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MATHEMATICAL MODEL OF VORTEX VACUUM ROBOT GRiPPER
TO DETERMINE iTS CARRYING CAPACITY

Yegana Novruz Aliyeva, Sakina Mammad Abbasova
Azerbaijan State Oil and Industry University, Baku, Azerbaijan:
yegane.aliyeva.1969@mail.ru, abbasovasakina@rambler.ru
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Abstract. Analysis of the quality and reliability of the results of boundary layer formation depending on the parame-
ters of gas flow calculation, separation of the device connection model into finite elements was carried out in ANSYS
FLUENT environment using the finite element method.

The results of calculations on the obtained analytical dependencies show high convergence with the calculations ob-
tained by more complex modeling in the Ansys Fluent environment. They also include items with different surface shapes
to provide gripping of items with different surface shapes while generating the technologically necessary gripping force.
When manipulating different types of objects, stringent requirements are placed on the handle to ensure the safety of the
surfaces it interacts with. Sometimes it is necessary to equip robots with interchangeable grippers to meet the requirements
of the gripper.

Keywords: Ansys Fluent, manipulation, vacuum grip, vortex, finite elements.

© 2024 Azerbaijan Technical University. All rights reserved.

Introduction

The ability of industrial robots to perform the tasks of gripping objects, holding them securely
during transfer and accurately positioning them at given positions has required the creation of a large
number of different gripping devices.

When calculating and designing the gripping device of the considered type, the dimensions of
the vacuum chamber and the carrying capacity of the device, determined by the mass of manipulation
objects and the dynamics of the gripping device movement together with the object, are set as initial
parameters. Consideration of the conditions of equilibrium of all forces allows us to determine the
carrying capacity of the vacuum gripping device. At first, the bearing capacity is determined in the
absence of motion, when only gravity and lifting force of the gripper act on the gripped object with a
flat, horizontally oriented surface. This means that the gap is stabilized so that the lifting force of the
gripper slightly exceeds the gravitational force acting on the object [1].

Main part

The object must be in equilibrium when they act together; this condition imposes constraints
on the masses of the objects to be carried on the one hand, and on the other hand, on the dynamic
forces acting on the objects during the transfer. The force distributions lead to the conclusion that
bending of the grasped object occurs, and this may be important for the determination of the strength
conditions. Also, for very thin objects in the form of sheets, deformations, in particular creases, can
be significant, leading to significant changes in clearances. In relation to the forces of gravity and the
forces of inertia, factors such as center of mass displacements and angular orientation of the gripping
device are also important.

Vortex motion of gases in the considered problems always has nonstationarity, which is accom-
panied by significant pressure pulsations, gas flow regimes are turbulent. However, in the simplified
theory only constant, stationary components of velocities and pressures are considered.

The curve (Figure 1) shows that in the region from the axis to a certain radius the flow rotates
with almost constant angular velocity w=19(1/s). In vortex theory, this zone rotating with w=const is
called a forced vortex [2]. In the peripheral region of the chamber the angular velocity decreases
sharply with increasing radius, and near the wall in the boundary layer it drops to zero. The law of
velocity variation in this region, especially in cross-sections close to the nozzle cross-section, ap-
proaches the law of potential fluid flow. In the theory of vortex effect this flow is called free vortex.

5
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Fig. 1. Distribution of angular velocity of the rotating gas mass
in the nozzle section of a vortex tube with a diameter of 30 mm
along the relative radius r=r1/R

The second component of the problem solved in the course of research is the problem of de-
struction of the jet exiting the nozzle, which ends the channel of compressed gas supply. The velocity
V of flow from the nozzle for the pre-critical regime, when it is less than the speed of sound V<V* is
determined by the expression

v= |Z L)

and in the subcritical regime the velocity remains constant and equal to the speed of sound V*.

Let us consider the use of compressed air as a working gas. At pressure in the compressed air
line P =0.5 MPa, the flow from the pipeline with a diameter of 2 mm is subcritical [3].

After the air flows into the chamber, it expands with a pressure drop to approximately atmos-
pheric pressure (from 0.5 MPa to 0.1 MPa, i.e. 5 times). If the pipeline directly enters the chamber,
the expansion occurs uniformly in all directions. To obtain directional expansion tangential to the
vortex, a nozzle is used. A nozzle is a nozzle in which the potential energy of compressed gas is
converted into kinetic energy; along the nozzle axis, the velocity of the moving air increases to the
critical velocity and the pressure decreases. The absolute pressure decreases toward the nozzle outlet
section, and the velocity can increase substantially, resulting in an increase in the angular velocity of
the rotating air mass in the chamber.

The problems of aerodynamics of the processes occurring in a vortex vacuum gripping device
are rather complicated. The mathematical model of these processes is built on the basis of nonlinear
partial differential equations of Navier-Stokes under certain boundary conditions. The theory of vor-
tex aerodynamics occupies a significant place in classical monographs on the mechanics of liquids
and gases. The theory of vortices in cylindrical chambers has also been developed, but predominantly
in relation to technological installations designed for air purification with particulate matter extraction
and/or in relation to cooling [5-7].

Such problems are predominantly solved by numerical finite element method. As a result of
mathematical modeling, the laws of stationary distribution of velocities and pressures in the vortex
chamber after the jets exit from the nozzles were determined. However, first of all, it is necessary to
have a convenient for practical use engineering technique for analyzing processes and determining
parameters on the basis of rather simple calculation formulas.

Calculation of velocity and pressure distributions in a cylindrical chamber is carried out under
the assumption that rotation of a significant part of the gas volume occurs around a fixed vertical axis
in the absence of rotational slippage of cylindrical air layers relative to each other, i.e., it is assumed
that the velocity distribution is the same as in a solid body when it rotates with angular velocity ®
around a fixed axis (Fig. 2). In this case, the velocities at all points are orthogonal to the radii, i.e.,
they are directed along the tangents to the concentric circles
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Fig. 2. Distribution of tangential gas velocity in the chamber along the radius

The volume of the gas mass rotating with angular velocity w in the cylindrical volume is
bounded by the cylindrical wall of the chamber of radius R. Obviously, under such assumptions, the
friction forces of cylindrical layers against each other are absent, and there is no energy dissipation
in a significant part of the vortex chamber volume. It can be assumed that friction forces and energy
loss occur only at the walls in thin boundary layers, the study of which represents an independent
problem solved in a number of works [3].

b=R(z), 2)

where R is the characteristic dimension (we can consider that it is the chamber radius), and Re is the
Reynolds number, which is expressed by the relation

— PVR
Re = p (3)

where p is the air density, V is the vortex velocity (average), u is the dynamic viscosity coefficient.
In this work, the boundary layers, the thickness of which, estimated by the above formulas for typical
chamber parameters, as applied to vacuum vortex gripping devices, is of the order of 0.1R, is small,
and therefore, the influence of boundary layers on the pressure (rarefaction) distribution and the val-
ues of the gripping device lifting force for the steady-state mode can be neglected. The fact that the
boundary layer thickness is small is confirmed by the results of computer modeling using the finite
element method. It is also assumed that the distribution of velocities and pressures does not change
along the height of the chamber. However, it is necessary to take into account the compressibility of
the gas, i.e., the dependence of the density p on the pressure p varying along the radius. In accordance
with the adopted model, the tangential velocity V(r) at radius r is determined by the expression

V.r
F(r)=ar=-——, 4
(r) R 4)

where o is the angular velocity and Vo is the linear velocity at the wall (actually at the boundary with
the boundary layer). The value Vo = Vt(R) of the tangential air velocity at the chamber wall is ulti-
mately determined by the kinetic momentum of air jets from nozzles, i.e., the product of the nozzle
flow velocity (in the problems under consideration, it is the sound velocity Vkr, i.e., close to 360 m/s)
by the mass flow rate [8]. However, recalculation to the velocity Vo is difficult; it is only clear that at
a constant flow rate of incoming compressed air through the nozzles, the velocity Vo (practically -
averaged over the height) is smaller the greater the height of the chamber. It is further assumed that
the velocity distribution in the chamber does not depend on the coordinate z along the chamber axis.
Accordingly, it is assumed that the absolute pressure in the gas p(r) and its density p(r) depend only

7
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on the radius r. It is assumed that the temperature is constant throughout the volume, so the process
is isothermal; then the density is proportional to the pressure

Hnr r
p(r) _ p(r) 5)
p(R)  p(R)

It is also possible to assume that the process is isoentropic, then the above relation must be
changed. In the further derivation of the formulas, the pressure p(R) and density p(R) at the wall are
assumed to be known. To derive the pressure distribution along the radius, consider a thin layer be-
tween two cylinders of radii r and (r+dr), respectively. As the gas rotates, a distributed radial volume
load pw 2r from centrifugal forces acts on each layer, and as a consequence the pressure and, respec-
tively, the density p change. On a positive increment dr of radius r there is a positive increment of
pressure dp(r)

dp(r) = p(r) w’r dr (6)
Using the relation (5) relating pressure to density, we obtain instead (6):

dp(r) p(Rw'r
plr) p(R)

(7)

Integrating over the variable r in the range from an arbitrary value of r to the boundary r=R, we ob-
tain
3 p(R)yowr’

In(ry=———+C
n(r) 20(R) + (8)

where C is an arbitrary constant. After its definition from the boundary condition p(R) at r=R, we
finally obtain an expression for the relative change of the degree of rarefaction along the radius r:

plr) oxpl — PR’ (R =r7)
p(R) 2p(R) ©)

Thus, the formula of pressure variation along the radius coincides with the formula of Gaussian
distribution, the center of which is shifted relative to zero (r = 0) to the edge. At the center on the
chamber axis (i.e., at r = 0), the minimum pressure value is obtained:

p(0) ~ p(R)yo*R* _ ~ p(RYV°R
prm_m{ 2p(R) } ‘”‘P[ zp(m] (10)

This expression defines the maximum rarefaction. The exponent in expression (10) is the ex-
ponent of the exponent, which is the ratio of the velocity head at the chamber wall (at r = R) to the
static pressure also at the wall:

F = EJT‘EIR{;J(J"] ~ p, Irdr (11)



Y.N.Aliyeva, S.M.Abbasova / Proceedings 2 /2024, 5-12; DOI: 10.61413/YAVX2451

Automatics

The integral within (0, R) is not expressed through elementary functions, but is expressed
through the integral of probabilities or must be calculated numerically. The determination of the pres-
sure drop (from p(R) to atmospheric po) at the exit (at r = R), i.e., when air exits the chamber through
the annular slit, is an independent problem, the solution of which can be found in the monograph [9].
However, if the annular width of the slit is assumed to be small, the radial component of the flow
velocity from the slit can be determined from the energy conservation condition

PRW(R) H[PfRJ—Pu]:ﬁP (12)

Relations (10) and (12) are two equations with respect to two unknowns Vr(R) and p(R). When
solving them, it is necessary to set different values of the gap z. The assumption often made that the
pressure p(R) can be considered close to atmospheric pressure (p(R) = 0.1 MPa) is not justified, and
this pressure value must be found from the conditions of equality of flow rate through the slot and
gas inflow through the nozzles.

Further, we need to use the condition of air mass constancy in the chamber, i.e., the equality
of air flow rates through n nozzles with inner diameter d and flowing out through the gap between
the chamber edge and the object surface. This condition has the form:

md p*V*
% = 2V (R)zR=p(R) (13)
where V* and p* are respectively velocity and density in front of the gap. Hence, at n=2 the expres-
sion for the gap is obtained:
_ dprrH 1
~ 4Rp, V. (14)
At d=2 mm, assuming that V(R)/V* = 0.5, we obtain z = 0.6 mm. Note that in the absence of
stops positioning the object, the constant value of the gap cannot be set, it is obtained as a result of
using the obtained solution of the problem. However, in another case, when the position of the object
relative to the camera is set by setting the stops, and this unambiguously determines the width of the
slot, we can be guided by this value. When the gripping device is supplied from the compressed air
network, the velocity of flow from the nozzle is close to the speed of sound V* ~ 340 m/s, and the
density p* =~ 5 kg/m3 . After substituting (13) into (12), we obtain the following dependences of
overpressure Ap = [p(R) - p0] and radial velocity Vr(R) on the gap z:

I & &

v (r)="4P7V" (15)
8Rzp(R )
n‘dip* V*

= 128R°z*p(R) (16)

For the case of a gripper with two nozzles of 2 mm diameter connected to a standard com-
pressed air network with a pressure of 0.5 MPa we have:
0.281

Ap =—5—5——

2 (R @an
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These formulas are valid only for the range of variation of the gap z for which the vortex is
conserved. The results of calculations according to formulas (10) and (12) are presented in the form
of graphs depicting the dependences of the ratio of the rarefaction index in the center on the vortex
velocity at the wall, shown in Figure 3.

Pl _
p(R) V(R), mfs

0 =70 ‘140 210 280 350

0.5

-0.6

Fig. 3. Dependence of the rarefaction index on the velocity at the chamber wall

It can be seen that the rarefaction index p(0)/p(R)= 0.5 is achieved at very high velocity V * =
300 m/s, close to sonic velocity. At substantially lower subsonic velocities, instead of (9) for the
distribution of the degree of rarefaction, it is reasonable to limit ourselves to the first two terms of the
decomposition into a step series,then approximately

pir) _ - plR ) (R —r?)
piR) 2p(R)

(18)

and in the center, at r=0
p0) q_ﬂfﬁ»’r!m»'

~ (19)
piR) 2p(R)

Using the approximate expression (17), the lifting force Fc, can be found as an integral over the area:

& p(Ryw* (R =)
L] 2

F = ERF{;JU'} — Py rdr = 2:1'[ PRy - —p, |rdr =

(20)
——§R+;){R:Iru: - ::R:p{j?}—:n?:pu

If we take the chamber radius R=0,025m, r(R) =1kg/m3 as the air density under normal condi-
tions (atmospheric pressure), and the pressure at the periphery of the vortex chamber to be equal to
p(R)=0,1MPa, we obtain the value of the lifting force: Fv = 72N.

As a result of numerical calculations without the above simplification, the specified value of
the force F is obtained:

wf p[H]ﬂJ:R: J W
F =2r| |exp| ———— |- p, |rdr=58H
"\ { 2p(R) ) @)

Thus, the error of calculation by the simplified formula (19) compared to the calculation of the
integral (20) by numerical methods (Runge-Kutty) is about 20%. To be fair, it should be noted that if
the first three terms in the power series expansion of formula (9) are retained, the expression for the
force will take the form:

1p2 2 2 arpl 142
: p(R)® iR ! }+;)[RJ O (R -r) - p, |rdr=

R [
F —2:1'_[" (plr)— p,rdr = ZRI | plR)Y- 7

aR*w’ p(R) N R (p(R))
4 24

ap(R)R® —mp,R* - = 56H
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In this case, the value of force F will be equal to 56 N, and the calculation error will be 4%. The
question of velocity distribution in the boundary layer at the chamber wall remains open. Obviously,
this velocity depends on the number of nozzles and, most importantly, on their diameters. It can be
expected that the velocity distribution along the height will be significantly different from the uniform
one; it can be assumed that, other things being equal, the velocity distribution will also depend on the
geometrical dimensions of the chamber, namely, on the height or volume of the chamber [10,11]. The
greater the height, the greater the volume of gas will be driven into rotational motion, the lower the
velocities will be and the lower the degree of rarefaction will be. In full-scale experimental studies, it
IS easier to measure the pressure (rarefaction) or the forces themselves rather than the velocities.

Mathematical modeling of aerodynamics in the vortex chamber is presented below. The re-
sults of numerical calculations performed by the finite element method of pressure distribution (re-
duction with respect o atmospheric pressure) in the working chamber of the gripper are presented in
Figure 4, Diagram 2.

M
0,605 000 @015 0,02 0,025

o

-, 000

3,020 1 I |
L,
030 /

SN -

Fig. 4. Graph of pressure change along the radius of the vortex
chamber, calculated analytically - 1 and in ANSY'S Fluent — 2

Figure 4, graph 1 shows the analytically obtained graph of pressure distribution in the working
chamber of the gripper. Figures 4 show that the analytical solution is close enough to the numerical
one. The analytically obtained approximate solution allows to carry out simplified express-calcula-
tions, which is necessary at the initial stages of design of the gripping device of the considered type.
To solve the problem of parametric optimization of the gripping device it is advisable to use numerical
simulation of the processes occurring in the vortex chamber of the vacuum vortex gripping device[5,
p. 215-240]. From the results of the calculations it follows that the level of rarefaction, which was
achieved in the calculations of the vortex chamber with a diameter of 50 mm, is 0.04MPa, and the
vortex gripping device with a chamber diameter of 150 mm was able to statically hold an object with
a mass of 29kg. Characteristics of two variants of the device with different chamber diameters are
presented in table.

Characteristics of vacuum vortex non-contact grippers

Vacuum chamber diameter, mm 50 150
Nozzle diameter, mm 2 3

Maximum design mass of the load held statically, kg 7.8 29
Compressed gas flow rate, I/min 210 622
Supply pressure, MPa 0.6 0.6
Vortex velocity at the periphery of the vacuum chamber, m/s 320 310

The obtained characteristics of vacuum gripping devices allow using these gripping devices for
solving many practical problems, including manipulation tasks in robotic technological systems.

The above dependences (19-20) can be used in the design of a vacuum vortex chamber. De-
signing a vacuum vortex chamber for a gripping device provides a reasonable choice of its geometric

11
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parameters and nozzle parameters, as well as compressed air pressure. The main geometrical param-
eters are: diameter D, height h of the chamber, nozzle diameter and their number, width of the vacuum
chamber body side above the annular gap between the gripping device and the object to be carried.
Compressed air can be supplied from an independent pump or from a central line; in the second case,
it should be taken into account that the actual pressure can be much lower than the industry standard
pressure (e.g. 0.4 MPa).

Conclusions

In the course of the research, it is shown that there is a stable equilibrium position during object
holding along with the unstable equilibrium position. Moreover, the system "gripper-object of hold-
ing" passes the unstable equilibrium position at the moment of gripping the manipulation object and
determines the distance from which the gripping process begins.

Mathematical models of vortex gripping devices designed for automation of technological pro-
cesses and operations requiring limited impact on the manipulation object have been developed.
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Abstract. Along with the development of urbanization and the needs of the industry, more and more trunk oil pipe-
lines are being built and serviced. For this industry, more reliable, effective and flexible control systems for the automa-
tion of the oil pipeline system are needed to prevent leaks during transportation. PID controller is used to control the
flow rate of heavy oil in pipelines by controlling the vibration in the motor pump. Torsion actuator is installed on the
motor pump to control the vibration in the motor and thus control the flow rate in the pipelines.

Keywords: PID controller, motor pump, open-loop model, linear model.
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1. Introduction

Oil pipelines and transfer pump units are critical parts of the oil transportation system because
they can interfere with daily production, cause property losses and even damage the environment due
to pipeline leaks, abnormal operation of energy-mechanical system equipment with certain faults.
With the development of advanced technology, fault diagnosis systems, leak detection systems in the
control center, safety control and physical parameter control, etc. are installed in the pipelines. The
distance between the shut-off valves is optimal. The component of the protection system should be
selected according to the cross-section through which the pipelines pass, so as to regulate the pressure,
flow rate and flash point of petroleum products and prevent cracks from occurring in the pipelines.
PID control is used to control and maintain processes. PID is simply an equation that the controller
uses to evaluate the variables being controlled. The process variable is measured and a feedback
signal is sent to the controller. The controller then compares the feedback signal with the one sent
and generates an error value. The value is checked using one or more of three proportional, integral
and derivative methods. As a result, the controller issues the necessary command or changes the con-
trol variable to correct the error [1].

PID controllers use feedback control in industrial applications and control systems. The con-
troller first calculates an error value as the difference between the measured process variable and the
preferred set-point value. It then attempts to minimize the error by increasing or decreasing the pro-
cess control inputs or outputs so that the process variable approaches the target value. This method is
most useful when the mathematical model of the process or control is too complex or unknown to the
system. To improve performance, for example by increasing the responsiveness of the system, the
PID parameters must be tuned to suit the specific application.

2. Problem statement

This paper deals with modeling and control of flow rate in heavy oil pipelines. For this pur-
pose, PID control algorithm is used to control the flow mechanism in pipelines. Torsion bar drive
is installed in the motor pump to control vibration in the engine. The stability of the PID controller
is tested using Lyapunov stability analysis. Analysis of the stability of the controller leads to a
theorem that confirms that the state system is limited. Theoretical concepts are tested by numerical
simulation and analysis that prove the effectiveness of the PID controller in controlling flow rates
in pipelines [2].

The flow control system is a feedback control system. The structure of the pump model is ex-
plained in Figure 1, it is an open-loop system. If there is unwanted vibration in the motor, the flow
stability will be disturbed. Therefore, it is important to convert the open-loop system into a closed-
loop system by applying a controller that controls the flow stability by controlling the vibration in the
motor.

13


https://orcid.org/0009-0001-9655-5523

A.M.Majidov / Proceedings 2 /2024, 13-20; DOI: 10.61413/CDRC6468

Automatics

Motor

Flow meter

Output

Pump Coutput

Figure 1. Open-loop model scheme.

3. Pipe modelling

Linear global flow stability theory is based on self-decomposition of linearized flow operators.
Direct and adjoint decompositions associated with such operators provide information on the stability
of the operator, the acceptance of initial conditions and external forcing, and the sensitivity to spatially
localized disturbances [5]. For an incompressible liquid, the distribution is constant. We suggest that
you obtain the simplest form of the operation by setting the density type equal to zero and dividing
by the constant p:

ou_ A _
i u.Vu + Fr 1)

where, p-is the density in m—i, A-divergence, u-is the flow velocity, p-is the pressure, t is the time in
s, F¢- is termed as the summation of external force and body forces [1].
Introducing the mass balance into equation (1), the following conclusion can be described:

Vu=20 (2
Equation (1) can be described as,
ou_ _10p
5= pax + Ff 3)
where %— is the change of pressure in two different points, to achieve numerical stability of calcu-
lations.
u; 1 .
%Z—p—L(Pi—Piﬂ)‘i‘Ff’l:1----71 4)

where L- is taken to be the distance between two sections. Now let’s mention pressure coefficient

ap;=pi-.,i=1...n (5)
where, a- is termed as the coefficient of pressure changes in sections

aui

1 .
at _p_L(l_a)pi+Ff;l =1..n (6).
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The friction loss under laminar flow conditions is given with the Hagen-Poiseuille equation.
By taking into consideration a fluid of density (p) and kinematic viscosity v, the hydraulic slope F¢

can be described as,

64 u? 64
= e 200 T =507+ o ™

f ™ Re 29D

where g- is the gravity, D-is pipe diameter and F;, —is the shape force vector in pipes. If some substi-
tutions are made, equations (7) will be as following:

64vu
2gD2

oy
at

::—piL(l—a)pi+ +Fp,i=1...n (8)

2

By taking into consideration F = ma = miE = %, equation (8) will be as below:

d2t
0 ox; _  (1-a)d*x
ot at  pAL 0Ot2 9)
Therefore,
(- 0%x; 64v_ 0x; (10)

pAL 0Ot? 2gD?% ot

4. Linear model of torsion actuator

Control valves must provide reliable and repeatable control of the process fluid over a wide
range of operating conditions. The control valve flow characteristic represents the dependence of the
relative flow rate through the valve on the relative stroke of the control valve while maintaining a
constant pressure drop.

Linear flow characteristic — equal increases in the relative stroke of the valve result in equal
increases in the relative flow rate. Regulating valves with linear flow characteristic are used in sys-
tems where there is a direct relationship between the regulated value and the medium flow rate. Reg-
ulating valves with linear flow characteristic are ideal for maintaining the temperature of the mixture
of heat carriers in heating stations with dependent connection networks [5].

100

75 4

= == Lingar

— Equal %

Percentage of Maz Floaw
n
|

0 20 40 =0 k) 100
Valve Position [%]

Figure 2. Linear model of torsional actuator

5. PID structure

PID controller is a well-known and most commonly used controller in industrial applications
because PID controller is simple, provides good stability and fast response. In each application, the
gains of these three actions are changed to obtain the optimum response and control. The input signal
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of the controller is the error signal, and the output signal is given to the process. The output signal of
the controller is shaped in such a way that the output signal of the process tends to reach desired
value.

PID controller is a closed-loop feedback system that compares a process variable with a set-
point and generates an error signal according to which it regulates the output of the system. This
process continues until this error becomes zero or the value of the process variable becomes equal to
the set-point.

PID controllers are designed based on the microprocessor technology. Different manufactures
uses different PID structures. The most commonly used PID equations are parallel which parallel
type design of controller is used in this article.

Proportional
Set point _ / \__ Error K 7N
> f - > > Ly
p \.__/ Controller Output
Integral
— Ki —
Process Derivative
Variable K

Figure 3. PID block diagram

The proportional term takes into account the current error, which is the difference between the
desired set-point and the actual process variable. It then calculates the control output as a proportional
response to this error. The proportional term is critical to preventing large deviations from the set-
point, but it can itself lead to constant errors and oscillations [2]. This controller has the form

f@©) = Kye(t) (12)

K, — proportional constant.

/\ Steady State Error
£ Zz i
\_/ e ——

L 3

Figure 4. P type controller curve

The integral controller is often used because it can eliminate any bias that may exist. A negative
error will cause the signal to enter the system to decrease, while a positive error will cause the signal
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to increase. The integral controller affects the system by reacting to the accumulated historical error
[2]. The format of this controller is as follows:

fO) = K [, e(t) (12)

/]

o=

K; — integral constant.

Figure 5. I type controller curve

Derivative control is a form of feedforward control that predicts process conditions by analyz-
ing the change in error. It works to minimize the change in error, thus maintaining constant system
settings. The control output is calculated based on the rate of change of error over time [2]. This
controller has the form

_ de(t)
ft) = Kg — (13)

K, —derivative constant.
'y

/\/\f‘
\/\_/

Figure 6. D type controller curve

PID control is the most commonly used because it combines the advantages of each type of
control. This includes a quicker response time because of the P-only control, along with decreased
zero offset from combined derivative and integral controllers [2]. This controller has the form in
equation (14)

t de(t)
f©) = Kpe® +K; [ye(t) +Kqg == (14)
For analyzing in PID controller, equation (14) can be stated as below:

fO = KX+v+KsX (15)
v =K, fXd(t),v(O) =0
0
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According to closed-loop system, PID control is demonstrated as below:

X +oX +E, =K, X+K; X +v (16)
V=KX

In matrix form, the closed-loop system is defined as,

v KlX
% H = X | (an
x! |T(eX +E, - K, X+K; X +v
For moving the equilibrium to the origin, the following is defined,

v=v-f(0) (18)
And, the final closed-loop equation is defined as,

X +oX +F =K, X +K; X +v— f(0) (19)
v=KX

To analyze the stability of equations (18), the following properties are necessary:
Property 1. The positive define I' must satisfy the following condition:

0< }\min (F) < ”F”S )\max (F) < )7 (20)

Amin (T) and A, () are minimum and maximum eigenvalues of matrix T, respectively also >0 is
taken to be the upper bound [3].
Property 2. f is assumed to be Lipschitz in ¥ and y if

IfG) = fF@ lIs Allx -7l (21)

Since F; is a continuous function of the first order and satisifies the Lipschitz condition, prop-
erty 2 is established [3]. The lower bound of F;can be calculated as follows:

[, fdx=[, Fydx+ [} d,dx (22)

Taking into account the above analysis of PID control approach is given by the below men-
tioned theorem:

Theorem. Considering the structural system of equation (10) controlled by PiD control ap-
proach of equation (14), the closed system of equations (16) is considered to be asymptotically stable

in the equilibrium states of [v - f(0),X, X]T = 0, if the following gains are satisfied [3]:

tmin ()= 5 (3min O e (86) ) [1 452 5] = e (@)

}\max (Ki) < %(% )\min (F) 7\min (Kp)l/z ) [M] (23)

)\max(r)

The software implemented in this paper is Matlab/Simulink. Simulations are presented to show
that the motor vibration can be reduced to a significant level by using a torsional actuator with the
developed controllers, thereby validating the effectiveness of the proposed control approach using
PID controllers. A simulation period of 20 s is considered for the evaluation [4]. For the simulation
purposes, the weight of the torsional actuator is considered to be 5% of the weight of the motor and
pump combined. The theorem proposed in this paper provides sufficient conditions for the minimum
values of proportional and derivative gains [5]. This theorem confirms that both proportional and
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derivative gains should be positive since negative gains can make the systems unstable. The PID
gains are selected within the stable range using stability analysis to ensure the effectiveness [6].

To compare the results, two blocks of the milling model subsystem were created: one without
a control mechanism and one with a control mechanism. Numerical integrators are used to calculate
the speed and also provide the acceleration signal. The control signal from the controller subsystem

unit is fed to the torsion drive accounting unit to

create the required control force. [7].
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Figure 7. Comparison of motor vibration damping using PID controller for pipeline 1

Figures 7, 8 show the vibration damper of

proves the effectiveness of the PID controller.

the engine. From these figures, it can be concluded
that the PID controller does a good job of minimizing vibration. Figures 9, 10 and are stable, which
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Figure 8. Comparison of motor vibration

damping using PID controller for pipeline 2
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Figure 9. Flow stability using PID controller in pipeline 1
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Figure 10. Flow stability using PID controller in pipeline 2

6. Conclusion
In this paper, the necessary conditions for the asymptotic stability of the proposed controller
are verified by implementing the Lyapunov stability theorem. The theoretical concepts are verified
through numerical simulation and analysis, which proves the effectiveness of the PID controller in
pipeline flow control. A new active control strategy is proposed to suppress engine vibration and then
control the flow rate of heavy oil pipelines. An important theoretical contribution is made to the sta-
bility analysis of the PID controller. The stability conditions necessary for tuning the PID gains are
obtained. Sufficient conditions for the proportional, integral and derivative gains are obtained using
the Lyapunov stability analysis. The numerical simulation and analysis confirm the effectiveness of
the PID controllers in minimizing engine vibration in pipeline flow control. The main points of this
paper are:
1. This work confirms the stability of the PID controller which was ignored in previous studies
and looks at the flow control.
2. The method of using a torque drive in the construction of a pump-motor is completely new
concept.
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Abstract. The application of the computer educational program "Multisim™ has been indicated for measuring the
parameters aiming assembly and calculation of electrical circuits and their description, which is the main topic of train-

ing and laboratory classes on "Electrical Engineering", "Basics of Electrical Engineering", "Basics of Electrical Engineer-

ing and Electronics”, "Circuits Theory", "Theory of Electric Circuits”, "Basics of Electric Circuits" and "Theoretical

Basics of Electric Circuits" subjects taught at the "Electrical Engineering" department. With the help of the "Multisim"

computer program, electrical circuits are assembled on the computer monitor by selecting active and passive elements of

each electrical circuits and placing measuring devices. The "Multisim" program, as a modern computer program, models

the measurement of the parameters of electrical circuits on the computer monitor. In this way, it becomes easier to imple-

ment the reports of those electrical circuits and the interest to the subject among students increases significantly.
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Giris. Azorbaycan Texniki Universitetinin “Elektrotexnika” kafedrasinda todris edilon
“Elektrotexnika”, “Elektrotexnikanin asaslar1”, “Elektrotexnika vo elektronikanin asaslar1”, “Dovre-
lor nazoriyyasi”, “Elektrik dovralor noazoriyyasi”, “Elektrik dovralorinin asaslart” vo “Elektrik
dovralorinin nozori asaslar1” fonlorinin asas magsadlorindon biri elektrik dovralorinin vo onlarin
tosviri olan elektrik sxemlarinin hesabatlaridir [1, s. 63-67]. Bu hesabatlarin yerina yetirilmasi {igiin
elektrik sxemlarinin malum olan va ya 06l¢ii cihazlar1 vasitalori ilo Olgiila bilon parametr va
komiyyatlorindan istifado edarok diger namoalum olanlar1 tayin etmak tolob olunur [2, s. 9, 21-30].
Todris olunan praktiki dorslords elektrik dovralorinin yigilmasi vizual yerino yetirilir vo elektrik
sxemloarinin hesabatlart malum ganunlara asasan hayata kegirilir [3, s. 19-23]. Miihazira dorslorinds
todris edilon nazariyyays osaslanan tortib olunmus laboratoriya islori do, yuxarida geyd olunan
fonlorin talabalar tarafindan keyfiyyatli manimsanilmasinda xeyli shamiyyat kasb edir [4, s. 12-212].

Masalanin qoyulusu. “Multisim” todris kompiiter proqramimin todbiqgi ilo yuxarida geyd
olunan fonlarin praktiki darslorinds elektrik dovralarinin tosviri sayilan sxemlorin kompiiterds ¢o-
Kilmasinin va parametrlorinin 6l¢iilmasinin modellosdirilmasi daqiq yerins yetirilmalidir [5, s. 1-3].

Masalonin halli iisullari. “Multisim” kompiiter proqrami vasitasi ilo elektrik sxemlarinin har
bir aktiv, passiv elementlarinin va 6lgii cihazlarinin modellarini se¢ib monitorda yerlogsdirmok vo
parametrlorini miioyyan diapazonda tonzimlomok miimkiindiir. Dovralorin elementlarinin vo 6l¢ii
cihazlarinin modellorini kompiiterdo yerlosdirorkon agilan codvallordon onlarin giymatlori, 6l¢i
cihazlarmin sistemlari vo hadlari da secilir. Dévranin elementlarini va 6l¢ii cihazlarii birlasdiran
naqillor iss monitorda xatlor ilo ¢akilir. Elektrik sxeminin modeli ¢akilib quruldugdan sonra xiisusi
acarin bir vaziyyatdon digarins kegirilmasi ilo manbonin dévrays qosulmasi da modellosdirilir. Bunun
naticasinds elektrik sxemlarinin 6l¢ii cihazlar1 dovranin parametrlorinin giymatlorini gostarir vo onlar
geyd olunur. Olgiiler aparilandan sonra iso mosgalo va laboratoriya islorinin miivafiq hesabatlari
kegirilir [6, 7].

“Multisim” kompiiter programinda elektrik sxeminin yigilmasi. Kompiiterdo elektrik sxem-
lorinin ¢okilmasi tiglin monitorunda “Multisim” proqramini aganda qara rongds sxem 16vhasi
(programin digor versiyalarinda 16vhonin formasi va rongi fargli ola bilor) vo elektrik dévrasinin
elementlorinin modellorinin daxil edilmasi tigiin piktoqramlar goriiniir (Sakil 1).
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Sakil 1. Kompiiterin monitorunda elektrik sxemlorinin ¢akilmasi {igiin qara 16vha
Bu 16vhodon yuxarida yerlogon “+” vo “-” igarali lupa piktoqramlari ilo 16vhani, ¢okilmis
elektrik sxemlorini elementlorils birlikdo miivafiq olaraq iri va ya kigik etmok miimkiindiir. Lévhadan
sol torofds elektrik sxemlorinin ¢okilmasi {igiin tolob olunan piktogramlar saquli corgods yuxaridan
asagiya yerlosdirilmisdir. Homin corgodon har hansi bir piktogrami segmoklo elektrik dovrasinin
miivafiq elementinin modelini qara 16vhanin istonilon hissasinds yerlosdirmok olar. Bu piktogramlar
miivafiq elementlarin elektrik sxeminin modelina daxil edilmasins vasitagilik edir [7].

Lovhado elektrik dovrasinin asas elementi sayilan monbanin va torpaglanmanin modellarinin yer-
losdirilmasi tiglin sol torafds saquli corgonin yuxaridan 1-ci piktoqramini istifado etmoklo pultun sag

torafini vurmagq lazimdir. Bundan sonra saquli corgenin yaninda yeni 2-siitunlu saquli corge agilir (Sokil
2).
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Sakil 2. Elektrik sxeminds manba va torpaglanmanin ¢okilmasi ti¢iin piktoqramlarin saquli corgasi

Bu siitunlarin yuxaridan 3-cii piktogramlarini istifade etmoklo sabit garginlik vo ya carayan
moanbalarinin modellarini 16vhada yerlogdirmok olar. Eloca da, homin siitunlarin yuxaridan 4-cii
piktogramlarmin komayi ilo doyison sinusoidal garginlik va ya corayan monbayinin modellarini
16vhads yerlosdirmak miimkiindiir. Bu piktoqramlardan asagida yerloson piktogramlar iso miixtalif
formada olan geyri-sinusoidal garginlik va ya carayan manbalarinin modellaridir. Elektrik manba-
yinin modelini 16vhads yerlosdirondan sonra onun tizarinds pultun sag torafini 2 dofs vurmagla agilan
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pancarads manbonin miivafiq qiymatlori va 6l¢ii vahidlori secilir. ©gar elektrik dovrasinds bir nego
monbs istifads edilirsa, onda onlar1 miioyyon ad, ndomrs Vo ya isara ilo bir-birindon farglondirmak
zoruri vo miimkiindiir (Sokil 3). Saquli 2-siitunlu corgonin on yuxarida yerloson sol piktogrami
elektrik dovralorinds istifado edilon torpaglanmani modellosdirmays komok edan piktogramdir.
Onunla torpaglanma isarasini do, gara 16vhada elektrik sxeminda yerlosdirmak olar (“Multisim”
programinda elektrik sxeminin torpaglanma modeli olmadigda 6lgii cihazlar1 gostarmayacak).
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Sakil 3. Manbonin va torpaglanmanin 16vhada yerlosdirilmasi vo manba giymotlorinin segilmosi

Elektrik dovrasinin miigavimatlorinin modellorini 16vhada yerlosdirmak tigtin Sokil 1-da sol
saquli corgonin yuxaridan 2-ci piktogramindan istifads etmok lazimdir. Bundan sonra saquli cargonin
yaninda yeni 2-siitunlu saquli cargs agilir (Sokil 4).
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Sakil 4. Miigavimatin (R), induktivliyin (L) va tutumun (C) modellarinin lovhada yerlosdirilmasi

Yeni agilmis 2-siitunlu saquli cargalorin sag tarafinds yerlason tiind yasil fonlu piktogramlardan
istifado edorok yuxaridan 1-ci, 4-cii vo 2-ci piktoqramlarla miivafiq olaraq sabit miigavimati (R),
induktivliyi (L) vo tutumu (C), 5-ci, 7-ci vo 6-c1 piktogramlarla iso, miivafiq olaraq doyison
migavimati (R), induktivliyi (L) vo tutumu (C) secib, modellorini gara 16vhads yerlosdirmok
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miimkiindiir (Sakil 4). Bundan sonra 16vhada bu elementlorin har hansinin tizarinds pultun sol torafini
2 dofa vurmagla agilan pancarads elementlarin giymatini va 6l¢ii vahidini segmak olar (Sakil 5).
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Sakil 5. Passiv elementlorin giymatlorinin va 6l¢ii vahidlorinin se¢ilmasi

Elektrik dovrasinin parametrlorinin hesablanmasi tiglin zaruri olan 6lgmalarin hoyata kegiril-
masini tamin edan 6lgili cihazlarinin modellarini monitorun 16vhasinda elektrik sxemina daxil edil-
mosi t¢lin Sokil 1-do 16vhadan solda yerloson birsiitunlu corgads yuxaridan 10-cu, qirmizi rongdo
rogom gostaron piktogqramdan istifado etmok lazimdir (Sakil 6).
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Sakil 6. Olgii cihazlarinin modelinin vo birlosmo nagillorinin istigamotlorinin segilmosi

Yeni acilmig 2-siitunlu saquli cargalordan soldaki “V” isarali piktogrami segmakls voltmetrin,
sagdak1 “A” isarali piktogrami segmokla isa, ampermetrin modelini 16vhads yerlosdirmak olar. Lakin,
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bu cihazlarin 16vhads yerlagsmasindan avval pancars agilir, hansindan ki, elektrik sxeminin miirokkob-
logdirilmomasi tigiin 6l¢ii cihazina birlagan nagillarin istigamatlori segilir. Bu pancaranin sol tarafinds
goriinan cargasinds cihazin tipinin yaninda olan “H” harifi naqillarin cihaza horizontal birlogsmasi,
“V” horifi iso saquli birlosmasi {iciindiir. Ol¢ii cihazina birloson nagillorin istigamatlorini sonradan
sol - sagdan yuxar1 - asagiya vo ya oksino doyismok miimkiindiir. Se¢imlori edondon sonra dlgii
cihazlarinin tipini va ona birlagon naqgillarin istigamatlorini goabul etmok olar.

Monitorun qara l6vhasinds elektrik dovrasinin biitiin talob olunan aktiv va passiv element-
larinin, elaca da, 6l¢ti cihazlarinin modellarini yerlosdirandon sonra onlari, elektrik sxeminin modelini
yigmagq tgtin, nagillor ilo birloagdirmok lazimdir. Bu magsadlo monitorda bir elementin va ya 6lgii
cihazinin ucuna kursor yerlasdirilir vo pultun sol torafi sixilib 16vhads amals galon qirmizi rongds
diiz xott digar lazim olan elements birlagdirilona godar ¢akilir (Sakil 7).
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Sakil 7. Elektrik sxeminin elementlorinin va 6l¢ii cihazlarinin nagillar ilo birlogdirilmasi

Elektrik dovrasinin elementlarinin va 6lgii cihazlarmin diiz qirmizi Xatlor ilo birlosdirilmasi
monitorda qapali hal alandan sonra “Multisim” proqraminda elektrik sxeminin qurulmasi basa catir
(Sakil 8).

“Multisim” proqraminda elektrik dvrasini modellagdiran sxemin yigilmasi qurtardiqdan sonra
monbanin dévrays qosulmasi modellosdirilmalidir vo monbonin dévrays gapanmasini l¢ii cihazlar
0z gostaricilori ilo tosdiq etmalidirlor. Programda monbani sxemda dévrays qosan agarin modeli
olmadigindan “Multisim” proqraminda bu funksiyan1 monitorun yuxari hissasinds yerlogon
horizontal panelin sag torafinds ¢evirici piktogrami yerina yetirir (Sakil 9).
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Sakil 8. Elektrik sxeminin kompiiterds yigilmasinin basa ¢atmasi
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Sakil 9. Manbanin elektrik dovrasine gogsmasini modellogdiron gevirici piktoqrami

Bunun ii¢iin ¢evirici piktogramin bir vaziyyatdon digarina kegirilmasi ilo elektrik sxeminda
gOriinmoyan xiisusi agarin qapanmasi (baglanmasi, yoni dévranin manbayinin onun elementloarinas va
cihazlaria qosulmasi) modellogdirilir. Bundan sonra elektrik sxeminds olan 6l¢ii cihazlarinin model-
larinda dovranin parametrlori ragomls gériinmaya baslayir (Sakil 10).
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Sakil 10. Elektrik dovrasinin manbanin garginliyine qosulmasimin modellasdirilmasi
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“Multisim”’ programindan istifads edarak elektrik dovrasinin hesabati. Misal kimi, elektrik sxe-
minds 100 V-lug sabit garginlik manbayinin Ry =120 Om, R2 =80 Om, R3 =1 kOm va R4 =200 Om
giymatlarinds 4 miigavimato qarisiq (ardicil vo paralel) birlogsmasi gostorilmisdir (Sokil 11). Bels ki,
paralel qosulmus Ri1 Vo Rz miigavimotlorindan ibarat kontur Rs vo R4 miigavimatlori ilo ardicil
birlogsmisdir. Manbanin elektrik dovrasine qosulmasinin modellasdirilmasi {igiin ¢evirici piktogramin
vaziyyatinin doyisdirilmasi ilo 6l¢ii cihazlar1 ragoamlo dovranin parametrlorini géstarmoya baslayir.
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Sokil 11. Qarisgiq birlogmis elektrik dovrasinin sabit goarginlik moanbayins qosulmasi

[k novbado, elektrik sxeminda istifads olunan ii¢ adod ampermetrin arasinda yerloson diiyiindo
Kirxhofun 1-ci ganununu yoxlamag olar [8, s. 33]. Diiyiino sol torofdon daxil olan carayan 1-ci amper-
metrin gostaricisine gora 0,08 A olaraq, diiyiindon sag torafda yerlogan R1 vo Rz miigavimatlarindan
kegan coroyanlarin giymatlorini oks etdiron ampermetrlorin gostaricilorinin (miivafiq olaraq 0,032 A
va 0,048 A) comino borabardir. Digoar torafdan, elektrik sxeminda sol torafds yerlosan ampermetrdon
kegan bu coarayani asagidaki tonlikdon do hesablamagq olar:

E

IA RlRZ
R, +R,

+R,+R,

Om ganununa ssaslanan hesabat noticasinds alinan giymot:

100
+1000 + 200

I, = 120 .80 ~0,0801 A

120 +80

dovranin sol torofindo ampermetrin gostordiyi 0,08 A giymatino toxminon barabor oldugundan
“Multisim” programinin daqiqliyi tasdiglonir [6, 7].
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Natica. “Multisim” kompiiter todris programinda elektrik sxemlorinin yigilmasi, homin elektrik
dovralarinin parametrlorinin 6l¢iilmasi Vo hesabatlarinin yerins yetirilmasi otrafli izah olunmusdur.
Bu programin Azarbaycan Texniki Universitetinin “Elektrotexnika” kafedrasinda todris edilon fon-
lords elektrik dovralorinin hesabatlari tigtin istifadasi gostorilmisdir. “Multisim” programinda vo Om,
Kirxhof ganunlaria osaslanan tonliklordan istifado etmoklo anonovi iisulla kegirilon hesabatlarda
alinan giymatlarin eyniliyi programin dogigliyini tosdiglomisdir.
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“MULTISIM” PROQPAMININ ELEKTRIK DOVROLORININ YIGILMASINDA
VO PARAMETRLORININ OLCULMOSINDO TOTBIQI

B.M.Sadiqh

Xiilasa. “Elektrotexnika” kafedrasinda todris edilon “Elektrotexnika”, “Elektrotexnikanin asaslar1”, “Elektrotexnika
va elektronikanin asaslar1”, “Dovralar nazariyyesi”, “Elektrik dovralor nazariyyasi”, “Elektrik dovralarinin asaslar1” va
“Elektrik dovralarinin nazori osaslar1” fanlarinds mosgalo va laboratoriya dorslarinin asas movzusu olan elektrik
doévralarinin vo onlarin tasviri sayilan elektrik sxemlorinin yigilmasi va hesablanmasi magsadi ilo parametrlarinin
Olgiilmasi tgiin “Multisim” kompiiter tadris programimin tedbigi gostorilmigdir. “Multisim” kompiiter proqraminin
komoakliyi ila elektrik dovralarinin hor bir aktiv, passiv elementlorini va 6l¢ii cihazlarini se¢ib kompiiterin monitorunda
yerlagdirmokls elektrik sxemlori y1gilir. “Multisim” programi miiasir kompiiter proqrami olaraq, kompiiterin monitorunda
elektrik sxemlarinin parametrlorinin 6lgiilmasini modellagdirir. Bununla da, hamin elektrik sxemlorinin hesabatlarimin
hoyata kegirilmasi asanlagir vo “Multisim” programinin istifadssi ilo tolobolords fonna maraq xeyli artir.

Agar sozlar: elektrik dovralori, “Multisim” proqramu, elektrik ol¢gmoalori, hesabat.
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Abstract. The article is devoted to modeling the development of an automated monitoring system for server rooms
of railways and subways in accordance with modern requirements. The premises must ensure safe, reliable and uninter-
rupted operation of all equipment and servers included in the information technology system, and also comply with in-
ternational standards. Since equipment is more expensive and sensitive to temperature and humidity, server rooms must
have reliable power supplies, devices and climate control systems. To ensure the security of the system, video surveillance
devices, control of entrance doors, and to protect fire alarm devices, automated fire extinguishing systems, etc. should be
used. To ensure efficient operation of these systems, microprocessor control must be used. An automated control system
for server rooms, built on the basis of a programmable logic controller of the Siemens S7-1200 type, was modeled using
the Tia Portal application software. Taking into account the characteristics of the equipment of the fiber-optic communi-
cation server room, the Tia Portal program simulates the operation of control systems for temperature, humidity, entrance
doors and fire safety of the room. Thanks to the implementation of an automated control system based on PLC, the
existing numerous server rooms of railways and subways can be controlled from one point.

Keywords: server room, programmable logic controller, automation, control system, modeling
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Giris. Molumdur ki, server otagi server va telekommunikasiya avadanliglarimin yerlosdirilmasi
va faaliyyati ti¢iin xiisusi yaradilmig texnoloji otaqdir (sokil 1). Burada avadanliglar xiisusi soraito
uygun istismar olunur. Server otaglarinin yerlagdirilmasi ti¢lin nozards tutulmus bina va ya stansiya
molumatlarin emali morkazi (data center) sayilir. Server otaqlarindaki kompiiterlor adoton KVM
(Kernel-based Virtual Machine) kegidi vo ya masafodon idarasetmo proqram vasitosilo (Secure Shell,
VNC vs s.) uzagdan idars oluna bilon monitorsuz sistemlordir. Miixtalif saholords istifado olunan
server otaqlart 6ziinomoxsus is soraitino malik olmalidir: qonsu otaglara nisboton server otaginda izafi
hava tozyiqi saxlanilmalidir; server otagini qurarkan ehtiyat enerji tochizati tomin edilmalidir; server
otaginda désoma saviyyasi qonsu otaglardan an azi 10 sm yiiksok olmalidir; temperatur va riitubot
vericilori, su sizmasi vericilori, hava axini va tiistii vericilori daxil olmagla miistogil IP monitoring
sistemlorindan istifado etmok lazimdir va s. Server otaglarinin vacib xtisusiyyatlorindan biri do
tohliikasizlik masalasidir. Tohliikasizlik masalalarinin 6nomi strateji obyektlords (bank sektorunda,
nogliyyat sisteminds, harbi sahado vo s.) ikigat yiiksalir. Nogliyyat sistemino aid olan hava
limanlarinin, domir yollarinin, metropolitenin server otaqlar1 tohliikasizlik tolablorine do cavab
vermolidir. Belo miiassisalor tohliikasizlik nozordon strateji obyektlor sayildigindan molumatlarin
qorunmasi t¢ilin otaga konar soxslorin daxil olmasina yol verilmomalidir. Xosagolmoz hallarin bas
vermamasi ti¢lin 24 saat izlayici miisahido kameralar1 qurasdirilmali, icazasi olmayan kanar soxslarin
server otagina daxil olmamasi Giglin giris parolu kimi barmagq izlorinin, géz bobayinin taninmasi va s.
totbiq olunmalidir.
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Masalonin qoyulusu. Miiasir soraitdo miirokkob qurgularin yaradilmasi zamani layihslondirmo
prosesino boyiik digget yetirilir. Bu zaman yiiksok dagiglik vo hesablamalarin etibarligi tomin
olunmalidir. Layihalondirmadas nazori yanasma daha ¢ox vaxt, eksperimental yanasma iso material
xarc aparir. Bununla slagadar yeni texniki sistemlorin islonmasi zamani modellosdirmanin tatbiqi
layiholondirmo prosesini shamiyyatli doracads yiingiillosdirir. Modellosdirmo zamani real obyekti
todqgiq etmoak magsadilo onun miicarrad siiratindan ibarat olan analoqu qurulur. Modellasdirmanin an
sads yolu simulyasiyadir. Bels ki, simulyasiya zamani proseslarin ayaniliyi va kompiiter texnikasinin
giictindon istifado tomin olunur. Simulyasiya modellosdirmasinds daqiglik islonmis modeldon va
modellasdirmas vasitolorindon asilidir. Miiasir kompiiterlords simulyasiya modellosdirmasinin tatbigi
nozari yaxud fiziki todqiq vasitalorinin slgatmazligi zaman1 miixtolif texniki obyektlorin genis vo
kifayat godor doarin sokilds 6yranilmasine imkan yaradir.

Sokil 1. Server otaginin dizayni

Totally Integrated Automation Portal (TIA Portal) yeni nasil program tominatt SIMATIC,
SINAMICS, SIMOTION, SENTRON va SIRIUS ailalorinin program vo aparat moahsullar1 asasinda
kompleks avtomatlasdirma layiholorinin inteqrasiya olunmus is miihitini formalasdirir. TIA Portal
cargivasinds biitiin program mohsullari tigiin vahid istifadagi interfeysindon istifads edilir. Layihs-
lorin navigasiya funksiyalarinin, kKitabxanalarmn vahid istifads konsepsiyasinin, malumatlarin morkoz-
losdirilmis idaro edilmasinin vo onlarin tam razilasdirilmalarinin, lazimi redaktorlarin iso salinma-
sinin, layihalorin yadda saxlanilmasinin, diagnostikanin vo bir sira digor funksiyalarin dostoklonmasi
tomin edilir [5 ,6-8].

Bu program tominati istonilon avtomatlasdirma layihalarinin islonmasinds yiiksok Saviyyada
somaralilik oldos etmoys imkan verir. Kontrollerlor, intigallar, qurgular vo insan-masin interfeysi
sistemlori arasinda qarsiliqlt alaganin toskili vo konfiqurasiyasi Xarclorini shomiyyatli doracods
azaldir. Kontrollerlorin biitiin sazlanma parametrlori, program bloklari, teglor vo molumatlar yalniz
bir dofo daxil edilo bilor ki, bu da kompleks avtomatlasdirma layihalorinin hazirlanmasini
stiratlondirir vo xarclorini azaldur.

TIA portal miihitino integrasiya olunmus program tominatinin torkibi ixtiyari segilir vo hall
olunan masalalar gevrasine uygunlasdirila bilor. Program tominati versiyalari istifado edilon TIA
Portal versiyasina uygun olmalidir. Server otagmin monitoringi tgiin SIMATIC STEP 7
Professional/Basic istifads edilmisdir. Bu program tominati SIMATIC S7-1200/S7-1500/S7-300/S7-
400/WInAC programlasdirilan moantigi kontrollerlor (PLC) asasinda qurulmus, homginin SIMATIC
ET 200 stansiyalarinin avadanhigi asasindaki periferik kontrollerlorin avtomatlasdirma sistemlorinin
konfiqurasiyasi, proqramlasdirilmasi, isasalma-sazlama islarinin aparilmasi, diagnostikasi va texniki
xidmati tgtlindiir. Bu sababdon domir yollarin, metropolitenin server otaglarinin miiasir toloblor
asasinda, tohliikasizlik masalalorinag riayst etmoklo qurulmasi tigiin modellagdirmadan istifads etmoak
cox vacibdir [9, 10-12].
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Masalonin halli. Server otaglar1 informasiya texnologiyalar1 sistemino aid olan biitiin
avadanliglarin vo serverlorin tohliikasiz, etibarl va fasilasiz foaliyyatini tomin etmolidir. Bu otaglarin
diinya standartlarina cavab vermosi vacibdir. Server otaqlarinin hazirlanmasi prosesinds EIA/TIA-
569-B standartindan istifado edilir. Bu standarta osason server otaginda optimal is¢i miihitin
yaradilmasi tiglin asagidaki gostaricilor nozars alinmalidir:

— Otagdaki havanin tempraturu (18 — 24°S);

— Havanin nisbi ritubatliliyi (3% — 5%);

— Tozun migdar: (0,1 — 0,6 g/m?3);

— Elektromaqnit dalgalarinin tasiri (>3 VIm);

— Isiglandirma saviyyasi (540 1K);

— Atmosfer tazyiqi ( 147 Pa)

Server otagindaki avadanhqlarin fasilosiz foaliyyatini va tohliikasizliyini tomin etmok tigiin bir
neg¢a alavo qurgudan istifads edilmolidir. Fasilasiz foaliyyati tomin etmok {igiin server otaqlari biri
miistagil olmagla (UPS stansiyast, dizel-generator qurgusu) iki ehtiyat enerji tochizati sistemina malik
olmalidir. Server avadanliglar1 bahali, temperatura va riitubato hassasdirlar. Bu sobobdan ideal iglim
soraiti yaratmaq tictin kondisioner, mikro-iglima nozarot cihazlar1 vo havalandirma sistemlori
lazimdir. Tohliikasizliyi tamin etmok {igiin videomiisahido, giris-¢ixisa nazarat qurgulart vo S.,
miihafizo moasalalori {iglin iSo yangin zamani Xobardarliq qurgulari, avtomatlagdirilmis yangin
sondiirma sistemlori, isaroverma va s. sistemlar totbig edilmalidir.
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Sokil 2. Avtomatlagdirilmis nozarot sisteminin prinspial sxemi

Modellosdirmada domir yollarinin, metropolitenin server otaqlarinin avtomatlagdirilmis nozarat
sisteminin qurulmasi {igiin asagidaki elementlordon istifads olunur (sakil 2): sistemi fasilosiz olaraq
qidalandiran gida bloku (UPS), yangin sensoru (fire sensor), giris-¢ixisa nazarat sensoru (RFID),
otagin temperaturuna nazarat etmok ti¢iin termociit asasli temperatur sensoru (temperature sensor),
otagin riitubatine nozarot etmok igiin riitubat sensoru (humidity sensor), daxil edilmis program
osasinda giris signallarina uygun ¢ixis signallar hasil edon Siemens PLC S7-1200 moantigi kontrolleri,
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sensorlarin dayarlorini gormoayas Vo tonzimlayicilors tapsiriq signali vermays imkan veran Siemens
HMI, 1 fazali doyison gorginliyi 3 fazali doyison garginliys ¢eviron invertor, havalandirma sisteminin
asinxron miiharriki (M), PLC ¢ixisini invertorla alagalondirmak ii¢iin araliq rele (auxiliary relay),
yangin zamani karbon gazini tozyiqlo otaga vuraraq yanginin qarsisint alan CO2 gaz ¢ani (CO2 gas
tank), CO2 ¢onini idaro edon elektromexaniki klapan (electromechanically valve), goza zamamn
ucadandanisan isaroverms vasitosi (Buzzer), isiglanma sistemi (lamps).

TIA Portal program paketinda avtomatlasdirilmis nozarat sisteminin simulyasiyasi.
Siemens sirkatinin hazirladigi TIA Portal program paketi molumatlarin idaro edilmosi vo agilli
Kitabxana sistemi sayasinds biitiin avtomatlasdirma tapsiriqlarini somarali sokilda yerina yetira bilar.
Fiber-optik rabitonin server otaginin avadanliglarinin xiisusiyyatlorini nazors alaraq otagin tempera-
turuna, riitubating, giris-¢ixisa Vo yangina nazarat sistemi TIA Portal proqrami vasitasilo modellos-
dirilorok molumatlar HMI panelindo oks olunur. Modellosdirmanin uygun noticalori asagidaki
sokillorda verilmisdir (sokil 3-10).

Sakil 3. Riitubot vo temperatur sensorlarindan 6tiiriilon analoq signallarinin rogom signallarina
cevrilma prosesinin TIA Portal proqraminda reallagdirilmasi

Burada MW64 vo MW66 analoq giris dayarlaridir va bu doyarlor NORM_X bloku vasitasi ilo
saniyado 27648 dofo kvantlanaraq MDO yaddas sahoasino (merkerino) miivafiq datani yazir.
SCALE_X bloku MDO merkerindoki datani oxuyaraq ona verilon MIN (minimum), MAX
(maksimum) dayarlar intervalinda giymat hesablayir vo MD1 merkerina geyd edir. MD1 merkerinin
dayari programda temperatur giymati olaraq gostorilmis vo HMI panelinda cari giymat sahasi ilo
olagalondirilmisdir. Eyni cari qiymot paralel olarag PID tonzimlomo blokunun INPUT girisino
verilir. PID blokunun tapsiriq (setpoint) girisi HMI-da tapsiriq sahasi ilo alagalodirilmisdir. Bu blok,
giris signalin1 setpoint signalina barabarlosdirmak tigiin iki girisi differensial olaraq miiqayiso edir va
miigayisanin giymatina uygun ¢ixis signalinin giymotini doyisorok otagin temperaturunu tapsiriq
giymotindo saxlayir.
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Burada M0.1 girisi nazarat sensoru ila alagolodirilmisdir. Har bir daxil olan diskret signallar
sayilarag MD4 merkerino yazir vo uygun giymoati HMI panelinds insanlarin sayini gérmak ti¢iin

yaratdigimiz saha ilo slagolondiririk vo programa daxil olmadan insanlarin say1 paneldo oks etdirilo
bilor.

Tra— - rovaisedem
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Sakil 4. Girig-¢ix1s vo yangina nozarst sensorlarindan otiirtilon rogom signallarinin emali prosesinin
TIA Portal programinda reallagdirilmasi
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Sakil 5. HMI panelinin TIA Portal program paketinds yaradilmasi

MO.2 ils isa yangin sensoru alagolondirilmisdir. ©gor yangin sensorundan signal galarss bu
zaman QO0.1, Q0.2, Q0.4 ¢ixislart aktiv olur. Uygun olaraq Q0.1 yangini sondiirmak mogsadi ilo CO>
qazini otaga daxil edir. Bununla eyni zamanda digor ¢ixislar havalandirma sisteminin normal is
rejimini dayandirir vo revers is rejimini aktiv edorak otagi bir név oksigensiz saxlayaraq yanginin
qisa miiddotds sondiiriilmasing sorait yaradir.
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Yuxaridaki sokildo HMI panelinin dizayn1 6z oksini tapmisdir. Panel {izorinds temperatura,
riituboato, giris-¢ixisa, yangina, havalandirmaya nazarat sistemlorinin gostaricilori 6z oksini tapmisdir.
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Sakil 7. Riitubat va temperatura nozarstin simulyasiyasi

Sokil 6-da HMI panelinin PLC ilo PROFINET protokolu osasinda kommunikasiyasinin
qurulmasi hoyata kegirilmisdir. Burada miixtolif kommunikasiya protokollar1 isrtifads oluna bilar.
Siemens sirkoti PROFINET ilo avtomatlasdirma iiglin Ethernet standartindan istifado edir.
PROFINET biitiin platformalarda siiratli vo tohliikasiz molumat miibadilasine, hamginin istehsal vo
emal sonayeloari ii¢lin innovativ konsepsiyalarin reallagdirilmasi imkanlar yaradir.

Sakil 7-da temperatur va riitubat sensorlarindan galon analog signallar MD15, MD12 girislarine
daxil oldqgdan sonra uygun olarag SCALE_X vo NORM_X bloklarinin kémayils ragom signallarina
cevrilir. Naticoni MD1, MD3 registrlorina yazilir HMI panelindoki uygun bolmalar isa bu registrlorin
doyorlorini oxuyaraq ekranda gostorir.

Sakil 8-do PID Compact bloklarinin MW64, MW66 girisina temperatur va riitubat sensorla-
rindan daxil olan analoq siqnallar tapsiriq girislorindon daxil olan signallarla differensial miigayise
olunur. Belalikls, naticonin isarasindan va giymotindon asili olaraq miiayyan ¢ixis idaraedici signali
generasiya olunur. Alinmis signal hesabina havalandirma sistemi idars olunur.
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Sakil 9. Giris-¢ixisa vo yangina nazarat sisteminin isinin simulyasiyasi

Sokil 9-da server otagina miithandis-texnik heyatlorinin giri-¢ixisina nazarsti tomin etmok tiigiin
RFID sensorundan galon malumatlar asasinda qurulmus avtomatlagdirilmig sistemin simulyasiyasi
verilmisdir. Homginin, yangina noazarat sisteminin simulyasiyast verilmigdir. Yangin sensorundan
signal goldiyi zaman yangina nozarat sistemi iso diisiir vo signalizasiya sistemini qosur. Homginin,
yanginin bas vermosi HMI panelinds oks olunur. Daha sonra havalandirma sistemi 6z normal is
rejimini dayandiraraq revers formada islomoayo baslayir vo otagda olan hava bayira otiirtiliir, eyni
zamanda, otag1 COz gazi ilo tomin edon sistem aktiv olunuraq yangini sondiiriir [13].

Natica. Belaliklo, domir yollarinin vo metropolitenin server otaqlarinin miasir tolablora vo
tohliikasizlik masalaloring riayst etmoklo qurulmasi tiglin PLC osasli avtomatlasdirilmig nozarot
sisteminin tatbiqi toklif edilmisdir. Siemens PLC S7-1200 kontrolleri ilo idars olunan nazarat sistemi-
nin prinspial sxemi verilmis vo TIA Portal totbigi programinda modellosdirilmisdir. Riitubat vo tem-
peratura nozaratin, PID tonzimloyicisinin isinin, giris-¢ixisa Vo yangina nazarat sisteminin, yanginin
garsisinin alinmasi sisteminin simulyasiyasi hoyata kegirilmisdir. PLC asasli avtomatlagdirilmis noza-
rat sistemini totbig etmoklo domir yollarinin vo metropolitenin mévcud goxsayli server otaqglarinin
isina bir montagadon nozarat etmok olar. Moarkozlosdirilmis sistemin qurulmasi nazarst vo miihafizo
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sistemlorinin etibarli isini, bu iso biitovlikdo soboks istifadogilorinin dayanigligini vo rahathigim
tomin edir.
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FiBER-OPTIK RABITONIN SERVER OTAGINA AVTOMATLASDIRILMIS
NOZAROTIN MODELLOSDIRILMOSI

H.M.9hmadov, E.K.Manafov, F.H.Hiiseynov, 9.S.Sadixov

Xiilasa. Magalos domir yollarinim, metropolitenin server otaqlarina avtomatlagdirilmig nozarst sisteminin miiasir taloblora
uygun qurulmasmim modellosdirilmasine hosr olunmusdur. Otaglar informasiya texnologiyalart sistemina aid olan biitiin
avadanliqlarm va serverlorin tohliikasiz, etibarli vo fasilasiz faaliyyatini tomin etmali, homginin diinya standartlarina cavab
vermalidir. Avadanliglar bahali, temperatura va riitubate hassas oldugundan server otaqlar etibarli enerji tachizatina, mikro-
iglima nazarat cihazlarina va sistemlarine malik olmalidir. Tohliikasizliyi tomin etmak ii¢iin videomiisahida, giris qapisina
nozarat qurgulari, mithafizo masalalori ti¢iin iso yangin zamam xobordarliq qurgulari, avtomatlagdirilmig yangm séndiirmo
sistemlori, isarovermo va s. sistemlor totbig edilmalidir. Bu sistemlarin somarali isini tomin etmak ti¢iin mikroprosessor osasli
idaroetmonin totbigins ehtiyac yaranir. Siemens S7-1200 tipli programlasdirilan montiqi kontrolleri asasinda qurulmus server
otaglarina avtomatlasdirilmis nozarot sistemi “TiaPortal” totbiqi programi ilo modellosdirilmisdir. Fiber-optik rabitonin
server otaginin avadanhqlarinin xiisusiyystlorini nazers alaraq otagin temperaturuna, riitubatine, giris gapisina vo yangina
nozarat sistemlorinin isi TIA Portal proqraminda simulyasiya edilmisdir. PLC osasli avtomatlasdirilmis nozarot sisteminin
totbigilo domir yollarinin vo metropolitenin mévcud ¢oxsayli server otaglarinin isino bir mantogodon nazarst etmok olar.

Agar sozlar: server otagl, programlasdirilan montiqi kontroller, avtomatlasdirma, nazarat sistemi, modellosgdirma.
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Abstract. The efficiency of the process of out-of-furnace refining of liquid cast iron by blowing powder impurities
has been studied. Studies have shown that the most effective purifier for cast iron desulfurization is a mixture of 59%
CaCz, 26% CaCOs and 15% C. It has been found that when a finely ground slurry of lime is blown into the liquid metal
to provide a large interfacial area, the fluidity of the slurry deteriorates. It was determined that the temperature drop of
cast iron during processing with lime mixtures increased almost twice compared to the application of carbide mixtures.
However, this deficiency was eliminated by adding a surfactant to the lime scrub. Studies have shown that the unfavorable
shape of the mixer-chamber does not appreciably affect the mixing results in stable zones. Blowing carbide and lime
mixtures into the mixer-cauldron increases the mixing effect by 2-3 times compared to the ordinary cauldron.
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Giris. Metal vo arintiloro, xiisusils do guqunlara tolabatin giinii-giindon artmasi injeksion metal-
lurgiyanin imkanlarindan istifadoni 6n plana ¢okir. Bu kontekstda ovuntu qatisiglari iifiirmoklo maye
cuqunun sobadankonar saflagdirilmasinin hoyata kec¢irilmasi ¢ox somarali hesab oluna bilor.

Aldigimiz naticalor asasinda miioyyan edilmisdir ki, guqunun kiikiirdsiizlosdirilmasi ti¢iin an
somaralisi 59% CaCz, 26% CaCOs vo 15% C-dan ibarat olan qarisiqdir. Bels olan halda aydindir ki,
60%(CaO+X) +25%CaCO3+15%C torkibli qarisiq da ¢uqunun kiikiirdsiizlogdirilmasi {igiin yaxsi
naticalor vers bilor. Burada X slavadir, CaCOs vo C iso CO-nun ayrilmasina sobab olur ki, naticodo
do guqunun qarigdirtimasina komak edir. Bu, 6z ndvbasinds metalin gilizgiisii iizorinds reduksiyaedici
atmosfer yaradir.

Ohongin sothindo maye fazanin yaranmasi hesabina kiikiirdslizlosmo reaksiyasinin siiratlon-
dirilmasi ti¢iin yararli X alavesinin se¢ilmasi ti¢lin laboratoriya tocriibalori aparilmigdir. 1350 + 20°C
temperaturda grafit putada olan 5 kq maye guquna shong va X alavasinin ovuntu qarisigi daxil edil-
migdir. 1kq ¢uquna 3q CaO slavs etdikdas siirat tonliyinin [ 1] istifadasi ilo eksperimental molumatlarin
emal1, kiikiirdsiizlogsmo siirati sabitinin (K) asagidaki giymatlorini vermisdir, 10 %/daq:

0,3(Ca0); 2,5(95% CaO va 5% CaF>);
2,0(95% CaO va 5% NazAlFs); 1,2(90% CaO va 10% NaoCOs).

Belolikla, ilkin baslangic tocriibalar {igiin 55Ca0-5CaF2-25CaC0Os-15C torkibindan ibarat olan
qarisiq se¢ilmisdir.

Forz etdik ki, shang ovuntusunun pis axiciliginda ATH qurgusunda qarigigin tifiirtilmasi ii¢lin
istifado olunan gaz/ovuntu nisbatinin (I/kq) asag1 haddindon iifiirmo zamani sistemin tutulmasi bas
vera bilor. Ogor boylik fazalararasi soth tomin etmok ii¢lin prosesdo ohongin inco ddylilmiis ovun-
tusunu ifiirsak, onda ovuntunun axiciligi pislosor. Lakin bu ¢atigmazligi ohang ovuntusuna hor hansi
bir sothi aktiv madds alavo etmoklo aradan qaldirmaq olar. Bu, 6l¢iisii 20 mm olan shong ovuntusunun
tobii diismo bucagini 46-dan 35°-ys endirir, ovuntunu psevdoaxici va {iftirmok {igiin alverisli edir.

Eksperimentlorin metodikasi. “Velko” metodu [2] ilo miigayisads bu isds tiflirmo soraiti tobii
qazin avazing, azotun dastyici qaz kimi totbiqilo vo qaz/ovuntu nisbatinin xeyli kicik qiymati ilo
sociyyalonir (cadval 1).

37



R.K.Hasanli / Proceedings 2 /2024, 37-44; DOI: 10.61413/FKYC3471

Metallurgy
Cadval 1
Kiikiirdsiizlosmo mogsadilo ovuntu materiallarin {ifliriilmasi lizro naticolorin miiqayisosi
Ufiirmo soraitlori Eksperimentlarin naticalori “ Xyos” zavodunun molumatlari

Kiikirdstizlosdirici Ca0, CaCO0s3, CaF2, C va sathi aktiv madda CaO
Calovda guqunun kiitlosi, t 5-10 15
Dastyict qazin sarfi, 1/(t.doq) 5 (azot) 28 (tobii qaz)
Ufiirmonin intensivliyi, kq/(t.daq) 0,5 0,5
Qaz/ovuntu nisbati, I/kq 10 56
Furmanin maillik bucagi 60-70 90

Metal vannasinin garisdirilmasi CaCOzs-lin par¢alanmasi naticosindo, baslica olaraq CO qazi ilo
hoyata kegirilir. ©hong qarisiginda olan grafit ovuntusu ilo reduksiyaedici miihit saxlanilir. Ufiirmo-
nin optimal soraitlorini tomin etmok magsadi ila shang ovuntusunun denslarinin miixtalif dl¢iilorile
va qarisiga CaFa, C vo CaCOsz vermokls torafimizdon ¢oxsayli eksperimentlor aparilmigdir.

Eksperimentlor zaman1 vaxtdan asili olaraq [S] doyismosi, {ifiirmo noticosindo temperaturun
azalmasi, posa ilo metalin itirilmasi, habels, ¢guqunun ¢alova naql edilmasinds bas veran rekiikiird-
losmo toyin edilmisdir.

Qarigdirma omoliyyat1 1:8,4 miqyasinda sulu modelds, hom do sonaye soraitinds yerino
yetirilmisdir. Calovda gazla qarisdirma iizra tocriibolor sulu modelds aparilmisdir.

Modeldoki eksperimentlords tgar toyini KCl-un indikator kimi tatbiqi ilo, elektrik kegiriciliyinin
Olcililmoasi ilo hoyata kegirdik. Sonaye orintilorinds indikator kimi 1,6+4,0 kq misin alavo olunmasi
ti¢lin lazim olan vaxt 15-20 san olmusdur.

Oturtmadan sonra birinci 5 doqiqe orzindo niimunolorin gotiiriilmo intervali 20 saniyo toskil
etmisdir. Beloliklo, maye ¢uqun vannasinda indikatorun (burulmus mis moftil) hollolma vaxti 2
saniyadon az, 6lgmo xotasi iso +10 saniya toskil etmisdir.

Kiikiirdsiizlosma. Shongin sorfindon asili olaraq, kiikiirdiin konsentrasiyasinin kiikiirdsiiz-
lasmo aparildiqdan sonra azalmasi sokil 1-ds gdstorilmisdir.

20}
-4 0.15

10
&
- S
) H0.10 3
X : -

5- N

2 L 005

0 20

CaO, kq/T

Sokil 1. ©hanglo kiikiirdsiizlogdirmada [%S]Y? vo kiikiirdiin minimal qiymatlorinin asihilig. Oyrilordo
rogomlar kiikiirdiin minimal miqdaridir: — - bizim naticalerimiz; ----- — zavod molumatlar1

Ohongin sarfinin vo onun somarali istifado omsalinin ncao hesablanmas tigiin forz edilir ki,
iizlib-¢cixma zamani vannada CaCQOz-iin tam par¢alanmasi bas verir vo pargalanma mohsulunun CaO
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kiikiirdsiizlosdirici potensiali tozo hazirlanmisa ekvivalentdir. Kiikiirdsiizlosdirmadon sonra [%S]*?
giymsati ohongin sorfino miitonasib olaraq azalir ki, bu da nozori miiddoalar tosdiqloyir.

Bu isin [S]o= 0,040% va "Velko" metodu ilo [S]o = 0,041%-do naticalorinin miigayisasi,
xtisusan kiikiirdiin 0,01% civarinda asag1 konsentrasiyalar1 sayasindo, bizim naticalorin daha somarali
olmasini gostarir. Bu isdo ncao qiymati "Velko" metodunun 5,6% qiymati ilo miigayisadsa 10,1%
toskil etmisdir. Burada ncao- CaO-nun istifado somoraliliyidir.

Sakil 1-don goriindiiyii kimi, shangin 7-9 kg/t sarfindo maye ¢uqunda kiikiirdiin ifrat asagi kon-
sentrasiyasi (0,002%) alds olunur.

Qarisigda C vo CaF, miqdarmi doyismoklo iifiirmo iizro eksperimentlorin aparilmasinda
miioyyan olunmusdur ki, onlardan hor biri 1% slavs edildikda, ncao qiymatini artirir.

Bizim va "Velko" metodunun ncao qiymatlori arasindaki 4,5% forqdon 2%-1i qarisiga C vo CaF-
nin oturdulmasi hesabina, qalan 2,5%-i iso ohong ovuntusunun donslarinin vo {iflirmo metodunun
miixtalifliyine aid etmok olar.

Hom do miioyyan olunmusdur ki, shong qarisiglari ilo emal zamani ¢uqunun temperaturunun
diismosi karbid garisiglarinin totbigilo miigayisado toxminon iki dofo artmigdir (sokil 2).

Kiikiirdiin migdarinin intensiv azalmasini aldo etmok {ii¢lin ohongli qarisiglarin sorfinin arti-
rilmas1 karbid qarisiqlarinin istifadssinds oldugu kimidir. Son posada metal toplantilarinin asagi
miqdarda olmasi natico ¢ixarmaga imkan vermisdir ki, posa ilo metalin itirilmosi artmur.

Saokil 3-don goriiniir ki, vagranka ¢uqununun torkibinds kiikiirdiin miqdar1 0,04% olduqda, in-
duksiya sobasinda tokrar oridildikdo vo kalsium-karbid vo ohong qarisigr ilo emal edildikdo
S=0,015% toskil edir.

0,1% rekiikiirdlosmads karbidlo emalda 0,003% kiikiirdsiizlosmoya oshongls emalda ¢uqunu
sobadan mikser ¢alovuna buraxdiqda, ohong osasinda qarisiglarin emalinin miisbat cohatlorindon
biridir. Bundan basqa, ¢uqunun 0,002%-o godor kiikiirdsiizlosmasi karbidlo emal olunmus metalda
va onun mikser ¢alovundan bosaltma ¢alovuna tokrar tokiilmasinde miisahido olunur.

Qazin ¢alova iifiiriilmo intensivliyinin qarigdirma intensivliyino tosirini sulu modelds 95%-li
qarigdirma ii¢iin lazim olan vaxta tisk goro dyrondik (sokil 4).

30 - Q.8

20 ~

10

AT,°C
T
\ 0\

0 | I | | I
2 4 6 8 10 12

Qarisigin serfi, kq/t

Sakil 2. Ovuntuyabanzar shang (0) v karbidlo (e) tiflirmo zamani ¢uqunun temperaturunun diismasi
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Sakil 3. Cuqunun mikser v adi ¢alova tokiilmosi zamani karbidlo emalda bas veran kiikiirdsiizlogsma
(VS — vagranka sobast; IS — induksiya sobas1): I — kiikiirdsiizlosma; II — tokmo ¢alovuna bosaltma;
IIT — mikser ¢calovuna buraxma; 1 — ohong; 2 — karbid

Bu tacriibalords posani diametri 10 mm va sixlig1 0,91 g/sm? olan polietilen kiiraciklorin ikigat
qat1 1lo modellasdirdik. Qarigdirmanin xiisusi enerjisini (€) 1s9 asagidaki diisturla hesabladiq:

¢ = 854QTlogP/w. (1)

Qazin verilma siirati, //deq
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| | ! | | T |
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Sakil 4. Qarigdirmaya sorf olunan enerjinin vannanin tam garisdirilmasina lazim olan vaxtdan asililig1 (tesk):
1 — twk= 58 £942; 2 — tyx = 100 £03¢
e —posails 0 —posasiz
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(1) tonliyindon alinan kamiyyat bu diisturla hesablanmis komiyyatin yarisini togkil edir [3]. Bu,
homin isdo gqazin genislonmo enerjisinin nozora alinmamasi ucbatindan bag vermisdir. Lakin, belo
forqglilik xiisusi enerjinin € doraca gostaricisi N-nin toyinind tosir etmir.

Sokil 4-don goriiniir ki, posasiz eksperimentlorlo toyin etdiyimiz n= - 0,31 komiyyati, qabul
olunmus nazari (n = - 0,33) giymati ilo yaxs1 uzlasir [4]. Qeyd etmok lazimdir ki, Laxner do posani
nozars almamisdir. Posan1t modellosdirdikds alinan n = - 0,42 komiyyati n = - 0,40 giymatilo gismon
uygundur. Bu qiymat posanin istiraki ilo tocriibi sonaye orintilorinds alinan qiymotlors yaxindir.

Posanin modellogdirilmasi, hom do onsuz mikser tipli ¢calovda sulu model iigiin twk vo € ara-
sindak1 nisbatlor sokil 5-do galovda qazla garigdirmagla metal {igiin analoji malumatlarla tutusdur-
magqla verilmisdir.

Polimer indikatorun ciralorinin daxil edilmasinda sulu sirnagin davranisinin miisahidosi, mikser
calovunun hor iki sonlarinda dayanmis sahoalorinin movcudlugu noticosindo € kigik qiymotlori
sahoasindo kifayot qodor zoif qarigsdirma gostormisdir. O halda ki, furmadan axan asas su sirnagi, qazin
stiratinin boyiimosi hesabina bu dayanmis sahslorin zonasina ¢atir. Onda €-un artmasi ilo twsk kifayot
qader tez azalmaga baslayir.

Saokil 6-da gostarildiyi kimi, tek-nin kaskin azalmasi soth sirnaginin siiratinin artmasi ilo yaxsi
uygunlasir. Bu, posa ilo ortiilmomis metal giizgiisiindo {ifiiqi ox {izro ¢ixan gabarciglar zonasinin
uzunlugu L kimi toyin olunur.

Eksperimentlarin naticolori gostarir ki, tqar komiyyatinin toyininds asas rolu mikser ¢alovda
oritmonin osas kiitlosinin sirkulyasiyasi oynayir. Aydindir ki, hesabata yalniz vannanin sirkulyasi-
yasina sabob olan agirliq qiivvesi daxil olunur. Mikser ¢alovunda €>40Vt/T sahasindo tgar komiyyoti
adi ¢alova nisbaton boyiik ohomiyyat kosb edir. Bu ona dolalot edir ki, hotta, vannanin sirkulyasiyasi
halinda da mikser ¢calovunda yavasidilmig garisdirma yaxsilagmuir.

Forz etdiyimiz kimi, sonaye mikser ¢alovunun modellosdirma soraitlori bir-birindon forglanir.
Bu, sokil 5-do asagiya istiqamotlonmis oxlarla gdstarilmigdir. Aydindir ki, mikser ¢alovunun forma-
siin garigdirma xaraktering tasirinin qiymotlondirilmasi zavod tacriibalorindon sonra aparilmalidir.

Qazin verilma siirati, //daq
8 20 40 80 130
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Sokil 5. Sarf olunan enerjinin ¢ funksiyasi kimi vannanin garigsdirilma vaxti, t:
® —posa ilo; o — posasiz
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Sakil 6. Mikser ¢alovuna qazn iifiiriilmasinds qabarciqlarla
xirdalanmis vannanin sathinin uzunlugu (L)

Sokil 7-do mis indikator istifado etmaklo tgar-1n sonaye 6lgmalarinin naticolori gostorilmisdir.
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Sakil 7. Mikser ¢alovunda vannanin tam qarigdirilmasi {igiin tolob olunan vaxtin mis
indikatoru vasitasilo toyini

tgar-in  miisahido etdiyimiz qiymatlori [5] iglorindon gozlodiyimiz asagidaki empirik tonliklo
hesablanan qiymotlordon yiiksok olmusdur:

tqar=800é'°'4. 2
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Qiymaotlordoki uygunsuzluq qarigdirma ti¢lin optimal sayilmayan mikser calovunun formasi ils
izah olunur.

Reqgressiya analizi n gostaricisinin qiymatini kalsium-karbid asasl qarisiq tigiin 0,38-9, ohong
qaris1g1 liciin 19 0,75-9 barabar verir. tgar vo n-nin daha yiiksok qiymatlorinin ohong asasinda qarisiq
liciin miimk{in izah1 onun bdyiik sarfi ola bilor.

Beloliklo, todqiqatlar gostorir ki, mikser ¢alovunun olverigsiz formasi dayanigli zonalarda
qarigdirma noaticolorino hiss olunacaq tosir etmir. Mikser ¢alovuna karbid vo ohang qarisiglarinin
iifiirtilmoasi adi ¢alovla miiqayisads tgar 2-3 dofo artirir.

Naticoa. Toyin olunmusdur ki, somarali fosforsuzlasdirma aparmagq {i¢iin maye ¢uqunda silisiu-
mun miqgdart minimum olmalidir. Torkibindo 30%-don ¢ox CaO olan maye posaya SiO2-nin otur-
dulmasi posanin 6zliiliiytinii bir az da asagi salir, azaciq Al2O3-iin oturdulmasi da analoji tosir gostarir.
CaO-nun asag1 konsentrasiyasinda posada oksidlosdiricinin miqdarini azaltdiqda, refosforsuzlagsma
miisahido olunur.

Cuqunun induksiya sobasindan buraxilmasi aninda posanin maye metaldan tam ayrilmasini,
kiikiirdstizlosmo vo fosforsuzlagma proseslorinin intensivliyini tomin edon yeni CaO — CaCl, posa
sistemi toklif olunmusdur. Lakin soba posasinin migdarini azaltmaq {i¢iin ¢guqunda silisium v fosfo-
run konsentrasiyalarini azaltmaq lazimdir. Cuqunun saflagdirilmasi {igiin shang ovuntusu asasinda
yiliksok axiciliga malik kiikiirdsiizlogdirici qarisigin torkibi islonmisdir. Qarisigin torkibindo aktiv
maddolor qaz/ovuntu nisbatinin hatta asagi qiymatlorinds (10 I/kq) xirdadenali ovuntunun g¢alovda
maye ¢uquna stabil tfiiriilmasini tomin edir. Kiikiirdiin migdarinin 0,040-dan 0,010%-dok azaldil-
mast ii¢lin chong ovuntusunun istifado somorasi 10,1% toskil etmisdir ki, bu da “Xyos” zavodunun
metodu ilo alinan naticadon (5,6%) xeyli yiiksokdir.

Aparilmis todqiqatlarin Gistiinlityli ondadir ki, guqunda kiikiirdiin daha asagi miqdarin1 almaq
miimkiindiir. Kiikiirdiin ifrat asagr miqdar1 (0,002%) shong qarisiginin sorfi 7 kq/t vo cuqunda
kiikiirdiin miqgdar1 0,040% olduqda alinmisdir. ©hang ovuntusu ilo kiikiirdsiizlosdirmonin daha bir
istiinliiyii rekiikiirdlosmonin olmamasidir. Karbid vo shong ovuntusu ilo emalda hiss olunan forqli
effekt cuqunun tokrar oksidlogmasi naticasindo mikser ¢calovunda posanin asasiliyinin doyismosi ilo
izah olunur. Miioyyan olunmusdur ki, mikser ¢alovunda tifiirmads qarigsdirma miiddati adi ¢alovda
qarisdirmada empirik nisbatlordon toyin olunmus qiymotdon 2-3 dofs yuxaridir. Ciinki, mikser ¢alo-
vunun formasi qarigdirma {i¢iin tam olverisli deyildir. ©lverigli qarisdirma kinetikas1 ovuntu-ohong
qarisiginda CaCOs-1n miqdarini 25-don 35%-dok artirmaga imkan verir ki, noaticods shongin istifads
somaraliliyi 17%-dak artir.
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CUQUNUN SAFLASDIRILMA PROSESININ SOMOROLILIYININ ARTIRILMASI
INCREASING PROCESS EFFICIENCY CAST IRON REFINING

R.K.Hasanli
Xiilasa. Ovuntu qatisiglart {ifirmoklo maye ¢uqunun sobadankenar saflagdirilma prosesinin somaraliliyi dyronilmis-

dir. Todgiqatlarla miioyyon edilmisdir ki, guqunun kiikiirdsiizlagdirilmasi ti¢iin on samarsli saflasdirict 59% CaCa, 26%
CaCOs vo 15% C-dan ibarat olan qarisiqdir. Molum olmusdur ki, boyiik fazalararasi sathi tomin etmak iigiin maye metala
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ohongin inco ddylilmiis ovuntusunu iifiirdiikde, ovuntunun axiciligi pislosir. Miioyyan olunmusdur ki, shang qarisiglar
ilo emal zamani1 ¢guqunun temperaturunun diismasi karbid garisiglarinin totbigilo miigayisads toxminon iki dofo artmigdir
Lakin bu ¢atismazliq ohong ovuntusuna sathi aktiv maddo olava etmoklo aradan qaldirilmigdir. Todqiqatlar géstormisgdir
ki, mikser-galovun slverigsiz formasi dayaniqli zonalarda qarigdirma naticaloring hiss olunacaq tasir etmir. Mikser-¢alova
karbid va shang qarisiglarinin tifiiriilmasi adi ¢alovla miiqayiseds qarigdirma effektini 2-3 dofs artirir.

Acar sozlar: cuqun, injeksion metallurgiya, ovuntu, saflagsdirma, samoralilik.
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THE IMPACTS OF THE OIL INDUSTRY DEVELOPMENT
ON THE VEGETATION COVER IN THE OIL PRODUCTION AREAS
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Abstract. The oil industry's development follows a series of steps and processes, including exploration, drilling, and
oil infrastructure, which affect vegetation in different ways. This study aims to investigate the role of the oil industry’s
impact on vegetation in oil production areas in the state of West Kordofan, Sudan. To achieve this aim, the study used
satellite images and geographic information systems (GIS and ERDAS) to analyze and calculate the area of vegetation
cover in the study area compared to other land uses. In addition, the study used secondary data and the field observation
method. The study found that there is a clear impact of the development of the oil industry on the area of vegetation,
especially around oil fields and settlements. The area of vegetation also declined from 56% in 1999, at the beginning of
oil production, to 42% in 2023 of the total other land use in the region. Therefore, the study recommended paying attention
to evaluating the environmental impact and practicing reforestation to compensate for the removal of vegetation in the
study area.

Keywords: Satellite images, land uses, economic activities, environment.
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Introduction

Vegetation is subjected to a continuous process of removal due to the need of humans to expand
their economic activities to meet their daily needs. The oil industry is among the economic activities
that require the removal of vegetation because it consists of a series of stages, starting with explora-
tion, drilling, and other logistical services related to the oil industry [2], [6]. The impact of removing
vegetation cover for the purpose of developing the oil industry is double in areas with fragile vegeta-
tion cover, as is the case in dry and semi-arid environments, where vegetation cover is scarce, espe-
cially large trees, and thus the ability to compensate for the loss becomes very difficult.

The oil countries in sub-Saharan Africa, such as Nigeria, Chad, and Sudan, for example, which
are countries located within what is known as the African Savanna Belt, suffer from a continuous loss
of vegetation because of the expansion of oil industry activities, as tens of hectares of vegetation are
removed to establish a new oil field or a new pipeline to transport oil [12].

Sudan is located within the arid and semi-arid tropical region, and this has provided Sudan with
a diversity of vegetation cover (look at figure 1), ranging from desert in the north, passing through
semi-desert in the center, and ending with rich savannah in the south. The latest statistics estimate
that the forest area in Sudan is estimated at about 183,600 square km, but it is constantly declining
due to economic activities, including the oil industry. The latest statistics estimate that the forest area
in Sudan is estimated at about 183,600 square km, but it is constantly declining due to economic
activities, including the oil industry [5].

According to Harrison and Jackson (1958), the vegetation of the study area, ecologically clas-
sified as Combretum cordovanum (Glutinosum) - Dalbergia - Albizia cericocephala (Amara) and
savanna woodland, is a subdivision of the Loo area. Woodland Savannah rainfall over the sandy area.
This subdivision occurs in areas of rainfall ranging from 450 - 600 mm/year [5].

The ground cover usually consists of Brachiarra xantholeuea, Eragrostis tremula, Cenchrus bi-
florus, Aristida pallida, Andropogon gayanus, Pennsetum pedicellatum, Blepharis linariifolia Zornia
glochidiata and Monechma hispidum. Currently Cenchrus biflorus (Huskaneit), Aristida pallida
(Sermeima) [1].

In the study area there are two different types of plants in the two soil types. They were distin-
guished by Harrison and Jackson (1958) as two subdivisions of the low-rainfall savanna vegetation
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belt, namely (1) low-rainfall forests in savannas on clay and (2) low-rainfall forests in savannas on
sand [11].

Which should be noted here is that most of the oil fields in Sudan are located within the rich
savannah with good vegetation, and this in turn creates great complications that make the oil industry
have a clear impact on the reality of vegetation in oil production areas. Hence the need for such studies
that are concerned with monitoring to monitor the reality of vegetation cover, modern technologies
such as geographic information systems (GIS) and Remote Sensing (RS) technology are used to ob-
tain the most accurate results.
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Figure 1. Ecology — Vegetation types in Sudan.
Source: FAO, 2020.

Martials & Methods

1. Study Area

The study area is located between latitudes 11° 20°0° to 11° 40°0°0°> N and longitudes 28°
10’0’ to 28° 40’0 E. The area in general has a flat topography, with elevations ranging from 502 m
to 690 m and a slope of 0 to 24 degrees. The area is dissected by many surface-water courses (khors
and wadis) in a dendritic pattern. The general topography of the project site is gentle hilly land. The
site elevation is about 509.05 to 511.1 m above sea level. The ground surface is covered with dense
primeval forests and overgrown with grass and weeds among the forests [9].

The climate in the study area lies within the Sudan-Savanna belt, with an annual rainfall of 600
700 mm. Rainfall is confined to the months of June through October. The rainy season extends from
May to October, with peak values in August and September when the Inter Tropical Convergence
Zone (ITCZ) is in its extreme northern position. The period from November to April is dry [5].

This study included seven major oil fields in the oil-rich state of West Kordofan: Balila, Defra,
Neem, Al-Jeck, Al-burasayal, Al-burasaya2, and Al-Frdous. These seven fields contribute about
25,000 barrels per day, which constitutes more than 41% of Sudan’s current daily oil production [9].
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2. Data Collection and analysis

The vegetation of the study area was evaluated to determine the impact of the oil industry sat-
ellite image analysis using the GIS and ERDAS programs. In addition, the study used secondary data
and the field observation method.

Changes in vegetation (land cover) were also evaluated using Landsat 10 images for the years
1999, 2015, and 2023. These images were processed and classified into different types of land cover
using GIS software. The study area was selected from the Earth Explorer website, and then a file of
the study area was created. Images dated 1999, 2015, and 2023 (on the same day and month) were
then uploaded for future analysis and classification.

RESULTS AND DISCUSSION

1. Satellite images analysis results

From Figures 2, 3 and 4, the state of the vegetation and the extent of its deterioration because
of the expansion of the oil industry are clear. The degrees of risk in describing the state of the vege-
tation cover in the study area ranged from very high risk to medium risk and very low risk, according
to satellite images. In satellite images for the year 1999, which is the period of exploration and the
beginning of oil exploration in the region, we fund that the level of risk in describing the situation of
deterioration in vegetation is mostly low to very low risk, as the region still has not witnessed an
expansion in oil production yet. The vegetation around settlements and some oil fields is good. Sat-
ellite image for the year 2015, which is the period that witnessed the expansion of the oil industry in
the region. The vegetation began to be clearly affected by exploration and excavation activities, the
construction of roads, and accompanying facilities, and here the risk in the state of vegetation in the
area ranged from most of it being of moderate to high risk, especially around the Al-Jeck and Al-bura-
sayal settlements, which include the Al-Jeck and Al-burasayal fields. As for the satellite image for the
year 2023, it clearly showed the extent of the high and very high risk that the situation of vegetation
had reached, as the deterioration included areas that were not affected, as is the case in the Al-Hejearat
settlement located in the south of the study area and the Neem settlement near the Neem oil field.
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Figure 2. Vegetation cover 1999
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Figure 4. Vegetation cover 2023

Moreover, it increased deterioration to a very high risk in most of the affected areas, and this confirms
that the recovery of vegetation in production areas is very slow or almost non-existent and may take
a longer time.

The general observation is that the danger in the case of vegetation increases with the increase
and expansion of oil industry activities in the study area and then reaches a critical state that cannot
carry out the replacement process except with external interventions, and this was confirmed by both
Gheorghe and Strat [4] and Mohamadi et al. [10].

48



Adam Abdelsamad / Proceedings 2 /2024, 45-50; DOI: 10.61413/ZEUK1292

Ecology
2. Change in the percentage of vegetation cover compared to other land uses
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Figure 6. Vegetation percentage in 2015
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Figure 7. Vegetation percentage in 2023

From Figures 5 ,6 and 7, there is a clear decrease in shrubs and tree cover in general from 56%
in 1999 during the exploration period and the beginning of the oil drilling period to 45% in 2015.
This period has witnessed a noticeable expansion in the various oil industry activities. This requires
removing an estimated amount of vegetation cover. The vegetation cover lost 10% of its previous
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area, This is which Madani et al.[7] confirmed The period following exploration operations and
increasing production is when the rate of removing the loss of vegetation cover in production areas
is very high. The decline in the cover area continued until it reached 42% in 2023. This may also be
a continuation of the expansion in the development of the oil industry through the entry of new wells
into the production cycle in addition to the establishment of a road network to reach various oil facil-
ities and others, and all of this may directly affect the area of vegetation in oil field areas was men-
tioned by both Mariano and Rovere [8] A. T. Bello and Nwaeke [3]. The general conclusion from
analyzing satellite images and calculating the percentage of vegetation cover compared to other land
uses is that the decline in the percentage of vegetation cover in oil field areas is offset by a noticeable
increase in other percentages, especially in facilities and settlements, which indicates the difficulty of
recovering vegetation cover in the study area.

Conclusion

This study examined the impact of the oil industry on vegetation in oil field areas in West Kor-
dofan State in Sudan. The results showed that the development of the oil industry over the past years
clearly contributed to the decline in vegetation, and its percentage declined from 56% in 1999 to 42%
in 2023 out of total other land uses in the study area. The results of this study were consistent with
the results of other studies that investigated the same direction.

The study believes that one of the ways to address the impact of the oil industry on vegetation
cover is to pay attention to environmental impact assessment studies and continuous monitoring of
the state of vegetation cover in the region, in addition to implementing reforestation operations to
compensate for the loss of vegetation cover.
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Abstract. In the article, it is applied to one of the most relevant fields of application of agrolandscape research - the
compilation of geoinformation maps, the development of maps of agricultural areas and relief models. Using the methods
and data of remote sensing and GIS technologies, the results of the works on drawing large-scale geoinformation maps
and modeling the relief of agricultural landscapes in the oldest agricultural region of the Karabakh economic region -
Aghdam city are presented. The study was conducted at the local level on a sample of agricultural lands located within
the shallow agricultural landscape with forest-steppe cultivation in the north of the region. Geoinformation mapping and
relief modeling of the research area was carried out in ArcGIS 10.8 (ESRI Inc.) based on the aerial photography materials
of the Geoscan drone. Based on the results of the research, the electronic vector base of the main area and specialized
attribute data, a digital relief model was developed in the GIS environment, and the spatial analysis and modeling of the
geomorphological structure of the surface of the cultivated area was carried out. The relevance of the work is given by
the significant agrogenic transformation of the relief of this area during the almost 30-year history of agriculture. Maps
of the main characteristics and morphometric indicators of the relief, which are important in terms of the intensification
of crop cultivation in the region through the development of agriculture, were prepared.
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Giris. Yer sothinin qurulusu, ilkin relyef, eloco do onun téroma formalar1 antropogen genezis
arazinin kond tosarriifatinin inkisafina, kond tesarriifat1 istehsalinin togkili vo inkisafinin xiisusiy-
yatlorine miihiim tosir gostorir. Relyefin xarakteri kond tosorriifati iiglin vacib olan tobii miihitin
komponentlari vo goraitinin bir ¢ox parametr vo xiisusiyyatlorini miioyyan edir. Xiisusilo, relyef isiq-
landirmanin intensivliyino vo Sothin qizmasina, istilik, kiilok rejimloring, yagintilarin paylanmasina
Vo riitubata, torpag amalo galmasing, eroziya proseslorinin yaranmasi vo inkisafi imkanlarini miioy-
yan edir. Bitkilorin segilmasi, torpagin becarilmasi texnologiyalari, torpagin miihafizasi vo eroziyaya
qarst miibarizo todbirlorinin toskili birbasa relyefdon asilidir. Belsliklo, relyefin morfometrik
xiisusiyyatlori tabii komplekslorin ekoloji shomiyyatli komponentlarinin géstaricisi kimi tagdim edilo
bilor. Kond tosarriifati landsaftlarinin miihiim torkib hissasi olan relyef onlarin mokan qurulusunu,
konfiqurasiyasini va Sarhadlarinin xarakterini miiayyoan edir.

Orazi obyektlorinin mokan analizi ilo yanasi, bir ¢ox hallarda kond tasarriifat1 toyinath tor-
paglarin, okin saholarinin va onlarin ayri-ayri bélmslarinin relyefi hagqinda strafli malumatlarin kand
tosarriifat1 istehsali ligiin boyiik shomiyyati vardir [1]. Hazirda relyefin tadqiqi, Xaritalogdirilmasi,
geomorfoloji xaritalorin va digar név kartoqrafik islorin islonib hazirlanmasi ti¢iin anonovi tisul vo
monbalarle yanasi, masafodon miisahido molumatlar: (MM), goxmiqyasli hava vo peyk tosvirlori, CIS
texnologiyalarindan istifads olunur. Qeyd etmok lazimdir ki, bu isul va texnologiyalar tokco mokan
molumatlarinin oldo edilmosi, emali vo tohlili, miixtalif xarito vo modellorin layihalondirilmasi vo
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yaradilmasi {igiin deyil, hom do aparilan tadgiqatin optimallagdirilmasina va keyfiyyatinin yiiksal-
dilmasina imkan verir [2].

Mogalods CIS miihitinds moesafodon miisahido metodlar1 vo materiallarindan istifado etmoklo
kond tosorriifati landsaftlarinin geoinformasiya xoritalosdirilmasi vo relyef modellasdirilmasinin
naticalari tagqdim olunur.

Tadqiqat arazisi. Todgigat orazisi kimi Agdam sohori gotiirilmiisdiir. Agdam rayonu 8 avqust
1930-cu ilds yaradilmigdir. Sahasi 1154 km? olan rayonun relyefi asason diizonlik, gismon dagliqdir.
Agdam rayonu Azarbaycanin qadim, flisunkar tobiotli torpagi olan Qarabagin markozinds — Qarabag
dag silsilasinin simal-sorg otoklorinds, Kiir-Araz ovaliginin garbinds yerlosir. Daniz saviyyasindon
yiiksokliyi 410 metr, maksimum yiiksoklik 1365 metrdir. Iqlimi osason miilayim isti, quraq
subtropikdir. Dagatayi yerloyrds yiiksoklik artdigca iglim miilayimlasir. On ¢ox yaginti dagatoyi
saholoro diisiir. illik yagintilarin migdar1 300-550 mm-dir. Todqigat aparilan orazi 39°59’ sm. e.
46°55' 5. u. Koordinatlarinda yerlosir. Rayonun arazisindon Qargar va Xagin caylari axir.

Sokil 1. Todgigat aparilan arazinin Google Earth proqramindan gériiniisii

Tadqiqatin aparilma metodikasi. Todgiqat Agdam sohorinin okingilik orazilarinin tobii sorai-
tinin 6yranilmasi, hartorafli saciyyslondirilmasi prinsiplaring, o climlodon geomorfoloji tadqigatlarin
mozmunu, naticalorine va relyef xaritologdirilmasine asaslanir [3]. Kond tosorriifati torpaglarinin
geoinformasiya xaritalorinin, kond tosorriifat1 landsaftlarmin, CiS-don kond tosorriifat1 mogsadlori
ti¢iin istifadonin miixtolif aspektlorinin tacriiba va naticalarini taqdim edan yerli va xarici alimlorin
asarlarinin dyranilmasing xiisusi digqgat yetirilir. Manba kimi odabi, nasr vo fond materiallarindan
istifado edilmisgdir. Mithiim malumat monbayi cografi vo geomorfoloji mazmunlu kartografik moalu-
matlar idi. Geomorfoloji moalumatlar topografik, geomorfoloji va xiisusi tematik xaritalorin (hipso-
metrik, relyef pargcalanmasi, sothin mailliyi vo s.) kartometrik tohlili asasinda oldo edilmisdir [3,4].
Istinad xoritolorindon alnan molumatlar osasinda todgiq olunan orazinin soth qurulusunun ilkin
todqiqi aparilmigdir. Aparilan todgiqat isindo Google-Earth veb-xidmotindon, peyk goriintiilorindan
istifads edilib. Tadgiqat ti¢iin asas manba materiali pilotsuz ugus aparatindan (PUA) alds edilmis bir
sira aerofotogokillordon istifads olunmusdur. Relyefin tobisti hagqinda geoinformasiya molumatlari
2021-2022-ci illords ¢61 todqgiqatlart zamani oldo edilmisdir.

Aparilan todgigatda kompleks fiziki-cografi ¢6l todqiqati, miigayisali cografiya, PUA-lardan
istifado etmoklo masafodon miisahido, cografi molumatlarin xaritalogdirilmasi vo modellosdirma
tisullarindan genis istifado edilmisdir. Materiallarin emali vo geoinformasiya xaritasi ArcGIS 10.8
program paketinds (ESRI Inc.) hayata kegirilib.
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Todgigat orazisinin imumi sahasi 1154 km?-dir. Baxilan arazi Agdamda okingilik baximindan
an godim inkisaf etmis regiondur (kond tasarriifatinin tarixi toxminoan 60 il avvals gedib ¢ixir) va taxil
bitkilorinin tstiinliik togkil etdiyi conub meso-¢61 okinli dayaz kontur tipli kand tesarriifati landsaftina
aiddir. Aqrolandsaft relyefinin miifassal todqiqi, geoinformasiya xaritosinin ¢okilmasi vo model-
losdirilmasi ayrica kond tasarriifati sahasinin — okin sahalori tigiin istifads edilon sahonin niimunasinda
aparilmigdir.

Isin birinci moarhalasinda ilkin molumatlarin toplanmast, sistemlosdirilmasi, tohlili aparilib, osas
sahads ¢ol landsaft vo cografi todgiqgatlar togkil edilmisdir. Relyefin tam miqyasli morfometrik tohlili,
¢0l geomorfoloji xaritalosdirilmasi va profillogsdirms islori do aparilmigdir. Todgiqatin 9sas magsadi
PUA-lardan slds edilmis aerofotogokilis materiallarinin CIS program paketindo miihitindo emali idi
[5]. Geoinformasiya xaritalosdirilmasinin asas elementi todgigat sahasinin tematik relyef xaritalorinin
islonib hazirlanmasi vo tortibi tiglin asas kimi xidmat edon rogomsal yiiksoklik modelinin (DEM)
islonib hazirlanmasindan ibarat idi. Aerofotogokilis materiallar1 asasinda asas arazinin ortomozaik
xaritasi vo relyef matrislori alinmigsdir. Bu materiallar asasinda tadgigat sahoasinin DEM-i, plastik
relyef xaritasi vo 3D modeli do yaradilmigdir. DEM-in inkisafi Spatial Analyst, 3D Analyst standart
alotlori vo modullarindan istifado etmoklo hoyata kegirilmisdir. Geoinformasiya xaritalorinin ¢okil-
moasi va relyef modellagdirilmasinin yekun naticasi tadgigat sahasinin relyefinin asas xiisusiyyatlorini
Vo geomorfoloji strukturunun xiisusiyyatlorini oks etdiron tematik elektron xoritalorin tortibi
olmusdur.

Toadgigatin asas moqsadi kond tosarriifati torpaqglarmin relyefinin xoritolosdirilmasi vo mokan
tohlili iiclin miiasir informasiya texnologiyalarindan istifadoys yonolmis ixtisaslasmis cografi infor-
masiya sisteminin yaradilmasidir. Onun yaradilmasi prosesinds todgiq olunan orazido obyektlorin
vektorlasdirilmasi aparilib, asas arazinin sarhadlori miioyyon edilib, elektron kartoqrafiya bazasi
yaradilib, ixtisaslagdirilmig atribut molumatlari islonib hazirlanmisdir.

Verilanlar toplusu. Ragemsal Yiiksoklik Modeli (DEM) asasinda CiS-doa orazinin miixtolif név
geomorfoloji vo morfometrik tohlilini aparmaq, miiayyan oarazinin hipsometrik profillarini almagq,
miixtalif giymotlondirmo va tematik xaritoalori, morfometrik relyef gostaricilorinin geoinformasiya v
kartografik modellorini isloyib hazirlamaq miimkiindiir. Xorito molumatlarindan istifads etmakls sath
yamaclarmi 6lgmak, hipsometrik soviyyslori, yamaclarin ekspozisiyasini vo formasini, iifiiqi vo
saquli parcalanmani, daxil olan giinos enerjisinin miqdarint vo s. miioyyan etmok miimkiindiir
[6,7].DEM-in hidroloji tohlilinin naticasi soth aximinin modellari, talveq sobakasinin vo drenaj
hovzalorinin tasviri, eroziya sobakasinin iimumi sxemi, drenajsiz arazilor, su axarlarinin xaritalori,
yaxinlagma indeksi va S. ola bilar. Belaliklo, DEM relyefin otrafli tohlilini aparmaga, sath struktu-
runun Xarakterini vo xiisusiyyatlorini miioyyan etmoys imkan verir. Aerofotoqrafiya materiallari
osasinda CIS kond tosorriifati foaliyyati ilo bagl proseslorin, mosalon, eroziya, bataqliq, torpagin
sixilmast va S. tozahiirlarini modellosdirmaya imkan verir [6,7]. Sokil 2-ds tadgigat sahasinin relyef
Xaritasi gostarilir.

Serti isareler

Reqemsal Yiikseklik Modeli
DEM

1:200 000

Sokil 2. Agdam rayonunun yiiksaklik modeli (DEM).
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CiS-do hazirlanmis DEM asasinda sath strukturunun xiisusiyyatlorini vo todgigat sahesinin rel-
yefinin osas xarakteristikalarini oks etdiron bir sira tematik xoritolor qurulmusdur. Eyni hiindiirlikdo
olan noqtalor izografik xatlora birlogdirilmisdir. Belo Xxaritalor sahonin sathinin strukturunun tabisti
haqqinda daha otrafli molumat oldo etmays, amplitudani, hiindiirlik farginin Sl¢iilmasini, sathin
imumi yamacini vo axininin istiqgamatini toyin etmoys imkan verir (Sokil 3a). DEM vo yiiksoklik
matrisi asasinda kond tosarriifat1 torpaqglarinin yamacin ekspozisiya xaritasi (Sokil 3b) hazirlanmisdir.
Bu xaritodon istifado edorok, sahs sothinin isiqlandirilmasi vo qizdirilmasinin xarakterini, isigm vo
istiliyin yenidon boliisdiiriilmasini miiayyan edos, daha alverisli isiq va istilik soraiti olan orazilori
miioyyan eda bilorsiniz [8]. Is prosesinda mikrorelyef formalarinin va talveglorin konturlar: miioyyan
edilmis, miivaqqoti su axarlarinin va Sath axininin istigamatinin modellogdirilmasi aparilmisdir (sokil
4). Bu xaritalor kand tosarriifat1 torpaqglariin su eroziyasina maruz qalma ehtimalini1 va daracasini
miioyyan etmoyo, miioyyan etmays imkan verir.

Todgiqgat sahasinin morfometrik tohlili gostardi Ki, orazisinin kigik olmasina baxmayaraq, onun
sathinin strukturu heterojendir. Bu molumatdan soth aximmin Syranilmasi, kimyavi elementlarin
miqrasiyasinin xarakterini vo bu tip kond tosorriifati landsaftinin digor geokimyavi parametrlorini
miioyyan etmak ti¢iin istifads oluna bilar.

1:200 000 [ *3,; 1:200 000

a) b)

Sakil 3. Todgigat arazisinin kontur va yamacin ekspozisiya xaritasi.
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Sakil 4. Todgigat sahosinin mikrorelyef formalari, 3D modeli vo axin sobokalori

Qeyd etmok lazimdir ki, son vaxtlar kond tosarriifati landsaftlarinin relyefinin geoinformasiya
xaritalogdirilmasina vo modellosdirilmasinag talobatin artmasi resurslara gonast edon kond tosorrii-
fatinin miiasir saholorinin inkisafi vo hoyata kegirilmoasina ehtiyacla baglidir. Kond tosorriifatinda
nozars alinan tabii parametrlor arasinda soth qurulusunun xiisusiyystlorine do xiisusi digqat yetirilir.
Buna goro do, okingilik elementlorinin totbiqi vo somarali istifadssi tigiin kond tosorriifati
landsaftlarinin vo xiisusilo do konkret okin sahalarinin topoqrafiyasi haqqinda keyfiyyat vo komiyyaot
molumatlarinin verilmasi halledici shomiyyat kasb edir [9].
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Natica. Region ii¢iin asas arazi niimunasindan istifads etmaklo aparilan tadgiqgatlar naticosinda
CIS miihitindo kond tosorriifati landsaftlarinin relyefinin genismiqyash geoinformasiya xaritosinin
¢okilmasi vo modellosdirilmasi metodologiyasi islonib hazirlanmigdir. Sahs tadqgigatlarindan basla-
yarag, tematik Xoritalorin islonib hazirlanmasina, todgigat sahasinin relyefinin va soth strukturunun
xarakterinin morfometrik tohlilino gador goriiken isin alqoritmi tortib edilmigdir.

Aparilan todgiqatlar bels gonasts golmoak olar ki, relyefin todqiqi tigiin anonavi tisul vo monbo-
lorlo yanasi, topoqrafik xoritolor, geoloji xaritolor, gazma molumatlari, mosafodon miisahido mate-
riallari, goxmiqyasl aero vo kosmik molumatlar miithiim informasiya moanbayi kimi istifado olunmus-
dur. Kond tasarriifat torpaqglariin genisliyi siibut edir ki, hal-hazirda Yerin masafodon miisahidasi
texnologiyalrindan istifado kond tosorriifati landsaftlarinin xaritologdirilmasinin inkisafi ii¢iin
prioritet masaladir. Olds edilmis molumatlar kond tosarriifati torpaqlarinda su eroziya proseslarinin
tozahiiriiniin 6yranilmasi vo prognozlasdirilmasi ti¢iin osas ola bilor vo eroziyaya qarsi todbirlarin
vaxtinda islonib hazirlanmasina imkan veracakdir.
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KOND TOSORRUFATI LANDSAFTININ GEOINFORMASIYA XORITOLOSDIRILMOSI VO
RELYEF MODELLOSDIiRILMOSi UCUN CiS TEXNOLOGiIYALARININ TOTBIQi

A.N.Badslova, H.N.Mammadov, N.S.Valehov, F.A.Valehova

Xiilasa. Mogalods aqgrolandsaft todgigatlarimin on aktual tatbigi sahslorindon birina- geoinformasiya xaritalorinin
tortibino, kond tesarriifati orazilorinin Xaritolarinin vo relyef modellarinin iglonmosine totbiq olunmugdur. Masafadan
miisahido vo CIS texnologiyalarinin metod vo molumatlarindan istifado etmoklo Qarabag iqtisadi rayonunun on godim
okingilik bolgasi — Agdam sohorinds irimiqyash geoinformasiya xaritalorinin ¢akilmasi vo kand tosarriifati landsaftlarinin
relyefinin modellosdirilmasi tizra islarin naticalori tagdim olunur. Tadgigat rayonun simalinda mesa-¢6l okinli dayaz kond
tosorriifat1 landsafti daxilinds yerlogon kond tosarriifati torpaglart niimunasinds yerli soviyyads aparilmigdir. Todgigat
sahasinin geoinformasiya Xaritologdirilmasi vo relyef modellosdirilmoasi ArcGIS 10.8 (ESRI Inc.) sisteminds Geoscan
pilotsuz ugus aparatinin aerofotoqrafiya materiallar1 osasinda aparilmisdir. Todgiqatin naticalorine asason CIS miihitinds
osas sahanin elektron vektor bazasi vo ixtisaslagdirilmig atribut malumatlari, ragemsal relyef modeli hazirlanmis, okin
sahasinin sathinin geomorfoloji strukturunun foza analizi vo modellosdirilmosi aparilmisdir. Isin aktualligi kond
tosorriifatinin demak olar ki, 30 illik tarixi arzinds bu orazinin relyefinin shomiyyatli agrogenik transformasiyasi ils verilir.
Kond tosarriifatinin inkisafi yolu ilo rayonda bitkigiliyin intensivlosdirilmosi baximindan miithiim shamiyyast kasb edon
relyefin osas xarakteristikalarimin vo morfometrik gostoricilorinin Xaritolori hazirlanmisdir.

Acgar sozlar: kond tosarriifati, pilotsuz ugus aparati, cografi informasiya sistemi, xaritagokma, DEM.
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Giris

Yasil pedaqogika inkisaf etmokdo olan todris metodu kimi otraf miihitin miihafizosindo miihiim
rol oynayir. ©Ononavi tadris metodundan forqli olaraq, yasil pedaqogika tolobalori otraf miihit ilo birbasa
olago saxlamaga vo oyani formada otraf miihiti anlamaga kdmok edir. Tolim va todris islorinds yeni
biliklorin agilanmasi ilo barabar dyranilon biliklorin real miihitds totbiq edilmosi yasil pedagogikanin
osas prinsipidir. Yasil pedaqogika inteqrativ yanasmadir vo ilk ndvbado texniki iisullarla tolobslorin
ekosavadlig1 artirmaq mogsadi dasiyir. Giindalik hayatda prioritet togkil edon iglor otraf miihito bu vo
ya digar yollar ilo tosir edir. Kond tasarriifati, ev tosarriifat1 vo istehlak yoniimlii mévzular mévzular
otraf miihito stiursuz formada edilon tosirlorin idars edilmasi todris prosesinin asas obyektlarindondir.
Bununla birlikds, yasil pedaqogikanin miithiim mogsadi otraf miihiti aktiv sokildo miisahido etmak va
tolim miiddati orzinds Gyronilon nozariyyanin praktiki sokildo real miihitdo totbiq edilmoasidir [1].
Homginin, qazanilmis biliyin bu vo ya digor formada comiyyatdo yayilmas prioritet toskil edir. Tlkin
olarag, telobalar bu biliklari giindslik hoyatlarinda tatbiq edib vo comiyyatin digar fardloari ti¢iin niimuna
ola bilarlor hamginin, dyrondiklori biliklori sosial faaliyyatlords sorgilords vo sosial media vasitasi ilo
niimayis etdirilo bilor. Buna misal olaraq, moigot tullantilarinin idaro edilmasi ilo olagoali tolobolor
moalumat verici model, afisa hazirlay1b sorgilords va toskil edilon sosial faaliyystlorde comiyyatin digor
iizvlorino niimayis etdirib, moigot tullantilarin idaro edilmosindo insan faktoru no godor 6nomli
oldugunu gostorilobilor. Bu sosial foaliyyotlords tolobalor tolim boyunca otraf miihit vo miihafizasi ilo
alagali 6yrandiklori biliklari istirakgilar ilo paylasa bilor [2] (Sokil 1).
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Sakil 1. Maisot tullantilarin emali alagsli tolobalorin hazirladig: afisa
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Yasil pedaqogika konsepsiyanin basa diismok iiclin asagidaki miiddealar vo metodlar icra
edilmasi todris prinsiplarina digqgat yetirak:
— Transdissiplinarliq (fonnlorarasi kegid)
— Ehtimalliq
— Xatti paradigmalarin yenidon qurulmasi
— Sistemli diisiinco
— Meta-diisiinco
Transdissiplinarliq, fonnlorarasi kegid anlayis1 vurgulayir, masalon, igtisadiyyat va ingilis dili
fonnlori arasinda ingilis dilindo davamli resurslardan istifado etmok alagosini misal gostormak olar.
Talabolor otraf miihit ilo alagali igtisadi ilo biliklari ingilis dilinds, diinya tocriibasindo neca totbiq
edildiyi 6yronmis olurlar. Ehtimalliq prinsipi hor bir vaziyyatin 6ziinomaxsus oldugunu vo buna gora
do vahid optimal holl yolu olmadigi, tohlil edilon konkret voziyystin daxili vo xarici aspektlorini
nazars alan bir hall yolunun oldugunu gabul edir. Bu, talabalori miixtalif konteksto uygun yanasmalar
hazirlamaga vo ideya toklif etmoyo tosviq edir. Xotti paradigmalar Oyronilon biliyin yenidon
qurulmasi vo sistemli diisiinco iso davamli foaliyyat tigiin vacib olan sistemli diigiinco, problemlori
daha genis sistem kontekstindo tohlil etmoya vo holl yollarina ¢atmaq ti¢lin miivafiq aspektlori
Oyronmoyo tosviq edir. Nohayot, meta-diisiinco, yoni "ideya haqqinda diistinmok", davamli diislinco
torzini formalagdirir, yeni hollorin inkisafin1 dostokloyir vo getdikco miirokkoblogon diinyada 6z
tofokkiir vordisinin yaranmasini togviq edir.
Yasil pedaqogika todris sisteminds tovsiya olunan dars planlama strukturunu vo ardicilligin
tomsil edon spiral modelinds alt1 ndqts ilo yronma faaliyyastinin planlanmasi {igiin sablon Sokil 2-da
gostorilmisdir.

Extended and conscious
practical competences oy
and knowledge

Sakil 2. Yasil pedaqogika {lizra dyronms faaliyyatinin plani

Bu pedaqoji yanagsma movzu dorinliyi vo todqgiqat genisliyini nozors alaraq, miizakirs vo ton-
qidi tofokkiir tiglin kifayot qodor zaman ayiran altt morhalali prosesi 6ziinds birlogdiran bir sira dorslor
iizra totbiq edilir. Belo dorin 6yronma tocriibasini 45 doqigo vo ya 90 doqigolik dors miiddstindo
comlogdirmayo ¢aligmag, tolobolorin otraf miihit ilo slagoli miirokkob movzular: tam dork etmosi vo
Kritik hallor hazirlamasi {igiin kifayat etmoyacok. Genis movzunu dorindon dyronmok tiglin ayrilan
genis vaxt gorgivosindo masalo yaxst dork edilib vo daha effektiv problem holl etmo bacariglarini
totbiq edilmosina zomin yaradir [3]. Bunun {igiin, yasil pedaqogikanin prinsiplorinoe uygun olaraq dors
4 saat vo kicik istirahot araliqlari vasitasi ilo icra edilir. Tomal prinsiplor bir-biri ils slagali olaraq,
sistemli diisiinconin miiallimlor torofindon tolobolore asilamagla otraf miihitdo bas veron hadisalori
analitik analizi vo emosional aspektdon dork etmasine zomin yaradir [3, s.16-17], [4, 5].
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Yasil pedaqogika todrisi iizro Vyana Kond tasarriifati vo 9traf Miihit Pedaqogikas:
Universitet Kolleci tacriibasi

Vyana Kond tosarriifat1 vo Otraf Miihit Pedaqogikasi Universitet Kollecindo todris plani ekoloji
davamlilig1 vo yasil pedaqogika prinsiplorini 6ziindo oks etdiron dorslorin todris edilmosi {izra tortib
edilib. Tadris edilon fonnlor tolobalarin fordi tacriibalorini ekoloji va iqtisadi anlayislarla birlosdirarok
giindolik hoyat foaliyyatinin otraf miihito tosirinin dyronilmasine togviq edir. Burada toloboalars ekoloji
anlayis asilamaq tg¢ilin, miivafiq 6yronmo miihitlori vasitosilo 6z foaliyyatlorinin subyekti olmaga
imkan verir, yoni tolobolor 6z yronma tocriibaloring osaslanaraq tapsiriglari aktiv sokilds holl yollar
axtarir vo 6z Oyronmo bacariglarini inkisaf etdirilor. Yasil pedaqogikanin konsepsiya vo metodlari
kand va ev tasarriifati, biznes idaragiliyi, eloco do istehlak vo regional inkisaf movzularinda dorslorin
tadris edilmasi soziigedon tohsil ocaginda icra edilir [ 3, s. 2-5]. Kollecdos tadris dili olaraq ingilis vo
alman dili istifado edilir. Ingilis dilindo todrisin toskili otraf miihit hagqinda nasrlor, universal
todgigat, homginin terminologiyant monimsomak ii¢lin totbiq edilir vo bunun ii¢lin ayrica olaraq
ingilis dili tolimlari toskil edilir [4] (Sakil 3).

Todris metodologiyast yasil pedaqogika konseptino osaslanaraq alti hissodon ibarst olan
iimumilikdo dord saatliq zaman aralig1 totbiq edilir. Dors miiddoti orzinds tolobolor otraf miihit ilo
olagoli miisyyon movzular haqqinda tapsiriglar toqdim edir, kigik qruplar sokilinds togdim edilmis
movzularin miizakirasi edilir, miioyyon zaman daxilindo miizakiro edilon m&vzularin noticasi izah
edilir va intellektual oyunlar ilo birlikdo todris basa catir.

Sokil 3. Ingilis dili todrisi

Universitet orazisino yerlogon bagc¢a miihiti tolabalorin ¢dl todgiqatlarini icra etmok ii¢iin
miivafiq aragdirma obyekti kimi istifado edilir. Togkil edilon dors vo kurslarda telabalor verilon
tapsiriglara asason bag¢anin bioloji Ortliyiino nozor salib ¢evrodo no bas verdiyini basa diismoyo
caligirlar. Goriindiiytli kimi bir qrup toloba rohbar miisllim ilo birlikde bag¢ada olan bitkilorin termal
cthazin istifadasi ilo temperaturu 6lgmoklo bitkilor arasinda temperatur forqi miioyyon edib verilon
tapsirig hall edirlor (Saokil 4).

Sakil 4. Termal cihazn istifadoasini Gyrodilmosi
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Tolobalors verilon tapsiriglar universitet daxili ekoloji miihiti anlamaqla yanagi universitet
xarici yoni gohor miihitinds bas veran proseslori anlamagq ti¢iin, universitetdon konar togkil edilon
¢0l todqgiqgatlart ilo hom g¢evroni kosf etmok homdo ¢evro ilo olaqoli problemlori dork edib ideya
paylasmaga tosviq edon kurslar toskil edilir. Sakil 5-do goriindiiyii kimi bir qrup tolobo Vyana cay1
otrafinda kursda istirak edirlor. Bu kursda osas mogsod Vyana sohorindo hor il bas veron cay
dasqinlarin1 morfologiyasini yoni, dagqin arazisinds suyun saviyyasi hansi hadde gador qalxdigini
vo dasqin sonrasi ¢evrodo hansi doysikliklor oldugunu basa diismokdon ibarotdir. Burada c¢ay
dasqini bas vermis orazinin ekologiyasi, biomiixtalifliyi dyronmaklo olan bu vo ya digor tobii
folakatlor ilo bagl arazinin ekologiyasini ayani olaraq basa diisorok, bas veracok falakotin fosadlari
hans1 saviyyade izler qoydugu, vo hamin orazids folakot sonrasi icra edilmis yenidonqurma islori ilo
yaxindan tanig olub, kurs tizro verilon tapsirigi todqiqat obyektindon geydlor almaqla aktiv sokildo
hall etmis olurlar.

Sakil 5. a) Vyana ¢ayinda su 6tiiriicii kanallar; b) Cay otrafi orazinin ekologiyasi iizro todqiqat

Beloliklo, otraf miihitin qavranilmasi, eloco do tohsil alanlarda ekosistemdo miisahido olunan
hadisalorin sobob-natico prinsipinin formalagdirilmasi yasil pedaqogikanin osas gostaricilori hesab
oluna bilar. Talabalor onlar1 ohato edon miihitds olan yasami vo doyisikliklori basa diisiib otraf miihito
qarst diqqgatlori daha da artmis olur vo hamginin 6z yaxin ¢evrasi ilo qazandiqglar1 yeni veordislori vo
molumatlari boliisiirlor. Bununla da, tolim va tadris sistemindas atraf miihitin miithafizasini stiurlu idars
edilmosi alds edilmis olunur.

Azarbaycan tohsil sisteminds Yasil pedaqogikanin tatbiq edilmasi

Hazirda 6lkomizds davamli va insan potensialina osaslanan inkisaf istigamotinds yeni tenden-
siyalar vo yeni c¢agirislar omolo golmisdir. Davamli inkisafin otraf miihitin miihafizasi ilo slagoali
konsepsiyasinda otraf miihitin miihafizasi ilo slagali islorin goriildiiyii ballidir. Ancaq diger inkisaf
etmokdo olan dovlatlor kimi, dlkemizds hole do atraf miihitin miihafizasi ilo alagoli aktual masalalor
movcuddur [5, 5.144-145].

Azarbaycan tohsil sistemi kontekstinda yasil pedagqogikaya taliminos asaslanan fonnlorin todrisi
vo homin fonnlor ilo olagali tapsiriqlarin aktiv sokildo hall edilmasi tolobalor arasinda ekoloji
miihafizokarliq hissini inkisaf etdirmoys kdmok eds bilar, onlara otraf miihit ilo olaqgeli davamliligi
tomin etmok {i¢iin emosional 6hdaliyi vo tobii diinyan1 qorumagq istoyini asilaya bilor. Tolobalor
bilavasita yerli miihitlo birlogdiron interaktiv, praktiki 6yronma tocriibslori vasitasils yasil pedaqogika
onlar1 comiyyatdo otraf miihitin miihafizasi soylorindo faal istirak¢1 olmaga ruhlandira bilor. Masalan,
ev iqtisadiyyat1 fonnin todrisi ilo Baki sohori {izro 6nomli ekoloji mosalolordon biri olan maigot
tullantilarinin idars edilmasi iizra tolabalors tapsiriq verilmoasi niimunasina baxsaq tapsiriq halli tigiin
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oyani olaraq todqigat obyektin arasdirilmasi, homin orazidon niimuns goriintiilor oldo edilib vo
miollimin 6ncadon hazirladigr tapsiriq varaginds geydlor edilorok molumatlarin analiz naticasinda
togdimat hazirlanmalidir. Tapsiriq diger qrup amokdaslari ils birlikds tohlil edilib movcud problem
ilo olagoli ideya vo hallor olds edilmis olunar.

Olkomizdo otraf miihit ilo alagoli problemloarin halli {igiin tohsil ocaqlarinda yasil pedaqogikanin
totbiq edilmosi ilo otraf miihit ilo olaqoli nozari biliklorini real diinyadaki ekoloji ¢agirislara totbiqi vo
otraf miihitin miihafizosinin vacibliyini dorindon dork edarak tolobalarin ¢evra ilo alagali masallorls
olagoli miisbat doyisikliklors tohfs vermok {i¢iin soxsi mosuliyyat hissi inkisaf edocokdir.

Natica

Miixtalif perspektivlori 6ziindo oks etdiron fonlorarasi, sistemli elmi yanasma, Yasil Pedaqogika
sagirdlors miivafiq 0yronmo miihitlori vasitasilo 6z foaliyystlorinin subyekti olmaga imkan verir.
Yasil pedaqogika asas prinsipi tolobads otraf miihiti oyani olaraq kosf edorok 6z 6yronmao bacarigini
inkisaf etdirmoklo, atraf miihiti dorindon dork etmasino komok edir. Vyana Kond tosorriifati vo Otraf
Miihit Pedaqogikasi Universitet Kollecinds todris plani yasil pedaqogikanin totbiq edilmasindo 6ziinii
dogruldur vo yeri tohsil ocaqlarinda soziigedon todris planin totbiq edilmosi otraf miihitin dork
edilmasindo vo mdvcud masalalora hall yollar: tapmaqda stimul veracokdir.
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Abstract. In Azerbaijan's transition to a green economy, dependence on quality fuels presents both challenges and
opportunities. This paper examines the potential to strengthen public finances by improving production efficiency in the
country's energy sector. In addition to reducing operating costs and improving energy efficiency, energy efficiency is also
important for long-term fiscal stability and budget sustainability.

The introduction of efficiency technologies in Azerbaijan's oil and gas sector is important. Upgrading infrastructure,
especially in sectors such as refining and construction, can reduce domestic energy consumption and reduce the country's
dependence on volatility in global energy markets. In addition, the development of renewable resources such as solar and
wind energy offers new sources of financing and energy security.

The paper also discusses the financial implications of energy efficiency measures and the importance of policy reforms
and public-private partnerships to support this transition. It is emphasized that energy-efficient production plays a crucial
role in the transition of Azerbaijan's economy to a green economy and in strengthening public finances.
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Giris. Azorbaycanin iqtisadiyyat1 uzun miiddoatdir ki, asason neft vo qaz sektorlariin golirlori
ilo formalagib. Bu saholor 6lkonin dovlot biidcosinin shomiyyatli hissosini togkil edir vo iqtisadi
inkigafin tomal siitunlarindan biri kimi ¢ixis edir. Lakin qlobal miqyasda bas veron yasil iqtisadiyyata
kecid, xiisusilo ekoloji davamliliq vo barpa olunan enerji monbalarinin istifadesi sahasindo artan
taloblar, 6lkonin qaliq yanacaqlardan asililig1 problemini ortaya ¢ixarir. Neftin qiymatindaki dalga-
lanmalar vo beynolxalq ekoloji standartlar Azorbaycan ii¢lin enerji istehsalinda somoraliliyi artirmaq
vo daha dayanigh bir iqtisadi sistem yaratmaq zoruratini ortaya qoyur. Hazirki voziyyatdo qaliq
yanacaqlara asaslanan enerji istehsali otraf miihit vo dovlot maliyyesi liglin ¢otinliklor yaratmaga
davam edir.

Enerji somaraliliyi daha genis yasil igtisadiyyata kec¢idin bir hissasi kimi enerji xorclorini azalt-
magqla, istehsal proseslorinin somaraliliyini artirmaqla vo yeni iqtisadi sektorlar yaratmaqla Azorbay-
canin dovlot maliyyasini giiclondirmok imkani yaradir. Burada enerjiyo qonast edon istehsalin,
xiisusilo yasil iqtisadiyyata kec¢id kontekstindo Azorbaycanin iqtisadi sabitliyino neco tohfo vers
bilocayini aragdirilir.

Tadqgiqatin maqgsadi. Bu todgiqatin asas moqsadi Azoarbaycanin dévlot maliyyasinin giiclon-
dirilmasi ii¢lin enerjinin effektiv istehsalinin vacibliyini vurgulamaq vo yasil iqtisadiyyata keg¢id
strategiyalarint arasdirmaqdir. Xiisusi olaraq, enerji somoraliliyinin artiritlmasinin, 6lkonin fiskal
dayaniqliginin tomin edilmasi va golir monbaolorinin saxslondirilmasi baximindan neco tosirli olacagi
incalonir. Mogalods homginin barpa olunan enerji monbalarinin, o climlodon giinas vo kiilok ener-
jisinin, 6lkonin enerji tohliikasizliyins va iqtisadi inkisafina neco tohfs vers bilocoyi aragdirilir.

Masalonin hall iisullar1 vo aprobasiyasi. Masalonin halli ii¢lin 9sas yanagsmalardan biri neft
vo qaz sektorlarinda infrastrukturun modernlosdirilmasi, enerjiyo gonast edon texnologiyalarin
totbiq edilmasi vo boarpa olunan enerji monbalorine yonalmis investisiyalarin artirilmasidir. Enerji
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somaraliliyini artirmaq magsadilo qgabaqcil texnologiyalarin monimsanilmasi va bu texnologiya-
larin sonaye vo tikinti sahalorinds totbiqi vacibdir. Beynalxalq tocriibalor gostorir ki, enerji somo-
roliliyi ilo bagli hoyata kecirilon islahatlar vo dovlot-6zal torafdasliglar bu kegidin siiratlonmasina
tokan vero bilor. Bundan basqa, enerji somoraliliyi sahosindo beynolxalq amokdasliq vo sorma-
yalarin calb edilmasi do bu ke¢idin ugurlu olmasinda miihiim rol oynayair.

Effektiv Enerji istehsalinda Qlobal Trendlor

Qlobal miqyasda, 6lkoalor istixana gazi emissiyalarini azaltmaq vo iqtisadi rogabat gabiliyyaotini
artirmaq mogsadi dagidigindan enerjiys qonast edon istehsal siirot qazanib. Almaniya, Yaponiya vo
Danimarka kimi dovlatlor enerji somaraliliyini sonaye siyasotlorinin tomal dasi kimi qabul etmislor.
Bu olkoalor istehsal, enerji istehsali vo nogliyyat kimi sonaye saholorindo qabaqcil texnologiyalar
totbiq edorok, onlarin karbon izlorini shomiyyatli dorocods azaldib vo omoliyyat xorclorini asagi
saliblar. Todqiqatlar gostorir ki, enerji somaraliliyi birbasa olaraq daha yiiksok mohsuldarliga vo asagi
enerji xarclorine tohfo verir, onu davamli iqtisadi artim {i¢iin asas halina gotirir.

Azorbaycanin enerji sektorunda anonavi olaraq qaliq yanacaq iistiinliik toskil edir. Beynalxalq
Enerji Agentliyinin (IEA) moalumatina goros, 2023-cii ilo kimi, tobii qaz vo neft mohsullar1 6lkodo
timumi son enetji istehlakinin (TFC) toxminon 82%-ni, tokca tobii qazin 43%- ni vo neft mohsullari
39%-ni togkil edir. TFC-nin 15%-ni toskil edon elektrik enerjisi asason qaliq yanacaqlardan aldo
edilir, barpa olunan enerji monboalori, o ciimlodon hidroenergetika {imumi elektrik enerjisi
tochizatinin yalniz 6%-ni toskil edir.

Olkonin {imumi istixana qazlar1 (IQ) emissiyalari, ilk ndvbada, enerji istehsali {i¢iin qaliq yana-
caglardan asili olduguna goro ohomiyyotlidir. Azorbaycan iqlim doyisikliyi iizro Paris sazisi ¢orgi-
vasindo gotlirdiiyli 6hdsliklorin bir hissasi olaraq 2030-cu ilo godor 1990-c1 il soviyyasindon 35%,
2050-ci ilo qodar iso 40% IXQ emissiyalarini1 azaltmagi dhdesine goétiirmiisdiir. Bu mogsad barpa
olunan enerjiya va tokmillosdirilmis enerji somaraliliyine asash kegidi tolab edir.

2022-ci ildo Azorbaycanda elektrik enerjisi istehsali 90%-don ¢oxu tabii qazdan olmaqla 29
teravatt-saata (TWh) catib. Olkonin yegana neft emali zavodu homin il yerli xam neft va tobii qaz
mayelorindon toxminon 6,5 milyon ton neft mohsullar1 istehsal etmisdir. Azorbaycan hom do 2022-
ci ilds 26,6 milyon ton xam neft vo 22,6 milyard kubmetr tabii qaz ixrac etmaklo asas xam neft vo
tobii qaz ixracatgisidir (IEA, 2022) [1].

Resurslarla Zangin Iqtisadiyyatlarda Enerji Somorsliliyi

Soudiyys Orabistani, Norvec vo Qator do daxil olmagqla resurslarla zongin iqtisadiyyatlar qaliq
yanacaq ixracindan asililig1 azaltmaq vo otraf miihitlo bagli 6hdosliklori yerino yetirmak iigiin enerji
somaraliliyini getdikco daha ¢ox inkisaf strategiyalarina daxil edirlor. Masalon, Saudiyye Orabista-
ninin Vizyon 2030 tosobbiisii neft hasilati, istehsal vo tikinti daxil olmagla miixtolif sektorlarda enerji
somaraliliyini vurgulayir. Boyilik neft ixracat¢ist olan Norve¢ 6z tobii ehtiyatlarindan istifade
etmoklo, hom do otraf miihito tosirini azaltmagla enerji baximindan somorali istehsala vo boarpa olunan
enerjiys boylik sormays qoyub (Diinya Banki, 2021) [2].

Azarbaycanin Enerji Monzarasi

Azorbaycan ononovi olaraq hom daxili enerji ehtiyaclari, hom do ixracat iigiin qaliq
yanacaqglara, xiisusilo neft vo tobii qaza arxalanir. Enerji hasilati, xiisusilo neft vo tobii qaz, tarixon
Azorbaycan iqtisadiyyatimin tomal das1 olmusdur. Bu, 6lkenin UDM-nin, ixracinin vo dovlat galirinin
ohomiyyoatli hissesini togkil edir. Olkonin neft hasilati vo emali, eloco do agir sonaye kimi yiiksok
enerji istehlaki sektorlar1 enerji somoraliliyinin artirilmasi iigiin chomiyyatli imkanlar toqdim edir.
Azorbaycan barpa olunan enerji sahasindo miisyyen iralilayislor alds etsa do, enerjiys qonast edon
texnologiyalarin monimsonilmosi mohdud olaraq qalir. Enerji somorali infrastrukturun inkisafi
Azorbaycanin yasil iqtisadiyyata kecidinds miihiim dayaq rolunu oynaya bilor (Azarbaycanin
Energetika Nazirliyi, 2022) [3].
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Azorbaycanda Cari Enerji Istehlaki va Istehsah

Azorbaycanin enerji sektorunda qaliq yanacaq istehlaki tistiinliik togkil edir. ©homiyyatli neft
va qaz istehsalgis1 olmasina baxmayaraq, 6lko xiisusilo neft emali, kimya istehsal1 vo agir sonaye kimi
sonaye saholorindo enerjidon istifadodo somorosizliklo iizlosir. Enerji somorali istehsala kegid bu
sektorlarin enerji sixligini azalda bilor, hom dovlst, hom ds 6zal miisssisalar {igiin resurslar1 azad edo
va xorclori azalda bilor.

Azorbaycanin enerji intensivliyi orta diinya soviyyasindon vo Sorq Torafdasligi (ST) regio-
nunda on asag1 soviyyado olsa da, neft vo qaz ixracinin UDM-do yiiksok pay1 6lko iiciin somoralilik
gdstoricisi kimi enerji intensivliyinin faydaliligii zoiflodir. ©hali vo UDM artimin1 oks etdiron
iimumi yekun enerji istehlaki (TFEC) 2000-ci ildon bari davamli olaraq artmisdir, xiisuson do yasayis
binalarinda vo naqliyyatda, bu sektorlarda giiclii enerji tolobatinin artimini oks etdirir.

Umumi yekun enerji istehlaki (TFEC-i) yanacaq baximindan tohlil etsok, tobii qaz biitiin
sektorlarda an ¢ox istifads olunur vo onun pay1 2000-ci ilde timumi illik istehlakin 52%-don 2022- ci
ildo 47%-o enmisdir. Bununla belo, bu miiddot orzinds illik qaz istifadesi 61% artmisdir. Motor
benzininin istifadasi iso ham nisbi, hom do miitloq monada on ¢ox artib: onun pay1 2000-ci ildaki
TFEC-in 6%-don 2022-ci ildo 16%-2 qadoar, demok olar ki, ti¢ dofs artib, avtomobil parki dord dofs
genislondiyi {iciin illik istehlak 2000-2022-ci illor arasinda toxminon bes dofa artib. llik istehlak 40%
artsa da, elektrik enerjisinin pay1 dovr orzindo 17-21% saviyyosinds nisbaton sabit qalmisdir (IEA,
2023) [4].

Osas Sektorlarda Enerji Somoraliliyi imkanlar

Azorbaycanin sonaye sektoru enerji somaraliliyinin artirilmasi {i¢iin miihiim imkanlar toqdim
edir. Agilli sabokalar, enerji idaraetma sistemlori vo proseslorin optimallasdirilmasi kimi texnologi-
yalar neft emali, metallurgiya vo kimya sonayesindo enerji istehlakini azaltmaga kémok edo bilor.
Bundan slavo, daha ¢ox enerjiyoa qonast edon binalarin tikintisi vo giinog vo kiilok kimi barpa olunan
enerji monbalorinin gobulu timumi enerji tolobatinin azalmasina t6hfs vers bilor.

N - - .
T T

T
2000 2005 2010 2015 2022

u - B -
Sanave Nagliyvat Yasavis Kidmatlar Digarlan

Azorbaycanda sektorlar {izro iimumi yekun enerji istehlaki, 2000-2022
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Neft-gqaz sektorunda enerji somoraliliyino hasilat vo emal texnologiyalarinin modernlosdiril-
masi yolu ilo nail olmaq olar. Masalan, neft emal1 zavodlarinda enerjiys qonaot edon kompressorlarin,
istilik doyisdiricilorinin vo nasoslarin istifadssi enerji istehlakin1 15-20% azalda bilor (BP, 2022) [5].
Eynils, tobii qazin hasilati vo emali zamani enerjidon istifadonin optimallagdirilmast emissiyalar1
azaltmagqla yanasi, omoliyyat xorclorini do azalda bilor.

Yagil Iqtisadiyyata Kegidin Maliyys Noticolori

Enerji somarali istehsalin Azorbaycanin dovlat golirlorina birbasa maliyys tesiri var. Enerji
istehlakin1 azaltmaqla osas sonaye saholorindo istehsal xorclorini shomiyyatli doeracads agag1 salmagq,
Azorbaycanin ixracatinin rogabot gabiliyyetini artirmaq olar. Bundan oalavo, enerji somaraliliyinin
monimsanilmasi daxili istehlaki azaltmagqla enerji ixracinin artmasina gotirib ¢ixara bilor ki, bu da
enerji istehsalinin daha bdyiik hissasinin beynalxalq soviyyads satilmasina imkan yaradar (Azorbay-
can Dovlat Neft Fondu, 2022) [6].

Enerji somoraliliyi Azarbaycan iqtisadiyyatinin saxolondirilmasini dastokloyir ki, bu da onun
doyiskon neft qiymotlorindon asililigim1 azaltmaq tiglin vacibdir. Enerji somorali istehsal
texnologiyalarina investisiya enerjiys gonast edon avadanliglarin istehsali vo ya barpa olunan enerji
manbalarinin inkisafi kimi yeni sonaye sahalori yarada bilar, alave golir axin1 vo mosgulluq imkanlari
yarada bilor (Diinya Banki, 2021) [7].

Uzunmiiddatli perspektivda enerjiys qonast edon istehsal amoliyyat xorclorini azaltmaqgla vo
qlobal enerji qiymatlorindoki dalgalanmalarla bagli risklori azaltmagla fiskal davamliliga tohfs verir.
Bundan olave, enerji somoraliliyi karbon vergilori vo ya beynolxalq ekoloji miigavilalora omol
edilmomasing gora carimalor kimi enerji istehsali ilo bagl ekoloji xarclori azaldir.

Infrastruktur va Texnoloji Mahdudiyyatlar

Azorbaycanin enerjiys gonaot edon istehsal infrastrukturu xiisusilo agir sonaye saholorindo zoif
inkisaf etmisdir. Istehsal sistemlorinin tokmillosdirilmosi vo enerjiya qonast eden texnologiyalarin
qurasdirilmasi ilo bagl ilkin masraflor xiisusilo kicik vo orta miiassisolor (KOB) ii¢iin boylik ola bilor
(Azorbaycan Ticarat vo Sonaye Palatasi, 2023) [8]. Bununla bela, beynolxalq maliyys yardimi vo
investisiya bu boslugu aradan qaldirmaga komok edas bilar.
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Azorbaycanda movcud siyasot vo qaydalar enerji somaraliliyi {igiin mohdud stimullarla qaliq
yanacaq istehsalina tstiinliikk verir. ©O©homiyyotli siyasot islahatlari, o climlodon enerji somoraliliyi
standartlarinin vo vergi giizostlorinin totbiqi olmadan enerjiyo gonaot edon istehsala kegid yavas ola
bilor. Enerji somaoraliliyino 6zol sektor investisiyalarini tosviq etmok vo beynolxalq davamliliq
magsadlaring uygunlagsdirmaq tigiin aydin tonzimlayici ¢argiva lazimdir (OECD, 2023) [9].

Enerji somorali istehsala kegidi dostoklomok iigiin Azorbaycan hokumaoti enerjiyo qonaot edon
texnologiyalarin totbiqini stimullagdiran siyasot hoyata kegirmolidir. Buraya enerjiyo gonaot edon
infrastruktura sormayo qoyan sirkotlor {i¢iin vergi giizostlori, borpa olunan enerji layihalori tigiin
subsidiyalar vo sonaye sektorlari iiclin daha sort enerji somaraliliyi standartlar1 daxil ola biler.

Barpa Olunan Enerji vo Yasil Texnologiyalara investisiya

Azorbaycan daha genis enerji somoraliliyi strategiyasinin bir hissasi kimi barpa olunan enerjiyo
investisiyalara tstiinliik vermalidir. Kiilok va gilinos enerjisi 6lkonin qaliq yanacaqlardan asililigini
azaltmagq li¢lin shomiyyatli potensial toklif edir. Bundan slava, enerjiyo gonast edon texnologiyalar
iclin todqgiqat vo tokmillosdirmoays (R&D) sormays qoymaq uzunmiiddotli davamlilia nail olmaq
liclin ¢ox vacib olacaqdir.

Bir nec¢o layihs vasitosilo BP vo Nobel Energy Azorbaycanin barpa olunan enerji sonayesing bo-
yiik sarmayalor qoyublar. 2 milyon ABS dollart mablaginde maliyys vasaiti ilo BP vo Azarbaycan Tohsil
Nazirliyi yaxiliqdaki miiossisods borpa olunan enerji {izra yeni magistr programi agmagq ti¢lin omok-
dasliq ediblor [10]. Nobel Energy 25 il arzinds 1.170.000 ton karbon emissiyasini azaltmagq {igtin Cobra-
yilda 100 MVt giiciinds giinas elektrik stansiyasi ilo iraliloyir. Sirkat homginin Nax¢ivanda 400 MVt
giiciindo giinos elektrik stansiyalarinin yaradilmasi ti¢iin Energetika Nazirliyi ilo miiqavilo imzalay1b.

Beynolxalq Omokdashq vo Dovlot-Ozal Tarafdashq

Azorbaycanin enerji somoraliliyl togabbiislorinin maliyyalosdirilmasi liclin beynolxalq
torofdasliq mithiim oshomiyyot kasb edocok. Dovlot-6zal torafdasgliq (PPP) hom ds irimiqyasl enerjiyo
gonast edon layihalor iiclin lazim olan resurslarin soforbor edilmasinde miihiim rol oynaya bilar.
Diinya Banki vo Beynolxalq Enerji Agentliyi (IEA) kimi beynslxalq toskilatlarla omokdasliq Azor-
baycana enerji somarali istehsal sistemlorinin totbiqi {igiin lazim olan texniki tocriibs vo maliyya
dostoyi vera bilor [11].

Alinan naticalarin tatbiqi. Todgigat naticasindo miisyyan edilmisdir ki, enerji somaraliliyinin
artirilmast  Azorbaycanin osas sonaye Saholorinds Xorclori azaltmaga, daxili enerji istehlakini
minimuma endirmays Vo 6lkonin enerji ixrac potensialini artirmaga imkan verir. Enerji istehlakinin
azalmasi Olkonin global enerji bazarlarinda ragabot gabiliyyatini artirir vo iqtisadi dayanigligi toamin
edir. Enerji somaraliliyinin artirilmasi ils igtisadiyyatin saxalondirilmasi va yeni sonaye sahalorinin
inkisafi ti¢iin alave imkanlar yaranir. Bu, hom do dévlat biidcasine uzunmiiddatli sabitlik gatira bilar.

Natica

Enerji somaraliliyinin artirilmast vo yasil igtisadiyyata kegid Azarbaycanin dovlot maliyyasinin
giiclondirilmasinds miihiim rol oynayir. Qaliq yanacaqlardan asililigin azaldilmasi vo barpa olunan
enerji monbalorino kegid 6lkonin iqtisadi sabitliyini vo dayaniqligini tomin etmok ii¢lin strateji bir
fiirsotdir. Enerjiyo gonaot edon texnologiyalarin totbiqi, siyasot islahatlar1 vo beynolxalq omokdasliq
bu mogsadlora ¢atmaq tigiin vacib addimlardir. Bu istigamatds atilan hor bir addim Azorbaycanin
qlobal davamliliq hadoflorine uygun inkisafini tomin edocok vo 6lkonin fiskal sabitliyine shomiyyatli
tohfo verocokdir.
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AZORBAYCANIN DOVLOT MALIYYOSININ GUCLONMOSINDO
EFFEKTIiV ENERJi ISTEHSALININ ROLU:
YASIL iQTiSADIYYATA KECIiD STRATEGIYALARI

R.M.9mirova

Xiilasa. Azorbaycanin yasil iqtisadiyyata kegid dovriindo qaliq yanacaqlardan asililigi hom c¢otinliklor, hom do yeni
imkanlar yaradir. Bu moaqals 6lkonin enerji sektorunda samarali istehsalin artirilmasi ilo dovlet maliyyasinin giiclondiril-
masi potensialint arasdirir. Enerji somoraliliyi amaliyyat xorclorini azaltmaq vo enerji mohsuldarligini yiiksaltmoklo
yanas1, uzunmiiddatli fiskal sabitlik va iqtisadi dayaniqliq tiglin vacibdir.

Azorbaycanin neft vo qaz sektorunda somaralilik texnologiyalarinin totbigi miithiim shomiyyat dasiyir. Xisusilo neft
emal1 va tikinti kimi sahslords infrastrukturun yenilonmasi daxili enerji istehlakini azaltmaq vo 6lkenin qlobal enerji
bazarlarindaki geyri-sabitlikdon asililigint agagi salmaq potensialina malikdir. Bundan slavo, giinas vo kiilok enerjisi kimi
barpa olunan manbalarin inkisafi yeni maliyys manbalari va enerji tohliikasizliyi toklif edir.

Magqalads homginin enerji samarsliliyi tadbirlorinin maliyys naticalari va bu kegidi destaklayan siyasat islahatlari,
dovlat-6zal torofdagliglarin shamiyyati miizakirs olunur. Azarbaycanin iqtisadiyyatinin yasil iqtisadiyyata kegidinds vo
dovlat maliyyasinin giiclondirilmasinds enerjiys qonast edon istehsalin holledici rol oynadigi vurgulanir.

Acar sozlor: enerji somaraliliyi, Yasil iqtisadiyyat, Davamly inkisaf, iqtisadi diversifikasiya, Azorbaycanin Enerji
Siyasati.
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Abstract. The article explores the impact of climate change on transportation systems, emphasizing that these effects
stem from both natural and technological risks. The study discusses the importance of electric transportation and its role
in addressing ecological issues. Innovative solutions based on the principles of sustainability in logistics, supply chains,
and transportation infrastructure are presented. Raising ecological awareness in residential areas and promoting electric
vehicles are highlighted as key areas of focus. The article indicates that effective risk management, the application of
alternative energy sources, and the expansion of green initiatives are crucial factors in combating climate change.
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Giris

Iqlim doyisikliklorinin nagliyyat sistemlorina tosiri miiasir dovrde aktual mosalolorden biridir.
Bu tosirler yalmiz ekoloji deyil, hom do igtisadi vo sosial aspektlords miihiim rol oynayir. insan fak-
toru, tobii hadisolor vo texnoloji catismazliglardan qaynaqlanan risklor naqliyyatin hor bir ndviinds
movcuddur. Tobii risklor hava soraitindon asili olaraq avtomobil yollarinin buz baglamasi vo duman
sobobindon téronon qozalar, doniz naqliyyatinda firtina vo yiiksok dalgalarin tohliikosi, iqlim doyisik-
liyinin noqliyyat infrastrukturlarina tesiri, dagqinlar naticasinds yollarin va korpiilorin zodolonmae-
sidir. Texnoloji risklor avtomatlagdirilmis naqliyyat vasitolorinin texniki nasazliglari, asash tomir
edilmomis yollarin gozalara sabab olmast, tomir yolu naqliyyatinda signalizasiya sistemlorindoki na-
sazliglardir. Insan faktoru siiriicii yorgunlugu, siirat hoddinin asilmasu, tohliikesizlik qaydalarina omal
etmamak, yiik naqliyyatinda diizgiin olmayan yiik paylanmasi sababindon qaza risklorina sabab olur.

Bu todgigatin mogsadi yasayis montagolorinds yasil diinyanin tosviqi kontekstindo ekoloji
stiurun artirtlmasinda elektrik naqliyyatinin vo eko noagliyyat tosobbiislorinin rolunu aragdirmaqdir.
Mogsad, iglim doyisikliyi ilo miibarizods elektrik nagliyyat vasitalorinin shamiyyatini vurgulamag,
onlarn tatbiginin ekoloji problemlorin hallino téhfs vermak potensialini doyarlondirmok vo COP 29-
un moagsadlarine uygun olaraq bu tosabbiislorin genislondirilmasini tosviq etmokdir [4]. Arasdirma
naticaloring goro, iqlim doyisikliyi vo otraf miihitin ¢irklonmasi ilo miibarizods tohsil miisssisslorinin
rolu boyiikdiir. Ekoloji stiurun artirilmasi va elektrik naqliyyatinin tosviqi miihiim addimlardandir.
Arasdirmalara goro Azarbaycanda 1,5 milyondan ¢ox minik avtomobili var, onlardan 80%-i 10 ildon
coxdur ki, istismar edilir, belo nogliyyat vasitolori atmosfers yiiksok karbon emissiyasi verir. Kéhno
avtomobillarin tadricon dayandirilmasi va ya azaldilmasi, elektrik naqliyyati ilo avoz edilmasi ekoloji
problemlari nisbaton azalda bilor [10].

Iglim doyisikliyi ham global, hom do regional soviyyads otraf miihito vo comiyyatlors
ohomiyyatli tosirlor gostorir. Asagida global vo Azarbaycan {izra iglim doyisikliyi ilo bagl osas
statistik gostaricilor taqdim olunur:

Qlobal Saviyyada:

e Orta Temperatur Artimi: XX osrin ortalarindan etibaron Yer kiirasinin orta temperaturu

toxminan 1,1°C artmisdir. Bu artimin asas sobabi insan foaliyyati noticasinds atmosfers
buraxilan istixana qazlarinin konsentrasiyasinin yiiksalmasidir.
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e Doniz Soviyyasinin Yiiksolmosi: 1901-2018-ci illor arasinda qlobal doniz saviyyasi orta
hesabla 20 sm yiiksalmisdir. Bu, buzlaglarin arimasi vo okean sularinin istilosmasi
naticasinds bas vermisdir.

e Ekstremal Hava Hadisolori:Son onilliklordo quraqliq, dasqin, istilik dalgalar1 vo tropik
siklonlar kimi ekstremal hava hadisalarinin tezliyi vo siddoti artmisdir. Bu hadisalor insan
hoyati, kond tosarriifati vo infrastruktur tiglin ciddi tohliikelor yaradir.

Azorbaycan Respublikast BMT-nin Iqlim Doyismalori iizra Corgivo Konvensiyasina qosulmus

Vo Paris Sazisini ratifikasiya etmisdir. Olko 1990-c1 il baza ili ilo miiqayisado 2030-cu ilo godor
istixana effekti yaradan qaz emissiyalarini 35% azaltmagi hodoflomisdir.

Logistika va Tachizat zanciri risklari

Logistika vo tochizat zonciri, iqlim doyisikliklorinin yaratdig: ¢otinliklorden ciddi tosirlonir.
Iqlim dayisikliklori logistika sahasina tasirini vo nagliyyat proseslorina ohamiyyatli potensial prob-
lemli risklor yaradir, tochizat zoncirinin fasilolor vermasi vo hotta qirilmasi ilo noticolonir. Tochizat
zancirinin davamliligini qorumaq tciin risklorin diizglin qiymatlondirilmasi va innovativ texnologi-
yalarin totbiqi vacibdir [5].

2000-2022-ci illor arasinda logistika vo tochizat zonciri risklari ilo bagl statistik molumatlari
timumiloagdirilmis sokildo asagidaki kimi tosvir etmok olar [13]:

Coadval 1
2000-2022-ci illar arasinda logistika va tachizat zanciri risklori
il 9sas Risklor Tosirlar Misallar
2000 Tachizat zancirlarinin Gecikmolor, yiiksok logistika xrclori Cin istehsalinin artmasi ilo logistik
globallagmasi problemlor

Tochizat axinlarinin dayanmasi,
Xarclorin artmasi
Tochizat pozulmalari, istehsalin

2008 | Qlobal maliyys bohrani Beynalxalq sirkatlorin iflast

2010 | Tobii folakatlor Haiti zalzslosi
dayanmasi
2011 | Fukusima niiva folakoti Yaponiyada avtomobil istehsalnin Toyota vo Honda istehsal fasilalori
dayanmasi
2020 | COVID-19 pandemiyast | Tochizat zencirlorinds kosilmalor ggﬁfi‘;ga”a““ dasmmasinda
2021 | Suez Kanali hadisasi Beynolxalq logistikanin dayanmasi Ever Given gomisinin bloklamasi

Geosiyasi garginliklor
2022 | (Rusiya-Ukrayna
miinaqigasi)

Yanacag giymatlorinin artmast,

gecikmolor Avropaya enerji tochizatinda problemlor

2000-2022-ci illor arasinda logistika va tochizat zonciri risklorinin sektorlara tosiri codval 2-do
oldugu kimi imumilasdirils bilor.
Codvaldon aydin olur ki:
« Yiiksok riskli sektorlar: Elektronika, avtomobil sonayesi va enerji sektoru tochizat zanciri
pozuntularina qarst daha hossasdir [11].
o Orta riskli sektorlar: Tikinti vo arzaq sektorlart miixtalif risklorlo miibarizo aparmali olur.
o Daha az riskli sektorlar: Xidmat sahasi kimi sektorlar global logistika problemlarindan
nisbaton az tosirlonir [12].
Iqlim doyisikliklarinin tosirini azaltmaq va tobii, texnoloji risklorin idars edilmasi iiciin effektiv bir
metodologiya asagidaki moarhalalor {izro togqdim olunur:
1. Problemin Tayini vo Magsadin Malumatlandirilmasi
2. Risklorin Identifikasiyasi
3. Risklorin Qiymatlondirilmosi
4. Prioritetlorin Miioyyanlosdirilmasi
5. Innovativ Hollor vo Strategiyalar
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a. Yasil Texnologiyalar: Giinos panellari va kiilok turbinlori kimi alternativ enerji monba-
lorinin genislondirilmasi.
b. Erkon Xobardarliq Sistemlari: Sel va istilik dalgalarini izlomak {igiin rogoamsal monito-
ring sistemlarinin totbiqi.
. Samarali Suvarma Sistemlori: Su ehtiyatlarinin daha yaxs1 idara edilmasi.
6. Idaroetmo Corgivasinin
7. Monitoring vo Dayarlondirmo
8. Tacriibo Miibadilasi [17].

Cadval 2
Logistika va tochizat zanciri risklarinin sektorlara tosiri
Sektor Risk Tasiri Misallar
- Tobii folakatlor vo pandemiyalar avtomobil Fukusima niivs folakati (2011)
Avtomobil Sanayesi hissalarinin tochizatinda gecikmalora sabab naticasinds Toyota va Honda istehsal
olmusdur. fasilalari.
- Qlobal iglim dayisikliklari vo logistika COVID-19 pandemiyasi zaman1 kond
9rzaqg vo Kand N .
.. pozuntulart arzaq mohsullariin tosorriifatt mohsullarinin tachizatinda
Tasarriifati L
catdirilmasinda catinliklor yaratmigdir. qithg.
- Geosiyasi gorginliklar enerji tachizatinda Rusiya-Ukrayna miinaqisesi (2022)
Enerji Sonayesi fasilolora va giymot artimlarma sabab naticasinds Avropada gaz todariikiindo
olmusdur. catinliklor.

COVID-19 pandemiyasi dévriinds global
¢ip ¢atigmazlig sabobindan istehsalin
dayanmasi.

Pandemiya dovriinds tikinti
materiallarinin giymatinda shamiyyatli
artim.

COVID-19 dovriinda vaksin istehsali vo

- Cip catismazlig1 elektronika istehsalini

Elektronika Sanayesi ohomiyyatli doracads tosir etmisdir.

Tikinti va - Materiallarin tochizatinda gecikmalor tikinti
Infrastruktur layihalorinin langimasina sabob olmusdur.

- Pandemiya zamani1 derman va tibbi

Saglamhq v Darman avadanliglarin tachizatinda problemloar

Sanayesi miisahido olunmusdur. paylanmasinda gecikmolor.
- Tachizat zoncirinda gecikmolor parakands Suez Kanali hadisasi (2021) psrakends
Parakanda Ticarat sektorunda mohsul catigmazligina sabab satig sirkatlorinin mohsul gecikmalori ila
olmusdur. iizlagmasing sabab oldu.

Risklorin idars edilmasi sahoasinds beynolxalg amakdasliq genislondirilmali, tocriibs miibadilasi
ticiin regional va global forumlarda istirak tomin edilmalidir. Tolim proqramlarinin toskili do iglim
dayisikliklorina adaptasiya bacarigqlarini artirmaga komok edocokdir [18]. Bildiyimiz kimi, Avtomo-
billorin zorarli maddalorinin 80%-1 yasayis montaqgaloring atilir. Bir minik avtomobili ilde togriben
15 min km yol gat edorso 4 tona qodor oksigen gobul edir vo atmosfers 3 ton CO2, 500 kq CO, 200
kg-a yaxin karbohidratlar, 40 kq azot oksidi vo 10 kq rezin tozu xaric edir. Diinya miqyasinda avto-
mobillar il orzinds 2,1 mlrd ton yanacaq istifado edorak 700 min ton zarorli maddsler ifraz edir.
Beynolxalq toskilatlar avtonaqliyyat vasitolorina qoyulan ekoloji toloblori sortlosdirir, bu da zorarli
emissiyalarin azaldilmasina yonalmis todbirlori ohato edir [3].

Yasil rong, ekoloji tomizliyi, tobiato dost yanasmani ifads edir. iqlim dayisikliyi ilo miibarizonin
ohamiyyatini va ekoloji stiurun artiritlmasinin miisbat tasirlorini vurgulamaq vacibdir. Bu baximdan,
yasay1s montagolorinds yasilliglarin artmasi, elektrik nogliyyat vasitolorinin populyarliginin artmasi
vo yasil enerji monbolorinin istifadesi genislonmolidir. Yasil rongli tosobbiislorin ohomiyyati
artirllmalidir, ¢linki yasil rong ekoloji sliurun artmasina vo insanlarin otraf miihito daha ¢ox diqqot
yetirmasing sabab olur. Eko naqgliyyatin totbiqi do yasil rongin togviqi tigiin vacibdir [7].

Elektrik naqgliyyatinin effektivliyi. Elektrik noqgliyyat vasitoalori, ekoloji iistiinliiklori ilo digqst
¢okir. Bunlar arasinda, he¢ bir zororli gazin atilmamasi, tomiz enerji ilo islomo, asagi soslilik vo
yliksok somaoralilik kimi xiisusiyyotlor movcuddur. Eko nogliyyat vasitolorinin istifado miiddotini
artirmagq Uli¢iin enerji effektivliyi dnomlidir. Elektrik naqliyyat vasitalorinin totbiqi ilo bagl bazi sta-
tistik molumatlar: ABS-da 2019-cu ildon bari elektrik nagliyyat vasitalorinin say1 300 min artmisdir;
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Cin iso elektrik avtobuslarin istifadesindo daha ¢ox ondo gedir. Elektrik naqliyyatinin genis
miqyasda totbiqi ekoloji sliuru artirmagq {igiin vacibdir. Elektrik avtobuslari, skuterler vo velosiped-
lorin istifadosi tosviq edilorok ekoloji mosuliyyat artirilmalidir. Bu togabbiislorin totbiqi insanlarin
yasil dlinyaya tohfolorini artirir, miiossisolordo hoyata kegirdiyi togabbiislori vo layihoalori toqdim
edorok yaranan risklori azaldir.

Tabii va Texnoloji risklar. Iglim doyisikliklori naqliyyat sektorunun dayamqligma birbasa tosir
gostorir. Bu sahodo dayanigh inkisafin tomin olunmasi {igiin ekoloji risklorin idaro olunmasi osas
hadoflordon biridir. Dayaniqli nogliyyat sistemlorinin inkisafi, iqlim doyisikliklorinin yaratdigi ¢otinliklora
garst miibarizonin osas komponentidir. Dogrudanda iqlim dayisikliklorinin tesirlorini vo karbon
emissiyasinin faizini azaltmagq tiglin hazirda dayanigh nagliyyata istiin yer vermok vacibdir [3, 6].

Ekoloji davamliliq vo iqtisadi moagsadlor arasinda balansi qorumagq ti¢iin yeniliklorin vo alter-
nativ enerji manbalarinin totbiqi xiisusi shomiyyat kasb edir. Yenilono bilon davamli enerji manbale-
rinin naqliyyat sektorunda tatbiqi, karbon emissiyalarinin azaldilmasina gatirir. Buradan belo naticoya
golmok olar ki, dayaniqli nogliyyat {i¢iin alternativ enerji monbalorinin ohomiyyati vacib vo priari-
tetdir [3, 6].

Risklarin giymatlondirilmasi, innovativ yanagsma va metodologiyalar

Tobii vo texnoloji risklorin azaldilmast moagsadilo istifado olunan innovativ yanasmalar vo
metodologiyalar genis sokildo aragdirilir. Bu bdlmada, miixtalif 6lkalords totbiq olunan innovativ
hallar, texnoloji yeniliklor vo onlarin effektivliyi hagqinda molumat verilir [1]. Iqlim doyisikliklorinin
tosirlorini azaltmaq tigilin risk idaragiliyi sahosindo miiasir yanasmalar totbiq edilmolidir. Risklorin
diizglin qiymotlondirilmasi, iqlim doyisikliklorinin tasirlorini prognozlasdirmaq vo idars etmok iigiin
osas metodologiyadir. Yoni risklorin qiymetlondirilmasinin ohomiyyatini, analiz isullarint vo
miixtalif yanagmalari naqliyyat sektoru sahasinds totbiqini gostorir [3].

Infrastruktur dizayninda innovativ hollorin totbigi hom risklori azaldir, hom do uzunmiiddotli
dayaniqliq yaradir. Dogrudanda iqlimo uygunlasdirilmis infrastrukturlarin yaradilmasi {i¢iin innova-
siyalarin ohomiyyati danilmazdir. Tabii folakatlorin vo iqlim dayisikliklorinin tosirlorini azaltmag,
onlari minimuma endirmak ii¢iin, nogliyyat sistemlorinin optimallagdirilmasi proseslori risklorin idaro
olunmasinda miihiim shomiyyat kosb edir [4].

Innovativ yanasmalarin real hoyatda neca totbiq olundugu, alds edilon naticalor vo problemlorlo
miibarizo strategiyalar1 haqqinda tocriibo niimunslori toqdim edilir. Bu bélmoado konkret layihalar,
programlar vo tocriibalor miizakiro edilir.

Natica

Iglim doyisikliyinin tobii vo texnoloji risklorini minimuma endirmok iigiin innovativ yanas-
malarin totbiqi ohomiyyatlidir. Elektrik nogliyyat vasitolorinin totbiqi, yasil togobbiislorin dostoklon-
masi, va iqlim dayisikliyinin tasirlerini azaltmaq ii¢lin vacibdir. Maqalads toqdim edilon metodolo-
giyalar vo tocriibalor bu istigamatdoki miisbot doyisikliklori gdstorir vo golocokdos daha genis totbiglor
liciin osas yaradir.

Todqigat naticalori gostorir ki, nogliyyat sistemlorindo dayanigliligin tomin olunmasi tigiin
alternativ enerji monbalorindon istifade edilmasi, risklorin diizgiin idars edilmasi va ekoloji maarif-
londirmo osas strateji istigamatlor olmalidir.

Toklif edilon metodologiyalar, naqliyyat sektorunun ekoloji va texnoloji ¢agirislara uygunlas-
masina komok edo bilor. Tohsil miiassisolorindo ekoloji stiurun artirilmasi, gonclor arasinda yasil
tosabbiislorin dastoklonmasi, vatondaslarin ekoloji mosuliyyatlorinin artirilmasi {igiin vacibdir. Bu
yanasma yalniz movcud problemlorin hallino deyil, hom do golocok nasillar {igiin saglam vo dayanigl
miihitin tomin edilmasinag tohfs verir.

Beloliklo, iglim doyisikliklorinin tosirlorini minimuma endirmok {i¢iin davamli noqliyyat
hallarinin totbiqi va yasil innovasiyalarin togviqi vacib addimlardir. Bu yanasmalar ham sosial, hom
do igtisadi baximdan dayaniql1 inkisafin tomin edilmosino zomin yaradir.
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IQLIM DOYISIKLIKLORININ TOBII VO TEXNOLOJI RISKLORININ MINIMUMLASDIRILMASI
N.Q.Ziilfiigarova

Xiilasa. Mogalads iglim doyisikliklarinin nagliyyat sistemlorins tosiri arasdirilir vo bu tosirlorin tobii vo texnoloji

risklordon qaynaqglandigi vurgulanir. Todgigatda elektrik nogliyyatinin shamiyyati vo ekoloji problemlorin hallinds rolu
miizakirs olunur. Logistika, tochizat zonciri vo naqliyyat infrastrukturunda davamliliq prinsiplarine ssaslanan innovativ
hollar togdim edilir. Yasayis montagalorinds ekoloji stiurun artirilmasi va elektrik nagliyyat vasitalorinin togviqi xiisusi
digget morkazindadir. Magalada gostarilir Ki, risklorin diizgiin idars olunmasi, alternativ enerji monbalorinin totbigi vo
yasil tagobbiislarin genislondirilmasi iglim dayisikliyi ilo miibarizeds vacib amillardir.

Acar sozlor: Iglim doyisikliklari, nagliyyat sistemlari, tobii risklar, texnoloji risklor, elektrik nagliyyati, ekoloji siiur,

yagsil tasabbiislor, davamli enerji manbalari, risk idaragiliyi.
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Abstract. This article develops an algorithm for classifying soil and vegetation cover using various indices. The study
of the physiological stages of plant development is carried out by analyzing the distribution functions of spectral bright-
ness values in the area covered by the image. The development of the soil-vegetation classification algorithm was per-
formed by applying different indices. Usually, during scientific research, the problem of which index to use is more
efficient arises. In order to overcome this problem, a comparative analysis of the results obtained with the application of
the mentioned indices was carried out. To verify the accuracy of the used plant-soil classification algorithm, whole plant
and whole soil parts were taken, this algorithm was tested and the results were recorded. The stages of the processing
process are described here and the results of the corresponding calculations are presented.
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Giris

Spektral informasiyanin emali zamani "indeksli" tasvirlor kimi taninan mslumatlara miiraciot
olunur [1,2]. Todqiq olunan obyektin informativliyini géstoron miioyyon kanallardaki parlagligin
giymatlorinin kombinasiyalar1 va bu qiymotlora gora obyektiv "spektral indekslor" hesablanir, tosvir-
lor qurulur. Adaton arazilorin giymatlondirilmasinds bitki ortiiyii indekslorindan istifads olunur. Bitki
ortliyii indeksi — mosafodon zondlama moalumatlarinin miixtalif spektral diapazonlari ilo amaliyyatlar
naticasinds hesablanan va verilmis tasvirds bitki ortliyiliniin parametrlori ilo alagali gostaricidir. Bitki
ortliiyiiniin gostoricilorinin effektivliyi oks etdirmo xiisusiyyatlori ilo miioyyon edilir [4, s. 99-128].
On ¢ox istifado olunan NDVI (Normalized Difference Vegetation Index) — normallasdirilmis nisbi
bitki ortiiyii indeksidir. Indeks gostoricilori gériinon qirmizi diapazonda elektromaqnit dalgalarini
udan vo onlar1 yaxin infraqirmizida oks etdiron yasil kiitlonin spektral tasvirlori vasitasilo formalasir.
Spektrin qirmizi zonast (0,62 - 0,75 mikron) giines radiasiyasinin xlorofil torafindon maksimum
udulmasini, yaxin infraqirmizi zona (0,75 - 1,3 mikron) iss yarpagin hiiceyra qurulusu ila enerjinin
maksimum oks olunmasini togkil edir. Yoni, yiiksok fotosintetik foaliyyat spektrin qirmizi zonasinda
daha asagi oksetmo doyorlorino vo yaxin infraqirmizida daha yiiksok doyarloro sobob olur. Bu
gostaricilorin bir-birina nisbati bitki ortiiyiini digar tobii obyektlordon aydin sokilds ayirmaga imkan
VErIr.

Qeyd olunmalidir ki, bir cox hallarda NIR (Near infra Red) kanalinda olan informasiyanin
olcatan olmamasi yalmiz RED, GREEN vo BLUE spektral kanallarindan alinan informasiyanin
istifadasinin miimkiinliiyiinii zoruri edirdi. Asagida gostarilon indekslorin riyazi diisturlarinda ancaq
RED, GREEN va BLUE spektral kanallarindaki qiymatlorin miinasibati holledici rol oynayir. Bu iso
bitkinin fizioloji inkisaf dovrlorindo bu spektral kanallardan alinan molumatlarin istifadosi ilo do
gonaatboxs tohlillorin aparilmasinin miimkiinliiyiinii asaslandirir.

Metodik asas va hesablama metodikasi

Torpag-bitki ortiiyliniin klassifikasiyasi alqoritminin islonmosi miixtslif indekslorin totbiqi ilo
yerind yetirilmisdir.
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Spekitral tasvir asasinda torpaq- bitki
tasnifatinin aparilmasi
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Sakil 1. Torpag-bitki ortityliniin klassifikasiyasi alqoritminin blok-sxemi

Adaton elmi-tadgiqat zamani hansi indeksdon istifadonin daha somorali olmasi problemi
yaranir. Hazirkiisdo bu problemin aradan qaldirilmasi tigiin geyd olunan indekslarin totbigi ilo alinan
naticalorin miiqayisali tohlili aparilmisdir. Niimunas ii¢iin Sabirabad rayonunda kartof bitkisi arazisini
oks etdiron tosvir fragmenti tizorinds geyd olunan indekslorin tatbigi ilo klassifikasiya aparilmigdir.
Sakil 2-do gotiiriilmiis tosvir fragmenti vo sokil (3-7)-do geyd olunan indekslorin tatbigi [2] ilo alinan

naticalor gostorilmisdir:

Sakil 2. Sabirabad rayonu, kartof bitkisi arazisindon tosvir fragmenti

‘ Son ‘
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VARI (Visual Atmospheric Resistance Index):

Green — Red

VARI = :
Green + Red — Blue’

VI green (Vegetation Index Green):

Green — Red

VI =
green Green + Red

Sakil 4. Secilmis tosvir fragmentina VIgreen indeksinin tatbiqi

SAVI (Soil Adjusted Vegetation Index):

1.5-(Green—Red)
Green+Red+0.5 ’

SAVI =

Sakil 5. Secilmis tosvir fragmentine SAVI indeksinin tatbiqi
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GLI (Green Leaf Index):

2 - Green — Red — Blue
2 - Green + Red + Blue’

GLI =

Sakil 6. Segilmis tosvir fragmentino GLI indeksinin totbigi

VNDVI (Visible NDVI):

UNDVI = 0.5268 - (r~0129% . 50.3389 . j=03118)

Sakil 7. Secilmis tosvir fragmentine vNDVI indeksinin totbigi

burada
Rn
r= ,
Rn+ Gn+ Bn
_ Gn
9= Rn+ Gn + Bn'’
Bn

b=Rn+Gn+Bn'

Bu disturlarda istifado olunan Rn, Gn vo Bn uygun spektral kanallardaki normallasdirilmis
giymatlordir.

Bu indekslorin totbigi ilo alinan noticalorin miiqayisali tohlili noticosinds VARI indeksinin
totbiginin bitki-torpaq Kklassifikasiya masalolorinds daha effektiv natico verdiyi goriiniir. Asagida
vizual olaraq hiss olunmasi ¢atin olan bitki hissasinin VARI indeksi ilo askarlanmasina aid niimuno
verilmigdir. Alqoritm toxminan 20-don ¢ox secilmis tosvir vo onun fragmentlori tizarinds
aparilmigdir.
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Sakil 8. Vizual olaraq hiss olunmayan bitki hissasinin VARI indeksi ilo agkarlanmasi

Qeyd olunmalidir Ki, layiha ¢orcivasinda NiR kanalinda olan informasiyasnin algatan olmamasi
yalniz RED, GREEN va BLUE spektral kanallarindan alinan informasiyanin istifadosini miimkiin
edirdi. Yuxarida gostorilon indekslorin riyazi diisturlarinda ancaq RED, GREEN vo BLUE spektral
kanallarindaki qiymatlorin miinasibati holledici rol oynayir. Bu iso bitkinin fizioloji inkisaf
dovrlorinds bu spektral kanallardan alinan molumatlarin istifadasi ilo do gonastbaxs tahlillorin
aparilmasinin miimkiinliiylinii osaslandirir.

Sakil 8-doa gostarilon niimunas ti¢iin aparilmis torpaq-bitki klassifikasiyasinin naticasi asagidaki
Kimidir:

Se¢ilmis tosvirds olan timumi piksel say1: 28210

Secilmis tosvirdo olan torpaga uygun piksel sayi: 18998

Se¢ilmis tosvirdo olan bitkiys uygun piksel say1: 9212

Torpag-bitki tosnifatinin aparilmasinda 6nomli problemlardan biri istifads olunan indeks tigiin
ayirdedici hodd doyarinin secilmosidir. Qeyd olunmalidir ki, tasnifat masalolorinds ayirdedici hodd
doyoarinin se¢ilmosi mithiim mogamlardan biridir. Ayirdedici hadd doyorlorinin segilmasi tigiin
miixtalif algoritm va yanasmalar mévcuddur [3]. Masalon, bu tip algoritmo niimuns olaraq "Otsu
alqoritmi™ni gdstarmok olar. Istifado etdiyimiz alqoritmda VARI indeksi iiciin bu hadd 17-ys barabar
gotiriilmiisdiir. Ayirdedici haddin se¢ilmasi hamin indeks dayarlorinin histoqramlarinin qurulmasi
va analizi ils toyin olunmusdur.

Istifada olunan bitki-torpaq klassifikasiyasi alqoritminin dogrulugunu yoxlamagq ii¢iin tam bitki
Vo tam torpaq hissalori gétiiriilmiis (Sakil 9), bu alqoritm test olunmus va naticalor Codval 1-do geyd

olunmusdur:
v 'y I
L]
»
B -
. _
Sokil 9. Tam bitki vo tam torpag hissalari
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Cadval 1
Tam torpaqgdan ibarot orazi hissasi Tam bitkidon ibarat arazi hissasi
Umumi piksel say1 608 156
Torpaga uygun piksel say1 608 0
Bitkiyo uygun piksel say1 0 156

Secilmis spektral tosvir niimunalarinin parlagliq dayarlorinin histoqramlarinin qurulmasi tas-
virin ohats etdiyi orazids bas veran dayiskonliyin (bitkinin fizioloji inkisaf marhalalorinin, torpagdaki
su rejiminin, bitkinin agrotexniki qullug voaziyyatinin) identifikasiya olunmasina imkan verir.

Asagidaki sokildo seg¢ilmis tosvir niimunasi {i¢lin spektral kanallar iizro normal paylanmaya

uygun sixliq funksiyalar1 verilmisdir:

o
o
=1
®

Sixliq funksiyasi

Secilmis tesvir nimunasi

0.014

0.012

0.01 -

0.006 -

0.004 -

0.002 -

. . . )
50 100 150 200 250 300
Spektral kanallaria uygun giymatler

Sakil 10. Spektral kanallar tizrs sixliq funksiyalari (torpaq ve bitkidan ibarat arazi)

0.014

0.012

0.01

o
=3
o
®

Sixliq funksiyasi

0.006 [

0.004 |-

0.002 [

Braziden secilmis geyri-bitki hissasi

L L L T I}
50 100 150 200 250 300
Spektral kanallara uygun giymatler

Sokil 11. Spektral kanallar {izra sixliq funksiyalari (yalniz torpaqdan ibarst orazi)
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Sokil 12. Spektral kanallar {izrs sixliq funksiyalar (yalniz bitkiden ibarat arazi)

Sokil 11-don goriiniir ki, bitki olmayan orazilordo Red, Green, Blue spektral kanallarindaki
doyarlorin orta qiymatlari vo orta kvadratik meyllori bir-birina ¢ox yaxin olur. Lakin Sokil 12-don iso
goriiniir ki, bitki olan orazilordo Red, Green, Blue spektral kanallarindaki doyarlorin orta qiymatlori
bir-birindon koaskin farglonir. Bu iss arazids torpaq-bitki tosnifatinin spektral tosvirlor osasinda aparil-
masina asas yaradir. Aparilan tohlil gostorir ki, bitkinin fizioloji inkisaf marhalslorinin dyranilmasi,
orazido bitki-torpaq sahslorinin nisbotinin arasdirilmasi normal paylanma sixliq funksiyalarinin
analizi ilo hayata kegirils biloar.

Yekun

Torpag-bitki ortiiyliniin klassifikasiyasi alqoritminin islonmosi miixtslif indekslorin totbiqi ilo
yerino yetirilmigdir. Alman noticolorin miiqayiseli tohlili noticosinde VARI indeksinin totbiginin
bitki-torpaq klassifikasiya masalolorindo daha effektiv notico verdiyi goriiniir. Bitki olmayan
orazilordo Red, Green, Blue spektral kanallarindaki doyorlorin orta qiymatlori vo orta kvadratik
meyllorinin bir-birino ¢ox yaxin olmasi gostorilmis, lakin bitki olan orazilordo Red, Green, Blue
spektral kanallarindaki doyorlorin orta giymatlorinin bir-birindon kaskin farqlonmosi miisahido
olunmusdur. Bitkinin fizioloji inkisaf marhalolorinin dyronilmasi vo orazids bitki-torpaq sahslarinin
nisbotinin aragdirilmasi tosvirin ohato etdiyi orazido spektral parlagliq doyarlorinin paylanma
funksiyalarinin analizi ilo hoyata kegirilo bilor.
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Abstract. Artificial intelligence (Al) has revolutionised the agriculture, making it more productive and efficient in
addition to far less environmentally harmful. The review provides a holistic perspective on the role of Al technologies in
different sectors such precision farming, crop management, smart irrigation and logistics for agriculture. Challenges it
can tackle with Al, we finally have all that is required to optimize resources and address the greatest problems humanity
faces today including Climate Change, Food Security, Sustainability. It also discusses the current limitations, future
directions and Al role for a sustainable agriculture. Our results highlight the significant transformative potential of Al in
agriculture, yet more research and policy support is necessary to capitalize on this opportunity.
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1. Introduction

The growing population, the changing climate, and resource scarcity make it challenging for
agriculture; one of the most important sectors globally. By the year 2050, it is estimated that agricul-
tural production must increase between now and then by about 70% to fulfill global food needs [1].
Key environmental effects must be dealt with in farming at the same time as improving sustainability
[2]. Introduction Avrtificial intelligence (Al) has recently emerged as a solution to the aforementioned
challenges, providing data-driven insights for better decision-making and predictive analytics that
can predict events in advance [3, 4]. This review will synthesize current applications of Al technolo-
gies dealing with benefits, limitations or disadvantages depending on implementations among others.

2. Methodology

These data were obtained from a review of peer-reviewed articles, industry reports, case studies
published between 2000 and the early months of 2023. Information was gathered from several aca-
demic databases and trade publications. The major Al applications in agriculture, i.e. precision farm-
ing (including crop monitoring), irrigation management and logistics were identified for analysis. We
also conducted a bibliometric study to understand the effect of Al on agricultural sustainability, re-
source efficacy and climate stability [5].

3. Artificial intelligence in agricultureTechnologies and origins

3.1 Precision Farming

One of the most important applications that Al serves in agriculture is precision farming Al can
make use of machine learning (ML) algorithms for processing huge datasets obtained from satellite
imagery, drones and sensors in the optimal management of crops [1, 2]. Artificial intelligence-driven
tools enable farmers to keep a round-the-clock surveillance of soil fertility, forecast weather condi-
tions and manage crop growth live. An example of that is Al systems can give personalized recom-
mendations to apply fertilizers and pesticides which in turn increases the yields [3, 6].

3.2 Smart irrigation and water management

Al is key in making agriculture water efficient. Irrigation schedules can be automatically ad-
justed based on soil moisture levels, weather conditions and crop water requirements with smart Al-
based irrigation systems [2, 6]. It will preserve both, the water wastage and provide enough hydration
for crops especially in dry areas. Al enabled irrigation systems has shown its promise as an approach
to behave more sustainably, using less water [4].
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3.3 Control of Crop Disease and Pests

The use of Al technologies in detecting crop diseases and pest control has also increased over
the past few decades. Highly sophisticated Al-powered computer vision and imaging systems are
brought to bear on these sets of images, capable of recognizing the very beginnings of a disease or
pest infestation just as it is taking root in its host [1]. These systems, often paired with drones or
robots, analyze crops and then selectively use pesticides — cutting down on chemical usage in a way
that's easy on the environment [3, 6].

3.4 Agricultural Robotics & Automation

A key area in which Al has disrupted traditionalengricultural automation types is by deploying
robots to help with tasks such as planting, harvesting and weeding. Utilizing Al, these robots navigate
fields making different decisions in real time and also perform tasks independently when deployed
[7]. Al-powered robotic systems have led to a reduction in labor costs and improved operational
efficiencies, especially when it comes to large farming operations [3, 8].

3.5 Al/Supply Chain & Logistics

The use of Al in farming goes further: supply chain and logistics optimization. It is a system
which improves the whole thing with Al based logistical routing systems improved transport and
delivery of agricultural products has minimized spoilage damage to improve efficiency [6]. Al-driven
IoT and blockchain have facilitated greater transparency in food supply chains, which has allayed
fears relating to the safety of food & secured more market access for farmers [9].

4. Benefits of Al in Agriculture

4.1. Improved Productivity & Efficiency Increased

Farmers can utilize Al to determine optimal ways to both increase crop yields and resource use
efficiency. As these are on-farm examples would also reduce inputs, in water, fertilizers and pesti-
cides but provides overall higher productivity for the same. Automated systems enable farmers to
take care of bigger territories with much less sources, conserving effort and time [3, 6, 7]

4.2 Sustainability and Environmental footprint

Artificial Intelligence is a significant factor that contributes to the sustainability of farming by
reducing pollution. Conserve valuable water with smart irrigation systems and use Al to eliminate
the need for dangerous chemicals when doing pest management [4]. Its also helps in monitoring the
carbon footprint of agricultural activities so contribution to climate resilient and help to mitigate it

8]

4.3 Enhanced Decision-Making

Al provides farmers with improve productivity based on input parameters, hence making the
decision informed in all steps of crop production. Before planting, Al systems help farmers with
precise adjustments from the time of sowing to harvesting and things such as deciding when to harvest
your crop in according with maturity, market demand [2, 6].

5. Challenges and Limitations

5.1 Data Availability and Reliability

The dearth of high caliber data is one of several hurdles facing the operationalization Al in
agriculture. Al systems need tons of data on things like soil health, weather conditions and how crops
have performed to work. The use of data in Al tools means that these small-scale farmers, especially
those based in developing countries do not have the same services available to them [1, 8].
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5.2 High Transaction Costs, and Access Barriers

It is expensive to launch Al technologies in agriculture, making it difficult for smallholder
farmers. Al-based tools, sensors and robotics investment are capex-heavy [4, 8]. In addition to those
three challenges, a digital divide exists between the developed large-scale commercial farming envi-
ronments and undeveloped small scale operations where there is an infrastructure barrier [3].

5.3 Ethical and Social Concerns

Another worry that arises from Al is its negative effect on employment in the agricultural sec-
tor. The automation of tasks dating back to human labor could lead to job displacement in the future,
especially in areas where agriculture accounts for a significant pool [2]. However, questions of own-
ership and data privacy are starting to arise as Al systems amass great stores of farm level information
[6, 9].

6. Future Prospects

6.1 Artificial Intelligence in Climate-Smart Agriculture

With climate change becoming a rising threat for agriculture, the need of the hour is adopting
Al in devising smart farming practices best suited to combat economic and environmental challenges.
Models driven by Al can predict climate trends, determine which varieties are best to grow in changes
and help farmers plan for extreme weather events [1, 5].

6.2 Al and Circular Agriculture

The transition towards circular agriculture, with the aim to minimize waste and make best use
of resources , with Al support. References by combining Al with circular economy strategies, farmers
can save energy wastage in inputs and utilize their resources efficiently to supplement a sustainable
agricultural ecosystem [9].

6.3 Policy Support and Investment

Policy support and investments in infrastructure, education,and research are required not only
to unleash the full potential of Al for agriculture but also strong partnerships among governments and
stakeholders, if that potential is ever going to be achieved [4]. Training programs that teach farmers
how to use Al tools and paying them for embracing sustainable technologies will be the driving force
behind expansion of this solution [8].

7. Conclusion

Artificial intelligence (Al) is driving a technological revolution that reaches into many facets
of agriculture, with the potential to make operations more efficient and productive while limiting
negative environmental impacts. Al is revolutionizing everything from precision farming to smart
irrigation and logistics, changing the way food grows as well as handled & distributed. Yet obstacles
surrounding data access, expense and ethical considerations remain. Renewed efforts are needed to
overcome these barriers and expand Al applications in climate resilience & circular agriculture. When
done right, Al has the potential to drive a more sustainable & future-proofed global food system.
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Abstract. This study investigates the performance of hybrid Maximum Power Point Tracking (MPPT) algorithms for
photovoltaic systems using neural networks (NN), genetic algorithms (GA), and particle swarm optimization (PSO).
Three hybrid models—NN-GA, PSO-GA, and NN-PSO—were evaluated based on response time, maximum power, and
robustness to noise. Results revealed distinct trade-offs among the models. The NN-GA model exhibited the shortest
response time of 0.0036 s/prediction, but its accuracy significantly degraded with increasing noise levels. The PSO-GA
model demonstrated the highest maximum power output of 100.24 W and superior robustness to noise, with a mean
absolute error (MAE) of 0.2062 at 30% noise. The NN-PSO model provided balanced performance, achieving a maximum
power of 45.90 W and demonstrating the lowest MAE of 0.1537 at 20% noise. These findings highlight the transformative
potential of hybrid MPPT methods in enhancing both the adaptability and performance of solar energy systems across
diverse and challenging operational conditions.
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Introduction

Solar energy plays an important role in the development of renewable energy sources due to its
environmental friendliness, availability, and cost-effectiveness. However, the low conversion effi-
ciency of photovoltaic (PV) systems, ranging from 9 to 17%, requires the use of power optimization
technologies to improve their efficiency. Maximum Power Point Tracking technology provides an
opportunity to maximize the output power of solar panels by adapting them to changing climatic
conditions [1, 2, 3].

Traditional methods such as perturbation and observation (P&Q) and incremental conductivity
(INC) algorithms are widely used due to their simplicity and low implementation cost. However,
these methods have limitations such as steady-state oscillations and efficiency degradation under rap-
idly changing solar radiation [4, 5]. In recent years, much attention has been paid to the implementa-
tion of intelligent methods, including neural networks, logic controllers, and particle optimization
algorithms. These approaches demonstrate improved tracking performance, robustness to data noise,
and adaptation to complex operating conditions [6, 3].

Several studies have been conducted to compare MPPT methods to identify their strengths and
weaknesses. For example, Sarvi and Azadian's study classifies algorithms into traditional, smart, and
hybrid, noting that hybrid approaches have an advantage in non-uniform shading conditions [3].
Eltawil and Zhao's work provides a detailed discussion of the advantages and disadvantages of smart
methods over traditional ones, highlighting their potential to improve the efficiency of solar systems
[2].

This study aims to investigate and evaluate state-of-the-art MPPT algorithms applied to photo-
voltaic systems, focusing on comparing their performance characteristics such as response time, ro-
bustness to data noise, and overall energy extraction efficiency, thereby identifying promising areas
for further development.

Materials and Methods

Maximum Power Point Tracking technology is designed to maximize the energy extracted from
solar panels despite changes in environmental conditions (e.g. sunlight intensity, temperature, shad-
ing). Each solar panel has a Maximum Power Point (MPP) — the combination of voltage and current
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at which the greatest power is produced. However, due to the nonlinear characteristics of solar cells
and changing conditions, this point changes throughout the day.

MPPT algorithms measure the panel voltage (U) and current (I) to calculate the output power
P =U - I P=U-l1. MPPT analyzes the current power and compares it to previous measurements. If the
power increases, the load settings change in the same direction. If it decreases, the direction is ad-
justed. MPPT controllers continuously adjust the panel voltage and current to achieve the optimal
power point, even as weather conditions change. The implementation of MPPT provides maximum
energy efficiency of solar systems, increasing the output power by 10-30% compared to systems
without MPPT [7].

This study aims to evaluate the capabilities of artificial intelligence (Al) to improve the effi-
ciency of MPPT. It includes several stages: first, the classical Perturb and Observe (P&O) algorithm
is simulated, which is the basis for performance analysis. The simulator generates random voltage
and current values in the range of 0-60, calculates the power and records the results. Performance is
assessed by average, maximum and minimum power. The indicators of such Al models as neural
networks, decision trees, genetic algorithms, particle swarm optimization (PSO) are compared.

The following criteria are selected for comparing the models:

¢ Response Speed: The time it takes to adapt to changing conditions.

e Power Extraction Efficiency: The maximum power that a model can achieve.

e Robustness to Data Noise: The ability to maintain performance in the presence of variations

or errors in the input data.

Neural Network. A neural network is a composite mathematical model that transforms input
data into output through a system of interconnected nodes (neurons) organized into layers [8]. For
MPPT problems, neural networks are trained on data including voltage, current, and power to predict
optimal voltage and current values. The general formula for a single neuron is: The output y; of a
neuron in layer [ is defined as:

l l - l
v = f TP + b, (2)

where xj(l'l) is the output of the j-th neuron from the previous layer, wl.(jl) is the weight of the con-
nection between neurons, b} is the bias of the current neuron, f(-) is the activation function (in our
case, itis ReLU), n is the number of inputs for the current neuron. The network optimizes the param-

eters (weights w;; and biases b;) based on the loss function L, which measures the discrepancy be-
tween the predicted output y and the true value y. An example of a loss function:

L= %2?210’1’ — 7% )

where N is the number of training examples.
Gradient descent is used to minimize the loss function:

0 Q) SL

wy —wy —n ; (3)
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where 7 is the learning rate. For the voltage and current prediction task, a linear activation function
is used in the output layer to ensure continuous output. The network is tuned based on synthetic data
representing the voltage, current, and power of solar panels under different conditions.

Genetic algorithms. These are heuristic optimization methods that imitate the processes of nat-
ural selection described by the theory of evolution. These algorithms are suitable for finding optimal
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or approximately optimal solutions to complex problems. The genetic algorithm is based on the use
of a population of possible solutions to the problem, represented as chromosomes that encode the
solution parameters [9]. The quality of each solution is assessed using the fitness function, which
determines the efficiency of the corresponding solution. During the operation of the algorithm, selec-
tion is carried out, in which chromosomes with the highest values of the fitness function are chosen
to participate in reproduction. The creation of a new generation includes a combination of parent
chromosomes using the crossover operation, as well as the use of mutation, which introduces random
changes to maintain the genetic diversity of the population. After this, the new generation replaces
the previous one. The algorithm begins with initialization, during which an initial population of ran-
dom solutions is created. At each iteration step, the fitness function is assessed, parents are selected,
and crossover and mutation are performed to generate a new generation. The process continues until
a specified number of iterations is achieved or the target optimization criterion is met.

A chromosome is a string of parameters x = (x4, x5, ..., X, ), Where x; is the parameter value.
For MPPT, these are voltage and current. The fitness function evaluates the quality of each solution.
In MPPT, the fitness function is defined as: f(x) = P(x), where P is the output power of the solar
panel, depending on the parameters x. Then selection occurs — the probability of choosing the i-th
chromosome p; is proportional to its fitness:

_ S
Pi= SV Fay

where N is the population size. The crossover generates offspring o;, 0, by combining parent chro-
mosomes p;, p,. An example of a single-point crossover:

0; = (p1[1: k], p, [k + 1:n]), ®)
L:k], pilk + L:inD), (6)
where k is the split point.

Mutation introduces a random change in chromosome x: x; = x; + &, where § is a random
value from a given range. A new population is formed from the offspring, or combined with a part of
the old population to preserve elite solutions. The algorithm terminates if the specified number of
iterations is reached or the fitness function value stops improving.

Particle Swarm Optimization (PSO).

It is an optimization method inspired by the social behavior of flocks of birds or schools of fish.
The algorithm uses particles that move through a solution space to find the optimal value of an ob-
jective function [10]. Each particle represents a potential solution to the problem and moves through
the solution space based on its past experience and social interactions. To operate, the PSO algorithm
first defines an initial population of particles, each with a position x; and a velocity v; chosen at
random. Each particle is evaluated using an objective function f(x) to determine its "quality”. The
velocity and position are updated according to the formula: v; = wv; + ¢y (p; — x;) + ¢, (g —
x;), where w is the inertia coefficient controlling the influence of the previous velocity, c;, c, are the
learning coefficients for the personal and social components, 1y, r, are random numbers in the range
[0,1] providing stochasticity, p; is the best position of the particle, g is the best position among all
particles in the population. The position of the particles is updated according to the formula x; = x; +
v;. The algorithm repeats the process of updating the velocity and position until the stopping criterion
IS reached.

In the context of MPPT, PSO is used to find the optimal combination of voltage and current
that provide the maximum power of the solar panel. Each particle represents a possible combination
of (V, 1), and the objective function is the output power: f(V,I) =P =V -1
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Experiments

In the course of the study, three hybrid MPPT models were developed and tested: NN-GA,
PSO-GA and NN-PSO. Their performance was evaluated by key indicators: maximum power, re-
sponse time and noise immunity, the results of which are presented in Table 1 and the corresponding
figures. First of all, synthetic data for solar panels with different noise levels (10%, 20%, 30%) were
created, successfully generated and saved in a csv file (Figure 1). This includes voltage, current and
power data, which will be used to test the models.

Synthetic Power Data with Noise
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Figure 1. Power Data with Noise

NN-GA. Next, a hybrid NN-GA model was implemented using this data. The neural network
architecture included an input layer with 2 neurons corresponding to the input variables, 2 hidden
layers with 10 neurons each and the ReLU activation function, and an output layer with 1 neuron and
a linear activation function. This configuration was chosen to efficiently model nonlinear dependen-
cies between input and output data. A genetic algorithm was used to optimize the network parameters.
An individual in the algorithm was a one-dimensional array containing all the weights and biases of
the network. The population size was 20, and the number of generations was 5. The crossover operator
was implemented as a mixture with a coefficient of 0.5 for the efficiency of combining parameters
between individuals. To prevent getting stuck in local minima, a Gaussian mutation was used with
the following parameters: mean 0, standard deviation 0.1, and the probability of mutation of each
parameter 0.2. Tournament selection with tournament size 3 was used to select the strongest individ-
uals for subsequent generations.

The settings were chosen to provide a balance between computational efficiency and model
accuracy. Limiting the number of generations and population size allowed to speed up the optimiza-
tion process while maintaining sufficient accuracy. The use of tournament selection and mutation
facilitated exploration of the solution space and avoided getting stuck at suboptimal points.

A combination of a neural network and a genetic algorithm was chosen to provide a more effi-
cient search for optimal model parameters. The genetic algorithm is capable of finding global optima
in complex spaces, which complements traditional optimization methods such as gradient descent.
The approach was chosen given the limited amount of data and the presence of noise.

When testing the model on data with a noise level of 20%, the following results were obtained:
Test Loss 0.1328, MAE 0.3310

A value of 0.1328 Test Loss indicates a relatively low error, especially if the target values
(power) were normalized in the range [0, 1]. In this case, the result can be considered good. A value

87



J.V.Najafli / Proceedings 2 /2024, 84-91; DOI: 10.61413/MISF1938

Informatics

of 0.3310 MAE is also moderate, but the accuracy can be improved. If the power is normalized, the
absolute error of 33% is acceptable, but can be reduced by further optimization of the model.

PSO-GA. Next, a hybrid model of neural network parameter optimization was implemented
based on a combination of particle swarm optimization (PSO) and genetic algorithm (GA). This
model uses PSO to roughly tune the parameters, and GA performs their subsequent refinement, which
allows for an effective combination of global search and local optimization. The neural network
model included 2 hidden layers with 10 neurons each and the ReL U activation function. The follow-
ing settings were used to optimize the PSO parameters: the inertia coefficient was 0.5, the cognitive
and social component coefficients were 1.5, the particle population size was set to 20, and the total
number of iterations was 10. The particles updated their positions based on their own and global
success history to quickly explore the parameter space.

Based on the found solution, the particle swarm method passed the optimized parameters to the
genetic algorithm, which refined them using crossover and mutation operations. The following pa-
rameters were chosen for the genetic algorithm: crossover probability of 0.5, mutation probability of
0.2, and the total number of generations was 5. The population size for the genetic algorithm was also
20.

These settings were chosen to provide a balance between computational efficiency and model
accuracy, as well as to minimize the mean square error during the testing phase. Test results: Test
Loss: 0.0484, Test MAE: 0.1714

NN-PSO. The last to be implemented was a hybrid neural network model, the parameters of
which were optimized using the particle swarm optimization (PSO) algorithm. The architecture of
the hybrid models is the same as in the pairs of the previous two.

Results: Test Loss 0.0411, MAE 0.1565

Final test and discussion

After training the models, their speed of adaptation to changes (response time), energy extrac-
tion efficiency (maximum achieved power) and noise immunity were tested.

The NN-GA model showed the maximum power of 35.82 W, which is inferior to other models,
but compensated for this with the shortest response time - 0.0036 s / prediction. However, its accuracy
significantly decreased with increasing noise level. For example, at a noise level of 30%, the loss was
0.3936, and the MAE reached 0.5910, as can be seen from the data in Table 1.

In contrast, PSO-GA demonstrated the highest power, reaching 100.24 W, and high noise im-
munity. At 30% noise level, its MAE was only 0.2062, as confirmed by Figure 2. However, the re-
sponse time of this model was slightly higher than that of NN-GA, amounting to 0.0043 s/prediction.

The most balanced results were shown by the NN-PSO model. With a maximum power of 45.90
W and a response time of 0.0045 s/prediction, it demonstrated the best noise immunity among all
models. For example, at 20% noise level, its MAE was only 0.1537, which is the lowest value among
all the studied approaches.

The comparative analysis presented in Figures 3 and 4 confirms that the models using PSO
cope with the power extraction task more efficiently, especially in high noise conditions. However,
NN-GA remains preferable when minimizing response time is required (Figure 5).

Table 1
Performance of Models under Noise (MSE and MAE)
Noise level (MSE) Noise level (MAE)
Model
0.1 0.2 0.3 0.1 0.2 0.3

NN-GA | 0.4332 | 0.4371 | 0.3936 | 0.6193 | 0.6333 | 0.5910
PSO-GA | 0.0494 | 0.0490 | 0.0690 | 0.1731 | 0.1727 | 0.2062
NN-PSO | 0.0409 | 0.0388 | 0.0432 | 0.1565 | 0.1537 | 0.1611
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Table 2
Models’ MP and response time

Model Maximum Power (W) | Response time (s/pred.)
NN-GA 35.82 0.0036
PSO-GA 100.24 0.0043
NN-PSO 4590 0.0045

Performance of Models under Noise - MAE
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Figure 2. Performance of Models under Noise — MAE
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Figure 3. Performance of Models under Noise — Loss (MSE)
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Figure 4. MPP for each model (Denormalized results)
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Figure 5. Response time for each model

Conclusion

The comparative evaluation of three hybrid MPPT models—NN-GA, PSO-GA, and NN-
PSO—demonstrated the unique advantages and limitations of each approach. The NN-GA model
excelled in minimizing response time, making it suitable for applications requiring rapid adaptation
to changing conditions. However, its performance was less robust under noisy data, highlighting its
limited applicability in unstable environments. The PSO-GA model achieved the highest maximum
power output, demonstrating superior efficiency and robustness across all tested noise levels. This
makes it an ideal choice for scenarios where power extraction is the primary objective. The NN-PSO
model, while achieving intermediate results in response time and maximum power, exhibited the
highest robustness to noise, as evidenced by its low MAE at varying noise levels. This balance sug-
gests its suitability for environments characterized by fluctuating and noisy conditions.
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These results underscore the importance of selecting an MPPT algorithm based on specific op-

erational priorities, whether it be response time, power extraction efficiency, or noise robustness.
Future research could explore advanced hybridization techniques, integrating additional machine
learning algorithms or optimization methods to further enhance MPPT performance in diverse real-
world conditions.
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Ilkin qeydlor. Simsiz rabito sistemlorinde molumat miibadilesi radiorabito kanallari iizerinden
hoyata kegirilir. Radiorabits kanali dedikds yuxar1 vo asagi sorhadi molum olan mohdud tezlik zola-
ginda isloyan kanal nazards tutulur. Radiorabito sistemlorinin samoraliliyinin giymatlondirilmasi
liclin asas meyar rabito kanalinin tutumudur [1], [2, s. 230-305]. Kanalin tutumu dedikdo molumatin
miimkiin an kigik sohvlor ehtimali ilo aldo olunmus maksimum siiratlo verilisi nozards tutulur [3,
5.245-294], [4]. Miivafiq texniki odobiyyatlarda ¢ox zaman rabito kanalinin buraxma qabiliyyati
ifadasindan do istifads olunur. Rabits kanalinin buraxma gabiliyyati dedikds vahid zamanda kanalla
ottirtilmoasi miimkiin olan informasiyanin maksimum dayari nozards tutulur.

Ayrilmis tezlik zolaginin istismarinin somaraliliyini giymatlondirmak ti¢iin kanalin maksimum
buraxma gabiliyyati ilo kanalla 6tiiriilon molumat siiratini qarsilasdirmaq lazimdir. Bunu analitik
olaraq asagidaki riyazi ifados ilo gostora bilarik [5, s. 305]:

RgH
B

£ ==

burada e — spektral effektivlik, Ry — simvol siirati, H — entropiya, B — kanalin buraxma zolagidir.

Qauss “ag” kily kanalinda kanalin tutumu molum Sennon diisturu ilo asagidaki kimi hesablanir
[3, s. 304]:

C = Blog, (1 + g) . (1)

Burada C — kanalin bit/s ilo ifado olunan maksimum tutumu, P — signalin giicii, N=NoB — kiiylin
giicii, P/N — signal/kiiy nisbati, No — kiiyiin intensivliyidir.

(1) ifadssi kanalin buraxma qabiliyyati ilo kanalin eni, signalin vo kilylin giicli arasindaki
olagoni ifads edir vo gostorir Ki, bu kanalda signal/kiiy nisbati yaxsilasdiqca vo kanalin buraxma
zolag artdiqca, kanalin buraxma qabiliyyati do artir. Sennon diisturuna asasan deyas bilarik ki, baxilan
kanalda yalniz iki asas parametr var ki, onlarin idars olunmasi ilo kanalin buraxma qabiliyyati artirila
bilor. Bunlar kanalin tezlik buraxma zolag1 va signalin giiciidiir.
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Kanalin eni va ya kanal tiglin ayrilmis tezlik zolag rabits sisteminin asas elektomaqnit ehtiyati
olmagla mahduddur [1], [2, s. 204-370], [6, 7], [8, s. 206]. Bu 0 demakdir ki, kanalin buraxma gabi-
liyyatini artirmagq tigiin tezlik zolagmin genislondirilmasi he¢ do hor zaman miimkiin olmaya bilor.
Bels ki, bu ehtiyatlarin istifadoasi xtisusi qurumlar torafindon vo gaydalar ssasinda icra edilir. Bir ¢ox
hallarda olava tezlik zolaginin istifadosi olava Xxorclorlo miisayiot olunur. Bu baximdan cari
ehtiyatlardan istifads etmoklo sistemin timumi tutumunun artirilmasi daha shamiyyatlidir.

Buraxma qabiliyyatinin artirilmasi {igiin digor bir yanasma signalin giicliniin artirtlmasi ola
bilor. Qeyd etmok lazimdir ki, xidmat zonasinda yalniz bir mobil stansiya oldugda bu metod magbul
sayila bilordi. Lakin xidmat zonasinda birdon ¢ox mobil stansiyalar islodikda giiciin artirilmasi ilo
mobil stansiyalarin stialandirdig1 signallar arasinda interferensiyalar giiclonacokdir. Dolayist ilo
signalin giiclinlin artirilmasit he¢ do har zaman buraxma gabiliyyastinin artirilmasina komok
etmoayacak, oksino miisyyan hallarda buraxma gabiliyyatinin azalmasi ilo naticalonacokdir.

Sennon diisturuna asason deyas bilarik ki, kanalda kiiy sifra yaxinlasdigi halda kanalin buraxma
gabiliyysti maksimum giymat alacaqdir. Bu iso 0 demokdir ki, kanalda miimkiin olan kiiylarlo miiba-
rizo aparmagla, yoni maneadayaniqligini artirmagqla kanalin buraxma qabiliyyastini artirmaq miimkiin-
diir. Bu baximdan rabito kanalinin manadayanigqhiginin artirilmasi moqsadilo yeni yanasmalarin
miioyyan edilmoasi, yeni lisullarin tatbiginin nazardon kegirilmasi shamiyyatli ola bilar [9, s. 245-367].

Masalanin qoyulusu. Yuxaridaki miilahizolordon bir daha aydin olur ki, kanalin buraxma
gabiliyyatinin artirilmasi maneadayanigqliginin vo demoali, signal/manes nisbatinin artirilmasi ilo six
baghdir. Rabito sisteminin maneadayanigliginin artirilmasi problemi telekommunikasiya nozariy-
yasinds yeni bir problem deyil va bu problemin hallina goxsayli elmi tadgigatlar hasr olunmusdur.
Burada mogsadimiz maneoadayanigliginin artirilmasi ii¢iin yeni metodun toklifi vo todqiqi deyil.
Hazirda mobil rabits sistemlarinds ¢ox zaman tatbiq olunan ¢oxantenali gobul vo ¢coxantenal: verilis
soraitindo maneoadayanigliginin vo bunun naticasinda sistemin buraxma gabiliyyatinin artiminin
miiqayisali tohlili maraq dogurur.

Radiodalgalarin yayildigi miihit (radiorabito Xotti) elo bir miihitdir ki, onu xarakterizo edon
gostaricilor otraf tasirlora hassas olur vo kanalin keyfiyyati vo rabitonin etibarliligi zaman vo tezlik
doyisdikca doyisir.

Radiorabits kanali ilo malumatin 6tiiriilmasi zamani oksolunmalarin tasiri naticesinds radiodal-
galarin ¢oxsiiali yayilmasi bag verir ki, bu da radiodalgalarin alave sénmasine sabab olur. Sénmalar
olan miihitds gabul olunmus signalin giicii masafodan vo ya zamandan asili olaraq doyisir [2, s. 345-
375], [3, s. 336-380], [4]. Sonmalarin olmasi signalin gobulunu ¢atinlosdirir va kanal {izro malumatin
verilmas siiratinin mohdudlagsmasina sabab olur. Miivafiq elmi-texniki adobiyyatlarda radiokanallar
lizro sonmolori siiratli vo yavas sonmolor kimi iki qrupa bdliirlor [4]. Sonmolorlo miibarizanin
iisullarindan biri ds rabito kanalinda moalumat 6tiirtilmasi zamani yuxarida adi ¢okilon miixtalifliyin
totbigidir. Dalgalarin ¢oxsiiali yayilmasi sabobindon signal radiogabuledicinin girigino forgli yollarla
galib gatir. Qabul edilir ki, forgli gobul yollarinda sénmalarin saviyyasi do forglidir. Fargli yollarla
radiogobuledicinin girisina galon signallarin miixtalif Saviyyali sénmoloro moruz galmasi miixtaliflik
prinsipinin asasimi tagkil edir. Radiogobuledicids onun girisina fargli yollarla goalon signallarin elo
birlosdirilmasi yerina yetirilo bilor ki, yekun signalda sénmolorin tosiri azalmis olsun. Magalanin
magsadi radiorabito kanallarinda radiodalgalarin goxsiiali yayilmasi soraitinde miixtalif verilis vo

miixtalif gabul sortlorinds rabits sisteminin maneadayanigliginin artirilmasi tisullarinin miiqayisali
tohlilidir.

Masalanin halli. Mobil rabits sistemlarinds radiodalgalarin fozada yayilmasi zamani bas veran
sonmoalarin saviyyasinin kompensasiya olunmasi magsadilo ya ¢ox sayda verici antena, ya da gox
sayda gobuledici antena istifads edilo bilor. ikinci bir metod isa forqli polyarizasiyali iki verici vo ya
iki gobuledici antenanin istifado edilmosidir. Malumatin forgli tezlikli radiosignallar vasitasila
otiiriilmasi tigiincti alternativ metod kimi toqdim oluna bilor. Miiqayisa tigiin geyd etmok lazimdir ki,
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ilk iki metod heg bir olavas tezlik zolagi tolob etmadiyi halda, sonuncu metodda hom slava giic, ham
do olavs tezlik zolagi tolob olunur. Birinci metodun totbiqi ilo maneadayanigliginin artirilmasi
imkanlarimi todqiq edok. Bu mogsadlos iki gobuledici va iki verici antenalar vasitosilo signallarin
verilmasi vo gobulu zamani signal/kiiy nisbatinin artiritlmasi imkanlarini ayri-ayriliqda arasdiraq.

1. Coxantenah radiogobul iisulunda maneadayaniqhginin artirilmasi imkanlarinin tahlili.
Mobil rabits sistemlorinds gobul mantagasinds bir nega, ¢ox zaman iki gobuledici antenadan istifado
edilo bilir [10, s. 123-234]. Bu zaman gobuledicinin girisina fargli yollarla golib ¢atan signallarin eyni
fazada comlonmasi va sonradan signalin emal olunmasi naticasinds signal/kiiy nisbati bir antena ilo
gobulla miigayisado ohomiyyatli dorocado yaxsilasa bilor [11, s. 18-22]. Forqgli antenalarla goabul
edilmis signallar forqli yollarla yayimlandigindan, onlar imumi halda forqli sénmoloro moruz qalir.
Ogor goabul yollarinin say1 K olarsa, onda bu iisul gobulda signal/kiiy nisbatinin K dofo artmasini
sortlondirir.

Molumatlarmn Stiiriilmosi zamani rabito Xottindo bas veran kompleks sonmo 7;e/% ils ifado
oluna bilar [3, s. 23-197], [12]. Bu s6nmani nazars alsaqg, gabuledicinin girisindoki signal x(t) =
s(t)r;e’%% ifadosi ilo gostarilo bilor. Sadalik iigiin qobulun iki antena ilo hoyata kegirildiyini vo hor iki
kanalin Reley kanali oldugunu goabul edak (sokil).

-

X1(t) %

B}

Magta iki antenah gobuledici Bina

Reley kanalinda iki stianin gobuluna dair

Hor iki antenadan gobul olunan signallarin r;e/%: sonmosine moruz qaldigimi, lakin forgli
fazalarda oldugunu forz edok. Bu halda homin signallarin comlonmasi zamani com signalin saviyyasi
artmaq ovozino azala bilor ki, bu da 6z novbasindo gobul edilmis signalin dekodlanmasini
cotinlosdiracokdir (soklo bax). Bunun garsisin1 almaq tgiin sokilda gostorilon miixtalif qollardaki
signallar ilk 6nco eyni fazaya gatirilmalidir. Arasdirma zamani forz edilir ki, gobul edilmis signallarin
fazasi gobuledicide malumdur. Faza malum olmayan halda gabuledicids koherent detektorlama totbig
edilir ki, bu da faza ilo yanasi, hom do gobul yollarindaki signal/kiiy nisbatini miiayyan etmoys komok
edir. Qobul olunmus siqnallardaki e/ (i = 1,2) sonmelorin saviyyesini azaltmaq iiciin onlar
a;e /% (i = 1,2) vuruguna vurularaq comlonir. Vurugdaki “— isarosi gobul edilmis signal ilo
miiqayisads fazanin oks oldugunu gostarir. Natico olaraq forgli yollarla galon signallardaki faza forqi
aradan galdirilir vo comlandikdan sonra X(t) signali birantenali gobul ilo miigayisads X;a;7;; i = 1,2
dofa artmus olur.

Faydali signalin kiiy ilo miigayisodo giiclinii gostormok tiglin signal/kity nisbati (SNR)
doyarindan istifads edilir vo SNR = Psignai / Niiy hesablanir. Baxilan halda har iki gabul golu tigiin

2
signal/kily nisbati y; = ;—L, i = 1,2 kimi miiayyan edilo bilar [3, s. 221-236].

Hor iki antena vasitosilo gobul edilmis signallar comlondikdon sonra signal/kily nisbatini
asagidaki kimi ifads eds bilorik:
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Y2, air;
2= : ll 1af N)l .
Burada (Y%, a; 1;) — faydali signalin, Y%, a?N;— qollardaki kiiylorin comidir.

Forz edok ki, gobul gollarinda sénma yoxdur, yoni yayilma zamani siqnal sonmolora moruz
qalmir va qollarda kiiylarin giici N = Ny B eynidir. Bu hal ii¢lin yuxaridaki ifadoni asagidak: formaya
gotira bilarik:

(21 1‘7”'1) (O 1)2 le=1ri2 —
2 a?NoB  NoBY? N =1V

Vs =

i=1 l
Bu ifado demayas asas verir Ki, bir antena ilo miiqayisads iki antenali gabul zamani iki qol {izra
gobul aparilmasi va koherent comlonma yerina yetirilmasi naticasinds signal/kiiy nisbati iki dofo artir

Vo ya sistemin timumi signal/kily nisbati qollardak: signal/kiiy nisbatinin comina barabar olur.
Ogor M sayda antena ilo gobul totbiq etsok, onda

(tar) _ Gr) st g 2

Zl 1“1N0 NOBZL:l i NOB

Y= =

(2) ifadasindan aydin olur ki, sonmalorin olmadigi hal ti¢iin miixtalif antenalardan gobul edilmis
signallarin koherent comlonmasi hesabina qobul edilmis siqnalin tok antenalt gobul ilo miigayisoda
M dofa giiclonmasi miimkiin olur. Coxsayli antenalar vasitasilo gobul zamani aldo edilmis giic qazanci
massiv giic qazanci adlandirilir vo sénmolorin méveud oldugu kanallarda daha yaxsi gostaricilora nail
olmaga sorait yaradir.

Tocriibolor gostormisdir ki, bu metodun totbigi gobulda signal/kiily nisbatinin 20... 30 dB
yaxsilasdirilmasina sarait yaradir [2, s. 343-365].

2. Coxantenal radioverilis iisulunda maneadayanighgimnin artirilmasi imkanlarinin
tahlili. Radiogabul soraitinin miixtalifliyinin oksino olaraq bu iisulda bir nego antena verici torofdo
istifado edilir. Otiiriilon signalin giicii antenalar arasinda béliisdiiriiliir. Bu iisulda giic antenalar
arasinda boliisdiiriildiyiindon radiovericidon alava giic tolob olunur. Bu baximdan geyd olunan
tisulun adaton giic ¢ox olan tarafds, masalon, mobil rabits sistemlarinds baza stansiyasi torafds totbiq
olunmasi daha olverisli sayila bilor. Radioverilis miixtolifliyi kimi iki hal forglondirilir. Bu fargin
asasini radiovericinin kanal tizra giictiniin verici torafds avvalcadan malum olub-olmamasi togkil edir.

Radioverilis xotti {izra signal/kiiy nisbati qazancinin r;e/%: molum oldugu hal {igiin i verici
Vo gobuledici antenalar arasindaki rabito Xottino qosulmus radiogabuledicinin girisindo signal/kiiy
nisboti asagidaki kimi hesablanir [3, s. 326]:

2
= Ti Pt
v NgB'

burada P: — &tiiriilon signalin orta giicii, NoB — gabuledicids kiiyiin giictidiir.

y; — glico gors signal kity nisbatini ifads edir. Ona gors do kilyiin intensivliyini tezlik buraxma
zolagina vurmagla kiiyiin giictinii miioyyan edirik. Bitin enerjisino géra nisbat miioyyan olunduqda
ISo bitin enerjisinin kiiyiin intensivliyino nisbatini hesablamaq lazim golir.

Aydindir ki, imumi signal/kiiy nisbatini tapmagq ti¢iin biitiin qollardaki signal/kiiy nisbatlorini
comlomak lazimdir. M sayda verici antena iigiin yaziriq:

=15 I = Sy 3)

(2) vo (3) ifadalorindon goriindiiyii kimi signal/kily nisbati iizro yol qazanct moalum olduqda
radioverilis miixtalifliyi radiogobul miixtalifliyins yaxin olur.
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Verilis xatti lizro qazancin molum olmasi verilis miixtalifliyinin gqiymatlondirilmasi {igiin 6nom
dasiyir. Belo ki, signalin giicii antenalar arasinda montiqi boliina bilir vo verilon signallar
gabuledicinin girisinds koherent olur. Yuxarida qeyd olunanlar asasinda deys bilirik ki, verilis bir
ne¢d antena ilo aparildiqda sistemin manedayaniqhigi yaxsilasir. Bu, signal/kily nisbatinin timumi
giymaotinin artmasinda 6zlini gostarir.

Verilis xottinin qazanci malum olmadigi halda 6tiiriilon enerjinin antenalar arasinda mantigli
boliinmasi miimkiin olmur. Homginin koherent birlosmanin alinmamasi sobabindan iki antenali verici
miixtalifliyinin tistlinliiyli miioyyan oluna bilmir.

Lakin foza vo zaman mixtalifliyini nozoro alaraq totbiq edilon Alamouti sxemi mixtalif verilis
tsullarmin isini giymatlondirmays sorait yaradir [3, s. 404-412].

(2) va (3) ifadalorindan da goriindiiyii kimi, hom gabulda, ham ds vericide miixtalifliyin tatbiqi
signal/kily nisbatinin yaxsilasdirilmasi ilo naticalonir. Signal/kily nisbatinin yaxsilasmasi isa (1)
ifadasine gora kanalin somarsliliyinin artmasina sabab olur.

Natica. Mobil rabito sistemindo bir nego gobuledici antenadan istifads edildikds va gobul
edilmis signallarin fazasi gobuledicido molum olduqda miixtalif qollardaki signallar ilk 6nco eyni
fazaya gatirilmali, sonra bu signallarin comlonmasi yerina yetirilmalidir. Faza molum olmayan halda
gobuledicido koherent detektorlama totbig edilmalidir ki, gabul olunmus signallardaki sénmalarin
Soviyyasini azaltmaq tiglin onlar gobul edilmis signal ilo miiqayisads oks fazali vuruga vurularaq
comlonmolidir. Natico olarag fargli yollarla golon signallar comlondikdon sonra x(t) signali bir
antenali gabul ilo miiqayisads Z;a;1; dofo artmis olur.

Bir nego verici antenadan istifado edilmosilo aparilan verilis bir nega gobuledici antenadan
istifado etmoklos aparilan radiogoabul iisuluna toxminon barabar signal/kiiy nisbati artimi tamin edir.
Lakin dorin sonmoalor bas veran kanallarin mévcud olmasi ehtimalini nazars alaraq daha ¢ox bir nega
gobuledici antenadan istifado etmak magsadouygun hesab oluna bilar.
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ZAMANI MANEODAYANIQLIGININ ARTIRILMASI iMKANLARININ TOHLILI

i.R.Mammoadov, E.M.Hiiseynov

Xiilasa. Mobil rabits sistemlorinds goxantenali gabul va ¢oxantenal: verilis tisullarindan istifads etdikdo maneadaya-
nighgmin artirilmasinin miiqayisoli tohlili aparilmisdir. iki vo daha artiq sayda qobuledici antenadan istifads olunduqda
gobuledicids signal/manes nisbatinin artmast gabul edilmis signallarin fazasi malum oldugu vo molum olmadig: iki hal
tiglin hesablanmigdir.

iki vo daha artiq verici antenadan istifado olundugda signal/manes nishatinin artmasi hesablanmisdir.

Acar sozlar: Mobil rabits sistemi, buraxma qabiliyyati, tezlik buraxma zolagi, signal/kiiy nisbati, sistemin manea-
dayamqligi, radiodalgalarin ¢oxsiiali yayilmast.
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Abstract. The article produces a new generation of composites with different ratios of components based on low-
density polyethylene (LDPE) and natural mineral from the village of Gizil Zod in the Kelbajar region. The influence of
the filler on the properties of the resulting composites was studied. In order to improve the adhesion between the polymer
matrix and the filler and obtain composites with higher physical and mechanical properties, a sizing agent is included in
the system. A copolymer of heptene-1 with maleic anhydride was taken as a coupling agent (apprete). It has been estab-
lished that the properties of the resulting polymer composites directly depend on various factors: the structure of the
polymer matrix, the amount and dispersion properties of fillers, and the properties of the sizing agent formed and acting
on the interfacial layer.

Keywords: low-density polyethylene (LDPE), natural mineral "Gizil Zod", copolymer of maleic anhydride and hep-
tene-1, tensile strength (o), elongation at break (¢), melt yield strength (MFL)
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Introduction

One of the developed areas of chemistry in our time is the preparation of various composites by
mixing polymers and including individual fillers in the resulting composites. As a result of the influence
of a number of properties of fillers on polymer composites, new types of composite materials with high
physical and mechanical properties have been obtained. Materials obtained by this method are consid-
ered necessary raw materials in various fields of technology - in radio engineering, electrical engineer-
ing, mechanical engineering, in the direction of purchasing various household materials.

Relatively high results can be obtained by determining the optimal proportions of the necessary
components to obtain high-quality composites [1-3].

From the studies conducted, we can conclude that the composition, nature, quantity, and dis-
persion of the filler have a positive effect on the quality of the composite and thereby lead to an
expansion of the areas of application of the resulting material [4].

The minerals used as fillers are solid. However, the material that plays the role of a modifier
can be either a liquid or a gas aggregate. When polymers are filled with gases, a polymer-foam com-
posite is obtained, thus it is possible to reduce the density of materials or increase intramolecular
pores. Filling polymers with liquid is a technologically complex process. Using liquid filler emul-
sions, it is possible to obtain a solid and fairly durable material as the final product.

In a number of literature sources, polyolefins are used as a polymer matrix.

This is due to the fact that they have many positive characteristics. Thus, the positive properties
of polyethylene, such as ease of production, low cost, environmental friendliness and safety, relatively
low density and crystallinity, necessitate its use as a matrix.

There is quite a lot of scientific research in the direction of producing composites using mate-
rials of different sizes as modifiers. The use of nano-sized particles as a filler is among the research
works with positive results. Since nanofillers are active particles, they are stabilized in certain poly-
mer matrices. Using metal oxide nanoparticles stabilized in a polymer matrix as a filler, various pol-
ymer composites with improved physical-mechanical, thermophysical, rheological, and thermal prop-
erties were obtained [5].
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Goal of the work

One of the most global problems of our time is environmental protection and ensuring the pro-
tection and integrity of natural resources. Environmental pollution from industrial and household
waste leads to the spread of various diseases among people, weakened immunity and the emergence
of a number of global problems. From this point of view, the production of environmentally friendly
and safe materials obtained by simpler processing methods and the use of cheap raw materials is
considered very important.

One of the important problems of economic development is the issue of efficient use of natural
resources and maintaining environmental balance. The basis of the work carried out in this direction
is the purchase of polymer composite materials with high performance indicators using intermediate
products and waste generated during the production and processing of polymers [1].

Interest in polyethylene and composites based on it is due to their high physical and mechanical
properties [1, 2]. In the chemistry and technology of polymers, the problem of creating a new gener-
ation of polymer composite materials with significantly improved properties comes to the fore. Low-
density polyethylene (LDPE) composites are considered a promising material in terms of low cost,
high tensile strength, elongation at break and high temperature resistance.

Currently, it is considered a very convenient way to introduce fillers into polymers that are
compatible with polymer materials and capable of creating a synergistic effect. Therefore, to solve
the required number of technical and environmental problems, much attention is paid to the develop-
ment of technology for the production of polymer composite materials [3-4]. Sizing agents are suit-
able for processing a homogeneous mass, for example, vinyl acetate with maleic anhydride, hexene-
1, heptene-1, etc. Copolymers have been synthesized. As a result, to obtain a composite, 3-5 wt.% of
a sizing agent (apprete) was introduced into the composition as a sizing agent.

Taking all this into account, composites with different ratios of components were obtained
based on natural rocks (fillers) from local mineral deposits and low-density polyethylene (LDPE).

Formulation of the problem

The properties of the resulting new type of composites are determined by the fact that the pol-
ymer matrix is mixed with filler and located in the interfacial layers.

Also, the inclusion of natural mineral fillers of various compositions into polymers as modifiers
leads to the production of composites with relatively better fire-resistant properties [1].

The mechanism of consolidation of composites is a difficult process to understand. In this re-
gard, many researchers have conducted their research by adding rubber to the system in order to
increase the hardness of the polymer composite. The fact that elastomers have an amorphous structure
and thus form domains in the system due to the disruption of adhesion leads to an increase in the
thermal strength of the composite [2].

Natural mineral fillers increase the viscosity and processing temperature of the polymer. The
hardness of the outer surface of the resulting material increases and the difference from the original
shape disappears.

Solution to the problem

The presented work is devoted to the study of filled polymer composites based on LDPE pro-
duced by the ethylene-polyethylene plant of the Sumgayit Industrial Park. Republic of Azerbaijan,
Kelbajar region Natural minerals “Gyzyl Zod” were used as a filler.

Since the beginning of the 20th century, special attention has been paid to replacing metal,
wood, fabric and other natural materials with more cost-effective, lightweight, durable and resistant
to harsh environmental conditions, easily taking any shape and various synthetic materials. [6-7].

The rapid growth in the production of plastic products causes the need to recycle plastic waste
[8-9].
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For many years, employees of the laboratory “Recycling and Ecology of Polymer Materials”
of the Institute of Polymer Materials have been purchasing composite materials filled with natural
minerals, such as polyolefins and fillers, and using various copolymers synthesized by them as cou-
pling agents, as well as various properties of the resulting composite samples, for example, - physical
and mechanical properties, determine the fluidity index of the alloy [10].

Taking all this into account, current scientific research is being conducted in the direction of
obtaining new composites with various components and increasing their physical and mechanical
properties by applying various modifiers to the resulting mixtures.

The polymer matrix is low-density polyethylene (LDPE), the filler is rock with the natural min-
eral “Golden Zod”. A copolymer of maleic anhydride and heptene-1 was taken as a coupling agent.

The mine rock used as filler has the following mineralogical composition.

Table 1
Mineralogical composition, %
Conventional name of (Mg, Al)3((Si,Fe)>0s)(OH)4 MgFe:04 Other
o magnesium ;
samples Alisardite ferlite mixtures

Nel

“Gyzyl Zod” 88 10 2

No 2

Ne3

Waste mining 87 13 2

The chemical composition of the natural mineral included as a filler in polymer composites is
given in the table below.

Table 2
Chemical composition of the presented samples, %.
Conventional .
name of samples Na>O MgO AlLOs SiO2 P20s SOs K20 CaO
el 0.01 3694 | 057 | 3654 | 00l 0.28 0.01 0.21
(EGyzyl Zod’9 b b b 9 b b b 9
Ne2 0,14 9,48 12,93 40,24 0,12 0,13 0,02 26,37
Ne3
0,01 34,91 0,53 37,14 0,01 0,11 0,01 0,30

Waste mining

TiO: MnO Fe203 NiO Cr03 Cr YTI
0,01 0,12 11,00 0,45 0,40 0,07 13,34
0,98 0,05 5,01 0,02 0,03 0,01 4,46
0,01 0,14 12,52 0,61 0,53 0,10 13,06

Note: YTI —950°C indicates the amount of volatile components.
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In addition to SiO2, the natural mineral that we take as a filler contains a number of other
compounds in mass fractions.

The physical and mechanical properties of the resulting composites are given in Table 3.

Table 3
Physico-mechanical properties of the resulting compositions
Without Apprete
Stretching Relative
Ne Components w. % force, o, MPa elongation, €,% MFR
1. LDPE-100 11.0 45 5.9
2. LDPE-70 29.6 16 5.4
Filler-30
3. LDPE-60 30.6 8 4.5
Filler-40
4, LDPE-50 32.7 4 3.8
Filler-50
5. LDPE-40 25.0 4 14
Filler-60
6. LDPE-30 19.0 4 0.4
Filler-70

From the data presented in Table 3, it is clear that the tensile strength takes its maximum value
when the ratio of the components included in the composite, LDPE-50 and filler is 50 wt.%. 6=32.7
MPa. This is explained by an increase in the strength of the resulting composite with an increase in
the amount of filler. However, with a subsequent increase in the amount of filler, the value of the
tensile strength of the sample decreases and, as a result, it takes on a minimum value (o = 19.0 MPa)
with a component ratio of LDPE-30 and filler of 70 wt.%. This is explained by an increase in brittle-
ness due to microdefects that can occur within the composite.

The relative elongation values of composite samples correspondingly decrease as the amount
of filler increases. The alloy flow index values obtain lower values as the mass % of the filler in-
creases. This is explained by a decrease in fluidity depending on the nature of the filler. Summarizing
the results of the presented studies, we can conclude that the content of a composite filler polymer
with excellent deformation resistance properties is 50/50% by weight.

In continuation of the research and in order to ensure or improve the compatibility of the poly-
mer matrix with the filler, as well as to obtain composites with high-quality physical and mechanical
properties, an analysis of the properties was carried out by adding a copolymer of maleic anhydride
with heptene-1 in the form of a coupling system.

Polymer matrix - low density polyethylene (LDPE). brand-10803-020.

Filler - mining rock "Kyzyl Zod".

The coupling agent (apprete)- is a copolymer of maleic anhydride with heptene-1.

Apprete is included in the system in an amount of 3 mass%, regardless of the ratio of the com-
ponents.

Looking at Table 4, we see the values of physical and mechanical indicators. Tensile strength
of a sample with 50/50 wt. % LDPE and filler by weight takes the maximum value (6=33.3). It is
observed that the strength gradually decreases with a subsequent increase in the amount of filler.

When studying the effect of adding a sizing agent to the system, we see that the strength of a
sample with a component ratio of 50/50% receives its maximum value as a result of mixing the sizing
agent in an amount of 3% by weight. With a further increase in the amount of filler, the tensile strength
value gradually decreases, as in the case of samples without sizing. As a result, the minimum price
for a LDPE-filler-sizing sample becomes relevant at a component ratio of 30/70/3 wt.%. In samples
with a large amount of filler in the system, the decrease in strength and low values are explained by
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the observation of brittleness due to the formation of microdefects inside the composite. As can be
seen from Table 4, the results in the case of the sizing agent are similar.

Table 4
Physico-mechanical properties of composite samples
With apprete
Stretching Relative
Ne Components, % force, o, MPa elongation, €,% MFR
1. LDPE-70 28.4 16 35
Filler-30
Apprete-3
2. LDPE-60 29.7 12 2.9
Filler-40
Apprete-3
3. LDPE-50 33.3 8 24
Filler-50
Apprete-3
4, LDPE-40 23.6 4 1.2
Filler-60
Apprete-3
5. LDPE-30 19.4 4 0.4
Filler-70
Apprete-3

The melt flow index values decrease with increasing filler amount. The same results are ob-
served when adding a sizing agent to the system.

In order to increase the adhesion of the polymer matrix to the filler and achieve higher physical
and mechanical properties when obtaining composite samples in various mass% ratios by adding a
sizing agent to the system, the maximum value of the tensile strength is set higher than the results of
samples without sizing agent. =32.7 MPa for LDPE/Dol.-50/50% without sizing agent and 6=33.3
MPa for LDPE/Nap./Ap.-50/50/3% with sizing agent. From this we can conclude that the influence
of the primer on a homogeneous system containing a filler polymer is undeniable.

Conclusion

Based on low-density polyethylene and natural mineral fillers, polymer composites with differ-
ent ratios of components were obtained and the influence of the filler and primer on the system was
studied. Composite samples with different mass% ratios were obtained, and to increase the compati-
bility of the matrix with the filler and obtain composites with better physical and mechanical proper-
ties, a copolymer synthesized in the laboratory was introduced into the system.

As a result of the research, it was concluded that the sample with the highest physical and
mechanical properties among the samples without sizing and with sizing has a component ratio of
50/50%.

The acquisition and study of polymer composites of various compositions shows that scientific
research in this direction gives very good results, and the resulting polymer composites with high
properties can be used in various fields.

The resulting polymer composites can be used in various fields of technology as structural ma-
terials for technical purposes.

Therefore, the presented research work is considered to be economically and environmentally
beneficial.
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Abstract. It was determined that the amount (activity) of radionuclides in coastal sands of Caspian
Sea is 3-4 times lower than in the surrounding soils and the level of background radiation is 3-4 times
below the maximum permissible directive value (0.12 pSv/hour). Accumulation of radionuclides and
heavy metals are observed in soil areas, contaminated with oil refinety waste. Regardless of the con-
centration of heavy metals and radionuclides, neither any green vegetation nor microorganisms are
observed in areas contaminated with oil waste. It has been established that in soils contaminated with
oil waste, the amount of radionuclides is 2-3 times higher compared with clean land areas, and the
levels of background radiation exceed the permissible directive values by 2 times. A detailed exami-
nation of soil plots in the study areas showed that a 2-3 fold change in the concentration of heavy
metals does not affect the number of microorganisms in the soil unpolluted with oil waste. A com-
parative analysis of the concentrations of mineral components and natural radionuclides shows that
fertile soils in mountainous and foothill areas are characterized by relatively high concentrations of
the studied components. It is observed that the green vegetation is relatively more developed in un-
pollted fertile soils, where the amount of natural radionuclides is relatively large.

Keywords: oil waste, radionuclides, heavy metals, radioactive background, green vegetation.
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Introduction

The main part of the soil is formed by chemical compounds in the form of various minerals.
Soil is the upper layer of the lithosphere exposed to living organisms and the atmosphere. Studying
the various forms of the presence of chemical elements in minerals, organic residues and emissions,
soil colloids, determining the amounts of oxides, hydroxides, carbonates, bicarbonates, nitrates, ni-
trites, sulfates, phosphates in soil samples allow us to estimate the ecological state of the soil [1-3].

Systematic pollution of the soil with small amounts of anthropogenic emissions leads to an
increase in the concentration of xenobiotics in other environmental objects (water reservoirs and veg-
etation). The increase in technogenic pressure on the environment, the processing of minerals by
outdated technological processes and the consequent pollution of environmental objects with small
amounts of xenobiotics can cause the formation of ecological crisis zones. Therefore, there is a need
for systematic measurements and studies to obtain results on the distribution of radionuclides, heavy
metals and other xenobiotics in the soil, vegetation, water reservoirs of the country, trends in the
direction of the emergence of zones of environmental crisis, information for predicting changes and
the rate of change in the environment. The ability to clean by various methods local areas of the earth
contaminated with radionuclides and heavy metals and to study the options for implementing these
processes are the most important tasks of radiochemistry and are important for solving many pressing
environmental problems [3, 4].

Radioactive elements and heavy metals along with non-metals and light metals in the tables of
chemical elements are distinguished and characterized by high density (more than 5 g/cm?), biological
activity, toxicity, and the ability to migrate in the habitat of living organisms through food chains
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“atmosphere — wind — rain — soil — plants — animals — humans” accumulate in environmental objects
and organisms. Concentrations exceeding the maximum permissible norms for these metals are ca-
pable of allergic, mutagenic, teratogenic, carcinogenic effects on the human body. Heavy metals par-
ticipate as catalysts in numerous redox reactions, isomerization, hydration, and dehydration processes
occurring in environmental objects. The mass fraction of macro-elements in the human body and food
products is above 0.01% (potassium, sodium, calcium, magnesium, phosphorus, chlorine, sulfur). The
mass fraction of microelements is below 0.01%, the mass fraction of ultra-microelements is below
0.00001%.

In the absence of vital trace elements (iron, copper, zinc, cobalt, iodine, bromine, fluorine, chro-
mium, cobalt), the normal vital activity of the body is disrupted, and in the deficiency of necessary
microelements (nickel, selenium, vanadium, aluminum, molybdenum, strontium, manganese, silicon,
scandium), the activity of enzymes decreases, the body functions on the verge of survival and with
an increase in their concentration, there is an improvement in the life activity [1-4].

Heavy metals include As, Hg, Pb, Cd, Sb, Sn, Zn, Fe, Cu, Cr, Tl, Co, Sc, Ni, etc. Among them,
the most highly toxic are mercury, cadmium, arsenic, and lead, the maximum permissible concentra-
tion (MAC) of which in water is 0.0005, 0.001, 0.005, and 0.05 mg/I, respectively. More stringent
requirements are imposed on children's and dietary products. Substances are classified according to
toxicity in the following order: extremely toxic — LD50 (a dose that causes the death of 50% of ex-
perimental animals with a single oral administration) less than 5 mg/kg, highly toxic — 5-50 mg/kg,
moderately toxic 50-500 mg/kg, low-toxic 500-5000 mg/kg, practically non-toxic 5000-15000
mg/kg, practically harmless — more than 15000 mg/kg. Sodium-22, sodium-24, potassium-40, ura-
nium-238, thorium-232, radon-222, etc. are present in many objects of inanimate nature and living
organisms. The problem of the impact of artificial radionuclides (carbon-14, cesium-137, strontium-
90, 89, ruthenium-106, cerium-144, iodine-131, zirconium-95, etc.) on the human body has arisen as
a result of the operation of nuclear power facilities. These radionuclides enter the human body by
inhaling polluted air, through the gastrointestinal tract with food and water, and through the skin.

Chemical bonds in organic molecules of protein, DNA, RNA and lipids are broken (physical
damage to cells), when exposed to ionizing rays. Further, there is an interaction of the resulting radi-
cals with water, oxygen and water radicals, as a result of which there is the formation of hydroperox-
ides, changes in molecules and enzyme activity, and destruction of biological membranes. The ab-
sorbed dose of ionizing radiation equal to 1 Grey after 30 minutes leads to a violation of the process
of oxidative phosphorylation, as a result of which there is damage to the ATP generation system, a
decrease in vitality and a slow cessation of vital processes [3].

The intensive development of oil and gas fields on the continental shelf of the Caspian Sea
leads to an increase in the environmental burden on the Caspian region. Oil waste and heavy metals
(iron, copper, aluminum, zinc, etc.) are the main sources of pollution. The produced oil contains aro-
matic compounds that are stable in the environment. The spread of an oil film on the sea surface leads
to the death of fish and other aquatic organisms [1-4].

Experimental part

Preparation of oil waste samples were obtained by extraction with hexane and toluene (2:1)
mixture from soil, contaminated with oil waste. The contents of elements in the inorganic residues of
samples of crude oil and oil waste obtained by distillation at 700°C for three hours were determined
using X-ray fluorescence spectroscopy unit of a scanning electron microscope and methods of ana-
lytical chemistry.

For conducting microbiological rapid tests, we used express test napkins - certified 1ISO 9001
and 13485 quality control systems - manufactured by R-Biopharm (Germany). To determine the num-
ber and types of microorganisms in stationary laboratory conditions, we used selective nutrient media
produced by Hi-Media (India) and Condalab (Spain), incubators with an automated thermostat [5].
Chemical and biological parameters of comprehencive analysis, the degree of contamination with
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anthropogenic xenobiotics of sea water samples were determined in accordance with the requirements
of sanitary and hygienic norms and rules. Sea water samples were taken from coastal water areas.
Chemical and microbiological express tests of sea water were performed at the place of sampling.
Later, long-term (24-48 hours) microbiological analyzes were carried out in stationary laboratory
conditions [3, 6].

The soil samples were treated with distilled water, weak solutions of acid and alkali with peri-
odic mixing and filtration, isolation of sparingly soluble particles in a centrifuge with further evapo-
ration to obtain minerals, heavy metals and radionuclides [6-8].

Inorganic minerals of polluted soil, green grass and water samples obtained by evaporation of
aqueous, weakly acid and weakly alkaline extracts of soil samples, by treatment of plant samples by
nitric acid’s solution and heat treatment, and by evaporation of filtered and centrifuged water samples.
The obtained dry mineral was analyzed by methods of analytical chemistry and physical chemistry.
The “GFL-2304” distiller, centrifuge “TDL-5M”, gamma spectrometer with HP-Ge detector manu-
factured by Canberra, Scanning Electronic Microscope (manufactured by Carl-Zeiss), atomic absorp-
tion spectrometer (AA-6800 manufactured by Shimadzu), Expert-3L X-ray fluorescence spectrome-
ter, STA-2900 simultaneously thermal analyzer were used for analysis of heavy metals and radionu-
clides in obtained inorganic minerals.

Radiometric measurements were carried out using the “InSpector-1000” and “Radiagem-2000”
radiometers (manufactured by Canberra and equipped with alpha, beta and gamma detectors) and the
“IdentiFinder” radiometer-identifier (manufactured by Thermo Scientific) [6-8].

Results and discussion

To eliminate side complications in the analysis, soil samples with humus, a layer of oxidized
plant debris from trees and contaminated with random organic debris and emissions were not taken.

Samples of crude oil have been taken from various fields of the country, as well as samples of
newly formed soils contaminated with oil refining wastes with low humus content, fertile soils with
rich humus, as well as samples of similar soils uncontaminated with oil refining wastes. A detailed
inspection of the studied land plots before taking soil samples was carried out [9, 10].

As a result of the observations, it was found that in areas uncontaminated by oil refining waste,
newly formed soils with a low humus content and consisting mainly of a dark brown color had rare,
underdeveloped weed herbaceous vegetation, and in similar areas of land contaminated by oil refining
waste there was practically no vegetation of any kind [11, 12].

The relative content of elements in percentage in inorganic residues of oil samples (samples
numbered 1 and 2) and oil refining waste (samples numbered 3 to 5) are given in Table 1.

Table 1
Relative content of elements in inorganic residues of oil and oil refining waste.

Ne Content of elements in inorganic residues of oil samples (from 1 to 10) and waste oil refining (from 11 to 20)

C O Na | Mg | Al Si S P K Cr Ca Ti | Mn | Sr Fe Pb

1. | 557144 |15 |18 | 34 |71 |03 |02 | 20| 0.3 2.9 04 | 04 |06 3.7 1.9

2. 564|149 | 17|11 |53 |52 |02]01]|05]|04 6.5 0101 |08]| 44 2.7

3. 1460|125 | 40 | 25| 18 | 80 | 1.7 | 03 | 0.7 | 0.1 20 (02|01 - 3.4 1.6

4. 1449|122 |1 41|26 | 19 | 72| 22| 01| 04| 02 3.3 03|01 (03| 31 15

5 1452|123 |38 | 27 | 34 | 65 | 26 - 05| 04 84 | 05|03 07| 80 2.4
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It can be seen from Table 1 that relative common content of elements in inorganic residues of
different samples of crude oil and oil refining waste is 26-30% and 26-41%, respectively. The results
obtained and a comparison of the relative content of metals in inorganic residues of crude oil and oil
refinery wastes extracted from soil samples contaminated with oil wastes clearly indicate the accu-
mulation of metals, including “heavy metals” in soil, when it is contaminated with oil refinery wastes.

Soil samples were taken in summer and autumn from green grass meadows, pastures or forest
edges at a distance of at least 10 kilometers from residential areas or industrial enterprises. Soil
samples were also taken from these areas by digging the soil to a depth of 10-20 cm. If one site had
sandy and fertile soil, samples were taken from both sites. When taking soil samples, areas were
selected that were not contaminated with volleys of foreign emissions, remains of dead organisms,
rotten and oxidized plant matter. Determination of mineral components and natural radionuclides was
carried out in order to explain the serious difference observed in the degree of development of green
vegetation in different soil areas in the regions of the country. The determined mineral components
in the soil samples taken from the different regions of the country are shown in table 2.

Table 2
Concentrations of inorganic components in the soil samples taken from country's regions.
Components, mg/kg

Regions Sulphates K J Sr NOs Fe; Mn Zn
Bibiheybat 320 3960 18 28 34 162; 6 2.1
settlement
Goranboy 380 7240 1.8 48 65 54; 29 1.8
Ismayilli 700 8360 1.3 42 126 64; 6 2.1
Qabala 710 7490 1.2 40 114 72; 6 2.5
Sumgayit 300 5008 14 28 43 84; 6 15

It can be seen from Table 2 that common concentrations of components in the composition of
soil samples taken from country's mountainous and foothill areas (Goranboy, Ismayilli, and Qabala)
is 7.6-10 g/kg and common concentrations of components in the composition of soil samples taken
from other region of country (Sumgayit city) is 5.5 g/kg.

A comparative analysis of the concentrations of mineral components and natural radionuclides
(Tables 2) shows that fertile soils in mountainous and foothill areas are characterized by relatively
high concentrations of the studied components.

The results of radiometric measurements and the activity of radionuclides in soil samples taken
from the green plains and mountainous regions of the country are shown in table 3.

It can be seen from Table 3 that the value of the radioactive background in country's mountain-
ous and foothill areas (Goranboy, Ismayilli, and Qabala) is 0.03-0.15 uSv/hour and the intensity of
alpha radiation is 0-0.03 Bg/cm?. The value of the radioactive background in other regions of country
(Sumgayit city) is 0.08 uSv/hour and the intensity of alpha radiation is 0-0.01 Bg/cm?. The common
activity of all natural radionuclides in soil samples taken from country’'s mountainous and foothill
areas is 7.3-10 Bg/kg and common activity of all natural radionuclides in soil samples taken from
other region of country (Sumgayit city) is 5.3 Bg/kg.

In areas uncontaminated by oil refinery waste, fully formed fertile soils with a high humus
content are observed as green, well-developed herbaceous vegetation, as well as green shrubs and
trees. At the same time, in different areas of the soil on the territory of the studied lands of the country,
there is a significant difference in the degree of development of green vegetation.

On land plots contaminated with oil refinery waste, with fully formed fertile soil and low humus
content, few and underdeveloped species of weeds were observed. The results of radiometric meas-
urements and the activity of radionuclides in soil samples taken from the green plains of regions of
the country are shown in table 4.
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The results of radiometric measurements and the activity of radionuclides
in soil samples taken from green plains and mountainous regions of country

Table 3

Regions

Isotopes, Bq / kg

(background -
uzv/h;
alpha ray
Bg /sm?)

11Na%

19K40

26Fe80

27C0%

30Zn%®

38Sro!

50SNnte,
505126

6 3EU

gsRa?%8

90Th?%8

Bibiheybat
settlement 1.0

1.7

0.7

0.8

0.2

0.4

0.4;0.3

0.6

0.7

0.05

Goranboy
(0.04; 0) 15

24

0.7

0.8

0.2

05

0.1;0.2

0.6

0.8

0.05

Ismayilli
(0.13; 0.01) 2.8

2.5

1.2

0.9

0.2

0.7

0.3;0.2

05

0.7

0.05

Qabala
(0.15; 0.01) 2.6

2.0

11

0.8

0.2

0.5

0.4;0.2

0.6

0.8

0.05

Sumgayit
(0.08; 0.01) 10

1.7

0.5

0.5

0.2

0.4

0.1;0.2

0.3

0.4

0.05

The results of radiometric measurements and the activity of radionuclides
in soil samples taken from territory of regions, polluted with oil refining waste

Table 4

Regions
(background -

Isotopes, Bq / kg

uzZv/h;
alpha ray
Bg /sm?)

11Na?

19K40

26Fe60

27C0%

30Zn%®

38Sro!

50SNts,
50Sn128

63Eu154

88Ra226

90Th228

Soil sample from an
area covered with oil
waste in the village
of Bail

(0.15; 0.03)

1.6

1.2

1.2

0.7

0.2

0.7

0.6, 0.6

0.6

0.9

0.12

Soil contaminated
with oil waste in the
area adjacent to the
highway in the vil-
lage of Bibiheybat
(0.11, 0.02)

15

1.8

11

0.5

0.2

0.6

0.6, 0.5

0.6

0.7

0.08

Sand contaminated
with oil waste in the
area adjacent to the
highway in the vil-
lage of Bibiheybat
(0.03,0.01)

1.0

0.8

0.3

0.4

0.2

0.3

0.1,0.32

0.3

0.4

0.05

Soil contaminated
with oil waste around
treatment facilities in
the Surakhani region
(0.08, 0.01)

1.2

14

1.3

0.8

0.2

0.6

05,05

0.6

0.8

0.08

Soil contaminated
with oil waste from
local areas around oil
refineries

(0.09, 0.01)

1.4

1.6

1.1

0.6

0.2

0.6

05,05

0.5

0.8

0.06
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It can be seen from Table 3 that the value of the radioactive background in Baku city is 0.03-
0.15 pSv/hour and the intensity of alpha radiation is 0-0.03 Bg/cm?. The common activity of studied
natural radionuclides in soil samples taken from Baku city areas is 5-10 Bg/kg.

It was determined that the activity of radionuclides in coastal sands is relatively small. There
are approximately 1.5-2 times larger amounts of radionuclides and the value of radioactive radiation
background is 1.5-2 times greater, than the permissible directive indicator, in the soil samples covered
with oil waste. In areas contaminated with oil waste, regardless of the concentration of heavy metals
and radionuclides, neither any green vegetation nor microorganisms are observed (Esherichia coli,
Citrobacter, Salmonella, Shigella, Nag-vibrions, Vibrio Cholerae, Rizopus, Candida, Aspergillus,
Staphylacoccus, Streptococcus etc.). It is observed that the green vegetation is relatively more devel-
oped in unpollted fertile soils, where the amount of natural radionuclides (K*°, Na??, etc.) is relatively
large.

Conclusions

1. It was determined that the amount (activity) of radionuclides in coastal sands is 3-4 times lower
than in the surrounding soils, and the level of background radiation is 3-4 times below the maxi-
mum permissible directive value (0.12 pSv/hour).

2. The amounts of radionuclides in soil samples covered with oil waste are approximately 1.5-2 times
larger than for unpolluted soil and the value of radioactive radiation background is 1.5-2 times
greater than the permissible directive indicator.

3. In areas contaminated with oil waste, regardless of the concentration of heavy metals and radionu-
clides, neither any green vegetation nor microorganisms are observed (Esherichia coli, Citrobac-
ter, Salmonella, Shigella, Nag-vibrions, Vibrio Cholerae, Rizopus, Candida, Aspergillus, Staphy-
lacoccus, Streptococcus etc.). In addition to oil waste, accumulation of radionuclides is also ob-
served in those areas to a certain extent.

4. A detailed examination of soil plots in the study areas showed that a 2-3 fold change in the con-
centration of heavy metals does not affect the number of microorganisms in the soil.

5. It is observed that the green vegetation is relatively more developed in unpollted fertile soils (in
the established range of concentrations of microelements in the soil's cover remedied by transport-
ing and adding clean soil or by other methods), where the amount of natural radionuclides (K*,
Na??, etc.) is relatively large.
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Abstract. This work presents the results of studying the single-reactor dehydration and isomerization of cyclohexanol
over modified zirconium nitrate-activated (y) alumina oxide into methylcyclopentene isomers. It is shown that the dehy-
dration of cyclohexanol over modified alumina oxide begins at 220°C. With increasing temperature, the degree of dehy-
dration reaches a maximum (98-100%) at 350°C. It is established that at 400-460°C skeletal isomerization of cyclohexene
occurs, resulting in the formation of methylcyclopentene isomers. It was found that raising the temperature above 470°C
is not advisable, as it leads to a decrease in the degree of isomerization due to the occurrence of side reactions such as
decomposition, dehydrogenation, and compaction, resulting in the formation of saturated, aromatic hydrocarbons, and
coke, which negatively affect the catalyst activity. At the next stage, N-substituted amino alcohols were synthesized by
oxidative hydroxyhalogenation of methylcyclopentenes in situ in a conjugate olefin+NHX(X=CI, Br)+H20: reaction sys-
tem. By reacting the obtained amino alcohols with pentan-1-thiol in the presence of anhydrous zinc chloride in petroleum
ether (or dry toluene), amino thioalkyl derivatives of methylcyclopentanes were obtained, exhibiting good activity as
antimicrobial additives in motor oil M-10 and emulsion lubricating-cooling fluid Azerol-5

Keywords: antimicrobial properties, methylcyclopentenes, piperidine, morpholine.
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Beenenue

Oyukruonamm3ays Cs-Ci2 aTUIIUKINIECKIX HETPEeNIbHBIX YTIIEBOJOPOIOB, MPEACTABIISET
co00ii, 0JTHO M3 BAXHEHUIIINX HAIPABJICHUN COBPEMEHHOTO HeTexumudeckoro cunrtesa [1,2]. Otun
YTIEBOIOPO/BI SIBISIETCS UCXOAHBIM CHIPhEM JJIs IOTyUYeHHUE MOJIE3HBIX B HAPOJAHOM XO3SHUCTBE MPO-
IYKTOB, TaKUX KaK SMOKCHUJBI, TUOJBI, aMUHOCIUPTHI [3], ABYXOCHOBHBIE KapOOHOBBIC KHCIOTHI.
A30T, KHCTIOPO/I, U cepa CoJieprKallie MPeICTaBUTENIN aTMIUKINYECKUX YTIIIEBOJIOPOAOB 00Ia1al0T
YHUKAIBHBIMU CBOMCTBAMH M TIPUMEHSIOTCS B KadecTBe 3PPEKTUBHBIX CHHTOHOB ISl KOHCTPYHPO-
BaHUSI CIIOKHBIX TIPUPOIHBIX U OMOJIOTHYECKH aKTUBHBIX BetiecTs [4,5], [6, €. 93-96], B Tom umcIie B
MpOM3BOICTBE (papMakoornyeckux mpemnapatos [9].

PaznuyHble MPON3BOAHBIE ATUITMKIHYECKUX AMUHOCTIHPTOB U aMUHOTHOJIOB MPUMEHSIOTCS B
KauecTBE aHTUMUKPOOHBIX MOIU(PYHKIIMOHATBHBIX MPUCATOK K CMAa30YHBIM M CMa304HO-0XJIaX1a10-
IAM XKHIKOCTsM [ 7, €.48-53], [8, ¢.110-112], yauyaronux ux IpOTHBOU3HOCHBIE, IPOTHBOKOPPO3H-
OHHBIE, AaHTUOKHUCIIUTENbHBIE CBOMCTBA [9, 10]. JIuTepaTypHble JaHHBIE IOKA3BIBAIOT, YTO JJIS HOJIY-
YeHHs] U30MEPOB METHIIIIUKIIONIEHTEHA B OCHOBHOM HCIIOJIb3YIOTCS PEaKIHsl U30MEpU3aIHsl [IUKIIO0-
TeKCeHa HaJl OKHCHIO aJTIOMUHUS M OKUCIIUTEIHHOE JCTUAPUPOBAHNE ANKIIIIIUKIONICHTAHOB B MPH-
CYTCTBUU aJTFOMOMEIHOTO KaTtanmu3aropa [11, 12].

OnnHako, U3BECTHBIE METOJIBI KX CHHTE3a TpaHcopMaIre OKCUPAHOBOTO KOJIbIA ATIOKCHIOB
IUKII00JIC(UHOB XapaKTEPU3YIOTCSI HU3KHIA BBIXOJIOM IEJIEBBIX MTPOAYKTOB M OOJIBIIMUMHU PACX0IOM
BCIIOMOTATENIbHBIX UCXOIHBIX PEareHTOB.
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B cBsi3u ¢ orpaHMYeHHOI pecypcaMi METHIILMKIIONEHTEHOB U BBILICYKa3aHHbIC TIOTH(YHKITH-
OHaJIbHbIE COCIUHEHNUS B HACTOSIIIEE BPEMsI B IPOMBILINIEHHOM MaclTabe He IPOU3BOJSATCS.

Hcxons u3 3TOro mouck u paspadboTka 3PPEeKTUBHBIX PEIICHUH MOTYyYSHHUS METHUIILUKIIONECH-
TEHOB U MX HOJU(PYHKLUMOHAIBHBIX MPOU3BOAHBIX, COACPXKAIIUX AMUHO-, TMIPOKCH, AJIKUITHO-
IPYIIIBI SBJISETCS aKTYaJbHOM 3a1a4eil.

Hacrosimas paboTa nocssiieHa pe3yabTaTaM UCCIIE0BaHUS PEAKIIMUA OJHOPEAKTOPHON JIerU-
paTanuy U N30MEpH3aIUY [IUKJIOTEKCAHOa B OJJHY CTAJHIO HaJ MOIU(DUIIMPOBAHHON ITUPKOHUEM Y-
Al203 B METHITIIMKIIONICHTEHBI U MOJTYYCHUI0 aMHHOCIIMPTOB H AMUHOAJIKHITHOJIOB C MOHOLIMKITHYE-
CKUMH (pparMEeHTaMH Yepe3 CTaTUH OKUCIUTEIBHOTO THAPOKCUXIOP(OpOM)UPOBAHHS METHIIIIUKIIO-
MIEHTEHOB.

IKCNepUMEHTAJIbHAS YaCTh

HcX0THOM CBIpbEM CITY>KWJT TIPOJaKHBIH IIUKIIOTEKCaHO, THepuanH, Mopdomus, H202, HCI,
HBr ¢upmer “Alfa Aesar” (A.Johanson, Malthey Co), moka3zareian KOTOpOTo, B TOM YHCIIE TEMIIEepa-
Typa KHIIeHHs1, COBIIa1alia ¢ tuteparypHbiMu. Katanuzaropom ciyxun y-Al.O3 MoauduimpoBaHHbIit
coenuHenusmu nupkonus Zr(NOz)2. Jleruaparaiiys u u3oMepu3aliys MpoBO-IWIach Ha J1ab0paTop-
HOMW YCTaHOBKE MPOTOYHBINA CHCTEMBI MO/ CTAIIMOHAPHOM CJI0€ KaTaJTU3aTOPE CTEKICHHON peakTope.
TemnepaTypa peakiuu BblAEpKUBATACh U M30MEPsUIach aBTOMATUYECKU PETYJIMPOBABIINM MOTEH-
uoMeTpoM. i KaXKI0To OIbITa 0TOMpaNack CBEXas MOPIHs KaTaau3aTopa-MoIu(pUIIMPOBAHHOTO
Y-0oKHcH anroMUHNS. OTBITH IPOBOJWIN ¢ 00BEMHOM CKOPOCTBIO MOJaYM UCXOHOTro crmpra 0,54,
W3 mpoayKToB AeruapaTaiii 1 H30MEepU3alliy BhIJEsIach Gppakius, Beikunatomias 60-85°C, koro-
poe TIOJBEPraiuCh aHAIN3Y METOJIOM T'a30’KUIKOCTHOH XpoMaTorpaduu.

D¢ dexTuBHOE pazaeneHne Npo yKTOB peakui JOCTUTHYTo Ha XpoMaTorpade L[Ber-100 ¢ ne-
TEKTOPOM TI0 TETUIONPOBOTHOCTH, Ta3-HOCUTENb, TeNuid, kojloHka 1000 x 2MM HENOIBIKHOHU (Da3oit
anue3oH-L, Hanecennoit Ha Chromaton-AW-HMDS (15 macc. %).

WNupuBuyanpHbIE H30MEPHI BBIICICHBI 3 MMPOAYKTOB IETUAPATAIINN U U30MEPHU3AIH Y€TKOM
pekTH(UKanuei KOJOHKU BbICOTOH 1,2 M, 15 TeopeTnueckoit Tapesnku U3 Hero ObUI0 BbIAETIEHO 65%
1-CH3-LIIE (T.xun 75°C, n3°1,4333, d2°0,7869) u 35% cmech 3- u 4-CH3-LIIIE (T.cm 65°C,
n31,4222, d2°0,7624). Io nanueiM T'MX ananusa uncrora 1-CHs-LITIE coctaBnser 99.5% ,3-CHs-
HIIE conepsxxut He3HaunteabHOCTh (0,4%) kommuectBa 4-CHs-LII1E.

I'uapoxcuxiaop(6pom)upoBaHre H30MEPHBIX METHIIIIMKIONICHTEHOB U MOJyYeHHE aMHHOCTIUP-
TOB Ha MX OCHOBE MIPOBOJIWIIN 110 U3BECTHOM MeToauke [13, 15].

Metoauka nojay4yeHuss aMUHOAIKUITHOLIMKIIONIEHTAHOB.

B kxpyriononHyto kosly, CHaGKEHHYIO0 00paTHBIM XOJIOAUIBHUKOM M MarHUTHOM MEIIaIKOM,
nomentanu 0,05 nerran-1-tuona 50 mi netponeitnoro a¢gupa (uau cyxoro Toiyona) u 1,0-1,2 r 6e3-
BoaHOTro ZnCly. K cmecn, mpu nepemenmBannu u remmepatrype 45-50°C nobasnsum (0,025 mons) 2-
MOPGOIUHII- WK 2-miunepuauami-1(3)-meTuinukinonenran-1-oma B pactBope npormnan-2-ona. Pe-
aKIMOHHYI0 Maccy nepemenuBanu 1,5-2 4 npu 60-70°C. [IpoayKT peakiuii BBIACSIIN B BUJIE BI3KON
Maccel. KoTopas, mocie oTaeneHus OT paCTBOPUTES BBICYIIMBAIACh U aHAJTU3UPOBAJIACH.

AHTUMUKPOOHBIE CBOICTBA COEIMHEHUI UCCIIEN0BAINCH B COCTaBE cMa3ouHoro Macia M-10 u
smynbcuoHHbI COXK Azepon-5 B konmuuectBax 0.25-1.0%. B kauecTBe TecT-KyJabTYphl OBLIU HC-
noyib3oBaHbl TpuOHBIe (Aspergillus niger, Candida tropicalis, Cladosporium resinal, Penicillium
chrosegenum) GakTepuanbHbIC KYJIbTYPHI).

CTpoeHME CHHTE3MPOBAHHBIX BCEX coequHenuii moarsepxaeno UK-, IMP *H u 3C cnekrpo-
CKOMMYECKUMH U ompezenienneM aneMmenTHoro coctaBa. UK cnektpel cuumanu na UK @ypoe-criek-
tpometpe Alpha B nuanasone 400-4000 cm! B Tabnerkax KBr [14]. Cuekrpst AMP H u 3C cnu-
Manu Ha criektpomerpe Bruker Biospin AG npu pa6oueii yactote 300.18 MI'1t 8 CDCl3. DnemenT-
HBIJ aHaJN3 MPOBOAMIN Ha aHanmu3aTope Tru Space Micro Leco Corporation USA.
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HeobxommMo OTMETUTh, YTO CHHTE3UPOBAaHHBIC XJIOP(OPOM)rHIPOKCUTATOTCHHUIBI M1 aMHUHO-
CIUPTHI MUKIIOIeHTaHoTOo psifa cormacHo [KX u AMP [16, €.356-358] ciekTpamHbIM JaHHBIM SIBJISI-
I0TCS CMECBIO U30MEPOB, PA3ACTUTh KOTOPHIX (PU3MUECKUMH METOIaMU MIPAKTHUYECKH HEBO3MOXKEH.

1-[(2(1)-MeTna-2-(nenrtuaruo)uukiaonenTui]| munepuaun (11), monyugamu u3 9.2r (50
MMouib) 7 1 7a 5,11 (50.1 mmonb) mentanTrona. Beixoa: 11.2r (82.5%), T.m. 103-105°C. UK cnektp,
v, emt: 3323 (C-N), 2960 (CHs), 2890, 2863 (CH2), 1525, 1210 (N-C), 780-650 (C-S). Cuektp SIMP,
H, 8, m.x.: (CHD3); 0.9 ¢ (3H, CH3 nentuntno), 1.44 ¢ (3H, CHs nuknonentun), 1.45-1.74 m (18H,
9 CHy), 2.48 T [4H, N<(CH2-)2], 2.63 T (2H, -SCH>-CH>-), 2.79 T (1H, HC-S-CH3-). Cniektp, IMP
13¢C, 8, m.m.: 76.1 (CY), 46.2 (C?), 35.7 (C?), 27.5(C®), 22.7 (CH?), 20.1 (C*), uuxnonentun, 30.8
(C2C?), 28.5 (S-CY), 22 (C%, 14.1 (CH3) nentuitro, 58.1 (C?-N-C°), 26.2 (C3,C®), 24.5 (C*) numne-
pumun; 71.8 (CY), 50.5 (C?), 40.2 (C®), 27.6 (C3), 20.4 (CHz3), 20.1 (C*, 36.7 (C'S), 30.7(C>-C3),
22(C%, 14.1 (CHs3) nentuntuo, 48.6 (C2-N-C°), 26.5(C3C®), nunepumun ans usomepa (11,11a).
Haiineno, %: C.71.88; H, 11.21; N, 5.0; S, 11.36. C16H3:NOS. Breruucneno, %: C, 72.3; H, 11,52; N,
5.20; S, 11.52.

4-[2(1)-meTHa-2-(meHTHIATHO) HHKIonmeHTH |Mopdoaun (12) moxyuanu u3 9.25r (50MMoIIb)
8 u 8a 5.1r(50,1Mmonb) nenTantroma. Beixox 10.65r (78.6%), T i 120-122°C. UK cnektp, v, em:
3325 (C-N), 2960 (CHs), 2890, 2860 (CH2), 780-765 (C-S). Cnextp AMPH, 8, m.x.: (CHD3), 0.92
C (3H, CHs nentuntuo) 1.39 ¢ (3H, CHzs), nuknonentu, 1.46-1.75 m (12H, 6CH>), 2.92 T (1H, HC-
N<) mukmonenTun, 2.62 T (2H, -S-CH>-CH»-) nentuntuo, 2.69 T (4H, CH2-N-CH>), 3.61 T (4H,-
CH20CHa-) mopgomun. Criektp AIMP 3C, §, m.x1.: 76.1 (CY), 46.1(C?), 35.7(C3), 27.5(C*), 22.7(CHs),
20.1(C*) umknonenTni, 30.8 (C2C3), 28.5 (S-CY), 14.1(CHs), 67.3 (C2-0O-C?), 51 (C3-N-C®) ans uso-
Mmepa (12,12a). Haiineno, %: C, 66.12; H, 10.46; N, 5.10; S, 11.38. C15sH29NOS. Brruucneno, %: C,
66.42; H, 10.70; N, 5.19; S, 11.43.

1-[3(2)-meTna-2(5)-(menTuarno)uukaoneHTuwia | munepuaun (13) monyuyanum u3z 9.2 v (50
MMouib) 9 1 9a 5.1t (50 mmons) nenrantuona. Berxoa: 10.83 r (79.5%), T.xumn. 200°C (1.6 mm. Hg
CT).

4-[(3(2)-meTnia-2(5)-(menTuanrno)uukaoneHrua)mopdoaun] (14) momygamu uz 9.25 r (50
MmoJb) 101 10 au 5.11 (50 Mmons) nentantuona. Beixoq 11 r(79.3%), T.ns. 111-113°C (u3 nponan-
2-ona).

Pe3yabTaThl U UX 00CY:KIeHHE

Peakiust 0JTHOpEaKTOPHOW JeTUApATAlUU ITUKIOTEKCAHOIA B IIUKIOTEKCEH W M30MEpPHU3aIIH
MOCIIETHOTO MPOTEKAIOT COBOKYITHOCTH Yepe3 CASAYIONMIUX MaPIIPYTOB.

k
CeH,, OH——— C(H,,*+ H,0 (1)
k
CeHjg ——2—= 1-CH,-C5H, )
k
CeH g ———= 3-CH,-CsH, 3)
k
3-CH;CsH,—— 1-CH;-C5H, (4)
k5
Cxema 1

DT MapuIpyThl MapauIeNbHO-TIOCIEIOBATENBHBIX MPEBPAIICHUN YTIeBOJOPOIOB, MPUCYT-
CTBYIOIIMX B PEAKIIMOHHOM CHUCTEME, MOTYT MIPOTEKATh HAa PAa3HBIX aKTHBHBIX IIEHTPAX MOIU(HIIH-
POBAaHHOTO KaTaJIU3aTopa.

Pe3ynbpTaThl HANIMX WCCIIEIOBAHUM MOKA3BIBAIOT, YTO, [IMKJIIOTEKCAHOJ XOPOIIO JETUIPATHPY-
I0TCS HaJl OKHWCHIO AJTIOMUHUS MOAM(PUIIMPOBAHHOM COSHUHEHHMsIMH Iupkonus. [Ipu 200-220°C
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HayMHAETCs JeTuapataius nukiorekcanomna (38-46%). C moBbIIIEHHEM TEMIIEpaTyphl CTEIECHb Jie-
THIpaTaliH [IUKJIOTEKCaHOIa YBEITMIMBAIOTCS U JocTUTar0T MakcumyMma (98-100%). ITpu 330-360°C
y’K€ HAaUMHAIOTCSl N30MEpHU3aLHsl [IUKJIOTeKCeHa. Y CTAaHOBJIEHA YTO B YCJIOBHSX MOBBIIIEHHBIX TEM-
neparypsl 10 460°C, no nanusiM [)KX aHanu3a HUKIOreKCEH MOABEPraeTCs PEAKUU N30MEPU3ALIH
CY>KEHUEM HIECTUWICHHOTO IIUKJIO U 00pa30BaHUEM H30MEPOB METUIIIMKIIONeHTeHa. Tak, Hanpumep,
MPOAYKTaxX JAETHApaTalui LuKiIorekcanona, (¢pp.62-88°C) nomydeHHslx npu temmeparypax 330-
460°C conmeprkaHue IUKIOTeKceHa Hal Moauduirpoannoii y-Al,Oz konedaercs 100-52.5% u ¢ yse-
JMYeHHEM TEMIIEPATYPhI COZepKaHUe ero yMeHbInaTes 10 52,5% tabmn.1.

Tabruya 1

3aBHCHUMOCTH COCTaBa MPOIYKTOB JICTHAPATAIINK U H30MEPH3aIMH IUKIOTeKCaHOJIa OT TeMIIepaTyphl
(xara;msarop y-Al203, MOMpUIMPOBAHHBIN COETMHEHUAME IUPKOHKS, 00.cKopocTs 0.5472).

TaB II KTOB JICTH, -88° %.

D e Crenets 1e- Coc POIYKTOB aeruapararmu ¢ppakuuu 62-88°C, macc.%

TUapaTamnu, 4-CH3-HI/IKJ'IO- 3'CH3' 1'CH3'HI/IKIIO-
Top peaxinn Mmacc. % TIeH- [MKJIOTICH- TICH- IIUKJIOTEKCCH
TeH-1 TeH-1 TeH-1

180 28.0 - - 100

220 40.0 - - 100

250 79.4 - 05 11.0 88.5

v-Al203 330 99.3 0.2 0.8 3.0 96.0
360 100 0.3 3.6 5.6 90.6

400 100 0.4 4.2 14.4 71.0

460 100 1.2 7.5 38.7 52.5

W3 nannbix Tabm.1 BuanHo, uro 460°C B yKa3aHHOH (paKkuuu IO N30MEPHBIX METHIIIHKIIO-
MEHTEeHOB aocTuraet 46.4%. HalineHo, 4To OCHOBHBIM MPOJYKTOM PEAKIIUU N30MEPU3ALUH IUKIIO-
rekcena sBisieTcst 1-CHz-niuksonenTen-1, konuuecTBo KoToporo cocrasisiet 83.5% nzomepusara.

Jlnist onpesieneHust MICTUHHOW CTETIeHH U CEJIeKTUBHOCTH M30MEpH3allii IIUKJIOTEKCeHa B YCIIO-
BUSX JETUIpaTaluy IUKIOreKCaHoJa, IPOBEeHa U30MEpHU3allis WHIUBUAYaIbHONW LUKIOT€KCEeHa
HaJ MoupunupoBaHHoii Y-Al203 coeqMHEHUSIM [IUPKOHHUS. Pe3ynbTaThl M0 BIUSHUIO TEMIIEpaTyphl
Ha CTENEHb U CEJIEKTUBHOCTb PEaKIMU KaTaIMTUYECKOW M30MEpHU3alluu LUKIOTeKCEeHa, N30MEPOB
METHJILUKIIONIEHTEHA U COCTaB MOJIydeHHbIX n3oMepu3aToB o KX ananusza npuseneHs! B Ta0I. 2.

W3 nansbix Taba. 2 BUJHO, UTO M30MEPU3AIMKM MHAMBUAYAIbHON LIMKIOT€KCEHa Ha N30MEPbI
METHIJIIKIIONICHTEHA MpakTHdecku HaunHaeTcs ¢ 250°C.

Tabauya 2

TemmeparypHBIif 3aBUCHMOCTh N30MEPH3AINHN [IUKJIOTEKCeHA Ha/l MOIU(PHIINPOBAHHOMN
v-Al203 coeuuennsamu upkonus (06. ckopocts 0.542).

CocraB karanuzara, Macc.%
TeMnepaTyOpa peak- | CrencHb 1/130M§p1/13a- CeJ‘IeKTI/IBHOCToL 1-CHa-1k- 3-CHa-
uu, °C un, Macc.%. Peaknuu, macc.%. OUKIIOTEK- TOMCH- IHKIIOHEH-
ceH

TeH-1 TeH-1
220 - 100 100 - -
250 10,5 99.0 88.5 10.5 1.0
310 84,6 98.8 15.6 63.4 21.0
360 84,8 98.6 9.7 64.3 26.0
410 82,6 93.8 7.5 64.6 27.8
460 72,0 71.0 7.3 62.7 30.0
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JanbHeiimee yBenuueHue temmnepatypbl B uaTepBane 310-360°C criocoO6CcTBYeT yBEIUUYEHUIO
CTENEHH U30MEpU3aLNH, 1ocTUras coero makcumyma npu 360°C 84.8%. Ilo I KX nanHbeIM cocTaBe
MOJTY4EHHOTO KaTayim3aTa J0Js 1-MeTuiaukioneHT-1-eHa coctaBiser 64.3 macc. % mons 3-me-
THIIIUKIIONEHT-1-eHa 26.0 Macc.% u 00pazoBaHust 4-METWILHUKIONEHTEHa UMMET CJIEIOBBIN Xapak-
tep. Kpome Toro us nanueix tabdm. 2. cneayert, yto HaunHas ¢ 410°C B cocTaBe u3oMepu3aTta npouc-
XOJUT U3MEHEHHE COOTHOILIEHUE U30MEPOB.

Tak kak IIUKIOreKCeH UMEET CKIOHHOCTD K CKEJIETHON N30MEpHU3allii OCHOBHBIM MPOyKTaMHU
peaxIy U30Mepu3aluy [UKIOTeKCeHa sIBIsieTcs 1-MeTuinukioneHT-1-eH. B temneparypuom nua-
nazone 400-460°C B cocTaBe m3oMepu3ara HaOMIOAACTCS YBEIUUCHUE IO 3-METHIIIUKIIONECHT-1-
€Ha, YTO CBMJETENILCTBYET O B3aMMHOM nepexone mzomepa 1-CHs- Ha 3-METMILMKIONEHTEHA U
Hao0opoT. Takoe U3MeHeHne cocTaB MPOYKThl H30MEPU3ALIMU LIUKIOT€KCEHA B YKa3aHHOM TeMIIe-
paTypHOM MHTEpPBaje BO3MOXHO CBSI3aHO C NMPHOIMKEHHEM CUCTEMbI K PABHOBECHOMY COCTOSHHIO.
Opnnako npu yBennueHuH temneparypsl Boiie 470°C crenenb n30MepU3aliy U CEJIEKTUBHOCTD pe-
aKIUH Pe3KO MaJaeT, 4YTO CBUIETENBCTBYIOT O PA3BUTUN MOOOYHBIX peaKLUil KaK IeruporeHN3aliH,
pa3ioKeHusl, YIUIOTHEHUSI IPUBOAAIIUX K 00pa30BaHUIO HACHIIIEHHBIX U ApOMAaTUYECKUX YTIIEBOIO0-
pOJIOB.

Jlanee nony4eHHbIE H30MEPHbIE METUILIMKIONEHTEHbl HAMU HCII0JIb30BaHbl KaK HCXOJIHBIN pe-
areHT JJIs Nnojy4yeHue nonudyHkunoHaabHbX O-, N-, S- conepkalux coelMHEHUH ¢ IUKIIONEHTa-
HOBBIM (pparMeHTOM.

Panee Hamu ObLT OCyIIIECTBIIEH CHHTE3 N-3aMEIIeHHBIX aMMHOOUITNKIIO[2.2.1 [renTaHoB, uepes
CTaJUH SMOKCUIUPOBAHUS M JUTHAPOKCUIMPOBAHUS COOTBETCTBYIOIIUX IIMKJIOOJIE(PHHOB C TOCIE-
JTYIOIIUM aMuHOoJIM3aM obpasyromieit cmecu [13]. OqHako mpu 3MOKCUAMPOBAHUN U OKUCITUTEILHOM
nuruapokcuiinpoBanuu Ci10-Ci13 HENMPEAETbHBIX MOCTUKOBBIX YIJIEBOAOPOIOB [ 14] alKUIIMKIONEeH-
TEHOB C Y4aCTHEM MEePOKCHa BOJIOPOIa MOIU(PHUIIMPOBAHHBIX (HOPM TeTepOMOITUOICHOBBIX COETH-
HEHUH HapsAy C SMOKCU- U AUTUAPOKCUIIPOU3BOIHBIMU 00pa3yeTcs TakkKe 3HAUYUTEeIbHOE KOJInYe-
CTBO IPOJIYKTa OKCHOJIMTOMEPHU3ALINH.

Bornee BricOKast CENEKTUBHOCTH IO aMUHOCIIUPTAM METHIIIUKIIOTIEHTAHOBBIM CTPYKTYpaMH J10-
CTUTaeTCsl 4epe3 MPOMEKYTOUHBIE CTaJUU OKUCIUTEIBHOIO T'MJIPOKCUTaJIOr€HUPOBAHMSI COOTBET-
CTBYIOIIUX IIUKJIO0JIE(HUHOB.

Amnanornyno [10, 13] uzomepsl metmnmukiaonernTera (1 u 2) B markux yciaoBusx (30-50°C,
T=6-8 4.) JIETKO BCTYNAIOT B PEAKLHUIO NMPUCOEAUHEHUS C IEKTPOPHILHBIMU METACTaOMIbHBIMU
komiuiekcamu (HOX), obpasyromimcs in Situ u3z emecu H202+HX (X=CI, Br, 8-10% BoaHbIx pac-
TBOPOB)IIUKIIO0NIEPHH 110 CXEME!

H;C H-C H.C
H,O0,tHX &= |H—O0"—0H| X" +1,2 z \/\C} \\\H ’ \ \) ’ \ X
“ : - g s0t-0 T . ——>
H /N | RN
H H H

OH

Tne: X=Cl, 3, 5, Br, 4, 6, 1-CH;-(3, 5, 3-CH3-(4, 6,).
Cxema 2
[Tpu B3ammozpeiicTBuu 2-ranoreno-1(3)-MeTuiukioneHrad-1-0108 (3-6) ¢ MUNEPUANHOM H

MopdonmHoM B ipucyTcTBuH criuproBoro pactBopa (CH3CH(OH)CHa) menoun (KOH) Obuti cun-
TE3UPOBaHbI COOTBETCTBYIOLIME N-3aMelIEHHbIE aMUHOCITUPTHI IO CXEME:
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H,C

1p2
t, KOH \ NR'R
3-6+ HNR'RZ ———»
-KX

o (7-10)

I'ze: R'R?= (-CH,-)5 (7, 9); (-CH,-CH,),0 (8, 10)
Cxema 3

Brixon u HampaBlieHue MpeBpalieHne rajJoreHrupUHOB B 2-MOp(hOIHUH- WK 2-MUnepuauH-1
(3)-mermmukionenTan -1-omoB (7-10) cymecTBEHHO 3aBHCAT OT U3MEHEHHs Temrmeparypbi, pH
cpezbl ¥ MOJSIPHOCTH MCIIONIb3yeMbIX pacTBopuTeneil. HaliieHo, yTo MoOBbIIEHHE TeMIepaTyphl B
unreppaie 20-60°C cnocoOCTByeT yBENMUSHHIO BBIXOJA MHUIEPUAMHUI-, MOpdoauHmI-, 1(3)-me-
TUJILHUKJIO MEHTAHOJIOB C COKpPAILEHHEM BpEMEHU peakiuu oT 12 1o 3,5 4.

W3menenne 3nauenus pH u monsipHOCTH Cpeibl BIUSET HE TOJIBKO Ha BBIXO/T LIEIE€BBIX MPOTYK-
TOB PEaKIMK HO M Ha caMy BO3MOXHOCTb €€ TpoTeKaHus. Tak, HarpuMep, 0€3BOIHBIC peareHThI BO-
00111e 0UeHb II0XO0 BCTYIACT B Peakinio, a Hanuure Bos! win ciuptoB [C2HsOH, CH3CH(OH)CHj3]
CUJIBHO ee yckopseT. B ciyuae ke yBenuuenust pH cpeast ot 8.2 10 10.2 3Ta peakius aMMHHOIN32
a¢ddexTrBHO MpoTekaeT npu Temnepatype 40-60°C. HeoOxoaumo oTMeTHT, 9TO TipH 3HadeHn:H pH
cpens! Beime 10.5 HabmonaeTcs n3MEeHeHHe HanpaBieHus peakuuu. Hapsity ¢ o6pazoBaHueM coot-
BETCTBYIOIINX aMUHOCITUPTOB, TTAPAIUIEITHHO IMOBBIIIAECTCS TAKKE CKOPOCTh JIETUIAPOTAIOTeHUPOBA-
HUS UCXOJHBIX THIPOKCUTATIOIeHUA0B (3-6) B COOTBETCTBYIOIINE OKCUPAHBI.

Taxxe He0OOXOAMMO OTMETHTD, YTO B KaXKJIOM KOHKPETHOM CITy9ae BBIXO] aMHHOCIIAPTA B CITY-
Yae UCTOJIb30BAHUS OPOMMETHIIIIMKIONEHTAHOIOB Ha 5-8% 0oJblile, YeM XJI0pcoiepKalliuX aHalo-
roB. [To Bceli BeposSTHOCTH 3TO, BO3MOXKHO, CBSI3aHO, C TEM, YTO 3aMEIIeHHE aToMa OpoMa B MOJIEKYJIe
THJIPOKCUOPOMHUIOB IPOUCXOIUT HAMHOTI'O JIETUe, YEM XJIOPCOJIEPKAIMX aHAJIOTOB.

Jlanee Ha OCHOBE TOJIYYEHHBIX aMHHOCIIHPTOB B3aMMOJCHUCTBHEM HMX C IEHTaH-1-THOJIOM B
pacTBope NeTposieHoro aupa (MK CyXoro Tojryosia) B mpucyTcTBuu 0e380aH0ro ZnClz moaydeHs
N, S-comeprkarnime MpoOU3BOJHBIE METHIIIIUKIIONIEHTAHOB 110 CXEMeE:

X NR!R2

H;C

chlz
7-10+HS-C5H11 —_—
-H,0
SCSHII

T'ne: RIRZZ(-CHz-)S (1 1,13), R1:R2:(-CH2-CH2-)O (12,14)
Cxema 4

CunresupoBaHHble aMuHOTHOCOeAMHEHUS (11-14) ObLIM MPOTECTHPOBAHBI B KAYECTBE AHTH-
MUKPOOHBIX MPUCATOK K MOTOpHOMY Macity M-10 1 sMyJIbCHOHHON CMa309HO-0XJIaKIAI0IICH KU/
KOCTH «A3epoii-5».

[TomyueHHbIe pe3ybTaThl TECTUPOBAHUS MOKA3BIBAIOT, YTO HEKOTOPHIE MPEICTABUTEIH STOTO
Kjacca coequHeHud B konuuecTBO 0.25-1.0% mposBASIOT 3allUTHBIE aHTUMHUKPOOHBIE CBOICTBa
(ta6n1.3). U3 nanHbIX Tab1.3 BUIHO, YTO CUHTE3WPOBAHHBIE COETUHEHUS POSBUIHN OOJIBIIYIO aKTHUB-
HOCTB B COCTaBE€ CMa304HO-OXJIaKIAAIONINI KUAKOCTEH, YeM B COCTaBE CMa304HbIX Macell, 4yTo, BO3-
MOYKHO, CBSI3aHO C OoJiee BRICOKOW MX pacTBOpUMOCTEIO [7, €.50-52, 8, €.120-124].
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Tabnuya 3
AHTUMHKPOOHBIC CBOHCTBA HEKOTOPHIX CUHTC3UPOBAHHBIX
O-, N-, S- mpou3BOTHBIX METHIIIUKJIOTICHTCHOB

JluameTp 30HBI YTHETCHHUS] MUKPOOPTaHU3MOB
Maciao M-10
CoenureHns Konuenrpatts CwMmech GakTepuii Cwmech rpuboB 6;1::;[:;;171 Cwmech rpuboB
(MIIA) (CA) (MITA) (CA)
1 2.6-2.8 1.6-1.8 1.7-21 1.7-1.9
11ul3 0,5 3.3-25 + + 1.5-1.9 1.5-1.8
0,25 1.8-2.1 + + 1.3-1.3 1.2-1.2
1 2.5-2.6 1.5-15 1.6-1.4 1.6-1.8
12u 14 0,5 2.3-2.4 1.3-1.9 1.2-1.2 1.4-1.6
0,25 2.1-2.1 + 4 + 4 1.2-1.2
[enraxnopde- 1 1.1-1.3 14-14
HOJIAT HATpUS 0,5 0.8-1.2 0.8-1.2
M-10
(6e3 mpucankm) o T
COX
Azepor-5 T T

[Tpumeuanue: +- MOTHOE OTCYTCTBUE 30HBI YTHETCHUSI pOCTa MUKPOOPTaHM3MOB.

BriBoabI
1. Haiineno, uro moguduiupoBanusiii y-Al2O3 coeTMHEHUSIMEA TUPKOHUS TTO3BOJISIOT TIPOBO-

JMTh OJIHOPEAKTOPHYIO JCTHAPATAIUIO ITUKJIOTEKCAHOIA B IIMKIOTEKCEH M M30MEPHU3AIUIO ITHKIIO-
TreKCEeHa B U30MEPhl METUJIIIUKIIONIEHTaHa B TeMriepatypHoM unTepBaie 220-460°C ¢ 00bEMHOM CKO-
POCTBIO MOAYM MCXOJHOTO HUKINYeCKoro crmpta 0.5 ul,

2. yCTaHOBHGHO, 4TO MHAYIUUPOBAHHOC OKHUCIUTCIIBHOC TUAPOKCUTAIOTCHUPOBAHUEC N30MEP-

HBIX MCTUJIHUKIIOIICHTCHOB C Y4aCTHECM XJ'IOp/6pOMPICTOBO,Z[OpOI[HOI>i KHCJIOTBI U IICPOKCHUAA BOJO-
poaa Mmo3BOJIAACT CUHTC3UPOBATE AMUHOIMKIIONCHTAHOJIBI U UX AJIKUJITHO COJACPKAIIUC IMPOU3BOI-
HBIC, KOTOPLIC IPEACTABJIAIOT HHTCPEC B KAYCCTBC aHTI/IMI/IKp06HBIX IpUCAIO0K B COCTABE CMA30YHO-
OXJIAXKJAI0IUX MaTCpHUaIOB.
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OJIHOPEAKTOPHAS JIETUJPATAIIUS C U3OMEPU3AIENA IUKJTOTEKCAHOJIA
B METHWIINUKJIONEHTEHBI U CUHTE3 AMUHOMETHUJINUKJIOIIEHTAHTHOJIOB U
HCCJIETOBAHME UX BAKTEPUIIMIHBIX CBOMCTB

H.A.Ilama6eiian, O.A.Cagbiro

Pe3iome. B nannoii paboTe mpuBeACHBI pe3yIbTaThl HCCIEIOBAHNS OAHOPEAKTOPHOH JeTHAPATAIINHN U N30MEPH3aIH
LUKJIOTEKCAHOIa HaJl MOJU(UIIMPOBAHHON IIMPKOHUIBHUTPATOM aKTUBHOMH (Y) popMe OKHCH aTIOMUHHUSI B U30MEPBI Me-
THIILHMKIIOIICHTCHA. HOKa3aHO, qTOo ACruApaTaiusd HUKJIOTCKCaHOJa Haq MO}II/I(I)I/I[H/IpOBaHHOﬁ OKHUCBHIO AJIOMUHUA HAYU-
Haetcs npu Temreparype 220°C. C noblimeHreM Temneparypsl 10 350°C cTeneHs AeruapaTalyy IUKIOTeKcaHoIa 10-
cturaet makcumyma (98-100%). Ycranosneno, uto npu 400-460°C mpoucXoauT CKeleTHas U30MepHU3aIus [UKJIOTeK-
CeHa ¢ 00pa30BaHUEM M30MEPOB METHIIUKIIONCHTEeHA. HaliieHo, uTo moBkIieHue TemmepaTypsl Boiie 470°C Hemese-
c000pa3Ho, TaK KakK IMPH 3TOM IIPOUCXOUT CHI)KEHHE CTETIEHH W30MEPU3alllH, B CJIEIICTBUU MPOTEKaHHE TOOOYHBIX pe-
aKIMH, KaK pa3yioXKeHus, AeTHPOTeHU3AINH, YITIOTHEHHUS] IPUBOASIINX K 00pa30BaHUIO HACHIIICHHBIX apOMaTHYECKUX
YTIIEBOJIOPOIOB M KOKCA. DTO OTPHLATEIBHO BIMSACT Ha aKTHBHOCTH KaTajau3aTopa. [lasee mpoBeeH CHHTE3 a30T-, -KUC-
JIOPOJT M CEPOCOIEPKAIINX TIPON3BOTHBIX H30MEPOB METIJITCHKIIONICHTEHA Yepe3 MOCIIeI0BATENBHbBIE CTaINH TIpeBpalle-
HUS TIHKI007euHOB. HaliieHo 9T0 MEeTIIIIUKIIONEHTEHbI B MATKNX ycnoBHax 30-50°C serko BCTYNaroT B peakmuio
MIPUCOCTUHEHNUS C AMeKTpodmibHEIM HHTepMenuaTtoM HOX B pexxume in-situ B conpspxenHoit cucreme HX (x=Cl, Br) +
H202 + nuknoonedun n npeBpamarorces: B ruapokcuxiop (Br) npousBoansiii. C 3aMeIieHreM aToMa TaloreHa MuIepH-
JVHOM HIIH MOP(OIMHOM MOTy4Yar0TCsl COOTBETCTBYIONINE AMUHCITUPTHI.

B3anmMopeficTBreM aMHHOCTIIPTOB € TIEHTaH-1-A1OJIOM B pacTBOPE METPOJICHHOTO Aupa (TOIyona) B IPUCYTCTBUH
6e3BonHOrO ZnCl2 cuHTEe3MpOoBaHbl N, S-cojepKaline MpOU3BOJHBIE METUIITCHKIIONCHTCHOB, MPOSIBISIONINX XOPOIIYTO
AKTHBHOCTH B KaU€CTBE aHTUMHUKPOOHBIX IIPUCATI0K B COCTABE MOTOPHOT0 Maciyia M-10 ¥ 3MyJIbCHOHHOM CMa304HO-0XJI1a-
JKIAIOIIEH KUIKOCTH «A3epoit-5».

Knroueguie cnosa: anmumuxpoduvie ceoticmea, MemuayukioneHmeHsl, NUNEPUOUH, MOPPOIUH.
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Magals hazirlanarkon asagidaki toloblor nazors alinmalidir:
1. Moqgalo azorbaycan, rus vo ingilis dillorindon birinda, Microsoft Word motn redaktorunda A4
formatinda (soldan, yuxaridan, asagidan vo sagdan — 2 sm), Times New Roman srifti ilo 12 6lgiido,
vahid satirarasi intervalla vo matndaxili yazida 1 sm abzas buraxmaqla hazirlanmali, sahifs say1 5-8
arasinda olmalidir.
2. Magalanin matninin asagidaki bélmalordan ibarat olmasi tovsiya olunur:

* girig (masalonin aktualligi, problemin hazirki vaziyyati);

* tadgiqatin magsadi, masalonin qoyulusu;

* masalonin hall isullart vo aprobasiyasi;

» alinan naticalorin tatbiqi;

* natica.
3. Mogalo asagidaki ardicilligla hazirlanmalidir: mogalonin adi — ortadan, boyiik harflorlo, galin
sriftlo, sonda bir bos satir; mislliflorin adi, soyadi vo atasinin adi agiq sokilds yazilmalidir — ortadan,
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nomralari — ortadan kursivls, sonda bir bos satir; xiilasa (min. 100 s6z, maks. 200 s6z); agar sozlor
(3-5 soz) — kursivla; giris va digar alt basliglar — soldan, qalin sriftls, avvalinds bir bos satir.
Mogalonin adi, mislliflorin adi, soyadi va atasinin adi, xiilass Vo acar sdzlor mogalonin yazildig: dilds
vo ingilis dilindo togdim olunmalidir. ©gor magalo ingilis dilindo tortib edilibso, yuxarida qeyd
olunanlar yalniz ingilis dilinde yazilmalidir.
4. Odobiyyat siyahisi: hor bir istinad olunan monbanin adi torciimo olunmadan, mogalodos istifads
olunma ardicilligina uygun olaraq nomralonir. Matndo istinadlar asagidaki kimi verilir:
— ogor istinad edilon asar jurnal materialidirsa moatnin daxilindo kvadrat motarizoda gostarilir
(masalan, [3]). ©dabiyyat siyahisinda iso aSar miialliflorinin soyadi, inisiali, aSorin adi, jurnalin adi,
buraxildig il, seriya vo ya ndmrasi, asorin jurnaldaki sohifo araligi gostorilir.
Masalon, 3. ©monov Y.A. Abrazivin metalla toxunma zonasinda yaranan gorginliklorin toyini meto-
dikas1 haqqinda. AzTU-nun elmi asarlari, 2021, Nel, s. 65-71.
— ogar istinad edilon asar kitab materialidirsa moatnin daxilinds kvadrat motarizods istinadin némrasi
Vo asarin kitabdaki sohifa araligr gostarilir (masalon, [9, s. 120-122]). ©dobiyyat siyahisinda iso aSar
miialliflorinin soyad, inisiali, oSorin adi, sohar ad1, nasriyyat adi, buraxildigr il, kitabin timumi sohifa
say1 gostarilir.
Mosalon, 9. Ciimsiidov S.Q. idarsetmo gorarlarinin qobulu. Baki, “Tohsil NPM”, 2010, 160 s.
5. Mogalada cadval va sokillor némralonir: cadval — codvealin yuxarisinda, kursivle, sagdan (mas.,
Cadval 1), sokil — soklin altinda, kursivla, ortadan (mas., Sakil 1.) vo matn hissadon (yuxaridan vo
asagidan) bir bos satir buraxmagqla gostarilmalidir. Cadvallar bilavasito magalonin matninds yerlosdi-
rilmalidir. Hor cadvolin 6z basligi olmalidir. Cadvallords miitloq 6l¢ii vahidlori gostorilmolidir. So-
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6. Mogalads istifado olunan 6l¢ii vahidlori beynalxalq 6lgli vahidlari sistemino uygun olmalidir.
Qobul olunmus sozlordon basqa (va S., Va i.a.), qisaldilmis s6zlordon istifads etmok olmaz.
7. Disturlar Microsoft Equation-do standart parametr ilo yigilir. Moatndo ancaq istifado olunan
diisturlar nomralonir. Diisturun némrasi sagda motorizods yazilir.
8. Redaksiyaya mogalo gondorildikds miislliflor hagqinda molumat: soyadi, adi, atasinin adi, elmi
doracasi, elmi riitbasi, is yeri, vozifosi, ORCID nomrasi, magalonin aid oldugu bolma, telefon
nomrasi, e-pogt tinvani da taqdim olunmalidir.
9. Redaksiyaya daxil olan magalalar roya toqdim olunur va miisbat roy almis moaqalolor ¢apa tovsiya
olunur.
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The following requirements should be considered for preparing the article:
1. The article should be prepared in Azerbaijani, Russian, or English, using the Microsoft Word text
editor, in A4 format with margins of 2 cm on the left, top, bottom, and right. The font should be Times
New Roman, size 12, with single line spacing, and a 1 cm paragraph indentation. The text should be
between 5-8 pages.
2. It is recommended that the text of the article consist of the following sections:

* Introduction (relevance of the issue, current state of the problem);

* Research purpose, problem statement;

* Methods of problem resolution and validation;

* Application of obtained results;

* Conclusion.
3. The article should be prepared in the following sequence: the title of the article — centered, in
uppercase, bold, with an extra line at the end; authors' names, surnames, and patronymics should be
clearly written — centered, in bold; the authors' workplace, city, country, and email address — centered
in italics; authors' ORCID numbers — centered in italics, with an extra line at the end; abstract (min.
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4. Bibliography: Each cited source in the article should be numbered according to the order of use in
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indicated within square brackets in the text (e.g., [9, p. 120-122]). In the bibliography, the authors'
surname, initials, the title of the work, city name, publishing house name, year of publication, and the
total number of pages in the book are provided. Example: 9. Jumshudov S.G. Adoption of managerial
decisions. Baku, "Tohsil NPM", 2010, 160 p.
5. Tables and figures in the article are numbered: the table number is indicated above the table in
italics, aligned to the right (e.g., Table 1), the figure is indicated below the figure in italics, centered
(e.g., Figure 1), and should be separated from the text portion (top and bottom) by an empty line.
Tables should be directly placed in the text of the article. Each table should have its own title. Meas-
urement units must be specified in tables. Figures should be clear and presented as a single object
(grouping individual figures separately is not allowed).
6. Measurement units used in the article should conform to the international system of measurement
units. The use of accepted abbreviations (e.g., etc., et al.) and shortened words is not allowed.
7. Formulas are constructed using Microsoft Equation with standard parameters. Only the formulas
used in the text are numbered, and the formula number is written to the right in parentheses.
8. When submitting an article to the editorial office, information about the authors should be provided:
surname, name, patronymic, academic degree, academic title, workplace, position, ORCID number,
section to which the article belongs, phone number, and email address.
9. Articles submitted to the editorial office are subjected to review, and positively reviewed articles
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* BBEJICHHE (aKTyaJIbHOCTh BOIPOCA, COBPEMEHHOE COCTOSIHUE TPOOIIEMBI);

* L1eJIb MCCIIeI0BaHMS, TIOCTAHOBKA MIPOOJIEMBI;

* METO/IbI pEIICHHUs U anpoOarus npoodIeMbl;

* IPUMEHEHNE TIOJyYEHHBIX PE3YJIbTAaTOB;

* BBIBOJIBI.
3. Cratbs nomkHa ObITH O(hOpMIIEHA B CJIEAYIOIIEM MOPSAIKE: Ha3BaHUE CTaTbU — IOCEpeNHE, 3ariaB-
HBIMH OyKBaMH, >KHPHBIM IIpU(TOM, B KOHIE IyCTas CTpPOKa; UMs, (aMHUIHS M OTYECTBO ABTOPOB
JIOJDKHBI OBITH HAIMCAHBI Y€TKO — MIOCEPEINHE, KUPHBIM MPU(TOM; MECTO pabOThI, TOPOA, CTpaHa U aJi-
pec AIIEKTPOHHO MOUTH aBTOPOB — KypcuBoM; Homepa ORCID aBTOpOB — nmocepeiiHe KypcHB, B KOHIIE
myctasi ctpoka; pestome (MuH. 100 cno, makc. 200 cioB); kitoueBbIe ciioBa (3-5 cOB) — KypCHBOM; BBe-
JICHUE W OCTaJIbHBIC TIO3ar0JIOBKH — CJIEBa, YKUPHBIM HIPUPTOM, ITycTasi CTPOKa B HaJale.
Haspanue crathu, umsi, pamMuaIns ¥ OTYECTBO aBTOPOB, AHHOTAIIMS M KJIIOUEBBIE CJIOBA JOJKHBI OBbITH
MIPE/ICTaBJICHbI HA S3bIKE CTATbU U HA aHTIUICKOM s3bIKe. ECiiu cTaThs HamucaHa Ha aHTJIMHCKOM SI3BIKE,
BBIIICYKA3aHHOE JOJKHO ObITh HAIMCaHO TOJIBKO HA aHIJIMHCKOM SI3bIKE.
4. bubnuorpadus: Ha3BaHHE KAXKAOTO IUTUPYEMOTO UCTOYHUKA HYMEPYETCs] B COOTBETCTBHHU C MOPS/I-
KOM €ro HCII0JIb30BaHUs B cTaThe, 6e3 nepeBosa. CCbUIKM B TEKCTE JIaHbI CIIEAYIOIIUM 00pa3oM:
— ecJM IUTHpYyeMast paboTa SIBJISIETCS )KYPHAJIbHBIM MaTepHaIOM, OHA YKa3bIBAETCS B KBaIPATHBIX CKOO-
Kax BHYTpH TekcTta (Hanpumep, [3]). B ciircke nmurepatypbl yKka3bIBatOTCs (paMUITHS U MHUITHAIIBI aBTOPOB
paboThl, Ha3BaHKHE PaOOTHI, HA3BAHUE JKypHAJIa, TOJ U3JaHUS, CEPHSI WIM HOMEP, CTPAHHUIIBL.
Hanpumep, 3. Amanos F0.A. O mMeronuke onpeaeneHns HANPSHKECHUH, BO3HUKAIOIINX B 30HE KOHTAKTa
MeTaia ¢ abpasuBoM. Hayunslie Tpynst A3TY, 2021, Nel, c. 65-71.
— €CJIM CChUIOYHAs paboTa SABJISETCS KHUKHBIM MaTepUaioM, HOMEp CChUIKU U MEKCTPaHUYHbIN UHTEp-
BaJl pabOTHI B KHUTE YKA3bIBAIOTCS B KBAJIPATHBIX CKOOKAX BHYTPHU TekcTa (Hampumep, [9, ¢. 120-122]).
B cnincke nureparypbl ykaszbIBatoTCs (haMuiIKs 1 MHUIMAIBI aBTOPOB, Ha3BaHKUE MPOU3BECHMS, Ha3BaHUE
ropoja, HAMMEHOBAaHHUE U3/aTeNbCTBA, FOJ] U3/IaHMsl, 00I1ee KOJMYECTBO CTPAHUL] KHUTH.
Hanpuwmep, 9. xymmynos C.I'. [Ipunarue ynpasiendeckux pemenuil. baky, «HIIM Oo6pa3oBanuey,
2010, 160 c.
5. Tabnu1bl ¥ PUCYHKH B CTaThe HyMEPYIOTCS: TaOInIa — HaJl TaOIUIeH, KypCUBOM, CIIpaBa (Harmpumep,
Tabnuya 1), pUCyHOK — TOJT PUCYHKOM, KYpPCHBOM, ITOcepearHe (Harpumep, Puc. 1.), TaOIHAIIBI JOHKHBI
OBITH OTJENICHBI OT TEKCTOBOM YacTH (CBEpXY M CHHU3Y) IMYCTBHIMH CTpOoKamH. TaOmuIpl cieayer pa3Me-
[IaTh HETIOCPEJICTBEHHO B TEKCTe cTaThu. Kaxxias Tabiuna JOKHA UMETh CBOM 3arosioBOK. EaMHUIIBI
M3MEpEHMs T0JKHBI OBbITh yKa3aHbl B Tabnuuax. M300paxeHus 10JKHBI ObITh YETKUMH U MIPEICTaBIATh
co00if eTMHBIN 00BEKT (MCKYCCTBEHHAS IPYNIHUPOBKA OTJEIbHBIX U300paKeHU He TOMMYyCKaeTCs).
6. Equnauib u3MepeHus, UCI0JIb3yeMbIe€ B CTaThe, JOHKHBI COOTBETCTBOBATH MEXIYHAPOIHON CUCTEME
enuHuI n3Mepenus. Kpome npuHSTHIX coB (M T.JA. U T.I1.), HEJIb3s UCII0JIb30BaTh COKpPAIEHHBIE CIIOBA.
7. ®opmyinbl komnuiupyrores: B Microsoft Equation o crannaptasiM napamerpam. Hymepyrorcest TOIbKO
(dopmyIbl, ncnonb3yembie B Tekcte. Homep hopmyiisl yka3pIBatoTCs B CKOOKax CIIpaBa.
8. Ilpu oTmpaBKe CTaTby B PENAKIMIO YKa3bIBAIOTCA CBEACHUS 00 aBTOpax: (paMuius, UMs, OTYECTBO,
ydeHast CTeleHb, Y4eHOe 3BaHue, MecTO paboThl, JOIKHOCTH, HoMep ORCID, pa3zen, k KOTOpoMy OTHO-
CHUTCS CTaThs, HOMEp TesnedoHa U aapec dJIEKTPOHHOU NMoYThI. Takke He0OX0JMMO YKa3aTh aapec.
9. Crarbu, NOCTYNUBIINE B PEAKOJIIETHIO, IEPEAIOTCS HA PEIIEH3UPOBAHKE, TIOYYHUBIIHE TIOJIO0KUTEIb-
HBIE€ OT3BIBBI CTAThU, PEKOMEHAYIOTCS K Iy OIMKAII|H.
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