ íÿçÿðÿ àëûí-
ìàãëà, ìöùèòèí ãåéðè-õÿòòè ãàâðàéûcûëûüûíûí ãèéìÿòëÿíäèðèëìÿ-
ñè àðàøäûðûëìûøäûð. 

Èêèícè ùàðìîíèéàíûí ýåíåðàñèéàñû àøàüûäàêû òÿíëèêëÿð ñèñ-
òåìè âàñèòÿñèëÿ õàðàêòåðèùçÿ îëóíóð [7-8]: 

 

                                            

2 21
1 1 1 1 2 11 1 12 2 1,

2 222
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exp( ) ( )

exp( ) ( )
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dA A i A i z i A A A
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δ γ γ γ

δ γ γ γ

∗+ = − − ∆ − +

+ = − ∆ − +
                                      (1) 

 
Áóðàäà A1, A2 - óéüóí îëàðàã ω1 âÿ ω2  (ω2 =2ω1 ) òåçëèêëè 

äàëüàëàðûí êîìïëåêñ àìïëèòóäëàðû, γ1,2 - ìöùèòèí êâàäðàòèê 
ãåéðè-õÿòòèëèéèëÿ  âÿ γjj , γmj  èñÿ ìöùèòèí êóáèê ãåéðè-õÿòòèëèéèëÿ 
áàüëû îëàí ãåéðè-õÿòòè ÿëàãÿ ÿìñàëëàðûäûð [8]:  
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γ11 , γ22 ÿìñàëëàðû äàëüàëàðûí þç-þçöíÿ âÿ γ12 , γ21 - èñÿ äàëüàëà-
ðûí ÷àðïàç ãàðøûëûãëû òÿñèðè èëÿ áàüëûäûð, ∆=k2 -2k1 - ôàçà ñöðöø-
ìÿñè, δ1,2- óéüóí îëàðàã ω1 âÿ ω2 òåçëèêëè äàëüàëàðûí óäóëìà 
ÿìñàëëàðûäûð. 
       (1) òÿíëèêëÿð ñèñòåìèíèí  
 

         1 10 2( 0) , ( 0) 0A z A A z= = = = ,                      (2) 
 

áàøëàíüûc øÿðòè äàõèëèíäÿ ñàáèò èíòåíñèâëèê éàõûíëàøìàñûíäà 
ùÿëëè èêèícè ùàðìîíèéà äàëüàñûíûí ùÿãèãè àìïëèòóäàñûíûí ãåé-
ðè-õÿòòè ìöùèòèí óçóíëóüóíäàí ùàðìîíèê ãàíóíëà àñûëûëûüûíà 
ýÿòèðèð (δ2=2δ1): 

  
 

                                    
( )2 21 11 102

2 2 10
2 2

( ) exp ,
2

i Isin zA z i A z
δ γ γλγ

λ

⎧ ⎫+ + − ∆⎡ ⎤⎪ ⎪⎣ ⎦= − −⎨ ⎬
⎪ ⎪⎩ ⎭

                                (3) 

áóðàäà  

                                          ( )22 2
12 / 4NLλ = Γ + ∆ − ∆ , 2

1 2 10 ,Iγ γΓ = 10 10 10I A A∗= ,   
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1 11 12 10(2 )NL Iγ γ∆ = −  ãåéðè-õÿòòè ôàçà ñöðöøìÿñèäèð,. 

(3) èôàäÿñèíäÿí  A2(z) -èí äÿéèøìÿ ïåðèîäó  
 

       ( )22
1/ 2 / 4NL

perz π= Γ + ∆ − ∆ .                       (4) 

 
(4) èôàäÿñèíÿ ýþðÿ ñàáèò èíòåíñèâëèê éàõûíëàøìàñûíäà èêèícè 
ùàðìîíèéàíûí ùÿãèãè àìïëèòóäóíóí ôÿçà äþéöíìÿëÿðèíèí ïå-
ðèîäó ñàáèò àìïëèòóä éàõûíëàøìàñûíäàí ôÿðãëè îëàðàã ÿñàñ äàë-

üàíûí èíòåíñèâëèéèíäÿí I10 âÿ ãåéðè-õÿòòè ôàçà ñöðöøìÿñèíäÿí 

1
NL∆  äÿ àñûëûäûð.  

Ãåéðè-õÿòòè ôàçà ñöðöøìÿñè äÿ þç íþâáÿñèíäÿ ãåéðè-õÿòòè 
ÿëàãÿ ÿìñàëëàðûíûí ôÿðãè èëÿ (2γ11-γ21), éÿíè êóáèê ãåéðè-õÿòòè 
ãàâðàéıcûëûãëà ìöòÿíàñèáäèð. Áåëÿëèêëÿ, èêèícè ùàðìîíèéà äàë-
üàñûíûí ùÿãèãè àìïëèòóäàñûíûí ãåéðè-õÿòòè ÿëàãÿ ÿìñàëëàðûíäàí 
γ11,γ21 àñûëûëûüû ìàääÿíèí êóáèê ãåéðè-õÿòòè ãàâðàéûcûëûüûíû òàï-
ìàüà èìêàí âåðèð.  

Éÿíè ìÿñÿëÿíèí ïàðàìåòðëÿðèíèí âåðèëìèø ãèéìÿòëÿðèíäÿ 
èêèícè ùàðìîíèéàíûí àìïëèòóäóíóí ìèíèìóìëàðûíà ýþðÿ ôÿçà 
äþéöíòöëÿðèíèí ïåðèîäóíó ìöÿééÿí åòìÿêëÿ, ìàääÿíèí êó-
áèê ãåéðè-õÿòòè ãàâðàéûcûëûüûíû ãèéìÿòëÿíäèðìÿê îëàð. 
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DETERMINATION OF MEDIA HIGH–ORDER SUSCEPTIBILITY BY NONLINEAR OPTICS METHOD 

 
It is shown that, in constant - intensity approximation at second harmonic generation in noncenrtosymmetrical media, the cubic 

susceptibility can play an important part. It is shown that cubic nonlinearity influence on optimal phase relationship between the interacting 
waves, the spatial beating period of the intensity of second harmonic. The dependence of the period of spatial beats on the cubic nonlinearity 
of a medium allows one to estimate the substance cubic susceptibility. 

 
З.А. Тагиев, Р.Дж. Касумова, Г.А. Сафарова, Н.А. Асланова  

 
ОПРЕДЕЛЕНИЕ МЕТОДОМ НЕЛИНЕЙНОЙ ОПТИКИ ВОСПРИИМЧИВОСТИ ВЫСШЕГО 

ПОРЯДКА ВЕЩЕСТВ 
 
Анализ в приближении заданной интенсивности процесса генерации второй гармоники в нецентросимметричных средах 

показал, что кубическая восприимчивость при этом играет существенную роль. Показано, что учет кубичной нелинейности влияет 
на оптимальное фазовое соотношение между взаимодействующими волнами, на период пространственных биений интенсивности 
второй гармоники. Факт зависимости периода пространственных биений от кубической нелинейности среды позволяет оценить 
кубическую восприимчивость вещества. 
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THE PARAMETERS OF MARTENSITIC TRANSFORMATIONS IN  

Ti32Hf18Ni50-xCux ALLOYS 
 

M.B. BABANLI  
Azerbaijan Technical University 
Az1073, Baki, H. Javid ave., 25   

 
The multi-component alloys on TiNi basis, where the relation «A(Ti):B(Ni)» 50:50, A:Ti32Hf18Ni50-xCux (where x=0; 5; 15; 25; 35; 

45at.%) are elaborated. All alloys are obtained and investigated by different methods. One can reveal, that region of homogeneous B2-solid 
solution stays constant only at cuprum concentrations, not exceeding 28 at%. The alloys at big concentrations become supersaturated and 
their eutectic transformation with formation of phase mixB2-TiNi and B11-TiCu take place. 

 
Introduction.  
 

The study of martensitic transformations, to which the big 
group of structural phase transfers of diffusion-free 
cooperative type, presents the certain interest. As martensitic 
transformations in many cases are accompanied by unusual 
effects, then they open the wide perspectives for practical 
applications. But from the other hand our task was 
complicated by the fact, that it is necessary to take into 
consideration the tendency of alloying element to amorphous 
transformation at ultraspeed tempering, saving at this the 
effect of shape memory, hyperelasticity and other functional 
properties after the crystallization.  

The alloy obtaining on the basis of titanium nickelide 
from liquid state has the set of advantages: the ability of 
fixing of high-temperature state without additional thermal 
treatment, prevention of decay of solid solution, ability to 
regulate of dimension of solid grain and width of obtained 
tapes in definite limits. The appearance of new structural and 
phase states is possible at such method of material obtaining. 

 The solidification of melted material with extreme-high 
cooling rates (more than 1050C/c) allows to obtain practically 
whole gamma of amorphous and microcrystal materials with 
enough high productivity. The heat bend from solidificating 
melt can be carried out by radiation, convection and heat 
capacity. The concrete mechanism of heat transfer both single 
(at cooling melt drops in vacuum because of radiation) and 
combined ones is realized in the dependence on obtaining 
method.  

 
The choice of material and experiment technique.  
 

The choice of chemical composition for multi-component 
alloys with the effect of shape memory on TiNi basis, which 
further will be obtained by ultraspeed tempering from the 
melt, is based on two principles. Firstly, chemical 
composition should be related to amorphous transformation 
at ultraspeed tempering from the melt, secondly the alloy 
should have the martensitic transformations in massive state 
(till ultraspeed tempering from the melt). 

In our paper the quick-tempered tapes (of foil), obtained 
from “master” alloys on the technique, described in [1] are 
investigated, the ultraspeed tempering from melt (flow 
turning), Planar Flow Casting.  

The multi-component alloys on TiNi basis, where the 
relation «A(Ti):B(Ni)» 50:50 are chosen for the investigation. 
The A: Ti32Hf18Ni50-xCux type (where x= 0; 5; 15; 25; 35; 
45at.%), where only Cu is varied in the composition is 
elaborated. 

The differential scanning calorimeter (DSC) Mettler DSC 
30 and Mettler DSC 822e was used for the investigation of 
thermodynamic properties. These devices alloy to carry out 
the investigations in temperature range from -150°C till 
700°C with heating rate 10-10K/c and cooling rate 10-20 K/c. 
The sample masses are from 5 till 10 mg, box materials, in 
which the samples are situated, are platinum and aluminum 
ones. The main complex of experimental investigation 
methods is also applied: X-ray diffraction analysis, 
resistivities, spectroscopy, transmission and raster electron 
microscopy. 

The nominal chemical composition of investigated quick-
tempered tapes of A type (Ti, Hf)(Ni, Cu), melt temperature 
at Tq output and width of obtained foils d are given in the 
table 1.  

                                                                         Table 1 
The nominal chemical composition of quick-tempered foils 

 
Alloy Nominal chemical 

composition (at. %) 
Tq(0C ) d 

(mc
m) Ti Hf Ni Cu 

A0 32 18 50 - 1380 30 
A1 32 18 45 5 1296 30 
A2 32 18 35 15 1285 30 
А3 32 18 25 25 1300 30 
A4 32 18 15 35 1200 30 
А5 32 18 5 45 1100 30 

 
                                                                           Table 2 
The main characteristics of martensitic transformation in 

elaborated system alloys (Ti,Hf)(Ni,Cu) in massive state after 
obtaining. 

Alloy Phase 
transformations 

Parameters of martensitic 
transformations 

MS Mp Mf AS Ap Af 
C° 

A1 B2↔(B19+В19′) 161 122 4 50 178 226 
A2 B2→B19 

B19→B19′ 147 
-12 

-8 
-46 

-
12 
-

90 

120 
-35 

150 
2 

181 
74 

A3 B2→B19 
B19↔B19′ 

121 
-140 

57 
-155 

-28 
<-

196 

1 
-

110 

78 
-69 

175 
8 

A4 
A5 

There are no martensitic transformations in temperature 
interval from -196 till +250°C. 

 
All these alloys firstly are obtained by arc melting 

(sixfold remelt), by the technique, described in [2]. The 
martensitic transformations are revealed not in all alloys. The 
main characteristics of martensitic transformation in 
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elaborated system alloys (Ti,Hf)(Ni,Cu) in massive state after 
obtaining are given in table 2, main characteristics after 
homogenization at temperature 950°C during 1 hour, 
including  ∆T (MP hysteresis) are given in table 3. 

 
The results and their discussion.  
 

One can reveal in studied cuprum alloys of A type: 
Ti32Hf18Ni25Cu25→Ti32Hf18Ni50-xCux (where x=5÷45 at.%), 
that region of homogeneous B2-solid solution saves only at 
cuprum concentration, not exceeding 28at.%. At big 
concentrations the cuprum alloys become supersaturated and 
the eutectic transformation with formation of phase mix B2-
TiNi and B11-TiCu take place. The alloy Ti32Hf18Ni25Cu25, 
chosen by us, is in the region of solid solution (table 2 and 3). 

  As it is seen from the tables, both martensitic phases in 
alloys with small cuprum additions coexist in the one 
temperature interval, where Ms is 161°C, Af is 226°C; these 
two transitions after homogenizated annealing  at temperature 
900°C during 1 hour, and parameters of martensitic 
transformation are some increased correspondingly till 190 
and 236°C. 

The phase transformations in alloys with 15 at.% of 
cuprum carry out in two stages: on the first stage B2↔B19, 
and on the second one B19↔B19’. The parameters of 
martensitic transformations are essentially changed: Ms 

(B2↔B19) decreases till 147°C, and Af till 180°C. The 
parameters of martensitic transformation B2↔B19 are some 
increased Ms=178°C, Af=200°C after analogous thermal 
treatment (homogenization at 900°C during 1 hour). The 
parameters of second transition are also changed B19↔B19: 
before homogenization Ms=-12°C, Af=74°C, after 
homogenization Ms=72°C, Af=130°C. 

The two martensitic transitions B2↔B19 and B19↔B19’ 
are also observed in Ti32Hf18Ni25Cu25 alloy, but parameters of 
martensitic transformations decrease till 121°C (Ms) and till 
175°C (Mf, B2↔B19), after homogenization Ms corresponds 
to 100°C, and Mf=250°. The second transformation 
B19↔B19’ goes deeper (for example, Mf (B19↔B19’) 
corresponds to temperature below -196°C), after thermal 
treatment one can stabilize and increase Mf (B19↔B19’) till 
temperature -185°C. The alloy with 25 at.% Cu on its main 
parameters is the more interesting for further investigation. 

  The martensitic transformation in temperature interval    
-196÷+250°C one can’t fix in Ti32Hf18Ni50-xCux 
(x=35÷45at.%) alloys. The martensitic transformation isn’t 
also revealed after homogenizated annealing at 900°C during 
several hours.  

 
                                                                                                              

                                                                                                               
                                                                                                                                         Table 3 

The main characteristics of martensitic transformation in elaborated alloys of (Ti,Hf)(Ni,Cu) systems in massive state after 
homogenization at temperature 9500C during 1 hour (∆T is MP hysteresis). 

 
Alloy 

 
Characteristics of 

martensitic 
transformation 

MS, 
°C 

Mp, 
°C 

Mf, 
°C 

AS, 
°C 

Ap, 
°C 

Af, 
°C 

∆T, 
°C 

A0 В2↔В19’ 230 212 150 225 258 287 55 
A1 В2↔(B19+В19’) 190 130 0 61 192 236 62 

 
A2 

 
В2↔B19 

B19↔В19’ 

178 130 72 145 170 200 20 

72 30 -48 25 70 130 55 

A3 В2↔B19 
 

B19↔В19’ 

121 57 -28 1 78 175 20 

-143 -155 <-175 -99 -58 1 >100 
 

The typical curves of differential scanning calorimetry at 
temperature -150÷600°C and cyclic cooling process ↔ heating for 
Ti32Hf18Ni45Cu5 and Ti32Hf18Ni35Cu15 alloys more detail reveal the 
character and consistency of martensitic transformations. The 
diagram of martensitic transformations for four-component 
alloy TiHfNiCu is similar on metastable diagram of triple 
alloys TiNiCu (fig.1). 

But temperatures of martensitic transformations are shifted to 
more high temperatures, that makes them more interesting ones. 

The character of temperature dependencies of beginning 
of first and second martensitic transitions from Cu 
composition in Ti32Hf18Ni50-xCux alloys in the comparison 
with triple alloys TiNiCu is shown on fig.2. The given phase 
diagram is obtained by us for massive samples of alloys of 
TiHfNiCu system in initial state and after homogenizated 
annealing 900°C during 1 hour. The metastable phase 
diagram of triple alloy TiNiCu, published in previous papers 
[3,4] for the comparison is given on the fig.1. From the fig.1 
it is seen, that hafnium addition instead of titanium 18at.% 

alloys the elaboration of four-component alloys with the 
effect of shape memory in the wide temperature range.  

 

 
 
Fig.1. The diagram of metastable states of Ti50Ni50-xCux  
           (p-<X<-35at.%) alloy initial state + homogenizated  
           annealing 900°C, 1 hour.  
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The generalized data on glass transformation heating Tg, 
crystallization Tx, and also ∆T=Tx-Tg and crystallization 
heating ∆H for investigated multi-component alloys of A 
type of obtained ultraspeed tempering from the melt. The 

foils have different structural states after ultraspeed 
tempering ( in initial state), for example A0 and A1 alloys are 
in shifted (amorphously-crystal), and A2 and A5 alloys are 
totally in amorphous state are given in the table 4.  

                                                                                                                                                            
                                                                                                                                                          Table 4 

Tg, Tx, ∆T temperatures and also temperature of crystallization heating of ∆H amorphous phase of quick-tempered foils of 
(Ti,Hf)(Ni,Cu) and (Ti,Hf,Zr)[(Ni,Co)(Cu,Ag)] systems, the data are obtained at heating rate 20 K/m. 

 
Alloy calling and nominal chemical 
composition, at.% 

Relations 
A:B 

Tg, °C Tx, °C ∆T=(Tx - Tg), °C ∆H,J/g  

A0-Ti32Hf18Ni50 50:50 480 520 40 7 
A1-Ti32Hf18Ni45Cu5 50:50 483 511 28 16 
A2-Ti32Hf18Ni35Cu15 50:50 456 500 44 17 
A3-Ti32Hf18Ni25Cu25 50:50 490 515 25 27 
A4-Ti32Hf18Ni15Cu35 50:50 459 488 30 33 
A5-Ti32Hf18Ni5Cu45 50:50 435 474 40 29 

 
The vitrification temperature Tg is the one of the more 

important characteristics of amorphous metals and alloys. It 
is fixed in the form of small endothermic peak preceding to 
crystallization beginning on the curves of differential thermal 
analysis. The temperature Tx, by definition, is temperature of 
crystallization beginning of amorphous phase at heating. It is 
accepted, that small volume (10-4) of crystal phase appears in 
the crystallization beginning. Tx and Tg. That’s why it is 
necessary to take into consideration at which velocity these 
values have been obtained at comparison of values of these 
temperatures. The interval ∆T=Tx-Tg is called by temperature 
interval of supercooled liquid [4-7].  

 
Fig.2. The diagram of metastable states of Ti32Hf18Ni50-xCux(0<-X<-45at.%)  
         alloy a) in initial state; b) after homogenizated annealing  
         900°C, 1 hour. 

 
 

 
Fig.3. The calorimetric curve of quick-tempered foils of  
           A2(Ti32Hf18Ni35Cu15) alloy in the initial state (first and  
           the second cycle of heating), heating rate is 20 K/min. 

 

 
 

Fig.4. The diffractogram of quick-tempered foils of A1  
           (Ti32Hf18Ni45Cu5) alloy in the initial state at room  
           temperature (“free” foil surface). 

 
The foils with amorphous structure at heating 

demonstrate the set of peculiarities. These changes can be 
fixed by calorimeter investigations. The typical curve for A2 
alloy in initial state is given on the fig.3.The weak variation 
of thermal current (exothermal reaction) is fixed at heating in 
the interval from T=200°C till Tg (glass transition 
temperature), that is connected with carrying out of structural 
relaxation in amorphous phase. The transition through 
vitrification temperature is reversible one, i.e. amorphous 
metal, heated higher than Tg, but below than crystallization 
temperature it can be cooled with the formation of amorphous 
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structure. The set of thermal treatments in the following 
temperature intervals is carried out for the investigation of 
structural changes at heating of quick-tempered foils of 
multi-component alloys on NiTi basis with amorphous 
structure: below glass vitrification temperature Tg: in interval 
Tx - Tg; higher than crystallization temperature Tx, that allows 
to consider all possible variants of microstructure formation 
in investigated alloys of A type. 

The results of X-ray diffraction phase analysis of 
A1(Ti32Hf18Ni45Cu5) alloy in initial state “after obtaining” at 
room temperature is presented on the fig.4. The diffractogram 
decryption shows, that there are amorphous and two crystal 
phases: B2 austenite and B19 martensite, that’s why the 
given alloy is chosen for further investigations as model one. 
The structure evolution at heating is more detail investigated 
on the example of the given alloy. 

The data, obtained with the help of transmission electron 
microscopy for alloy A1 (Ti32Hf18Ni45Cu5) in the initial “after 
obtaining” state at room temperature (bright-field image and 
electron diffraction) are presented on the fig.5. They prove 
the results of X-ray diffraction phase analisis and evidence 
about the fact, that amorphous and two crystal phases: B2 
austenite and B19 martensite, indeed coexist in A1 in initial 
state at room temperature. 

 
Fig.5. The bright-field a-f and electron diffraction g (amorphous  
           and crystal phases), h (B19 martensite) the films,  
           obtained with the help of PEM for A1(Ti32Hf18Ni45Cu5)  
           alloy in the initial state; a, b and c are B19 martensite  
           plates (by the width ~0,3-0,4 mcm); d is B19 martensite  
           plates (bt the width ~0,3-0,4 mcm, thin doubles; e is  
           dislocation accumulation in martensitic phase; f is self- 
           accomodated groups of martensitic plates. 
 
The martensite has the plate morphology, moreover plate 

dimensions vary in wide interval from 0,05 till 0,73 mcm. 
The following set of thermal treatments is carried out for this 

alloy: 457°C, 2 min.; 467°C, 2 min.; 477°C, 2 min.; 487°C, 2 
min.; 502°C, 2 min. at temperatures below Tg and in 
temperature interval [Tg÷Tx]. After it the samples are 
investigated with the help of calorimeter and the information 
relatively thermal stability of amorphous phase after carried 
out thermal treatments and characteristics of martensitic 
transformation in formed grains of crystal phase are obtained. 
The investigations are carried out on the following scheme: 
20°C→200°C→-150°C→600°C→-150°C→600°C, cooling 
and heating rates T’=20 K/min. The calorimeter curves are 
given on the fig.6-13.  

 

 
 
Fig.6. The calorimetric curves of rapid-tempered foils of  
           A1(Ti32Hf18Ni45Cu5) alloy in the initial state (upper  
           curves are peaks of direct and reversal martensitic  
           transformations B2↔B19; lower ones are additional  
            peaks of martensitic transformation B2↔B19’ after  
            heating till 600°C. 
 
From the given data it is followed, that thermal treatment 

of the given alloy in temperature interval till Tg doesn’t 
influence on crystallization processes of amorphous phases 
and on carrying out of the martensitic transformation both 
before and after crystallization of initial amorphous phase. 
The process of partial crystallization of amorphous part of 
structure (value ∆H after preliminary thermal treatment 
decreases) at heating of crystallization temperature in [Tg÷Tx] 
interval takes place.  

 
Fig.7. The calorimetric curves of rapid-tempered foils of  
           A1(Ti32Hf18Ni45Cu5) alloy after preliminary thermal  
           treatment at 457°C, 2 min. (upper curves are B2↔B19  
           transformations; lower ones are B2↔B19↔B19’ after  
           heating till 600°C). 
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The investigation results (X-ray diffraction phase analysis 
and transmission electron microscopy) of these samples are 
presented on the fig.14-18. 

 
Fig.8. The calorimetric curves of quick-tempered foils of  
           A1(Ti32Hf18Ni45Cu5) alloy after preliminary treatment at  
           467°C, 2 min. (upper curves are transformations  
           B2↔B19; lower are B2↔B19↔B19’ after heating till  
           600°C). 
 

 
Fig.9.The calorimetric curves of quick-tempered foils of A1  
          (Ti32Hf18Ni45Cu5) alloy after preliminary thermal treatment  
          at 477°C, 2 min. (upper curves are transformations  
          B2↔B19; lower ones are B2↔B19↔B19’ after heating till  
          600°C). 
 

 
Fig.10. The calorimetric curves of quick-tempered foils of A1  
             (Ti32Hf18Ni45Cu5) alloy after preliminary thermal  
             treatment at 487°C, 2 min. (upper curves are  
             transformations B2↔B19; lower ones are  
             B2↔B19↔B19’ after heating till 600°C). 
 

 
Fig.11. The calorimetric curves of quick-tempered foils of A1  
             (Ti32Hf18Ni45Cu5) alloy after preliminary thermal  
              treatment at 497°C, 2 min. (upper curves are  
              transformations B2↔B19; lower ones are  
              B2↔B19↔B19’ after heating till 600°C). 
 

 
Fig.12. The calorimetric curves of quick-tempered foils of A1  
             (Ti32Hf18Ni45Cu5) alloy after preliminary thermal  
              treatment at 502°C, 2 min. (upper curves are  
              transformations B2↔B19; lower ones are  
              B2↔B19↔B19’ after heating till 600°C). 
 

 
Fig.13. The calorimetric curves of quick-tempered foils of A1  
             (Ti32Hf18Ni45Cu5) alloy after preliminary thermal  
             treatment at 507°C, 2 min. (upper curves are  
             transformations B2↔B19; lower ones are  
             B2↔B19↔B19’ after heating till 600°C). 
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Fig.14. The martensite mictostructure B19 (bright-field image  
             (a)) and corresponding electron diffraction (b), and also  
             diffraction from residual amorphous phase (c) of A1  
             alloy foils after thermal treatment at 497°C, 2 min.  
 

 
Fig.15. The martensite mictostructure B19 (bright-field image  
             (a)) and corresponding electron diffraction (b), and also  
             diffraction from residual amorphous phase (c) of A1  
             alloy foils after thermal treatment at 502°C, 2 min. 
 

 
Fig.16. The martensite mictostructure B19 (bright-field image  
             (a)) and corresponding electron diffraction (b) of A1  
             alloy foils after thermal treatment at 507°C, 2 min. 
 

 
 
Fig.17. The diffractogram of quick-tempered foils of  
             A1(Ti32Hf18Ni45Cu5) alloy after preliminary  
             thermal treatment at 502°C, 2 min (“free” foil  
             surface). 

The obtained results of complex investigation of 
structural changes at heating of multi-component alloys on 
TiNi basis of A type: (Ti, Ni)(Ni,Cu) allow to construct the 
evolution of the structure for following positions: 

1. In the case, when foils have initially amorphous 
structure the alloy heating from room temperature till glass 
transition temperature Tg doesn’t lead to crystal formation in 
amorphous matrix and other changes of phase composition 
isn’t observed. But by the other hand it can influence on 
processes of structural relaxation of amorphous alloys [8,13] 
during heating and at delay of the given temperatures below 
Tg.  

  Some authors instead the term “Tg vitrification 
temperature” use the term “Tf dummy temperature”, but 
physical meaning of these terms is similar. 

  At the same time the alloy heating with amorphous 
structure in [Tg-Tx] interval leads to creation and growth of 
crystal phase in amorphous matrix. The type of crystal phase 
B2 is ordered by body-centered cubic structure of CsCl type. 
The dimension of once again formed crystals depends on 
heating temperature and time of isothermic delay at these 
temperatures. 

 

 
 
Fig.18. The diffractogram of quick-tempered foils of  
             A1(Ti32Hf18Ni45Cu5) alloy after preliminary thermal  
             treatment at 5070C, 2 min (“free” foil surface). 
 
In alloys, where the more than one crystallization peak is 

fixed at calorimetric investigations, then this result is 
explained by the process of phase off-orientation in 
amorphous alloys. 

2. In the case, when foils have mix structure 
(amorphous +crystal phases), the alloy heating leads to the 
following results: the behavior of amorphous structure carries 
out analogically to actions, described in point 1. If we take 
into consideration the fact, that there is crystal phase besides 
amorphous one (let’s call it crystal phase №1), then structure 
evolution at heating has the following form (fig.19): 

 
      (Am.+Cryst.№1)→(Am.+Cryst.№1+Cryst.№2)→ 
        →(Cryst.№1+Cryst.№2)   

 
             20°C       Tg                              Tx 

 
                          Heating 

 
Fig.19. The scheme of structure evolution at heating. The alloy     
            with shifted initial structure: amorphous and crystal  
            phases.    
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For the final revealing of the presence of martensitic 
transformation into quick-tempered foils of investigated 
alloys of A type we carry out the one more set of thermal 
treatments. The obtained results are given in the table 5 (the 
more interesting results are taken: one alloy (A2-
Ti32Hf18Ni35Cu15) has the initially amorphous structure, and 
other alloy (A1-Ti32Hf18Ni45Cu5) has the shifted structure: 
amorphous and crystal phases).In that alloys (A4 and A5), 
where there is no martensitic transformation in massive state 
one can’t fix the martensitic transformations. These alloys 
transform into crystal state, but they don’t have martensitic 
transformations at thermal treatment at 9000C during 1 hour.  

 
Conclusion.  
 
Thus, analyzing the obtained data, we can make several 

conclusions: 
1. Not all elaborated multi-component alloys on TiNi 

basis, where relation «A(Ti):B(Ni)» 50:50 of A:Ti32Hf18Ni50-

xCux type (where x=0; 5; 15; 25; 35; 45 at.%) show the 
martensitic transformations in initially massive state (after arc 
smelting). One can’t fix the martensitic transformation in A4 
and A5 alloys even after homogenizated annealing at 
temperature 9000C during 1 hour.  

2. All investigated multi-component alloys if A type 
are obtained of ultra-speed tempering from the melt. The 
some foils in the initial state (“after obtaining”) have shifted 
structure (amorphous and crystal phases), these are A0 and 

A1 alloys. But other alloys (A2-A5) have totally amorphous 
structure in the initial state. 

3. The type of martensitic phase at room temperature in 
the initial state (“after obtaining”) in A1 alloy 
(Ti32Hf18Ni45Cu5), and also after thermal treatments in 
temperature interval 4570C-5070C is following: B19 
(orthorhombic one). 

4. The same martensitic phase (B19) has the plate 
morphology at room temperature in the initial state (“after 
obtaining”) and doesn’t endure any change after thermal 
treatments in temperature interval 4570C-5070C. 

5. The quick-tempered foils of A1 alloy 
(Ti32Hf18Ni45Cu5) endure the martensitic transformation 
B2↔B19 in the initial state (“after obtaining”) and after 
thermal treatment in Tg - Tx interval. The alloy has the 
martensitic transformation B2↔B19↔B19’ after heating till 
6000C. This change can be explained by the increase of 
austenite grain (dimension effect) (crystal phase №1 – B2 
phase) and by formation of crystal phase of №2 – B2 
structure or by alloy heating in the region of stable β-phase 
B2. 

6. The thermal treatment in the temperature interval    
Tg–Tx doesn’t practically change the temperature of 
martensitic transformation in A1 (Ti32Hf18Ni45Cu5) alloy. 

7. The martensitic transformation isn’t observed in 
alloys A4-Ti32Hf18Ni15Cu35 and A5-Ti32Hf18Ni5Cu45, obtained 
by ultra-speed tempering from the melt and additionally 
thermally elaborated at temperature 9000C during 1 hour.  

 
                                                                                                                                                       Table 5 
 

The main characteristics of martenitic transformation in alloys on NiTi basis of A type:  
(Ti,Hf)(Ni,Cu) in the form of quick-tempered foils after different modes of thermal treatment. 

 
Alloy Characteristics of martensitic transformation 

 Transformation 
type 

Ms, °С Mp, °С Mf, °С As, °С Ap, °С Af, °С 

 
Thermal treatment at 570°C 1 min 

А1 В2↔B19↔В19’ 83 64 20 98 111 132 
  1 -9 -39 -8 71 92 

А2 - It is not revealed in temperature interval -150÷600°С 
 

Thermal treatment at 700°C 1 hour 

А1 В2↔B19↔В19’ 87 81 53 113 127 133 
  53 33 1 57 98 113 

А2 В2↔B19 -51 -56 -59 -6 5 11 
 

Thermal treatment at 800°C 1 hour 

А1 В2↔B19↔В19’ 71 64   122 124 
   5 -1 60 65  

А2 В2↔B19 -44 -47; 
-77 

-79 -24 -22; 
4 

7 

 
Thermal treatment at 900°C 1 hour 

А1 В2↔B19↔В19’ 112 87   140 146 
   64 48 98 119  

А2 В2↔B19 -38 -43 -63 -12 10 13 
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Ì.Á. Áàáàíëû 

 
Ti32Hf18Ni50-xCux ßÐÈÍÒÈËßÐÈÍÄß ÌÀÐÒÅÍÑÈÒ ×ÅÂÐÈËÌßËßÐÈÍÈÍ ÏÀÐÀÌÅÒÐËßÐÈ 

  
TiNi ÿñàñëû ÷îõêîìïîíåíòëè ÿðèíòèëÿð «À(Ti):Â(Ni)» 50:50 íèñáÿòèíäÿ: Ti32Hf18Ni50-õCuõ (õ=0; 5; 15; 25; 35; 45 àò.%) èøëÿíìèøäèð. Áöòöí 

ÿðèíòèëÿð ìöõòÿëèô öñóëëàëà ùàçûðëàíìûø âÿ òÿäãèã åäèëìèøäèð. Ìÿëóì îëìóøäóð êè, þéðÿíèëìèø ÿðèíòèëÿðäÿ áèðúèíñëè Á2 áÿðê ìÿùëóë éàëíûç 
òÿðêèáäÿ ìèñèí ìèãäàðû 28 àò.% -íÿ ãÿäÿð îëäóãäà ñàõëàíûëûð. ßðèíòèäÿ ìèñèí êîíñåíòðàñèéàñûíû àðòûðäûãäà èôðàò äîéìà ùàëû ãåéä îëóíóð âÿ 
íÿòèúÿäÿ  åâòåêòèê ÷åâðèëìÿ áàø âåðèð: Â2- TiNi âÿ Â11- TiCu. 
 

М.Б. Бабанлы  
 

ПАРАМЕТРЫ МАРТЕНСИТНЫХ ПРЕВРАЩЕНИЙ В СПЛАВАХ Ti32Hf18Ni50-xCux   
 
Разработаны многокомпонентные сплавы на основе TiNi, где соотношение «А(Ti):В(Ni)» 50:50, серия А: Ti32Hf18Ni50-хCuх (где 

х=0; 5; 15; 25; 35; 45 ат. %). Все сплавы получены и исследованы разными методами. Выяснили, что область однородного В2-
твердого раствора сохраняется лишь при концентрациях меди, не превышающих 28 ат.%. При больших концентрациях меди 
сплавы оказываются пересыщенными и испытывают эвтектическое превращение с образованием смеси фаз В2- TiNi и В11- TiCu.  
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ADSORPTION TREATMENT OF TANNERY WASTEWATER  

UNDER THE ELECTRICAL DISCHARGES EFFECT 
 

A.M. HASHIMOV, M.A.GASANOV, K.B. GURBANOV, R.N. MEKHTIZADEH 
Institute of Physics, Azerbaijan National Academy of Sciences  

H. Javid ave., 33, Az-1143, Baku, Azerbaijan 
 

It is known that tanning industry wastewater represents a danger to an environment because it contains a great deal of harmful organic 
and inorganic substances. The clearing of these waters from harmful pollutants is an important task. 

The investigation results of the adsorption clearing of tanning industry wastewater from impurities with use the barrier kind electric 
discharge are presented in this paper.  

The comparison of the wastewater chemical analysis results before clearing and after it has shown the significant decrease of the 
harmful impurities in the result of the electrical discharge action during an adsorption clearing process. 

It was supposed that increase of the wastewater adsorption clearing intensity under effect of the electrical discharge is connected with 
the electrical charging of the solid adsorbent material. The experimental research of the thermostimulated relaxation (TSR) currents curves 
has shown that during the electrical discharge effect on the solid adsorbent the big electric charge accumulation is took place in it. The 
diffusion mechanism of the electric charge penetration into adsorbent material has been suggested. The theoretical analysis has shown the 
possibility of diffusion mechanism realization. The quantitative characteristics of electric charge diffusion process in the adsorbent material 
are got.  

 
Introduction 
 

One of the main features of tannery production is the 
intensive consumption of water and use the wide spectrum of 
chemical materials of various structures. For 1 ton of tannery 
processing it is required 45-50 m3 of water that with proteins, 
suspended particles, trivalent and much more dangerous 
hexavalent chrome, sulphides, phenyl carbolic acid, 
chlorides, colors, fat, different organic compounds and many 
other materials forms the multi-component wastewater, 
which requires the integrated treatment [1]. 

To remove suspended particles there have been used 
methods of primary treatment allowing decreasing their 
content by 54-60%. Usually the chemical treatment of 
wastewater from above-mentioned impurities by alkali 
processing is more available and power-intensive. However, 
efficiency of purification carried out by the alkali processing 
is not more than 70%. 

Biological treatment is the integral part of treatment 
plants of tannery production. The effective method of 
biological treatment is mixing of wastewater with 
biologically active deposit changing the organic compounds, 
nitrogen compounds and sulphides accordingly into 
bacterium deposit, carbonic acid gas, nitrates, nitrogen and 
sulphates. 

Therefore, treatment of the tannery wastewater is 
impeded by a number of materials including it. It causes to 
the necessity of simultaneous use of several treatment 
methods [2,3]. 

It is known that porous adsorbents such as silica gel are 
use widely for adsorption treatment of the various liquids [4]. 
Moreover, the joint application of adsorbents and electrical 
discharges leads to the effective result [5]. 

We also suppose that use of silica gel and action by the 
electrical discharge will simplify considerable the 
technological processes and increase effectiveness of tannery 
wastewater treatment. 

 
Experimental technique 
  
In this paper the results of experimental study of the 

adsorption clearing of tannery production wastewater with 

the use of macroporous fine-grained synthetic silica gel are 
presented. 

 
Fig. 1. Schematic electric circuit. 
 
To increase the adsorptive capacity of adsorbents their 

activation by the electrical discharge of barrier type has been 
carried out. 

Earlier it was shown that after activation of silica gel by 
the electrical discharge it absorbs impurities from 
hydrocarbon liquids more actively and proves the barrier role 
with respect to the number of oil products – xylene, toluene, 
benzol, phenolic acids and etc. [6,7]. 

At activation of adsorbent by the electrical discharge the 
filter cycle is increased and accordingly consumption of 
water for filter layer washing is decreased. There also 
decrease of full rate of filtration at repeat cycles has been 
shown. 

At preparation stage of investigations the thermal 
treatment of silica gel at 2000C with evacuation for 5 hours 
has been carried out. Later absorbent samples were subjected 
to the activation by the electrical discharge. The schematic 
electric circuit is presented in figure 1. 

Electric discharge activation of absorbents was made in 
special discharge chamber, in which an electrical discharge of 
barrier type in interelectrode space to be excited. Treatment 
by barrier discharge was carried out at alternating voltage 
15kV, discharge current 40mA, treatment duration 60 min.
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                                                                                                                           Table 1. 

Analysis results of sewage samples 
Name of indexes  Unit Initial Untreated Pretreatment 
PH (hydrogen ion 

exponent) 
mg/l 12.5 10.1 8.7 

Electric conductivity mS/cm 46400 44100 32000 
TDS (total dissolved 

solids) 
Ppm(mg/l) 40600 35300 2000 

∑ions mineralization mg/l 43188 43160 41516 

Solid residue (105%) mg/l 42425 40500 35950 

Solid residue 
(150%) 

mg/l 35575 32352 30000 

Solid residue (600%) mg/l 25285 22172 20780 
PPP burning % mg/l 40.4 35.6 30.4 

PPP losses mg/l 43.4 35.6 30 
Cr mg/l 4.8 2.9 0.05 

Turbidity unit/cm 3.8 2.6 0 
HCO3

- mg/l 18.4 16 0 
CO3 

2 - mg/l 6000 420 120 
OH - mg/l 272 170 100 
Ca2 + mg/l 521 315 200 
Mg2 + mg/l 0 0 0 
Na + mg/l 17377 17377 800 
NH4

+ mg/l 870 450 0.68 
NaHCO3 mg/l 10388 5000 150 
Na2CO3 mg/l 10388 1875 800 
NaOH mg/l 10388 1000 120 

Ca(OH)2 mg/l 592.6 216 10 
NH4Cl mg/l 2846.7 12598 1570 

Sulfur compounds, 
oxidable by iodine (by 

H2S) 

 
mg/l 

 
328.46 

 
184.6 

 
100 

∑ H2S + HS + S2 mg/l 6166 5178 2694 
Cl mg/l 90000 565.7 2000 
S2 - mg/l 667 462 150 
HS- mg/l 5499 5142 1500 

 

 
 

Fig. 2. Technological scheme of experiment 
1 – balloon; 2 – reducer; 3 – capillary rheometer; 4 – capillary;  
5 – 14 – elements of wastewater treatment system; 14 – reactor;  
15 – high voltage electrode; 16 –cock; 17,19 – sedimentation tanks; 
18 – atmosphere output; 20 - discharge cock. 
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Initial wastewater from balloon 1 through reducer 2, 
capillary rheometer 3 and capillaries 4 enters into the 
wastewater clearing system 5-14 where is cleared by the 
adsorption. After sedimentation in tanks 17 and 19 water 
through the discharge cock 20 enters in a reception container. 

After the adsorption treatment processes the chemical 
analysis was done for the samples of treated and initial 
wastewater. Results of analysis are given in the table 1. 

 
Results and their discussion 
Comparing the chemical analysis results we can note that 

the content of impurities such as NH4, S, HS, Cl, NaOH, Ca, 
NH4Cl, Ca(OH)2, Na2S, PO4, Na2SO3 and others is decreased 
considerably during the treatment process. For example, as it 
is seen from table, in initial wastewater the NH4 content is 
870 mg/l, after the adsorption clearing by silica gel without 
the electrical discharge treatment the NH4 content is 450 mg/l 

and after the adsorption clearing by silica gel at the electrical 
discharge treatment the NH4 content decreases till 0.68 mg/l. 

We supposed that increase of absorption capacity of 
porous absorbents under the effect of electrical discharge is 
caused by formation of charged state in absorbents. To reveal 
charged state in absorbent the method of thermo-stimulated 
relaxation (TSR) is used [8]. 

Figure 3 presents the TSR spectrum of silica gel at the 
linear heating of absorbent from room temperature up to 
4500C is shown [9].  From TSR spectrum it is noted that 
electrical discharge treatment leads to the formation of space 
charges of both signs in absorbents. The presence of three 
peaks indicates the low temperature (380C) and high 
temperature (3000C and 4380C) relaxation of electric charge 
in samples. A number of charge corresponding to the first 
peak is Q=2,9x10-7C, the second peak is Q2=8,4x10-6C, the 
third peak is Q3=3x10-7C. 

 

 
 
Fig. 3. Thermogram of electric charge in silica gel treated by the barrier discharge. 
 

 
        

Fig.4. Thermogram of charge in silica gel in 5 months after the treatment by barrier discharge. 
 
Our aim was to reveal whether save the electric charge 

on some time, introduced into adsorbent sample. For this 
purpose, the silica gel sample, previously treated in the 
identical conditions in the barrier discharge was put into 
hermetic ampoule, where it has been endured at the room 
conditions during 5 months. After it, the sample was treated 
by the investigations on the charge existence. 

  As it is seen from the spectrum comparison on fig.4, 
treated after the extract, the spectrum character and quantity 
of the relaxed charge practically hasn’t changed during 5 
months. This is evidence about the fact, that the charge, 
introduced into sample totally has saved, at least on 5 
months. 

   It is need especially to note the following detail: 
repeatedly experiments on fixation of TSR spectrums, treated 
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in the barrier discharge (over 20 spectrums) have shown, that 
three peaks are revealed in all spectrums. 

  At that the charge quantity, corresponding to I- and III-
d peaks coincides in all spectrums practically, and the charge 
quantity, corresponding to II-d peak is different in different 
spectrums. 

  Thus, it has been established, that activated state of 
adsorbents, acquired in the result of the short-time influence 
by the electric discharge on it, is saved during long time. 

The investigations of the mechanism of the 
intensification influence of the electric discharge on the 
sorption have shown, that the adsorbent charging, established 
in the paper plays the significant role. The theoretical 
analysis of the formation of the charged state in the 
investigated porous dielectric adsorbents has shown that such 
charges state is created through diffusion mechanism of 
charge introduction into material structure. The values of 
diffusion coefficient, the value of which is between diffusion 
of neutral molecules, known from literature, in the 
investigated adsorbents and ion diffusion in non-porous 
identical materials, have been obtained. 

  This allows proposing the model of the process of 
adsorbent charging, according to which ions, captured by the 
external surface of adsorbent, diffuse into depth of the 
adsorbent along interstice, leading it to the charging. 

  The predominance of the injected charge means, that 
the definite mechanism of the movement of this charge into 
depth of silica and fixation of it inside interstice on long time 
exists. At the same time the significant width of TSR peaks 
shows, that spectrum of activation energy of the introduced 
carriers is also wide enough, that means in fact, that charge 
fixation can carry out not only inside the structure of silica 
substance, but on the surface of the interstice of the different 
sizes (micro – mezzo – macrointerstice). The mechanism of 
the diffusion or diffusion drift of ions is the more possible 
mechanism of the charge introduction inside and output of 
them at the thermal activation from the physical point of 
view. 

  The porous adsorbents, activated by electric discharge 
can be used either in pure form on direct purpose, or as the 
component of the compositional structures. In this and other 
case too for the estimation of their behavior in the electric 
fields it is need the value of diffusion coefficient and mobility 
one of ions in the structure of the porous adsorbent. In [10] 
on the base of the equation solution the diffusion and the 
comparisons of the results of the calculation with 
experimental data on velocity of the ion introduction into 
silica gel at its treatment by the corona charge has been 
shown, that the values of the diffusion coefficient of Di ions 
in silica corresponds to the value 10-5cm2/s. In [11] the values 
D0=(1-20)⋅10-5cm2/s are given for the diffusion coefficient of 
neutral molecules. The [11] and [10] data don’t contradict to 
each other, i.e. they are belong to neutral or ion state of the 
adsorbent. It is obvious, that in the case of the surface 
diffusion the corresponding coefficients Di should be less, 
than D0 because of the more strong connection of the ions 
with the surface. Thus, this fact, that Di<D0 on one-two 
orders can show on the prevailing role of especial surface 
diffusion in the process of ion transfer inside silica. As it is 
known, the silica presents itself the complex transformation 
and should be considered as the aggregate of at least three 
phases: the solid body with unordered structure, gas in 
interstice and adsorbed layer on the internal surface of 

interstice. The additional meaning in favor of the surface-
diffusion mechanism of ion transfer inside silica is the 
following: the values формула are characteristic for the total 
structures of that substance, from which the silica consists on 
Di=10-11+10-13cm2/s [10,12]. The values for the gas phase at 
normal conditions of the diffusion coefficient are equal to  
10-1+10-2cm2/s [13]. If the diffusion in the particle would be 
simply the imposition of two processes, then at character 
times of the experiments, described in [10] and in present 
paper and consisting the decades and hundreds minutes for Di 
the following values 10-11-10-13cm2/s have been obtained, i.e. 
that characterizes the solid phase, i.e. at Di=10-2cm2/s and 
sizes of the object not more 0,5 cm the diffusion processes in 
the gas are characterized by the times not more decades of the 
seconds. As Di have intermediate values 10-6cm2/s , then it is 
naturally to consider, that we have the matter with ion 
diffusion in the adsorbed layer. 

  In the capacity of the theoretical base we use the 
solution of the diffusion equation: 
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where n0 is charge concentration on the surface, a is particle 
radius. From the value of the constant of process time  
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In the first approximation we obtain 
 

                                  
τ

2aDi= .                                   (3) 

 

In the experiments on TSR of the introduced charges the 
front and the slump of the peaks forms at the simultaneous 
influence of the temperature activation of the charges and 
their diffusion drift to the marked electrodes; it is difficult to 
separate the influence of these factors in sum current at the 
temperature increase. However, if the sample can be 
thermostated near peak maximum, then we can consider that 
the further output of the charges to the electrodes has the pure 
diffusion character. Some quantitative error can appear in the 
result of the fact that the charges drift on the surface of the 
“transfer” interstice [11], i.e. mezzo interstice and 
macrointerstice, though ion adsorption itself can take place in 
micro interstice also. In the given article this error doesn’t 
considered, that is equally to the fact of the prevailing role of 
mezzo interstices in adsorption by silica. 

  According to ratio (3) for Di estimation it is enough to 
know the character size of the grain a and time constantτ. 
The experiment was carried out by the following way: the 
chosen particles of silica were regenerated for the creation of 
the equal conditions, weighted, measured as ellipsoid of 
revolution and further treated by discharge, the middle 
density in discharge current was 10mkA/cm2 in the band of 
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the particle location on the electrode. The charge, taking from 
the discharge on the sample was estimated as 10-2-10-3Cl, 
later the electrodes were marked on the grain across short 
axes. Further, the grains were heated on TSR device, and the 
heating was switched off before the output of the maximum 
of the first peak and the sample was thermostated at 
maximum temperature. The time constant of current slump 
were measured on TSR current curves. 

  The typical curves of TSR current are presented on the 
fig.5. The experimental and calculative data are introduced in 
the table 2. Here N is sample’s number, a is the half of the 
least size of the sample/interelectrodes space/, m and p are 
mass and seemed density of the sample, Q is sum 
charge/peak square/, Tm is maximum temperature of the first 
peak, ∆τ is time of the heating till maximum, τ is time 
constant of current slump in minutes. 

 

 
 
  Fig.5. The curve of TSR current. 
 

                                                                                                                                                  Table 2. 
Experimental and calculation data 

Sample 
No. 

α 
сm 

m 
g 

ρ 
g/сm3 

Q 
10-5 C 

Tm 
°C 

∆τ 
min 

τ 
min 

Pi 
cm2/s·10-6  

µE 
cm2/V·s·10-4 

6 0,22 0,069 0,89 +4,2 38 - 11 7,3 2,7 
10 0,20 0,084 1,16 +6,9 46 17 14 4,8 1,74 
4 0,24 0,089 0,88 -6,6 46 19 21 4,6 1,67 
5 0,23 0,087 1,04 -8,4 43 16 21 4,2 1,54 
9 0,21 0,099 1,10 -9,8 41 16 20 3,7 1,37 

 
Though the charge value is high, but is common for TSR 

silica gel. The drift times depend on sign, for the positive 
ions τ+≈12 min, for the negative ions τ-≈20 min. The 
diffusion coefficients and equivalent mobilities, calculated on 
(3) and (1) are different correspondingly. It is need to note, 
the obtained values Di at the output of the charges from silica 
at the temperature near 40-45°C on value order coincide with 
values Di obtained by [10] for the introducing ions at the 
room temperature. The temperature factor because of the low 
difference in experiment temperatures in the given case isn’t 
significant [11]. The coincidence of the values, obtained at 
the introduction and the output of the charges show, that in 
both cases the one and the same mechanism of the diffusion 
drift takes place. It is need to note, that internal electric fields 
in silica gel are enough big. The equivalent ion mobility is 
equal (1,2÷2,7)⋅10-4cm2/V⋅s, at that the some difference in the 
mobility of the positive and negative ions is significant. As it 
was noted in the [10], such motilities are equal to the energies 
of the charge activation in hundredth and tenth parts of the 
electron-volt. 

  The calculated diffusion coefficients Dis in the 
adsorbent layer and surface mobility µs are needed the 
consideration of the real structure of silica. The values Di and 
µE, given in the table are in fact the calculative values, which 

are useable for the integral estimations, but inapplicable for 
the detail analysis. 

  As it is known, the macroporous silica gels have the 
sizes of the mezzointersice near 10 nm, micro porous have   
2-3 nm [11]. From the ration of the initial density/density of 
the solid phase/silica gel (2,25g/cm3)/ and seemed density 
(1,1g/cm3) of silica gel grain is followed, that the linear sizes 
of the pores should be equal to the widths of the “walls” 
between them in almost any model image [11,14]. We can 
obtain for such models: 

 

DiDis
D

dd
dc i

ctn −
=

+
Λ2

 

 
where dct is width of the adsorbent layer, dn+dcΛ is sum of the 
linear sizes of the pore and wall. 

  Designated 2dcΛ/(dn+ dcΛ)=7, we obtain 
 

                             
Z
D

DD i
iis +=                             (4) 

  
If in (4) Z≈0,5, that corresponds to polymolecular 

adsorption in 5-10 layers and practically total filling all 
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mezzo interstice space by the adsorbent layer, the Dis=3Di 
and µs≈µE.If it relatively doesn’t big, for example, µs=0,3nm 
Z≈0,1, that corresponds to the monomolecular or to the layer, 
close to it, then Dis≈10Di and the values of the surface 
mobility µs are higher on the order, than equivalent mobility  
µE in the table correspondingly, i.e. µs

+≈2⋅10-3cm2/V⋅s for the 
positive and µs

-<1.5⋅10-3cm2/V⋅s for the negative ions. 
 
Conclusions 
1. Thus, it has been established, that the influence of the 

electric discharges is intensified, processes of the liquid 
adsorption by solid adsorbents leads to the investigation of 

the selectivity of the adsorbents and their maximal adsorbent 
ability. 

2. It has been established, that activated state of the 
adsorbents, obtained in the result of the short-time influence 
on it by the electric charge, is saved during long time. 

3. The analysis of the experimental curves of TSR 
current of silica gel samples, treated to the working by the 
barrier discharge, allows measuring the values of the 
diffusion coefficient in silica gel, and also quantitative 
estimate the diffusion in adsorbent layer and ion mobility 
along the surface at the presence of the adsorbent layer on it. 
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ÅËÅÊÒÐÈÊ ÒßÑÈÐÈ ØßÐÀÈÒÈÍÄß ÀÄÑÎÐÁÑÈÉÀ ÏÐÎÑÅÑÈ 

 
À.Ì. Ùÿøèìîâ, Ì.ß. Ùÿñÿíîâ, Ê.Á. Ãóðáàíîâ, Ð.Í. Ìåùäèçàäÿ 

 
Ìÿãàëÿäÿ äÿðè åìàëû ñÿíàéåñèíèí òóëëàíòû ñóëàðûíûí éåíè öñóëëà òÿìèçëÿíìÿñèíèí íÿòèúÿëÿðè òÿãäèì åäèëìèøäèð. Êèìéÿâè àíàëèçèí 

íÿòèúÿëÿðèíäÿí ìÿëóì îëóð êè, òÿòáèã îëóíàí éåíè öñóë êèôàéÿò ãÿäÿð ìöñáÿò úÿùÿòëÿðÿ ìàëèêäèð. Ìöÿééÿí åäèëìèøäèð êè, åëåêòðèê òÿñèðëÿðè 
íÿòèúÿñèíäÿ àäñîðáåíòëÿðèí ùÿúìèíäÿ êèôàéÿò ãÿäÿð åëåêòðèê éöêëÿðè òîïëàíûð. Íÿçÿðè îëàðàã ýþñòÿðèëìèøäèð êè, ìàòåðèàëûí åëåêòðèê éöêëö 
âÿçèééÿòè äèôôóçèéà ìåõàíèçìè âàñèòÿñèëÿ ðåàëëàøûð. 

 
А.М. Гашимов, М.А. Гасанов, К.Б. Гурбанов, Р.Н. Мехтизаде 

 
АДСОРБЦИОННЫЙ ПРОЦЕСС В УСЛОВИЯХ ЭЛЕКТРИЧЕСКИХ ВОЗДЕЙСТВИЙ 

 
В статье представлены результаты исследования процесса адсорбционной очистки сточных вод кожевенного производства с 

использованием воздействий электрических разрядов барьерного вида на адсорбент. Химический анализ очищенной воды показал, 
что имеет место значительное уменьшение вредных примесей по сравнением с исходной водой. Методом термостимулированной 
релаксации выявлено образование в объеме адсорбента, обработанного электрическим разрядом, значительного количества 
электрического заряда. Теоретическим анализом показано, что зарядка материала адсорбента осуществляется через диффузионный 
механизм. 
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METHODS OF BUILD-DOWN VARIANCE OF THE SIMULATION MODEL 
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The new method of build-down of a variance of the simulated random quantities, based on application of the filter of Kolmogorov is 

suggested. 
 

The solution of some operating problems at the factories 
of electro power systems (EPS) assumes selection of the 
version responding presented increased requirements. Thus, a 
natural condition is the minimum risk of an erratic solution. 
With a special urgency the problem of objectivity of a 
solution originates by selection of the versions, one of 
principal demands to which is reliability of activity of the 
particular equipment, systems or of the equipments, which in 
the further we shall agree to name in plants EPS. The 
fundamental obstruction for an error-free solution is decrease 
of number of data about failures of the same type plants in 
process of reflecting "individuality". Aftereffects of erratic 
solutions directly mirrored in magnifying of working costs. 

The simplest mode of selection of version is the intuitive 
approach. However would be erratic to assume, that the 
intuitive solution, on the average, justifies itself. The 
awkwardness and complexity of compared versions is more, 
the ability of technicians to cover all aspects of a problem, 
including the information describing reliability of versions, - 
less.  

Among mathematical modes of selection of version, the 
greatest propagation received with the methods based on 
matching of boundary values of a confidence interval. 
Moreover, absolutely fairly it supposed that if confidence 
intervals at the preset confidence coefficient not combined, 
difference of versions could accept with the certain reliance. 
The analogous supposition could accept, if a spacing of 
variation of a difference of indexes on which versions 
compared, does not switch on a zero value. 

Analytically to calculate boundary values of a confidence 
interval it is possible seldom enough since the law of 
allocation of random quantities, as a rule, it is unknown. 
Alternatively, for a quantitative assessment of a confidence 
interval it is necessary to do such suppositions which 
reliability is quite often doubtful and it yet all. At small 
number of data about reliability of particular plant confidence 
intervals appear so greater, that are necessarily combined on 
a scale of measurement and the answer is in most cases 
univalent: the information has not enough for an adoption of 
a decision.  

One of the most perspective directions at a solution of 
similar problems is development of simulation models. 
Conducting "experiments" on a simulation model, we receive 
a range and we can evaluate a spacing of their variation 
which for simplification we shall name accuracy of a 
simulation model (ASM). If compared indexes represent an 
average arithmetical value of random quantities (for example, 
average down time in emergency repair) ASM matches to a 
confidence interval. If probability rates (for example, an 
operational readiness coefficient) are simulated – that ASM 
matches to a tolerant spacing. ASM depends on a mode of 

simulation analysis of random numbers and structure of a 
simulation model. In the present paper, we shall survey 
dependence ASM on a mode of simulation analysis of 
random quantities. 

To this problem known in theory, simulation modeling as 
modes of build-down of a variance, are devoted numerous 
probing. Series of approved methods of build-down of a 
variance offered. Positive takes of sharing of some methods 
known. In [1], in particular, it noted about positive takes of 
sharing of a method of common random numbers and a 
method of complementary values. In [2] it noted that 
boosting ASM for this combination reached more often not at 
matching versions, and at determination of indexes of 
particular version. Difficulties of shaping of univalent 
references caused by their essential dependence on a type of a 
solved problem and, in particular, availability positive (or 
negative) correlations between simulated values. The special 
notice at probing given simulation models of queuing 
systems, and compared indexes represent an average 
arithmetical of continuous random quantities. This problem 
has been surveyed and in [3]. 

We survey a little bit other model requiring boosting 
ASM. Mean a solved problem – comparison of the averaged 
indexes of reliability (AIR) with indexes of individual 
reliability (IIR). Such comparison simplifies selection most 
(least) safe of the same type plants and by that a solution of 
particular operating problems. For example, comparison AIR 
and IIR power-generating units of the power stations, 
separate turbines and boiler units allows to secrete plants 
which reliability is more (less) AIR.  

In [4] authors the criterion of the supervision of imposing 
appearance of sampling (IAS) m∆ , has been offered, 
allowing to evaluate divergence AIR and IIR. Errors of the 
first and second stem, risk of an erratic solution determined. 
By comparison, AIR and IIR three outcomes possible: 

− separation of a data set to the preset indication is 
expedient, i.e. assessment AIR and IIR differ was nonrandom 

− separation of a data set to the preset indication is 
illogical, i.e. assessment AIR and IIR can differ random 

− it is not enough data of sampling for the certain 
inference, the data striping is illogical 

These outcomes largely determined by spread of 
implementation of the same type AIR and IIR. Therefore and 
for m∆ , build-down of probability of an inference about a 
failure of the information also is actual. 

First it was necessary to evaluate a degree of build-down 
of an assessment of a variance )(*

mD ∆ , is more exact than 

an average quadratic deflection )(*
m∆σ , at usage of the 

known simulation methods of random quantities approved on 
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other problems. To the greatest degree to approximate solved 
problems we indexes of reliability that also represent an 
average arithmetical random quantities surveyed.  

Already first outcomes of simulation analysis at number 
of iterations Ni=500 indexes, that: 

− outcomes of accounts of the implementation m∆  
having the discrete character, are largely determined by 
number of random quantities of sampling (n) duration of 
estates (τ). The n it is less, the )(*

m∆σ  it appears greater; 
that completely matches to physical nature of an assessment 

m∆ ; 
− the essential spread as means cpm ,∆  is watched, and 

)(*
m∆σ . In these conditions comparison )(*

m∆σ  became 
aberrant and required junction of analysis of variation 

)(*
m∆σ  for analysis of variation of a coefficient of variation 

avmmmk ,
** /)()( ∆∆=∆ σ ; 

− as one would expect application of a method of 
common random numbers, eliminating one of radiant of 
spread of implementation )( m∆ , has ensured appreciable 

build-down )(*
mk ∆ ; 

− application of a method of complementary random 
quantities together with a method of common random 
numbers practically has not rendered appreciable build-down 
on the reached value )(*

mk ∆ .  
− appreciable build-down )(*

m∆σ  has been reached  

by application recommended by authors a method, which 
short is reduced to the supervision Kolmogorov's by criterion 
of correspondence simulated by a program mode (RAND (x)) 
random numbers of sampling to the uniform law in the 
interval [0,1]. With the purposes of simplification in the 
further, this method we shall name Kolmogorov's filter. 

− at small value of number of implementation of 
sampling {τ}n the parity 3,0)(* >∆mk  that bears to some 

asymmetry of allocation )( mF ∆  is watched. 
Application of the filter of Kolmogorov especially 

effectively at small value n and generally not only diminishes 
)(*

m∆σ , i.e. spread of deflections )(*
mF ∆  from )( mF ∆ , 

but also spread of value of evolution of risk of an erratic 
solution )( m∆γ  and a best value of criterion IAS )( ,optm∆ .  

In the illustrative purposes in table 1 some outcomes of 
accounts of distribution parameters for two similar criteria 
are reduced: IAS )( m∆  and Smirnov (Dm, n), of some value of 
number of implementation of sampling (n) and number of a 
data set, peer 19.  

Given tables 1 evidently confirm the simulation analysis 
of random numbers noted above a singularity and, in 
particular, intuitively a clear inference about build-down of 
effect of application of the filter of Kolmogorov with body 
height of number of implementation of sampling and 
immutability of conclusions at magnifying of number of 
iterations Ni with 500 up to 1000. 

   
              

               Table 1 
Comparative assessment of methods of build-down a variance at imitative  

simulation analysis of statisticians ∆m and Dm, n 
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The standard 

program 
RAND (X) 

∆m 0,293 
0,319 

0,132 
0,141 

0,452 
0,442 

0,26 
0,26* 
0,25* 

0,110 
0,107* 
0,107* 

0,423 
0,412* 
0,427* 

0,14 
0,14 

0,053 
0,051 

0,37 
0,36 

Dm, n 0,472 
0,478 

 

0,143 
0,148 

0,303 
0,310 

0,391 
0,394 
0,397 

0,130 
0,125* 
0,124* 

0,330 
0,318 
0,312 

0,28 
0,27 

0,089 
0,083 

0,32 
0,31 

Method of 
complementary 

random quantities 

∆m 0,312 0,143 0,458 0,24 0,10 0,43 0,14 0,050 0,36 
Dm, n 0,478 0,140 0,294 0,38 0,12 0,31 0,28 0,085 0,31 

 
Kolmogorov's 

filter 

∆m 0,256 0,903 0,353 0,18 
0,182* 

0,81 

0,061 
0,058* 
0,059* 

0,34 
0,348* 
0,326* 

0,13 0,039 0,31 

Dm, n 0,378 0,857 0,227 0,28 
0,277 
0,275 

0,059 
0,058* 
0,059* 

0,021 
0,021* 
0,021* 

0,25 0,068 0,27 

 
Remarks: * matches Ni=1000; in remaining events Ni = 500. 
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On fig. 1 the graphical case history of allocations 
)(*

mF ∆  for the random numbers a thinning oscillated by a 

program mode )(1 mF ∆ , a method of complementary values 

)(2 mF ∆  and generated by the supervision of 

correspondence a thinning Kolmogorov's )(*
3 mF ∆  to 

criterion is reduced  
 

 
 
Fig.1. A graphical case history of allocation F*(∆m) depending  
          on a simulation method of implementation a thinning of   
          random quantities 

 

As follows from fig.1, allocations )(*
1 mF ∆  and 

)(*
2 mF ∆  are practically indiscernible (complementary  

random numbers have not reduced a variance) and is essential 
differ from the allocation )(*

3 mF ∆  having minimum value 

)(*
m∆σ  from compared methods. 

In table 2 the outcome of comparison of allocations 
)(*

mF ∆  displayed and )( ,
*

nmDF at four, noted in table 2, 
simulation methods a thinning of random quantities. 

As follows from table 2: 
- as [ ] 3,0,

* >>∆− mnmDK , comparison of spread of 

implementation m∆  should be conducted on 

[ ]mnmD ∆−,
*σ ; 

- application of the filter of Kolmogorov reduces value 
[ ]mnmDM ∆−,

* . This effect speaks removal unpreventable 
a thinning of the random quantities causing "surges" of 
possible divergences Dm, n and m∆ ; 

- the greatest effect for build-down [ ]mnm иD ∆,
*σ  is 

reached by application of a method of the common random 
quantities which have been last through the filter of 
Kolmogorov.  

 On fig. 2 are displayed to regularity of variation of 
statisticians Dm,n and )( m∆ for simulation methods differing 
a thinning (fig. 2а) and a simulation method of common 
random quantities of the past through Kolmogorov's filter 
(fig. 2б) for 40 iterations.  

 
      Table 2 

Comparative assessment of methods of build-down of a variance of a difference  
of statisticians Dm, n and ∆m at n=5 and M=19 

 Methods of shaping of random quantities ][ ,
*

mnmDM ∆−  ][ ,
*

mnmD ∆−σ  ][ ,
*

mnmDK ∆−  

1 Simulation analysis differing a thinning 0,159 0,161 1,02 
2 Simulation analysis differing a thinning, the past 

through Kolmogorov's filter 
0,102 0,0836 0,818 

3 Simulation analysis of common random quantities 0,141 0,0806 0,572 
4 Simulation analysis of the common random 

quantities which have been last through the filter 
of Kolmogorov 

0,097 0,060 0,62 

 

 
 
Fig. 2. Regularity of variation of implementation of statisticians Dm, n and ∆m. 
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Data fig. 2б. Evidently, bear to decrease of surges of a 
divergence of a statistician on matching from fig 2а. 

On fig. 3а and 3б parity Dm, n and m∆ , in each iteration 
for the same simulation methods are displayed. These graphs 

evidently illustrate noted in table2 regularity, and explain 
reasons of an ineffectiveness of a method of complementary 
random quantities. 

 

 
 
Fig.3. The Correlative field of intercoupling of statisticians Dm,n and ∆m at a – simulation analysis differing a thinning; 
           b– simulation analysis common a thinning, the past through Kolmogorov's filter. 
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ИМИТАСИЙА МОДЕЛИНИН ДИСПЕРСИЙАСЫНЫН АЗАЛДЫЛМАСЫ ЦСУЛУ 

 
Калмагоров филтринин тятбигиня ясасланан, йени моделляшдирилмиш тясадцфи кямиййятлярин дисперсийасынын азалдылмасы цсулу тяклиф 

олунмушдур. 
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МЕТОДЫ СНИЖЕНИЯ ДИСПЕРСИИ ИМИТАЦИОННОЙ МОДЕЛИ 
 

Предложен новый метод снижения дисперсии моделируемых случайных величин, основанный на применении 
фильтра Колмогорова. 
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