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SOLVABILITY ONE BOUNDARY VALUE PROBLEM ELLIPTIC 
OPERATOR-DIFFERENTIAL EQUATIONS OF THE SECOND ORDER

SUMMARY

In this paper investigates solvability of some boundary-value problem for second order 
differential equations of elliptic type on the finite interval.The proved teorems of the norm of 
intermediate derivativs. Their relation with solvability conditions of the considered value 
problems.

All obtained results were exprossed by the properties of the coefficients of operator-
differential equations.

Keywords: Hilbert spaces, operator-differential equations, boundary-value problem,
regulyar solvability.
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ON A SYSTEM APPROACHES
TO DECISION MAKING UNDER UNCERTAINTY OF SITUATIONS

R.M.KHULIYEV, F.A.MIRZAYEV 

SUMMARY

This work is devoted to a discussion of the basic principles of modeling management 
activities in conditions of uncertainty.

Keywords: uncertainty, decision-making, Fuzzu set theory, investment project, syste-
matic  scientific  approach , environmental factor.
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UNIQUENESS OF RECOVERY OF THE DIRAC SYSTEM WITH 
SEMI-SEPARATED BOUNDARY CONDITIONS

A.M.HASANLI, L.I.MAMMADOVA, I.M.NABIYEV

SUMMARY

In  the  article  we  considered the  Dirac system with some  boundary conditions, one 
of which contains a spectral parameter.  A uniqueness theorem is proved and an algorithm is 
constructed for solving  the inverse problem of recovering boundary value problems from 
spectral data.

Keywords: Dirac system, eigenvalues, inverse problem, uniqueness theorem, solution 
algorithm.
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The main aim of this paper is to find integrability conditions by calculating Nijenhuis 
Tensors ( , ), ( , ), ( , ) of almost complex structure + ( ) and to 
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The tangent bundles of differentiable manifolds are very important in 
many areas of mathematics and physics. The geometry of tangent bundles goes 
back to the fundamental paper [15] of Sasaki published in 1958. Cotangent 
bundle is dual of the tangent bundle. Because of this duality, some of the geo-
metric results are similar to each other. The most significant difference 
between them is construction of lifts (see [16] for more details). In 1952, para-
complex manifolds, almost para-Hermitian manifolds and para-Kähler mani-
folds were defined by Libermann[8] and In 1985, Kaneyuki and Williams 
defined the almost para-contact structure on a pseudo-Riemannian manifold 
of dimension 2 + 1 and constructed the almost para-complex structure on × [7].

Let be an dimensional differentiable manifold and ( ) the 
cotangent space at a point , that is, the dual space to the tangent space ( ) at . Any element of ( ) is called a covector at . Then the 
set ( ) =  ( )
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is the cotangent bundle over the manifold . For any point of ( ) such 
that ( ), the correspondence determines the bundle projection : ( ) . The set ( ), that is, ( ), is called the fibre over 

and the base space [16].
Let be a function on . We write for the function in ( ) obtained 
by forming the composition of : ( ) and : , so that = . Thus, if ( ), then we have ( ) = ( ).
We now easily have ( ) = , ( + ) = + for any ,( ). Thus the value of is constant along each fibre. We call the 
vertical lift of the function [16].
Let ( ( )) be such that = 0 for all ( ). Then we say 
is a vertical vector field in ( ). It is easily shown that is vertical if and ( ) = 0
i.e., iX~ = 0 with respect to the induced coordinates ( , ) in each ( ).
Generally use for vertical lift of [16].
Suppose that ( ) with local components in , so that is a 1-
form with lokal expression = . The has components of the form( ) = 0
with respect to the induced coordinates in ( ). Clearly, we have ( ) =0 for any ( ), so that is a vertical vector field. It is easily proved 
that, for any ( ) and , ( ) [16],( + ) = + ,( ) = ,[ , ] = 0.
Let ( )( 1) and suppose  that has components ... with 
respect to the induced coordinates in ( ). We see that has local 
expression = ... . . .
with respect to the induced coordinates in ( ), where ... are com-
ponents of in . For any ( ), is a vector field with components= 0
with respect to the induced coordinates on ( ) [16].
Let ( ), then we define a vector field on ( ), the compnoents 
fo are
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= ( )
with respect to the induced coordinates ( , ) in ( ), where are local 
components of in . We call the comple lift of the vector field to ( ) [16].

Proposition 1 Let ( ), ( ) and , ( ), ,( ), then [16]( ) = 0, ( )( ) = 0,( ) = , ( )( ) = 0,= ( ) , ( ) = ( ),= ( ) + ( ),
where is the tensor field of type (1,1) in defined by ( ) = ( , ) for 
any ( ).
Proposition 2 Let , ( ), , ( ) and , ( ), then 
[16] [ , ] = 0, [ , ] = ( ) ,[ , ] = , ], [ , ] = ( ) ,[ , ] = ( ), [ , ] = [ , ] ,
where is a 1-form defined by ( ) = ( ) for any ( ) and 

the operator of Lie derivation  with respect to .
Let be an dimensional diferentiable manifold. Differantial 
transformation of algebra ( ), defined by= X∇ : ( ) ( ), ( ),
is called as covariant derivation with respect to vector field if= + ,

X∇ = , , ( ), , ( ), ( ).
On the other hand, a transformation defined by

∇ : ( ) × ( ) ( ),
is called as affin connection [13].
Let be a symmetric affine connection in a differentiable manifold . For a 
vector field in and a tensor field ( ), we put in the cotangent 
bundle ( ) = ( ) ,= + [ ],
where the right-hand side denotes the complete lift of the covariant 
differentiation to ( ), and call the horizontal lift of the vector field 
of and [ ] is a tensor field of type (1,2) defined by [ ]( , ) =( ) + ( ). Thus, we have
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= + ( ),
where = . The horizontal lift has local components=
with respect to the induced coordinates ( , ) in ( ), where =, being components of in and [ ] ( ) [16].

Proposition 3 Let , ( ), ( ) and ( ), ( ),
then [16] [ , ] = ( ), [ , ] = ( ),[ , ] = [ , ] + ( , ),[ , ] = [ , ] + ( ) ,

[ ] = ( ) + ([ ] ),( ) = ,
where is the curvature tensor of and the term involving  the Lie derivative 
on the connection is given by ( ) = + ( , ), [ ] ( )
is given by [ ] = ( ) ( ) .
Proposition 4 Let ( ), , ( ), ( ) and ( ),
then [16] = ( ) , = ( ) ,= ( ) (( ) ),= ( ), = ( ) .

2.Main results
2.1  Integrability Conditions of Almost Complex Structure on ( )

Let be an almost complex structure on , i.e., = . We say that 
is integrable if the Nijenhuis tensor of is identically equal to zero. The 

Nijenhuis tensor is defined by= [ , ] [ , ] [ , ] + [ , ]
for any , ( ) [2, 13].

Proposition 5 Let  be an almost complex structure in with the Nijenhuis 
tensor , then ([ ] ( ))
is an almost complex structure on ( ).
Proof. ( ([ ] ( ))) = ( ) ([ ] ( ))([ ] ( ))
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+ ([ ] ( )) ([ ] ( ))= ( + ([ ])) (([ ]) ) + ( ) (([ ]) ) + ( )= ( ) + ([ ]) + ([ ]) + ([ ]) ([ ])2 (([ ]) ) + ( )= ( ) + + (([ ]) ) + (([ ]) )2 (([ ]) ) + ( )= ( ) + ( + )= + ( )= ,
where is an almost complex structure on , i.e., = .

Remark 1 Let be an almost complex structure in with the Nijenhuis 
tensor . The structure defined by + ( )
is an almost complex structure in ( ) [16].          

Theorem 1 Let ( , ) be the Nijenhuis tensor of almost complex 
structure + ( ) in ( ). Then the almost complex structure + ( ) in ( ) is integrable if and only if the following ), ) and ) conditions are required. ) Almost complex structure in is integrable,) The curvature tensor of satisfies ( , ) = ( , ),) ([ ] + ( ) ) = 0 and ([ ] + ( ) ) = 0,
where , ( ), ( ).

Proof. ( , ) = [( + ( )) , ( + ( )) ]( + ( ))[( + ( )) , ]( + ( ))[ , ( + ( )) ] [ , ]= [( ) + ] + ( ) , ( ) + ] + ( ) ]( + ( ))[( ) + ] + ( ) , ]( + ( ))[ , ( ) + ] + ( ) ] [ , ]
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= [( ) + ([ ] + ( ) ), ( ) + ([ ] + ( ) )]( + ( ))[( ) + ([ ] + ( ) ), ]( + ( ))[ , ( ) + ([ ] + ( ) )] [ , ]= [( ) , ( ) ] + ( ) ([ ] + ( ) ) ( )+ ([ ] + ( ) ) + (([ ] + ( ) )([ ] + ( ) )([ ] + ( ) )([ ] + ( ) ))( + ( ))([( ) , ] ([ ] + ( ) ))( + ( ))([ , ( ) ] + ([ ] + ( ) ) [ , ]= [ , ] + ( , ) + ([ ] + ( ) )([ ] + ( ) ) + ([ ] [ ] + [ ] ( )+ ( ) [ ] + ( ) ( ) [ ] [ ][ ] ( ) ( ) [ ] ( ) ( ) )( + ( ))([ , ] + ( , )([ ] + ( ) ))( + ( ))([ , ] + ( , )([ ] + ( ) )) [ , ]
= [ , ] + ( , ) + ([ ] + ( ) )([ ] + ( ) ) + ([ ] [ ] + [ ] ( )+ ( ) [ ] + ( ) ( ) [ ] [ ][ ] ( ) ( ) [ ] ( ) ( ) )[ , ] ( , ) + ([ ] + ( ) )( )[ , ] ( ) ( , )+ ( ) ([ ] + ( ) ) [ , ]( , ) ([ ] + ( ) )( )[ , ] ( ) ( , )( ) ([ ] + ( ) ) [ , ] ( , )

= [ , ] + ( , ) + ([ ] + ( ) )([ ] + ( ) ) + ([ ] [ ] + [ ] ( )
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+ ( ) [ ] + + ( ) ( ) [ ] [ ][ ] ( ) ( ) [ ] ( ) ( ) )( [ , ]) ([ ][ , ]) ( ( , ) )+ ([ ] + ( ) ) ( )[ , ]( ) ( , ) + ( ) ([ ] + ( ) )( [ , ]) ([ ][ , ]) ( ( , ) )([ ] + ( ) ) ( )[ , ]( ) ( , ) ( ) ([ ] + ( ) )[ , ] ( , )= ([ , ] ( [ , ]) ( [ , ]) [ , ])( ( , ) ( , ) ( , ) ( , ))( ) ( , ) ( ) ( , )+ ( ([ ] + ( ) )) ([ ] + ( ) )( ) ([ ] + ( ) )( ([ ] + ( ) )) ([ ] + ( ) )( ) ([ ] + ( ) )+ ([ ] [ ] [ ] [ ] + [ ] ( )[ ] ( ) + ( ) [ ]( ) [ ] + ( ) ( ) ( ) ( )[ ][ , ] [ ][ , ] ( )[ , ] ( )[ , ]).
Thus we can put( , ) = ( , )( ( , ) ( , ) ( , ) ( , ))( ) ( , ) ( ) ( , )+ ( ([ ] + ( ) )) ([ ] + ( ) )( ) ([ ] + ( ) )( ([ ] + ( ) )) ([ ] + ( ) )( ) ([ ] + ( ) ) +
where is the tensor field of type (1,1) in given by= ([ ] [ ] [ ] [ ] + 12 [ ] ( ) 12 [ ] ( )
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+ ( ) [ ] ( ) [ ] + ( ) ( ) ( ) ( )[ ][ , ] [ ][ , ] ( )[ , ] ( )[ , ])) Because of almost complex structure in is integrable, we get( , ) = 0.) The curvature tensor of satisfies ( , ) = ( , ) for any , ( ). Thus, we get ( , ) = ( , ) since = , we find( ( , ) ( , ) ( , ) ( , ))( ) ( , ) ( ) ( , ) = 0) If we consider the conditions of([ ] + ( ) ) = 0 ([ ] + ( ) ) = 0,
then we get + ( ([ ] + ( ) )) ([ ]+ ( ) ) ( ) ([ ] + ( ) ) = 0
and ( ([ ] + ( ) )) ([ ]+ ( ) ) ( ) ([ ] + ( ) ) = 0
Because of this results, the theorem is completely proved. 

Theorem 2 Let ( , ) be the Nijenhuis tensor of almost complex 
structure + ( ) on ( ) and almost complex structure on .

Then the almost complex structure + ( ) on ( ) is integrable, 
where , ( ), ( ).

Proof. ( , ) = [( + ( )) , ( + ( )) ]( + ( ))[( + ( )) , ]( + ( ))[ , ( + ( )) ] [ , ]= [ + ( ) , + ( ) ]( + ( ))[ + ( ) , ]( + ( ))[ , + ( ) ] [ , ]
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= [( ) + ( ) , ( ) + ( ) ]( + ( ))[( ) + ( ) , ]( + ( ))[ , ( ) + ( ) ] [ , ]= [( ) , ( ) ] ( + ( ))[( ) , ]( + ( ))[ , ( ) ] [ , ] = 0
where ( ), ( ) ( ), [ , ] = 0. The theorem is proved. 

Theorem 3 Let ( , ) be the Nijenhuis tensor of almost complex 
structure + ( ) in ( ) and almost complex structure on .
Then the almost complex structure + ( ) on ( ) is integrable if 
and only if = 0, where ( ), ( ), ( ).

Proof. ( , ) = [( + ( )) , ( + ( )) ]( + ( ))[( + ( )) , ]( + ( ))[ , ( + ( )) ] [ , ]= [( ) + ] + ( ) , ( ) + ( ) ]( + ( ))[( ) + ] + ( ) , ]( + ( ))[ , ( ) + ( ) ] [ , ]= [( ) + ([ ] + ( ) ), ( ) ]( + ( ))[( ) + ([ ] + ( ) ), ]( + ( ))[ , ( ) ] [ , ]= [( ) , ( ) ] ([ ] + ( ) )( )( + ( ))[( ) , ] ([ ] + ( ) )( + ( ))( ( )) ( )= ( ( )) ( + ( ))( )( + ( ))( ( )) ( )= ( ( )) ( ) ( ))( )( ( )) ( )( ( )) ( )= ( ( )) (( ) )) (( ( )) )( ) = ( ( ) (( ( )) ) ( )) .
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If we have = 0, then + ( ) is integrable in ( ). The theorem is 
proved. 

2.2  Tachibana operators applied and According to an Almost 
Complex Structure + ( ) on ( )
Let ( ), and ( ) =  , ( ) be a tensor alebra over . A

map 0〉+sr : ( ) ( ) is called as Tachibana operatör or operatör 
on if ) is linear with respect to constant coefficient,) : ( ) ( ) for all and ,) ( ) = ( ) + for all , ( ),) = ( ) for all   , ( ),where is the 
Liederivation with respect to (see [3, 6]),

e) ( ) = ( ( ))( ) ( ( ( ))) + (( ) )= ( ) ( ) + (( ) )
for all ( ) and , ( ), where = ( ) = , ( )
the module of all pure tensor fields of type ( , ) on with respect to the 
affinor field [2, 4, 5, 13](see [14] for applied to pure tensor field).
Theorem 4 Let + ( ) be an almost complex structure on ( ) and , ( ), then we get the following results ) ( ( )) = ( ) + ,
where ( ) and = ( , ) ([ ] + ( ) ) +[ ][ , ] + ( , ) + ( )[ , ].) ( ( )) = ( ) + 'P ,
where 'P ( ) and 'P = ( , ) + ( + ( ) )[ ][ , ] ( ( , ) + ) ( )[ , ].) ( ( )) = ( ) + ''P ,
where ''P ( ) and
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''P = ( , ) ([ ] + ( ) ) + [ ][ , ] +( ( , )+ ) + ( )[ , ].  ( ( )) = ( ) + '''P ,
where '''P ( ) and '''P = ( + ( ) ) + [ , ] + ( )[ , ].
Proof.) ( ( )) = ( ( + ( )))= ( + ( )) + ( + ( ))= [ , ( ) + ] + ( ) ]+( + ( )[ , ]= [ , ( )] [ , ([ ] + ( ) )]+ [ , ] + ( )[ , ]= [ , ( )] ( , ) ([ ] + ( ) )+ ([ , ] + ( , )) + ( )([ , ] + ( , ))= [ , ( )] ( , ) ([ ] + ( ) )+( [ , ]) + ][ , ] + ( , ) + ( )[ , ]= (( ) ) ( ) ( , )([ ] + ( ) ) + ( ) + ][ , ]+ ( , ) + ( )[ , ]= (( ) ) + ( ( , ) ([ ] + ( ) )+[ ][ , ] + ( , ) + ( )[ , ])= (( ) ) += ( ) +) ( ( )) = ( ( + ( )))= ( + ( )) + ( + ( ))= [ , ( + ( )) ] + ( + ( )[ , ]= [ , + ( )) ] + [ , ] + ( )[ , ]= [ , ( ) + ( + ( ) )]+ ( [ , ] ( ( , ) + ))
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+ ( )( [ , ] ( ( , ) + ))= [ , ( ) ] [ , ( + ( ) )][ , ] ( ( , ) + ) 12 ( )[ , ]= [ , ] + ( ( , ) + )( + ( ) ) ( [ , ]) ([ ][ , ])( ( , ) + ) ) ( )[ , ]= (( ) ) ( ) + ( )+ ( ( , ) + ( + ( ) ) [ ][ , ]( ( , ) + ) ( )[ , ]) = ( ) + 'P) ( ( )) = ( ( + 12 ( )))= ( + ( )) + ( + ( ))= [ , ( + ( )) ] + ( + ( )[ , ]= [ , ( ) + ([ ] + ( ) )] + [ , ]+ ( )[ , ]= [ , ( ) ] [ , ([ ] + ( ) )] + ([ , ]+ ( ( , ) + ) + ( )([ , ] + ( ( , ) + ))= [ , ] ( ( , ) + ) ([ ] + ( ) )+ [ , ] + ( ( , ) + ) + ( )[ , ]+ ( ) ( ( , ) + )= (( ) ) ( ) ( ( , ) )([ ] + ( ) ) + ( ) + ][ , ]+ (( ( , ) + ) ) + ( )[ , ])= (( ) ) ( ) + ( ) + ( ( , ) ([ ] + ( ) ) + [ ][ , ]+( ( , ) + ) + ( )[ , ]) = ( ) + ''P) ( ( )) = ( ( + ( )))= ( + ( )) + ( + ( ))= [ , ( + ( )) ] + ( + ( )[ , ]= [ , ( ) + ( + 12 ( ) )] + [ , ]
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+ ( )[ , ]= [ , ( ) ] [ , ( + ( ) )] + [ , ]+ ( )[ , ]= [ , ] ( ( + 12 ( ) ) + ( [ , ])+ [ , ] + ( )[ , ]= (( ) ) ( ) + ( )+ ( ( + 12 ( ) ) + [ , ] + 12 ( )[ , ])= ( ) + '''P .
The theorem is proved.                                                                                                       
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INVESTIGATION OF THE SOLUTION OF CAUCHY AND BOUNDARY 
PROBLEMS FOR THE THIRD ORDER DISCRETE 

ADDITIVE-POVERATIVE-MULTIPLICATIVE DERIVATIVE EQUATION

N.A.ALIYEV, A.M.MAMMADZADE

SUMMARY

Here we will determine the solutions of Cauchy boundary problems for an equation 
containing three different discrete derivatives. To do this, first obtain a general solution of the 
equation under consideration, which depends on any three constants, and then determine the 
solution of the problem under consideration. In both cases? An analytical statement will be 
taken to resolve the issue.

Keywords: Diskret additive derivative, discrete multiplicative derivative, discrete 
poverative derivative, discrete nonlinear Cauchy and boundary value problem, definition of 
sequence.
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OF A NONLINEAR ELASTIC ECCENTRIC RING
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The aim of this work is to study the limit state of a multilayer eccentric ring made of a 
nonlinear elastic material and subjected to uniform external pressure. In this case, it is very 
important to calculate the critical buckling force depending on the parameter that 
characterizes different-walled shells, the presence of which can be explained, for example, by 
the inaccuracy of the manufacture of the product. To solve this problem, we will use the 
principle of calculus of variations with the method of Relay-Ritz.

Keywords: a multilayer eccentric ring, the different-walled parameter, critical force, 
the Relay-Ritz method, the voltage, the non-linearity indicator.

Introduction. The relevance and importance of this article is related to 
the search for reserves of material savings with a simultaneous increase in the 
load-bearing capacity of pipes. The complexity of this study is that for a 
number of important applications, pipes need to be represented as different-
walled shells with an initial imperfection. At the same time, the latter tends to 
grow under the influence of the load and, starting from a certain value, the 
growth of deflections can become catastrophically large. This circumstance 
leads to the need to take into account the geometric nonlinearity. In various 
designs, difference rings are used as load-bearing elements, the material of 
which has the property of nonlinear elasticity. In this connection, it is of 
interest to analyze the buckling of such elements. The presence of a difference 
in thickness is inherent in almost all operated pipes. The analysis of the 
buckling process of multilayer rings made of a nonlinear elastic material is 
very important, due to the wide distribution and use of compressed structural 
elements in various fields of technology. Despite numerous studies in this area 
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[1, 2, 3], the influence of the different-walled parameter on the values of critical 
forces remains poorly understood. The task set here is devoted to this aspect.

1.Getting the basic ratios. Let's define a polar coordinate system ( )θ,z and 

introduce an eccentric ring of radius R and thickness )(2 θh (Fig. 1). Let's assume 
that it is composed of s alternating layers of different thickness, the boundaries of 
which are circles of the same eccentricity. The thickness of each layer is denoted by 

)(θδk . Thus, )(2)(...)()( 21 θθδθδθδ hs =+++ . We define the contact conditions 
between the layers of the package, which consist in their rigid coupling. This implies 
the equality of their displacements, stresses, and the absence of mutual pressure of the 
layers. In the future, we will be guided by the hypotheses of flat Kirchhoff-Love 
sections, under which the conditions of a rigid connection are fulfilled automatically.

The different-walled ring will be approximated by the expression
( )θλθ sin1)( 0 += hh , (1)

where λ is the different-walled parameter. From geometric considerations, it 
follows that [ )1,0∈λ , and  ( )θλδθδ sin1)( 0 += jj , here 0h and 0jδ are the 
characteristic thicknesses of the ring and the j -th layer, respectively.

To describe the physical properties of the ring material, we will use the 
equation of state of the nonlinear theory of elasticity, which we will write as:

,1 10
11

+
++

Φ ≤≤
⎪⎭

⎪
⎬
⎫
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⎪
⎨
⎧
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kk
aza

E
e

σ
σσ (2)

where σ is the voltage, n is the non-linearity indicator that takes even values 
(2, 4, 6, ...), 1+kE and )]1(...,,1,0[0

1 −=+ skkσ , respectively, the elastic modulus 
and the limit of proportionality of the material k layer. In (2) the notation is
introduced:

)0()( 0
0

=+−= ∑
=

δθδ
k

j
jk ha .

Fig. 1. The model of the considered eccentric ring.
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Note that for 2=n equation (2) is a fairly good approximation of the 
law of elasticity for reinforced plastics, some aluminum alloys, duralumin, etc.
The value 4=n corresponds to the diagram of linear hardening. At sufficiently 
large values n , the relation (2) approximates the law of ideal plasticity 
(Prandtl's scheme).

Let us now denote by v and w , respectively, the movement in the 
azimuthal direction and the deflection. The theory of thin rings proposed here 
is based on the following assumptions:

a) in the process of deformation, the geometric nonlinearity in v and w is taken into 
account at the same time . It should be noted that, all other things being equal, taking 
into account the complete nonlinearity allows the most rational use of the load-
bearing capacity of structures [4];
b) buckling occurs in the plane of the ring;
c) due to the thinness of the wall, the thickness stress σ varies linearly.

Note that the applicability and accuracy of the latter assumption is 
justified in [5]. The solution of the problem is possible by means of the 
variational method of the mixed type [6].

Given hypothesis a), the functional used has the form:

−
⎪⎩

⎪
⎨
⎧

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠
⎞⎜

⎝
⎛ +

∂
∂+⎟

⎠
⎞⎜

⎝
⎛ −

∂
∂+=Κ ∫ ∫

−

)(

)(

2

0

22

22

θ

θ

π

θθ
σεσ

h

h

wvvw
R

R

,
2
1 2

0
∫+

⎭
⎬
⎫− Φ

π

θθσ dwRdzde (3)

where ε is the strain tensor. The point here and hereafter refers to the dif-
ferentiation by q
( 1=q ). Given the expression (2), the functional (3) is rewritten as follows:

−
⎪⎩

⎪
⎨
⎧

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠
⎞⎜

⎝
⎛ +

∂
∂+⎟

⎠
⎞⎜

⎝
⎛ −

∂
∂+=Κ ∫ ∫

−

)(

)(

2

0

22

22

θ

θ

π

θθ
σεσ

h

h

wvvw
R

R

( ) ∫∫ ∫ +
⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

⎟⎟⎠

⎞
⎜⎜⎝

⎛
++−

− ++

ππ θ

θ

θθ
σ

σσ 2

0

2

0

)(

)(
0

11

2
11

2
dwRdzdn

E
R

h

h

n

kk
. (4)

Due to the hypothesis of flat sections, we have:
zκεε −= 0 .

Here 0ε and the change in curvature κ are determined by the formulas
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accordingly, as follows from the equations of the theory of thin shells. Follo-
wing the assumption c), the stress distribution over the thickness is assumed to 
be linear:

θσ l
h
zqc

h
qR cos)(
2 00

+−= (7)

It is important to note that the approximation (7) needs to be refined in order to 
determine those λ in which it is satisfactory or there is a need to represent it in 
the form

θ
θθ

σ l
h
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h
qR cos

)(
)(

)(2
+−= . (8)

Next, we take the approximating functions as
θθ lqvvlqwqww sin)(,cos)()( 010 =+= . (9)

Differentiating relations (5), (6), (8), (9) and substituting the obtained 
relations and formula (8) into (4), after a series of calculations, we find:
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where, for the sake of brevity, the following notation is entered:
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Here 010 ,, vww and c are independent variable values.
2. Solution of the received problem. Equating to
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,

we get a system of four ordinary differential equations, which we give in a 
form that is convenient for subsequent integration. Omitting the elementary 
calculations, we get:
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Our next step will be to calculate the unknown function arguments. To do 
this, the system of equations must be supplemented with initial conditions, 
which, based on the physics of the phenomenon, consist in the absence of a mo-
ment, an azimuthal displacement, and the presence of an initial imperfection:

( ) ( ) 00,00 0 == vc , ( ) θlww cos0 0
11 = , (10)               

where 0
1w is the specified amplitude of the initial imperfection.

For further calculations, it turns out to be appropriate to express 1w by 
q . Combining the second and third equations of the system, we get the 
expressions
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After integrating the first expression (11) under the conditions (10), we get the 
formula
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Using formulas (11), (12) and excluding from the last equation of the 
above system 0v and c , we arrive at a nonlinear differential equation with 
respect to 1w :
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To give a quantitative idea of the nature of the change in the critical 
forces obtained for different values λ , we give the following example. We 
introduce dimensionless quantities:
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This de-dimensionalization β follows from the accepted form of layer eccen-
tricity (formula (1)). Consider the stability of a three-layer ( 3=s ) eccentric 
ring, with the following periodic structure: )()(, 3131 θδθδ == EE and 0

3
0
1 σσ = .

We write equation (13) for the value of the non-linearity index 2=n
(in this case, the buckling occurs in the form of an "eight"):
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Similarly, nonlinear differential equations for 4=n and 6=n are ob-
tained from equation (13), which are not presented here because of the cum-
bersome relations.

In equation (14), the transition to dimensionless differentiation was 
carried out according to the rule

τd
d

Edq
d

1

1=

Equation (14) should be integrated under the initial condition

0

0
1)0( γγ ==

R
w

.

It is important to note that despite the rather cumbersome calculations 
due to the multilayering taking into account the complete geometric nonlinea-
rity, the nonlinear physical relationship and the presence of eccentricity, the 
solution of the problem can be reduced to the solution of the Cauchy problem for 
a nonlinear differential equation of the first order, resolved with respect to the 
derivative under the additional condition characterizing the limit state of the ring

0=
γ
τ

d
d

.

3. Numerical analysis. The above mentioned allows us to perform 
numerical integration of the obtained problem by the Runge-Kutta method.

With the following calculated data
5,0,4,2,2,103,10,10 211

0 ====⋅=== −− γβαηξγ l ,
figures 2 show the dependences τ on λ for 2=n - a), for 4=n - b), for 

6=n - c). Solid lines - 1 correspond to the case when σ represented by 
formula (7), dotted lines - 2 when σ represented by formula (8).
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a)                                                              b)                                      

c)

                          Fig. 2. Dependences of the critical buckling force τ on the parameter λ :

                                                                   a) 2=n ,  b) 4=n ,  c) 6=n .

4. Conclusions.
• for certain values of the different-walled parameter λ , the representation 
of the voltage by

the dependence (8) leads to a decrease in the values of the critical force (about 
10%) , and thus it is necessary to take into account the approximation (7);

• the difference in thickness of the walls significantly increases the critical 
buckling force

(on the order of  25%);
• the values of the critical force decrease when the non-linearity index 
increases, but at
2=n and 4=n they are closer to each other, and at 6=n strongly decrease.
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BUCKLING OF A MULTILAYER THIN-WALLED SHELL DURING CREEP UNDER 
THE ACTION OF A DISTRIBUTED LOAD

Yu.SEVDIMALIYEV

SUMMARY

The processes occurring during deformation under creep conditions of a multilayer 
circular cylindrical shell deviating from a certain ideal shape are considered. Considering the 
flow process for a given system of loads and the critical time corresponding to the loss of 
stability, is determined from the condition that the deformation rates go to infinity. The 
influence of the multilayer shell on the critical values of the parameters is estimated. An 
example of calculation is given.

Keywords: creep, multilayer shell, creep buckling, shell structures, quasi-static 
instability, critical time, mathematical model, variational principle, bearing capacity.
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Tutaq ki, R=R(x) yar m sonsuz en k siyi d yi n olan borudur v h- qa-
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VISCOUS FLOW OF VISCOUS ELASTIC INCOMPRESSIBLE FLUID 
IN A SEMI-INFINITE VISCOUS ELASTIC, VARIABLE CROSS-SECTIONAL TUBE

K.R.RAHIMOVA, A.B.ALIYEV

SUMMARY

The impulsive stream of the none-pressable liquid in the half-infinite viscous-elastic 
pipe with variable profile is investigated. The solution of the problem is reduced to the solution 
of the singular boundary Sturm-Luivill problem. In one simple case the influence of the 
reology of the liquid on the wave characteristics.

Keywords: wave, viscous liquid, elastic tube, velocity of the waves, attenuation.
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RELAXATION TIME FOR INTERBAND AND INTRABAND SCATTERING 
OF CONDUCTION ELECTRONS BY PHONONS IN SUPERLATTICES 

IN A STRONG MAGNETIC FIELD

S.R.FIGAROVA, M.M.MAHMUDOV

SUMMARY

In the paper, the relaxation time of conduction electrons for the scattering on acoustic 
and polar optical phonons in superlattices in a strong magnetic field is calculated. Has been 
studied the probability of intraband and interband scattering. It was found that in a strong 
magnetic field for scattering by acoustic phonons, intraband transitions prevail, while in 
scattering by polar optical phonons, interband transitions prevail. It is shown that the relaxation 
time is proportional to the density of states, which depends on the magnetic field.

Keywords: relaxation time, superlattice, intraband and interband scattering, density of 
states.
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-FOTON LEYSANININ 

almaqla kristallarda müon-f -

Açar 

CASCADE THEORY OF MUON-PHOTON SHOWER IN CRYSTALS 
WITH THE LINEAR POLARIZATION OF PHOTONS 

AND THE LONGITUDINAL POLARIZATION OF MUONS

M.R.RAJABOV

SUMMARY

The theory of a cascade muon-photon shower in crystals, with the linear polarization of 
photons and the longitudinal polarization of muons is developed. The depending the 
distribution function of shower photons on the depth of their penetration, energy and spin states 
of shower particles is investigated.

Keywords: electromagnetic shower, photon, muon, polarization
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M qal d rd paramaqnit z rr -
cikl rin yüks maqnit rezonans x

sinin sür v
rezonans 

Açar sözl r: k konsentrasiya, 
paramaqnit ion, rezonans x

rd konsentra-
siyalarda Nüv Maqnit Rezonans x n qeyd olunur 
ki, rezonans x sirl r-
d sirl rin spin d nl b b
olur v l r üz rind ki fluktasiya ed n lokal sah yarat-

bil rik. Öz növb sind bu lokal maqnit sah sinin rezonans x t-
m l g

da spin- sirini n z r -
k konsentrasiyalarda m nz r si ciddi sur td d

halda lokal fluktasiya ed n maqnit sah
spin- siri 

Burada sas m qs d maqnit z rr cikl rin spin- sirinin 
n z r qs dimiz nail olmaq üçün sistemin 

H = + (1)
sir hiss sind ( ) operatorunu n z r

= - + ( +, (1.1)
(1.1)-d , elektron spin mübadil v dipol-dipol 

yüks k konsentrasiyalar 
kild olacaq:
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= + + + + (1.2)
Qeyd ed k ki, burada , , , , -

nüv , elektron-elektron, elektron-s rb st elektron, s rb st elektron-nüv , nüv -
nüv sirl

sird olmayan hiss sinin operatoru ( ) d -
m y r kild

= + + + + (1.3)
Qeyd ed k ki, burada , , , , sird

olmayan elektron, nüv , s rb st elektron spinl rinin, s rb
kinetik enerjisinin, fonon sah

Nüv Maqnit Rezonans yrisinin f kon-
l rd

yali hiss
F(m) = | (1.4)

Burada ± m lum nüv
sas

r k t t( )| ( )  = ( ) < [ ( ), ( )] > (1.5)
kil alacaq:

E | = - < [ , ] > + [ , ]| (1.6)
(1.6) t nliyind | daha 
yüks [ , ]|

(1.6) t nliyinin h lli, g r sistemd n vacib dinamik effektl ri 
itirm m k ist yiriks mümkün q d r d nliyi 

kild h llind y -
can z riyy sini t tbiq edirl r. Burada sas m qs d mümkün olduqca 
(1.6) t nliyind ki z nciri inc bu yolla sistemd mövcud olan 

sirl rin dinamik prosesl rd
t

nliy b nz -
rql nir. Bu fakt H-in 

klini (1.6) t nliyind , , , ha-
klini yada salaq:

= + ( + ) (1.7)
= - D ( ) (1.8)

= - B ( ) + [ ( ) + ( ) ] (1.9)

=  ( + + ) (1.10)
B, D, , , spinl sir 
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Antikommutator | üçün (1.1)-(1.10) 
ifad l rini n z r almaqla h r k t t nliyini yazaq:

(E - ) | = - | +

+ D ( )| +  | +

+ | (1.11)
Gözl nildiyi kimi sistemd ki lokaliz k

msil ed n operatoru (1.11) t nliyind

(P) t ncirin lumdur. 
H l lik sistemin kütl yin ed n t nlikl ri yazaq:

= | (1.12)

= | (1.13)

=  ( )| (1.14)

=  |  (1.15)
Burada (1.12)-(1.15) t nlikl rind :+ + + = ( ) (1.16)

= ( | ) (1.17)
M(E) = E - - | (1.18)

kimi t yin olunur.
y z riyy

dinamik effektl ri itirm m k üçün (1.12)-(1.15) t nlikl r find ki 
r k t t qs dl h min 

t almaqla 
nin gör dif rab r

r( )  | =  | – ( )| ( ) | (1.19)( )  | = | (1.20)( )  | = | (1.21) ( )  ( ) | = ( ) -   ( ) | ( ) | ( ) (1.22)
nlikl r find simmetrikl r find kil rd n daha 

yüks t q d r d qiq hesablamaq üçün onlara h r k t
t nlikl ( )  | = +

+  +
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+  ( | | ) +

+  | + ( )| +

+ [ ( ) | ( ) | ] (1.23)
nliyind -

ricil rd paramaqnit z rr cikl min 
z rr cikl rin spin- siri (elektron) h r k t t nliyi daxil olur 
( lokal spinl sir rir ki, re-
zonans -
s k t i d qiqlikl
t sirl qs dl (1.23) t nliyinin yet -
rinc d qiq h k:( ) = (1.24)
Burada

= | (1.25)
P = + + + + + (1.26)

olarsa:
= ( ) | (1.27)

= B( ( ) |  ( ) | ) (1.28)

= | (1.29)

= | (1.30)

= | (1.31) =  ( | | ) (1.32)
Önc d n l ri 

müst buna gör onlar mümkün olan n yüks -
lav d

Kütl operatoru M(E)-nin ifad sin daxil olan yüks k t rtibli Qrin funk-
si i d qiqlikd hesablamaq üçün anoloji yoldan istifad ed c yik. 

g r
= | ( ) (1.33)

k v – ni t-y gör dif nlikl ri ( ) = ( )  (1.34)
= | ( ) (1.35)

= | ( ) (1.36)

= | ( ) (1.37)

= ( ) | ( ) (1.38)
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Burada (1.34-t nliyind n) hesab olunur ki:
= +  + +  (1.39)

-1.38) t nlikl ri imkan verir ki, önc polyarizasiya 
ope sil sonra kütl ope-
ra r k t t nli sas 

klinin t yin edilm si böyük ç tin-
likl r s b b olmur. Burada sas m s l önc d -| r k t t n-
liyinin sistemd sirl rin düzgün n z r il ya-

i q d r d qiqlikl m l g ncirinin 
çözülm sidir.

Texniki olaraq bu m qs dl (1.34) – (1.38) t nlikl r f-
l rind - gör diferensiallayaraq daha yüks k
t -

-
- m s l nin yüks k

d qiqlikl h lli dem kdir.
Burada sas n biz riyazi olaraq polyarizasiya operatoru P v kütl

operatoru M- yüks
-y v M- -in 

t rd rezonans yrisin göst ril n
t sirl n tic l nir.

rd rda, yüks k konsen-
trasiyalarda sistemd sirl ri eyni 
zamanda n z r kütl

l ri xeyli mür kk bii olaraq kütl
n tic d kk b ifad sin g -

rezonans yin ed n gecik n
yali hiss sid ( |

-

1. Lokal maqnit sah sinin sür
2. Lokal maqnit sah yrisinin
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Birinci halda rezonans ( + +  +  + ) ×× { + [ ( + +  +  + ) ] } (1.40)
(1.40) ifad sind elektron spinl rinin nüv spinl ril sir 

= (1.41)
= (1.42)
=   (1.43)
=    (1.44)
=     (1.45)

-(1.45) ifad l rind ki , , ,  , k miyy t-
l sir n tic sind n spin keçidl

-
olan  = ( + +  +  + ) (1.46)

>  (1.47)
= + +  +  + (1.48)

sür -

= – (1.48) +  +   +   +  (1.49)

-  ,  ,  ,  ,  -

siv-

pay verdiyi - dirdi-
- rürük.

ur: < (1.50)

günkü texniki imkanlar 

-
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A> (1.51)

f( ) = + { + ( ) } (1.52)
-= ( + + +  + ) (1.53)

-

1. Abragam A. The Principles of nuclear magnetism, 2006.
2. Furdyna J.K. Diluted magnetic semiconductors. J. Appl. Phys., 1988, v. 64, No 4, p. R29.
3. -

– II, c. 287-294.
4. Aliev M.N. Magnetic resonans theory in semimagnetic semiconductors. – Proc. of XXIV-

th Congress AMPERE, L-40, Poznan, 1988.

CALCULATION OF NUCLEAR MAGNETIC RESONANCE CURVE IN 
SEMIMAGNETIC SEMICONDUCTORS AT LOW TEMPERATURES 

AND HIGH CONCENTRATION OF PARAMAGNITE PARTICLES 

A.C.MAMMADZADE, M.N.ALIYEV

SUMMARY

In the article, the nuclear magnetic resonance line at low temperatures and high con-
centrations of paramagnetic particles in semimagnetic semiconductors was calculated by the 
Green function method. The shape of the resonance line in fast fluctuations and slow fluctua-
tions of the local magnetic field was considered.

Keywords: Semimagnetic Semiconductors, low temperatures, high concentration, 
paramagnite ion, resonance line, Green function
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KLEYN–QORDON 
VUD–

badalovvatan@yahoo.com
-

Kleyn-   - -Uva-
- v  d rinlikl rind n, radial   v orbital  kvant  ,

Kleyn- -

-
- - -

si

Bu nöqteyi-
edir. Hal- -

leml rin-
-
-

- mi (standart) Vuds - Sakson 
- r( ) = 1 + 1 +   ,                                  (1)

burada   ,    - ya nüv nin 
radiusu, -

-
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Vuds - d dinin 0 ix-
tiyari qiym tind nlikl ri d qiq h ll oluna bilmir. Orbital kvant d -
dinin 0

fin-
-

t rtib q d r h dl ri 
n z r almaqla eksponensiallara gör f Pe-

-Uvarov metodunun  köm yi il orbital kvant 
d dinin ixtiyari 0 - Sakson tipli potensiallar üçün radial 
redinger v radial Kleyn - Qordon t nlikl ri analitik h jinin 

m xsusi qiym tl ri v m - l rd
ixtiyari -  ( ) si-
masiya sxemi – Pekeris 1 = 1 + 1 + e + 1 + e   .                           (2)

  ,    ,  , k miyy tl ri (2) münasib tinin h r iki t r fini nüv nin s -
-  = nöqt si d n

t yin olunan parametrl rdir. [6] v [7] – d is
effektiv Vuds- -  = mi-
ni  ,  ,  approksimasiya para-
metr ( ) 

- metod-
yi il  - dir. 

- – Qor-
.

Hesablamalar ixtiyari - Sakson poten =   ,  ,  approksima-( ) -
-

Radial Kleyn-
Sferik simmetrik skalyar ( ) v vektor ( ) potensial sah l rd spini 
rab r olan z rr cik üçün stasionar Kleyn-Qordon t

kimidir [8]:(  ,  , ) + 1 [( ( )) ( + ( )) ] (  ,  , ) = 0 ,      (3)
burada – z rr ciyin kütl si,   - radius,   - polyar bucaq,  - azimutal bu-
caq, - Plank sabiti, –
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= = +  , = 1                             (4)
(  ,  , ) = ( ) (  , )                                         (5) (  , ) sferik f(  , ) = ( + 1) (  , )                                       (6)

t nliyi öd nilir, burada - orbital kvant d di v  
(4) - -

sonra  ( ) ( ) + 1 ( ) + ( ) ( + 1) ( ) = 0, (7)
burada  0 <  dir.

Skalyar v -
b rab r  ( ) = ( ) = ( ) olduqda (7) t kl( ) + 1 2( + ) ( ) ( + 1) ( ) = 0 , (8)

Orbital kvant d dinin ixtiyari qiym tind Nikiforov-Uvarov, asimptotik 
iterasiya  v s. üsullardan istifad etm kl bu potensial üçün (8) t nliyini analitik 
h ll etm k mümkün deyildir v buna s b b m rk z ni( ) = ( + 1)  .                                             (9) 
Bu m qs dl yeni =  d nini daxil edib  = (1 + ) orbital 
m rk z qaçma  ( ) -Sakson ( ) potensia-( ) = 0 rtind = =  t nliyini 
öd y n, y ni onu (1) ümumil -Sakson  ( )  == 1 minimum nöqt si ( ) = ( + 1) = ( + 1) 1(1 + ) == 1(1 + ) 2(1 + ) ( ) + 3(1 + ) ( ) +       (10)
burada  = ( )- =   > 0  > v ya < rt öd nm zs ,
ümumil -Sakson  ( ) keris  (r) -6]:( ) = ( + 1) 0 + 11 + + 2(1 + )2   ,                 (11)
burada = v = ( )-dir.
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( )  = =   ( = = )
( ) = 0 + 11 + + 2(1 + )2 1(1 + )2 + 2 2(1 + )3 ( )

1 (1 )2(1 + )3 + 2 (1 2 )(1 + )4 ( )2 +      (12)
(10) v (12) ifad l rind   -0 , 1 , 2

0 + 11 + + 2(1 + )2 = 1(1 + )                                   
1(1 + )2 + 2 2(1 + )3 = 2(1 + )                                       
1 (1 )2(1 + )3 + 2 (1 2 )(1 + )4 = 3(1 + )

       (13)
- 0 , 1 , 2 -

0 = 1(1 + ) + (1 + )2(1 + )3 31 + + 3(1 + )
1 = 2(1 + )2(1 + )3 2 3(1 + )(1 + )                  

2 = (1 + )3(1 + )3 1 + 3(1 + )(1 + )
         (14)

Radial Kleyn- ( ) -( )
Kleyn- ( ) ( ) ( ) + ( + 1) + 2( + ) ( + ) ( + 1)

1 +2( + ) + ( + 1)
1 + ( ) = 0 .                           (15)

Yeni  =   ;  0 1 d nini daxil ets k, (15) t nliyi ( ) + 1 2(1 ) ( ) + +(1 ) ( ) = 0  ,         (16)
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kl r, burada= ( + 1) > 0 ,                                    (17)= 2( + )( + ) ( + 1) > 0  ,                  (18)= 2( + ) + ( + 1) > 0  ,                                (19)
laq li hallar üçün > 0  (| | ) 

Nikiforov-( ) = (1 );  ( ) = 1 2  ;  ( ) = +  ,           (20)
ki,  ( )  ( ) = 1 2  ( ) = ± ( ) + ( )                                  (21)

olur. Sabit 

= + +   .                          (22)
Bel likl , h r bir üçün iki mümkün  ( ) ( ) = ± +    g r  = + +  + +    g r  = + + + (23)

NU metoduna [3] sas n  ( ) polinomunun (23) dörd mümkün for-
ma sini seçirik ki, bu forma polinom üçün ( ) -( ) = ( ) + 2 ( ) = 2 + + + 1 + 2 + 1  ;( ) = 2 + + + 1 < 0 (0 , 1)  ( ) < 0 , 0 1 . Buna gör ( ) v ( ) ( ) = + + +                                     (24)( ) = 2 + + + 1 + 2 + 1                (25)= + + +                                         (26)
Onda  = + ( ) sabiti= + + + + +           (27)

-= = 2 + + + ( + 1)                           (28)
+ + + + += 2 + + + ( + 1)

119



+ + + + 12 14 = 0 .
+ + =                                          (29)

= 1 + 4 12                                                 (30)
v ( = 0 , 1 , 2 , ) .= 12 +                                           (31)

laq < 0 v  > 0 , +> 0  > 0  | | < , v - - –

+ + ( + 1) + +2
+ 16 1 + 8( + ) + 4 ( + 1) 2 1

+ 16 2( + ) ( + 1) ( + )
1 + 8( + ) + 4 ( + 1) 2 1 = 0. (32)

Bu irrasional t nlikd v d rinlikl rind  
enind n, s thin   radial v orbital  kvant d dl rind n
m hdud sayda  enerji 

Ümumil - sind ya-
yin etm k üçün ( ) , ( ) , ( )( )( ) = ( )( )       v      ( )( ) = ( ) ( )( )

- b adi diferensial t nlikl ri h ll ets k,
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 (0 ,1) ( ) v ( )( ) = (1 )  ,                                      (33)( ) = (1 )  .                                    (34)
( ) = (1 ) (1 )        (35)

olar, burada  = 1! - ( ) 
( ) = , (1 2 ) ,                            (36)

burada ( , )(1 2 ) = 1! (1 ) (1 )            (37)
( ) = (1 ) , (1 2 )          (38)

olar, burada  normalanma sabitidir.
Enerji s viyy l rinin (32) t nliyind qeyri-(  ) keçs k, y ni  , + 2 ,  ,  

çevrilm l rini aparsaq, onda ümumil - -
relyativistik   enerji spektrinin ifad= 2 + ( + 1)2 + +2

32 1 + 8 + 4 ( + 1) 2 1
+ 16 2 ( + 1) ( + )

1 + 8 + 4 ( + 1) 2 1             (39)

Ümumil - sind m rk z qaçma poten-
tbiq ed r k orbital   -
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–GORDON EQUATION 
FOR THE GENERALIZED WOODS–SAXON POTENTIAL

V.H.BADALOV

SUMMARY

In the present work, the analytical solutions of the radial Kleyn-Gordon equation have 
been studied for the generalized Woods-Saxon potential by using the Pekeris approximation. 
The energy eigenvalues and radial wavefunctions were found for arbitrary  l - state via the 
Nikiforov-Uvarov methods. Furthermore, a finite number energy spectrum depending on 
depths of the potential  V  and  W, the radial  n and the orbital l quantum numbers and 
parameters  R  , a was identified as well.

Keywords: Kleyn-Gordon equation, Generalized Woods-Saxon potential, Bound states
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N z ri konformasiya analizi üsulu il Tyr1-Pro2-Tyr3-Tyr4 kazoksin B molekulunun
f m l g tir

t azoksin B molekulunun f nm k üçün sistemin 
potensial enerjisi qeyri- sir enerjil rinin v hidrogen 
rabit si enerjisinin c klind azoksin B molekulunun stab

tl
sir enerjil ri mü yy

molekulun üçölçülü f 0- 5.0 kkal/mol en

Açar sözl r: ekzorfin, kazoksin, opioid, f

-

-
man -

-
ki ptid -

-
-

yil v -
-

in - -
in -Gly-Gly-

mo

- -kazomorfin-4, -5, -6, -7 –dir
[1-4].  
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-
mor -
et -funksiya 

va-
-11].

Hesablama metodu
Tyr1-Pro2-Tyr3-Tyr4  kazoksin B

80 atomdan v tdir. Kazoksin B moleku-
lunun f nm k üçün sistemin potensial enerjisi qeyri-valent, 

sir enerjil rinin v hidrogen rabit si enerjisinin 
c klind - sir enerjisi Lennard-Cons 
po Momani v rl -

öyr t -
sir ener-

jisini h rin qiy-
m tl tl ri v valent rabit l -
mani v qal sind

l ri v qiym tl ri beyn
N z tic l rini t hlil 

etm k üçün h etm k
üçün Xn

ij sind n istifad edilir, burada X- sas z nci-
- nci yerd

ncirinin 
v ziyy 1 2 3) xarakteriz edir. 1-
qiym tinin 0º- -indeksi 120º- - -indeksi -
120º- sas z ncirinin 
R- -nin qiym tl ri -180º-0º inter-

- -nin qiym ti -180º- -nin qiym ti 0º-
- -nin qiym tl ri 0º- -

oblast -nin qiym ti 0º- -nin qiym ti -180º-0º interva-
sas z nciri-

tl yünü
mü yy n edir.

Molekulun sas z nciri e v
i-C i+1-C i+2-C i+3 virtual rabit l -

lir. f-
R-R, R-B, B-L, L-L, B-P, L-P, P-R, R- - B-B, B-R, L-
B, L-P, R-L, R-P, P-L, P- m l g tirir.

tic l ri v si
Tyr1-Pro2-Tyr3-Tyr4 kazoksin B molekulunun f m -

l g tir sa
-
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sind vv l g l-
dikd onlar üçün sas z kenerjili 
olur. Ona gör d kazoksin B molekulunun f lamaq üçün 

kd sas z ncirin R for-
b bd n d molekulun f za

nm ncirin eee, eef, efe v
rinin sas z ncirl rinin s

Kazoksin B molekulunun f nilm si göst rir ki, sas 
z rin gör diferensiasiya ge-

nin nisbi ener-
jisi 5.0 kkal/mol- min konformasiyalar, onlara qeyri-va-

sir enerjil rinin verdikl ri pay, ümumi v
nisbi enerjil ri c dv l 1-d göst dv l 1-d n göründüyü kimi, qey-
ri- sir enerjisinin ümumi enerjiy verdiy pay (-14.4) – (-10.0) 

sir enerjisinin verdiyi pay (-2.2) –(1.0) 
sir enerjisinin verdiyi pay (1.3) - (2.9) kkal/mol 

in

C dv l 1
Kazoksin B
qeyri- sir enerjil rinin 

verdikl ri pay, ümumi v nisbi enerjil ri
Konformasiya Uqv Uel Utor Uüm Unis

1
2
3
4
5
6

Eff B3 R R2 R3
B3 R R1 R2

B3 R R3 R3
B3 R R3 R2
B3 R R2 R2
B3 R R3 R1

-14.4
-13.3
-12.9
-11.5
-10.6
-10.0

-2.0
-2.0
-2.2
-2.2
-2.1
-1.5

1.8
1.6
1.6
1.4
1.5
1.3

-14.6
-13.7
-13.5
-12.2
-11.2
-10.2

0
0.9
1.1
1.3
3.4
4.4

7
8
9

10
11

Efe B3 R B1 B3
B3 R B3 B3
B3 R B1 B2
B3 R B2 B3
B3 R B1 B1

-13.5
-11.9
-12.7
-11.8
-11.9

-0.4
-0.5
-0.4
-0.4
-0.5

2.8
1.8
2.9
2.0
2.6

-11.1
-10.6
-10.3
-10.2
-9.9

3.5
4.0
4.3
4.4
4.7

12
13

Eef B2 B R1 R1
B1 B R2 R3

-14.1
-12.4

1.0
0.7

2.4
1.8

-10.7
-9.8

3.9
4.8

14
15

Eee B1 B B1 B3
B1 B B2 B3

-12.5
-12.3

0.4
0.7

1.8
1.8

-10.3
-9.8

4.3
4.8

Kazoksin B molekulunun h masi-
ya v sir enerjil ri 
c dv l 2-d , nd si parametrl ri is c dv l 3-d , h min konformasiya-
larda atomlar n f zada yerl si is kil 1-d göst

0 - 5.0 kkal/mol
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ördünün nisbi enerjisi 1.3 kkal/mol-dan 
kiçikdir. Kazoksin B molekulunun 3 R
R2 R3 -valent v elektrostatik  qa -

sir enerjil rin gör - sir enerjisinin  
verdiyi pay is n çoxdur (c dv sin Tyr1-in 
dig sir enerjisi (-16.4) kkal/mol, Tyr3-Tyr4 
ami sir enerjisi (-4.7) kkal/mol pay verir 
(c dv -H atomu il Tyr4 

dv l 1-d
göst ril – 4.7 kkal/mol 

kkal/mol olan B3 R B1 B3 -dir. Bu konformasiyada qeyri- sir 
enerjisinin ümumi enerjiy verdiyi pay t n
(0.9) kkal/mol q d sir enerjisinin verdiyi pay (1.6) 
kkal/mol q d sir enerjisinin verdiyi pay (1.0) kkal/mol 
q d n stabill sin Tyr1-in dig
il sir enerjisi (-16.1) kkal/mol, Pro2-nin Tyr3- -

sir enerjisi (-2.5) kkal/mol, Tyr3-
sir enerjisi (-2.0) kkal/mol pay verir (c dv -

pi -dan kiçikdir. 
pin 2 B R1 R1-dir, onun nisbi enerjisi 3.9 

kkal/mol-dur. Bu konformasiya qeyri- sir gör bal 
konformasiyadan 0.3 kkal/mol q d sir  
enerjisin gör n dv l 1). Konformasiyan n stabill sin
Tyr1-in dig sir enerjisi (-10.6) kkal/mol, 
Pro2-nin Tyr3-Tyr4 sir enerjisi (-5.2) 
kkal/mol, Tyr3- sir enerjisi        
(-3.7) kkal/mol pay verir (c dv
nisbi enerjisi (5.0) kkal/mol-dan 1 B
R1 R3–dür, onun nisbi enerjisi 4.3 kkal/mol- - v

sir enerjil
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C dv l 2
Kazoksin B 3 R R2 R3 (Unis=0 kkal/mol,1-ci 

s tr), B3 R B1 B3 (Unis=3.5 kkal/mol, 2-ci s tr), B2 B R1 R1 (Unis=3.9
kkal/mol, 3-cü s tr), B1 B B1 B3 (Unis=4.3 kkal/mol, 4-cü s tr) 

v sir enerjil ri
Tyr1 Pro2 Tyr3 Tyr4
3.0
2.9
1.9
1.7

-3.8
-3.9
-5.3
-4.9

-2.1
-8.6
-1.6
-4.6

-10.5
-3.6
-3.6
-2.4

Tyr1

0.2
0.2
0.4
0.7

-0.5
-1.5
-0.3
-0.2

-0.7
-1.0
-4.9
-2.8

Pro2

0.9
1.8
1.4
1.4

-4.7
-2.0
-3.7
-2.4

Tyr3

1.8
1.7
2.5
1.3

Tyr4

C dv l 3
Kazoksin B nd si 

parametrl ri
B3 R R2 R3 B3 R B1 B3 B2 B R1 R1 B1 B B1 B3

Tyr1 -81  156  176
-70  103      0

-82  145  169
-77  112      0

-66  124  178
177   76      0

-69  159  173
66    90      0

Pro2 -60 -42  180 -60 -41  177           -60 142  179 -60   97   180

Tyr3 -85  -55   -176 -
173  94        0

-86 142 -179 
63   83      0

-61 -36   176
65    83      0

-95  149    180
67    84       0

Tyr4 -89 -62 -
-57   94      0

-94  140    -
-60    91    0

-80 -32 -
60    81      0

-133 140    -
-57    91     0

Unis 0 3.5 3.9 4.3
Qeyd ,...,,,, 21 χχωψφ
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a)    B3 R R2 R3

b)   B3 R B1 B3
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c)      B2 B R1 R1

d)     B1 B B1 B3

k. 1. Kazoksin B

Kazoksin B molekulunun f nilm si göst rir ki, mo-
lekul el f olur ki, o müxt
yerin yetir bil r v müxt laq y gir bil r. Ka-
zoksin B molekulunun f nilm sind tic l r ka-
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THEORETICAL CONFORMATIONAL ANALYSIS
CASOXIN B MOLECULES

SUMMARY

By the method of theoretical conformational analysis, the spatial structure of the 
casoxin B- Tyr1-Pro2-Tyr3-Tyr4 molecule was investigated. The potential function of the 
system is chosen as the sum of non-valent, electrostatic and torsion interactions and the energy 
of hydrogen bonds. Low-energy conformations of the molecule, values of dihedral angles of 
the main and side chains of amino acid residues included in the molecule were found, the 
energy of intra- and interstate interactions was estimated. It has been shown that the three-
dimensional structure of this molecule can be represented by 15 low-energy conformations 
falling within the energy range of 0-5.0 kcal/mol.

Keywords: exorphine, casoxin, opioid, structure, conformation
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Heterokeçidd c r yankeçm mexanizmini öyr nm k üçün onun elektrik xass l ri 80K-
400K ölçm -Si/n-ZnSSe heterokeçidinin düzün
istiqam td I- etm kl ar
müqavim tin (Ra) qiym -d n v H(I) nin I-d
p-Si/n- t

Açar sözl r: Heterokeçid, c r yankeçm mexanizmi, VAX, VFX.

Yüks k müqavim tli v rin fizi-
t dqiqatlar bu madd l nb l ri, 

buledicil ri, qeyri-x tti optik çeviricil r, elektrofotoqrafik t b q l r v s. 
yaratmaq üçün perspe yy

b q l r rk zl ri üçün 
rezonans tunel effektind n istifad
h miyy tli d r c d d c sas

rinin t b q l si, yeni nanoquru-
b q l rd n prosesl rin v keçid s rh dind ki defektl rin öyr -

nilm si v idar kk b
kimy vi v texnoloji cihazlar olsa da daha effektiv hesab olunur. Müasir elek-
tronika heterokeçidl rd n istifad tli mikro- v na-
noelektronika heterokeçidl r r gün ji-
sinin çevrilm sind ba n ucuz elektrik enerjisi istehsal
[1, 2]. 

Sink selen (ZnSe) II-VI qrup birl -
heterokeçidli gün -

mentl rind fotodiodlar üçün
qoruyucu v olunur. Si v ZnSe matereialla-

f s para-
metrl ri, istid nm r c si kimi fiziki parametrl rd ki 
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f rql r müxt lif növ krastillik defektl
elektron xass l rin sir göst r r tinin azal-

b b olur [3, 4]. ZnSe- çün, 
onun Si- y gös-
t rm yl r sas -
ziki v texnoloji n öyr nilm sin yön lir. Heterokeçidd c r yankeç-
m mexanizmini öyr nm k üçün onun elektrofiziki xass l
t d

Eksperiment
T -

0,4÷ (100) sim-
metriya oxuna malik monokristallik Si lövh l rind n istifad -Si-
un xüsusi müqavim ti müvafiq olaraq 8÷20 Om⋅sm- b rab

sind n istifad lif mexaniki de-
fektl rin, nazik oksid t b q l rinin v çirkl nm l rin k nar
m qs dil vv lc HCl-da, daha sonra is KOH + KNO (1:3) 

- mazdan vv l qabaq-
cadan t

Elektrokimy vi çökdürülm prosesi bizim t r fimizd n otaq temperatu-
runda xüsusi kvars qabda silisium lövh l rinin üz rind yerin yetiril dir. 
kimy vi m hlulun optimal t
(1,5÷2,2×10-3 M Zn(CH3OOO)2, 1,5÷2×10-3 M SeO2, 0,01÷0,02 M Na2S2O3,
1,05 M NH4 b q l rin t rkibi 0≤x≤0,5 diapazonunda d -

ona kimy vi, termik v rentgen analizl ri il n zar t edilir. Müxt lif 
nümun l μm- b rab rdir. Nazik t b q l r n-tip keçi-
ricilik qabiliyy tin malikdir; bu, termo-e.h.q.- sin gör mü yy n edil-

Nazik t b q l -IIIC rentgen 
difraktometrind n istifad edilm kl
mü yy dur. S
keyfiyy t ölçm l yi il mü yy n

Nazik t b q
kill ri t 1-xZnxS

nazik t b q sinin struktur analizi rentgen difraktometrinin köm yi il 20÷70 
yy 1-xZnxS

nazik t b q l ri polikristal t bi t malikdir v RD t
kimi, güclü sur td üstün olaraq (002) müst visi boyunca heksaqonal kristal 
qu

80K-400K ölçm te-
ris kil 1-d göst si göst rir ki, P-Si 
alt n- ZnSSe t b q elek-
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z riyy sin gör düzün c r rginlikd
[5] = [ ( ) 1] (1)

t nliyi il ifad olunur. Burada = ( / ) (2)

Düsturlarda - elektronun yükü, -  – Bolsman 
sabiti, –mütl q temperatur, - doyma c r - en k siyin sah si, -
Riçardson sabiti, - potensial ç p rin hündürlüyüdür. - q
c r sind n bel t yin olunur: = ( / )[ / ( ), = , = [ ( )/ ]  = + + ( ) ln( )     = .

( )(  ( ) = + ( ) ( ) ln 2 ( ) = + . (3)

n kiçik kvadratlar metodu il -U qrafikl rinin g rginliyin 0,2-0,8V 
qiym tl müxt lif temperatur-
larda IS doyma c r potensial ç p rin hündürlüyü 
he p rin hündürlüyü 0,83 eV 
t temperaturun 80 k- q d 0,075 eV q d r kiçil-

p-Si/n-ZnSSe heterokeçidi üçün -d -
t du-

-Si/n-ZnSSe heterokeçidinin düzün istiqam t-
d I- etm kl Ra- m ti 

-nin I-d n v H(I)-nin I-d

k. 1. p-Si/n-ZnSSe heterokeçidin normal (a) v -
-350, 2-300, 3-250, 4-180, 5-80.
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Ra- ti Çenq metodu il düzün g rginliyin qiym tl rind n he-
sabla -nin c r gör Ra v Y oxu 
il k si m sin gör nkT/q t kil 2a). H(I) -
k sdiyi nöqt B0 verir ki, buradan n-nin qiym -

gör d Ra- tl ndirm r iki 
tic l rir. Ra-

-I v H (I) - q r ikisind t eyni olub, 
103 - b rab rdir n, v -in qiym tl ri temperaturdan k

k. 2. p-Si/n-ZnSSe heterokeçidi üçün dV/d(lnI)-I (a) v H(I)- -
350, 2-300, 3-250, 4-180, 5-80.

Düzün istiqam td , kiçik g rginlikl rd , t dqiq olunan temperatur inter-
r yan I = kVm qanunu il ifad olunur ( kil 3). Çox kiçik g rginlik-

l rd c r yan g rginlikd n x rginlikl rd (ikinci oblastda) 
qeyri-x tti oblast t lir. G rginli-
yin 0,8V-dan böyük qiym tl rind h cmi yükl rl m hdudlanan c r yan mexa-
nizmin olunur (m=2,4). H cmi yükl r oblas-

da v ya keçid s rh dind d rin m rk zl rd çid-
l nm sin
CIGS rind c r tbiq 
olun kl salmaqla( ) = + ( ) (4)  

- tt verir ki, onun meylind n aktivl
ener

k. 3. p-Si/n-ZnSSe heterokeçidinin müxt lif temperaturlarda loqarifmik miqyasda 
VAX-I, T, K: 1-350, 2-300, 3-250, 4-180, 5-80. 
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Bu qiym t ZnSe - n kiçikdir (Eg = 
2,71 eV) v r üçün potensial ç p r ldiyini q bul etm k

rin Si-un daxilind n keçid s rh din tunel keçidi v
delektronlarla rekombinasiy -
kild tirir. = ( ) coth ( ) (5)
burada - rekombinasiya prosesind tunel keçidl
ed r neytral h cmd t l s viyy l rind n re-
kombinasiya üstünlük t , n- kild olar  
[6] 1 = 1 2(1 + 3 ) (6)
Burada - t l s viyy l ji-
sidir. T klif olunan msa -

kil 4) 
(5) düsturuna gör z ri ifad sil

t edir.

k. 4. p-Si/n-ZnSSe heterokeçidi üçün  nlnJs k miyy tinin temperatur as

k. 5. p-Si/n-

T dqiq olunan heterokeçidin tutumu otaq temperaturunda,1MHs tezlikd
t tbiq olunan g rkginlikd 2- rginlikd

kil 6-da göst
2- gör hesab-
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ti otaq temperaturunda 3,16 × 1013 -3. Vbi potensial ç p rin 
hün rginlik oxu il k nöqt sind n ta-

ti 0,89 eV t - -Rid-Holl münasib tin
gör kil 7-d
müxt lif temperaturda tutum v keçiriciliyin tezlikd yril ri gös-
t rd -
s k tezlikl rd

k. 6. p-Si/n-ZnSSe heterokeçidinin tutum xarak

k. 7. p-Si/n-ZnSSe heterokeçidinin tutumunun (a) v keçiriciliyinin (b) tezlikd n

Defektl rin EF-y viyy l -
çiriciliyi d bilir.  

kil 8a v 8b-d göst rildiyi kimi ( ) v yri-
l rind pikl rin v ziyy ti, sas n d , xarakterik tezliyin qiym ti temparaturun 

daha böyük qiym tl r

k. 8. p-Si/n-ZnSSe heterokeçidinin tutumunun (a) v keçiriciliyinin (b) tezlikd n
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kil 9 a,b-d ln ( )-nin 1/T-d t -( ) laq [6, 7]:= exp [ ( ) ] (7)= 2 (8)ln ( ) = ( ) (9)

– rin orta istilik sür ti, - –
tutma en k =1,1 ×107 sm / s v = 2,65 × 1019

sm-3. Energetik s viyy nin ( ) d rinliyi v tutma en k
qrafikl rin meylind n v 1/T oxu il k nöqt sind rin 
energetik s viyy t -

- viyy si il

k. 9. p-Si/n-ZnSSe heterokeçidinin xarakteristik tezliyinin C-f v G-f yril rind n
tl 0/ T2) k miyy ti

p-Si / n-
modeliyl t svir etm ZnSSe t b q si ara-

ffaf silisium oksid t b q si ola bil r. Bu diaqramda Si v ZnSe-
tl 2,71

rislik enerjil ri 4,30 eV v
4,09 eV t kild göst rildiyi kimi, keçirici zonada k C
(ZnSSe) - EV = Eg (ZnSSe) - Eg (Si) -

EC = 1,39 ev-dur.
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ELECTRICAL PROPERTIES OF NANOSTRUCTURED 
p-Si/n-ZnSSe HETEROJUNCTION

E.F. NASIROV

SUMMARY

To study the mechanism of the current in the heterojunction, we investigated its 
electrical properties in the measurement temperature range 80–400 K. The I – V characteristic 
of the p-Si/n-ZnSSe heterojunction in the forward direction was investigated, the series 
resistance (Rs) was calculated by the Cheng method, and was established the dependences 
dV/d(lnI) from I and H (I) from I. The structure of the energy band of the Si n-ZnSSe 
heterojunction was described by Anderson model.

Keywords: heterojunction, current transfer mechanism, VAX, VFX
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STRUCTURE AND PHOTOLUMINESCENCE PROPERTIES 
OF ZnS AND Ag2S BASED NANOSYSTEMS

S.G.NURIYEVA, A.H.KARIMOVA
Nano Research Center, Baku State University

aynurakarimova16@gmail.com

This study focuses on the various strategies in the preparation, structure, and pho-
toluminescence of semiconductor nanomaterials. The particle's mean size in each synthesis 
approach was adjusted via variation of concentrations of initial aqueous solutions and varied 
at the large range of nanometric scale (~20-80 nm). The surface morphology of nanomaterials 
was investigated via Atom Force Microscopy, Scanning Electron Microscopy methods. Mo-
reover, Infrared Spectroscopy, Photoluminescent Spectroscopy were used to study the interface 
of the nanoparticle and surrounding stabilizing medium.

Keywords: semiconductor nanoparticles, polymer nanocomposites, core-shell like 
nanostructures, matrix isolation technique, cation exchange method, hydrothermal process,
combination of ultrasound  and  microemulsion  techniques

1. Introduction
Synthesis and investigation of monodisperse semiconductor sulfide nanopar-
ticles (e.g. PbS, CdS, ZnS, Ag2S) with various structures and morphologies 
have been intensively studied for various applications. However, nanometer-
sized particles indicate novel optical, electronic, and thermodynamic properties 
that differ from their bulk state characteristics. These unique properties allow 
us to prepare materials with linear and nonlinear optical, fluorescent properties 
for electronic technology applications (Ramazanov et al., 2019; Ramazanov et 
al., 2019; Ramazanov et al., 2019). One of the main problems of the synthesis 
process of nanoparticles is their size control issue which can be solved via 
polymer stabilizers (Ramazanov et al., 2018; Ramazanov et al., 2017). In this 
approach, the characteristics of the obtained nanocomposites are conditioned 
either by the properties of inorganic nanoparticles and the polymer matrix (Li 
et al., 2010). Another method is using inorganic substances as stabilizers or 
cover materials (Kudera et al., 2016). In this case, the chemical nature of the 
coating material can significantly influence the growth and structure of the 
nanoparticles during the synthesis process. Both approaches can allow to get 
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hybrid materials with a wide range of novel properties and guide the sizes of 
nanoparticles, as well. 
The most famous representatives of semiconductor sulfide nano compounds 
are ZnS and Ag2S. Nanocrystalline ZnS particles are characterized with a wide 
bandgap value which allows using them for optical purposes, for instance, as a 
luminophore material (Torimoto et al., 2007). The fact that Ag2S nanoparticles 
have a narrow gap zone makes them a potential substance for photoconductors 
and solar cells (Xiaodong et al., 2008). 
There are numerous studies related to the synthesis and the investigation of the 
properties of heterogeneous structures, as well as nanocomposites based on the 
ZnS and Ag2S nanoparticles. Novel, fast, and commercially available features 
of synthesis technologies such materials are rather a necessary issue. Moreover, 
controlling particle sizes and their distribution are important aspects, as well 
(Murugadoss et al., 2015; Reddy et al., 2007; Su et al., 2008; Li et al., 2018; 
Zhang et al., 2016). 
The study develops simple and effective technologies for obtaining nanocom-
posites based on PP/ZnS, PP/Ag2S, and Ag2S/ZnS, as well as Ag2S, ZnS po-
rous nanoparticles. Besides, the structural characterization and optical pro-
perties of the synthesized nanosystems were investigated.

2. Materials 
polypropylene (PP) powder (M 250000g/mol) with a particle size of 

0.5- 3), zinc sulfate heptahydrate 
(ZnSO4·7H2O), zinc acetate dihydrate (Zn(CH3COO)2·2H2O), sodium sulfide 
nonahydrate (Na2S·9H2O), toluene (C7H8), sodium lauryl sulphate 
(NaC12H25SO4), deionized water. All chemicals are of analytical grade and not 
require further purification. 

3. Methods
3.1. Synthesis of PP/ZnS Nanocomposites 
The PP/ZnS nanocomposite materials were prepared via the matrix isolation 
technique: ZnS nanoparticles were formed by chemical reactions in a polyme-
ric matrix (Magerramov et al., 2010; Magerramov et al., 2010). The advantage 
of this method is the incorporation of the nanoparticles in the bulk of the 
polymeric matrix directly in the state of their synthesis process, which makes it 
a relatively simple approach. Firstly, a certain amount of the polypropylene 
(PP) powder was mixed with the 50 ml of the ZnSO4 solution with a con-
centration of 0.1 M. The resulting mixture was placed into a magnetic stirrer 
for an hour, at room temperature. Subsequently, the powder was filtered and 
dried in the vacuum oven for a day at the 60ºC for evaporation of the excess 
solvent. Next, the dry powder was mixed with 50 ml of the Na2S·9H2O so-
lution with a concentration of 0.1 M. Next, it was again placed into the mag-
netic stirrer for an hour. The filtration and drying processes were repeated 
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similarly. Afterward, at a melting temperature of PP and 10 MPa pressure for 5 
minutes by hot pressing PP/ZnS films were prepared (Sample I).
Other samples of the powder and film were obtained using solutions of ZnSO4
and Na2S·9H2O with concentrations of 0.5 M (Sample II) and 1 M (Sample 
III) respectively. The film color varied with the concentration value: from light 
brown for samples with low ZnS content to brown for systems with a high 
content of the inorganic component.

3.2. Synthesis of PP/ Ag2S Nanocomposites 
PP/Ag2S nanocomposite materials were obtained via a combination of two 
synthetic methods – ultrasound and microemulsion techniques. The reaction 
flask in which the reaction is conducted under the influence of ultrasonic ra-
diation was purged with nitrogen to displace air. Aqueous solutions of AgNO3
and Na2S·9H2O salts with a concentration of 0.0025 M were prepared. Then, 
0.5 g of PP powder was dissolved in 50 ml of toluene. 1 ml of the appropriate 
aqueous solution of the salt in the presence of 0.05 g of sodium lauryl sulfate 
was mixed with 25 ml of toluene/PP. Each water microemulsion (solu-
tion1)/toluene+PP and (solution2)/toluene+PP were sonicated for 20 min (0.6 
cm diameter; Ti-tip; 20kHz; 60W/cm2) at 300ºC temperature supported by a 
cooling bath. Then, a microemulsion containing (solution2)/PP+toluene was 
slowly added dropwise into water microemulsion (solution1)/PP+toluene at 
300ºC temperature and an ultrasonic treatment carried out for 30 minutes. At 
the end of the reaction, the color of the microemulsion turned dark grey that 
proved the formation of silver sulfide nanoparticles. The resulting dispersion 
containing nanoparticles of silver sulfide and polypropylene were subjected to 
vacuum evaporation for excess solvent and the product was poured onto a glass 
plate to form a polymer film at room temperature. By hot pressing at a melting 
temperature of PP and 10 MPa pressure for 5 minutes period film samples are 
produced from this nanocomposite sample (Sample IV). Other samples of the 
powder and film were obtained using solutions of AgNO3 and Na2S·9H2O with 
concentrations of 0.005 M (Sample V) and 0.01 M (Sample VI) respectively.

3.3. Synthesis of Porous ZnS and Ag2S Nanospheres 
ZnS nanoparticles were prepared by the hydrothermal process (Li et al., 2018; 
Zhang et al., 2013). Briefly, 0.005 M solutions of Zn(CH3COO)2·2H2O (I) and 
Na2S·9H2O (II) were prepared and each stirred with 0.01g NaC12H25SO4. Then, 
solution II was added drop-wise to the solution I under sonication for 10 min. 
Then, the white, clear dispersion was centrifuged for 5 min at 3200 pm and 
filtered. Finally, the precipitate was washed several times with ethanol and 
dried in a vacuum oven at 60°C (Sample VII). Ag2S nanoparticles were 
prepared by the hydrothermal process, as well. In this case, the concentrations 
of initial solutions of AgNO3 and Na2S·9H2O salts were 0.01 M and 0.005 M 
respectively (Sample VIII). The following stages of the synthesis process were 
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carried out in a similar way that described above.

3.4. Synthesis of Ag2S/ZnS Nanocomposites
Ag2S/ZnS nanocomposites were synthesized via a cation exchange method that 
consists of two steps. It is known that the solubility product constants Ksp of  
Ag2S and  ZnS substances differ from each other (KAg2S=1x10-50,
KZnS=1x10-23) (Dean & Lange, 1999). Due to these features in the formation 
process of the nanocomposite, ZnS nanoparticles function as core which is 
coated by Ag2S nanoparticles and act as reaction precursors, as well.
Ag2S/ZnS nanostructures were obtained via water solutions of ZnS and AgNO3
with concentrations of 0.005M and  0.01M, respectively. For the coating of the 
ZnS nanoparticles with the Ag2S nanoparticles, the water solution of AgNO3
salt was added to the ZnS salt solution and mixed in a magnetic stirrer for 5 
hours. Further, the sample was washed several times with ethanol and distilled 
water, then dried in a vacuum oven at 60°C (Sample IX).

4. Results and Discussion
4.1. Structural Characterization
The structure of the obtained PP/ZnS nanocomposites depending on the sizes 
of semiconductor particles was studied via IR Specstrocopy in the spectral 
range 4000 ... 500 cm-1, at room temperature. IR spectra were determined both 
for PP film and nanocomposites based on them (Figure 1).

Fig. 1. IR spectra of the pure PP (1) and PP/ZnS nanocomposites: 
Sample I (2), Sample II (3) and Sample III (4)

The PP spectrum contains a band at the 2352 cm–1 with weak intensity, that is 
not observed in the spectra of nanocomposite samples. The presence of this 
band in the spectrum makes it possible to interpret a qualitative analysis. 
However,  it is assumed that this vibration is typical for polypropylene atoms 
localized on individual bonds, structural fragments, or groups. The position and 
intensity of the bands observed at the range of 660–750 cm–1 in the spectra of 
nanocomposites PP/ZnS can be attributed to the presence of a low weight 
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molecular compound in a macromolecule. 
The band  2880 cm–1 with high intensity in the spectrum of pure PP which is 
identified as the symmetric stretching vibration of CH3

– groups distorted to 
2848 cm–1 for Sample I. For Sample II and Sample III, this appears at 2832 
cm-1 and 2944 cm-1 respectively. It could be associated with the changes in the 
distances between atoms that are observed during the transition of symmetric 
stretching vibrations of CH3

– groups to the CH2
– groups. Moreover, the in-

tensity variation of the absorption bands at 1168, 1256, and 1304 cm-1 are 
associated with an increase in the amount of ZnS nanoparticles in the polymer 
matrix.
Synthesized nanostructures surface morphology and their dimensions were 
evaluated via scanning atomic force (AFM) and electron microscopy (SEM). 
Figure 2 shows 2D AFM images of PP/ZnS nanocomposites obtained via 
various concentrations of initial solutions.

Fig. 2. AFM images of PP/ZnS nanocomposites: Sample I (1), Sample II (2) and Sample III (3)

The experimental results showed that with an increase of the initial solution 
concentrations, the sizes of ZnS nanoparticles in the PP matrix rise. However, 
in the process of cluster formation, ZnS nanoparticles began to merge into the 
center of the crystallization of the nucleus. This, in our opinion, occurred 
because, with an increase of the concentration value of the initial solutions, the 
majority of the Zn2+ and S2– ions are spent on the coagulation of the early 
particles rather than on the formation of new nuclei.
Particles with approximate sizes of 25-40 nm were formed at the low 0.1 M 
concentrations of the initial solutions (Sample I), while nearly 50-55 and 70-90
nm sizes of nanoparticles were generated with the concentrations of the initial 
solutions of 0.5 M (Sample II) and 1 M (Sample III), respectively (Figure 3). 
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Fig. 3. Dimensions of ZnS nanoparticles in PP/ZnS nanocomposites: Sample I (1), 
Sample II (2) and Sample III (3)

Also, the distribution histogram surface structural elements of nanocomposite 
material in a particular field obtained for Sample 1 (Figure 4).

Fig. 4. Histogram of the structural elements of the nanocomposite image (Sample I)

Figure 4 indicates that the average surface roughness of nanocomposite is 
14.97 nm. Moreover, the distribution of the Fourier analysis showed that ZnS 
nanoparticles are uniformly spread in the polymer matrix.
The morphology of the nanocomposite PP/Ag2S  and the size of distributed 
Ag2S nanoparticles were also examined via AFM analysis.  Figure 5 shows the  
2D AFM  images  of  the  surface nanocomposites PP/Ag2S, obtained  at  
various concentrations of the initial solutions.

Fig. 5. AFM images of PP/ Ag2S nanocomposites: Sample IV (1), 
Sample V (2), and Sample VI (3)
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AFM study showed that with increasing concentration of the initial solutions in 
the polymer matrix the size of Ag2S nanoparticles rises. Moreover, it was indi-
cated that the size of Ag2S nanoparticles changes in the intervals of nearly 20-
60 nm.  
Figure 6 exhibits the distribution histogram surface structural elements of na-
nocomposite materials in a particular field. 

Fig.  6. Histogram of the structural elements of the PP/Ag2S nanocomposite images: 
Sample IV (1), Sample V (2) and Sample VI (3)

AFM study showed that the square roughness variation of the nanocomposites 
related to their synthesis characterization. However, in the the formation  pro-
cess  of Ag2S  nanoparticles in  polymer  matrix the  increasing concentrations  
of  the  initial  salts led  to  changing of the surface morphology and sizes, as 
well.  It is clear from Figure 6 that the roughness of structural elements varies 
at the spans of 20-40 nm, 40-60 nm, and 60-80 nm for Sample IV, Sample V,
and Sample VI respectively.  It is assumed that in the process of the formation 
of clusters Ag2S nanoparticles merged and increased in the primary formed 
center of crystallization. However, the the minority  of  the  Ag+ and S2- ions 
were play role in the formation of new nuclei centers. SEM  study of 
nanocomposites also allowed to determine that Ag2S nanoparticles had a 
spherical shape and their distribution was uniform in the PP matrix (Figure 7). 

Fig.  7. SEM  images of PP/ Ag2S nanocomposites: 
Sample IV (1), Sample V (2), and Sample VI (3)
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Shape and size distribution of ZnS (Sample VII) and Ag2S (Sample VIII)
nanoparticles were investigated via the SEM analysis method (Figure 8). 

Fig. 8. SEM of images of Sample VII (1) and Sample VIII (2)

Electron microscopic examination of nanocomposites demonstrated that the 
shape and size distribution of nanoparticles were uniform and homogenous. 
SEM examination showed that the size of the spherical ZnS nanoparticles 
changed in the range of 10-20 nm, while for ellipsoidal Ag2S nanoparticles it 
was about 25-50 nm. Moreover, all synthesized nanoparticles were monodis-
persed. 
Figure 9 shows the microstructure, shape, and size of Ag2S/ZnS nanocomposite 
(Sample IX) at various magnifications. 

Fig. 9. SEM  images of Sample IX at various zooming: 30K (1), 100K (2)

At low magnification (30K) it is possible to observe relatively large particles 
with a size of about 50-90 nm, while at high magnification the size of formed 
nanoparticles is rather smaller, nearly 20-40 nm. Consequently, SEM analysis 
demonstrated that the size of the nanoparticles in Ag2S/ZnS nanocomposite 
was approximately 25-90 nm.
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According to the results of the studies, it can be said that Ag2S nanoparticles 
were formed on the surface of ZnS nanospheres, and products had like core-
shell structure. These results are consistent with the literature data (Muru-
gadoss et al., 2015).

4.2. Optical characterization 
The photoluminescence (PL) of ZnS nanoparticles in the PP matrix was 
investigated, as well. Spectra for all samples were recorded in the range of 330-
700 nm and the samples were excited ex=320 nm at room 
temperature. Figure 10 shows the photoluminescence spectra of PP film and 
nanocomposite samples obtained from various concentrations of initial ZnSO4
and Na2S·9H2O solutions.

Fig. 10. PL spectra of the pure PP (1) and PP/ZnS nanocomposites: Sample I (2), 
Sample II (3), Sample III (4)

It has been established that with the introduction of ZnS nanoparticles into the 
PP matrix, new maximums are formed. Moreover, it can be seen that with an 
increase of the concentration of the initial solutions, the fluorescence spectra of 
nanocomposites change: at the concentration of 0.1 M the maximum is ob-

max=394 nm, and a further increase in the sizes of the nanoparticles 
leads to a shift of the maxima towards a longer wavelength (for 0.5 M and 1 M 

max max=408 nm respec-
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tively). The effect of nanoparticle sizes on optical spectra was found for many 
types of semiconductors (Henglein, 1988; Koole et al., 2014) and is associated 
with the existence of the quantum size effect. Since in semiconductors the 
intermolecular interaction energy is high, in describing the electronic properties 
a macroscopic crystal can be considered as one large molecule. The electronic 
excitation of semiconductor crystals leads to the formation of a weakly bound 
electron-hole pair. The delocalization region of such a pair of compounds can 
be larger than its crystal lattice constant in several times. A decrease in 
semiconductor crystal to sizes comparable with the delocalization region of an 
electron – hole pair affects its electronic characteristics. A vivid example of 
such an effect is the “blue shift” of the photoluminescence spectrum of a 
semiconductor crystal with a decrease in its size.
Moreover, high filler concentration and size lead to the decrease of the cha-

max=382 nm) intensity of the polymer. This is due to the 
modifying effect of the filler on the polymer. However, this effect of nano-
particles possesses an electrical nature; it can be assumed that charged na-
noparticles, distributed in the bulk of the polymer matrix, due to the orien-
tational and adsorption interaction of phases at the polymer-filler interface can 
cause molecular ordering processes in the amorphous phase of the polymer. 
The orientational and adsorption effect of nanoparticles on the polymer in its 
turn leads to a decrease in the intensity of photoluminescence spectra.    
Photoluminescence spectra for PP/Ag2S nanocomposites were studied in the 
wavelength range 300- ex=220 nm. Figure 
11 shows the photoluminescence spectra of the nanocomposite samples 
obtained from various concentrations of initial AgNO3 and Na2S·9H2O
solutions. 

Fig. 11. PL spectra of the PP/Ag2S nanocomposites: 
Sample IV (1), Sample V (2), Sample VI (3)
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In steady- max=530 nm, 
max max max=602 nm, which are responsible for the Ag2S

nanoparticles. It is seen that with increasing concentration of Ag2S the am-
plitude of the photoluminescence peak at the wavelength decreases. A signifi-
cant decrease of the luminescence intensity at high concentrations and sizes of 
the nanoparticles possibly due to the phenomenon of concentration quenching 
and decrease of the specific surface of the nanoparticles in a polymer matrix. It 
is assumed that the reduction of the intensity of the luminescence at high 
concentrations can also be interpreted as a result of the electron-hole transfer of 
excitation from one cluster to another due to the electric interaction.    
Photoluminescence spectra (Figure 12) of synthesized ZnS, Ag2S nanopar-
ticles, and Ag2S/ZnS nanocomposite were examined at room temperature, and 
the excitation wavelength 

ex=320 nm.

Fig. 12. PL spectra of synthesized nanosystems: 
Sample VIII (1), Sample IX (2), and Sample VII (3)

According to the ZnS nanoparticles spectra, a maximum at 438 nm was 
observed in the visible region (3). This emission maximum is related to the 
recombination of electrons from the sulfur vacancy donor level (VS) with holes 
in the valence band. The next part of the spectrum from 500 nm pertains to Zn 
vacancies (Karar et al., 2004).
Following the formation of the Ag2S nanoparticles on the surface of ZnS ones, 
the intensity of the emission spectrum of the formed composite decreases. This 
occurs due to the improved electron transfer between ZnS and Ag2S nano-
particles, involving the recombination of electrons and holes reduction. The 
formation of Ag2S/ZnS nanocomposite thus reduces both electron and holes 
recombination (Huang et al., 2018, Li et al., 2018, Wang et al., 2014). The 
maximum at the wavelength of 402 nm is related to the recombination of sulfur 
atoms. Also, increasing the thickness of the interphase layer causes the 
formation of surface traps and crystallographic defects (Dorfs et al., 2008; 
Ghosh Chaudhuri and Paria, 2013; Zhang et al., 2013).
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5. Conclusion
Semiconductor nanoparticles and nanocomposite materials were successfully 
synthesized by hydrothermal process, matrix isolation technique, the combina-
tion of ultrasound and microemulsion methods, and cation exchange method. 
The main feature of these methods is the simplicity of the synthesis process 
and controlling of size nanoparticles and their distribution. Moreover, synthesis 
technologies of polymer nanocomposites were provided to form homogeneous 
semiconductor nanoparticles in a polypropylene matrix. All samples were cha-
racterized using various analytical techniques including AFM, SEM, IR, and 
PL. It was dedicated that the high concentration value of precursors in polymer 
nanocomposite synthesis methods allowed to get comparable large particles 
that imposed morphology of the system and PL properties, as well. Also, the 
optical characterization of the semiconductor nanoparticles with their core-
shell like nanocomposites was explained via their electronic features.
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EFFECT OF GAMMA RADIATION ON CRYSTALLINE STRUCTURE 
OF EPITAXIAL LAYERS Cd1-xFexTe

SUMMARY

-radiation on the 
crystal structure and surface morphology of the epitaxial layers of Cd1-xFexTe (x = 0.05). A 
change in the color of the epitaxial layer and the appearance of black spots are observed; this 

- -
radiation, there is a change in the XRD spectra of the samples, the intensity of the reflections 
changes; in most crystallographic directions, an increase in intensity and the appearance of new 

the crystal structure is practically restored.

Keywords: epitaxial layer, semi-magnetic -radiation
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