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ON THE NECESSARY CONDITIONS 
IN EXTREMUM PROBLEMS WITH CONSTRAINT

M.A.SADYGOV

SUMMARY

In the work using ),,,,( ωδνβα−S and ),( δβ−S local Lipschitz mappings at the 
point, first and second order necessary extremum conditions are obtained for nonsmooth 
extreme problems with constraint in the Banach space.

Keywords: convex set, lipschitz function, local Lipschitz mapping, Banach space.
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EXISTENCE OF LOCAL SOLUTIONS FOR NONLINEAR STRONGLY 
DISSIPATIVE WAVE EQUATIONS WITH NONLINEAR TRANSMISSION 

ACOUSTIC CONDITIONS 

S.E.ISAYEVA

SUMMARY

wave equations with nonlinear transmission acoustic conditions. We prove the existence 
and uniqueness of local solutions for this problem. 

Keywords. Strongly dissipative wave equation, nonlinear transmission acoustic 
condition, local solution, fixed point theorem.
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Parametrik m s l lli üçün standart olmayan xüsusi 
ya l b edir. ks r hallarda bel ll olunacaq m s l nin xüsusi 
strukturunu n z r x n t tbiqi h miyy -
yan böyük ölçülü parametrik m s l si t dqiq olunur. M s l nin lum 
çoxsah

Açar sözl r: Leontyev modeli, x s l si, parametrik m s l ,
Pareto h ll, Pareto s rh di.

1.
-

öl -
-

-

ha ram-

lçülü simple -

-
s

his
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nü
-

+ + + ,+ , (1)0,    = 1, , 0 1, ( ) = .
Burada × - vahid matrisdir; , × , , ,  , , , ,= 1, .

rtl rin öd nilm si t l b olunur:
1) +  0; 2)  0; 3) + + ;
4) + 0; 5) + 0; 0; = 1, , 0 1.

M s l (1)- sah l
x s l si kimi d r. Bu halda 

- parametri sah l r üzr qoyulan m hdudiyy tl v
son m hsula t l -mü yy nliyi ks etdirir. Statik halda v= 0 olduqda m s l (1) [2]-d

3. H rhi
M s l (1)- s l y baxaq: + ,   , 0, = 1, (2)+  + +( ) = ( ), ( ), … , ( ) m s l (1)-in optimal h lli olsun, y ni ist -

nil n [0, 1] üçün  ( ) m s l (1)-in = olduqda optimal h llidir. 
F rz ed k ki, optimal ( ), [0, 1] h ll nat-

tdir v onlar bazis d nl ( ), [0, 1] nöq-
t l ri m s l (1)-in mümkün h ll -in t p nöqt l ridir. , , … , = ,   = 1, il bu t p nöqt l ed k. [0, 1] il ni optimal ed n [0, 1] qiym tl
ed k.
Onda yaza bil rik: [0, 1] = .

F rz ed c yik ki,= [ , ), = 1, , ( = 0, = 1 ).
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Onda m s l (1)-in h llini , , = 1, kimi d t qdim ed bil rik. M q-
s dimiz m s l (1)-in  ( ), [0, 1] h llini , ,   = 1, kimi göst r-
m kdir. > 0, = 1, s l (2)-ni ona ekvivalent formada 
x t
bil rik:  + = ,   , 0,+  + +

s l d n , = 1, d nl rini k ,   0, = 1, , + +  + .
 ,   0, = 1, , (3)( , ) = + + + , 0 1.

Burada =  + , =  ,= 1, . [0, 1] üçün m s l (3)-ün bazis optimal t p nöqt sini  il
ed k: = ( , , … , ). Onda = olduqda m s l (1)- da-

n optimal t p nöqt sini t yin ed bil rik (ikili teorem sasla-
naraq).= + + +  , > 0 olduqda, = +  , = 0 olduqda = 1, , , = 1, .
Bel likl , m s l (1)-in h llini m s l (3)-ün h llin g ,   0,   = 1,= ( ) = ,     = ( ) = + .      (4)
m s l sin baxaq. M s l nin mümkün h ll il ed k. Onun 
Pareto s rh dini is ed k. s rh di müst vid çökük ciddi aza-

edir. Bu qrafikin sol ucunu ,
is ( , ) ed= max ( ),   = max ( ).

hiss -hiss l rini , , … ,
ed k. sini t yin ed n bazis t p nöqt sini götür k. Onda 
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y

sin gör -ni optimal ed n - [0, 1]-d ki bütün qiy-
m tl yin ed bil rik:= + (1 ) 0 1

k. 1.

Burada = , v + = 1.
Pareto s rh ddi - rhi.
Sad lik üçün s rh

klind k v onun üz rind -nin qurulma sxemini 
rh ed k kil 2).

vv lc ( ) ,  m s l sini h ll edib onun optimal 
h llinin köm yi il = , nöqt sini qururuq. Anoloji olaraq ( ) , m s l sini h ll etm kl nöqt sini qururuq.   s r-
h ddini q rar q bul ed d qiqlikl - d qiqlik iki 
m nada t klif oluna bil r – münt z v inteqral 
m nada [1]. Birinci m naya gör rhimizi davam etdir c yik.

k. 2.

A

y
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-y perpendikulyar v -y t r f yön l n ( ) = ( ), ( ) v( ), ( ) 0, ( ) + ( ) = 1 vektorunu götürüb, onun ( ) ( ) + ( ) ( ) ,
m s l sinin ( ) optimal h llinin köm yi il üz rind ki nöqt l rd n -
d n n uzaqda yerl nini t yin k.2-d bu nöqt sidir. <
olarsa, onda ttini nin d qiqlikl
q bul ed c yik v onu ed c yik. > olduqda is v

kimi götürüb, a -y keçid 
d d yerl n nöqt sini 

v bu xass y malik üçün nöqt l rini qururuq k. 2). nin 
d n, ün d n m saf l v kimi 

r v qiym tl rind n h
onda bu hiss ni nun bir hiss si kimi q -i
öd nilm y n hiss üçün davam etdiririk. ( , ) < olduqda 
olaraq ttini q bul ed c kild n d görünür ki, 
qiym tl bu azalma sür tl nun

nöqt l ri üçün [0,1], = rtib 
l rini t qdim ed n bazis t p nöqt l ri il birlikd

düz l n ( , ), = 1, çütl s l nin h lli kimi 
q bul edirik. l ri n q d r az olsa, m s l bir o q d r
az hesablama t l b ed c kdir. Bu say is bil r.

di misal
M s l (1) üçün d di veril nl k:= = = 0.1 0.2 0.10.3 0.1 0.00.0 0.2 0.3 ,      = = = 0.2 0.1 0.10.1 0.2 0.10.1 0.0 0.2= 401030 , = 105030 , = 101010 , = 203015 ,

= 103040 , = 501050 , = 101010 , = 5510 ,= (4 1 2), = (3 2 1).
(1)- rtl rinin öd
Veril nl r s l (1)- s l (3)-ü t rtib ed k. Bu 
m s l d l ri ilkin veril nl r sas n hesablayaq.= 1 0 00 1 00 0 1 0.1 0.2 0.10.3 0.1 0.10.0 0.2 0.3 0.2 0.1 0.10.1 0.2 0.10.1 0.0 0.2 =
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= 0.7 0.3 0.20.4 0.7 0.10.1 0.2 0.5= (  ) + = (  ) == 0.7 0.3 0.20.4 0.7 0.10.1 0.2 0.5 401030 101010 = 9221 ,   = 0,   = 9221 .

= 0.7 0.3 0.20.4 0.7 0.10.1 0.2 0.5 105030 203015 + = 34211 + .

i hesablamaq üçün = 0 olmaqla m s l (3)-
d = (  ) ,    0,
m s l sini h ll edirik v onun optimal bazisini qururuq.0.7 0.4 0.1 4,0.3 + 0.7 0.2 1,0.2 0.1 + 0.5 2,0, 0, 0,9 22 ., , d nl rind , d nl ri optimal bazis d nl rdir. 
Optimal h llin ,0.7 0.1 = 4,0.2 + 0.5 = 2.
sistemind n = ,    = ikinci 
ikili teoremin sas n0.7 0.2 = 3 + 10,0.2 + 0.5 = 2 + 10
sistemind n = 25 ,    = 10,   = 24

= 34211 + 0.2 0.1 0.10.1 0.2 0.10.1 0.0 0.2 25 271024 = 34211 + 8.466.937.33 = 25.544.933.67
v ni hesablayaq:= ( ) = 0.7 0.3 0.20.4 0.7 0.10.1 0.2 0.5 103040 101010 =

= 101313 101010 = 2033 ,   
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= ( ) = 0.7 0.3 0.20.4 0.7 0.10.1 0.2 0.5 501050 5510 =
= 221818 5510 = 17238 .   

Bel likl , d di veril nl rl m s l (3)- rik:0.7 0.4 0.1 4,    00.3 + 0.7 0.2 1,    00.2 0.1 + 0.5 2,   00.7 0.4 0.1 3,    00.3 + 0.7 0.2 2,    00.2 0.1 + 0.5 1,   09 22 25.54 + 4.93 3.67 ++ ( 20 + 3 + 3 + 17 23 + 8 )
m s l (4)-ün d di veril nl rl ifad sini yazaq:

vv lc + , = 1,2 ifad l+ = 9221 + 2033 = 11192 ,  
+ = 25.544.933.67 + 17238 = 8.5418.734.33

Onda m s l s l0.7 0.4 0.1 4,    00.3 + 0.7 0.2 1,    00.2 0.1 + 0.5 2,   0 (5)0.7 0.4 0.1 3,    00.3 + 0.7 0.2 2,    00.2 0.1 + 0.5 1,   0= ( ) = 9 22 25.54 + 4.93 3.67 ,= ( ) = 11 19 + 2 8.54 18.73 + 4.33 .
m s l (5)-in mümkün h ll s l nin qiym tl ndirm -

l = {( , )| = ( ), = ( ), }
müst vid yin ed c rh dinin bir 
hiss si ( , ) , , m s l sinin Pareto s rh di ni
ifad ed c kdir. Bu s rh d hiss -hiss x tti, k silm z, ciddi azalan v çökük 

qdim ed c , sol ucunu 
ed k v bu nöqt l ri quraq.max ( ) = ( ) = ,    max ( ) = ( ) = olsun. 

Onda  ( ) = , ( ) = bul ets k = ( , ),= ( , ) uc nöqt l
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max ( ) m s l sinin optimal h nlikl r sisteminin 
h llind0.7 0.1 = 4,  0.2 + 0.5 = 2,   = 0,0.7 = 2= 0,= 0,= 203 , 0, 203 , 0, 207 , 0 .

sini ( ) v ( ) d in yerin ( ) nöqt sinin 
d ki yerini t yin ed k.= 9 203 203 + 4.93 207 = 68 421,= 11 203 + 2 203 18.73 207 = 113 1835,= 68 421 , 113 1835 .max ( ) m s l sinin optimal h llini0.5 = 2,  = 0,   = 0,0.5 = 1= 0,= 0,

sisteminin h llind= (0, 0,4, 0, 0, 2).
Onda, = ( ) = 4 3.67 2 = 11.34,= ( ) = 2 4 + 4.33 2 = 11.06= ( 11.34,   11.06).
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k. 3.

v nöqt l rini qurmaqla h
ed c yik. Növb rh ddi üz rind olub AB d n mak-A nöqt -d ki sxem n -
z r n icra ed c lc= 11,34 68 421 , 11,06 + 113 1835 = ( 79.5   124.6)
Sonra is, 124,6 + 79,5
m s l sinin optimal h llind n istifad ed r k A nöqt si alaraq , nöqt sini götürürük.124,6 + 79,5 = 124,6(9 22 25.54 ) ++4.93 3.67 + 79,5( 11 19 + 2 8.5418.73 + 4.33 ) = 247 4252 + 34,43861 874 113 .
Bel likl ,, 247 4252 + 34,4 3861 874 113
m s l sinin optimal  = , 0, , 0, 0, 0 h llini , d

yerin = 53 , 60 nöqt sini  qururuq.AB ni  A B il v z edib AB üçün olan m A B
üçün icra edirik.A = 53 13 68 421 , 60 + 113 1835 = 15,   53 12
Pareto s rh dinin növb sini tapmaq üçün

A A
113 1835

53 1311 350 68 421B

A

y

11 1750 60 y
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53.5 + 15 , ( , )
m s l sinin optimal h= 203 , 0, 203 , 0, 0, 0

nin bu ifad sini , da yerin= (41.5, 51.3) si 
verilm diyind n nin BA A A ttind n t

1. - –
- 2000, -

2. –
- 1986.

ON SOLUTION OF ONE LARGE-SCALE PARAMETRIC PROGRAMMING

R.H.HAMIDOV, N.K.ALLAHVERDIYEVA 

SUMMARY

The large parametric programming problems requires non-standart special 
approaches to its solution. In most cases such an approach is implemented taking into 
account the specific structure of the problem to be solved.  One large-scale linear 
parametric problem of the practical application is considered. The issue is based on 
Leontiyev’s well known inter- sectoral dynamic balance model. 

Keywords: Leontiyev’s model, linear programming problem, parametric problem, 
Pareto solution, Pareto boundary
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kommutator.

1.

cüm
struk la-

,

-

sinifind z rd tutulur. A,B,C,... indeksl rinin bird n + -
q d r, , , , … , , , , … indeksl rinin 1-d n - q d r, , , ,...
indeksl rinin is + 1-d n + - q d r qiym tl
üz rind lokal koordinat sistemi ( , ) klind –
koordinat - . -
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klind ,[ , ] olunur.

2. (0,2) tipli tenzor reperl
sinfind n olan hamar ( )-  ( )

( , … , , … , , … , ) = bazisini (0,2) tipli tenzor reperi adlan -( ) simvoli il edirik. T bii : ( ) pro- ( ) + ölçülü, 
F rz ed k ki, ( , ) M hamar çoxobr

sistemidir. Onda ( ) = ( )  ( ) tenzor = { ( ), ( , )}- ( ) rind lokal koordinat sistemidir. Bu ( , ) ( , )- M rind= ( , … , ) (2.1)( )( )  { ( ), ( , )}  { ( ), ( , )} ul
koor = ( , … , )=                (2.2)= -= , … ,( ) - ( + ) – ölçülü , -( ( ), , )

s( ) = , = ( , ) -, , , … , , , , … = 1,2, … , ;  , , , …= + 1, + 2, … , + ; , , , … = 1,2, … , + . 
39



= = 0
(2.3)

3.
Tutaq ki, rind or mey-= , y ni koordinat 

komponentl ridir.

Teorem 3.1.= , = , (3.1)
obyekti (0,2) tipli ( ) tenzor reperl rin rind vektor 
qanunu il çevrilir.

. Göst rm liyik ki, (2.2) çevrilm= (3.2)
b rab rliyi öd lc = z r yetir k. Bu halda (3.2) 
b rab rliyinin s r find ki ifad k olar:=  +  = = = ,= (3.2) b rab rliyinin sol t r fi üçün yaza bil rik:= = =

= ,
burada = ,= ,= ,= .
Dig r t r fd rab r find ki ifad ni

k olar:= += ++ = ,
40



burada = ,= ,=  ,=  
,= , = , = , = . (3.3)

(3.3) münasib tl ri (3.2) b rab rliyinin öd nildiyini göst rir. Bel likl ,( ) rind t -
rem isbat olundu.

vektor meyd ( )
vek c yik.

Teorem 3.2. nil n , ( )[ , ] = [ , ] (3.4)
b rab

Göst r c yik ki,[ , ] = [ , ] .   (3.5)= rab r r:[ , ] = [ , ] == + = = [ , ]= [ , ] ,
y rab rliyi öd nilir.= rab rliyinin sol t r
ifad y [ , ] = [ , ] =

( )  ( ).
yy n etm k olur ki, sonuncu ifad dl rin c min

b rab rdir: = ,= ,= ,= ,= ,= ,
41



= ,= .
Dig r t r fd n (3.5) b rab r find ki ifad kild
yazmaq mümkündür:[ , ] = [ , ] == +

=+
.

Sonuncu ifad dl rin c mind n ibar tdir:= ,= ,= ,= ,= ,= ,= ,= ,= ,= ,= ,= .= , = , = , = , = ,= , = , = , + = 0, + = 0.
Sonuncu münasib tl r göst (3.5) b rab rliyi öd nilir. 
Bel likl , isbat olundu.

4.
F rz ed ki ki, = rind

afin rabit dir, = is h

42



Teorem 4.1.= , = , + (4.1)
obyekti (0,2) tipli ( ) tenzor reperl rind vektor 
qanunu il çevrilir. = (4.2)
b rab rliyi öd d = z rd n keçir k. Bu halda 
(4.1) b rab r find ki ifad= + = = = ,
y ni (4.2) b rab rliyi öd nilir.= rab rliyinin sol t r kild çevrilir:= = += ++ + = ,
burada = ,= ,= ,=

Dig r t r fd rab r find ki ifa-
d k olar:= += ++ = ,
burada = ,= ,= ,= .
Müvafiq hesablamalar vasit sil tl

43



= , = , = , = . (4.3)
Bel likl , (4.3) münasib tl rind n görünür ki, (4.2) b rab rliyi =

nilir. Bu is o dem kdir ki, obyekti ( )
üz rind

vektor me ( )
rinin ( ) horizontal liftl laq ni mü yy n

edir.

Teorem 4.2. ( ) =
b rab = 0, , =, is = olan afin rabit dir.

(3.1) v (4.1) b rab rlikl rind n mü yy n edirik ki,        komponentl
f rql nirl r. = ed k. Onda ( ) = , = 0, .= = + += + +=   ,=
göst rir.

Teorem 4.3. , ( ), = [ , ] + ( , )
b rab ( , ) = ( ) rind el= ( + )
burada afin rabit sinin yrilik tenzorunun komponentl ridir.

l m ni daxil ed k:= [ , ] = .= ( ) ( ) yin 
ed k. ri üçün iki hal mümkündür:
1) = , bu halda
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= [ , ] = [ , ] .
Dig r t r fd n,[ , ] = = == [ , ]
2) = , bu halda (4.1) b rab rl yini n z r almaqla yaza bil rik:= [ , ] = += + .
Dig r t r fd n,[ , ] == +

= ++ +  +  ++  +  = ( ) ++ + ++ ++
= ++ ++ += [ , ] + R + R ,

burada R = +
afin rabit sinin yrilik tenzorunun komponentl ridir. Teorem isbat olundu.

Qeyd etm ki, teorem 4.3-ün kotoxunan laylanma, reper-
l -
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rind
m lind n f rqli olaraq, vektor meyd

lif m li ( ) rin-
d brl rinin homomorfizmi deyildir.
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OF TENSOR FRAMES OF TYPE (0,2)

H.D.FATTAYEV, A.B.

SUMMARY

In the paper the bundle of (0,2) type tensor frames is defined, the complete and 
horizontal lifts of vector fields given on the base of the bundle are constructed, its main 
properties and the relation between them are studied.

Keywords: tensor frame, affine connection, bundle, horizontal lift, curvature tensor, 
commutator.
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The article discusses the existence and uniqueness of solutions for a system of 
nonlinear integro-differential equations of the first order with two-point boundary 
conditions. The Green function is constructed, and the problem under consideration 
reduces to equivalent integral equation. Existence and uniqueness of a solution to this 
problem analyzed using the Banach the contraction mapping principle. Schaefer's fixed 
point theorem used to prove the existence of solutions. 
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1. Introduction and Problem Statement
A lot of problems of physics, engineering, biology and economy are 

described by differential and integro-differential equations. Such differential 
equations were studied rather well in [1]- [8]. In the above mentioned pa-
pers, mainly the differential equations with local conditions are studied. Ho-
wever, the last years there is a great interest to differential and integro-dif-
ferential equations with nonlocal boundary conditions, by which a number 
of practical processes are described. Today, there exist a great number of 
works devoted to ordinary differential and integro-differential equations 
with nonlocal boundary conditions in which the theorem on the existence of 
solutions are proved for different types of nonlocal conditions [9]- [33].

Note that numerical methods for multipoint and integral boundary 
problems for first-order ordinary differential equations were developed in 
[34,35].

In this work for the Green function is constructed for the two-point 
boundary value problem and the considered problem is reduced to the 
equivalent integral equations. Then the existence and uniqueness of the 
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solutions is studied using the Banach contraction mapping principle. The 
existence of the solution is also proved by applying Schaefer’s fixed point 
theorem.

In this paper, we study the existence and uniqueness of solutions of 
nonlinear integro-differential equations of the type

( ) ( ) ,,...2,1],,0[),,,,( pitiTttxtxxtfx i =≠∈= ϕφ (1)          
with two-point boundary conditions
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are the right- and left-hand limits of ( )tx ) at .itt = , respectively.
The purpose of this paper is to prove new existence and uniqueness 

results using Banach contraction principle and Schaefer’s fixed point 
theorem.

This paper is organized as follows. In Section 2, we introduce 
definition and lemmas which are the key tools for our main result. Section 3 
focuses the theorems on the existence and uniqueness of the solution of 
problem (1) -(3) established under some sufficient conditions on the 
nonlinear terms. 

2. Preliminaries
In this section, we present some basic definitions and preliminary 

facts which are used throughout the paper. We denote by [ ]( )nRTC ;,0 the 
Banach space of all continuous functions from [ ]T,0 into nR with the norm

( ) [ ]{ },,0:max Tttxx ∈=

where ⋅ is the norm  in the space .nR
We define the linear space
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For the sake of simplicity, we can consider the following problem:
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Proof. If function )(⋅= xx is a solution of the differential equation (4), then 
for ),,0( Tt∈
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Now we define x0 so that, the function in equality (8) satisfies condition (5). 
Then we have
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Now in (6) we take into account the value 0x determined from the equality 
(9) and yield
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Since equality 
( ) 11 −− =− NBNE

is true, then we can introduce the following function:
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Using this function, equality (11) can be written as an impulsive integral 
equation (7).
Lemma 2.2. Assume that [ ]( )nn RRTCf ;,0 ×∈ .Then the function ( )tx is a 
solution of boundary-value problem (1)-(3) if and only if ( )tx is a solution of 
the impulsive integral equation
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Proof: Let ( )tx be a solution of the boundary value problem (1) -(3). 
This lemma can be derived by a similar argument to Lemma 2.1. By 
checking directly, we make sure that the solution of integral equation (10) 
satisfies the boundary value problem (1) -(3). Lemma 2.2 is proved

3. Main Results
We introduce the following conditions:
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Then boundary-value problem (1)-(3) has a unique solution on [ ]T,0 .
Proof: Transform the boundary value problem (1)– (3) into a fixed point 
problem. Consider the operator [ ]( ) [ ]( )nn RTPCRTPCF ;,0;,0: → defined by 
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Clearly, the fixed points of the operator F are solutions of the boundary 
problem (1)– (3).
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In order to show that the operator F is a contraction, let for any rByx ∈,
we have
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It is seen that, F is contraction by condition (11). So, the boundary-
value problem (1) -(3) has a unique solution.

Theorem 3.2. Assume conditions(H1)-(H3) hold. Then boundary-
value problem (1)- (3) has at least one solution on [ ]T,0 .

Proof. Let F be the operator defined in (12). We shall use Schaefer’s 
fixed point theorem to prove that F has a fixed point. The proof will be 
given in several steps. 

Step 1: F is continuous. Let  }{ nx be a sequence such that xxn → in 
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From here we get ( )( ) ( )( ) 0→− tFxtFx n as ∞→n , which implies that the 
operator F is continuous.
Step 2: F maps bounded sets into bounded sets in [ ]( )nRTPC ;,0 . Indeed, it is 
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As 12 tt → , the right-hand side of the above equalities tends to zero. As a 
consequence of Steps 1 to 3 together with the Ascoli–Arzela theorem, we 
can conclude that  [ ]( ) [ ]( )nn RTPCRTPCF ;,0;,0: → is completely continuous. 
Step 4: A priori bounds. Now, it remains to show that the set 
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( )xFx λ= for some .10 << λ Thus, for each ( ] pittt ii ,...,1,0, 1 =∈ + we have

( ) ( ) ( ) ( )( ).,),),(,(),()(
10

1 ∑+∫+=
=

−
p

k
kkki

T

txIttGdxxxftGNtx λττγτφτττλαλ

From here
( ).1 pkTKSNx ++≤ − α

Therefore, the set Δ is bounded. The conclusion of Schaefer’s fixed point 
theorem applies and the operator F has at least one fixed point. So, there 
exists at least one solution for the problems (1)-(3) on ].,0[ T
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4. Conclusion 
The boundary conditions considered in this paper are general enough 

and can be used extensively in a wide class of problems. In this work, the 
existence and uniqueness of the solutions for the first-order nonlinear 
impulsive differential equations with two-point conditions are established 
under sufficient conditions. Note that, given here methods can be used in 
similar multi-point problems for the ordinary differential equations as fol-
lows: 

( ) ( ) ( ) ( ) ],,0[),,,,( Tttxtxtxtftx ∈= γμ
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L YEV

( )zIν Bessel funksiyas n
ν
ki, 0, >zz 0,022 ≥>+ abba olduqda ( ) ( )zIbzaI νν ′+ funksi-

0Re ≥ν

ON THE DISTRIBUTION OF ZEROS OF A MODIFIED BESSEL FUNCTION 
OF THE FIRST KIND AND ITS DERIVATIVE

M.G.MAKHMUDOVA, H.M.MASMALIYEV

SUMMARY 

The zeros of a linear combination of a modified Bessel function of the first kind
( )zIν and its derivative considered as a function of order ν are studied. It is proved that for 

a fixed 0, >zz , the function ( ) ( )zIbzaI νν ′+ , where 0,022 ≥>+ abba , has no zeros in the 
right half-plane 0Re ≥ν .

Keywords: Bessel functions, zeros of Bessel functions, spectral problem, 
eigenvalues.
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DIFFERENCE APPROXIMATION AND REGULARIZATION 
OF THE VARIATIONAL STATEMENT OF THE INVERSE PROBLEM 
OF DETERMINING THE FREE TERM OF A PARABOLIC EQUATION 

WITH INTEGRAL CONDITIONS

Sh.I.MAHARRAMLI

SUMMARY

In this paper, we consider thevariational statement of the inverse problem of 
determining the free term of a parabolic equationwith integral conditions. We establish 
estimates for the rate of convergenceof difference approximations of the problem with 
respect to the state and functional. 

Keywords: parabolic equation, integral boundary condition, inverse problem, 
difference approximation
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Qursa tipli

FUNDAMENTAL SOLUTION OF COUCHY AND GURSA PROBLEMS FOR THE 
HIPERBOLIC EQUATIONS OF THE THIRD ORDER

O.M.HUSEYNOV, T.C.MAMMADOV 

SUMMARY

In the paper it is proved existence and uniqueness of the −θ fundamental solution of 
Cauchy and Gursa problems with measurable and bounded coefficients for one type of  
hyperbolic equation of third order and found an integral representation of the solution for 
the considered equation, by using of them. 

Key words: hyperbolic equation of third order, θ -fundamental solution, ( ) ( )GWp
1,2

spaces, Cauchy and Gursa problems
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ACCURACY OF METHODS OF FORECASTING, TECHNIQUE 
OF THE ASSESSMENT OF ADEQUACY 

OF MODELS WITH ECONOMETRIC THE METHOD

G.A.RAHIMOVA

SUMMARY

The forecast is a likelihood judgment about future condition of object of research. 
The forecast is a scientific model of future event, the phenomena, etc. The forecast is a 
calculation of an unknown economic indicator for the set factors on the basis of model. 
Forecasting is a development of a forecast; in narrow value - special scientific research of 
concrete prospects of development of any process. The main condition of need for forecasts 
is a lack of basic data. For a prediction of the future of data always doesn't suffice, however 
and at the solution of tasks in the present of data very often doesn't suffice. The more data 

of volumes of missing data forecasts are specified, at completeness of basic data the 
forecast is replaced with usual calculation with some error.   
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Estimation of accuracy of a forecast - a necessary part of procedure of the qualified 
forecasting. Thus usually use likelihood and statistical models of restoration of dependence, 
for example, build the best forecast on a method of the maximum credibility. Are deve-
loped parametrical (usually on the basis of model of normal mistakes) and nonparametric 
estimates of accuracy of a forecast and confidential borders for it (on the basis of the 
Central Limiting Theorem of probability theory).

assessment of adequacy of models with an econometric method.

Keywords: econometric methods, econometric modeling, forecasting, risk, 
forecasting errors (trends).
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PHYSICO-CHEMICAL STUDY OF DEXTRAN AQUEOUS SOLUTIONS

E.A.MASIMOV, S.Ya.OJAGVERDIEVA, F.A.JAFAROVA, 
N.J.MUSAYEVA, Ya.Kh.SHAKHVERDIEV

SUMMARY

Aqueous dextran solutions with a molecular weight of 40,000 g/mol were studied by 
volumometry, refractometry, polarimetry, spectrophotometry, and viscometry at 298.15 K. 
It is shown that the presence of a minimum in the curve of dependence of the partial molar 
volume on concentration can serve as a sign of the formation of more structured formations 
in solutions, which is confirmed by the results of other methods of physicochemical 
analysis. An analysis of the experimental data allows us to assert the existence of the 
following boundary of dilute solutions -W<5%, in the case of aqueous dextran solutions 
with the indicated molecular weight.

Keywords: partial molar volume, optical activity, optical density, characteristic 
viscometry.
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RELAXATION PROCESSES IN SUPERLATTICES IN STRONG MAGNETIC 
FIELDS DURING SCATTERING BY IONIZED IMPURITIES      

S.R.FIGAROVA, M.M.MAHMUDOV

SUMMARY

In this paper the relaxation time for intrasubband and intersubband transitions for the 
scattering of charge carriers by impurity ions in superlattices in a strong magnetic field are 
studied and takes into account the influence of the magnetic field on this scattering. It has 
been determined that with an increasing the magnetic field the role of intrasubband 
transitions on the relaxation time in comparison with intersubband transitions decreases. It 
was also found that the value of the field at which intersubband scattering begins to prevail 
depends on the screening radius, the period of the superlattice, and the degree of filling of 
the miniband.

Keywords: relaxation time, superlattice, intrasubband and intersubband scattering, 
impurity ions.
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CdxZn1-xS l rinin fiziki xass l rin istifad edil n texnoloji 
rait,reaksiya parametrl ri kild t sir göst rir. T qdim edil

üsulu il l rin fiziki xass l ri il reaksiya parametrl

Açar sözl r: CdxZn1-x l r.

Hal-
xZn1-xS

-
-

re ssans cihazlar, emissiya 
dis
hesab olunur.

-

xZn1-xS

- -0.96), daha sonra 
-

nm). Dövr -dan 100- g=2.35 eV, 2.28 eV, 2.2 

T b q l rin fotolüminissensiya xass l ri otaq temperaturunda, udulma 
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spektri müxt lif temperaturlarda t raitd  CdS-in Eg
qiym ti 2.22 eV g-nin qiym ti
(T=10K-Eg=2.22 eV; T=100K-Eg=2.21 eV; T=200K-Eg=2.19 eV; T=300K-
Eg  Eg-nin qiym r üçün 

tbiq sah sind -biri 
il Moss b rab rliyi il laq l nirl msa -

-d n 2.74-  q d ti 
Eg il g- msa
qiym ti böyükdür [2]. 

Stabill kimi trietanolamin (TEA) istifad  etdikd  CdS t b -
q l rinin kild

-
-
-

-3 nm-
Eg -2.24eV), udma fo-

-

�13; 2.7140 �12; 6.1879 �12). 
-

- -

SEM-
-

- -

Eg-
g-nin 

g-
 nümu-

i
-

-

-
g-
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Eg 2.45 eV-dan 2.42 eV-a
Eg-nin

71%) s 58%) -
0.5053 eV,

0.3594 eV

SEM-

-
-

2+ 2+ 

[10].
TiO2 t b q sinin üz rind l rinin rekom-

q müdd tind kation v anion m n-
b l rind miz TiO2 t b q sinin 
v CdS hiss cikl 2 t b q sinin SEM t svirl rinin 
müqayis sind n görünür ki, adsorbsiya müdd CdS hiss -
cikl ri m sam l rd adsorbsiya olaraq böyük ölçülü hiss cikl r m l g -
tirir. SEM- sas n 40 d q müdd tind sintez olunan CdS hiss cikl ri daha 
çox aqlomera ti 5 d q olduqda hiss ciyin orta 

cikl rin ölçüsü 
t dric q 2.00 nm; t=10 d q 2.86 nm; t=20 d q  2.95 nm; 
t=30 d q 3.05 nm; t=40 d q 3.21 nm). Sorbsiya müdd ti 40 d q olduqda 
hiss cikl rin ölçüsü 

g h cmi kristallarla müqayis d
cikl rin ölçül ri-

nin h c rind n kiçikdir. Sorbsiya müdd tinin 5-40 d q
si n tic sind

g rginliyi is bir q d
SEM- -15 nm ölçülü polikristal-

l - lo-
- -

Eg=2.56 eV hesablan
Eg-nin

CdS nazik t b q sinin udulma spektrl rin sas n hiss cikl rin ölçü-
l g si ikinci 
dövrd kiçik nanohiss cikl rin m l g lm sil . Kiçik dövrl rd v
hiss ciyin ölçül rinin kiçik qiym tl rind CdS-in Eg h cmi kristal g-
d n kiçikdir. Bu nanohiss cikl rd olan kvant ölçülü effektl rl izah olunur. 
SEM- sas n dövrl cikl r aqlome-
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rasiya ed r k daha böyük ölçülü hiss cikl r m l  g tirirl r [8].
SEM- sas n hiss cikl kild

Orta buraxma spektrinin intensivliyi 10 dövrd  90%-d n böyük, 60 dövrd
is  77%-  q d g 2.49 eV-dan 2.44 eV-a
q d

TiO2  s m r liliyin gör istifad
edilir. CdS kvant nöqt l ri müxt lif h lledicil rd -
man güc çevirm  s m r liliyin gör 2.8%-dan 3.7%-a q d r. 
H lledici etanol, yuyucu reagent metanoldan  istifad
müxt lif h lledicid n istifad etm kl v zin  h ll-
edici kimi etanol v ya metanoldan istifad lledici v yuyucu 
agentl r olaraq eyni m hluldan istifad etm kl  yüks k h -
sam li TiO2 ld etm k mümkündür. Eg TiO2 üçün 3.28 eV, m hlul olaraq 
etanol v sudan istifad  etdikd  Eg=2.4 eV, etanol v etanol istifad etdikd
Eg=2.31 eV, metanol v metanol istifad etdikd  Eg=2.28 eV, etanol v
metanol istifad  etdikd  Eg=2.24 eV qiym hlul olaraq 
etanol-metanol istifad  etdikd güc çevirm  s m r
etanol-etanol istifad  etdikd güc çevirm  s m r liliyind n 14% çoxdur. Bu 
metoddan istifad ed r k güc çevirm  s m r
edil n h lledicil rd l rin fiziki xass l ri d -

la-

-

-
- 2 d -

Eg= -

Eg
xsm5 xsm5 xsm5 xsm5 xsm5 -
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S/Cd nis
- - Eg art -

Eg 2.35 eV; 2.39 eV; 2.40 eV; 2.46 eV kimi art-

- -

sorb -

10 san) na
- -

-
g

(2.1 eV-dan 2.62 eV- -dan 2.20 eV-a
g-

g 

g 

- -

- - r. 

-

TiO2 -
du - -

2/CdS-
nm- - -

-

-
-

-
g

-
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-
CdS nanohiss cikl ri TiO2-nin s thin  çökdürüldükd  Eg-nin qiym ti

3.0 eV-dan 2.4 eV-a q d thd  ion-s th qar-
tic l b -

q sind  Eg
Element analizind n CdS/TiO2 birl sinin Cd:S nisb -

dur. SEM- sas n t b q nin s thi homogen, hiss cikl rin ölçül ri 7 dövrd
3.6 nm, 9 dövrd sind  dövrl -

g cikl rin ölçül n 11 dövr qalx-
g-nin qiym ti 2.65 eV-dan 2.37 eV-a q d ki 

nümun l rd  kvant ölçülü effektl
ZnS nazik t b q sinin fiziki xass l rinin reaksiya parametrl rind n

tini c
 Eg laq  t

T b q g-nin qiym ti 3.87 eV-
d g

ZnS nümun si kation v anion m nb yinin
pH~10, sorbsiya müdd ti 40 san, yuyulma müdd ti 60 san, dövrl
v d  Eg=3.93 eV, s thinin 

yy svirl rind n
hiss cikl r kiçik, b zi yerl rd
elementl rinin atom faiz nisb ti 1.06-a b rab

g b q r c si azal-
g=3.83 eV olan nümun 00°C-d -

lanmadan sonra nümun nin strukturu v  Eg qiym ti d b b tem-
rin ölçül rinin v  q f s daxili m saf nin d -

sidir. Eg-nin d si t b q d defekt strukturlardan, t rkibd n, q -
f sdaxili v kristallit xass l rd g qiym tin malik nü-
mun l r gün  oluna bil r [21].

SEM t svirl rind 80 dövrd b q l ri 
hamar s th malikdir. Element analizind n nisb tin 1:1- g- nin is
3.55 eV-a b rab yy biyyatla müqayis d
heksoqonal stukturlu ZnS üçün Eg=3.5-
Eg=3.7-3.9 eV-dur. Dem b q
malikdir.

Eg ki 3.8-4.0 
eV Eg -

batareya-
la

113



mü
-

gös -
-

D i
edir.

; 150°C; 200°C; 250°C- -
Eg -

Eg -
li, tablamadan sonra Eg 16, 

lumdur 

Eg- -

- -
- -

-
da

Eg -
- g=3.84; T=300°C- g=3.67; 

T=400°C- g=3.47). SEM- paylanma bircinsliyi 
-10 -

ratur 

[22].

Eg=3.5 eV-
Eg-nin 

qiym ti 3.42 eV; 3.41 eV; 3.40 eV; 3.38 eV- Eg-nin
s

[24].

Eg-nin qiym ti 3.0 eV-dan 3.75 eV- mo-

-
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-

-in 

-dir. Bu iki elementin bir- -dur. SEM-
-

-

-
ru-

-
-1.23-

Eg=3.44 eV olaraq 

-
duq 2/TEA 
sisteminin ye 2/EN sistemi üçün 0.19 
nm/dövr - - -

-

bir- -dan 1.08- -

-
rinin 
rin-

-
- -

0.98, 550 nm- g, elektrik mü-
Zn v S elementl rinin atom faiz nisb ti

[28].
SEM t svirl rind n dövrl cik-

l rin ölçül ri 77 nm, 100 nm, 124 nm v Eg 3.76 eV; 3.72 eV; 3.67 eV ol-
dur. Ölçül rin böyüm si hiss cikl tic sind mey-

dana g
CdxZn1-xS üçlü birl si  h r iki birl nin xass l rini özünd

c ml yir. Birl ya-
lif xass l r göst r bil r. Müxt lif t rkibd sintez 

olunan CdxZn1-xS nazik t b q sind rabit
t rkibd -
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2.52 Å, Zn-S üçün 2.34 Å-dir. Üçlü birl d rabit -
valda d
empirik qanunu il t yin edilir. CdxZn1-xS nazik t b q sinin udulma spektri-
n sas n nümun l tin d m sin-
d sinin qiym ti d xZn1-xS nazik 
t b q sind olaraq Eg=1.74 eV; 1.96 eV; 
1.90 eV; 1.82 eV-dur [29].

x- -
-

- -dan 0,62-0,67- -
xZn1-x -

n-
dium qalay oksid/ZnO/CdxZn1-x -

-dan 0,62-0,67-
CdxZn1-x

xZn1-xS spektral 
admium- -

-
xZn1-x

-

oksid/sink oksid/CdxZn1-xS heterostrukturunda CdxZn1-x
-la sintez 

ruktur -
maq - g 2.69 eV-dan 2.40 eV-

Cd1-xZnx g=7,6 eV 
-

xZn1-x
-

liyi 

müd - -
a, Eg

g

g-

xZn1-x
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Eg- isti-
-

g 2.4 eV-
-

- -

TiO2/CdxZnx-1S/ZnS
t klind TiO2-l kvant 
nöqt l tron-

rinin rekombinasiya d r c effektivliyinin 
lif növl t

Üçlü birl l rin gün si onlarin effektivliyini 
art maqla n tic l 2/Cd0.75Zn0.25S1/ZnS konfiqura -
rialla effektivliyind ki ar-

li g rginliyin 0,517 V-dan 0,725 V-d laq -
l ndirilir. Müvafiq fotoc r 2-d n 11.66mA/cm2-
endiril sinin s thd
passiva hay t, nisb t n yüks k tok-
sikliy malik olan TiO2/CdS/ZnS konfiqur sik-
liyi azaldaraq çevirm xZnx-1S kvant nöqt l rinin t t-
biqi il d bil c yi göst n kadmiumun 

0.5Zn0.5S
v Cd0.25Zn0.75S birl l rind
olaraq, birl l rd kadmiumun 50% v kdir. 
TiO2/Cd1Zn0S/ZnS birl sind Eg=2.15 eV, TiO2/Cd0.75Zn0.25S/ZnS  bir-
l m sind Eg=2.3 eV, TiO2/Cd0.5Zn0.5S/ZnS birl sind Eg=2.5 eV, 
TiO2/Cd0.25Zn0.75S/ZnS birl sind Eg=2.75 eV, TiO2/Cd0Zn1S/ZnS 
birl sind Eg

g-

-
-

g-
xZn1-x - Eg 

2+

ionunu xZn1-x g -
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sinin Eg-
g -
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CdxZn1-x

xZn1-x

xZn1-x
.

XZn1-xS

M.B.MURADOV, G.M.EYVAZOVA, L.R.GAHRAMANLI

SUMMARY

The technological condition and reaction parameters are affected to the physical 
properties of CdxZn1-xS semiconductor materials. In the present study, the relationship 
between the physical properties of these compounds obtained by the SILAR synthesis 
method and the reaction parameters was investigated.

Keywords: CdxZn1-xS nanomaterials, bandgap, physical properties.
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L.H. , .Z.
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Mür 953 SInCu öyr nil-
VIIII BA 32 -

tal
-

ü

Açar sözl r: , deffektl r, optik udma.

Almazab nz l rin -
mçinin fotoelektrik v termoelektrik 

xass l rin gör t tini c lb edir. Sfalerit v vürsit tipli 
l rl

l rin öyr nilm sin d böyük diqq t yetirilir. Bel
l rd n biri d VIIIII CBA 953

953 SInCu ö -
-

-
953 SInCu -

entrasiya-

953 SInCu ni

953322 252 SInCuSInSCu =+

9533223 SInCuSInCuInS =+ .
Ad t n, ikiqat v üçqat xalkogenid birl l

asan uçucu komponentl r
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daxilind böyük buxar t t
olunur. 

olunan monokristallar is göy rdil-
soba, n d

ampula h r k t etmir v göy rm prosesind l n-
m ran c r yan olur. Ba-

953 SInCu
ri 

a=6,60; b=6,96; c=8,12 A0 0; z=1.
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Bu ifad pn mm >> v EF Fermi s viy-
y si ED – sabit, ND –

xsusi düz 
keçidl rd xsusi 

t n xeyli kiçikdir. Udma spektrind ttin 
absis oxuna q d eV qiym

-
mun l r ölçm l rd n vv

-
n l ri gEhv >> olunur v qaq-

ifl yir. Bu onunla izah olunur ki, 
l -

s viyy l ri 77 K-da, dem
olunan hadis h 953 SInCu

-
[3].

953 SInCu

953 SInCu viy-
-

mu -
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953 SInCu

953 SInCu
VIIII BA 32

, ,

IMPURITY ABSORPTION IN A 953 SInCu SINGLE CRYSTAL  

L.G. HASANOVA, A.Z. MAHAMMADOV

SUMMARY

Impurity absorption in a single crystal of a complex semiconductor compound 
953 SInCu has been studied. The crystal under consideration, like similar VIIII BA 32 crystals, 

has a defect structure, and since the defects in the crystal are highly concentrated, they 
create certain levels in the band gap, which play an important role in the photoconductivity 
and photoluminescence of the semiconductor.

Keywords: impurities, defects, optical absorption
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In this paper, we analyze the process of associative production of the Higgs boson 
with the Z-boson and its main background processes ZZ and at the level of event 
generation. Signal and background events are generated using the CompHEP, POWHEG 
and PYTHIA generators. The distributions of some kinematic variables for the signal 
process obtained from these three generators were compared. It was found that the shape 
of these distributions is similar for different generators. The slight deviation of the 
POWHEG distributions from other generators can be explained by the fact that it uses the 
next-to-leading order of perturbation theory for the cross section, while other generators 
use the leading order. Also, new spin-dependent angular variables for signal and 
background processes were defined and compared. The signal-to-background ratio can be 
significantly improved by cutting off the side region of the distribution of the angular 
variables, where the number of signal events decreases but the number of background 
events increases rapidly.

Keywords: Higgs boson, event generator, associative production.

Introduction
The Higgs boson was discovered in 2012 by the collaboration of 

ATLAS and CMS at the LHC [1, 2]. The measured mass of the Higgs boson 
produced in proton-proton collisions is about 125 GeV. The Standard Model 
Higgs boson is searched for at the LHC in various decay channels (

, ). The predominant decay of the Higgs boson in the SM occurs 
with a probability of ~ 58% for a pair of  quarks [3]. The dominance of 
the background leads to difficulties in studying and describing the properties 
of the Higgs boson. The object of research in this work is the associated 
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production of the Higgs boson with the Z-boson. In associative production, 
angular variables of final particles are very useful for analysis. Z- and W-
bosons do not differ in spin magnitude. The Higgs boson has spin 0, the Z 
boson has spin 1. Due to the difference in spin, there is a difference in the 
distribution of the angular variables. This effect can improve the signal-to-
background ratio. 

Samples and event simulation 
Physics processes have been simulated with the PYTHIA [4], 

CompHEP [5], and POWHEG [6] Monte Carlo programs.
In this work latest version (v8) of the PYTHIA are used. Leading 

order (LO) corrections were used when generating events with the 
PYTHIA8, as in the CompHEP generator.

CompHEP is designed as a universal program for calculating collision 
and decay processes with up to 8 particles in the final state.

POWHEG is a method that uses the POWHEG BOX computing 
environment to implement next to leading order (NLO) perturbation theory 
computations.

In this study, was considered as a signal process, 
and as a background processes, where = ± or  ±. The energies of protons were set to 6.5 TeV. We use the 

same number of events and order of corrections as in [7] when generating 
signal and background samples. CTEQ6l1 was used as the structure function 
of the proton in the PYTHIA8 and CompHEP generators, and CTEQ6M 
was used in the POWHEG. The difference in the distribution of the 
transverse momentum for the process between LO and 
NLO event generators can be seen in Figure 1. 

Fig. 1. Distribution of the transverse momentum of the lepton. 
Bottom plot shows the distribution ratios PYTHIA8/POWHEG and CompHEP/POWHEG.
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Events selection and analysis
Some selection conditions from the experimental analysis [8] were 

used in the present work. 
• The transverse momentum of leptons, b- and - quarks are 

required to be greater than 25 GeV. 
• The pseudorapidity for final particles should be | |<2.5
• The transverse momentum of the Z boson must be greater than 150 

GeV.
Figure 1 shows a comparison of the lepton’s transverse momentum 

distributions for the signal process obtained from different generators. In 
this figure, the difference in distributions between the event generators can 
be explained by the fact that the generators use different corrections to 
calculate the cross section (LO or NLO).

background suppression. The variable l is the angle of the negatively 
charged lepton in the Z rest frame relative to the Z direction in the 
center of mass system. Z is the angle between the direction of the Z-boson 
and the colliding particles in the center of mass system in ZH. Figure 2 
shows a comparison of the distributions of these angular variables. 

Results
We compare the signal and background distributions over some va-

riables for different event generators. This procedure was repeated for 
events simulated by the PYTHIA8 and CompHEP generators. These com-
parisons are presented in Figures 3 and 4. 

(a) (b)

Fig. 2. Distribution of the cosine of the charged lepton (a) angle in the Z rest frame relative 
to the Z direction in the c.m.f. and (b) the cosine of the Z-boson polar angle from the 
collision axis in the c.m.f. for different generators.
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(a)
(b)

(c) (d)
Fig. 3. Distributions of the transverse momentum and pseudorapidity of the charged lepton 
for signal and background processes obtained from CompHEP (a, c) and from PYTHIA8 
(b, d).

Figure 3 shows the distributions of the transverse momentum and 
pseudorapidity of the charged lepton. In the Figure 4, the distributions on 

l and Z are given.  It can be seen from the distributions of the 
charged lepton pseudorapidity that the distribution for the signal does not 
differ much from the distribution for the background. Therefore, this 
variable is not useful to select signal events. From the Figure 4 one can 
conclude, that the selection requirements -0.6< l<0.6 and -0.7< Z<0.7 
could significantly improve the signal-to-background ratio. Unlike the WH 
process, in the ZH process all particles in the final state can be fully 
reconstructed in the detector. Therefore, despite the decrease in efficiency 
after the simulation and reconstruction of the process in the detector, these 
variables will remain effective for event selection. And the difference in 
distribution for different generators can be used as a systematic error in 
modeling this process.
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(b)

(c) (d)
Fig. 4. Distributions of the cosine of the charged lepton angle in the Z rest frame relative to 
the Z direction in the c.m.f. and the cosine of the Z-boson polar angle from the collision 
axis in the  c.m.f. for ZH, ZZ and events obtained from CompHEP (a, c) and from 
PYTHIA8 (b, d).

Conclusion
From figure 2 and 3, it can be seen that the forms of distributions of 

variables for different generators are similar. The slight difference between 
POWHEG and the other two generators can be explained by the difference 
in the level of corrections (NLO and LO) that are taken into account when 
generating an event. As can be seen from the results, there is a similarity 
between the distributions obtained from the CompHEP and PYTHIA8 
generators. This similarity confirms the correctness of the event generation 
process and obtaining the distribution of variables and allows us to use these 
variables in the event selection process. Figure 4 illustrates that the 
distribution of variables for signal and background processes is quite 
different. These differences can be used in further analysis to reduce the 
large background contribution.
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GENERAL CHARACTERISTICS OF INTERACTIONS BETWEEN 
NANOPARTICLES AND BIOLOGICAL SYSTEMS

A.H.KARIMOVA, N.Kh.GURBANOVA, V.Sh.YAQUBOV, 
S.G.NURIYEVA, H.A.SHIRINOVA 

SUMMARY

In this article a literature review of the general characteristics of the interaction 
between nanoparticles and biological systems was carried out. At the same time, a literature 
analysis of the physicochemical and biological properties of the interactions between 
nanomaterials and biological components in these systems was conducted. Thus, the 
dependence of the interaction between nanoparticles and biological systems on parameters 
such as particle size and shape, chemical composition, hydrophilic/hydrophobic properties, 
morphology, surface load and degree of agglomeration was studied, and the nature of the 
interaction forces and protein corona formation process were explained.

Keywords: proteincorona, nanoparticles, proteins, membranes, toxicity, cell, 
functional group, interactions, hydrophilic, hydrophobic, biological environment.
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RHEOLOGICAL STUDY OF WATER SOLUTIONS MOLECULAR MASS 
FRACTIONS (PVP) OF POLYVINYLPYRROLIDONE 

S.R.BAGIROVA

SUMMARY

In this work, we studied the temperature dependence of the intrinsic viscosity, the 
Huggins constant, which characterizes the resistance of macromolecular coils to the 
penetration of solvent molecules and the second virial coefficient (A2) into them. As is 
known, , along with the intrinsic viscosity 
[η], characterizes the rheological properties of a diluted solution, and is determined by the 
size, shape and properties of segments of polymer molecules and solvent molecules.

Keywords: polyvinylpyrrolidone, intrinsic viscosity, Huggins constant.
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We have explored various solution- processing techniques to produce ZnS thin 
films on conducting (ITO) and silicon substrates along with ZnS-porous silicon compo-
site films. All these samples obtained from different methods and chemical recipes were 
annealed under fixed ambient conditions and characterized by scanning electron mi-
croscopy (SEM), X-ray diffraction (XRD), and ultraviolet photocurrent response. Vari-
ous characterizations reveal that the fabrication conditions and intrinsic defects of ZnS 
play a vital role in optoelectronic   performance.

Keywords: Photoconductivity of ZnS, optoelectronic properties, Fabricaton 
method, semiconductor.

1. Introduction
ZnS has attracted increasing attention as a potential material for opto-

electronic devices such as low threshold blue/UV lasers, solar cells, LEDs, 
sensors, display devices and photodetectors. In recent years, various at-
tempts were made to fabricate nano/mesa-scaled ZnS for further enhancing 
opto/electrical performance[1-3]. While many top-down fab- rication ap-
proaches were followed, solution-based techniques turned out to be the 
most efficient and low-cost for the pro duction of high quality nano and mi-
cro structured ZnS thin films. Electrochemical deposition is a true bottom-
up technique, with the convenience of completely filling the interstitial 
spaces of templates, such as polymer microsphere templates, liquid crystal 
templates and porous (such as porous alumina) templates, from metal to 
semiconductor varieties. Similarly, electrospinning has been widely recog-
nized as an electro- hydrodynamic method to produce nano to micro sized 
fibers from solutions containing the desired materials. However, the optoe-
lectronic properties of ZnS are critically affected by the preparation condi-
tions such as the fabrication method, types of substrates, thickness and an-
nealing conditions. Therefore, it is necessary to optimise the fabrication 
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conditions of the aforementioned techniques for desired applications [4-6]
The direct electrochemical deposition of semiconductors, such as 

ZnS, on a silicon substrate is difficult due to conductivity issues as well as a 
large mismatch in thermal expansion coefficients and the high reactivity of 
silicon toward oxygen [7]. Porous silicon (PS) has been established as the 
most fascinating material for diverse optoelectronic appli cations, especially 
for photonic composites where the nano sized pores can be filled with dif-
ferent materials using simple solution-processing techniques [8].

In this paper, we have explored various solution- processing tech-
niques to produce ZnS thin films on conducting (ITO) and silicon sub-
strates along with ZnS-porous silicon composite films. All these samples 
obtained from different methods and chemical recipes were annealed under 
fixed ambient conditions and characterized by scanning electron microsco-
py (SEM), X-ray diffraction (XRD), and ultraviolet photocurrent response. 
All films obtained from various chemical recipes were essentially in the 
form of Zn(OH)2 after preparation, and to obtain ZnS, the samples were 
annealed at 4000C for 12 h under ambient conditions. Various characteriza-
tions reveal that the fabrication conditions and intrinsic defects of ZnS play 
a vital role in optoelectronic   performance.

2. Experimental
In the literature, brief information is given about the technology of 

obtainment of ZnS thin layers only precipitated from the aqueous solution 
and about some properties. A complex physical-technological study of these 
layers, their the energy spectrum of local centersand purposeful manage-
ment of the recombination process, depending on the technological environ-
ment, a comprehensive study of photoelectric properties is not provided. 
Negative photoeffects were not studied in ZnS thin layers. Metal-semi-
conductor obtained by the method of chemicaldeposition, Complex studies 
of MDR and isotope heterocycles have not been performed. The obtainment 
of materials under investigation,the technology of producing various 
structures of electric transition on their basis,as well as structure of the 
samples and the methods of investigation of parameters were studied.

The technological mode of removal of thin layers by chemical de-
position method has a significant impact on their physical properties. 
Selection of the deposition regime of the thin layers is determined by their 
composition, concentration of components and molar ratios, as well as 
temperature and duration of deposition. Here in this work are the impro-
vements in the method of obtaining thin layers. Thermodynamic calcula-
tions show that as the temperature of the solution increases, the amount of 
alkali in the solution should be reduced and temperature should be within 
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800 C. However, it has been used ammonium as a complex creator in the 
case of recombination editing; As the ammonia is alkaline, it reduces the 
rate of disintegration of the components. The addition of 3-5 ml of ammonia 
in the solution leads to an increase in the concentration of small dispersion 
particles. It also increases the thickness of the precipitated layer. Thus, the 
concentration of Zn2+ ions in the solution decreases due to the increase of 
concentration of Zn (NH2)2 complex ions. As a result, the amount of matter 
in the layer decreases with the speed of the reaction, which in turn increases 
the thickness of the layer.

The thin layers of different chemical and percentage composition, 
depending on the properties (crystallographic, electrical, photoelectric and 
optical)and where they are applied (in the preparation of resistors, diode 
structures, photocell), have been obtained on different types of surface 
morphology, orientation and type(metal, semiconductor or oxide) pallets(
Al, sital,   glass/SnO2,   glass/In2O3).

The synthesis of nanocrystals of AIIBVI type compounds is carried out 
in the teflon cell. For this purpose, the pre-prepared solutions are added to 
the silica in turn and mixed continuously. Synthesis is carried out on the 
following reactions:

ZnCl2 + (NH2)2 CS+H2O = ZnS + 2NH4Cl+CO2
The ZnS thin films were deposited by Chemical Bath Deposition 

Technique on glass substrate. The glass substrates were first washed with 
liquid detergent and rinsed thoroughly in double distilled water and then it is 
placed in boiled water for a few minutes. They were finally immersed into 
acetone for 15 minutes and then dried in an oven. The materials used for 
deposition of ZnS nanocrystalline thin films are lead acetate as source 
material of lead ion, thiourea as the source of Sulphur ion and cadmium 
acetate as the source of cadmium ion respectively. The lead acetate solution 
of 0.1M was prepared with double distilled water stirring separately at 500C 
until a clear solution is obtained. The pH value of lead acetate solution is 
maintained at 10 by adding the ammonia solution to it drop by drop slowly. 

The p-Si plaques and layers, which are used as a base, during use in 
next step (when thin layers are precipitated) before entering the reaction

3KNOKOH + at a room temperature in (1:4) solution stored for 1-2 hours, 
and after it is washed with bidistyle chloride and dried with nitrogen and 
quickly absorbed in the cold iodine solution. It was then introduced into the 
chemical solution as extracted therefrom. Used as a base and mainly used 
for the study of optical properties of thin layers glass/n- 32OIn (1 sm×1 sm or 
0.5 sm×1 sm measure), glass/ITO ( 32OIn and 2SnO system solid solution) (1 
sm×1 sm or 0.4 sm×0.6 sm measure), glass/n- 2SnO and (1sm×1sm or 
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0.4sm×0.6sm measure) ~100-500 nm thickness thin layers 4⋅10-4 -8⋅10-3 

⋅sm had special resistance. The oxide pallets were cleaned from physical 
and chemical contamination.

3. Results and discussion
The obtained ZnS thin films from various solution processing meth-

ods show considerable variation in structural, optical and optoelectronic 
properties on deposition parameters and conditions. Since the annealing 
condition for all the films was same (400 0C for 12 h in air), in the present 
study the structural and optical properties of various films are com- pared 
and analyzed. As shown in Fig. 1, the XRD patterns were recorded for all 
annealed ZnS thin films obtained from (1) electrodeposition from ZnCl2
onto a silicon substrate, (2) electrodeposition from Zn(NO3)2 solutions onto 
an ITO substrate, (3) chemical deposited ZnS from a Zn(Ac)2 solution onto 
an ITO substrate, and (4) a ZnS-PS nanocomposite. Asterisks (*) indicate 
the XRD peaks of silicon. All the films were showing strong XRD peaks of 
wurtzite crystalline structure, with traces of substrate (Si) related diffraction 
peaks.

Fig.1 (a) XRD patterns of ZnS (1) electrodeposited from ZnCl2 and
(2) electrodeposited from Zn(NO3)2 solutions, (3) chemical deposited 
ZnS from Zn(Ac)2 solution and (4) ZnS-PS nanocomposite/ The asterisk 
(*) indicates XRD peaks of silicon.

Steady-state and transient photocurrent measurements were per-
formed on all ZnS films made from different solution processing tech-
niques. Here the ZnS films were exposed to a UV laser (2 mW, 337 nm) 
and the photocurrent was monitored using the wet electrode method. Fig-
ure 2(a) shows the normalised photocurrent response, when the illuminated 
light was switched ON and OFF at different bias conditions. The data rep-
resents the ZnS thin films obtained from (1) electrochemical deposition 
from ZnCl2, (2) electrochemical deposi- tion from Zn(NO3)2 solutions, (3) 
chemical deposited film from a Zn(Ac)2 solution and (4) a ZnS-PS 
nanocomposite. As seen, the photocurrent varies linearly with the increase 
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in the bias voltage. While all films show more or less similar responses, the 
photocurrent efficiencies measured under similar conditions are different. 
Here, the photocurrent efficiency is defined as QE Iphoto Idark =Idark, where 
the Idark and Iphoto are the photocurrents when the light is OFF and ON, re-
spectively. The QE for ZnS obtained from chemical deposited film from 
Zn(Ac)2 solution is 50 whereas for ZnS-PS the nanocomposite is only  

    Fig. 2. (a) Normalised photocurrent ON–OFF response of ZnS films prepared from
various methods. (b) Transient photocurrent response of ZnS deposited
from various methods, the   Si detector response is shown as a reference. 
Labels 1-4 represent the same as  Fig. 1(a).

To study the transient photocurrent behaviour, the resultant photocur-
rent response obtained from the excitation of a nanosecond UV laser (337 
nm, 5 ns, 100 Hz) was monitored through a digital oscilloscope using a 
commercial silicon detector as a photocurrent response reference (Fig. 
2(b)). Essentially all films show a fast photocurrent rise followed by an 
oscillatory decay. The photocurrent decay is composed of two compo-
nents: a fast fall followed by slow fall of an oscillatory nature. 

While ZnS obtained from electrodeposition shows both exciton as 
well as defect related PL, the ZnS obtained from chemical deposited 
shows dominant excitonic related features in both absorption as well as 
PL, indicating the minimum influence of defects (Fig. 3).

Therefore, the transient photocurrent response rise time is due to the 
desorption of O2. Whereas, the photocurrent fast fall is due to the transit 
time taken by the carriers, which is inversely proportional to the electron 
mobility and bias voltage. The oscillatory slow decay phenomenon is the 
result of persistent photoconductivity effects attributed to the presence of 
oxygen-related hole-trap states at the surface, which prevent charge-carrier 
re- combination and prolongs the photocarrier lifetime. Similar behavior has 
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been observed for the ZnS fabricated from various other methods. While the 
ZnS grown from various aforementioned methods shows a good crystalline 
quality, the origin of oxygen defects on the surfaces could be from both 
deposition conditions as well as annealing in an air at mosphere. However, 
in the present case, though solution processing recipes are different, the ob-
tained ZnS may be compared since the annealing conditions for all the ZnS 
films are the same. Hence, these results broadly suggest that the photocur-
rent response of ZnS could be related to its structural and surface properties, 
essentially to the process induced intrinsic defects of ZnS. Figure 3 shows 
the wavelength (200– 500 nm) dependent photocurrent characteristics of 
ZnS thin films fabricated from various precursors. The spectral respon 
sivity shows a distinct broad peak centred at about 360 nm, which corre-
spond to the band gap of ZnS.

Fig. 3. Wavelength dependent photocurrent response 
of ZnS electrodeposited thin films obtained from Zn(NO3)2 Zn(Ac)2 and ZnCl2 solutions.

4. Conclusion
We have explored various solution- processing techniques to pro-

duce ZnS thin films on conducting (ITO) and silicon substrates along with 
ZnS-porous silicon composite films. All these samples obtained from dif-
ferent methods and chemical recipes were annealed under fixed ambient 
conditions and characterized by scanning electron microscopy (SEM), X-
ray diffraction (XRD), and ultraviolet photocurrent response. Various 
characterizations reveal that the fabrication conditions and intrinsic defects 
of ZnS play a vital role in optoelectronic   performance.
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