
NEWS
OF BAKU UNIVERSITY

-

-
series of

PHYSICO-MATHEMATICAL SCIENCES

4, 2021

Bak – 2021



4 Fizika- 2021

AMS Subject Classification: 49J15, 49J35

laura_fat@rambler.ru

.

,

. 1 2

}||:),({ 21 RxrxxXD <<== ,
ν - D∂ D .

0)()(

12

=
∂

∂+
∂

∂
x
xui

x
xu , 2RDx ⊂∈ (1)

)(),()(),()( 11
2
1

2
1112

2
1

2
1111 xxRxuxxRxux ϕαα =−+−− , rxR −≤≤− 1 (2)

+−+−−+−− ),()(),()(),()( 2
1

2
113

2
1

2
112

2
1

2
111 xrxuxxrxuxxRxux kkk ααα

)(),()( 1
2
1

2
114 xxRxux kk ϕα =−+ , 3,2=k , rxr ≤≤− 1 (3)

)(),()(),()( 14
2
1

2
142

2
1

2
141 xxRxuxxRxux ϕαα =−+−− , Rxr ≤≤ 1 (4)

1−=i , )( 1xkα )( 1xkϕ 4,1=k , 1=k , 2,1=j ; 2=k ,3 4,1=j
– .

-
-

5



-

-

-

1. .

)(
1

2
1)(

1122 ξξπ
ξ

−+−
⋅=−

xix
xU (5) 

, ,
+∫ −=∫ −

∂
∂+∫ −

∂
∂=

∂DDD
dxxxUxudxxU

x
xuidxxU

x
xu ),cos()()()()()()(0 2

12

νξξξ

=∫ ⎥
⎦

⎤
⎢
⎣

⎡
∂

−∂+
∂

−∂−∫ −+
∂

dx
x
xUi

x
xUxudxxxUxui

DD 12
1

)()()(),cos()()( ξξνξ

[ ] ∫ −−∫ +−=
∂ DD

dxxxudxxixxUxu ,)()(),cos(),cos()()( 12 ξδννξ

+
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
−∫

−+−−−

−−
−

−
12

1
2

1

112
2
1

2

2
1

2
1 1

)(

),(
2
1 dx

xR
xi

xixR

xRxuR

R ξξπ

−
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
+∫

−+−−

−
+

−
12

1
2

1

112
2
1

2

2
1

2
1 1

)(

),(
2
1 dx

xR
xi

xixR

xRxuR

R ξξπ

+
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
−∫

−+−−−

−−
−

−
12

1
2

1

112
2
1

2

2
1

2
1 1

)(

),(
2
1 dx

xr

x
i

xixr

xrxur

r ξξπ

⎜⎜
⎜

⎝

⎛

∂∈

∈
=

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
+∫

−+−−

−
+

− .),(
2
1

),(
1

)(

),(
2
1

12
1

2

1

112
2
1

2

2
1

2
1

Du

Du
dx

xr
xi

xixr

xrxur

r ξξ

ξξ

ξξπ
(6)

-
D∈ξ , -

D D∂∈ξ ,
.

:

+
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
−∫

−+−+−−

−−
−=−−

−
12

1
2

1

11
2

1
22

1
2

2
1

2
12

1
2

1 1
)(

),(
2
1),(

2
1 dx

xR
xi

xiRxR

xRxu
Ru

R

R ξξπ
ξξ

−
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
−∫

−+−+−

−
+

−
12

1
2

1

11
2

1
22

1
2

2
1

2
1 1

)(

),(
2
1 dx

xR
xi

xiRxR

xRxuR

R ξξπ

6



+
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
−∫

−+−+−−

−−
−

−
12

1
2

1

11
2

1
22

1
2

2
1

2
1 1

)(

),(
2
1 dx

xr
xi

xiRxr

xrxur

r ξξπ

12
1

2

1

11
2

1
22

1
2

2
1

2
1 1

)(

),(
2
1 dx

xr
xi

xiRxr

xrxur

r ⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
+∫

−+−+−

−
+

− ξξπ
,

RR <<− 1ξ (7) 

+
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
−∫

−+−−−−

−−
−=−

−
12

1
2

1

11
2

1
22

1
2

2
1

2
12

1
2

1 1
)(

),(
2
1),(

2
1 dx

xR
xi

xiRxR

xRxu
Ru

R

R ξξπ
ξξ

−
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
+∫

−+−−−

−
+

−
12

1
2

1

11
2

1
22

1
2

2
1

2
1 1

)(

),(
2
1 dx

xR
xi

xiRxR

xRxuR

R ξξπ

+
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
−∫

−+−−−−

−−
−

−
12

1
2

1

11
2

1
22

1
2

2
1

2
1 1

)(

),(
2
1 dx

xr
xi

xiRxr

xrxur

r ξξπ

12
1

2

1

11
2

1
22

1
2

2
1

2
1 1

)(

),(
2
1 dx

xr
xi

xiRxr

xrxur

r ⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
+∫

−+−−−

−
+

− ξξπ
, RR <<− 1ξ (8) 

+
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
−∫

−+−+−−

−−
−=−−

−
12

1
2

1

11
2

1
22

1
2

2
1

2
12

1
2

1 1
)(

),(
2
1),(

2
1 dx

xR
xi

xirxR

xRxu
ru

R

R ξξπ
ξξ

−
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
+∫

−+−−−

−
+

−
12

1
2

1

11
2

1
22

1
2

2
1

2
1 1

)(

),(
2
1 dx

xR
xi

xirxR

xRxuR

R ξξπ

+
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
−∫

−+−−−−

−−
−

−
12

1
2

1

11
2

1
22

1
2

2
1

2
1 1

)(

),(
2
1 dx

xr
xi

xirxr

xrxur

r ξξπ

12
1

2

1

11
2

1
22

1
2

2
1

2
1 1

)(

),(
2
1 dx

xr
xi

xirxr

xrxur

r ⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
+∫

−+−−−

−
+

− ξξπ
, rr <<− 1ξ (9)

+
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
−∫

−+−−−−

−−
−=−

−
12

1
2

1

11
2

1
22

1
2

2
1

2
12

1
2

1 1
)(

),(
2
1),(

2
1 dx

xR
xi

xirxR

xRxu
ru

R

R ξξπ
ξξ

−
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
+∫

−+−−−

−
+

−
12

1
2

1

11
2

1
22

1
2

2
1

2
1 1

)(

),(
2
1 dx

xR
xi

xirxR

xRxuR

R ξξπ

+
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
−∫

−+−−−−

−−
−

−
12

1
2

1

11
2

1
22

1
2

2
1

2
1 1

)(

),(
2
1 dx

xr
xi

xirxr

xrxur

r ξξπ

7



12
1

2

1

11
2

1
22

1
2

2
1

2
1 1

)(

),(
2
1 dx

xr
xi

xirxr

xrxur

r ⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

−
+∫

−+−−−

−
+

− ξξπ
, rr <<− 1ξ . (10)

, :
,

D -(10).
2. .

-(10) 

( )
( ) =−+−−+−−−

−+−⎟
⎟

⎠

⎞
⎜
⎜

⎝

⎛

−
−

=
−+−−−

−
−

2
1

22
1

2
11

2
1

22
1

2

2
1

22
1

2

2
1

2

1

11
2
1

22
1

2

2
1

2

1

)()(

1

)(

1

xRRxixRR

xRR
xR

xi

xixRR

xR
xi

ξξξ

ξ

ξξ

( )
( ) =+

−+

−⎟
⎟

⎠

⎞
⎜
⎜

⎝

⎛

−
−

⋅
−

=
−+−+−

−+−⎟
⎟

⎠

⎞
⎜
⎜

⎝

⎛

−
−

⋅
−

= ...
22

12
1

1
1

2
1

2
1

2
1

2

2
1

2

1

11
2
1

22
1

2
11

2
1

22
1

2

2
1

2

1

11 xRix

xR
xR

xi

xxRRix

xRR
xR

xi

x ξξξ

ξ

ξ

......1

11
2
1

2
1

1
2
1

2

11

+
−

−=+
−+

−−
⋅

−
=

ξξ x
i

xRix

ixxR
x

(11) 

( )
( ) =−+−−+−−−

−+−⎟
⎟

⎠

⎞
⎜
⎜

⎝

⎛

−
+

=
−+−−−

−
+

2
1

22
1

2
11

2
1

22
1

2

2
1

22
1

2

2
1

2

1

11
2

1
22

1
2

2
1

2

1

)()()(

1

)(

1

ξξξ

ξ

ξξ RxRxiRxR

RxR
xR

xi

xiRxR

xR
xi

( )
( ) =+

−+−

⎟
⎟

⎠

⎞
⎜
⎜

⎝

⎛

−
+−

⋅
−

=
−+−++−

−+−⎟
⎟

⎠

⎞
⎜
⎜

⎝

⎛

−
+

⋅
−

= ...
22

12
1

)(

1
1

2
1

2
1

2
1

2

12
1

2

11
2

1
22

1
2

11

2
1

22
1

2

2
1

2

1

11 xRix

xR
xixR

xRxRix

RxR
xR

xi

x ξξξ

ξ

ξ

......1

11
2
1

2
1

1
2
1

2

11

+
−

−=+
−+−

+−
⋅

−
=

ξξ x
i

xRix

ixxR
x

. (12)

...
)(

1

1111
2

1
22

1
2

2
1

2

1

+
−

−=
−+−+−−

−
−

ξξξ x
i

xirxr

xr
xi

. (13) 

...
)(

1

1111
2

1
22

1
2

2
1

2

1

+
−

−=
−+−−−

−
+

ξξξ x
i

xirxr

xr
xi

. (14) 

-(14), -

8



...
),(

),( 1
11

2
1

2
12

1
2

1 +∫ −
−−

=−−
−

dx
x

xRxuiRu
R

R ξπ
ξξ , ],[1 RR−∈ξ , (15)

...
),(

),( 1
11

2
1

2
12

1
2

1 +∫ −
−

−=−
−

dx
x

xRxuiRu
R

R ξπ
ξξ , ],[1 RR−∈ξ , (16)

...
),(

),( 1
11

2
1

2
12

1
2

1 +∫ −
−−

=−−
−

dx
x

xrxuiru
r

r ξπ
ξξ , ],[1 rr−∈ξ , (17)

...
),(

),( 1
11

2
1

2
12

1
2

1 +∫ −
−

−=−
−

dx
x

xrxuiru
R

R ξπ
ξξ , ],[1 rr−∈ξ . (18)

(15)-
(18), -(4),

=−−−− ),()(),()( 2
1

2
1112

2
1

2
1111 ξξξαξξξα RuRu

=+∫ −
−+−−

=
−

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

1
11

2
1

2
1112

2
1

2
1111 dx

x
xRxuxRxui R

R ξ
ξαξα

π

=+∫ −
−+−−

=
−

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

1
11

2
1

2
1112

2
1

2
1111 dx

x
xRxuxxRxuxi R

R ξ
αα

π

...)(
1

11

11 +∫ −
=

−
dx

x
xi R

R ξ
ϕ

π
, ],[1 rR −−∈ξ (19)

=−−−−−−+−− ),()(),()(),()(),()( 2
1

2
114

2
1

2
113

2
1

2
112

2
1

2
111 ξξξαξξξαξξξαξξξα RururuRu kkkk

=+
−

−+−+−−+−−
= ∫

−

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

1
11

2
1

2
114

2
1

2
113

2
1

2
112

2
1

2
111 dx

x
xRxuxrxuxrxuxRxui r

r

kkkk

ξ
ξαξαξαξα

π

+∫ −
=

−
1

11

1 )( dx
x

xi r

r

k

ξ
ϕ

π
…, ],[1 rr−∈ξ , 3,2=k (20) 

+∫ −
=−−−−

−
1

11

142
1

2
1142

2
1

2
1141

)(),()(),()( dx
x

xiRuRu
R

R ξ
ϕ

π
ξξξαξξξα …., ],[1 Rr∈ξ . (21) 

-(4) )( 1xkjα ,
4,1=k , 2,1=j 4,1=j νH

)1,0(∈ν )( 1xkϕ , 4,1=k ,
,

,
0)( 111 ≠xα , 0)( 11 ≠xνα , ],[1 rRx −−∈ , (22)

9



)-,( 2
1

2
1 xRxu − ),( 2

1
2

1 xRxu − ],[1 rRx −−∈

0
)()(
)()(

)()(
)()(

4

)()()()(
)()()()(

)()()()(
)()()()(

)(
134133

124123

132131

122121

134133132131

124123121121

134133132131

124123122121

1 ≠⋅=

−−
−−

=Δ
xx
xx

xx
xx

xxxx
xxxx

xxxx
xxxx

x
αα
αα

αα
αα

αααα
αααα
αααα
αααα

, ],[1 rrx −∈ ,(23)

)-,( 2
1

2
1 xRxu − , ),( 2

1
2

1 xrxu −− , ),( 2
1

2
1 xrxu − , ),( 2

1
2

1 xRxu −

],[1 rrx −∈

0)( 141 ≠xα , 0)( 142 ≠xα , ],[1 Rrx ∈ , (24)

)-,( 2
1

2
1 xRxu − ),( 2

1
2

1 xRxu − , ],[1 Rrx ∈ ,

.
2 (22), (23) 

-

1. . .: 
2. Sajjadmanesh M., Jahanshahi M., Aliyev N. Tikhonov-Lavrentev type inverse problem 

including Cauchy-Riemann equation (English) Azerbaijan Journal of Mathematics, Baku, 
January 2013, Vol. 3, No.1, pp. 104-110.

3. Aliev N.A., Mustafayeva Y.Y., Murtuzayeva S.M. The Influence of the Carleman Condi-
tion on the Fredholm Property of the Boundary Value Problem for Cauchy-Riemann 
Equation (English) Proceedings of the Institute of Applied Mathematics, Baku, Azerbai-
jan, Vol.1, No.2, 2012, pp.153-162.

4. Aliyev N., Fatehi M.H., Jahanshahi M. Analytic Solution for the Cauchy-Riemann Equa-
tion with Non-local Boundary Conditions in the First Semi-Quarter (English) Quarterly 
Journal of Science Tarbiat Moallem University, Vol.9, No.1, Winter 2010; Iran pp.29-40.

5. Jahanshahi M., Aliyev N. Determining of an analytic function on its analytic domain by 
Cauchy-Riemann equation with special kind of boundary conditions. (English) Southeast 
Asian Bulletin Mathematics 28 (2004), no. 1, pp.33- m-
bo, Jr.).

10



Aç

DETERMINATION OF THE ANALYTICAL FUNCTION 
ON THE RING-SHAPED AREA

N.A. ALIYEV, L.F.FATULLAEVA, N.B.MAMEDOVA

SUMMARY

In the given article the problem of determining an analytic function on a ring-shaped 
domain is considered. It has been obtained here that for each analytic function defined on a 
ring-shaped region, some necessary conditions exist. If the coefficients of the boundary condi-
tions belong to a certain Hölder class, and the right-hand sides are differentiable functions and 
vanish at the ends of the interval where they are defined, then the resulting expressions are reg-
ular. It is proved that under these conditions and on the basis of certain formulas, the consid-
ered boundary problem is Fredholm.

Keywords: Analytic function, fundamental solution, Green formula, ring-shaped do-
main, singularity, regular expressions
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DEVELOPING EXPERIMENTAL METHODS TO DETERMINE STABILITY 
IN COMPRESSIVE AND COMPRESSIVE SYSTEMS WITH DIFFERENT 

RHEOPHYSICAL PROPERTIES

I.J.MAMMADOV

SUMMARY

In the presented work, an approximate method for estimating the stability of the 
boundary movement between the compressible and compressed fluids has been proposed and 
studied. Resistance studies have also been performed on the separation boundary due to the 
viscosity of the compressive fluid. Conditions have been obtained to analyze the stability of the 
front.

Keywords: porous environment, compression, viscous liquids, durability
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ONE NOTE ON THE PERTURBED STARK  OPERATOR 

A.Kh.KHANMAMMADOV, H.M.MASMALIYEV 

SUMMARY 

The Stark operator on the positive half-line with the Dirichlet boundary condition at ze-
ro is studied.  A description of the domain of definition of this operator  is given. 

Key words: perturbed Stark operator, Airy equation, Airy functions, self-adjoint operator.
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SUMMARY

One problem for the parabolic type linear loaded differential equation with integral 
conditions is considered in present paper. First, the integral conditions are replaced by nonlocal 
boundary conditions, then the finite difference method is applied to the solution of the new 
obtained problem with nonlocal boundary conditions. A difference problem, that approximates 
this problem with the second order of accuracy is constructed, a method for solution the differ-
ence problem is given, under certain conditions, convergence is proved and the rate of conver-
gence is determined.
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D.H.ORUCOV 
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operatoru, spektr, rezolvent, Veber funk-

SPECTRAL ANALYSIS OF A ONE-DIMENSIONAL SHRODINGER OPERATOR 
WITH A GROWING POTENTIAL

D.H.ORUCOV  

SUMMARY 

The one-dimensional Schrodinger equation on the whole axis is considered which on 
the positive semiaxis is a harmonic oscillator. The spectrum and the resolvent of the operator 
are investigated. A description of this operator is given.

Keywords: Harmonic oscillator, Schrodinger equation, spectrum, resolvent, Weber 
function.
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M qal d , d n d r c rtibin nlik-
l rind n ibar t sistem üçün qeyri-x tti dissipativ s rh - s rh d m s l si 

yegan z if h ll rin 
sonlu zaman rzind

Açar sözl r: nlikl rind n ibar t sistem, dissipativ s rh rti, h ll rin 
n d r c .

INITIAL BOUNDARY VALUE PROBLEM FOR SYSTEMS OF WAVE 
EQUATIONS WITH BOUNDARY DISSIPATION AND WITH AN INTERIOR 

NONLINEAR FOCUSING SOURCE OF VARIABLE GROWTH ORDER 

G.Kh.SHAFIEVA

SUMMARY 

In this paper, we study an initial boundary value problem with nonlinear dissipative 
boundary conditions for systems of one-dimensional semilinear wave equations with a fo-
cusing nonlinear source that has a variable growth exponent. Theorems on the existence 
and uniqueness of local solutions and on the blow-up of solutions in finite time are proved

Keywords: system of wave equations, dissipative boundary condition, blow – up of 
solutions, variable order
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ELECTROCHEMICAL BIOSENSORS BASED ON CARBON NANOTUBES 
MODIFIED WITH OXIDE NANOPARTICLES

S.J.MAMMADYAROVA, S.G.NURIYEVA, A.M.RAHIMLI

SUMMARY

The development of new electrochemical sensors using the superior properties of 
nanomaterials is attracting significant attention in research areas. Due to their small size, 
cylindrical shape, surface-to-volume ratio, high conductivity, and good biocompatibility, 
carbon nanotubes (CNT) have been widely studied and used in order to make electrochemical 
biosensors. The presented brief review article is about the development and properties of 
electrochemical biosensors based on carbon nanotubes modified with oxide nanoparticles.

Keywords: carbon nanotube, biosensor, oxide nanoparticle
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POLARON IN AN ASYMMETRICAL PÖSCHL-TELLER QUANTUM WIRE

I.R.GADIROVA 

SUMMARY

Energy spectrum of the week coupling polaron is considered in the quantum wire de-
-Teller potential with an additional asymmetry term. Only elec-

tron – bulk phonon interaction is taken into account.  The polaron energy shift of the ground 
state and the first excited state, as well as the intersubband transition energy  are calculated 
using a perturbation theory. The dependence of these physical quantities on the confinement 
potential asymmetry is considered. Numerical results are given for the GaAs/Al0.35Ga0.65As 
quantum wire.

Keywords: polaron, quantum wire, Pöschl-Teller  potential.
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THE STUDY OF THE SPATIAL STRUCTURAL ORGANIZATION 
OF THE NONAPEPTIDES MOLECULE

L.S.HAJIYEVA, G.C.ABBASOVA, G.R.SAFARLI 
Baku State University
abbasova1962@mail.ru

The spatial possibility of the H-Tyr-Ala-Gly-Ala-Val-Val-Asn-Asp-Leu-OH molecule 
corresponding to the sequence 329-337 of the C-terminal region of the ribonucleotidere-
ductase subunit 2 of the herpes virus was studied by the method of theoretical conformational 
analysis. Based on the calculation of the value of the intramolecular conformational energy, a 
quantitative assessment of the stability of possible conformational states of the molecule under 
the conditions of a polar medium has been carried out.

Keywords: conformational analysis, spatial structure, stable conformation, confor-
mational energy  

Introduction
The method of theoretical conformational analysis usually used in studies 

of the spatial structure of small organic molecules. We used this method in the 
study of the capabilities of the synthesized peptide; therefore, the present work 
is a continuation of our studies of the structural-functional organization of pep-
tide molecules. [2-7].

By using the solid phase approach, was synthesized peptide mole-
cules H-Tyr-Ala-Gly-Ala-al-Val-Asn-Asp-Leu-OH (I), which corresponds to 
the sequence 329-337 of the C-terminal portion of the subunit 2 of the herpes 
simplex ribonucleotidereductase (HSVR2) and its analogues, with a mono sub-
stitution at position 329, as well as modifications at the N- or C-terminus. Test-
ing of obtained synthesized compounds was performed by inhibiting the activi-
ty of a fragment of the virus upon interaction with substance 1.The aim of the 
work is to study the structural and functional organization of H-Tyr-Ala-Gly-
Ala-Val-Val-Asn-Asp-Leu-OH (I). For molecule (I), the solution of the direct 
and inverse problems was required [1].When describing the results of calculat-
ing the structure of the peptide (I), the classification of peptide structures by the 
main chain forms and peptide skeleton shapes was used [2, 9-11].
Calculation method

The spatial structure of peptide (I) was studied by multiple fragments. The 
conformational analysis of fragment Tyr329-Ala-Gly-Ala-Val333 was performed 
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regarding low-energy conformations of tyrosine [12], alanine, glycine, and 
valine [13]. For the N-terminal Tyr, two forms of the backbone, B and R, were 
chosen since forms B and L are indistinguishable. The side chain of tyrosine is 
taken at angles Alanine is considered in three (R,B,L) forms, 
valine was considered in two possible orientations of the side chain (R,B,L),
and glycine in the four (R,B,L,P).

The original set of structural forms of the pentapeptide fragment Tyr329-
Ala-Gly-Ala-Val333 includes 160 conformations of the main pentapeptide 
backbone. The computation revealed a sharp energy differentiation among the 
backbone conformations.

In a wide energy range of, the 32 conformations of the main chain and 
13 shapes of the peptide skeleton. The amino acid sequence of the Tyr329-Ala-
Gly-Ala-Val333 ribonucleotidereductase of the herpes virus consists of glycine, 
which has no side chain, from alanine, in which it is insignificant, and also 
from valine, which has a bulky and inflexible side chain. It was determined that 
the direct contribution of these residues to stabilization is small.The spatial 
structure of the fragment Val333-Val-Asn-Asp-Leu337 was studied based onthe 
low-energy conformations of valine [13], asparagine and aspartic acid and 
leucine [13,14]. For valines, three possible forms of the main chain - R, B, L -
were chosen. The Asn residue was consideredat three possible forms of the 
main chain at three possible values of the angle 1 (60 °, 180 ° and -60 °). For 
the Leu residue, three possible forms of the main chain R, B, L were selected 
for nine values of the side chain 1 2 angles. The computation of the pen-
tapeptide fragment was carried out on the basis shape.  For all 16 different 
shapes, we computed all the possible backbone conformation. For the sequence 
Val333-Val-Asn-Asp-Leu337 in the energy range of 0–5.0kcal/mol, 34 forms of 
the main chain were possible.The spatial structure of the H-Tyr329-Ala-Gly-
Ala-Val-Val-Asn-Asp-Leu337-OH (I) was investigated based on the stable con-
formations of the pentapeptide fragments Tyr329-Val333 and Val333-Leu337.
These pentapeptide fragments have a common amino acid residue Val333.
Therefore, upon zero approximating nonapeptide molecules (I), we composed 
combinations of fragments Tyr329-Val333 and Val333-Leu337 with Val333 in the 
same backbone conformation.
Results and discussion

The computations revealed considerable energy differentiation of dif-
ferent shapes and forms the nonapeptide backbone. The spatial structure of (I) 
can be presented by conformation of 17 forms of 14 backbone shapes, whose 
relative energy varies within a range of 0-6 kcal/mol. The backbone shapes and 
forms, the contribution of non-valent, electrostatic, torsion interactions, and the 
relative energies of these conformations are presented in Table 1.

The computations of the two pentapeptides demonstrated that the N-
terminal fragment is more rigid than the C-fragment. The N-terminal Tyr329-Val333

is presented by six shapes of the peptide backbone (eeff, ffff, effe, eefe, fffe, eeff).  
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Table1. Relative energy and energy contribution of non-valent, electrostatic, 
and torsion interaction (kcal/mol) of optimal conformation of Tyr329-Ala-Gly-
Ala-Val-Val-Asn-Asp-Leu337 for a fragment C-terminal region of the subunit 2 
ribonucleotide reductase of the herpes virus.

According to the calculation results, of the two pentapeptide fragments 
of the N-terminal, more rigid than the C-terminal. The N-terminal fragment of 
Tyr329-Val333 is represented by six shapes (eeff, ffff, effe, eefe, fffe, eeff) of the 
peptide backbone. For the same six shapes of energy, the intra-and inter-
interaction interactions are shown in Table 2.

Table2.The energy of intra- and inter-residual interactions (kcal/mol) in the op-
timal conformations of the peptide (I) -fragment 329-337 of the C-terminal 
portion of the subunit 2 of ribonucleotidereductase of the herpes virus (top to 
bottom):eeffeeff (0kkal / mol), ffffeeff (0.2k al/mol), effeeffe (2.1k al/mol), 
eefeeffe (3.4k al/mol).

Tyr329 Ala330 Gly331 Ala332 Val333 Val334 Asn335 Asp336 Leu337

Tyr329

Ala330

Gly331

2.0
3.3
2.5
1.9

-2.4
-1.2
-1.7
-3.3
1.1
1.2
1.1
1.0

-2.7
-0.3
-1.9
-2.1
0.2
0.1
0.1

-0.1
1.2
1.2

-0.1
0.1

-1.0
-1.2
-0.9
-1.1
-0.6
-1.1
-0.8
-0.9

0.1
-1.6
-1.2

0
-1.3
-0.9
-0.3
-0.6
-0.8
-0.9

-0.1
-1.3
-1.8
0
-0.4
-1.3
0

0
-2.1
1.8

0.2
-0.3
-0.7
0.2

-0.2
-0.3
0
0
0
0

-3.2
-4.8
-6.6
-3.3
-0.1
-0.2
0.1

-0.7
0
0

-6.1
-4.1
-8.2
-5.3
-1.0
-2.0
-0.2
-1.9
-0.2
-0.2

Shape Backbone form
eeffeeff B2R2PR2R22L22R21R2R32 -33.7 9.6 3.6 0
eefffeff B2R2PR2R22B22R21R2R32 -33.7 10.6 2.7 0.3
eefffeee B2R2PR2R22B22B11R3L32 -32.9 11.6 3.2 2.4
eefffeee B2R2PR2R22B22B11B3B32 -33.0 12.9 4.2 4.5
eeffffff B2R2PR2R22R22R21R2R32 -38.7 16.0 5.0 2.9
eefffffe B2R2PR2R22R22R21B2B31 -36.1 15.7 4.9 5.1
eeffeeef B2R2PR2R22L22B11R2R22 -30.8 12.2 3.5 5.4
ffffeeff R2B2PR2R22L22B21R2R32 -36.3 11.5 4.4 0.2
effeeffe B1R2BL2B22R22R21B2B31 -32.2 7.7 6.1 2.1
eefeeffe B2B2RB2B22R22R21B1B31 -30.8 8.3 5.3 3.4
eefeefef B2B2BL2B22R22B21R3R32 -29.1 10.0 4.3 5.8
fffeefef R2R2RB2B22R22B21R3R32 -30.2 9.5 4.6 4.6
fffeeeef R3B2PB2B22R22L21R3R32 -29.6 9.6 4.6 5.3
fffeefef R3B2PB2B22R22B21R3R32 -28.9 10.2 3.3 5.3
fffeefef R2R2RB2B22R22B21B3L32 -31.2 12.5 3.8 5.8
fffeefff R2R2RB2B22R22R21R2R32 -29.5 10.4 4.4 5.9
eeffefef B2B2RR2B22R22B21R3R32 -31.9 11.1 4.9 4.7
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Ala332

Val333

Val334

Asn335

Asp336

Leu337

1.4
1.3

1.0
-0.4
1.3
1.2
1.5
1.1

-0.8
-0.5
-1.3
-0.8
-1.6
-1.2
0.5
0.5
1.9
0.5

-0.1
0
-1.1
-1.2
-1.7
-1.1
-1.2
-1.0
-1.4
-1.5
1.4
1.4
0.4
0.4

0
0
0
0

-0.1
-0.1
-1.8
-1.7
-0.5
-0.5
-1.1
-1.1
-1.6
-1.6
0.1
0.1
0
0

0.2
0
0
0
0.1
0.1

-0.1
-0.1
-1.2
-1.2
-0.6
-0.6
-0.8
-0.8
-1.7
-1.7
-4.8
-4.8
2.2
2.2
2.8

2.8

0.2
0
0
0
0.1
0.1

-0.2
-0.2
-3.0
-3.2
-2.2
-2.1
-0.1
-1.1
-1.0
-1.0
-0.6
-0.6
0.5
1.3
2.5

2.8
0

-0.1
1.3

-1.2

The global conformation of the molecule (I) under consideration is 
B2R2PR2R22L22R21R2R32 of the eeffeeff shape. 

In this conformation, the contribution of non-valent interactions is 
33.7kcal/mol, electrostatic and torsion-9.6 and 3.6 kcal /mol, respectively. This 
structure is optimal in terms of the amount of non-valent and electrostatic interac-
tions. In this conformation, the N-and C-ends of the molecule (I) in space are quite 
close together, as evidenced by the inter residual interactions in Table2.

The B2R2PR2R22B22R21R2R32 conformation has a relative energy of 
0.3kcal/mol, it differs from the global one only in the shape of the main chain 
of the Val334 residue. This conformation is most beneficial for non-valence in-
teractions. Dispersion attraction and electrostatic repulsion in this case is max-
imum.The R2B2P2R2R2L2R21R2R32 conformation of the molecule (I) has a rela-
tive energy of 0.2kcal/mol and in it the tripeptide fragment has a folded struc-
ture. The most advantageous for electrostatic interactions is the conformation 
B1R2BL2B22R22R21B2B31 of the effeeffe shape with a relative energy of 
2.1kcal/mol. Thus, on the basis of the theoretical conformational analysis of 
the molecule (I), a conclusion was obtained about the structural organization of 
the protein fragment, which does not exclude the realization by the molecule of 
a number of different functions that require specific interactions with other pro-
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teins. At these stages of the calculation, it was revealed that the side chains of 
tyrosine, asparagine, and aspartic acid are oriented into the medium in the low-
est-energy spatial structures of the molecule.
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NANOSTRUCTURES-A BRIEF REVIEW
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Recent progress has demonstrated that among transition metal oxides nickel oxide na-
noparticles have gathered extensive attention due to their uncommon properties and promising 
applications in many fields. In this brief review, we can get information about the properties of 
nickel oxide nanostructures synthesized by different methods in recent years.

              
Keywords: nickel oxide, nanostructure, crystallite size

1. Introduction
In recent years, among transition metal oxides nickel oxide (NiO) nano-

structures have attracted growing attention due to the uncommon physical and 
chemical properties. It has been known that NiO nanoparticles have different 
optical, electrical, magnetic and catalytic properties in comparison with bulk 
NiO. The wide application areas of NiO nanostructures are known such as like 
gas sensors, supercapacitor, anode material for Li-ion batteries, catalyst, dye-
sensitized photocathodes, optoelectronic devices [1-6] etc. The size, shape and 
morphology affect the properties of nanoparticles. A reduction in particle size 
to nanometer-scale leads to changes in properties, therefore maximizing the 
specific surface area has always been the focus of the researchers. Up to date, 
many efforts have been made to synthesis NiO nanostructures with different 
size and morphology. The main general synthesis methods include sol-gel, hy-
drothermal, solvothermal, chemical precipitation, sonochemical and successive 
ionic layer adsorption and reaction (SILAR) method [7-12]. 

From this brief review, we can get information about the properties of 
nickel oxide nanostructures synthesized by different methods in recent years.
2. Properties of nickel oxide nanostructures. Nickel oxide nanoparticles ha-

ve tunable physical and chemical properties with enhanced performance 
over their bulk counterparts. In this section, we will selectively summarize 
the main and general properties of nickel oxide nanostructures synthesized 
by different methods.
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2.1 Optical and electrical properties. NiO is a p-type semiconductor with 
a wide band gap in the range of 3.6 eV-4.0 eV [13-15]. The optical band 
gap depends strongly on the crystallite size. H. A. Ariyanta and co-workers 
fabricated NiO nanoparticles by phytosynthesis method and measured band 
gaps were 3.77; 3.53 and 3.32 eV for flakes-shaped (20.47 nm), a porous 
foam-like (23.09 nm) and spherical nanoparticles (23.43 nm), respectively 
[13]. K. Anandan and V.Rajendran synthesized NiO nanoparticles having 
different size and morphology by a solvothermal method in the presence of 
various solvents. The optical band gap decreases with increasing nanoparti-
cle size due to the quantum size confinement [14]. However, this regularity 
has been violated in some research works. G. Theophil Anand and co-
workers carried out the green synthesis of nickel oxide nanoparticles for 
antimicrobial applications and investigated the influence of annealing tem-
perature on the size and band gap. It was observed that the nanoparticle size 
increased from 20 nm to 30 nm with increasing of annealing temperature 
from 200ºC to 700ºC. Band gap of nanoparticles also increased from 3.82
eV to 4.43 eV with increasing temperature (Fig. 1) [15]. Similar behavior 
was observed in several other studies. In the research work M.Carbone and 
colleagues, NiO nanoparticles were synthesized by hydrothermal method in 
the presence of different alkaline medium (NH3 and NaOH) and the optical 
band gap increased with increasing calcination temperature from 400ºC to 
600ºC [9]. Abubakar et al. reported the synthesis of NiO nanostructures by 
thermal oxidation of Ni thin films deposited on ITO/glass substrate at dif-
ferent high temperatures. It was observed that the crystallite size increases 
and conductivity decreases with oxidation temperature [16]. S. Yousaf et 
al. have synthesized NiO nanoparticles by co-precipitation method and 
doped with different transition metals such as Cu and Zn to tune the optical 
and electrical properties. The particle size decreased and shifting of absorp-
tion bands towards higher wavelength was observed for substituted nano-
particles. The enhance in electrical conductivity was observed for Cu-
doped NiO nanoparticles due to the inherent conductive nature of copper 
(4.50294×10-8 Scm-1), which this value is about 4 times higher than the 
electrical conductivity of pure NiO nanoparticles (1.46377×10-10 Scm-1)
calculated by I–V measurement [17]. P. Tripathi et al. compared optical 
properties of pure and Sr-doped NiO nanoparticles synthesized by sol-gel 
method and found that the reflectance /transmittance in UV–vis region and 
band gap energy decrease with an increase in Sr concentrations [18].
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Fig. 1. UV-visible absorption pattern of NiO nanoparticles 
annealed (a) at 200 °C and   (b) 700 °C [15].

2.2.Magnetic properties. Size, crystal structure and morphology affect the 
magnetic properties of nanoparticles. NiO in bulk form shows antiferro-
magnetic behavior below the Neel temperature of TN=523 K. M.Tadic and 
co-workers synthesized NiO nanoparticles with an average size of 5 nm in 
silica matrix by sol-gel combustion method. They observed that synthe-
sized nanoparticles show antiferromagnetic behavior with low blocking 
TB=5 K and low Neel temperature TN=56 K due to the small size and crys-
tal lattice defects [19]. In another research work, they investigated the ef-
fect of annealing temperature on the magnetic properties of NiO nanoparti-
cles. They conclude that superparamagnetic-like properties were observed 
for samples annealed at 500ºC and 800ºC, while the combination of ferro-
magnetic and antiferromagnetic-like properties was observed for samples 
annealed at 950ºC and 1100ºC [20]. K. Nadeem et al. implemented com-
parative magnetic measurements of NiO nanoparticles synthesized by sol-
gel (SG) and composite hydroxide mediated method (CHM). They reported 
that NiO nanoparticles with the average crystallite size of 68 nm synthe-
sized by SG method exhibit antiferromagnetic nature and lower magnetiza-
tion (0.5 emu/g), while NiO nanoparticles with the average crystallite size 
of 34 nm synthesized by CHM method exhibit superparamagnetic nature 
and higher value of magnetization (2.08 emu/g). This results in smaller 
crystallites attributed to the presence of surface defects such as oxygen va-
cancies and the increasing of uncompensated spins at the surface [21]. 
M.Arif and co-workers investigated the influence of interparticle interac-
tion on magnetic properties of NiO nanoparticles synthesized using a wet 
chemical method. Different sized nanoparticles were obtained at 573K, 
773K and 973K annealing temperatures. NiO nanoparticles with the aver-
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age crystallite size of 12nm, 14nm, and 17 nm showed antiferromagnetic 
behavior with magnetic moment values of 3.08, 3.89, and 5.72 B, respec-
tively [22]. For NiO nanoparticles with the average size of 16 nm synthe-
sized using a precipitation method by K. Karthik et al. were observed fer-
romagnetic behavior, an increase in coercivity Hc and the remanence Mr at 
8K [23]. A. Manikandan et al. obtained NiO nanoflakes with the average 
crystallite size of 20-25 nm by the microwave combustion method. They 
reported that synthesized nanoflakes show ferromagnetic behavior with 
high saturation magnetization (21.22 emu/g) and coercivity values (15.81 
Oe) [24]. The magnetic properties can be tuned by the doping of oxide with 
different metals. The increased ferromagnetic behavior was observed for 
Fe-doped NiO nanoparticles synthesized by the wet chemical method [25]. 
J. Al Boukhari et al. fabricated pure and 2% Mn, Fe and Zn doped NiO na-
noparticles by co-precipitation method at 550ºC calcination temperature. 
They demonstrated that all samples show ferromagnetic behavior, dopant 
elements do not affect the magnetic nature of NiO nanoparticles. However, 
Fe has inherent magnetic nature, lower saturation magnetization was ob-
served for Fe-doped NiO nanoparticles. This result was explained with ex-
change anisotropy between regions rich in Fe and regions poor in Fe coex-
isting in the sample [26]. K. N. Patel et al. produced Mn-doped NiO nano-
particles through chemical precipitation method followed by calcination at 
500ºC for 4 h. The samples were prepared with the Ni1-xMnxO formula in 
which x=0.00, 0.02, 0.04 and 0.06. For 2% Mn-doped NiO nanoparticles 
weaker room temperature ferromagnetic behavior, while for 4% and 6% 
Mn-doped NiO nanoparticles higher ferromagnetic behavior was observed 
compared to pure NiO nanoparticles. They reported that magnetization en-
hanced from 249.9 x 10 emu/g to 471.2 x 10 emu/g with increasing the 
Mn-concentration [27]. M. Abdur Rahman et al. prepared pure and various 
concentrations of Nd3+ ions doped (0.01M, 0.02M and 0.03M) NiO nano-
particles using co-precipitation route. They found that crystallite size de-
creases from 43 nm to 28 nm and saturation magnetization increases from 
0.0041 to 0.030 emu/g with increasing dopant ion concentration [28].

2.3.Catalytic properties. X. Wan and co-workers synthesized NiO nanoparti-
cles with different size, crystal structure and morphology by a hydrother-
mal method subsequent calcination at different high temperatures. The syn-
thesis process was carried out in the presence of four alkali reagents such as 
sodium hydroxide (NaOH), ammonia solution (NH3·H2O), urea 
(CO(NH2)2), and triethanolamine (N(CH2CH2OH)3) and synthesized nano-
particles were used as a photocatalyst in the degradation of methylene blue. 
The photocatalytic degradation of methylene blue was monitored under 
UV-light irradiation and measurement was carried out using a UV-Vis 
spectrophotometer. The highest degradation rate (47.8%) was observed for 
NiO catalyst with the crystallite size of 26.7 nm synthesized using NaOH 
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and calcined at 600ºC temperature. However, the smallest crystallite size 
(10 nm) and largest BET surface area (125 m2g-1) were obtained for sam-
ples calcined at 400ºC temperature, the degradation rate for this sample was 
lower (37.2%). This was explained with imperfect crystal structure and 
poor crystallinity of smaller nanoparticles [29]. Porous NiO nanoplatelet-
like mosaics were proved an efficient catalyst for the chemical transfor-
mation of organic pollutants by S.A. El-Safty et al. [30]. The degradation 
rate of the methylene blue dye (MB) after 6h was 77.6 % for NiO 
mesoporous nanostructure synthesized using a sol-gel technique by R.Vyas 
et al. [31]. M. Ramesh and co-workers investigated the influence of anneal-
ing temperature on photocatalytic activity of NiO nanoparticles prepared by 
thermal decomposition method. They demonstrated that degradation of MB 
under visible light in 5h increased from 50.8% to 70.2% with increasing 
temperature [32]. A. J.Haider and colleagues studied the effect of annealing 
temperature, nanopowder weight and size on photocatalytic activity of NiO 
prepared by sol-gel method towards potassium permanganate (KMnO4)
dye. The results indicated that photocatalytic activity increases with de-
creasing of size and increasing of nanopowder weight. The highest degra-
dation rate (100%) was observed for 20 nm-sized nanoparticles after 30 
min of UV-Lamp exposure with the weight of 0.08gm (Fig. 2) [33]. S. R. 
Hosseini et al. produced nickel oxide nanofibers are produced by 
electrospinning method and subsequent calcination at 600ºC in air for 5 h. 
They applied it as a catalyst for electro-catalytic oxidation of ethylene gly-
col (EG) in 0.2 M NaOH solution. The electrocatalytic activity and stability 
of the electrode were measured using cyclic voltammetry (CV) and 
chronoamperometry method, respectively. The results revealed that the 
modified electrode response retains 97% and 95% of its initial response af-
ter 100 CVs in the presence of 0.03 M EG+0.2 M NaOH and 3 weeks of 
storage in laboratory atmosphere condition, respectively, demonstrating 
long-term stability [34].

Fig. 2. The photocatalytic activity of nickel oxide (NiO) annealed at (a) 450ºC, (b) 550ºC [33].
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3. Summary and perspective
There are several approaches for the synthesis of nickel oxide nano-

structures. The optical, electrical, magnetic and catalytic properties are summa-
rized in this brief review. The physical and chemical properties depend strong-
ly on the size, shape and morphology of nanoparticles. It is possible to control 
these parameters by altering the technological conditions. A reduction in parti-
cle size to nanometer scale can cause new properties. Therefore, controlling 
nickel oxide nanostructures with an appropriate crystal size is important. Re-
cent advances have proved that nickel oxide nanostructures are great potential 
materials for energy conversion and storage utilization because of their unusual 
physical and chemical properties. We should pay special attention to the specif-
ic surface area, size, and phase purity of the nickel oxide nanostructures. As the 
size decreases, the specific surface area of the particles increases and it causes 
more surface reactive sites, which is the main requirement for applications as 
supercapacitor, gas sensor and catalyst.
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EFFECT OF TIO2 NANOPARTICLES ON THE OPTICAL PROPERTIES 
OF PVC / TiO2 POLYMER NANOCOMPOSITES

A.M.RAHIMLI, H.M.MAMEDOV

SUMMARY

To study the influence of TiO2 nanoparticles on the optical properties of PVC polymer, 
the absorption spectra of pure PVC polymer and PVC / TiO2-based nanocomposites were 
recorded. Nanocomposites based on polar thermoplastic PVC polymer and TiO2 nanoparticles 
were synthesized by a combination method (solution casting and hot pressing). It is clear from 
the absorption spectra that as the concentration of TiO2 nanoparticles in the polymer matrix 
increases, the absorption intensity of the PVC / TiO2 nanocomposite also increases. The width 
of the Eg band gap of pure PVC polymer and PVC/TiO2-based nanocomposites from ab-
sorption spectra was calculated. It was found that as the volume content of nanoparticles in the 
polymer matrix increases, the value of band gap decreases. 

Keywords: nanocomposite, polyvinylchloride, titanium oxide, optical absorption
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MAGNETORESISTANCE EFFECT IN PVDF+Fe BASED
NANOCOMPOSITE SYSTEM

H.M.MAMEDOV, J.R.SULTANOVA 

SUMMARY

The paper is devoted to preparation and study of the structure, magnetic and magne-
toresistive properties of new magnetic polymer nanocomposites based on iron nanoparticles in 
a polymer matrix of polyvinylidene fluoride. Based on the structural analysis of nanocompo-
sites, it was found that the rate of polymer crystallization also increases with an increase in the 
volume content of Fe nanoparticles in the PVDF matrix to certain values. The increase in the 
specific magnetization with an increase in the magnetic field strength and saturation at a certain 
value, residual magnetization, and a hysteresis loop with a decrease in the magnetic field were 
observed at studying the magnetic properties of nanocomposites based on PVDF + Fe. The 
dependence of the resistance of nanocomposites based on PVDF + Fe on the magnetic field has 
been studied, and the mechanism of the magnetoresistive effect has been determined.

Keywords: nanocomposite, polyvinyldefluorid, iron nanoparticles, magnetoresis-
tance.
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