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Abstract. This article is devoted to the research and development of an innovative approach to the integration of a
two-dimensional control device in the field of information technology for complex control systems. Complex manage-
ment systems, including production processes, industrial installations and infrastructure, require effective solutions to
optimize performance and reliability. The article discusses technologies and techniques that allow integrating a two-
dimensional control device into information systems for more effective monitoring and management of complex pro-
cesses. Special attention is paid to data analysis, signal processing and software development that can provide synergy
between a two-dimensional control device and information technology. The study also addresses the issue of cybersecu-
rity and data protection, as the integration of information technology and control devices can potentially face threats of
cyber-attacks and unauthorized access.

Keywords: two-dimensional control device, integration, information technology, synthesis of control systems.

© 2024 Azerbaijan Technical University. All rights reserved.

Introduction

In today's world, permeated with many complex systems and high technologies, the concept of
control has become a key element in ensuring efficiency, reliability and safety in various fields, rang-
ing from industrial production and energy to transport and medical fields. Complex control systems
involve many variables, relationships and dynamic processes that require increasingly sophisticated
tools and solutions to effectively control them. In the context of these challenges and requirements,
this paper discusses an innovative approach to integrating 2D control into the information technology
field to provide greater efficiency and reliability to complex process control systems. This is one of
the current and promising areas of development that can change the paradigm of management and
control in various industries. The article will focus on a practical example of research and implemen-
tation of projects that illustrate the potential of integrating a two-dimensional control device into in-
formation technology for complex control systems [1]. This example demonstrates the real achieve-
ments and benefits of this approach, and also points to possible directions for future development in
this area. Research methods object of research in this work is the integration of two-dimensional
control devices into information technologies in order to synthesize more efficient and adaptive con-
trol systems in various fields, including industrial production, transport, energy, and other complex
systems.

Methodology

The research includes mathematical modeling of integration processes into information tech-
nologies and analysis of their interaction. Mathematical modeling allows you to create abstract mod-
els of control systems and information technologies for further analysis and optimization. To assess
the effectiveness of integration and synthesis of control systems, the data analysis method is used.
Which includes the collection, processing and interpretation of data obtained as a result of the func-
tioning of integrated systems. The study also includes an analysis of modern information technolo-
gies, including an analysis of their specifications and capabilities. This will allow us to determine
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which technologies can be integrated in the synthesis of control systems. Given the importance of
protecting data and systems from cyber threats, the study includes an analysis of cybersecurity tech-
niques and technologies that can be applied to integrated systems [2]. To confirm the results of the
study, we solved the equation in the state variables of a two-dimensional device, including integration
into real control systems and evaluation of their performance.

Research in this area requires an integrated approach and the use of a variety of methods to
determine optimal ways to integrate and synthesize control systems using two-dimensional control
device and information technology. Which in turn made it possible to measure the effectiveness and
reliability of control systems and their ability to adapt to changing conditions [3]. To compare differ-
ent methods and approaches to integration in information technology, the method of comparative
analysis is usually used. Which helps to identify the advantages and disadvantages of different ap-
proaches.

The study of the interaction of a two-dimensional control device and information technology
for the synthesis of control systems is a multidimensional and multidisciplinary approach that requires
the use of a variety of methods and tools.

Results and Findings
To search for equations in the state variables of a two-dimensional control device with a relative
degree u,, =1, let's consider the equations of state of the object control system [3].

The general form of the state equations in state space for an object with a relative degree x,, =1

is as follows:

X=AXx+ Bu
y=Cx+Du

where: X - derivative of the state vector x with respect to time; A - state system matrix; B - input
matrix; U - vector of control actions; y - output vector; C - output matrix; D - forward transmission

matrix.
For an object control system, where x,, =1, it is important that one of the outputs y depends

on one of the states X" in accordance with direct transmission D .
Let, for example, we want the state X, to influence the output Yy, . Then, given that x, =1, we

might have the following equation for one of the outputs:
y=Cx+Du

Here: y, - one of the exits; X, - one of the states; C, - corresponding matrix element C in row corre-
sponding Y, and column corresponding X, ; D, - corresponding matrix element D in the row corre-
sponding Y, and column corresponding to the control action U .

Further, in the state system X', the corresponding equation will depend on this output Y, :
Xi1=Ax+ A%+ Bu

where: A, - A matrix element row, corresponding X, and column, corresponding X, ; A, - A matrix
element row, corresponding X, and column, corresponding X,, B, - B matrix element (row corre-

sponding X, and column corresponding to the control actionu ).
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This equation is one of the equations of state of an object control system with a relative degree
u,, =1, where one of the outputs depends on one based on the state. Let's try to find equations in the

state variables of a two-dimensional control device with a relative degree y,, =1 at which the object

<l el
X= X+ u+ f, )
3 6 1,3 0,3

y=[0,5 2]x. (2)

control system.

Equation (1) describes the dynamics of the variable X, where X depends on the previous value,
external influence U, and disturbance f .

The factor 2, 4, 3, 6 before X can represent a gain or damping factor, which determines how
quickly the variable X responds to changes in its original value X. If this value is large, then the
system will be more sensitive to changes in X.

The coefficient 1 and 1.3 before u indicates the influence of external influence u on the vari-
able x. This coefficient may represent the system's sensitivity to influences or its ability to respond
to a control signal U.

The coefficient 0.5 and 0.30, before f it is assumed that this is a typo, because such an entry

does not correspond to the generally accepted form. There should probably be two different coeffi-
cients here: one for f and one for u. So, assuming these are two different coefficients, a coefficient

of 0.5 before f may indicate the effect of the disturbance f on the variable x. This coefficient may

represent the system's sensitivity to disturbances or its ability to suppress their effects.
Equation (2) defines the variable y as 0.5 and 2, which can mean that the variable y depends

linearly on the variable with proportionality coefficients of 0.5 and 2. This can be interpreted as the
output variable y, which is a function of the input variable X.

These examples often have second-order astatism to the reference action g and first-order
astatism to the disturbance f . In this case, the control time according to the reference influence
should be t, <1,5c, and the overregulation should not exceed 10%. Deviation ¢ =g -y and the

manipulated variable y are measured, but disturbance f and impact g are not measured.

To solve our problem, we will use the analytical method of synthesizing two-dimensional con-
trol devices according to the desired indicators
Analyzing (1) and (2), we will find polynomials:

B(p):ﬂm’lBg(p):3,1(p+0,129),
A(p)=p’-8p,H(p)=0,85p+0,9

from the input-output equation of a given object

A(p)y(p)=B(p)u(p)+H(p)f(p) 3)

In our case, the zeros of the polynomial A( p) are 0 and 8, and the zero of the polynomials

B( p) 1s —0.129, i.e. these polynomials do not have common zeros. Consequently, the given control

object is complete and minimally phased. Therefore, it is possible to synthesize a system with
matched poles by assuming the characteristic polynomial of a closed-loop system
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D(p)=B,(p)D(p)=(p+0,129)D(p), where D(p) is a Hurwitz polynomial selected according

to the quality conditions of the synthesized system.

In this case, one of the standard transfer functions with a suitable value of the time scale factor
can be taken as the desired transfer function of the closed-loop system to the reference action.

In accordance with the above analytical synthesis method, we first look for the input-output
equation of a two-dimensional control device of the form

R(p)u(p)=Q(p)a(p)-L(p)y(p) (4)

where R(p),Q(p),L(p) — polynomials to be determined during the synthesis process. In this case,

according to the conditions of physical realizability, the inequalities must be satisfied
r—azu,,, r=1=u, (5)

where I = degR( p), g= degQ( p), I = degL( p), H,, —index or relative degree of a two-dimensional

control device. It depends on the properties of the elements from which the synthesized two-dimen-
sional control is built.

As you can see, the synthesized control device (4) has two inputs: namely, a reference action
g and an output —y, which is why it is called two-dimensional.

Note that the relative degree r, of a controlled dynamic system is the minimum order of the

time derivative of the system output, which clearly depends on the control. In the case of a linear two-
dimensional control device (4), its relative degree will be equal to:

,uyy=min{r—q,r—|} (6)

To solve the synthesis problem, the input-output equation of a closed-loop system is compiled
according to (3) and (4)

D(p)y(p)=B(p)Q(P)a(P)+H(P)R(P)f(P). (7)

Here the characteristic polynomial D( p) is defined by the expression

D(p)=A(p)R(p)+B(p)L(P). ®)

As is known, to ensure second-order astatism with respect to the reference action, it is necessary
that there are two integrators in the open circuit of the system. In our case, there is only one integrator
in the object. Therefore, another one is introduced into the two-dimensional control device, for which

the polynomial R( p) is taken in the form R( p) = pli( p) , Where Ii( p) is an arbitrary polynomial.
In this case, according to (7), the condition of first-order astatism with respect to the disturbance f

will also be satisfied, since in this equation the image of the disturbance f (p) is multiplied by a
polynomial R( p) .
As noted above, D( p) = ( p+0, 129) f)( p) , therefore, substituting expressions for polynomials

in (8), we arrive at the equation
(p+0,129)D(p)=(p*—~8p) pPR(p)+3,1(p+0,129)L(p). 9)

8
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In equation (9.9), the binomial p+ 0,129 is contained in two products, so it must also be in the
third product, that s, it is necessary that R(p)=(p+0,129)R(p), where R(p) is an arbitrary pol-
ynomial of degree r —2 . Next, substituting the resulting expression for Ii( p) in (9) and reducing the

entire equality to a binomial p+0,129, we will have

D(p)=(p’-8p)pR(p)+3.1L(p). (10)

The resulting expression is a polynomial equation, which is equivalent to a system of algebraic
equations in which the unknowns are r—2+1 the coefficients of a polynomial ﬁ( p) of degree
F=r—2 and r the coefficients of a polynomial L(p) of degree | =r—1, according to (5), since by
assignment g, =1.

The degree 7 of the polynomial D(p) in (10) is obviously equal to the degree of the product
( p> -8 p) pﬁ( p) ,1.e 7 =r—-2+3=r+1. Consequently, the system of equations to which the poly-
nomial equation (10) is equivalent contains N, =7 +1=r+2 equations and N, =r—1+r=2r-1

unknown coefficients.
For the said system to be solvable, it is necessary that N, =N, i.e. 2r—1=r+2. From here

r =3, and using the above formulas we find: T =3-2=1,1=3-1=2,7=3+1=4. In this case, the
polynomials: L(p)=74,p*+4p+4, R(P)=pp+p,, D(p)=56,p"+5,p"+5,p’ +5,p+6,.
To select the coefficients of the polynomial Ij( p) , as noted above, standard transfer functions

are used. In this case, the coefficients of the transfer function corresponding to the fourth-order system
are necessary, since 77 =4 with second-order astatism and overshoot of no more than 10%. These

data satistied by the with A, =1,
A =118,A,=16,3,A, =7,2,A, =1 and t =12cC.

To ensure the required regulation time, the value of the time scale factor is calculated
@, =1, /t: =12/3=4. The desired coefficients of the polynomial Ij( p) are determined by the for-

are transfer  function standard coefficients:

mula
S =Ny (1)
atn=7=4.
Substituting numerical values gives: 5, =256; 6, =755,2; 6, =260,8; 6, =28,8; 0, =1.
Now we can write the system corresponding to equation (10).
Here it looks like

The solution to this system: p, =1; p, =36,8; 4, =179,1, 4 =243,6, A, =82,58 allows us to
write polynomials: R(p)=(p+0,129)(p*+36,8p),L(p)=179,1p* +243,6p+82,58.

31 0 0 0 O01[A4] [ 25 ]
0 31 0 0 014 |7552
0 0 31 -8 0|4 |=260,8]
0 0 0 1 -8p, 28,8
0 0 0 0 1]p| | 1 |




V.S.Artemyev et al. / Proceedings 1 /2024, 5-12; DOI: 10.61413/QEIG3790

Automatics

The product B( p)Q( p) , according to equation (7), is the numerator of the transfer function

of a closed-loop system for the reference action. On the other hand, the order of astatism according
to the driving influence of the synthesized system is equal to 2, this product should be equal to

(6,p+6,)(p+0,129). From here the coefficients are found y,=82,58; 7, =243,6 polynomial

Q( p) . As a result, we can write the following equation (4) of the desired two-dimensional control

device:
(p*+36,8p)(p+0,129)u(p)=(82,58+243,6p)g(p)-

(12)
—(82.58+243,6p+179,1p>) y(p).

According to the conditions of the problem, the deviation £ = g —y and the controlled variable
y are measured. Therefore, in equation (9.12) g is replaced by the formula g = & + Yy . After bringing
similar and multiplying polynomials; we get

(p*+36,929p* +4,7472p)u(p)=(82,58+243,6p)s(p)-179,1p°y(p).  (I3)

This input-output equation corresponds to the following system of equations in state variables:

0 0 0 82,58 0
2={1 0 —4,7472|z+|243,6|s—| 0 |y, (14)

0 1 -36,929 0 179,1
u=[0 0 1]z (15)

The resulting equations describe the two-dimensional control device, the input of which is the
deviation & and the controlled variable y of the object. The relative degree of the found control
device is obviously equal to unity.

To check the solution, it is necessary to find, for example, the transfer functions of a closed-
loop system. Eliminating deviation & and control from equations (3) and (13), we find (at zero initial
conditions) the following expressions for the transfer functions of the synthesized control system:

(p+0,129)(256+755,2p)
p*+28,8p° +260,8p +755,2p+256)(p+0,129)°

Wyg(p):(

(p+0,129)(0,85p* +32,18p+33,12) p
p*+28,8p  +260,8p +755,2p+256)(p+0,129)

Wyf(p):(

Based on the results obtained, the following conclusions can be drawn:
Both transfer functions W, (p) and W,; (p) depend on the Laplace variable (p) and contain

polynomials in both the numerator and denominator. These functions can be used to analyze and
model system dynamics as a function of time frequency.

Both functions have a common denominator ( p*+28,8p° +260,8p> +755,2p+ 256)

( p+0, 129) , which may indicate the presence of a general dynamic nature in the system.

10
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The functions differ in their numerators: W, ( p) has a numerator ( p+0, 129)(256 +755,2 p)
while W,; (p) has a numerator (p+0,129)(0,85 p’ +32,18p+33,12) p. These differences in nu-

merators may indicate different aspects of the system or different input signals that are being consid-
ered.

Analyzing these transfer functions can help understand how the system reacts to external influ-
ences and what dynamic characteristics it has. Solutions to the system of equations associated with
the transfer functions can provide information about stability, response to different frequencies, and
other important properties of the system [4, p. 104]. The constructed transient functions of the closed-
loop system (1), (2), (14), (15), corresponding to the obtained transfer functions and simulation re-
sults, it follows that the synthesized system satisfies the requirements for the transient process for the
master action, as well as the requirements for the accuracy of the master influencing g and suppress-

ing the influence of disturbance f .

The graphs in figure show the change in the amplitude of the transfer functions depending on
the frequency. We see that both functions have different amplitude response profiles, which may
indicate different dynamic properties of the system [5]. Dips and peaks are detected in the graphs,
which may indicate the presence of resonances or frequency resonances in the system. These features
may affect the dynamics of the system and require additional analysis. The graphs show no signs of
system instability, which is a positive aspect. However, for a more accurate assessment of the stability
of the system, additional analysis is necessary, for example, analysis of the roots of the characteristic
polynomial. Amplitude characteristics allow us to evaluate how the system reacts to external disturb-
ances. Differences in amplitudes may indicate different sensitivity of the system to different input
signals.

Frequency response of Wy4(p)
0 ' ]

Amplitude (dB)
|
(=]
(=]

102 101 100 10! 102 103
Frequency (rad/s)

Frequency response of Wy{p)
|

Amplitude (dB)
L
o

-50 /
—60 i 1 | \
T T T ™ T T . rTrrTT T T T T T
1072 1071 10? 101 10? 10?
Frequency (rad/s)

The graphs of change in the amplitude of the transfer functions depending on the frequency

To effectively integrate a two-dimensional control device, it is necessary to develop methods
and technologies that will allow interaction with them through modern information platforms. This
includes the creation of specialized software interfaces, the development of algorithms for processing
data from control devices and ensuring compatibility between physical devices and information sys-
tems [6].

11
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Another aspect of the problem is related to ensuring security and data protection when integrat-
ing physical control devices with information technology. This includes protecting against unauthor-
ized access to control devices, ensuring the confidentiality of information transferred between devices
and information systems, and ensuring the integrity of data during transmission and processing. The
problem of integrating a two-dimensional control device into information technology for the synthesis
of systems requires the development of integrated approaches and innovative solutions that will allow
the effective use of physical devices in modern information systems.

Conclusion

According to the simulation results, transient processes in the system in response to the com-
mand signal g correspond to pre-established requirements. This means that the system quickly and
stably responds to changes in the input signal and achieves the specified goals within the specified
time frame [1-4]. The accuracy of the master action in the synthesized system ensures high accuracy
when working out the master influence. This is important, especially in the context of control systems
where accuracy and reliability are key. The simulation results also indicate the system's ability to
effectively drive the disturbance signal f. This means that the system is stable and able to cope with
external influences or disturbances, minimizing their impact on the output.

Synthesis of a control system that includes a two-dimensional control device requires an inte-
grated approach that combines both hardware and software components, and information technology
plays a key role in the optimization and automation of control systems. The integration of 2D control
into information technology opens up new prospects for creating more efficient and adaptive control
systems, which is of great importance in today's world where automation and optimization play an
important role in improving the productivity and quality of various processes. The obtained results
confirm that the synthesized system has desirable properties in terms of accuracy and stability, mak-
ing it suitable for specific applications and requirements related to driving inputs and disturbance
suppression.
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Abstract. In this research work, the application and analysis of the optimization methodology based on the dynamic
flying objects algorithm to design the robot manipulator based on the optimal PID controller is considered. Based on the
dynamic analysis of robot manipulators, the interaction between the torques created by the actuators and the position and
speed of the manipulator was investigated. The optimal PID control law obtained from the proposed algorithm is applied
to the robot system. The proposed controller optimizes the trajectory of the robot's end-effector for input during variable
time and hardens the robot against perturbing effects. To achieve a highly adaptive optimization process, the correct
formulation of the utility function leads to optimal solutions. Three different objective functions were used in the process
of optimization of control parameters in the robot system and their results were compared.

In this work, a new debugging methodology for trajectory tracking in robotic manipulator systems is presented.
Optimum benefit is obtained by using the proposed PID regulation law. The obtained results are satisfactory and
competitive. It has been determined that the problems of the smooth control system in the places where the robot system
is highly non-linear are regulated by classical methods.

Keywords: PID regulator, control systems, robotic manipulators, trajectory optimization.
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1. Giris

Robot manipulyatoru 6z funksiyalarini inteqrasiya olunmus sokilds yerina yetirmak {igiin an az1
bir quragdirilmis qolu ehtiva edon mobil robot bazasidir. Mobil manipulyatorlarin istifadosi insan
tohliikasizliyi ilo bagli amillors gore miixtalif sahalords eksponent olaraq artir. Real hoyatda totbiq
olunan miihitlor, masalon, yiiksok temperaturlu orazilor vo ya zororli gazlarin mévcud oldugu yerlor
insanlar ticiin tohliikali ola bilsr. Manipulyatorun asas magsadi miioyyan bir yers ¢atmaq vo obyekt-
lori gotlirmokdir. Sonaye saholorindo mobil manipulyatorlardan istifadonin iki ssenarisi var. Birinci
ssenari, malum miihitlords obyektlorin va alatlorin daginmasinda robot manipulyatorlarindan istifa-
doni nozordo tutur. Ikincisi, robotlarin strukturlasdirilmamis miihitlordo, xiisuson do insanlar iiciin
yararsiz olan tohliikoli yerlords istifadesini nozordo tutur. Hotta, komokei robotlar evdo gilindolik
moisat iglorini yerino yetirmokdo kdmok edo bilocok basqa bir avtonom robotlar kateqoriyasini da
toskil edir. Biitiin totbiqlords robotlardan yiiksok etibarliliga nail olmaq iigiin islorini yiliksok soviy-
yado doqiqlikla yerina yetirmok tolob olunur.

Robot manipulyatorlarinin idare edilmasi onun miirokkab dinamik modelina gora ¢ox dyronilon
bir sahadir. [1]-do robot modelin dinamik tohlili asasinda aktuatorlarin birgs firlanma momentlori ilo
robot manipulyatorunun mdvqelari arasinda birlogma slagasi aragdirilmigdir. Qeyri-xatti dinamika vo
movgelarin birlosma olagolori doqiq vo ciddi idarosetmoni ¢otinlosdirir. Belo ki, robot sisteminin
dinamikasindan asil1 olan klassik idaroetma tisullar1 asasinda tonzimlayicinin layihslondirilmasi ¢ox
cotindir. iki kecid manipulyator robot sistemi ii¢iin miixtolif idaroetmo sxemlori verilmisdir. Perez
neyron sobokolordon asili olan PID tonzimlomo qanununu toqdim edilmisdir. Qeyri-solis PiD
kontrollerlor osasinda trayektoriyani izloyon robot sistemlorindon istifado edilmisdir [2]. Son
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dovrlordos tokamiil alqoritmlari asasinda robot sistemlarinin harokat trayektoriyasinin planlagdirilmasi
genis Oyronilir. Basqa sozlo desok, tokamiil alqoritmlori robotlarin sistem totbiqlori {i¢lin alternativ
layiholonmdirmo metodologiyasi kimi meydana ¢ixmisdir [3,4].

Tokamiil alqoritmlori bir ¢ox tadgiqatgilar tigiin tobii sistemlori vo ya bioloji proseslori toglid
edon stoxastik optimallasdirma tisullaridir [5]. Tobii sistemlori toqlid etmok, mohkomlik vo kollektiv
Oyronmo prosesi tokamiil algoritmlorinin osas xiisusiyyatlori olub, global optimal holli tapmaq
qabiliyyati vo ¢oxlu sayda geyri-xatti dayison problemlorls iizloso bilmok imkanina malikdir [6].
Odadi optimallasdirma masalalorini hall etmok iigiin [7]-do virtual tokamiil alqoritmi toqdim edil-
migdir. Bu alqoritmdo problemlor robotun qida menbalorinin se¢ilmasi vo totbiqi kimi model-
lagdirilmisdir. Onlara miinasib uygunluq funksiyalar1 qida monbalarinin keyfiyyatino uygunlasdirilir.
Robotun gida monbolorinin hocmini 6lgmok {igiin 6l¢li cihazi vo ya miisahidogi sensorlar adlanan
qurguya informasiyalar gondorilir.

2. Robot sisteminin dinamik modeli

Robot manipulyatoru robot sisteminin insan operatoru torofindon idaro olunan vo kompo-
nentlorin, alatlorin vo s. dasinmasinda xiisusi tapsiriqlarin yerino yetirilmasi ticiin istifads edilon
hissasidir. Miixtalif horokotlori yerino yetirmok {i¢iin tapsiriqlar yazili programla daxil edilo bilor
[9,10]. Robot manipulyatoru kinematik ciitlorlo birlogon vo xotti horokot edon bir nego bonddon
ibaratdir. Horokot, robot bondlorinin movgelorini 6l¢on bir nego aktuator vo sensor vasitosilo idaro
olunur (sokil 1).

» LV §3

9

o1

@ M=

Sakil 1. Robot modeli

Burada M; vo M, kqg-la 6l¢iilon oynaq (sarnir) kiitloloridir, L; va L, bandlorin uzunluglaridir,
g qravitasiya sabitidir, 8, 8 vo 6 miivafiq olaraq veziyyat, siirat vo tocillordir.

Idaroetma sisteminin moqsadi tapsirig1 yerino yetirmok ii¢iin aktuatoru (bazi odabiyyatlarda son
effektor da adlanir) vo on uzaq slagani avvalcodon miioyyon edilmis koordinatlarda yerlogdirmokdir.
Aktuatorlar (bunlara informasiya 6tiiriiciilori do deyilir) xiisusi firlanma momenti totbiq etmoklo
manipulyatorun birlosma bucaqlarini harokst etdirirlor.

2.1. Robot manipulyatorun harakat dinamikasi masalasi

Robot manipulyatorunun seqmentlorinin dekart vo qiitb koordinatlar1 arasinda sado kegid
movcuddur. 2DOF (Degree of Freedom — Sarbostlik doracasi) robot manipulyatoru {i¢iin XY koor-
dinat miistovisindo ciitlorin bucaqglar1 arasinda ke¢id etmok {iciin asagidaki birbasa kec¢id tonlik-
larindon istifados olunur [7,8].

x1 = Lysin (6;) ; ey
y1 = Licos (61); (2)
X, = Lysin(6;) + L,sin (6, + 6,) ; 3)
Yy, = Ly cos(8;) + Lycos (6, + 6,) ; €))
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Yuxaridaki robot sisteminin kinetik enerjisini hesablayan tonlik agsagidaki kimi tosvir edilir:

1 . 1 . 1 .
KE = 3 (M, + M,)L%6% + EMngef + §M2L§9192
+=M;L302 + MLy Lycos (8,6, + 67) (5)
Potensial enerji agagidaki kimidir:

PE = M,gL,cos0, + M,g(L,cos8; + L,cos (6 + 6;)) (6)

Kinetik enerji tonliyini sadolosdirmoklo Karteziandan polyar tonliklorino ke¢dikdon sonra robot
manipulyatorunun harokatini tosvir edon tonlik asagidaki kimi olacaq:

B(q)§+C(q,q9) +g(q) =F, (7)

7= (3) ®)

RTan

Buradan (8) alinir:

n Ol¢iili ardicil kegidli robot manipulyator sistemi iiclin B(q) € miioyyon miisbat otalot
matrisidir, C(q, q) € R™ markozdongagma qiivvalorin vektoru, g(q) gravitasiya matrisidir vo F € R™
birlogsmalords totbiq olunan firlanma anini gostorir. Bu matrislor robot sisteminin dinamik harokatini
tosvir edir [4,10]:

3@ = (G 52) - ©)
Burada,
Bll = (Ml + Mz)L% + MzL% + 2M2L1L2COS (92) 5 (10)
Biz = Byy = MpL3 + 2M, Ly Lycos () ; (11)
By, = M,L5 ; (12)

Otalat (13) vo cazibo (14) matrislori asagida verilib:

. _ —MyL1Ly sm(@z)(29192+9§)
C(q’ q) - ( —MyL Ly Sin(ez)(éléz) ) i (13)
_ (—(M1+M3)gL4 sin 81—M,gL,sin(61+65;)
9@ = (O et ). (14)

Totbiq olunan firlanma momenti:
—(f 91)
F ( fon (15)
kimi toyin edilir.
2.2. idarsetms sisteminin qurulmasi

Moasalanin halli iisulu. Istonilon sistem modeli iigiin PID tonzimloyicisinin iimumi strukturunun
xota signalinin proporsional, inteqral vo differensial horokst ganunlari asasinda toyin olundugu
molumdur [11,12]. PID tonzimloyicisinin riyazi tosviri (16)-da verilir:

u(t) = Kye(®) + K [ e(t)dt + K 2 (16)
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Robot manipulyator modeli {i¢lin tonzimloyicinin ¢ixis1 robot dinamik sistemino (17) totbiq
olunan firlanma momentidir:

i =B(@ ' [-C4q —g(@]+F, (17)

(17.1)-da verilmis F qeyri-fiziki firlanma momentidir. Robot sisteminin dinamik tosviri, B(q)
faktiki giris momenti ilo otalot matrisi osasinda slagolondirilir (17.1):

F = B(q)"'F & F =B(q)F (17.1)

Qeyri-fiziki giris momentina sahib olmaq ii¢lin yuxaridaki sistemi ayirmagqla agsagidakilar oldo
edilir:

F=(%) 1s)

Dinamik sistemin fiziki giris an1 (19-21) kimi toyin edilir:

(o) =B (2) (19)
fi= KP1(91f - 91) + K4 [ e(6y)dt - K119:1 (20)
f2= KP2(92f - 92) + Ky, [ e(6,)dt — Kq,0, . (21)

Beloliklo, tam tonliklor sistemi (22) kimi toyin edilir:

q=B(@'[-C(qq—g(@]+
<Kp1(91f—61)+1<11 I e(el)dt—xnel> (22)
Kpy(025—62)+K12 [ €(62)dt—K156,

Indi moagsed kinematikanin trayektoriya xotalarmi minimuma endirmok mogsodilo hor bir
birlogsma li¢lin uygun Kp, K; vo K}, amsallarini (22) tapmaqdir.

2.3. Faydalhlq funksiyasi

Yiiksok adaptivli optimallagdirma prosesine nail olmaqda an vacib masals hallin uygunlugunun
giymotlondirilmosinds istifado olunan faydaliliq funksiyanin secilmosidir. Optimallasdirma prosesi
zamani faydaliliq funksiyasinin diizgiin formalasdirilmasi optimal hallors gatirib ¢ixarir (codval). Bu
robot sistemindo idaroetmo parametrlorinin optimallasdirilmasi prosesindo (23)—(25) li¢ miixtalif
moqsad funksiyasi segilir.

Kvadratik Xotanin Orta Kokii (KXOK):

KXOK = %Z’i\’zo\/egl(i)z + e, (i)? (23)
Miitloq Orta Xota (MOX):

MOX = ~3ioleq, (D)] + |eq, (0))] (24)
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Faydaliliq funksiyasi ti¢iin parametrlor

Indeks KXOK 10X ITIX
e | 203 0000 | 200.0000 l 202456
En 1 Q20379 | SO.NFE | 2. SHIN)
Ko 23.7962 6.9577 28.0B53
Kra 1840705 256.496 417381
Kz I L W b | 4F A | 49872
Koz | 785637 | 95697 | 3.0969
K 6.4567 56784 35676
K a5_3E76 67.345 87,3454
Koo | 234567 1 872453 | o349

Faydalihg 03487656 0.56324 45,5643

funksivaz

Idaroetmo Tosirli Istinad Xotas1 (ITIX):

.. 1 . . . .

iTiX = ~XNoleq, (D] + |eq, D] + [ug, D] + |ug, ()] (25)
Bu mogsad funksiyalari robot sisteminin dinamik reaksiyasina osason hesablanir [12].

3. Dinamik obyektlorin harokat trayektoriyasinin kompiiter modellosdirilmasi
3.1. Masalonin halli alqoritmi

Toklif olunan tonzimloma prosesini qiymotlondirmok {i¢iin kompiiter simulyasiyalarinin adodi
naticalori analiz edilmisdir (sokil 2). Robot sistemi ii¢lin hor iki oynagin kiitlosi M; = 1 kq vo M, =
1 kq; bandlerin uzunluglar1 L; = 1 m va L, = 1 m-dir; gravitasiya siiroti g = 9,81 m/san?; simul-
yasiya miiddati 20 saniyo gotiiriiliir.

Analiz edilon robot manipulyatorunun trayektoriyasi sinusoidal signal kimi qobul edilir:

617 (t) = 0.1524 + 0.24384 cos (2= - 7) ; (26)
87 () = 0.39624 + 0.24384 cos (= -2} ; 27)

Toklif olunan 3DOF Robot manipulyatoru iiciin optimal PID tonzimloyicisinin layihosi
osasinda bir nec¢o simulyasiya tocriibolori aparilmisdir. Robot sisteminin daxili strukturu Simulink
MATLAB Program Alostindon istifado etmaklo qurulur (sokil 3).

h_-‘

PID Parametrlar

-j Band 1. Tanzimlayici l .
eft) | ; 3 sacbostlik derocali
robot qolu modeli = Oft)

ol +

Magsad ruitha' i -! Band 2. Tanzimlayici ! *

Sakil 2. Robot sisteminin PID tonzimlomasinin sxematik diaqrami
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Optimallagdirma prosesi robot manipulyatorun son effektorunun trayektoriyasinda xotani min-
imuma endirmok {i¢iin hoyata kegcirilir.

‘ Scope 1
N |
-
Scope 2
k. - T Y
-
N e .
oy, o - Scope 3
—‘ -
L-‘
—

r ;
- =
— Scope 4

Soakil 3. PID kontroller qosulmazdan avval 3DOF robot manipulyatorun dinamik sistemi
3.2. Naticalarin analizi

Sokil 3-dos verilmis Simulink modelina asason Scope 1-don alinmis natica trayektoriyanin diiz
va tors masalosi hall olunmazdan qabaq robotun trayektoriyada olan harokatinin qrafikini oks etdirir.
Scope 2-don alinmis natico iso kinematikanin hom diiz, hom da, tors masalasi hall olundugdan sonraki
yekun grafikdir. Scope 3-do kinematikanin yalniz tors mosoalosinin holli noticoesindo alinan kecid
prosesi ayrisi tosvir olunur (sokil 4).

Sokil 5-da verilmis PID kontrollerlorindo PID konfigrasiya olunmadig {iciin Sokil 7-don
alinmis naticodo, robotun harokatinin grafiki hor bir PID kontrollerlori iigiin farqli sokildo verilmisdir.

Sokil 8-do alnmis naticays asason deya bilorik ki, PID konfuqrasiya olunmazdan avval Sokil 6-
da Scope 1-do alinmig qrafikin Scope 2-do alinmis qrafiklo hec¢ bir olagosi yoxdur. Yoni,
konfugqrasiyadan avval robotun PID kontollersiz alinmis naticasi (Sokil 4) Sokil 8-do alinmis natico
ilo alagalalidir.

Scope 1 . Scope 2 Scope 3

Sakil 4. Scope 1, Scope 2 vo Scope 3-don alinmig naticalor

18



K.A.Mammadova et al. /| Proceedings 1 /2024, 13-21; DOI: 10.61413/RXNN9866

Automatics

Groug 1 Sgnall L
% Signal * l i » -L|D|
Signal 3 + l « ¥
L Scope 1
| Rei
I\_. L 2m
PID1 :
" Scope 2
T
o i ' e )
PID2
Robal
e ——— ]
PIDIs) S
PICA
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Sakil 6. Saokil 5-doki Scope 1 vo Scope 2-don alinmis natico
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Sokil 7. a) ABC(Artificial Bee Calony) alqoritmindon alinmis natica, b) PID kontrollerinin sazlanmas1 alqoritmi

19



K.A.Mammadova et al. /| Proceedings 1 /2024, 13-21; DOI: 10.61413/RXNN9866

Automatics

4 Scopel = (=] x

aln w File Tools View Simulation Help bl
on  Help

Scope 1 Scope 2

Sakil 8. Sazlanmadan sonra sokil 2-doki 1-ci vo 2-ci Scope-dan alinmis natico
4. Natico

Bu moqalads robot manipulyator sistemlorindo trayektoriyanin izlonilmasi li¢ilin yeni sazlama
metodologiyas1 toqdim edilmisdir. Toklif olunan PID tonzimlomo ganunundan istifado etmoklo
optimal fayda olds edilir. Alinan naticalor gonaotboxsdir. Robot idarsetmo sisteminin yiiksok geyri-
xotti oldugu yerlordo solis idaraetma sisteminin ¢atinliklori klassik tisullarla tonzimlonmisdir. KXOK,
MOX va ITIX kimi ii¢ mogsad funksiyasina géro oynaqlarin faktiki mdvgelori vo istonilon toyinat
noqtosi, simulyasiya zamani yaranan xotalar, faktiki firlanma momentlori iizro alinmis naticolor
miiqayiso edilmisdir. ©On yaxs1 mogsad funksiyasi olaraq ITIX miioyyon edilmisdir (codval).
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UC SORBOSTLIK DOROCOLI ROBOT MANIPULYATOR SiSTEMi UCUN
OPTIMAL PiD TONZIMLOYICiSININ MODELLOSDIRILMOSI

K.A.Mommadova, Y.N.Oliyeva, A.9.9liyeva, N.G.Bagirova

Xiilasa. Bu todgiqat isindo optimal PID tonzimloyicisi asasinda robot manipulyatorunu layiholondirmak iigiin dinamik
ucan obyektlor alqoritmina asaslanan optimallagdirma metodologiyasinin tatbiqi ve tohlili nazards tutulmusdur. Robot
manipulyatorlarinin dinamik tohlili asasinda aktuatorlarin yaratdig: firlanma momentlari ilo manipulyatorun movqeyi va
siirati arasinda qarsiligh olaqa arasdirilmisdir. Toklif olunan alqoritmdon alman optimal PID tonzimloms qanunu robot
sistemino totbiq edilir. Toklif olunan tonzimloyici doyison zaman orzindo giris iiclin robotun son effektorunun
trayektoriyasini optimallagdirir vo robotu hoyacanlandirict tosirloro qarst mohkomlondirir. Yiiksok adaptivli
optimallagdirma prosesino nail olmaq iiclin faydaliliq funksiyasinin diizglin formalasdirilmasi optimal hollora gotirib
cixarir. Robot sistemindo idaroetmo parametrlorinin optimallasdirilmasi prosesinds ili¢ miixtalif moqsad funksiyasindan
istifads edilmis vo onlarin noaticalori miiqayise edilmisdir.

Bu isdo, robot manipulyator sistemlorinds trayektoriyanin izlonilmasi ii¢iin yeni sazlama metodologiyast toqdim
edilmisdir. Toklif olunan PID tonzimlomo ganunundan istifade etmoklo optimal fayda sldo edilmisdir Alinan naticolor
genaatbaxs va raqabatlidir. Miiayysn olunmusdur ki, robot sisteminin yiiksak qeyri-xatti oldugu yerlords yaranan solis
idaroetma sistemi ¢otinliklori klassik {isullarla tonzimlonir.

Acar sézlor: PID tanzimlayici, idaraetma sistemlori, robot manipulyatorlar, trayektoriyanin optimallasdirilmast.
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Abstract. XLPE insulated power cables serve as essential components in medium and high voltage power transmis-
sion lines, yet maximizing their resource duration poses a significant challenge for consumers. Issues such as water tree-
ings, electric treeings, and partial discharges within the insulation system accelerate cable aging over time. In response, a
novel approach has been proposed in this study to mitigate these detrimental factors. The method involves injecting a
specially formulated liquid into the cable insulation to address inhomogeneities, effectively rejuvenating the cable and
extending its service life by 20-30 years, as indicated by the technology's name. Furthermore, to provide context on the
practical implications, a succinct analysis of the Azerbaijani cable network is presented in this article. Also, in order to
explain the real situation of power cables, a brief analysis of the Azerbaijani cable network was conducted in the article.
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1. Giris

Soharlorin inkisafi ilo elektrik sobokalorinin elektrik otiirlicti xotlorindo artan tendensiya ilo
yiiksok gorginlikli kabellordon istifado olunur. Elektrik enerjisi otlirmasinds vo paylanmasinda on
vacib hissoalordon biri kimi yiiksok gorginlikli kabellor miihiim rol oynayir. Orta vo yiiksok gorginlik
sistemlorindos kabellorin izolyasiyasinda asasan polimer izolyasiyadan istifads olunur. Ononovi kagiz-
yag izolyasiyali kabellorlo miiqayisads, polimer izolyasiyali elektrik kabellorinin osas iistlinliiklori
daha yaxs1 elektrik xassalori, yiiksok istilik xiisusiyyotlori, yaxst nomliya davamlilifi va kimyovi
maddolora, holledicilora qarsi yiiksok miigavimato malik olmasidir. Izolyasiya materiallar1 arasinda
tikilmis polietilen izolyasiya (TPE) ola elektrik vo istilik xiisusiyyatlorine gore yiiksok gorginlikli
kabellords genis istifads olunur [1].

Bu tip kabellor istismarda oldugu miiddotds, onlara qoyulan asas talablor izolyasiyanin asagi
soviyyali imtina doracasi vo uzundmiirliiliiylidiir. Uzunmiiddotli istismar dovriindo izolyasiyanin
desilmosi qagilmaz olaraq bas verir vo bu hadiso todqiqatgilarin boylik diggatini colb etmisdir [2].
Miixtolif soraitlordo deqradasiya vo inkisaf mexanizmi daxil olmaqla, kabel izolyasiyasinin
kdhnalmasinin qiymatlondirilmasi lizre tadqiqatlar 1960-c1 illorde baslamis vo o vaxtdan bari bir ¢ox
effektiv texnologiyalar hazirlanmisdir [3,4]. Belo todqiqatlarin mogsadi kabel izolyasiyasinin
deqradasiya doracosini miioyyon etmok vo kohno kabellorin lazimi vaxtda doyisdirilmasini tomin
etmokdir [5].

Adoton, 110 kV doyison gorginlikli kabellor {i¢lin nozords tutulmus istismar miiddoti 30 ildir,
lakin oksor kabellor nisboton asagi coroyan vo temperaturla isloyir. Noticods, bir ¢ox kabel 6z
izolyasiya xiisusiyyatlorini saxlayir. Bu kabellorin bazilori hatta nozards tutulmus xidmat miiddatine
catsalar da, holo do kabel istismar standartlarina cavab verir [6]. Bir ¢cox todqgiqatlar bildirmisdir ki,
kohnolmis kabellor yaxsi elektrik xassolorini saxlayir vo onlardan bozilori nozords tutulmus istismar
miiddotino ¢atmasina va izolyasiyasinin deqradasiyaya moruz qalmasina baxmayaraq, kabel istismar1
standartlarina cavab verdiyi {i¢iin istifado olunmaqdadir [7].

TPE izolyasiyali elektrik kabellorinin imumi kohnolmo mexanizmlorine su vo elektrik triinglori
eloco do, gismi bosalma mexanizmlori daxildir [8] vo basqa istinadlarda orta gorginlikli bork dielek-
trik kabelin oksor nasazliglarinin osas sobobi kimi su triinglori vo olagali hadisolor gostorilmisdir.
Istinad [8]-a gdra, su triingi “bant vo yelpik formasinda bork dielektriklorde yayilmis bir qurulus”
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kimi tosvir edilir (Sokil 1). Su triing mexanizmloari 1970-ci illordon 1990-c1 illora godor PE (polietilen)
izolyasiyal1 kabellorinin bir ¢ox erkon imtinalarinin vo desilmolorinin sobobidir. Homginin, su
triinqlori nomli mithitds TPE kabellorinin izolyasiyasinin desilmasinin asas sobabi kimi qabul edilir
[9-11]. Su triinglorinin yaranmasi va boyiimo mexanizmi bir ¢ox nogr olunmus moqalolordo miizakiro
edilmigdir [12-17].

Digor torofdon, qismi bosalmalarin bas vermosi iso bork dielektriklorin fiziki vo kimyovi
proseslor noticosindo siradan ¢ixmasina sobab olur [18].

Sakil 1. 1zolyasiya meydana golon su triinglori

Polimer izolyasiyali kabellorin kdhnalmasinin vo vaxtindan ovvel siradan ¢ixmasinin osas
sobablorindon biri do izolyasiyadaki geyri-bircins oblastlarda bas veran qismi bosalma hadisosidir
[19, s.140], [20], [21]. Bu qismi bosalmalar asason izolyasiyanin daxilindoki hava bosluglarinda bag
verir. Hava bosluglarinda qismi bosalma bas verdikdos yaranan elektron vo ionlar boslugun divarini
bombardman edir vo polimer molekullarinin pargalanmasina sobab olur. Bu halda, eyni zamanda
azot vo ozon oksidlori yaranir, bunlarda 6z ndvbosindo giiclii oksidlosdiricilor hesab olunur. Bu
oksidlosdiricilar, boslugu ohato edon izolyasiya hissosinin eroziyasina sobab olan tursular yaranir. Bu
proseslorin noticosindo yavas-yavas boslugun divarlar1 dagilir, bosluq genislonir. Uygun olaraq
ionlasma prosesi desilmo kanali inkisaf edono qodor giiclonir. ©ksor hallarda qismi bosalmalar (QB)
dendiritlorin — yoni izolyasiyanin biitiin qalinli§inda yayilan saxali kanallarin amale golmasino sabab
olur. Buna goro do ionlagma prosesinin dyronilmosi bdyiik praktiki ohomiyyot kosb edir. Qismi
bosalma prosesi totbiq olunmus gorginliyin miisyyan saviyyasinds bas verir.

Elektrik triinglorinin yaratdigi kohnolmao iso daha da tohliikolidir [22-25].

Bu kdhnalma mexanizmlarini miioyyan etmak va kabel izolyasiyasinin voziyyatini agkar etmak
liclin timumi istifado edilon iisullara 50 Hz dielektrik itkisi, sizma coroyani, qismi bosalma vo s.
daxildir [26,27].

Lakin izolyasiyanin deqradasiyasi siddotlondikco, izolyasiyanin nasazligi ilo bagli goza
ehtimal1 artir. Bu halda, nazords tutulmus xidmat ilino ¢atmis kabellor {igiin bir problem ortaya ¢ixdi:
istismara davam etmok vo ya yeni kabellorlo ovoz etmok?

Biz burada bir ¢ox 6lkelords tatbiq olunsa da, Azarbaycanda hals ki, totbigi olmayan bir sistem
barodo danisacagiq. Lakin bundan ovval Azaorbaycanda kabel sisteminin real voziyyoti tanis olmagi
moqsadouygun hesab edirik.

2. Azarbaycan kabel sabakasinin qisa tahlili

“Azorisiq” ASC sorti adi X olan rayonun RETSI iizro 6, 10, 35 kV gorginlikli, TPE izolyasiyali
kabel xaotlorindo BAUR avtolaboratoriyasi ilo diagnostika sinaqlart aparilmis vo dielektrik itki bucag
tangensini (tgd) vo qismi bosalmalarin saviyyasini toyin etmok iizro hoyata kecirilmisdir. Kabel xatlorinin
vaziyyati tgd va qismi bosalmada 6lgiilon elektrik yiiklorinin qiymatloring gore qiymatlondirilmisdir. Qarb
Olkalarinin tacriibasini nazars alaraq, Cadval 1-do asagidaki kriteriyalar gobul edilmisdir:
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Cadval 1

tg5 (2Us) QB (2Us) pKl

tgd <5-10° QB <500 pKl yararh

5-103< tg8<9-1073 500<QB<2000 pKl gismon yararli
tg5>9-1073 QB>2000 pKl yararsiz

Olgmolorin noaticolorinin tohlili gdstordi ki, diaqnostika sinag1 aparilmis 100 kabel xottindon,
gobul olunmus kriteriyalara goro 48-i yararli, 14-ii qismon yararli, 38-1 yararsizdir.

Yararsiz hesab olunan kabel xatlori illor {izro agsagidaki kimi boliisiir:

2001-2003 illarda ¢okilon 8 xatdon 8- 1 (100 %);

2004-2006- da ¢okilon 9 xotdon heg biri (0 %);

2007-2009- 24- don 8-1 (33 %);

2010-2011- 50- don 19-u (38 %);

2012-2013- 9- dan 3- i (33 %).

Kabel xotlorindo bir qismi tgo-1n, bir qismi iso QB-1n gostoricilorine asaslanaraq, yararsiz hesab
edilmisdir. Diaqnostik sinagi aparilan vo yararsiz hesab edilon xatlorin iki vo ya bir fazasinda goste-
ricilor norma daxilindadir.

Yararsiz hesab olunan kabellorin hamisi islok voziyyatdadir vo imtinalar miisahido olunma-
migdir. Yararsiz kimi qiymotlondirilon xatlorin oksoriyystindo muftalarin say1 da ¢oxdur. Masolon,
elo xotlor vardir ki, hor 140-150 m-don bir mufta qurasdirilmigdir.

Dielektrik itki bucagi tangensinin artimi (tgd) miixtolif sobablordon ola bilor: tempraturdan,
namlikdon, sinaq gorginliyinin qiymatindon, qismi bosalmalarin soviyyasindon. Sinaq aparilan miid-
dotdo hor hansi sobabdon xatlordo lokal temperatur artimi bas vers bilor ki, bu da tgd-nin artmasina
sobab olar va s.

Kabel xotlori ¢okilon ilk anlarda onun parametrlori hagda molumat olmadigindan, istismar
miiddatindo kdhnalmaenin intensivliyi haqda da konkret fikir sdylomak ¢atindir.

Yararsiz kabel xotlori hagda miioyyon bir noticoyo golmok iigiin, istismarda olan trassin
voziyyati, Ol¢ii aparilan zaman kabel xattinin yiiklonmo daracasi, izolyasiyanin nomlanib-nomlon-
mosi, Ol¢liniin xatas1 vo s. Faktorlar nozora alinmalidir.

Diinya tocriiboasi gostorir ki, kabel xotlori hagda tam vo dolgun fikir sdylomok ii¢lin bir nego
istiqgamotdo diaqnostik siaqlar aparmali, alinmis naticolorin kompleks tohlilino géro qorar gobul
etmok daha diizgiin olardi.

Lakin biitiin bunlara baxmayaraq, diaqnostik sinagin naticalori kabel xaotlorinin istismart ilo
masgul olan togkilat vo miitoxassislor liclin ¢ox faydali informasiya menbayidir. Bels ki, sinagin
noticaloring pis voziyyotdo olan kabel xotlorilo daha ehtiyatla davranmali, normalar ¢or¢ivasindo
istismar etmali, yiik coroyaninin qiymatini, stnagin noticalorini nazors almaqla tonzimlomak lazimdir.
Bununla yanasi, homin xatlords tokrar sinaglarin aparilmasi vo naticalorin miiqaisasine goro kabelin
kdhnalma intensivliyini tayin etmokds shomiyyatli olardi.

3. Toklif olunan “cavanlasdirma” texnologiyasi

Azorbaycanin kabel sisteminin voziyyati ilo barosindo molumatlandigdan sonra toklif olunan
texnologiya il tanis olaq. Istifada olundugu &lkalords kabelin “cavanlasdirilmasi” adi ilo taninan bu
texnologiya izolyasiyaya silikon mayenin yeridilmasi yolu ilo onun yasam miiddotini azaldan hava
boslulari, su triiinglori va s kimi qeyri bircinsliklorin qarsisini almaq ve kabelin 6mriinii daha 20-30
il uzatmaga xidmot edir [28]. Bu sistem algaq vo yliksok tozyiqli yagla doldurulmus kagiz izolyasiyali
kabellorda, yagin izolyasiyadaki qeyri-bircinsliklori doldurulmasi prinsipine anolojidir. Biz bu
mogqalodo bu sistem haqqinda {imumi molumat verib, onun daha detall1 izahin1 iso névboti moga-
lalords bildiracayik.
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Kabelin cavanlagmasi giic kabelino onun damar1 vasitasilo silikon maye yeridilir. Maye izolya-
siyada su triinglori ilo zodolonmis ndqtolori barpa edon materiallarin qarisigindan ibarstdir vo yeni su
triinqlorinin boylimosinin qarsisini alir, bazi hallarda kabeli miiasir kabellordo olan maddalorls
tokmillogdirir. Mayenin torkibi bu moagolads qeyd olunmur.

Diffuziya prosesinds injeksiya edilmis maye naqillorin arasindan izolyasiyadak: su triinglori
olan hissoloro kegir. Injeksiya ii¢iin istifado olunan tozyiqgin qiymeti cavanlasdirma siiratino bdyiik
tasir gostarir. Bu baximdan iki iisul totbiq olunur. Birincisi algaq tozyiq altinda kabels xiisusi mayenin
injeksiyasi, digori iso yliksok tozyiqli kabel cavanlasma prosesidir. Lakin biz burada {imumi cavan-
lagma prosesi haqqinda danisacagiq.

Injeksiya mayelori daha sonra su triinglori olan hissalori doldurmagla, yeni su triinglorinin
omoals golmasini gecikdirmakls vo bazi hallarda izolyasiya xiisusiyyatlorini tokmillogdirmakls kabel
sisteminin etibarli dmriinii uzatmagq ii¢lin izolyasiyanin kimyasini vo kabelin fizikasini doyisdirir.

Sokil 2-do kabelin kohnolmasi vo imtina mexanizmlori (diizbucaqglilar) vo kabel cavanlas-
masinin (dairavi diizbucaqlilar) kéhnolmoys vo gozalara miidaxilo etdiyi mexanizmlors dair timumi
malumat verilir. Su triinqlorinin inkisaf mexanizmlorini va bu su triinqlorinin naticoads neca imtinalara
sobob oldugunu izah etmok moagalonin moagsadi xaricindadir. Bunun avozino Sokil 2-do tosvir olunan
prosesi qisaca nozordon kegiririk.

istehsal

o o~ 2 | dsracslsnmesi
o] [ e ] [oso]
stabillesdirimesi

[ —
Su triingleri (<:+ Anticksidlasme
i it QB
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Sakil 2. Kabelin kohnalma, imtina vo cavanlasma mexanizmlari

Istehsal qiisurlari — su triinglorinin boyiimesi tigiin miitloq tolob olunmasa da, su triinglorinin
boylimoasini vo yayilmasint siirotlondirir vo buna gora do kabelin hor hansi bir hissosindoki on uzun
su triinqlorin yaranma sobablori bu qiisurlar ola bilor [29].

Dayison carayan gorginliyi, ionlar va su — Bunlar su triinqlorinin bdyilimasi li¢ilin ii¢ vacib
parametdir (Sakil 2). Umumiyyoetlo, bu ii¢c elementdon hor hans1 birinin azalmasi su triinginin inki-
safin1 longidir.

Lokal yiiksak sixhigh hacmi yiik va elektrik sahalori — boyiik su triinglorinin qagilmaz
naticasidir vo kommutasiya, qoza, ildirim vurmasi vo monbadon acilmis kabel sinagi kimi keg¢id ifrat
gaorginliklor hadisalari ilo kaskinlosir.

UV emissiyas1 — hocmi yiiklorin osas vaziyyetino qayitmasinin naticosidir. Polietilen rabito-
lorini qirmaq va zodsli sorbast radikallar1 artirmagq tigiin kifayot godor enerjiyo malik ultrabondvsoyi
fotonlar yayilir.

Isti elektron siiratlonmasi — hocmi yiiklor do daxil olmaqla bozi dielektrik defektlori otrafinda
yaranan ¢ox yiiksok lokal saholorin naticosidir. Isti elektronlar polietilen rabitolorini qira vo sorbost
radikallar yarada bilor.
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Termo-mexaniki garginlik — nomliyin tosirino vo 24 saatliq temperatur perioduna moruz qalan
oksor kohno kabellords goriinon parlaq halganin yaranmasina sobab olur vo [30]-do tosvir edilmisdir.
Kabel qizdigca, suyun polietilendo hollolma qabiliyyati ohomiyyatli doracodo artir vo otrafdaki
torpaqdan daha siirotlo kabelo su yayilir. Kabelin temperaturu asagi diisdiikco suyun hollolma
qabiliyyati azalir vo su hoddindon artiq doymadan gagmagq ii¢lin kabeldon kifayot qodor siirotlo konara
¢ixa bilmir. Termodinamik qiivvalor torofindon idaro olunan hoddindon artiq doymus su maye
vaziyyatini kegmok yolunu axtarir vo naticade mikro bosluqlarda kondensasiya olunur.

Boslugun amala golmasi — asason su triingi prosesi vo termo-mexaniki gorginlik naticosindo
yaranan UV fotonlar1 va isti elektronlar torafindon yaranur.

QB (qismi bosalmalar) — qazin elektrik sahosi ilo ionlagmasi iigiin kifayot gqodor bdyiik olan
bosluglarda 6zlinti gostorir. Qismi bosalmalarin baslangic gorginliyi sonmae gorginliyindon boytikdiir,
¢linki boslugdaki gaz bir dofs ionlagir.

Imtina (qoza) — qismi bosalmalarin meydana goldiyi boslugun divarinmin asindirmasi ilo
noticalonir. PE izolyasiyadaki bosluglarda hor bir bosalmadan sonra asinma noticosindo boslugun
oOlgiisti artir va belaliklo, bu bosluq ti¢lin gismi bosalmanin baslangic vo sénmo gorginliyi azalir. Bu
0z-6zlino siiratlonmo o demokdir ki, polietilends istismar gorginliklorindo bas veron har hansi bir QB-
nin kabelin stiratli imtinalarina sobab ola bilocoyi ehtimali var.

Sokil 2-ds garsisini aldig1 kohnalma vo imtina prosesinin moarholalorini gostoron oxlarla birlikdo
yeddi cavanlagma mexanizmi (dairovi diizbucaqglilar kimi) gostorilmigdir. Yeddi cavanlasma mexa-
nizmi asagida tosvir edilmisdir.

MIKRO-BOSLUQ DOLDURMA - Optik mikroskopla ¢okilo bilon bosluqlara nozaran mikro
bosluglar daha kigik miqyasdadir. Bu mikro-bosluglar adston polietilendo kimyovi qiisurlardir vo
triinqg olmayan PE ilo miiqayisade suya yaxinligi olan oksigenin, ¢ox vaxt karboksil qruplarinin
olmasi ilo xarakterizo olunur. Silanlar su triinglorinin i¢orisindo oksidlogmis PE hissolorindo su ilo
reaksiya verir vo onlar1 ovozloyir (QURUTMA-ya baxin). Kegirici ionlu suyun silikon dielektriklo
ovoz edilmosi izolyasiyanin elektrik mohkomliyini artirir.

QURUTMA - iki qurutma effekti mévcuddur. Birincisi, silanlarin su ilo kimyovi reaksiyast,
lakin iki qurutma tosirindon daha az ohomiyyatli olanidir. Kimyovi qurutmadan daha vacib olam
suyun yenidan daxil olmasin1 azaltmaq qabiliyyatidir. Bu magsadls, polietilen {igiin tokmillosdirilmis
materiallar istifado olunur ki, bu yaxsi suyu itoloma gabiliyyatini tomin edir.

GORGINLIYIN DORDCOLONMOSI — Kabellor vo kabel komponentlori daxilindo elektrik
sahasini giymatlondirmok ticiin yliksok dielektrik sabiti olan tobagolorin daxil edilmasi genis sokildo totbiq
edilir. Kabelin cavanlagmasi bosluglarin i¢arisinde mikro miqyasda gorginlik doracslonmasini tomin edir.

GORILMONIN STABILIZASIYASI — Ketonlarin gorginlik stabillosdirici tosirlori keto-enol-
tautomerizmlo baglidir vo [31]-do izah olunmusdur. Tautomerlor isti elektronlar {igiin sabit reseptor tomin
edir. Tautomerin enol formasi isti elektronlarin enerjisinin ¢ox hissosini udur vo kec¢id formalarma vo
sorbast protona cevrilir. Bu rezonans kec¢id formalari artiqg monfi yiikii delokalizasiya edir. Nozoriyyo
ondan ibaratdir ki, isti elektron ovvelca tutulur, sonra termiklosir vo nohayat sorbast buraxilir.

UV STABILIZASIYASI - Cavanlagdirma texnologiyasina 275-400 nm diapazonunda
fotonlar1 udan komponentlor daxildir. Bunlara ultrabondvsoyi absorberlor vo ya qisaca UVA deyilir.
Xiisusilo Tinuvin 1130 vo ferrosen miivafiq udma tomin edir. Tinuvin 1130 va ferrosen har biri PE-
do yaxs1 hall olur, lakin yavas-yavas diffuziya olunur. Onlarin faydalit UVA effektlori oksoron 4
onillikdon ¢ox davam edir. UVA komponentina olave olaraq, manesli amin is1q stabilizatoru v ya
HALS komponenti daxildir. HALS, sonraki reaksiya polimerin deqradasiyasina gatirib ¢ixarmazdan
ovval radikallari tutan sorbast radikal tomizlayiciloridir. [32]-da gostorildiyi kimi, HALS 6ziinii barpa
edir. Sorbost radikali sondiirdiikdon sonra HALS borpa olunur vo sonra basqa bir sorbost radikali
sondiira bilar. Birlikdo UVA vo HALS tok basina oldugundan daha ¢ox UV dayaniqligini tomin edir.

ANTIOKSIDLOSM®O — Antioksidantlar demok olar ki, biitiin miiasir kabel birlosmolorinin
torkibino daxildir. ©vvalco ekstruziya prosesi zamani oksidlogsmonin garsisin1 almagq {igiin istifads
edilso do, [33]-do antioksidantlarin su triinglorinin boyiimasini do yavaslatdigi gostorilmisdir. [34]-
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do antioksidantlarin movcudlugu elektrik triinglorinin baglangic gorginliyini artirir. Fenolik anti-
oksidant olan kiikiird torkibli KV'10 su triinglorinin boyiimasini dord dofo longidir. Torkibinds fenolik
antioksidant olan bu kiikiird sinfinin elektrik triinqinin baslangic gorginliyini yalniz 0,2% konsen-
trasiya ilo 75%-0 qodor artirdig1 gostorilmisdir. KV10 polietilends ¢ox yiiksak hall gabiliyyatine
malikdir vo yiiksok molekulyar ¢okisi 424,7 olduguna goro cox asagi diffuziya siirotino malikdir.

QB SONDURULMBOSI — Qismi bosalmalarin garsisinin alinmasinda bir ne¢o mexanizm var
[35]. ©vvalco geyd edildiyi kimi, gorginliyin doracolonmasi gismi bosalmanin baslangic vo sénmo
gorginliyini artirir. [36]-do tosvir olundugu kimi, bozon kosmik siialardan ¢ixan sarbost elektron QB-
nin baglamasi ii¢lin zoruri olur. Buna goro do, ikinci mexanizm [30] vo [31]-da geyd olunmus
gorginlik stabilizatorunu (geranilaseton) vo [37]-do gostorildiyi kimi ferroseni gobul edon elektron
torafindon tomin edilir.

Ucgiincii vo dérdiincii mexanizmlor do ferrosen torofindon tomin edilir. Ferrosenin olmasi qismi
bosalmalarin baslanmasinin qarsisin1 almaq {i¢iin nozords tutulmusdur. Bu tasirlor baglangicda olan
gismi bosalmalar1 tez bir zamanda sondiiriir vo bosalma bas verdikdo normal olaraq doymis zorori
azaldir.

Injeksiya prosesinin iimiimi strukturu asagida gostorilmisdir.

* Xotti sobokodon ayirmag, sinaq etmok vo torpaqlamaq (A-B)

* Biitlin birlogmolori agkar etmok, qgazmaq

* Biitiin sonluq vo birlosdirici muftalar logv etmok

* Yeni birlogdiricilori, inyeksiya adapterini vo yeni muftalar yerlosdirmok

» Inyeksiya adapter vo birlogdiricilori borkitmok

* Orta tozyiqdo inyeksiya etmok

Sakil 3. Injeksiya prosesinin iimumi strukturu

Injeksiya prosesindo istifado olunan adapter vo birlosdiricilorin goriiniisii sokil 4-do gosto-
rilmigdir. Bildirmik istordik ki, Azarbaycanda yerlagon kabel sabokasinds istifads olunacaq adapterin
va birlogdiricilorin konstruktiv qurulusu névbati magalomizds oks olunacaqdir.

Sakil 4. Injeksiya prosesindas istifade olunan adapter vo birlosdirici
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Cavanlasmamin Faydalar

* Xorclora gonaat. Orta hesabla, cavanlasma proqrami kabelin doyisdirilmosino nozoron
xarcloro 40% qonast edir. Bununla yanasi, eyni biidcs ilo daha ¢ox kilometr uzunluglu kabeli borpa
etmoyo komok edir.

* Ekoloji Tasir. Kabelin cavanlagmasi proqramu ilo otraf miihit ¢irkonlonmasi azaldilir. Yeni
kabel istehsali iigiin heg bir resurs sorf olunmur. Qurasdirmaya heg bir yanacaq sorf edilmir.

* Daha az fasilalor. Cavanlagma siirotli sokildo hoyata kegiro bildiyindon, islodicilorin enerjisiz
galacagi hallar daha az olur.

* Asagi imtina daracasi. Son 30 ildo 50 min kilometrdon ¢ox kabel cavanlagdirilib vo diinyanin
bes qitosindo 300-don ¢ox kommunal xidmat kabel cavanlasdirilmasindan istifado edib. Bu miiddot
orzinds inyeksiyadan sonraki imumi imtina deracasi 3,5 faizdon azdir.

4. Natico

TPE izolyasiyali kabellorin kéhnolmosinin vo qisa zamanda siradan ¢ixmasmin baglica
sobablari olan su triinqlorin aradan qaldirilmasi va inkisafinin longidilmasi masalasi adobiyyatlarda
mixtolif metodlar totbiq olunmagla hall edils bilocoyi vurgulanmisdir. Bagqa 6lkolorin praktikasinda
movceud olsa da, 6lkemizds istifade olunmayan cavanlasma texnolgiyasinin analizi bu moaqalonin asas
movzusu olmugdur. Magalods bu texnologiyanin kdhnolmonin qarsisi alma mexanizmlori qisa
sokildo geyd olunmusdur. Xiisusilo do, izolyasiyanin su triinglori olan hissasino kabelin damari
vasitosilo injeksiya olunan xiisusi torkibli silikon mayenin bu geyri-bircinliyin inkisafin1 longitdiyi
geyd olunmusdur. Injeksiya prosesinin morhalalori vo bu prosesdos istifado olunan bazi birlosdirici
elementlor, onlarin tosviri prosesi daha aydin izah etmisdir. Son olaraq, cavanlagma texnologiyasinin
kapital qoyulusunun artan xeyir tendensiyast bu sistemin 6lkomizds do insa edile bilocayini istisna
etmir. Injeksiya prosesinin icra mosalolori, movcud sistemo adaptasiya olunmasi vo injeksiyanin
hoyata kecirilmasi ilo bagli islorin davam etdiyini geyd etmok lazimdir vo galocok moaqalslords
aparilmis saho sinaqglarinin naticalori barods daha otrafli molumat verilocokdir.
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ISTISMARDAKI KABELLORDO ZODOLORIN ARADAN QALDIRILMASININ MUASIR USULLARI
M.9.Camalov

Xiilasa. TPE izolyasiyali giic kabellari orta va yiiksak gorginlik elektrik verilis xatlorinde avozedilmaz rol oynayir.
Bununla yanagi homin kabellorin resurs miiddotlorindon maksimum istifade olunmasi istehlak¢ilar qarsisinda duran on
boylik moasalolordondir. Lakin izolyasiya sistemindo yaranan su vo elektrik triinqlori, qismi bosalmalar kabellorin tez
zamanda koéhnalmosine gotirib ¢ixarir. Maqalads izolyasiya sistemino tosir gostoron bu faktorlarin aradan qaldirlmast
iiciin yeni bir iisul toklif olunmusdur. Bu iisulun mahiyysti kabel izolyasiyasinda yaranmig geyri-bircinsliklorin onun
daxilins injeksiya edilmis xiisusi torkibli maye ilo barpa olunmasidir. Bu iso texnologiyanin adina uygun olaraq kabelin
cavanlagmasina v istismar miiddstinin 20-30 il artmasina sobab olur. Homg¢inin, moaqalads giic kabellarin real vaziyyatini
izah etmok {i¢iin Azarbaycan kabel gobokasinin qisa tohlili do aparilmisdir.

Acar sozlar: TPE, su triinglori, gismi bosalmalar, cavanlasdirma.
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Abstract. The accurate report of electricity losses in power systems is important and of great importance to increase
the automatic control and management flexibility of power systems in distribution power grids. This issue is relevant in
our country, as well and in the recent years the electricity losses reduction is in the wide spotlight. The reactive powers
and their compensation which are the reasons of electric power losses with the construction of an innovative consumption
system in the power distribution networks of the energy system have been shown in the article. By advancement of the
power factor and its improvement, the specified reports on the reduction of electricity losses have been conducted. These
researches lead to increasing the efficiency of the accounting system of "Azerishiq" OJSC, automatic control of its
distribution networks, intellectual networks and management flexibility. In recent years, such measures implemented in
the system of "Azerishiq" OJSC have resulted in energy saving by reducing the losses of electricity in overhead power
transmission lines.
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Giris. Azorbaycan Respublikasi orazisindo paylayici sistem operatoru kimi idaraedici foaliyyat
gostoran “Azorisiq” ASC-nin paylayici elektrik sabakolorinds son illorde hoyata kegirilon yenidon-
qurma islaring, rekonstruksiyalara vo avadanliglarin modernlagdirilmaloaring, yatirilan investisiyalara
baxmayaragq, tortib olunmus doqiq giiclor balans1 gostorir ki, yena do, shamiyyat kosb edon enerji
itkilori movcuddur. Bu sobabdon da, “Azarisiq” ASC-nin paylayici elektrik sobokalorinds elektrik
enerjisinin ucot sisteminin innovativ hellorls qurulmasinda itkilorin lazimi miqdarda azalmasi vo
elektrik enerjisinin gonast olunmasi problemlarinin halli zarurilesir vo, 6z ndvbasinds, paylayici
elektrik sobokolorinin ahongdar foaliyystindo istehlak ugotunun avtomatlasdirilmis nozaroti vo
idaraetmo cevikliyinin artirilmasi aktuallasir. Elektrik enerjisi itkilorinin doqiglosdirilmis hesabatlar
naticasinds mohz zoruri miqdarda azalmasi ise, kompensasiya qurgularinin da daqiq giiclorinin vo
saylarinin hesablanmasi il9, gonastins imkan verir.

Tadqiqat hissasi. Molumdur ki, ohali vo sonaye miiassisalorinin elektrik tochizati sistemlorini
osason aktiv giic P vo reaktiv glic Q xarakterizo edir vo tochizat sistemlorino digor 6l¢ii cihazlar ilo
yanagl, elektrik saygaclarinin gostoricilorino gora do, nozarot edilir. Belo bir funksiyanin icrasinda
mithiim vo vacib foaliyyat gostoron saygaclar, elektrik enerjisinin 6lgmolorindon basqa, eloco do,
balans nozarotini hoyata kegirir. Tobistde enerjinin itmomasi qanununa osasan, giiclor balansi biitiin
Azorbaycan elektroenergetika sistemindon baslayaraq hor birimizin monzilino godor qilivvadadir.
Istismar soraitindo yiikiin aktiv vo ya reaktiv giico osason vaxtdan asililigi yiik qrafiklorinds tosvir
olunur [1,s.9 - 12].

Elektrik sobokasinds istehlakin idaroetma ¢evikliyinin artirilmasi vo avtomatik nozarat tisullari
hal - hazirda, 6lkomizdo “SMS”, “SmartKart”, “Landis E350”, “Landis E470”, “MP106”, “MP106E”,
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“MP306” tipli vo NFS funksiyali saygaclarin istifadosilo hoyata kegcirilir [2, s. 5]. Belo saygaclarin
nozarati ilo Q reaktiv giiclin kompensasiyasindan elektrik enerjisinin itkilorinin azalmasi yerino
yetirilir [3, s. 19 - 23]. Reaktiv gliciin kompensasiya edilmosinin tobii va siini tisullar1 var. Tabii {isul
miiossisalords kegirilon xiisusi tadbirlori, elektrik enerjisino qonaoti vo s. nozords tutur. Osason is9,
stini kompensasiyadan vo bu mogsadlo, sinxron kompensator vo ya tonzimlonon kondensator
batareyalarindan (Sokil 1) istifads edilir [4, slayd 5 - 12].

Sokil 1. Sakil 2. Sokil 3.

Kondensator batareyalari osas etibart ilo 1 kV gorginliys godor sobokalords totbiq edilir. Yiiksok
gorginlikdo iso ¢ox hallarda sinxron kompensatorlardan istifado edilir. Miiasir kompensasiya
modullarinda belo tonzimlonmo avtomatik do yerino yetirilo bilor. Belo ki, sistemdon tolob olunan
induktiv xarakterli reaktiv giiciin miqdar1 artdigda avtomatik tonzimloyici (Sokil 2) bunu hiss edir vo
coso giic amsalinin lazimi tolobini 6domak ti¢lin kondensatorlar1 paralel dovroya qosur. ©gor induktiv
xarakterli reaktiv gilico olan tolabat azalirsa, bu halda avtomatik olaraq kondensatorlar dovradon agilir.
On genis yayilan reaktiv giiciin kompensasiya qurgular1 (Sokil 3) son vaxtlar elektrik tochizati
miiossisalorinds avtomatik nazarst rejiminds istismar edilirlor [4, slayd 9-12].

Elektrik tochizati sistemindo transformator, xatt vo s. kimi, elektrik yiiklori qobuledicilorinin
istismarinda on agir istilik tosiring, kegiricinin qizmasinin maksimal temperaturasina gora doyison
yiike ekvivalent olan uzunmiiddotli hesabi yliklor toyin edilmolidir [1, s. 15-16]. Keg¢iricinin qizma
effektino uygun olaraq, hesabi yiiklor iki yers boliiniirlor:

1. Maksimal qizma temperaturasina gora hesabi yiiklor.
2. Izolyasiyanin istilik yeyilmosino gors hesabi yiiklor.

Aktiv gilico gbora hesabi yiik asagida gostorilon tonlik ilo hesablanir:

Py = \/§ Unom * ihes *CoSPp , (1)

burada U,,,,, — sebokonin nominal gorginliyidir;
I,es — hesabi coroyandir;
cos@y, — hesabi gilic omsalidir.

Hesabi yiik elektrik enerjisi gobuledicilarinin yiiksok yiiklii isine miivafiq olan yiikdiir. Dayisen
yiik grafiki tiglin hesabi yiik miixtolif miiddotli (0,5; 0,75; 1; 1,5; 2 vo 2,5 saat) maksimal yiiko barabor
olan ylikdiir. Az doyison (toxminon sabit olan) yiik qrafiki igiin hesabi ytik is9, orta yiiko borabor olan
ylkdiir. Qizmaya goro buraxila bilon hesabi yiik qisa olaraq hesabi yiik adlanir.
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Hesabi yiiklorin hesablanmasi ii¢iin asagida gostorilon metodlar istifado edilir [5, s. 30-39]:
1. Sorgu omsal1 va qoyulus gliciino gora.

2. Forma omsalina vo orta giico gora.

3. Statistik hesablama metodu.

4. Nizamlanmis diagramlar metodu.

5. Kémokci metodlar.

On ¢ox istifado olunan sorgu omsali vo qoyulus giiciino goro hesabi yiiklori toyin etmok ti¢lin
igladicilor qrupunun qoyulus giiclinii Py, vo toloblors asason qrupun giic vo sorgu oamsallarini
(cosg, K) bilmok lazimdir. Bu metodla eyni is rejimli islodicilor qrupunun hesabi yiiklori asagida
gostarilon kimi toyin edilir:

Phes = K - quy 5 (2)

Qhes = Phes "tgo ; (3)

Shes = Plfes + ngtes > (4)

burada tge — reaktiv giic omsalidir, qiymati cos¢g giic amsalina asason tayin edilir;
P,y — isladicilor grupunun comi aktiv qoyulus giictdiir [1].

Enerji sisteminin paylayict elektrik sobokosindo istehlak ugotunun avtomatlagdirilmis
nozaratinin vo idarsetma ¢evikliyinin artirilmasi {igiin elektrik enerjisi itkilorinin azalmasi vo 6z
novbasindo, elektrik enerjisinin gonast olunmast moqgsadi ilo Q reaktiv induktiv giicliniin
kompensasiyasinin hollini nozordon kegirok [6, s. 92-95, 118-121]. Asagida gostorilon 3 miixtolif

miuassisalarin verilonloring asasan:

Pgoy.1 =1500 kVt;  Ks51=0,6; cosp:=0,83; ¢;=339° tgp1=0,672;
Pgoy.2=1900 kVt; K;2=0,7; cosp>2=0,84; ¢@2=32,87°% tgp>=0,646;
Pgoy.3=2300kVt; Ks3=0,8; cosp3;=091; ¢@;3=24,5% tgp 3= 0,456;

Miiassisolora tolob olunan aktiv Py, reaktiv Q vo tam S giiclorini (2 + 4) diisturlarindan
istifado etmoklo hesablayib, naticolorini Cadval 1-do qeyd edirik:

Cadval 1
Miiassisalora talab olunan giiclorin hesablanmast
Miiassiso Ne-si Pyoy K; g Py On Sh
Vahidlor kVt - - kVt kVAr kVA
1 1500 0,6 0,672 900 604,8 1084,34
2 1900 0,7 0,646 1330 859,18 1583,38
3 2300 0,8 0,456 1840 839,04 2022,27
Comi hesabi yiiklor 5700 - - 4070 2303,02 4689,99

Kompensasiya tisullarindan istifado edorak hor {i¢c miiossisodo Q reaktiv induktiv giiciin ilkin
qiymatini Ok qodor azaldanda sokil 4-don gdriindiiyii kimi ¢ bucagi da (¢ ; + ¢ ) ilkin qiymatindon
@ > qiymaoting diisiir, glic omsali cos¢ i1so oksing artir [7].
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Q

® Q-Q,

Sokil 4.

Hor {i¢ miiossisodo giic omsali cos@ qiymaotini 0,05 artirmaq tli¢lin asagida gdstorilon miios-
sisalarin yeni verilonlorina asason:

Pgoy.1=1500 kVt; Ks7=0,6; cosp;=0,88; ¢;=2836°% tgp1=10,54;
Pyoy.2=1900 kVt; K;2=0,7; cosp>=0,89; ¢@2>=27,13% tgp>=10,512;
Pgoy.3=2300kVt; K53=0,8; cosp3;=0,96; ¢@3=16,26°% tgp3=10,292;

(2 + 4) disturlarindan istifado etmoklo sorgu omsali vo qoyulus giiclino goro metodla miiossisolors

tolob olunan aktiv Py, reaktiv Q, vo tam S, giiclori, eloco do, kompensasiya olunan Qi reaktiv vo Sk
tam giiclori hesablay1b, naticolorini Cadval 2-do geyd edok:

Cadval 2
Miiassisolorin giiclorinin kompensasiyadan sonra hesablanmasi
Miiassiso Ne-si Pyoy K g Py On Ok Sh Sk
Vahidlor kVt - - kVt kVAr kVAr kVA kVA
1 1500 | 0,6 | 0,54 900 486 118,8 1022,84 61,5
2 1900 | 0,7 | 0,512 1330 680,96 178,22 1494,19 89,19
3 2300 | 0,8 | 0,292 1840 537,28 301,76 1916,84 105,43
Cami hesabi yiiklor 5700 - - 4070 1704,24 598,78 4433,87 256,12

Hesabatlardan goriindiiyli kimi, nozordon kegirilon miiassisolorin cos ¢ giic omsalini1 0,05 qodor
artirmaq Ugiin Oy hesabi reaktiv induktiv giiclorinin azaldilmasinin doqiqlosdirilmasi aparilmisdir,
miiossisolordo miivafiq olaraq 118,8 kVAr, 178,22 kVAr va 301,76 kVAr hesabi reaktiv tutum
giiclorinin istifadesi kifayat etmisdir vo tochizat sisteminin elektrik sxemina tolob olunan giicds
kondensator batareyalar1 vo ya sinxron kompensatorlar daxil edilmokls, onlarin da artiq sorfino imkan
verilmomisdir.

Belo doaqiqlosdirilmis metodikadan istifade etmoklo reaktiv induktiv giiclorin zoruri kompen-
sasiyasin hoyata kecirmok va elektrik dovrasine lazimi sayda tolob olunan kondensator batareya-
larinin va ya sinxron kompensatorlarin qosulmasi ilo onlarin da qonasti miimkiindiir.

Reaktiv giiciin kompensasiyasi enerji sisteminin paylayicit elektrik sobokosindo bir sira
masalalari hall edir. Bels ki, texniki itkilori azaldir, elektrik enerjisinin keyfiyyatini yiiksaldir, diiyiin
noqtalorinds gorginiliyin soviyyasini barpa edir, elektrik enerjisini qonast edir, sobakonin giic 6tiirma
qabiliyatini yiiksoldir vo 6z ndvbosindos, dayanigligini artirir [3, s. 60-66]. Yuxarida gqeyd olundugu
kimi, miiasir paylayici elektrik sobokolorindo reaktiv induktiv giiclin tonzimlonon kompensasiyasi
avtomatlasdirilmig nozarot ilo yerino yetirilir vo bu da, elektrik enerjisinin idaroetmo ¢evikliyinin
artirtlmasina sabab olur.
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Son illordo “Azorisiq” ASC sistemindo Avtomatik idaroetmo morkozi torofindon istehlakin
nozaratinin avtomatlagdirilmasinin hoyata kegirilmosindon elektrik tochizati sistemindo itkilorin
azaldilmasi vo bununla da, alinan gqonast miisahido olunmaqdadir. Misal {i¢iin Sirvan rayonundan
¢ixan “Conub” hava elektrik verilisi xotlorinin gostaricilorine vo onlar1 6lgon “Smart” tipli saygaclarin
parametrloring istinad etmok olar (Sokil 5).

gozarisiq AVTOMATIK IDARSETMS MORKIZI

ATIG BEHADAN COAY YATI

Canub (110/35/6 kV) - xattlari

Kattin adi t Gl Bu gunlik enerji sorfiyyat At glc Reaktiv giic Tam giic Carayan Garginlik Cos g Sing Status Son gogulma

c KV L 4993 KWt 23197 KVar v 7788 KVa a 636KV A 09a 0.4 @  20-07-202012:56:43
@ 8621 kVL § 16878 KVt 53054

C 6K O 196.01 K¥t 4199 KVar A §65.28 k¥a [ 636KV A 0dv 09 @  20-07-20201255:30
@ 5122 KVt @ 7648 KWL 15328

C 6KV | 4668 KVL 14,99 KVar v 69.48 kVa (] BITKV A 1A 03 ©  20-07-20201222:32
@548 V1 91048 KVt 4734

¢ 6K ] 78163 KV 36174 Kar v 121918 kVa B3GRV A 09m 04 ©  20-0-20201257:38
12790 VL @ 25085 kvt 33054

Cs 8 6KV [ 113833 kvt 44844 kVar v 173101 kva a 637KV A 09 A 0.4 V] 20-07-2020 120054
16139 kvt @ 34881 kvt 17924

C 6K ] 89184 KVt 520,66 kKvar v 1460.91 kVa [ 4 636KV A 09 A 05 V] 20-07-2020 1254:25
13936 kvt ® 26709 k¥t 39524

C GKV [ 119666 kvt 45803 Kvar v 181322 kVa a 626KV A 094 0.4 (V] 20-07-2020 12:23:55
15073 KV @ 32512 KVt 12352 A

¢ 5K [ ] 126148 KVt 554,00 KVar v 106765 kva E 633KV A 09 A 0.4 (V] 20-07-2020 12:56:22
© 21823 KV1 8 42814 k1 134044

¢ KL ] 7413 kvt 18184 k¥ar A 27832 kVa [ ] 634KV A 04w 09 ©  20-07-2020125505
@ 5281 KV § 23852 kit 1895 A

¢ 35K O 83157kvt  157543kvarw  458523kva [ BEEKVA  09a 05 ©  20-07-20201254:20
8 41579 KWL 8 77682 KV1 5355 A

Sokil 5.

Natica. Elektroenergetika sisteminin paylayici elektrik sobokosindo reaktiv giiciin lokal
kompensasiyasinin hesabat1 verilmisdir. Giic amsali cos@ qiymotinin artirilmasi {igiin reaktiv giiciin
zaruri miqdarda kompensasiya olunmasi hesablanmisdir. Bu metodikadan istifads etmoklo reaktiv
induktiv giiclorin tolab olunan kompensasiyasinin yerina yetirilmosi vo kondensator batareyalarinin
vo ya sinxron kompensatorlarin kifayot edon sayda qosulmasi doqiqlosdirilorok, onlara da gonaot
edilmigdir. Paylayict elektrik sobokasindo mdvcud olan enerji itkilorinin azalmasi iiglin elektrik
enerjisino avtomatlasdirilmis nozaratin vo idaroetmo ¢evikliyinin artirilmasinin davam edilmasi toklif
olunmusdur.
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ENERJI SISTEMININ PAYLAYICI ELEKTRIK SOBOKOLORINDD AVTOMATIK NOZAROTIN VO
IDAROETM®O CEVIKLIYININ ARTIRILMASI

B.M.Sadigh, i.M.Abdullazadas, G.Q.ibrahimli, A.B.Mammodzada

Xiilasa. Enerji sistemlorinin paylayici elektrik sobokolorinds avtomatik nozarstinin vo idarsetmo ¢evikliyinin
artirilmast {igiin elektrik enerjisi itkilorinin doqiqlosdirilmis hesabati vacibdir vo bdyiik oshomiyyat kasb edir. Olkomizdo
do, bu mosolo aktualdir vo son illor elektrik enerjisi itkilorinin azaldilmasina genis digqot yetirilir. Moaqalada enerji siste-
minin paylayici elektrik sobokslorinds innovativ istehlak sisteminin qurulmasi ilo elektrik enerjisi itkilorinin sobable-
rindon olan reaktiv giiclor vo onlarin zoruri miqdarda kompensasiyasinin hesabati1 gostorilmisdir. Giic omsalinin yiiksal-
dilmosilo onun yaxsilasdirilmasinin vo bununla da, elektrik enerjisi itkilorinin azalmasinin doqiqlosdirilmis hesabatlari
kegirilmisdir. Bu todqiqgatlar “Azerisiq” ASC-nin ugot sisteminin somoaraliliyinin, onun paylayici sobokolorindo
intellektual sobokalorinin avtomatik nazaratinin vo idaraetma ¢evikliyinin artirtlmasina gatirib ¢ixarir. Son illor “Azarisiq”
ASC sistemindo hoyata kegirilon bels todbirlor naticosinds hava elektrik verilisi xatlorinda elektrik enerjisinin itkilorinin
azaldilmast ilo enerji gonasti miisahide olunmaqdadir.

Acar sozlar: paylayict elektrik sabakasi, reaktiv giiciin kompensasiyasi, giic amsali, idaraetma ¢evikliyi.
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Abstract. In the article, taking into account that the provision of transport is one of the main elements of the tourism
potential and also creates an opportunity for the economic development of the regions, it is possible to determine the
demand for transport in tourism and also to increase the competitiveness of tourism by deeply investigating this activity
of the tourism product as a transport organizer in the mentioned directions. The article also deeply examines the possibil-
ities of magnetoplanes as a productive and efficient means of passenger transport, taking into account that they are con-
sidered as fast as airplanes, as reliable as railway transport, as convenient as cars, and that they have already won the
favor of passengers and tourists in a number of developed countries. the plan and prospects of its application as a tourist
vehicle are mentioned.
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Giris. Turizm logistikasinin naqliyyat toskiledicisi turizm sonayesi barade timumi toossiirat
yaratmaqda miihiim rol oynayir, turizmin yeni goriintiilorinin yaradilmasina komok edir, turist
soyahatlai lizro yeni istiqgamotlor vo marsrutlar miioyyonlosdirmoyo imkanlar acir vo imumiyyatlo
turizmin inkisafina tokan verir. Nogliyyat tominati turist-soyahot potensialinin asas elementlorindon
biri oldugunu, regionlarin iqtisadi inkisafina da imkan yaratdigin1 nozars alaraq, naqliyyat tominatinin
todqgiqat1 lisullarindan istifado etmoklo, turizmdo noqliyyat daginmalarina olan tolobati miioyyon
etmak va beloaliklo do turizmin rogabato davamliligini artirmaq miimkiindiir.

Turizm logistikasinin miiasir naqliyyat tominatinin inkisafi turistlorin rahat soyahotlora colb
edilmasinin, shalinin naqliyyat xidmatlorina olan ehtiyaclarinin 6édonilmasinin, turistlora vo tobisto
aid resurslarin qorunmasinin vo Umumilikdo orazinin davamli inkisaf etdirmosinin baslica
toloblorindon biridir.

Masalanin qoyulusu. Qeyd edilon mosslonin miisbat hallino nail olmaq iiglin nozori tohlil
osasinda turizmin naqliyyat tominatinin xiisusiyyetlorini ictimai-iqtisadi cohatdon qiymatlondir-
moklo, bu sahodoki c¢atismazliglar1 arasdiraraq beynolxalq alomdo mdvcud olan miiasir miisbot
ononolori dlkomizin sosial-igtisadi imkanlari ¢or¢ivasinds totbiq edilmasi baslica vasitolordon biridir
[1].

Miasir turist sayahatlorini genislondirmoyo vo turizm mokanlari iizro nogliyyat kommu-
nikasiyalarini togkil etmoyo imkan veran tokmillogdirilmis logistik nogliyyat tominat olmadan, turizm
logistikasinin inkisafi barodo har-hansi bir fikir séylomok ¢atindir.

Turizm va sayahatlor — insanin hoyat foaliyyotini onun bagqa yero, regiona vo ya 6lkoyo
miivoqgoti soyahot etmoklo adi yasayis sferalarindan forqlondirorok tosvir edon, iki bagli boliinmoz
anlayislardir.

Turist - soyahat vo ya yliriisdo qrup vo ya fordi sokildos istirak edon soxs adlanir. BMT toyinatina
goro, turist — bir gecodon ¢ox vo bir ildon az miiddoto miioyyan yera soyahot edon soxso deyilir.

Sayahat —har hans1 bir orazide vo miiayyon zaman fasilasinds insanin yerdayismasidir, soyahati
hoyata keciron insan iso istifado etdiyi horokot vasitosindon, istiqgamotindon vo mogsadindon asili
olmayaraq soyahat¢i adlanir.
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Beloliklo do, turizm — turistlorlo yering yetirilon soyahatlorin xiisusi kiitlovi bir névii olmaqla,
turizmin aydin miioyyon edilmis hadoflorino malik olan, homginin belo soyahatlori togkil vo miisayiot
edon bir foaliyyat sahosidir [2, s. 821-825].

Turizm faaliyyati, turizmin vo ona yanasi olan bir sira sahslorin, o ciimlodon nogliyyat sahasinin
miixtolif miiassisalori torafindon hoyata kegirilir. Turizm, sayahatlordon forqli olaraq igtisadiyyatin
vo siyasotin tosir giiclinii sinamaq, homginin hadisolorin daxili tobiotinin dualizmini hiss etmok
imkanina malikdir.

Milli turizm mahsulu soyahatlor zamani turistlorin ehtiyaclarinin tomin olunmasi tigiin uygun
golon har bir seydon formalasa bilor. Basqa sozlo desok, bu, soyahot planlagdirilan orazinin modoni-
tarixi mirasini vo tobii-iglim soraitini, homginin turizm xidmatlori, mohsullar1 vo tominati lizro saha
miiossisolorini  (masolon, noqliyyat kampaniyalarini) toklif edon imumi turizm resurslar
kompleksinin imkanlar1 sayosindo yarana bilor [3, s. 421-428].

Masalonin holli. Molumdur ki, turizm mahsulunu istifado edon turist, bagqa yerdon, regiondan
vo ya dovlotdon gotirilmis vasitolorlo hesablagmalar aparir vo bununla da maliyys axinlar1 for-
malagdirilaraq yeni miiassisalar, i yerlori, homginin vergi 6doms bazasinin yaranmasi tomin olunur.
Ona goro do, turizm, noqliyyat vo basqa bunlarla yanasi sahalorin golirliliyi, turizm resurslarinin idaro
edilmasinin no qodar keyfiyyatlo aparilmasindan asili olur [4].

Turist xidmoatlari — soyahotin gedisatinda turistin ehtiyaclarini tomin edon miixtalif noqliyyat
novlori ilo daginmalarin, yerlosdirilmalorin, gidalanmanin vo ekskursiya xidmaotlori ilo bagh
vasitolorin elementlori, homg¢inin {imumilikdo turizm logistikasinin elementlor kompleksidir. Qeyd
edilon xidmaotlorls mallar arasindaki forq onunla slagadardir ki, bu xidmatlor yalniz istehlak yerinda
yaranir. Maddi mallar iso gabaqcadan yaradilir vo sonra istehlak¢iya catdirildigi yerds istifados olunur.
Ancaq xidmot, onun Oziinlin yaradilmasi {igiin lazim galon personala tolim ke¢gmo vo avadanligin
hazirlig1 kimi xidmotlorin ovvalcodon yaradilmasini da tolob edir. Turist xidmatini vizual gériinmoyon
mal da saymaq olar, amma bels xidmatin gézlonilmasi prosesini malin istehlak¢iya ¢atdirilma zamani
ilo miigayiso etmok daha dogru olar. Homginin, bu xidmaotlorin oksor hissosi maddi predmetlordon
istifado edilma tolobini do irali siiriir. Masalon, hor hansi bir naqliyyat dagima xidmetinin tomin
edilmasi Ti¢iin lazim olacaq nogliyyat vasitosinin vo onun idare edilmosi tigiin tolob olunan yiiksok
hazirliga malik olan miitoxassisin se¢ilmosi, hom¢inin bu dasimalar1 yerino yetirmok maqsadi ilo
genis infrastruktur tominatinin vacibliyi asas amillordon sayilir. Onu da nozora almaq lazimdir ki,
soyahatin gedisinda turistin horakati aktiv (yani, insanin 6zii giicii sayasinds hayata kecirilon — piyada
turizm, velosiped soyahati, avar ¢okma, lizgiicliliik, gayalara dirmasma vo s.) vo miixtalif nogliyyat
ndvlarinin komayi ils passiv formada miimkiin ola bilor [5, s. 110-115].

Hazirda turizm logistikasinda istifado olunan nogliyyat vasitolorinin tokmillogdirilmasi vo bu
sahado daha miiasir yeni dasinma iisullarinin yaradilmasi istigamotinde ciddi elmi-tadqiqat islori
yerino yetirilir [6, s.178-216, 7, s.4]. Bu elmi-todqiqat islorinin osasini1 golocokds turist-sornisin
dasimalarinda rahat, siirotli vo vo iqtisadi cohotdon olverisli sayilan magnit yastiqgli qatarlarin
(magnitoplanlarin) respublikamizin orazisindo istifadosinin osaslandirilmasi toskil edir. Molumdur
ki, sornisin naqliyyat ndvlorinde kiitlovi dasimalar zaman tohliikesiz horakot siiratinin artirilmasi,
comiyyatin sosial va iqtisadi toloblorina cavab verir. Miitoxassislor geyd edirlor ki, uzaq masafalors
harokat zamani sornisinin yolda olma vaxti (“qapidan-qapiya” horokotds) 3-4 saatdan artiq
olmamalidir. Sarnisinlorin horokotds olma vaxti 2,5 saat (150 dog.) olmaq sortilo miixtalif nogliyyat
novlorinin somorali istifado dairosi miitoxossislor torofindon miioyyon edilmis vo sokildo
gostorilmisdir.

Miioyyan edilmisdir ki, geyd edilon miiddot orzinds sornisin avtomobillo 150 km, qatarla 250
km, tayyara 1lo 900 km, maqnitoplanla isa taqriban 1000 km masafoni rahat qot eds bilor. ABS, yapon,
¢in vo alman miitoxassislori tocriibalorlo miioyyan etmislor ki, miiasir nogliyyat ndvlorilo miiqayisads
magnitoplanlar 50-1100 km masafolords vaxta gonast etmoyo imkan yarada bilir.

“Magnitli” yollarin ingas1 ilo insanlar bir i giinii arzindoe 1000 - 2000 km masafo qot etmoklo,
3-4 saat arzinds istonilon masalani hall edib 6z evins qayitmaq imkanini alds edirlor.
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Bu zaman sornigin hotta hava nogliyyati ilo miiqyisodo belo vaxta gonaot edir. Ciinki, aero-
portlar sohordon xeyli konarda yerlosdiyindon, sassiz vo ekoloji tomiz maqnitoplan isa sohorin
morkozindon kegorok horokotini davam etdiro bilir. Hom do enerji vo ya yanacaq sorfi maqnito-
planlarda hava naqliyyatina nisboton 2 dofodon do azdir. Bunlardan basqa pis hava soraitindo toyya-
rolorin uga bilmomaosi hallarinda sornisinlorin longimalorini vo 6z planlarini doyisorok hoyacanlan-
malarini da xiisusi geyd etmok lazimdir. Yaddan ¢ixarmaq olmaz ki, hava nogliyyati ilo otraf miihito
sos va zararli qazlarla gostorilon manfi tosirlor sarnisinlora va atraf qoasabolords yasayan ohaliys ziyan
yetirir vo kond tosarriifatina yararh xeyli torpaq sahasi aeroport orazisi tiglin istifado edilir.
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Miixtalif naqliyyat ndvlarinin sornisin dasimalarinda somorali istifade edilmo dairasi:
1- soxsi avtomobillar; 2 - domiryol nogliyyati; 3 - maqnitoplanlar; 4 — hava naqliyyati

Qeyd etmok lazimdir ki, 400-500 km/s magnitoplanlar ii¢lin son siirot haddi sayilmir. Nisboton
boyiik horokot siiratlorinde aerodinamik miigavimati dof etmok iiclin ¢ox yliksok enerji sorf etmok
lazim golir. Yaqin ki, belo yiiksok siiratlordo maqnitoplanin atmosfer tozyiqi azaldilmis vo ya havasiz
boru i¢arisinds horokati daha moagsodouygundur. Belo layihalor artiq islonib hazirlanmisdir. Moasolon,
ABS-da “Mel” vo “Planetran” layiholorindo magnitoplanlarin siirati uygun olaraq 900 vo 960 km/s,
AFR-in “Lende” layihosinds iso silirot 1000 km/s nozords tutulur. Ancaq, bu layiholorin hoyata
kegirilmasi, galocokds “adi” maqgnitoplanlarin genis istismarindan sonra miimkiin olacaqdir.

Hazirda boyiik soharlords ononovi sornisin noqgliyyat novlori daima artmaqda olan sornisin
dasimalarinin yerino yetirilmosini tomin eds bilmir. Sohordaxili vo gohoratrafi dagimalar hazirda
asagidaki soraitlords yerins yetirilir [6, s. 178-216]:

— dagima keyfiyyoti vo miintozomliyi yaritmaz soviyyado olur, xiisuson “’pik” saatlarinda
harakat vasitolorinin dolma omsali normadan 2 - 3 dofodon ¢ox oldugu hallara daha ¢ox tesadiif edilir;

— yeriistii ohor noqliyyat novlorinds horakat siirati azalmig (16-20 km/s) vo bu da sornisinlorin
is yerino catma vaxtim (hofto orzindo 8 - 10 saata godor) artirmigdir. Is yerina ¢atma vaxti oksor
hallarda giindslik olaraq 1 saata qodor yiiksolir. Miitoxassislor miioyyon etmiglor ki, sornisinlorin, is
yerloring ¢atana qodor har 10 doqiqe arzindo komfortsuz voziyyatdo olmalari, onlarin is gabiliyyatini
vo mohsuldarhigini 3 - 4 % azaldir;

— havanin ¢irklonma doracosi son illor 3-4 dofo artmis vo sasin soviyyasi iso xeyli yiiksolmisdir;

— avtomobil sornigin dagimalarinda maye yanacaq sorfi bir nego dofo artmisdir;
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— avtomobillorin saymnin artmasi ilo yanasi bas veron yol-naqliyyat hadisalorinin say1 da
artmisdir.

Hor il diinyada bas veran yol-naqgliyyat hadisalorindo 6lonlorin say1 hazirda 10 min. nofordon
coxdur.

Yeriistii anonovi sarnigin naqliyyat ndvlarinde yaqin ki, miioyyan gizli imkanlar mévcuddur.
Ancaq, buna nail olmaq {i¢lin onlarin tokmillogdirilmosi vo aparilan yenidonqurma islori, golocok
liciin naqliyyat problemlorini he¢ do hall etmir. Artiq bu sahads yeni, keyfiyyatli texniki todbirlor
hoyata kegirilmolidir. Sornisinlors, xiisuson do turistloro yiiksok keyfiyyatli vo modoni nogliyyat
xidmoti gostormok imkani olan nogliyyat sistemi, yiiksok vo tohliikosiz horokot siirotino malik
maqnitoplanlardir.

Magnitoplanlarin xeyrina an giiclii faktor siiratli domiryol naqliyyatina nisbaton onlarin 2 - 3
dofa daha ¢ox harakot siiratino malik olmalaridir. Malumdur ki, harokat siiratinin artmasilo horakato
sorf olunan vaxt azalir, gedislorin tezliyi vo uzaqlig iso artir. Gedis miiddoatinin azalmasi, sorniginin
isglizar moaqsodlors vo ya sorbast vaxta sorf olunan vaxtinin artmasina sobab ola bilor. Gedis tezliyinin
yiiksolmasi, sornigin axinini yiiksoldir ki, bu da bu yeni layiholondirilocok naqliyyat ndviiniin
somoraliliyinin artirilmasi tigiin asas sortdir. Bundan bagqa gedislorin sayiin artmasi iqtisadi vo sosial
aktivliyin yiiksalmosina gotirib ¢ixarir. Vo, nohayat, sarnisinlorin gedis uzaqliginin artmasi ohalinin
foaliyyot dairosinin yiiksolmosino vo olavo omok ehtiyyatlarinin colb olunma imkanlarinin
genislonmasing sobob olur. Hom do zohmotkeslorin siirotlo vo yiiksok komfortla dasinmasi (bu iso
maqnitoplanlarla tam hoyata kecirilo bilir), is ndvbosinin avvalindo mohsuldarligin azalmamasina
gotirib ¢ixarir. Ancaq, biitiin bu qeyd edilon miisbot cohatlori iqtisadi somaralilik hesabatlarinda tam
nozora almaq miimkiin olmur. Masalon, bu yeni nogliyyat sisteminin estakadalar tizorindo qurulmasi
sobabindon yerin sothinds sasin vo titromelorin olmamasindan ekoloji istiinliiyiinii vo kond
tosarriifatina yararli torpaglarin zobt olunmamasini aid etmok olar [7, s. 4].

Jurnalistlorin, internetin vo reklamlarin molumatlarina géro hazirda Yaponiyada giimiisii rongdo
magnitoplanlar estakadalarda diiyli zomilorinin iizorilo saatda 400 km siiratlo siitiiytlirlor. AFR - do
“Transrapid - 04” tipli maqgnitoplanlarin horaket etdiklori estakadalarin yaxinliginda ev heyvanlari
sakitco otlayirlar. Sornisinlor magnitoplanda na sosi, no do silkolonmolori hiss etmirlor. Ancagq,
molumatlara géro Yaponiyada siirotli domiryol qatarlarinin estakadalar tizorinde harokoti zamani
yaranan sas-kiiydon vo titromolodon yaxinligda yerlogon binalarin shalisi narahatgiliga moruz galirlar.

Estakadali yollar ideyas1 (avvallor bunu “siitunlar {izorinds yollar” adlandirirdilar) halo XIX
osrdo irali siiriilmiis vo ilk belo yollardan biri 1820 - ci ildo Moskva otrafinda estakada iizorindo
vaqonlart atlar vasitosilo horokot etdirmok ticiin tikilmisgdi.

Molumdur ki, magnitoplanlarin kiitlosindon estakadalara diison tosir qlivvasi borabor pay-
landigindan, ananavi tokarli domiryol naqliyyati ii¢iin insa edilmis estakadalara nisbaton maqnito-
planlar ii¢iin insa edilmis estekadalar yiingiil vo ucuz materialdan hazirlanir. Insaatgilar estakadalar
sobakali v inco inga etmakls, sohorlorin qodim arxitektur goriiniisiing xalal gotirmomalidirler.

Estakadali yollarda ononovi yeriistii nogliyyatin vo piyadalarin yol kosigsmolorinin olma-
masindan (onlarin horokoti estakadalarin alti ilo togkil edildiyindon), siirot gdstoricisi mohdudlagmir
vo geyd edilon maneolorin olmamasindan toqqusmalara tosadiif olunmur. Belo estakada {izorilo
harokat kiigalords, yollarda vo avtomagistrallarda gorginliyi azaldir.

Hazirda estakadali yollar elmi-texniki toraqqinin nailiyystlorino osaslanaraq yeni texnolo-
giyalarla layiholondirilir vo inga edilir. Miiasir domir - beton estakadalarin tikintisinin orta dayari
metro xottinin doyorindon 3-8 dofo az, insa tempi iso 5 - 10 dofo yiliksokdir. Ancaq, estakadalar yertistii
avtomobil vo domir yollarinin ingasindan baha basa golir. Qeyd edilonlorden basqa estakadalar 6z
ustiinliiklori ilo diqqgati daha ¢ox coalb edir: az torpaq islori goriiliir, dayaqlarin sahosine uygun az
torpaq sahasi zobt edir; biitlin elementlorinin zavodlarda hazirlanmasi miimkiin olur; kontakt
xotlorinin vo kabellorin estakadaya borkidilmasi nisboton asan olur; istismari vo texniki xidmatlori
rahat yerina yetirilir. Estakadalar1 mvcud avtomobil vo domir yollarinin iizarils, hatta 2 mortabali,
mixtolif istigamotli horokot tigiin do insa etmok olar. Yiiksok siiroti tomin edocok estakadali qisa
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yollar gohardon konarda yerlogon yasayis massivlorini ohalinin ig yerlorilo, istirahat zonalari ilo vo
sohorin otraf gosobolorilo olagolondirmok iiglin osas vasitolordon biridir. Manegiliklori aradan
qaldirmagq iiciin estakadalar1 evlorin, ¢aylarin, yollarin vo meso massivlorinin iizorindon vo diizxotli
inga etmoyo calisirlar. Bozi godim sohorlordo binalarin arxitektur monzorasini pozmamagq tigiin
magqnitoplanlar estakadalarla “yerin altina” (tunelloro) daxil olurlar. Ekoloji cohatdon tomiz naqliyyat
novii kimi magnitoplanlar estakadali yollarla kurort zonalarinda da genis istifado oluna bilor. Yoni,
turizm logistikasinda bu noqliyyat vasitosi biitlin stilinliiklori ilo ovozolunmaz rahat vo tohliikosiz
horakot vasitasi sayila bilor [8].

Respublikamizin boyiik soharlorinds, xilisuson paytaxt sohori Bakida avtomobil naqliyyatinin
horokotindo yaranan ciddi problemlor, golocokdo estakadalar {izorindo qurulmasi miimkiin olan
“maqnitli” yollarin komayils aradan qaldirila bilor. Baki goharinin cografi soraitini vo relyefini nazora
alaraq, respublikanin conub zonasinda yerlogon Lonkoran Beynolxalq aeroportunu, Lonkoran vo Baki
soharlorinin domiryol va avtomobil vagzallarina yaxin vo Heydor Dliyev Beynalxalq hava limanindan
kegmoklo Simal zonasi ilo, homg¢inin Heydor Oliyev Beynolxalq hava limanimi bir sira rayon
markazlarindon, Ganca soharindon vo Ganco Beynolxalq aeroportundan ke¢moklo Respublikanin
gorb zonasinda insa edilmis beynolxalq aeroportlarla, Sorqi Zongozur vo Qarabag iqtisadi zonalari
ilo, hamg¢inin Nax¢ivan vo Tiirkiya ilo “maqnitli” yollar vasitasile alagelondirmak olar. Respublikanin
Beynolxalq aeroportlarinin, vagzallarin vo bir sira soharlorin yiiksok siiratli, rahat nogliyyat vasitosi
sayilan maqnitoplanlarla tomin edilmasi, ohalinin vo turistlorin soharlorarasi vo sohordaxili sarnisin
dasimalarina olan tolabatinin vaxtinda vo yiiksok keyfiyyatlo yerino yetirilmosino imkan yaradardi.
Homginin bu yeni noqliyyat sistemi Respublika orazisindo vo qeyd edilon sohorlorin daxili
rayonlarinda yeriistii noqliyyat vasitolorindoki gorginliyi do xeyli azaltmis olardi. Magnitoplanlarin
harakati ligiin hotta 2 moartabali estekadalar da nazords tutula bilar. 1 - ¢i martabads kigik siiratli (80
- 90 km/s) va nisbaton yaxin dayanacaqlari olan, ikinci mortobado is9 yiiksok siiratli magnitoplanlarin
harokatine imkan yaratmaq olar. Qeyd etmok lazimdir ki, maqnit asqilt bu yeni naqliyyat novii ilo
Respublikamizin Beynolxalq hava limanlarim1  olagolondirmoklo Heydor ©Oliyev Beynolxalq
aeroportunun “dilylin” hava limanina (beynslxalq termin kimi buna XABA da deyilir vo onlar uzaq
mosafolors sornisin dasimalarinin miintozomliyini tomin etmok moaqsadila sornisinlori bir yera yigmaq
vo oradan onlar istadiklori istiqgamotlora yola salmaq tiglin nozords tutulan boliisdiirme merkazi
sayilir) ¢evrilmasino va sornisinlorin ¢ox uzaq (qitolorarasi) uguslarinin togkil edilmosi ti¢lin onlari
“nasos” kimi 6zlino calb etmosine sorait yaranardir. ©gor bir qodor xoyala gapilsaq, XXI asrin
ortalarindan sonra respublikamizin bu yeni nogliyyat sistemini Rusiya Federasiyasinin Simali Qafqaz
vo Krim “magqnitli” yollar1 ilo birlesdirmakle, bu yiiksok siiratli naqliyyat novii ile biitiin Avropa
mokanina ¢ixis aldo etmok miimkiindiir. Bu zaman sornisinlorin, o climlodon turistlorin “qapidan-
qapiya” horokoting sorf edacayi vaxt, praktiki olaraq onlarin hava naqliyyatindan istifads etdiklori
vaxta borabor olacaqdir. Ancaq, hava nogliyyatina nisbaton bu naqliyyat ndviiniin havanin siltag-
ligindan, pis goriiniis mosafosindon va ildirirmdan longimolori olmayacaq, gedis haqqi ucuz, horokot
tohliikosizliyl vo rahathigi iso yliksok olacaqdir. Daha uzaq golocokdo maqnitoplanlarin borunun
icorisindo vakuumlu soraitdo siizorok 1000 km/s vo bundan da yiiksok siirotlo harokot edocoyini
(ugacagini) tasavviir etmok ¢otin deyil. Hotta golocokdo metro tikintisindo magnitoplanlar ideyasinin
totbiqi do miimkiindiir. Bunun ii¢lin mdvcud metro vaqonlarinin alt hissasinds yerloson tokarlor
qurasdirilmis arabaciqlarin maqnit asqisi ilo avoz olunmasi naticosinds vaqonlarin hiindiirliik dl¢iilori,
o ciimladon da tunelin 6Slgiilori togriban 2 dofoys godor azalar vo onun ingasina sarf olunan xarclor
(homginin insa edilmo miiddoti) do xeyli azalmis olar. Yeni metro tikintisi nozordo tutulan boyiik
sohorlorda, golocokds bu ciir “kigik diametrli” tuneli olan metronun insas1 daha slverisli sayila bilor.

Natica. Beloliklo do nogliyyat tominatinin turizm potensialinin osas elementlorindon biri
oldugunu vo regionlarin iqtisadi inkisafina da imkan yaratdigini nozors alaraq, turizm mohsulunun
naqliyyat toskiledicisi kimi onun bu faaliyyatini qeyd edilon istigamatlords darindon arasdirmaqla,
turizmdo noqliyyat dasimmalarina olan telobati miioyyon etmok vo homginin turizmin rogabato
davamliligini artirmaq mimkiindiir. Aparilan ¢oxsayl arasdirmalarla bir mohsuldar vo somorali
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sornigin naqliyyat vasitosi olaraq magnit yastiql qatarlarin (magnitoplanlarin) digor imkanlar1 da
dorindon Oyronilmis, onlarin toyyaro kimi siirotli, domiryol nogliyyati kimi etibarli, avtomobil
naqgliyyati kimi miinasib sayildigini vo artiq bir sira inkisaf etmis 6lkolords sorniginlorin, homginin
turistlorin rogbotini gazanmasini nozors alaraq, Azorbaycan Respublikasinda da golocoyin osas turist
naqliyyat vasitosi gqismindo totbiq edilmo plani vo perspektivlori geyd edilmisdir.
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TURIZM LOGISTIKASI VO ONUN MOHSULU OLAN
NOQLIYYAT TOSKILEDICiSININ ARASDIRILMASI

H.M.9hmoadov, Q.N.Axundov

Xiilasa. Mogalodo noqgliyyat tominatinin turizm potensialinin asas elementlorindon biri oldugunu vo homginin
regionlarin iqtisadi inkisafina da imkan yaratdigini nozars alaraq, turizm mohsulunun naqliyyat togkiledicisi kimi onun
bu faaliyystini qeyd edilon istiqgamatlords dorindon arasdirmagqla, turizmds naqliyyat dasimalarina olan talabati miioyyan
etmak vo hamginin turizmin raqabats davamliligini artirmaq miimkiindiir. Maqalads homginin bir mshsuldar va somarali
sarnigin noqliyyat vasitosi olaraq maqnit yastiqli qatarlarin (magnitoplanlarin) imkanlart dorinden aragdirilmis, onlarin
toyyara kimi siiratli, domiryol naqliyyati kimi etibarli, avtomobil kimi miinasib sayildigini vo artiq bir sira inkisaf etmis
Olkolordo sorniginlorin, homginin turistlorin rogbstini qazandigii nozoro alaraq, Azorbaycan Respublikasinda da
golocayin osas turist noqliyyat vasitasi gisminde totbiq edilma plant vo perspektivlori geyd edilmisdir.

Acgar sozlar: turizm potensiali, turizmin naqliyyat taminati, turizm logistikasi, turist sayahatlori, turizmin raqabata
davamlilig.
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Abstract. Carrying out tests of electrical equipment under load in networks with an isolated neutral requires deter-
mining the dependencies of the parameters of single-phase faults. The change in this type of parameters during a single-
phase fault is subject to complex laws. Therefore, for practical conditions, simple mathematical models should be devel-
oped that make it possible to find out the relationship between damage parameters. The article is devoted to determining
the relationship between the overvoltage generated in the neutral isolated network as a result of non-stationary ground
faults, the ground fault resistance, and the ground fault angle. For this purpose, the regression equation for the dependence
of arc overvoltages' ratios on resistance of ground fault and the ground fault angle was obtained and a corresponding 3D
image was constructed.

Keywords: networks with isolated neutral, non-stationary earth faults, arc overvoltages ratios, regression equation,
3D modelling.
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1. Giris

Molumdur ki, elektrik avadanliglarinin isdon ¢ixmasi is¢i heyotin miixtolif travmalarina,
texnoloji prosesin pozulmasina vo ciddi gozalara sobab ola bildiyindon belo problemlorin ovvalcodon
qarsisimin almmasi iigiin xiisusi smnaglar hoyata kegirilir. Umumi halda belo smaglar asagidaki
hallardan biri bas verdikdo aparilir: avadanligin vo ya qurgunun istismara daxil edilmasi, qoza, planl
va plandan kenar tomirlorden sonra, avvalki yoxlamalardan sonra miisyyon miiddstin kegmasi va s.
Eyni zamanda elektrik avadanliglarinin izolyasiyasinin yiiksok gorginliklo sinagi 35 kV-a qodor
gaorginlikli neytrali izols edilmis elektrik sabakalar {iglin macburidir [1, 2].

Neytrali izolo edilmis sobokolordo elektrik avadanliglarinin potensial zodslonmolorino dair
avvalcadon malumatlarin alds edilmasi vo elektrik tolobatgilarinin fasilasiz elektrik enerji tochizatinin
tomin edilmosi mogsadils yiik altinda izolyasiyanin yiiksok gorginliklo sinaqlarinin yerino yetirilmosi
oldugca aktual mosoladir [3, 4]. Bu istiqgamotds yerina yetirilmis tadqiqat islorinden aydin olur ki,
miixtolif tisul vo vasitalor toklif edilir [5-8].

[9]-da neytrali izolo olunmus sabakalords izolyasiyanin yiik altinda sinaq tisulu toklif olunmus-
dur. Bu iisula asason izolyasiyani yiik altinda sinaqdan keg¢irmok ti¢lin sobokods Petersen nozoriyyosi
osasinda siini geyri-stasionar yerlo qapanmalar yaradilir. Qeyd etmak lazimdir ki, bels yerls qapan-
malar zamani sobokolords yaranan qovs ifrat gorginliyinin qiymati yerlo gapanma miigavimati, yerlo
qapanma bucag1 vo sabokonin yera nozoron faza tutumundan asili olur. Ona gore sinaq gorginliyinin
qiymatinin tayin edilmasi ii¢lin yerlo qapanma miigavimati va yerlo qapanma bucaginin avvalcadon
miioyyonlosdirilmoasi vacibdir. Bu moqsadlo qgeyri-stasionar yerlo qapanmalar noticesinde neytrali
1zolo olunmus sabokalords yaranan qovs ifrat gorginliyin dofaliyinin yerlo qapanma miiqavimati, yer-
la gapanma bucagi vo sabokonin yera nozaron faza tutumundan asililiqlart miisyyon edilir.

43



N.I1.Orujov et al. / Proceedings 1/2024, 43-48; 10.61413/KROG5481

Energetics

2. Zadolonms parametrlorinin reqressiya modeli iiciin masalonin qoyulusu

Umumi halda qeyd olunan birfazali zodelonma parametrlorinin asililiglarini miioyyonlosdirmok
liciin neytral1 izolo olunmusg sobokalords yaradilan qeyri-stasionar yerlo qapanma kecid prosesini
xarakterizo edon diferensial tonliklor sisteminin miiasir hesablama texnologiyalarinin totbiqi ilo adadi
halli yerina yetirilmolidir. Lakin masalonin adadi halli adi ¢okilon diferensial tonliklorin “sortliyi”
sobobindon xeyli ¢atinlosir. Basqa sozlo, tonliklor geyri-xatti vo yiiksok tortibli olmagla doqiq analitik
hallo malik olmur. Bu sobabdon bozi hallarda diferensial tonliklor sisteminin hollinin dayanigligi
pozulur vo noticalor tohrif olunur. Ona goro belo ¢otinliklori aradan qaldirmaq ii¢lin qOvs ifrat
gorginliyin dofaliyi (k) ilo yerlo gapanma miigavimoti (RO), yerlo gqapanma bucagi (go) vo sobakonin
yera nazaoran faza tutumu (C f) arasindaki asililiglar: toyin edon analitik ifadslorin alinmasi vacibdir.

Qeyd edok ki, bu mogsodlo [10,11]-do qdvs ifrat gorginliyin dofoliyinin yerlo qapanma
miigavimatindan, [12,13]-do qovs ifrat gorginliyin dofaliyinin yerlo qapanma bucagindan, [14]-do iso
qovs ifrat gorginliyin dofsliyinin sobokonin yers nozoron faza tutumundan asililiglar tigiin analitik
ifadslorin alinmasina artiq baxilmisdir. Aparilmis todqiqatlarin davami olaraq, neytrali izolo olunmug
sobokolords birfazali qovs ifrat gorginliyinin yerlo gapanma miiqavimoti vo yerlo gapanma
bucagindan asililiginin reqressiya modelinin alinmasina baxilir.

3. Masalanin hall iisulu, alqoritmi vo modellosdirma naticalari
Neytrali izoloedilmis elektrik sabokasindo (C ;= const) birfazali zodslonmalor zamani yaranan

qovs ifrat gorginliyin dofaliyinin yerlo gapanma miigavimati vo yerlo gqapanma bucagindan asililig
liclin analitik ifadonin alinmasi nozordon kegirilir. Bu mogsodlo neytrali izolo olunmus sobakonin
alcaq gorginlikli modelinds aparilmis eksperimental tadqiqatlarin cadval 1-ds verilon naticolorindon
istifad edilir (C, = 1mkF) [9].

Cadval 1
k = f(RO,(D) astlilig

R,,0Om . . : . . .
30 60 90 120 150

1 2 3 4 5 6
5 2,45 3,16 3,30 3,10 2,16
10 2,29 2,91 2,96 2,86 2,03

1 2 3 4 5 6
15 2,16 2,69 2,77 2,66 1,93
20 2,05 2,51 2,62 2,49 1,84
25 1,96 2,35 2,49 2,35 1,76
30 1,88 2,22 2,38 2,24 1,69

Cadval 1-don goriindiiyii kimi qdvs ifrat gorginliyin dofaliyi ile yerlo qapanma miigavimati vo
yerlo qapanma bucagi arasindaki asililiq asagidaki reqressiya tonliyi ilo approksimasiya oluna bilor
[15,s.133-135]:

k:é?+b$n¢+c, (1)

0
Burada a, b, ¢ — reqressiya omsallar1 adlanir.

(1) tonliyinda RL =X V9 sin ¢ = y avazlomalarini qobul etsak
0

k=ax+by+c, (2)
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olar, yoni qOvs ifrat gorginliyin dofoliyi (k) ilo yerlo gapanma dovrosinin kegiriciliyi (x) vo yerlo
gapanma bucaginin sinusu (y) arasindaki asililiq xatti reqressiya tonliyi ilo approksimasiya oluna
bilar (Cadval 2).

Caodval 2
k= f(x,y) astlilig
y
X, Sm 0,500 0,866 1,000 0,866 0,500
0,200 2,45 3,16 3,30 3,10 216
0,100 2,29 2,91 2,96 2,86 2,03
0,067 2,16 2,69 2,77 2,66 1,93
0,050 2,05 2,51 2,62 2,49 1,84
0,040 1,96 235 2,49 235 1,76
0,033 1,88 2,22 238 2,24 1,69

Reqressiya amsallar1 agagidaki ifadslorlos toyin edilir [16, s.370]:

Oy T TTTy

a=—" —
Gx l_rxy
O T Tty

b:—'1—2; ) 3)
o, — 7

c=k—ax—-by

Burada x — x komiyyatinin orta qiymati, ;— v komiyyatinin orta qiymeti,% — k komiyyatinin

orta qiymati, o, — x komiyyatinin onun orta qiymotindon (;) orta kvadratik meyletmasi, o, — y

komiyyatinin onun orta qiymatindon (y) orta kvadratik meyletmssi, o, — £ komiyyatinin onun orta
qiymatindan (l;) orta kvadratik meyletmasi, ,, — x vo y komiyyatlori arasindaki xatti korrelyasiya
amsali, 7, — k vo x kemiyyatlori arasindaki xatti korrelyasiya omsali, 7,, — k vo y kemiyyatlori

arasindaki xotti korrelyasiya amsali, olub, korrelyasiya codvaline asasan tayin olunurlar (Cadval 3).
n=230;

n

x, =245 Yy, 222392, 3k, =72.26;
i=1

i=1 i=1

n

(v, —xf =0,09830667; 3 (v, - »f =1,2860832; 3" (k, k[ =5.390747;

i=1 i=1 i=1

n

> (= )y, =)= 00 2 (kK)o — )= 0.4112667: 3"k, ~ K fy, - »)=1998776;

i=1 i=1 i=1

n n

3 in . Zyi _ zkl
x =" =0082; y="—=0746; k=-"—=2409

n n n
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Cadval 3
Korrelyasiya cadvali

i x; yi ki (x; — ®)? G- | (-0 | Gi=-D@:i—-» | (ki-K)@x-% | (ki—K)@:i—Y)

1 0,200 | 0,500 | 2,45 | 0,01400278 | 0,06071296 | 0,001708 -0,02915733 0,0048911 -0,0101845
2 0,200 | 0,866 3,16 | 0,01400278 | 0,01430416 | 0,564502 0,01415267 0,0889078 0,0898595
3 0,200 | 1,000 3,30 | 0,01400278 | 0,06431296 | 0,794475 0,03000933 0,1054744 0,2260421
4 0,200 | 0,866 3,10 | 0,01400278 | 0,01430416 | 0,477942 0,01415267 0,0818078 0,0826835
5 0,200 | 0,500 | 2,16 | 0,01400278 | 0,06071296 | 0,061835 -0,02915733 -0,0294256 0,0612715
6 0,100 | 0,500 | 2,29 | 0,00033611 | 0,06071296 | 0,014082 -0,00451733 -0,0021756 0,0292395
7 0,100 | 0,866 | 2,91 | 0,00033611 | 0,01430416 | 0,251335 0,00219267 0,0091911 0,0599595
8 0,100 | 1,000 | 2,96 | 0,00033611 | 0,06431296 | 0,303968 0,00464933 0,0101078 0,1398181
9 0,100 | 0,866 | 2,86 | 0,00033611 | 0,01430416 | 0,203702 0,00219267 0,0082744 0,0539795
10 | 0,100 | 0,500 | 2,03 | 0,00033611 | 0,06071296 | 0,143388 -0,00451733 -0,0069422 0,0933035
11 | 0,067 | 0,500 | 2,16 | 0,00021511 | 0,06071296 | 0,061835 0,00361387 0,0036471 0,0612715
12 | 0,067 | 0,866 | 2,69 | 0,00021511 | 0,01430416 | 0,079148 -0,00175413 -0,0041262 0,0336475
13 | 0,067 | 1,000 | 2,77 | 0,00021511 | 0,06431296 | 0,130562 -0,00371947 -0,0052996 0,0916341
14 | 0,067 | 0,866 | 2,66 | 0,00021511 | 0,01430416 | 0,063168 -0,00175413 -0,0036862 0,0300595
15 | 0,067 | 0,500 1,93 | 0,00021511 | 0,06071296 | 0,229122 0,00361387 0,0070204 0,1179435
16 | 0,050 | 0,500 | 2,05 | 0,00100278 | 0,06071296 | 0,128642 0,00780267 0,0113578 0,0883755
17 | 0,050 | 0,866 | 2,51 | 0,00100278 | 0,01430416 | 0,010268 -0,00378733 -0,0032089 0,0121195
18 | 0,050 | 1,000 | 2,62 | 0,00100278 | 0,06431296 | 0,044662 -0,00803067 -0,0066922 0,0535941
19 | 0,050 | 0,866 | 2,49 | 0,00100278 | 0,01430416 | 0,006615 -0,00378733 -0,0025756 0,0097275
20 | 0,050 | 0,500 1,84 | 0,00100278 | 0,06071296 | 0,323382 0,00780267 0,0180078 0,1401195
21 | 0,040 | 0,500 1,96 | 0,00173611 | 0,06071296 | 0,201302 0,01026667 0,0186944 0,1105515
22 10,040 | 0,866 | 2,35 | 0,00173611 | 0,01430416 | 0,003442 -0,00498333 0,0024444 -0,0070165
23 | 0,040 | 1,000 | 2,49 | 0,00173611 | 0,06431296 | 0,006615 -0,01056667 -0,0033889 0,0206261
24 10,040 | 0,866 | 2,35 | 0,00173611 | 0,01430416 | 0,003442 -0,00498333 0,0024444 -0,0070165
25 | 0,040 | 0,500 1,76 | 0,00173611 | 0,06071296 | 0,420768 0,01026667 0,0270278 0,1598315
26 | 0,033 | 0,500 1,88 | 0,00236844 | 0,06071296 | 0,279488 0,01199147 0,0257284 0,1302635
27 10,033 | 0,866 | 2,22 | 0,00236844 | 0,01430416 | 0,035595 -0,00582053 0,0091818 -0,0225645
28 | 0,033 | 1,000 | 2,38 | 0,00236844 | 0,06431296 | 0,000822 -0,01234187 0,0013951 -0,0072699
29 10,033 | 0,866 | 2,24 | 0,00236844 | 0,01430416 | 0,028448 -0,00582053 0,0082084 -0,0201725
30 | 0,033 | 0,500 1,69 | 0,00236844 | 0,06071296 | 0,516482 0,01199147 0,0349751 0,1770795
> 2,450 | 22,392 | 72,26 | 0,09830667 | 1,28608320 | 5,390747 0,00000000 0,4112667 1,9987760

o, = =0,0572;
n . — n
(‘xi —-X Xy i T )
r, = =l =0;r, = = =0,5649; Vi = =l =0,7591

no.o, no,o, no,o,

Onda, (3) ifadslorine osason reqressiya omsallart:
a=4]18;, b=1,55,¢c=091.

Coxol¢iilii korrelyasiya omsali:

2, 2
ro+r. =2r.r.r
kx ky kx" ky” xy

R= =0,95.

2
1-r,
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Coxolgiilii korrelyasiya omsalinin ohomiyyatliliyi F —Fiser kriteriyasi ilo yoxlanilir.
F —Fiser kriteriyasinin hesabat qiymati toyin edilir:

Lr

F=——2 <132

)

F —Figer kriteriyasinin cadval qiymati shamiyyatlilik saviyyasi (a) va sarbastlik hodlorinden
(k,,k, ) asih olaraq codvaldon gétiiriiliir [16, s.370]:

n-3

a =005 k =2k, =n-3=30-3=27; F(a,k,k,)=335.

F=132>F (oz,k1 ,k, ) = 3,35 oldugundan ¢oxol¢iilii korrelyasiya omsali (R = 0,95) ohamiyyatli
hesab edilir.

Qeyd etmak lazimdir ki, ¢ox0l¢iilii korrelyasiya omsalinin vahide yaxin (R =095—> 1) olmasi
onu gostarir ki, qovs ifrat gorginliyin dofsliyi ilo yerlo qapanma dovrasinin kegiriciliyi va yerls
qapanma bucaginin sinusu arasindaki asililiq giiclii xotti korrelyasiya slagasi hesab edils bilor.

Kompiiter modellosdirmasindan istifado etmoklo alinmig reqressiya tonliyine asason qovs ifrat
garginliyin dofsliyinin yerlo qapanma miigqavimati va yerlo gapanma bucagindan asililiginin foza 3D
gorlintiisii qurulmusdur (S$okil). Sokildon zodolonmo parametrlori arasinda alinmis reqressiya
modelinin adadi naticolori, basqa sozle, komiyyatlor arasindaki giiclii korrelyasiya olagasinin olmasi
oyani olaraq tasdiqini tapir.

Ifrat gorginliyin dafoliyinin yerlo qapanma miiqavimati va yerlo qapanma bucagindan asihligimin 3D goriintiisii

4. Naticd

1. Petersen nozoriyyasina tabe olan qgeyri-stasionar yerlo gapanmalar naticosinds neytrali izolo
olunmug sabakolords yaranan qovs ifrat gorginliyin dofsliyi ilo yerlo gapanma ddvrasinin kegiriciliyi
va yerlo gapanma bucaginin sinusu arasindaki asililiq praktik olaraq asan realizo edlo bilon reqressiya
modeli alinmigdir. Qeyd olunan zodslonmas parametrlori arasindaki toklif edilon analitik asililiq giicli
xotti korrelyasiya olagosi hesab edilos bilor.

2. Alinmis naticolor Azorenerji sisteminin neytrali izolo olunmus sobokolorindo bas vermis
qeyri-stasionar yerlo qapanmalarin arasdirilmasi vo naticolorinin tohlili zamani asanligla istifads
oluna bilor.
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QOVS iFRAT GBRGiNI:iYiN YERLO QAPANMA MUQAVIMOTI VO
YERLO QAPANMA BUCAGINDAN ASILILIGININ REQRESSiYA MODELI

N.I.Orucov, H.B.Quliyev, S.C.9limommadova

Xiilasa. Neytrali izoloedilmis sobokalords elektrik avadanliglarinin yiik altinda sinaqlarinin aparilmasi birfazali zods-
lonms parametrlorinin asililiglarinin milayysn edilmasini talob edir. Bu tip parametrlorin birfazali zodslonmolar zamani
doyismolori miirokkob ganunuygunluglara tabe olur. Odur ki, praktik soraitlor ii¢iin zodelonmo parametrlorinin 6z arala-
rinda asililiglarini bilmays imkan veran sada riyazi modellor islonmalidir. isdo qeyri-stasionar yerlo qapanmalar notico-
sindo neytrali izolo olunmus sobokods yaranan ifrat gorginliklo yerlo gapanma miigavimati vo yerlo gapanma bucagi ara-
sindaki alagenin toyin edilmasi masalasina baxilmigdir. Bu magsadls ifrat gorginliyin defoliyinin yerls gapanma miiqa-
vimati va yerls qapanma bucagindan asililig: {igiin reqressiya tonliyi alinmis vo ona uygun 3D goriintiisii qurulmusdur.

Agar sozlor: neytrali izola olunmus sabaka, qeyri-stasionar yerla qapanma, ifrat gorginliyin dafaliyi, reqressiya tonliyi,
3D modellasdirma.
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Abstract. The role of oil in the world economy is known to everyone. For this reason, the application of more ad-
vanced technologies in the production of black gold can be considered a forced measure. Improvement of existing pro-
duction methods is a great driving force for the development of scientific and research works in this field.

It can be said that the most important trend in the development of scientific achievements in all fields is the creation
of new environmental technologies. Of course, this trend has not bypassed the oil industry.

To this end, in 2020, most countries began to allocate additional funding for research projects in the field of low-
carbon energy. Thus, due to the crisis of the time, there was clearly a decline in R&D spending by private organizations.

The International Energy Agency estimates that by 2030, the amount of funding allocated to research on large-scale
low-carbon energy technologies by various countries will be $50 billion. Of particular note is Japan's planned investment
of about 20 billion dollars.

The article will discuss the main directions of the mentioned research and development activities and new tech-
nologies.
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Giris

Resurslarin vo hasilatin maksimal hacmdo istifads edilmasi sahasine aid texnologiyanin inkisaf
etdirilmosi boylik oshomiyyot kasb edir. Neft vo neft mohsullarina olan sabit tolobat soraiti bu inkigaf
istiqgamatini labiid edir.

Rogomsallagdirma iizra tendensiyani xiisusi vurgulamagq istordim. Bu giin Rusiyanin ii¢ nohong
sirkati verilmis saho {izro hoyata kecirdiyi genismiqyasli layihoalor tizro artiq yiiksok noticalor aldo
etmislor. Qazprom rogomsallasdirma sisteminin totbiqi sayossinds 7,2 mlrd rubldan ¢ox vosait qonaot
etmisdir [1].

Miiasir qazma tsullarinin osas mogsadi quyunun bilavasito qazilma prosesindo siixurlarin
avtomatik todqiq edilmosidon ibarstdir. Siixurlarin detalli tadqiqi texnologiyasi aslinds yenilik deyil,
lakin miiasir texnologiyalar kecon asrin avvallorindon forqli olaraq, molumatlarin tamamilo yeni
soviyyads iglonmasing imkan verir. ©lds edilmis molumatlar bazasi golocok kosfiyyat vo hasilat
prosesinin planlamasi tigiin zoruri xarakter dasiyir.

Ononovi tisullarin totbiqi sahasinds do yeni ideya va fikirlor mévcuddur. Halo 1860-c1 illordon
totbiq edilon (quyularda neft veriminin artirilmasi tigiin su, qaz vo ya digor elementlorin doldurulmasi
mogsadilo) siixurlarin hidravlik qirilma texnologiyasi foal surotdo tokmillogdirilmokdadir. Belo
texnologiyalarin inkisafi galacokds on ¢atin qazilan quyularda bels neft hasilatina tokan veracok [2].

Stixurlara doldurulan garisiglarin torkibi do miivafiq olaraq, ohomiyyatli dorocodo tokmil-
losdirilir. Belo ki, son zamanlarda nanotexnologiyalarin totbiqino baslanmisdir, hissociklor suya
garisaraq onun torkibini vo yaxud siixurun xiisusiyyatlorini doyisir. Bozi hallarda prosesin gedisatina
kimyoavi maddolorin slave edilmasi tosir gostorir. Bu {isul nefti sothlordon daha effektiv gokilda
yumaga imkan verir.

Qazma zamani olds edilon moalumatlar iri hacmli modellarin layihslondirilmasi zamani seysmik
modellosdirmo Tigiin istifado olunur. Bu ideya ilkin olaraq, 1980-ci illordon totbiq edilmoyo bas-
lanmigdir. Bu tisul sinagdan kegirilmis quyular arasinda no bas verdiyini aydin sokildo basa diismoyo
imkan verir. ©On son yenilik texnologiyasi iso 4D modellosdirma hesab olunur. Bu texnologiya relyef
va siixurlarda zamana goro doyisikliklori izlomok, stixurlarin neco formalagdigini yronmokdo kdmok
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olur. ©ldos edilmis molumatlarin sistemlosdirilmasi, yaradilmasi vo emali zamani agilli texnologiyalar
vo avtomatlagdirilmis tolim totbiq olunur [3].

Bununla yanasi geoloji mokanin 3D vo yaxud 4D kopiyast golocok iglorin planlamasi tigiin
istifado olunur —model iizorindo bas veran biitiin doyisikliklor (su vo ya gqazin doldurulmasi, yeni, o
climlodon horizontal quyularin gazilmasi, siixurlarin hidravlik qirilmasi va s.) real naticolora gotirib
cixarir. Ancaq bu zaman vasait vo zaman sarfiyyati ohomiyyatli dorocods azalir.

Geofiziki todqiqatlar imumilikde informasiya texnologiyalar1 sayasindo hor giin daha ¢ox
imkanlar olds edir, bu sahodo ¢ox sayda patent vo miiracistlor mévcuddur. On yeni patentlordon biri
olarag, OO0 “Qazpromneft NTC”-nin 2019-cu ilo aid RU2700836 gdstormok olar. Patent movcud
molumatlar osasinda kollektorlarin doyma prognozunu miioyyon etmok tisulunu tosvir edir. Nefti vo
qazi1 6ziinds vo yaxud mosamoli miihitindo saxlaya vo emal zamani geri vers bilon siixurlar kiitlosino
kollektorlar deyilir [4].

Tadricon neftin permafrost dagilmis siixurlarin yeralti rezervuarlarinda saxlanmasi kimi yeni
yeraltt neft anbarlar1 ideyasi genis yayilmaqdadir. Stixurdaki bosluglar ovvolco ¢okiir, sonra
tomizlonir, daha sonra iso neft ilo doldurulduqda avtomatik olaraq hermetiklosir.

Bu saxlanma ndvii hava soraiti vo digor amillori daim digqgotds saxlamaq tolob edir, lakin buna
baxmayaraq, uzunmiiddstli saxlanma soraiti olaraq, an optimal variant hesab olunur. Qeyd edilon
texnologiya demok olar ki, tamamils tohliikasiz vo ekolojidir.

Neft sonayesindo mdvcud olan texnologiyalarm hamisini sadalamaq miimkiin deyil Innovativ
todqgiqat noticolorini, onlarin roqabat iistiinliiklorini, patentlorini va totbiq tocriibalorini tosvir edon
genis kataloglar mévcuddur. Nozors almaq lazimdir ki, biitiin todqiqatlar patentlogdirilmomigdir. Bir
¢ox yeni texnologiyalar nou-xau olaraq, qalmagda davam edir.

Neft-qaz sonayesindo innovasiya hoallori

Yasillagdirma giindomi zabt etsa do neft eras1 6z aktualliini itirmir. Hom yerli, hom do xarici
sirkotlor qara qizilin daha effektiv vo ekoloji hasilat iisullar1 axtarigindadir. Cari yiizillikdo
texnologiya genis addimlarla irslilomakdadir.

Neftcixarma sonayesino malik olan dovlatlords siixurlarin neft verimlik gostoricisi 25 faizdon
40 faiz arasinda doyisir. Azarbaycanda bu gosterici yiiksok diapazon saviyyasine yaxindir. Hazirda
dovlat neft sirkoti yeni, o ciimlodon rogomsal texnologiyalara kecid etmoklo gostaricilori yliksalt-
mokds davam edir [5].

Neft hasilatinin artirilmasi vo ¢otin aldo edilon yerlordo quyularin qazilmasi sahasindo yeni
texnologiyalarin totbiqi Azorbaycana hom diinya bazarinda mdvgeyini mohkomlotmok, ham do
golocok ligiin inkisaf ii¢iin zomin yaradir. Belo ki, quyularin qazilmasi, yataqlarin islonmasi sahasindo
totbiq olunan texnologiyanin radikal dayisimi olmadan, neft hasilatinin artirilmasi sadacs olaraq,
gazma avadanliglarinin saymin artiritlmasi ilo miimkiin ola bilor. Miiasir dévrdo bu iisul hom
somoarasiz, hom do kifayot qodor miirokkab hesab olunur.

Bu giin neft hasilatinin intesivlosdirilmasi vo neftverimi omsalinin yiiksoldilmosi istigamotindo
400-don ¢ox yeni texnologiya, metod vo iisullar movcuddur. Onlardan 200 metod holo Sovet
dovriinds islonib hazirlanmisdir.

Yaponiya Yasil Innovasiyalar Fondu 2021-2031-ci illor arasinda asagi karbonlu enerji
texnologiyalar1 sargisinin togkili magsadilo toxminan 19 milyard dollar vasait ayirmaq niyyastindadir,
bu ndv layiholords istirak etmok istoyon 6zal sektorlara iso 15 milyard dollar vergi giizostlori olavo
edilocok. ABS-da is yerlorinin yaradilmasi iizra plan sokkiz il arzinds enerji texnologiyasinin inkisafi
liciin 35 milyard dollar, o ciimlodon atmosfers atilan istixana qazi emissiyalarin1 azaldilmasi iizra
innovativ hallorin inkisafi ticlin yeni ideya (ARPA-C) va prioritet iqlim tadqiqatlar: {i¢iin niimayis
layihalori mogsadilo 15 milyard dollar toklif edir. Boyiik layihslor iiglin miiracistlorin artiq elan
olundugu AB-nin 10 milyard dollarliq innovasiya fondu, hamg¢inin Norve¢ vo Boyiik Britaniyada
CCUS layihaleri tigiin miiracistlorin maliyyslosdirilmasi mogsadile vesait ayirmisdir [7].
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Sakil 1. Ragamsal texnologiyalar neft hasilatinin effektivliyini artirir / PHOTOXPRESS [6]

Sormayacilor yenilik¢i enerji texnologiyalarinin galacok onillik orzinds enerji sektorunda
“dagidic1” vo golirli rol oynamaqda davam edacoyindon oamindirlor. Vengur sarmayalori 28019-cu il
rozinda energetik texnologiyalarin totbiq edilmasi sahasinda bir sira dlkalords sabit olaraq qalmisdir.
Bu istigamotdo osas yiiksolis enerjinin saxlanmast vo hidrogen emali sahasindo miisahido
olunmugdur. 2010-2019-cu illar {izra global vengur sarmayalori sirkotlorin enerji texnologiyalarinin
ilkin marhalado taotbiqi sokil 2-do gostorilmisdir [8].

Vengur sarmayalari grafiki
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Neft-qaz sektorunda innovasiya hallorinin novlori va onlarin tatbiqi

Neft-qaz sektoru illorlo hesablama baxmindan ohomiyyotli doracado siirotlonmisdir. Diinya
elektrik enerjisinin verilonlor infrastrukturu vo server fermalarinda totbiq pay1 prognozlara osason
2030-cu ilodok 20%-dok yiiksalacok [9]. Rogomsal texnologiyalardan asililiq soviyyasinin artim
tempina uygun olaraq, neft-qaz sahasi bu tendensiyanin bir hissasino ¢evrilmokdadir. S6zii gedon
sektorun rogomsal resurslarin vo hesablama xidmatlorinin effektivliyi sonaye ehtiyatlarini tam qarsi-
layaraq, iimumi ekoloji izinin silinmasi {i¢iin ¢alisir. Neft-qaz sektoru effektiv hesablama texnologi-
yalar1 vo 0z karbon fosadlarini azaltmaqda gorarli olan todariikgiilori segmoklo timumi ekoloji
gostoricilori yiiksaldo bilor.

Innovasiyalar adoton 6z médvqelorini texnologiyalar vasitesilo méhkomlondirir vo bu heg hor
zaman yeni texnologiyanin totbiq edilmosi demok deyildir. Oksford liigati innovasiyant “mdvcud
olana yeni metod, ideya vo yaxud mohsul totbiqi yolu ilo doyisiklik etmok™ bacarigi kimi sorh edir.
Faktiki olaraq, innovasiyalar — yeni mohsullarin yaradilmasi layiholorinin tohlili izorine qurulmus,
doyor artiran zoncirlor prosesidir (ideya — doyorin yaradilmasi — doyarin satis1) [10].

Sado mohsullarin yaradilmasi yerinds xidmat vo tomir islorinin hacmini kifayst qoader
genislondirmok imkani verir. Yerindo xidmat vo tomir tocriibasi ilo konstruksiyanin sado olmasi yerli
istehsalat {iglin genis imkanlar yaradir, mosgulluq saviyyasinin yiiksalmasina sabab olur. Bu iss 6z
ndvbasinda yerli operatorlar vo onlarin tochizat zoncirlorine 6lko daxilinds istehsalgilar vo ya proqram
tominat1 todariikgiilori (ICV — Integrative Genomics Viewer) torafindon doyer ii¢iin qoyulmus
mogqsadlora ¢atmaq imkani verir, mosolon ICV sertifikatlasdirma prosesindo Birlosmis Orob
Omirliklorinds bu har kas {igiin boylik monfoostlo naticolonmisdir [11]. Yerindo xidmat vo tomir eyni
zamanda avadanligin daginmasi zamani tullanti sayin1 azaldir. Noticodo, eyni vaxtda bir neco ESG
(Environmental, social, and governance) moagsadine nail olmaq olar. Bundan slava, avadanliglar
saytda ucuz, minimal alotlorlo vo maksimum istifado ilo neco saxlamagi Oyronmok rogabaotli
qiymatlarlo noticelonacak.

Miitlog oqli miilkiyyoto sahiblik deyil, innovasiyalara tokan vera bilon texnologiyaya ¢ixis
oldugunu basa diismak texnologiyanin alds edilmasinae daha birge yanasmaya yol agir.

Movcud neft-modon xidmatlori sirkotlorinin bir coxu genis miqyasda texnologiya sirkotlori ilo
omokdasliq edir, masolon, moalumatlarin saxlanmasi vo paylasilmasi {i¢iin bulud osasli moslohot
xidmotlorini gostormok olar. Masolon, on boyiik kosfiyyat vo hasilat xidmotlori sirkotlorindon biri
baslangic sirkatlor ii¢iin 6z siiratlondiricisini igo salmaqgla Samsung-un davranigini toqlid edir [12].

Hogqigoaton do, kapital mohdudiyyatlori daha da sortlosdi, todariik zoncirindo gonast ehtiyatlari
vo miivafiq pul vesaitlorinin horakati azaldildi; yeni omaliyyat vo fiskal mohdudiyystlor meydana
¢ixd1; Neft vo qaz hasilati omoliyyatlarindan yaranan istixana qazlar1 (IQ) emissiyalarina diggot
artirtlmigdir. Bu ¢oxsayli moahdudiyystlorin effektiv sokilde idars olunmasi neft vo qaz aktivlerinin
inkisafi vo istismarina osasli sokildo yeni yanasmalar tolob edir. Vo bu soylorin osasinda ekspertlor
yeni texnologiyalar vo innovasiyanin daha genis formalarini goriirlor.

Yataqlarin kasfiyyat1 vo hasilatda innovasiya

Golacok xarclorin vo somaraliliyin artirilmasi {i¢lin an bdyiik vad karbohidrogen aktivlorinin
islonmasi vo istismarina yeni yanagmalardan golir. Bunlardan hansini prioritet hesab etmok olar vo
sirkatlor ilk novbado noyo diqqet etmolidirlor? Qrafikdon geri galan layiholorin saymin artmasi vo
qazma foaliyyatinin ohomiyyatli deroacads azalmasi amoeliyyat xorclorinin (OPEX) azalmasi ilo
naticalonir ki, bu da biznesin maliyyologdirilmasi tigiin lazim olan pul vosaitlorinin harokatine birbasa
va ohomiyyatli tasir gostora bilor.

Qisamiiddoatli naticalors ehtiyac, hollorin siirot miqyasi va olava kapital qoyuluslarina mohdu-
diyyatlor rogomsallasdirma vo avtomatlasdirma texnologiyalarinin toklif edilmasi ti¢ilin slverisli gorait
yaradir. Bu texnologiyalar ilkin yerlagdirms ticlin yaxst namizadlordir. Bu rohbar prinsiplors asas-
lanaragq, sirkotlorin istadiklori naticalors nail olmagq {igiin eds bilacayi bir sira togabbiislor bunlardir:

52



R.G.Aliyeva / Proceedings 1 /2024, 49-54; DOI: 10.61413/FMUF8900

Economics

e Uzagdan ©moliyyatlarin Idaro Olunmasi: Sensor texnologiyasi, kommunikasiya vo idaroetmo
sobokolori vo IT infrastrukturunda iroliloyislordon istifado edorok, neft sirkotlori ononovi yerli
omoliyyatlardan uzaqdan dostoys kego bilorlor. Bu kecid uzun illor orzindo hoyata kecirilon asas
nozarat tapsiriglarindan konara, aktivlorin tam monitoringi, oamaliyyatlar {izro is¢i qlivvasinin
nliimunalorinin tohlili, obyektlorin yoxlanilmasi vo uzaqdan texniki dostok kimi daha miirokkob
foaliyyatlors kegir.

e Tokmillogdirilmis avadanligin mohsuldarligi vo etibarliligi: Aktivlorin real vaxt rejimindo
performans molumatlarina daha ¢ox cixis oldo etmok vo qabaqcil analitik vasitolorin islonib
hazirlanmasindan istifado etmoklo, texniklor optimal olmayan performans gostoron avadanliglari
va ya gozlonilon nasazliqlari daha yaxs1 miioyyon eds vo miivafiq olaraq erkon diizsldici todbirlor
gora bilorlor. Bu ciir faaliyyatlor nainki aktivin mohsuldarhigini va is vaxtini yaxsilasdirir, hom do
texniki xidmat xorclorini vo istehlak materiallarindan istifadoni azaldir.

e Tochizat zonciri vo logistikanin optimallagdirilmasi: ©mtos qiymatlorinin agagi oldugu dovrlar cox
vaxt sirkotlorin 6z logistika vo naqgliyyat sobokolorini neco somorasiz idars etdiyini vurgulayir.
Inteqrasiya edilmis planlasdirma, tokmillosdirilmis avtomobil istifadasi vo optimallasdiriimis
marsrutlar vo siirotlor sayasindo neft sirkotlori imumi dasima xorclorini 10%-don 30%-o qodor
azaltmaga nail olurlar [13].

e Artan enerji somaroliliyi: Enerji vo yanacaq istehlaki bir ¢ox resurs siniflori, xiisusilo yetkin
aktivlor vo doniz neft vo qazi li¢iin mithiim xarc komponentidir. Optimal enerji istifadesini tomin
etmoak li¢lin kritik avadanhqglart vo iimumi istehsal sistemlorini foal sokilde izlomokls vo onlar
dozimliiliikdon kenara ¢ixdiqda (istehsalata manfi tosir gdstormodan) todbirlor gororak, aparici
sonaye sirkotlori istehlaki 5-15 faiz azalda biliblor [14].

[HS Markit bu ciir texnoloji tosobbiislori hoyata kegiron aparici sirkatlori miioyyon etmak iigiin
todgigat aparib ki, onlarin uguruna vo tokmillogdirilmis performansina komok edon texniki vo togkilati
amillori miioyyan etsin. Orta mohsuldarliq artimi naticalorini gotiirmok vo sonra onlari asas aktiv
siniflorinin asas amaliyyat xarclori komponentlori ilo miigayise etmak yaxin vo orta miiddatli dovrde
vahid xorclorin azaldilmasi potensialinin real manzarasini tomin eds bilor. Hesab olunur ki, neft
sirkotlori yiingiil six neft yataqlarinda (“sistlor”) va dorin su neftlorindo miivafiq olaraq 20 vo 18%
azalma hoyata keciro bilor [15].

Noatica

Movcud miiasir neft emali texnologiyalar: demok olar ki, istonilon keyfiyyatli xammaldan neft
mohsullar1 alds etmays imkan verir, lakin neftin keyfiyyat xiisusiyyatlorinin azalmasi ils yanasi, neft
emalimin mitkommolliyi da itir. Mohz buna goérs do mévcud yataqlarda ¢otin olds olunan ehtiyatlara
¢ix1s imkan1 veran va olds edilon karbohidrogen xammalinin keyfiyyatini yaxsilagdiran miiasir neft
hasilati texnologiyalarindan daha faal istifado edilmalidir.

Neft-qaz sonayesindo IT infrastrukturunun inkisaf perspektivlori ilk névbodo neft vo tobii qazin
islonmasi, hasilati, nogli vo emal1 ilo bagli biitiin islorin tam spektrinin avtomatlasdirilmasini ohato
edir. Ax1 neft vo qazin hasilatinin, emalinin vo naqlinin maya doyorinin asagi salinmasi getdikco daha
cox ohomiyyat kosb edir. Bu tapsiriq yenidon kosfiyyat qazma islorinin layiholondirilmasi vo texnoloji
nazarati, qazma parametrlorinin hesablanmasi, geoloji vo geofiziki malumatlarin idare edilmasi va s.
kimi saholords osas proseslorin avtomatlasdirilmasinin hollino kémok edir.

Neft-qaz sonayesindo avadanliglarin tomirinin planlagdirilmasi, tomin edilmasi vo hoyata
kecirilmasi proseslorinin avtomatlagdirilmasi avadanliglarin gozali vo planli dayanma vaxti ils bagh
miiossisa itkilorini azaltmaga imkan verir.

Son zamanlar geoloji, texnoloji vo istehsalat idarslorinds istifados {igiin ixtisaslagsmis molumat
bazalarinin vo program tominatinin hazirlanmasina xiisusi diqqot ayrilir. Verilmis molumatlar bazasi
yeni versiyalar ilo mvcud olan texnologiya arasina uygunluga osaslanir. Hazirda neft-kimya vo neft
emali miiossisalorinin 3D layiholondirilma islori vo avtomatlasdirilmis monitoring sistemlorinin
yaradilmasi vo totbiqi genis inkisaf etmisdir.
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Neft vo qaz sonayesindoki biitiin IT texnologiyalar1 avadanliqlarin etibarliligina, neft vo qaz
hasilati, neft vo qazin naqli, eloco do neft vo qaz emali kimi sistemlor {i¢iin artan toloblors tabedir.
Biitiin texniki toloblor tonzimloyici, molumat bazasi, habelo neft-qaz sonayesinds cihazlarin
yaradilmas1 zamani texniki sortlorin islonib hazirlanmasi ii¢lin osas hesab oluna bilor.

ODOBIYYAT

1. finam.ru. 05.08.2020. HoBoctn xomnanuii. baronaps mudposoit Tpanchopmanuu "["asnpom HedTs" momyunna 7,2
MIIpI pyOJIei aKoHOMUYIecKoro dddekTa.
https://www.finam.ru/publications/item/blagodarya-cifrovoiy-transformacii-gazprom-neft-poluchila-7-2-mlrd-
rubleiy-ekonomicheskogo-effekta-20200805-114517/

2. habr.com. 18.01.2023. JI.Kynpsisuesa. CoBepIileHCTBOBaHHE TUApOpa3pbiBa miacta. https://habr.com/ru/companies/
onlinepatent/articles/711430/

3. habr.com. 18.01.2023. JI. KyapseieBa. CelicMO-MOAETHPOBAHUE.
https://habr.com/ru/companies/onlinepatent/articles/711430/

4. habr.com. 18.01.2023. J.Kyapssrera. CelicMO-MOAETHPOBAHUE.
https://habr.com/ru/companies/onlinepatent/articles/711430/

5. Vikipediya. Neft va qaz ti¢iin kollektor olan siixurlar.
https://az.wikipedia.org/wiki/Neft v%6C9%99 qaz %C3%BC%C3%A7%C3%BCn_kollektor olan s%C3%BCxurlar

6. ®omuenkoB T. HoBrle TexHONMOTHH HOOBMH HE(PTH MO3BOIAT CO3IATh 3amac MpOYHOCTH Ha Oymymee. Poccuiickas
raszera. Cnenseimyck: TOK Ne88, ¢ A3. (24 ampenst 2023 1. Ne9033)

7. Koctroxosa K.C. «3enenas» tpanchopmaryst SAMOHNN W HEKOTOPHIE KOHTYPHI HOBOM AHEPTreTHYECKOW ITOIUTHKU
ctpanbl. //m-Economy. 2022. T. 15, Ne6. C. 54 — 70. DOI: https://doi.org/10.18721/JE.15604

8. World Energy Investment 2020 — Analysis — IEA mai 2020. Page 188.

9. Anexcanaposud C.M. MupoBble TEHAEHIIMM B OONACTH MOCTPOCHHsSI aBTOHOMHBIX CHCTEM 3JIEKTPOCHAOXKEHUS C
UCIIOJIb30BaHHEM BO300OHOBIISIEMBIX HCTOYHUKOB 3Heprun. HrepHet-xypHan «Haykosenenne» Ned 2012. C. 1-15.

10. Pisano G., 2015. You Need An Innovation Strategy. Harvard Business Review 93, no. 6 (June 2015): 44-54.

11. gov.ae, n.d. In-Country Value (ICV), https://idb.added.gov.ae/en/icv (accessed 2 August 2020).Halliburton Labs,
2020. www.halliburtonlabs.com (accessed 31 July 2020). Press release. investors Page 1.

12. Halliburton Labs, 2020. www.halliburtonlabs.com (accessed 31 July 2020). Press release. investors Page 1-2.

13. lempsinenko M.B. Anamm3 Bo3MokHOCTEH CHmKeHHA cebectomMocTi noOsram HedTH. KypHanm «BectHHK
3KOHOMHKH ¥ MeHemkMerTa». Ne2. 2020 . C. 12-17.

14. ®enoporna I'.0., BacneeBuda.Il.W. DHeprocOepexeHne — MpHOPUTETHAS 3a7ada COBpEeMEHHOW HedTerazomnepepa-
6otku. XKypnain «Neftegaz.RU». Nel, SuBaps 2021. C. 32 -35.

15.THS Markit by Carolyn Seto and Judson Jacobs, Posted 23 February 2021.

NEFT SONAYESINDO TEXNOLOJI iNKiSAF
R.Q.9liyeva

Xiilasa. Neftin diinya igtisadiyyatinda tutdugu movqe har koso molumdur. Bu saboabdon gara qizilin hasilatinda daha
miikommol texnologiyalarin totbiq edilmosi zoruri tadbir hesab oluna bilor. Mdvcud hasilat tisullarinin
tokmillosdirilmasi bilavasito bu sahads elmi-tadqiqat islorinin inkisaf etdirilmasi {i¢iin boyiik tokanverici qlivvadir.

Demok olar ki, biitiin sahalordo elmi nailiyyatlorin on baslica inkisaf istigamotini yeni ekoloji texnologiyalarin
yaradilmasi tutur. Tabii ki, bu tendensiya neft sonayesi ti¢iin do kegorlidir.

Bu mogsadlo 2020-ci ildo oksar dovlatlor agsagi karbonlu enerji sahosindo Elmi tadqiqat layiho islorine olavo maliyya
ayirmaga baglamisdir. Belo ki, homin dévrdo bohran ilo olagodar olaraq, 6zol toskilatlarin ETLI sahosino ayrilan
xarclarinin azaldig1 aydin sokilde miisahids olunurdu.

Beynolxalq Enerji Agentliyinin hesablamalarina asason 2030-cu ilodok miixtolif dovlstlor torafindon irimiqyaslt agagi
karbonlu enerji texnologiyalarinin todqgiqatina ayrilacaq maliyyslogsmo mablaginin hocmi 50 mlrd dollar toskil edocak.
Yaponiya torafinden 20 mlrd dollar civarinda ayrilmasi nazards tutulan sarmayani xiisusile qeyd etmak lazimdir.

Mogqalads mohz adi ¢okilon elmi-tadqiqat islorinin, yeni texnologiyalarin asas istigamatlori nozordon kegirilir.

Acar sozlar: ragamsallagma, modellasma, avtomatlasdirma, nanotexnologiya, patent.
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Abstract. The article is devoted to agricultural clusters - one of the modern models of industrial organization. As an
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Giris

Son dovrlarda agrar sektorun inkisafinin tomin edilmasi magsadilo innovasiyalarin totbiqi vo
klasterlosmo siyasotinin hoyata kegirilmosi miixtolif inkisaf etmis 6lkolor torafinden ugurla totbiq
olunmagqdadir. Inkisaf etmis Avropa 6lkolorindo genis totbiq olunan klaster birgo foaliyyst model-
lorindo yeni innovativ hollorls effektiv idaroetmo, IT texnologiyalarinin aqrar sektorda ugurlu totbigi
il yiiksok somarsliliys vo mohsuldarliga nail olunmasi, ugurlu logistikanin toskili bir vohdoatds
qoyulmaqdadir.

Hor hanst arazi vahidi ¢garcivasindo oxsar sahads, yaxud da bir-biri ils qarsiligl sokilds slagali
saholordo miiossisalorin birgs foaliyyatine tez-tez rast golinir. Miiasir sanayeda bu kimi birgs foaliyyot
“klaster” olaraq adlandirilir. Tarixo nozor salsaq klastera bonzor birlikdo foaliyyot gdstoron togkilatlar
hala 6ton asrin 70-ci illorindon mdvcud olsa da “klaster” terminini ilk dofs elmi odabiyyatda Maykl
Porter “Xalglarin rogabot gabiliyyoti” asorindos iglotmisdir [1, s. 11].

Klasterlor miisyyon bir arazids bir-biri ilo olagali sirket vo qurumlarin cografi konsentrasiyasi
olub rogabat miihitinin yaradilmasi tigiin vacib olan bir sira slagali togkilat, qurum vo miiossisalori bir
cotir altinda birlosdirir. Bu toskilat vo qurumlara miixtalif név avadanliglar, xidmatlor vo istehsalat
ticlin tolob olunan digor vasitolori tochiz edon miixtolif ixtisaslasdirilmis tochizatcilart misal gostor-
mak olar.

Bir ¢ox hallarda klasterlor hotta tochizat zoncirinin daha asagisinda yerloson satis sobokolori vo
miistarilori, elaca do bilik, todariik texnologiyalar1 vo ya timumi resurslarla slagali sahslordas bir-birini
tamamlayan miiosissalori do ohato edir. Bozi hallarda, bir ¢ox klasterlors xiisusi tolim, tohsil, molumat,
todqiqat va texniki dastok veran universitetlor, standartlar toyin edon agentliklor, beyin markazlori,
peso tohsili miiassisalori, ticarat assossasiyalar1 kimi dovlot vo 6zal toskilatlar da daxil olur. Basqga
sozla klaster — raqiblari qarsisinda regional va hatta qlobal miqyasda hor hansisa bir sanaye sahoasindo
aclq rogabot istiinlliyli gazanmaga imkan veracok godor resurs vo biliklorin comlosdiyi miioyyon
cografi orazids yerlogon miixtalif miiossisalorin birgs foaliyyat asossasiyasidir.

Klasterlordo birlogsmis oxsar saholor {izro foaliyyot gostoron miiossisolorin ragaboto davam-
liligin1 tomin edon sonayenin miiasir idars edilmasi modelidir. Klasters daxil olan miiassisa va toski-
latlar istehsal gabiliyyatinin yiiksaldilmasi, ohato etdiklori sahalor {izro innovasiyalar1 va todqiqatlari
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dostoklomosi, eloco do yeni daha geyri-standart baxis bucagina malik struktur vo toskilatlarin
inkubasiyasini dostoklomaosi ilo forqlonir [2, s. 27].

Miiasir qlobal iqtisadiyyatda xiisusi cografi mdvqeys (mosolon, doniz limani, hor hansi
noqliyyat hablarina) vo ucuz is¢i potensialina malik olan bolgolor getdikco daha az colbedici rol
oynayir. Indi artiq hor hansisa bir bolgada sanayenin morkozlosmasi va klasterlorin formalasmast iigiin
osas horokotverici amil yeni innovasiyalarin yaradilmasi vo icrasi iigiin potensial imkanlarin yaradil-
dig1 yerlordir — beyin morkozlorinin, kifayst qoder resurslarin vo texniki imkanlarin daha slgatan
oldugu, hor hansi bir istehsal sahasi iizro tarixi ononsloro, yaxud da iroli siiriilon ideyalarin icrasina
sosial icmalar1 daha loyal yanagsan orazilor miithim rol oynayir. Biitiin bunlar klasterlorin
formalagmasinda beyin morkozlori qismindo universitetlor, institutlar, elmi vo tocriibi todqiqat
morkozlorinin xiisusi rola malik oldugunu agiq sokildo gostarir.

Qlobal migyasda hor hansisa saha {izro rogabat {istiinliiyli qazanmis belo orazilors Silikon vadisi,
yaxud da Hollivudu misal géstormok miimkiindiir. Hal-hazirda klasterlor bir ¢ox faaliyyet saholori
iizro formalasmig, onlara misal olaraq biznes-klasterlorini, sonaye klasterlorini, texnologiya klas-
terlorini, eloco do aqrar klasterlori forqlondirmak olar.

Toqdim olunan moqalodo Avropa 6lkolorindo aqrar sahodo klasterlorin tocriibasinin aragdi-
rilmasi1 vo Azarbaycanda miivafiq sahads klasterlorin yaradilmasi imkanlarina nozors yetirilmigdir.

Agqrar klasterlorin nazari asaslari

Diinya ohalisinin sayimnin artdigi, insanlarin saglam vo kifayot qodor gidaya ehtiyac duydugu
vaxtda aqrar klasterlorin ohomiyyati xiisusi olaraq artir. Aqrar klasterlor bir qayda olaraq tokcs kond
tosarriifati sektorunun deyil, hom do ohata etdiyi orazilorde kond icmalarinin da inkisafina tokan veron
miihiim amil hesab olunur. Bu hal 6lkslarin orzaq tohliikasizliyinin tomin edilmasi ilo yanasi hom do
aqrar klasterin comiyyatin sosial rifahinin yaxsilagdirilmasi, insanlarin soharloro axininin qarsisinin
alinmasi, bolgalorde moasgullugun artirilmasi kimi miiasir trendlora do cavab verir.

Sonayenin inkisaf etdirilmasi Azorbaycanda dovlotin son 20 ilds yliriitdiiyii siyasatin asasini
toskil etdiyi halda, kond yerlorinds ohalinin kaskin azalmasi vo iqtisadi artim va inkisafin asaslarinin
itirilmoasi miisahido olunmusdur. Bu tendensiya kondlorin deqradasiyasi ilo noticolonmis vo sonraki
illords onlarin tokrar dirgaldilmasi {igiin boylik hacmli islorin aparilmasini talob etmisdir. Lakin kond
tosarriifatt sahalorinin inkisaf etdirilmasi, rayon va kond yerlorindas is yerlarinin artirilmasi son 15 ilde
Azorbaycan Respublikasinda prioritet saholordon birins ¢evrilmis, bu sahonin dayaniqli inkisafi {i¢iin
dovlat programlari qobul edilmisdir (sokil 1).

Sokildon do goriindilyli kimi qida moahsullarinin istehsalinin {imumi buraxilis1 2005-2022-ci il
araliginda neft mohsullariin buraxilist godor iqtisadiyyatda xiisusi ¢okiyos malik olmusdur.

Kond yerlorinin iqtisadi, sosial vo demoqrafik dir¢olisindo kond tosorriifat1 klasterlorinin
yaradilmast miihiim rol oynayir. Aqrar klasterlorin rolu aqrar sektorun timumi iqtisadi inkisafina
tosirino gora oshomiyyatlidir. Aqrar klasteri “kond tosorriifati istehsalgilarinin tochizatgilar, gida emali
sektoru vo paylama sektoru ilo inteqrasiyasi sistemi kimi miioyyon edilo bilor ki, bu da istehsalgidan
son istehlak¢iya goador bir-biri ilo olagoli biitlin istirak¢ilara effektiv nozaroti tomin edir”. Aqrar
klasterlor onun istirak¢ilarin iqtisadi dividentlorini artiran vo xorclorini iso rasionallagdiran doyor
zaonciri yaratmaqla, onlara qlobal bazarda roqabst gabiliyyati verir.

Klasterlorin regional iqtisadi inkisafa tosiri klasterin migyasindan vo ohato dairasindon asilidir.
Klasterin miqyas1 ilk névbodo ayri-ayr istirak¢ilar arasinda omokdashigin vo is koordinasiyasinin
doracasindon, klasters infrastruktur vo marketing dostoyi gostoron ixtisaslasmis qurumlarin xarici
dostoyindon asilidir. Klaster istirake¢ilarinin 6zlorinin ictimai vo akademik sektorlarla olagolori
osasinda klasterin innovativ foaliyyoti liglin do ilkin sortlor yaradilir. Tobii ki, bunlarda
universitetlorin, institutlarin vo digor elmi-tadqiqat morkozlorinin inkisafina yol agir.

Bir ¢ox digar sahalordo oldugu kimi burada nazarat, eloca do stimullagdirici todbirlorin icrasinda
dovlat qurumlar1 miihiim rol oynayir. Buna misal olaraq aqrar klasters tizv olan miiassisolor arasinda
miinasibatlori tonzimloyan hiiquqi qanunvericiliyin formalasdirilmasi vo gabulu, onlarin faaliyyatini
va innovasiyalarin totbiqinin stimullagdirilmasini gostormok olar.
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Sakil 1. Azarbaycanda sonaye sahalarinin imumi buraxilisi, %, 2005-2022-cii iller

Bos dovlatin aqgrar klasterlordoki stimullagdirict faaliyyoti 6ziindo noyi nozordo tutur? Buraya
bir ¢ox tosir mexanizmlorini aid etmok olar. Masalon, aqrar klasters iizv olan miiassiso vo togkilatlara
vergi gilizostlori, daha yiiksok subsidiyalarin ayrilmasi, texnika va texnologiyalarin alinmasi ii¢iin daha
asagl faizlo lizinq vo maliyys kreditlorinin ayrilmasi va s. Bu zaman dovlst qurumlari bir sira sortlor
irali stirmoklo (masoalon, idxal olunan texnologiyalarin monimsonilmasi ilo miioyyon miiddst sonra
onun lokal istehsalinin formalasdirilmasi, istehsal hacmi va giymati ilo bagli hadlorin tévsiys olun-
masi, konkret ixtisaslar lizra universitetlords tohsil alan tolabalorin iglo tominati, elmi innovasiyalarin
icras1 vo s.) klasters tizv olan togkilatlarin iimumi doyar zoncirinin formalagdirilmasina nozarat etmis
olur.

Yuxarida geyd olunan amillor inkisaf etmis, xiisusilo do Avropa ittifaqina iizv olan 6lkolordo
aqrar klasterlorin yaradilmasi vo destoklonmosinin dévlst programlari ¢orgivasindo icrasina va dostok-
lonmasina yol acr.

Avropa Ittifaqina iizv olan olkalords aqrar klasterlorin fraliyyat tacriibasi

Miiasir dovriimiizde aqrar klasterlorin formalagsmasinin vo faaliyyatinin regionlarin inkisafina
gostordiyi tokani, arzaq tohliikesizliyinin, eloco do elmi innovasiyalarin yaradilmasina tosirini daha
yaxsl basa diismok {i¢iin bu sahods ciddi tocriiboyo malik olan bozi Avropa Ittifaqma iizv olan
olkalarin tacriibasindon bohralonmak olar.

Italiyanin aqrar-qida klasteri modeli. italiyanin aqrar-qida klasteri mohsulun okini va toplan-
maslt, emal1, paylanmasi vo parakondo satisi da daxil olmagla kond tosarriifati vo qida sonayesinin bir
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¢ox istiqgamotlorini ohats edon 6lkonin on nomli igtisadi sektorlarindan biridir. Umumiyatlo italiyanin
aqrar sonayesi Oziiniin qida mohsullarina, qida mohsullarinin keyfiyyati vo tohliikasizliyi ilo baglh
onanalaring vo beynolxalq bazarda malik oldugu dayanigli mévqgeyins zongin tocriiboys malikdir.
“Made in Italy” markas1 altinda istehsal olunmus qida mohsullar diinyada boyiik prestijo malikdir.
Tokca onu qeyd etmok kifayatdir ki, 2022-ci ilds Italiya {imumi doyari 42 milyard avrodan artiq olan
kond tosorriifati mohsullarini ixrac etmisdir [3, s. 14].

69,5%
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; oA

17,1%

America

2%
Africa

e :
» Oceania & other
areas
. "

{

Sokil 2. Italiyanin kond tosarriifat: sektoru mohsullarmin ixrac xoritosi

Italiya hokumotinin agiqladig: statistikaya nozer yetirsok gororik ki, 2021-ci ildo onun kond
tosorriifatt mohsullarinin ixracinin 17%-1 Amerika, 9,6%-1 Asiya, toxminon 3,8%-1 Afrika vo
Auvstraliya qitolorinin payma diisdiiyti halda, 69,5%-1 bilavasito Avropa qitasinin bazarlarina ixrac
edilmisdir. Bu iso onu gostorir ki, Italiya Avropa qitesinin bdyiik hissasini ohato edon Avropa
Ittifaqinda orzaq tohliikasizliyinin tomin olunmasinda ohomiyyatli paya malikdir (Sokil 2).

“Made in Italy” mohsullar1 yiiksok keyfiyyat, tohliikesizlik vo prestij sinonimlori kimi xaricdo
genis sokildo taminir vo biitiin diinyada yiiksok tolob olunur. Bu, 2022-ci ildo 42 milyard avro
doyerindo ixracin vo diinyanin har yerindan italiyanin kond tosorriifat1 mohsullarina tolobatin artmasi
ilo naticalonir.

Italiyanin Apuliya regionunda Aqrar-qida klasteri - GAL Sud Est Barese (GAL Seb). GAL SUD
EST BARESE aqrar-qida klasterinin osas mogsadi aqrar sahado elmi-texniki toroqqini dostoklomoklo
yeni investisiya qoyuluslarini colb etmok, bununla da Apuliya regionunda aqrar sahado foaliyyot
gostoron miiosissolari, zavodlari, fordi tosorriifatlari, eloco do tohsil morkozlorinin iqgtisadi vo sosial
inkisafina komoklik gdstormokls yanasi, regional, milli vo Avropa saviyyasinds inkisaf proqramlarini
olagolondirmok vo idara etmok rolunu da hoyata kegirir. Bélgodo aqrar sahado aparilan innovasiyalar
tokco Italiya saviyyesindo deyil, hotta diinyada an gabaqcillardan sayilir. GAL Sud Est Barese-nin
vasitosilo istehsal sektorunun osas todariik zoncirlorini birlosdiron layiholor otrafinda biznes
konsolidasiyasinin togviqi, habels onlarin texnoloji tadqiqat masalalari ilo slagslondirmokls 6lkenin
istehsal sisteminin inkisafina komok edir.

GAL Sud Est Barese-nin bolgonin inkisafindaki oshomiyyatini basa diismok ii¢ilin tokco onu qeyd
etmok kifayotdir ki, 2007-2013-cii illordo icra olunan Apuliya regionunun inkisafi proqraminda adi
cokilon klasterin dostayi ilo bolgado 8 aqrar turizm miiossisasi, 2 todqigat fermasi, 2 sosial ferma, 14
mehmanxana, 6 peso vo kigik fordi sahibkarliq, 24 istirahot vo kond turizmi miiossisasi, eloco do turist
informasiya morkozlori, velosiped yollarmin ¢akilmasi, tarixi abidalorin barpasi kimi bir ¢ox sosial
layiholorin maliyyolosdirilmasi aparilmisdir.

Hal-hazirda GAL Sud Est Barese aqrar klasterino aqrar tosorriifat vo aqrar biznes sahasi iizro
foaliyyot gostoron 252 sirkot, regional ohomiyyatli 7 ticarat ittifaqi vo 5 tohsil miiossisosi olmagla 264
izv daxildir.
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Litvamin aqrar klaster modeli. Digor Avropa lttifaq: 6lkolorindon farqli olaraq Litvanin klaster
tocriibasi daha az olsa da, o, Azorbaycan li¢iin oldugca yaxs1 niimuna sayila bilor. Belo ki, ke¢gmis
Sovetlor ittifaginin torkibine daxil olmus va yalmz 2004-cii ildo Ai-a tam hiiquqlu iizv se¢ilmis Litva
klasterlorin yaradilmasi vo inkisafi istiqgamatindo son 20 ildo kifayat godor ciddi nailiyyotlor oldo edo
bilsa do bu, ona heg do asan basa golmoyib. Belo ki, yenico “kolxo0z”, “sovxoz”, “kollektiv miilkiyyat”
kimi anlayislardan qurtulmus bir 6lkonin sahibkarlarini vo tosorriifat sahiblorini klasterlors lizv olaraq
qarsilighh  omokdasligda birlikde foaliyyst gostormoyin faydalarina inandirmaq yalniz ciddi
maariflondirmo vo tobligat islorinin aparilmasi naticosindo miimkiin olmusdur [4, s. 95].

Litvamin National Food klasteri. Avropa ittifaqna iizv olduqdan sonra Litva iimumavropa
doyorlorini 6zliniin sosial-iqtisadi hoyatina inteqrasiya etmok {i¢iin islora baglamisdir. Tobii ki, qarsida
duran asas hodoflordon biri do 6lkonin qida tohliikosizliyinin tomin edilmosi olmusdur. Lakin bu
zaman Litva 6ziiniin daxili bazarmi Avropa Ittifaginda istehsal olunmus mohsullarla doldurulmasina
deyil, oksino, Ittifaqa {izvlilyiin {istiinliiklorinden faydalanaraq yerli istehsalin artirilmasi, yerli qida
brendlorinin formalasdirilmasi vo mdéhkomlondirilmosi, eloco do ixrac potensialinin artirilmasina
calismigdir. Bu baximdan aqrar sektorda kifayot qador zongin tarixi ononslore malik olan Litva
miimkiin godor siirotlo aqrar klasterin yaradilmasi istiqgamatindo qisa miiddotds kifayot qodor ciddi
islor gormiisdiir.
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Sakil 3. National Food klasteri {izvlorinin yerlosmo xoritosi

Aparilmis islorin yekunu olaraq moarkozi Kaunas sohorinds yerlogon vo Litvanin Morkazi, Simal
va Sorq regionlarindan miixtolif tizvlorin daxil oldugu National Food klasteri yaradilmisdir. National
Food klasterino 1 tadqiqat vo tohsil institutu, 1 assosiasiya, 17 orta vo kicik sahibkarliq subyekti vo 2
ferma tosorriifatt olmaqla iimumilikdo 21 {izv daxildir. Hal-hazirda, National Food klasteri Litvanin
klasterlor sobokasinin oan faal {izvlorindon biridir (Sakil 3).

Oslindo assosiasiya kimi geydiyyatdan ke¢mis National Food klasterinin idaro edilmosi
nizamnams ilo tonzimlonir. Toskilati foaliyyatin idaro edilmasine klasterin direktoru, idars heyati vo
iimumi sura cavabdehdir. Bas Assambleya ali idaroetmo orqanidir. Suraya secilmis idaro heyostinin
sadri rohborlik edir, sura direktor toyin edir. Klasterin har bir {izvii imumi biidconi formalasdiran illik
tizvliikk haqqi 6doyir. Biidcoyo homginin layiho foaliyystlorindon, grantlardan, ianslordon vo sairdon
golon golirlor do daxil edilos bilar.
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Qida sektoru miiossisalori vo todqiqat institutlar1 arasinda omokdasliq sobokasi rolunu oynayan
National Food klasterinin asas mogsodlorino Litvanin qida sonayesinin doyor zoncirini formalas-
dirmagq, insan, maliyy9, toskilati, infrastruktur vo texnoloji resurslart comlosdirmoklo miiossisoloro
bazarda 6zlorino yer tutmaqlarina komok etmok, sobokologmo vasitasilo biliklorin, bacariglarin vo
molumatlarin oalds edilmasini toskil etmak, elocs do 6z lizvlorino aktiv vo rogabatqabiliyyatli bazar
istirak¢ilarina ¢evrilmasino sorait yaratmaqdan ibarotdir. National Food klasteri 6lkodo qgida sekto-
runun inkisafini bilavasito kifayot qodar praktiki biliklors malik ixtisashi kadrlarin yetisdirilmasinda
gordiiyl liciin ali tohsil miiossisalori ilo omokdagliga xiisusi onom verir. National Food klasterino daxil
olan Litva Kond vo Meso Tosarriifati Todgiqat Markozinin (The Lithuanian Research Centre for
Agriculture and Forestry) nozdindo foaliyyot gostoron Baggiliq vo bostangiliq institutunun digor
klaster tlizvlori ilo kifayat qodor mohkom iki torofli slagslarini xiisusi olaraq vurgulamaq lazimdir.
Belo ki, bu tohsil-tadqgiqgat institutunda auditoriya vo praktiki laboratoriyalar bilavasito klasterin ayri-
ayr1 izvlorinin texniki vo maliyyo dostoyi ilo hayata kegirilir, eloco do miivafiq ixtisash tolobolorin
peso vardiglorino yiyolonmolori iigiin onlarin 6donisli tocriibo proqramlarina vo istehsalata colb
olunmasi ononovi hal dasiyir. Kaunas Totbiqi Elmlor Universiteti (University of Applied Sciences),
Vytautas Magnus Universitetinin Aqrar Tosarriifat Akademiyasi kimi tohsil morkozlorinin do klasterlo
omoakdasliglarini geyd etmok lazimdir.

Beloliklo do, Italiyada oldugu kimi Litvada da aqrar klasterlorin faaliyyeti tokca qida sektorunda
dayar zoncirinin formalasdirilmasina deyil, hom do elmin vo tohsil sektorlarininda inkisafin das-
toklonmosina yonolir. italiyadan forqli olaraq Litvada aqrar klasterlorin formalagmasi toxminan son
20 ildon do az bir miiddati ohato edir. Bu baximdan Litvanin malik oldugu klaster tocriibasi Avropa
Ittifaqina torafdas olan, Azorbaycanda klasterlorin inkisaf etdirilmosing yaxs1 niimuns ola bilor.

Azdrbaycanda Kklasterlorin yaradilmasinin hiiquqi bazasi va perspektiv inkisafi

Azorbaycanda klaster foaliyyatinin dostoklonmasi tigiin miivafiq hiiquqi vo tonzimlayici ¢or¢ivo
formalagdirilmagdadir. Bu mogsadlo mikro, kig¢ik vo orta sahibkarliq subyektlorinin klasterlori
haqqinda niimunavi asasnama tosdiq edilmisdir [5, 4.1-ci madds]. Numunovi osasnamo mikro, kigik
vo orta sahibkarliq subyektlorinin klasterlorinin (bundan sonra — KOB klasteri) yaradilmasinin vo
lagvinin, habelo KOB klasterinds sahibkarliq faaliyyatinin hoyata keg¢irilmoasinin toskilati, hiiquqi
vo iqtisadi asaslarini tonzimloyir. Burada sahibkarliq foaliyyatinin hoyata kegirilmasi {i¢iin miivafiq
normativ hiiquqi aktlarin siyahisi ilo yanasi foaliyystinin formalasdirilmasi sortlori vo qaydalar,
KOB klaster sirkotinin vo onun istirak¢ilarinin funksionalligi, qarsiligh fealiyystlori vo resurslarin
olagolondirilmasinin ¢or¢ivasi miioyyon edilmisdir. KOB klasteri vo onun istirakgilar1 arasinda
birgo foaliyyotin toskili formasi kimi kooperasiya sxemi vo birgo layiho ¢orgivasindo foaliy-
yatlorinin ¢or¢ivasi miioyyan edilmisdir. Bundan slavo, KOB klasterinin texnoloji zoncirino daxil
edilon miiossisalorin yarada bilocoyi olava doyarin ¢orgivasi formalasdirilmis vo KOB klaster vo
onun istirak¢ilarinin birgs foaliyyatlorinin maliyye-iqtisadi asaslandirilmasina teloblor miisyyon
edilmisdir.

Kigik vo orta sahibkarliq bizneslorinin klasterlosmasi Azorbaycanda 2030-cii ilo kimi
miioyyon olunan prioritetlordon hesab olunur [6, 3.3-cli madds]. Kicik vo orta sahibkarliq biznes-
lorinin (KOB) klasterlogsmosinin tosviqi, KOB subyektlorinin mévcud bizneslorinin genislondi-
rilmasi, onlarin yeni sahalar iizra diversifikasiya togobbiislorinin hoyata kegirilmasi istigamatinda
daxili bazar arasdirmalarina dostok mexanizminin artirilmasi, KOB subyektlorinin satis
imkanlarinin genislondirilmasina dastoyin gostorilmasi Azarbaycan Respublikasinin 2022-2026-c1
illor iizro Sosial Igtisadi Inkisaf Strategiyasinin todbirlor planina daxil edilmisdir [6, 7-ci maddo].
Bu mogsadlo, burada KOB klasterlorinin faaliyyoto baslamasi {i¢lin tonzimloyici ¢orgivonin
yaradilmasi vo KOB klasterlosmasi sobasinin genislondirilmasi, 14 daxili bazar arasdirmasinin
aparilmasina dostoyin gostorilmosi, 30 KOB subyektinin sorgilords istirakinin dostoklonmasi todbir
olaraq miioyyaon edilmisdir.
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Bundan olavo “KOB klaster” sirkotinin formalasdirilmas: vo faaliyyati ilo bagli meyarlar
Azorbaycan Respublikas1 Vergilor Nazirliyinin Kollegiyasinin 8 may 2019-cu il tarixli
1917050000007900 némrali Qorari ils tosdiq edilmisdir [7, 2-ci madds]. Bu meyarlara “KOB
Klaster” kimi foaliyyot gdstoracok sirkotlorin kommersiya hiiquqi toskilat olmasini vo nizamna-
mosindo ohomiyyatli qorarlarin Azorbaycan Respublikasmin Kigik vo Orta Biznesin Inkisafi
Agentliyi (bundan sonra - Agentlik) ilo razilagsdirmaq tolobinin qoyulmasini, bir-birindon asili
olmayan on az1 10 mikro, kigik vo orta sahibkarliq subyektinin bir araya golorak tosorriifat agdlorini
baglamasini sortlondirir. Bu zaman klaster iizro hazirlanan mohsulun xammal vo materialinin
doyorinin 50 faizi klasterin istirak¢ist olan yerli istehsalgilar torofindon tochiz edilmosi sorti
miloyyon edilmisdir. Foaliyyot sahosi kimi 3 istigamat miioyyon edilmisdir ki, bunlardan biri yerli
bazarda yeni rogaboatqabiliyyotli mohsulun yaradilmasini, 6lkado istehlak payinin 50 faizdon artiq
hissosinin idxal hesabina 6donilon mohsullarin yaradilmasini vo qonaqlama vo yerlosdirmo
xidmetlorinin (mehmanxana, motel, kempinq vas.) gdstorilmosini ehtiva edir. Bundan olava,
“KOB klaster sirkoti”nin hoyata kegirocoyi layiho iizro investisiyasinin minimum hocmi Baki,
Bakiotrafi gosobolor vo Abseron vo Sumgqayit vo Gonco sohorlori {izro uygun olaraq, 5, 3 vo 2.5
milyon manat miioyyon edilmisdir. Bu moblog digor rayonlar iigiin 1.5 milyon manat, Naxc¢ivan
Muxtar Respublikasi, Filizuli, Xocavond, Agdam, Tortor, Agcabadi, Goranboy, Goygol, Godobay,
Daskoson, Qazax, Tovuz, Agstafa, Lerik, Yardimli, Balakon vo Qusar rayonlari ii¢iin iso 0.5 milyon
manat miioyyon edilmisdir. Burada KOB Klasterin foaliyystinin illik dovriyyasi ile bagl illik
toloblor do oksini tapir.

Bununla yanas1 KOB klasterlorinin formalasdirilmasi ii¢lin tolob olunan sonadlor vo niimu-
novi formalar da hazirlanilmis vo tosdiq edilmisdir [8].

KOB klasterlorin formalasdirilmasi, foaliyyoto baslamasi vo foaliyyetinin dostoklonmasi {igiin
miivafiq hiiquqi vo texniki baza oldugu halda onlarin formalasmasini gecikdiron sobablori agagidaki
kimi izah etmok olar:

e Klasterlorin formalasdirilmasi vo foaliyyati {igiin maliyyo togviglorinin olmamast,

e Miivafiq sahods potensialin va tacriibonin olmamasi,

e Ugurlu tocriibalorin olmamast

e Digor 6lkolorin yaxsi tocriibalorinin vo klaster foaliyyat modellorinin Azorbaycanda potensial
klasterlora cevilo bilocok sirketlor arasinda tosvigatinin aparilmamasidir. Litva tocriibasindo
oldugu kimi klasterlorin foaliyyot modellorinin potensial olaraq klastera kegirilo bilocok
sirkotlor arasinda togviqi, formalagdirlmasi prosesino dovlatin texniki vo maliyys dastoyinin
gostorilmasi, Azorbaycanin yerli soraitini nozors alaraq dovlotin doastoyi ilo konkret modellor
tizorindan klasterlorin formlagdirilmas: bu sahoys maragin artmasina gotirib ¢ixarda bilar.

Natica va takliflor

Klasterlorin Azorbaycanda inkisafi dovlot vo 6zol sektorlar arasindaki omokdasligr dostok-
lomakls yanasi, region {igiin innovasiyalar ilo miisayiot olunacaq ¢ox torofli bohrolorin alds olun-
masi1 vadi verir. Burada yerli universitetlorin istiraki klasterlori davamli olaraq innovativ hallor ilo
tomin etmokdo ohomiyyoatli rola malikdir. Italiya vo Litvanin klaster tocriibosi klasterlorin inkisa-
finda Azorbaycan iigiin yaxs1 niimuno hesab edilo bilor. Lakin klasterlorin formalasdirilmasina vo
inkisafina tokan kimi dovlotin tosviqi vo foaliyyoti iiglin vergi gilizostlorinin totbiqi xiisusilo
zoruridir. Bundan olava, Avropa Olkolorindo genis yayilmis klaster modellori iizorindo yaxsi
tacriibonin yerli bazarda potensial klasterlora gostorilmasi klasterlosmoys maragin artmasina vo
yeni klasterlorin formalagmasina tokan vers bilor.
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Abstract. In this scientific exploration, the intricate interplay between economic development and environmental
conservation takes center stage, shedding light on the pressing need to attain sustainable growth. As societies fervently
pursue economic progress, the reverberations on the environment amplify, reaching a juncture where thoughtful and sus-
tainable practices become imperative. The article underscores the dynamic relationship between these two facets of soci-
etal advancement, recognizing that economic prosperity is intricately linked with environmental well-being.

With each stride toward economic growth, the environmental footprint expands, prompting a critical examination of
the repercussions on ecosystems and natural resources. This study seeks to unravel the complexity of this relationship,
emphasizing the urgency of finding equilibrium between economic expansion and ecological preservation. The article
underscores that as societies grapple with the challenges and opportunities of development, a strategic and holistic ap-
proach is paramount to ensure a harmonious coexistence of progress and environmental conservation. The forthcoming
discourse navigates through the evolving landscape of sustainable development, contributing insights and perspectives
crucial for informed decision-making and policy formulation in the pursuit of a balanced and resilient future.
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Introduction. The 21st century has marked a significant shift in global consciousness, as soci-
eties increasingly acknowledge the intricate interplay between economic development and environ-
mental conservation. This recognition stems from the realization that the pursuit of sustained eco-
nomic growth must be harmonized with proactive measures to mitigate adverse environmental im-
pacts. Striking a delicate equilibrium between these seemingly divergent goals has become imperative
for achieving genuine and lasting sustainable development.

The overarching challenge is navigating the intricate web of interactions between economic
activities and environmental health. Historically, rapid industrialization and unchecked exploitation
of natural resources have led to environmental degradation, jeopardizing the ecosystems sustaining
life on Earth. Recent decades mark a paradigm shift in scholarly perspectives, recognizing the inter-
connectedness of economic and environmental systems. This evolving understanding underscores the
need for a holistic approach to sustainable development that addresses the complex interdependencies
between economic growth and environmental well-being.

Embarking on a comprehensive exploration, this article delves into the evolving understanding
of the intricate relationship between economic development and environmental conservation.
Through synthesizing and analyzing recent scholarly works, it aims to unravel the complexities and
nuances inherent in this dynamic interdependence. The multifaceted nature of the subject necessitates
an interdisciplinary approach, integrating insights from economics, ecology, environmental science,
and policy studies. This interdisciplinary perspective aims to provide a holistic understanding, essen-
tial for addressing the intricate challenges and opportunities that arise at the intersection of economic
growth and environmental sustainability.

Comprehending the evolving dynamics between economic growth and environmental sustain-
ability is essential for formulating effective strategies and policies that encourage a resilient and bal-
anced coexistence. This article critically examines contemporary literature, aiming to contribute to
the ongoing discourse on sustainable development. By offering insights derived from this examina-
tion, the article seeks to inform decision-makers, researchers, and practitioners alike. Through these
contributions, the goal is to foster a deeper understanding of the challenges and opportunities inherent
in navigating the intricate landscape of economic development within the context of environmental
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conservation. In bridging the gap between theory and practice, this endeavor aspires to guide in-
formed decision-making and promote sustainable practices for a harmonious relationship between
economic progress and ecological well-being.

Research methodology. This article was authored following a mixed-methods literature review
aimed at examining the economics of sustainable development, with a particular focus on the intricate
balance between economic growth and environmental protection. The comprehensive literature re-
view undertaken serves to establish a theoretical framework, pinpointing essential concepts and iden-
tifying gaps within current research.

Economic Growth and Environmental Degradation. Early economic models often presumed
an inverse correlation between economic growth and environmental quality, suggesting that as econ-
omies expanded, environmental degradation would inevitably ensue. However, contemporary re-
search has started to challenge this conventional perspective, presenting a more nuanced outlook on
the intricate relationship between economic prosperity and environmental sustainability. Current
studies recognize the complexity of this interaction, suggesting that with strategic policies and tech-
nological advancements, economic growth can coexist harmoniously with efforts to preserve and
enhance environmental well-being. This evolving understanding underscores the importance of in-
formed decision-making and sustainable practices to navigate the delicate balance between economic
development and environmental conservation [1].

Contrary to the previous paradigm, emerging evidence supports the concept of "green growth,"
where economic development coexists harmoniously with environmental preservation. This para-
digm shift underscores the possibility of achieving both economic prosperity and environmental sus-
tainability concurrently. The notion of green growth aligns with the recognition that investments in
environmentally friendly technologies, renewable energy sources, and sustainable practices can foster
economic development without compromising the planet's ecological integrity. This transformative
perspective offers a path forward, challenging the traditional dichotomy between economic progress
and environmental responsibility and emphasizing the potential for a more balanced and sustainable
future.

Numerous studies highlight that policies advocating environmentally conscious practices not
only promote ecological well-being but also stimulate innovation, generate new employment oppor-
tunities, and improve overall economic efficiency. This challenges the traditional dichotomy between
economic growth and environmental preservation, paving the way for a more integrated and sustain-
able development approach. As societies navigate the challenges of a rapidly evolving world, the
exploration of pathways that facilitate green growth becomes imperative. Embracing a holistic per-
spective that recognizes the interdependence of economic and environmental factors allows policy-
makers and stakeholders to collaboratively strive for a balanced and sustainable future. This shift in
mindset encourages the pursuit of economic prosperity in tandem with ecological responsibility, fos-
tering a resilient and harmonious coexistence.

Externalities and Market Failures. Sustainable development faces formidable challenges
arising from externalities and market failures, where the genuine cost of environmental degradation
is inadequately reflected in market prices. Stiglitz and Dasgupta's research underscores the imperative
of implementing policies to rectify these market imperfections. The studies highlight that without
addressing externalities and market failures, achieving a sustainable equilibrium between economic
development and environmental preservation remains an elusive goal. Stiglitz and Dasgupta advocate
for interventions that internalize environmental costs through regulatory mechanisms or economic
incentives, emphasizing the necessity of aligning market incentives with broader social and ecologi-
cal objectives [2], [3, p.473-490].
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The acknowledgment and rectification of these market imperfections become pivotal for policy-
makers aiming to foster a more sustainable and harmonious relationship between economic progress
and environmental well-being. By integrating environmental costs into market dynamics, policymakers
can ensure a path that balances prosperity with long-term ecological resilience. This approach not only
addresses the immediate challenges of environmental degradation but also contributes to the overarch-
ing goal of sustainable development by promoting responsible and inclusive economic practices. In
navigating the complexities of a rapidly changing world, rectifying these market imperfections becomes
a critical step toward building a resilient and sustainable future [2], [3, p.473-490].

Natural Capital and Ecosystem Services. The concept of natural capital, encapsulating eco-
systems' contribution to economic prosperity, has gained prominence. This recognition underscores
the pivotal role of ecosystems in sustaining economic well-being and highlights the need to integrate
their values into broader economic considerations. As a vital component of environmental economics,
the concept of natural capital serves as a foundational principle for understanding and managing the
interdependence between ecological health and economic development.Valuing ecosystem services,
such as clean water, air, and biodiversity, becomes essential for informed decision-making, as demon-
strated in the works of Daily and Polasky [5, 6].

Costanza influential study lays the foundation for acknowledging natural capital as a critical
component in economic systems. Their research underscores the need to incorporate the values of
ecosystem services into broader economic frameworks, emphasizing the interdependence of environ-
mental and economic well-being [4].

Daily and Polasky's contributions provide valuable insights into the practical implications of
valuing ecosystem services. Their research illustrates how assigning economic value to natural re-
sources empowers policymakers to make informed decisions, considering the long-term impacts on
both economic and ecological systems. This approach aligns seamlessly with the broader paradigm
of sustainable development, where the conservation of natural capital plays a crucial role in achieving
a harmonious balance between economic growth and environmental well-being. By emphasizing the
economic importance of ecosystem services, Daily and Polasky advocate for a holistic approach that
recognizes the interdependence of ecological health and economic prosperity, paving the way for
more sustainable and responsible decision-making in the realm of resource management and policy
formulation [5, 6].

Green Innovation and Technology. In scholarly discourse, technological progress is unani-
mously recognized as an indispensable driver for realizing sustainable development goals. The liter-
ature underscores the crucial role of channeling efforts and resources into green innovation and the
adoption of eco-friendly technologies. This strategic shift is foundational in breaking the historical
link between economic growth and environmental degradation, paving the way for a more sustainable
future. Research, particularly that of Barbier, accentuates the transformative potential inherent in
technological advancements. These innovations play a pivotal role in fostering a harmonious coex-
istence between economic prosperity and ecological well-being, offering solutions that mitigate en-
vironmental impact and promote sustainable practices. As societies navigate the challenges of the
modern era, the integration of eco-friendly technologies becomes instrumental in achieving a delicate
balance between development and environmental preservation.

The investment and implementation of sustainable technologies emerge as crucial pathways for
societies to propel themselves towards a future where development is not only economically robust
but also environmentally responsible. This scholarly perspective accentuates the imperative for poli-
cymakers and stakeholders to prioritize and seamlessly integrate green technologies into the fabric of
economic progress, ensuring a trajectory that is truly sustainable. As the world grapples with the
challenges of the 21st century, the incorporation of sustainable technologies becomes not just a choice
but a necessity for forging a path towards a balanced and resilient future [7, §].
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Policy Implications. The synthesis of recent literature underscores the imperative for the de-
velopment of comprehensive policy frameworks that effectively integrate economic and environmen-
tal objectives. Scholars emphasize the necessity of implementing strategies like green taxation, which
encourages environmentally responsible practices through financial incentives, subsidies for sustain-
able initiatives, and the enforcement of stringent environmental regulations [3, p.473-490], [8].

Green taxation stands as a potent tool to incentivize businesses toward eco-friendly practices,
fostering a crucial balance between economic growth and ecological sustainability. Complementing
this, subsidies for sustainable practices play a pivotal role in supporting industries transitioning to-
wards environmentally friendly approaches. The implementation of stringent environmental regula-
tions is integral for ensuring accountability and compliance, thereby creating a conducive environ-
ment for sustainable development. When combined, these policy measures form a comprehensive
approach that contributes to the harmonization of economic and environmental goals. Such initiatives
promote a more resilient and ecologically responsible socio-economic landscape, encouraging busi-
nesses to consider the environmental impact of their operations and fostering a sustainable trajectory
for future economic activities.

Case Studies and Best Practices. Navigating the intricate relationship between economic
growth and environmental sustainability is crucial for devising effective strategies promoting a resil-
ient coexistence. This article critically assesses contemporary literature, making a significant contri-
bution to the discourse on sustainable development. Through an exploration of diverse regional case
studies, researchers spotlight successful sustainable development strategies. Valuable insights are
gleaned from studies conducted by Cramer, shedding light on the effectiveness of policy implemen-
tation and community engagement in achieving sustainable outcomes. These studies serve as bench-
marks, providing a deeper understanding of the challenges and opportunities inherent in navigating
the complex terrain of economic development within the framework of environmental conservation.
By synthesizing this knowledge, the article not only enriches academic discussions but also provides
practical insights for policymakers, stakeholders, and practitioners seeking to forge a path towards a
more sustainable and balanced future [9].

Conclusion. In conclusion, the comprehensive exploration of literature on the economics of
sustainable development has illuminated the intricate dynamics between economic growth and envi-
ronmental conservation. The findings underscore the imperative of adopting a nuanced and multifac-
eted perspective when navigating the complex intersection of economic, social, and environmental
dimensions. The intricacies revealed in the literature review emphasize that sustainable development
is not a unidimensional pursuit but a multifaceted challenge that necessitates a holistic approach.

The literature has consistently highlighted the interconnectedness of economic growth and en-
vironmental well-being, dispelling the notion that these two aspects exist in isolation. The realization
that environmental degradation can undermine economic prosperity and social well-being has
prompted a paradigm shift in understanding sustainability. The reviewed studies collectively stress
the need for an integrated framework that considers the interplay of economic, social, and environ-
mental factors. This holistic approach acknowledges the symbiotic relationship among these dimen-
sions and underscores the importance of addressing them in tandem.

As we navigate the path toward a sustainable future, it is imperative to move beyond traditional
economic models that prioritize growth at the expense of environmental health. The literature review
has provided valuable insights into alternative approaches that emphasize the coexistence of eco-
nomic development and environmental conservation. By embracing a more balanced and inclusive
perspective, policymakers, businesses, and communities can work collaboratively to devise strategies
that promote sustainable growth.
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In essence, the literature review functions as a guiding compass for future research and policy

initiatives. The intricate relationship between economic growth and environmental conservation, as
revealed in the multidimensional analysis, calls for a comprehensive understanding that transcends
disciplinary boundaries. The challenges of the 21st century necessitate recognizing that sustainability
cannot be attained through isolated interventions. Instead, a holistic approach, integrating economic,
social, and environmental factors, becomes paramount for fostering a resilient and sustainable future.
The insights derived from the literature review establish a foundation for informed decision-making
and collective efforts aimed at creating a more sustainable and equitable world. By considering the
multifaceted dynamics explored in the literature, society can navigate towards a future that embraces
the interconnection between economic prosperity and environmental well-being.
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Abstract. This comprehensive analysis delves into the intricate impact of cryptocurrency adoption on traditional
banking systems. As cryptocurrencies achieve widespread acceptance, they challenge established norms of centralized
control in financial transactions, necessitating a reconsideration of the resilience and adaptability of traditional banking
models. The disruptive potential, particularly embodied in blockchain technology, prompts a critical evaluation of the
ongoing transformation.

The article scrutinizes the positive influence of cryptocurrencies on financial inclusion and accessibility, unlocking
banking services for previously underserved populations. However, the decentralized and pseudonymous nature of cryp-
tocurrencies introduces regulatory challenges, demanding a nuanced equilibrium between fostering innovation and en-
suring compliance with anti-money laundering and know your customer regulations. Traditional banks respond by em-
bracing blockchain technology, entering collaborative endeavors with cryptocurrency projects to augment operational
efficiency and transparency.

Nevertheless, the inherent volatility of cryptocurrencies poses systemic risks, necessitating adept navigation by tradi-
tional banking systems. The imperative for a delicate equilibrium between innovation and regulation emerges as pivotal
for the harmonious coexistence of traditional banking and the ever-evolving cryptocurrency ecosystem. As the financial
landscape undergoes profound changes, this analysis underscores the necessity for adaptability and a strategic alignment
between traditional and innovative financial paradigms.

Keywords: Cryptocurrency Adoption, Traditional Banking Systems, Financial Inclusion, Regulatory Challenges,
Blockchain Technology
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Introduction. The meteoric rise of cryptocurrency has ushered in a transformative era in the
financial landscape, challenging traditional banking systems on multiple fronts. This article embarks
on a thorough exploration of the extensive implications arising from the widespread adoption of cryp-
tocurrencies, shedding light on both positive and negative outcomes that resonate throughout conven-
tional banking.

Cryptocurrencies, with their decentralized nature and foundation on blockchain technology,
fundamentally question the established norms of centralized control. This prompts a critical reevalu-
ation of traditional banking models, as the study endeavors to understand how these systems must
adapt in the face of this innovative wave.

The analysis delves into the positive aspects, emphasizing the potential for enhanced financial
inclusion and accessibility, especially for unbanked and underbanked populations globally. The de-
centralized nature of cryptocurrencies enables borderless and permissionless transactions, disman-
tling barriers that traditional banking systems often impose.

Simultaneously, the study scrutinizes the negative consequences, notably the regulatory chal-
lenges posed by the pseudonymous and decentralized features of cryptocurrencies. The inherent com-
plexities in ensuring compliance with anti-money laundering and know your customer regulations
necessitate a delicate balance between fostering innovation and upholding regulatory standards.

Striking this balance emerges as a critical theme in navigating the dynamic landscape shaped
by the coexistence of traditional banking and the burgeoning world of cryptocurrencies. The financial
sector faces the challenge of embracing innovation while ensuring regulatory adherence, highlighting
the need for a nuanced approach to manage the symbiotic relationship between traditional banking
systems and the evolving cryptocurrency ecosystem. As the industry grapples with these complexi-
ties, the future undoubtedly hinges on the sector's ability to strike this balance effectively, fostering a
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harmonious coexistence between the old guard of traditional banking and the transformative wave of
cryptocurrencies.

Research methodology. This theoretical study was conducted through an extensive literature
review to explore the potential impact of cryptocurrency adoption on traditional banking systems.
The research methodology involved the examination of academic journals, books, policy documents,
and reports from reputable organizations to gather insights and theories related to the topic. The writ-
ing of this article is a culmination of the literature research, synthesizing existing knowledge and
theories to offer insights into the potential implications of cryptocurrency adoption for traditional
banking systems.

Disruption of Traditional Banking Models. The meteoric rise of cryptocurrency has initiated
a profound transformation in the financial landscape, challenging the established norms of traditional
banking systems. This paradigm shift is driven by the decentralized nature of cryptocurrencies, fun-
damentally altering the dynamics of financial transactions and prompting a critical examination of
the adaptability and resilience of traditional banking systems [1].

Cryptocurrencies, rooted in blockchain technology, introduce a decentralized ledger system
challenging the centralized authority long held by traditional banks. This departure prompts a crucial
reassessment of centralized control's efficacy in an era witnessing the swift ascent of decentralized
alternatives. The advent of a decentralized ledger not only scrutinizes established norms but compels
a vital contemplation of the adaptability and sustainability of traditional banking systems amidst this
transformative shift. The disruption caused by cryptocurrencies underscores the need for financial
institutions to evolve and embrace innovations that redefine the landscape. As decentralized technol-
ogies continue to gain prominence, the question of how traditional banking can navigate this changing
tide becomes increasingly pertinent, urging a proactive response from the financial sector to ensure
its relevance and resilience in an evolving economic paradigm

The analysis presented in this article aims to comprehensively explore the far-reaching conse-
quences of cryptocurrency adoption, encompassing both positive and negative dimensions. It sheds
light on the potential for enhanced financial inclusion and accessibility, especially for marginalized
populations globally. Simultaneously, the study addresses the regulatory challenges arising from the
decentralized and pseudonymous features of cryptocurrencies, emphasizing the need for a delicate
balance between fostering innovation and ensuring compliance with established financial regulations.
As the financial landscape evolves, understanding and navigating the impact of cryptocurrency adop-
tion on traditional banking systems become imperative for stakeholders in both realms.

Financial Inclusion and Accessibility. The inclusive potential of cryptocurrencies serves as a
powerful catalyst, extending banking services to unbanked and underbanked populations globally [5,
p.60-82]. Cryptocurrencies, with their borderless and permissionless characteristics, play a pivotal
role in dismantling longstanding barriers inherent in traditional banking systems. This transformative
shift has the capacity to reshape the financial landscape and foster greater economic participation on
a global scale.

The decentralized nature of cryptocurrencies, coupled with the removal of geographical and
bureaucratic barriers, fosters a more inclusive and participatory financial ecosystem. This paradigm
shift signifies a substantial leap towards global financial inclusivity by enabling individuals histori-
cally excluded from traditional banking to access financial services. The unbanked and underbanked,
marginalized by conventional financial systems, now find avenues for economic empowerment
through the accessible and decentralized infrastructure offered by cryptocurrencies. This transfor-
mation represents a pivotal step in dismantling traditional barriers, providing financial opportunities
to populations that have been historically underserved by traditional banking systems.
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In essence, this shift not only addresses existing financial disparities but also underscores the
transformative potential of cryptocurrencies to redefine the dynamics of economic participation
worldwide. As traditional barriers dissolve, individuals on the fringes of financial systems find new-
found opportunities for inclusion and empowerment in a decentralized and accessible financial land-
scape. The global impact of this inclusive potential highlights the crucial role that cryptocurrencies
can play in fostering economic equality and empowerment on an unprecedented scale.

Regulatory Challenges. Cryptocurrencies, distinguished by their decentralized and pseudony-
mous features, present a formidable regulatory challenge in the surveillance of financial transactions.
The complexities of adhering to anti-money laundering and know your customer regulations become
notably intricate within an environment where centralized oversight is not the predominant norm.
This intricacy poses a multifaceted challenge for both regulatory authorities and traditional financial
institutions, requiring adept navigation of the evolving landscape shaped by decentralized technolo-
gies.

Effectively navigating the intricate terrain of cryptocurrency adoption demands a delicate bal-
ance between fostering innovation and maintaining steadfast regulatory adherence. Striking this equi-
librium becomes crucial as the financial sector grapples with the transformative potential of crypto-
currencies while safeguarding against illicit activities. The industry faces the nuanced task of finding
harmony between innovation and regulatory control, emphasizing its pivotal role in shaping the co-
existence of traditional banking and the disruptive force of cryptocurrencies. In this evolving land-
scape, the financial sector's ability to strike this delicate balance will ultimately determine its resili-
ence and adaptability in the face of the ongoing paradigm shift.

The journey towards coexistence requires a dynamic and adaptable approach from traditional
banks. Embracing innovation while upholding regulatory standards, as highlighted by Foley, is not
merely a strategic choice but a necessary precondition for navigating the intricate landscape shaped
by cryptocurrency adoption. This nuanced approach ensures that the transformative potential of cryp-
tocurrencies is harnessed responsibly within the framework of regulatory compliance [2].

Technological Advancements and Collaboration. Traditional banks are strategically navi-
gating the evolving financial landscape by embracing blockchain technology, showcasing their com-
mitment to staying abreast of technological advancements. This deliberate integration of blockchain
signifies an awareness of the transformative capabilities embedded in this decentralized technology,
compelling conventional financial institutions to seek innovative approaches for optimizing their op-
erational frameworks.

The emergence of collaborative initiatives between traditional banks and cryptocurrency pro-
jects underscores a potential symbiotic relationship geared towards reinforcing various facets of fi-
nancial transactions. Through these partnerships, there is a collective effort to improve operational
efficiency, fortify security measures, and enhance transparency within the financial ecosystem. The
active participation of traditional financial entities in these collaborations marks a notable industry
shift, underscoring their recognition of the advantages associated with integrating blockchain tech-
nology. This strategic move aims to streamline processes and ensure the integrity of financial trans-
actions, reflecting a proactive stance in adapting to the evolving landscape of the financial industry
[3, p.53-66].

In the dynamic realm of finance, the synergy between conventional banking systems and the
burgeoning cryptocurrency landscape holds significant sway in facilitating a seamless coexistence.
Traditional banks, recognizing the shifting tides, are actively engaging with and adopting blockchain
technology as a strategic maneuver to adapt to the evolving industry dynamics. This proactive stance
not only underscores their commitment to staying relevant but also positions them as trailblazers in
technological innovation within the financial domain.
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The integration of blockchain into traditional banking operations serves as a catalyst for height-
ened operational resilience. This collaborative approach not only fortifies the existing financial infra-
structure but also propels traditional banks into the vanguard of technological progress. The resulting
symbiosis reflects a forward-thinking mindset, an embrace of the transformative capabilities of block-
chain, and a commitment to ushering in a sustainable and technologically advanced financial future.
By forging these strategic alliances, traditional banks not only future-proof themselves but also con-
tribute to the broader narrative of harmonizing traditional and emerging financial systems for the
benefit of the global economy.

Systemic Risks and Volatility. The profound impact of cryptocurrency adoption on traditional
banking systems is encapsulated in the formidable threat posed by the inherent volatility characteriz-
ing these digital assets [4]. This volatility introduces systemic risks that permeate the entirety of the
financial infrastructure, creating a challenging environment for both individual investors and estab-
lished financial institutions.

Navigating the volatile landscape of digital assets demands a strategic and adaptive approach,
as their values exhibit unpredictable fluctuations. Conventional risk management mechanisms, tradi-
tionally effective for traditional financial instruments, may falter in the face of the rapid and drastic
price movements characteristic of cryptocurrencies. Financial instability looms as a potential threat,
necessitating a reevaluation of risk management frameworks by banks and other financial institutions.

Successfully addressing the challenges presented by cryptocurrency volatility requires the for-
mulation of robust strategies that can navigate the ever-changing market dynamics. These strategies
should be dynamic, capable of adjusting swiftly to sudden shifts in value. Institutions must reassess
and enhance their risk management frameworks, incorporating tools and methodologies tailored to
the unique nature of digital assets.

In this dynamic environment, resilience and agility become paramount. Institutions must de-
velop a keen understanding of the inherent unpredictability in cryptocurrency valuations, proactively
adapting to market conditions to safeguard financial stability. Only through a comprehensive and
forward-thinking risk management approach can financial entities thrive amidst the uncertainty that
defines the cryptocurrency landscape.

The imperative of managing the inherent volatility of cryptocurrencies to safeguard the stability
of traditional banking systems cannot be overstated [4]. The call for adaptive risk management prac-
tices becomes paramount as financial stakeholders grapple with the complex interplay between the
dynamic nature of digital assets and the established frameworks of traditional finance. Confronting
these challenges directly is essential for fostering a resilient financial ecosystem capable of withstand-
ing the storms induced by the inherent volatility of cryptocurrencies.

Conclusion. In conclusion, the analysis of the impact of cryptocurrency adoption on traditional
banking systems underscores the dynamic and multifaceted nature of this transformative phenome-
non. The increasing acceptance of digital currencies presents a paradigm shift that traditional banks
cannot afford to ignore. As the financial landscape evolves, traditional banking institutions are faced
with the imperative of navigating this complex terrain to ensure their continued relevance and sus-
tainability.

In the evolution spurred by cryptocurrency adoption, a crucial factor is striking a delicate bal-
ance between fostering innovation and adhering to regulatory frameworks. The swift technological
advancements propelled by cryptocurrencies necessitate that traditional banks embrace innovative
solutions while concurrently navigating regulatory concerns. Achieving this equilibrium is indispen-
sable for ensuring the harmonious coexistence of traditional banking and the burgeoning cryptocur-
rency ecosystem. The success of this balance will determine the adaptability of traditional banks to
the evolving financial landscape, where innovation and compliance converge to shape the future of
financial systems.
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The challenges posed by decentralized technologies and the pseudonymous nature of crypto-
currencies necessitate a proactive approach from traditional banks. Adapting to new paradigms, ex-
ploring collaborative efforts with cryptocurrency projects, and leveraging blockchain technology for
operational enhancements are integral components of this transformative journey. Moreover, tradi-
tional banks must remain agile in their response to the evolving regulatory landscape, ensuring com-
pliance with anti-money laundering and know your customer regulations.

In summary, the future of traditional banking hinges on its ability to navigate the evolving
landscape shaped by cryptocurrency adoption. Embracing innovation while upholding regulatory
standards is not merely a choice but a prerequisite for the sustained coexistence and synergy between
traditional banking and the dynamic cryptocurrency ecosystem.

REFERENCES

. Antonopoulos A. M. “Mastering Bitcoin: Unlocking Digital Cryptocurrencies.”, O'Reilly Media, 2014, p.272-306.

. Foley S., Karlsen J. R., Putnins, T. J. “Sex, Drugs, and Bitcoin: How Much Illegal Activity Is Financed Through Cryp-
tocurrencies?”’, The Review of Financial Studies, 2019, vol.32(5), p.1798-1853.

3. Swan, M. “Blockchain: Blueprint for a New Economy.”, O'Reilly Media, 2015, p.152.

4. Bouoiyour, J., Selmi R. “Bitcoin Price: Is It Really about Block Reward Halving?”’, Economic Modelling, 2015, vol.50,

p-273-280.
5. Narayanan A., Bonneau J., Felten E., Miller A., Goldfeder S. “Bitcoin and Cryptocurrency Technologies: A Compre-
hensive Introduction.”, Princeton University Press, 2016, p.499.

o -

Accepted: 28.03.2024

72



A.V.Aghayev / Proceedings 1 /2024, 73-76; DOI: 10.61413/PXXM3680

Informatics

USTUN MOXFILIYIN QORUNMASI TEXNiKALARI iLO
AGILLI MUQAVILOLORDO MOLUMAT MOXFILiYININ
TOKMILLOSDIRILMOSI

Abdulhiiseyn Vofadar oglu Agayev
Azarbaycan Texniki Universiteti, Baki, Azarbaycan

THE ENHANCING DATA CONFIDENTIALITY IN SMART CONTRACTS
THROUGH THE ADVANCED PRIVACY-PRESERVING TECHNIQUES

Abdulhuseyn Vafadar Aghayev
Azerbaijan Technical University, Baku, Azerbaijan: abdulhuseyn.aghayev.v@student.aztu.edu.az
https:/lorcid.org/0000-0003-4930-0672

Abstract. This research paper delves into the imperative domain of bolstering data confidentiality within smart
contracts through the integration of advanced privacy-preserving methodologies. Smart contracts, pivotal components of
blockchain technology, execute self-executing contracts with predefined conditions and are increasingly utilized across
various sectors, necessitating stringent data protection measures. The paper addresses the pressing need for fortified data
privacy within smart contracts and investigates cutting-edge approaches to mitigate privacy challenges. Two focal
techniques under scrutiny are zero-knowledge proofs (SBCs) and homomorphic encryption. SBCs facilitate the validation
of computations without revealing sensitive data, enabling parties to verify transaction authenticity without disclosing the
underlying information. Meanwhile, homomorphic encryption permits computations on encrypted data, preserving
confidentiality by allowing operations on encrypted information without the need for decryption. By analyzing these
advanced privacy-preserving techniques, this study aims to address the vulnerabilities in data confidentiality present in
smart contracts. Its findings hold significant promise in fortifying the security and confidentiality of transactions, thus
contributing substantially to the evolution of secure blockchain technology. This research underscores the pivotal role of
innovative privacy-enhancing mechanisms in safeguarding sensitive data within smart contracts, ensuring the trust and
integrity essential for their widespread adoption.
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Giris

Blokgeyn texnologiyasi sahasindo agilli miigavilolor oavvolcodon miioyyon edilmis sortlorlo
0ziinii icra edon miiqavilelor kimi dayanir vo sanayeloraras1 amaliyyatlarda inqilab edir. Lakin onlarin
yeniliklorino vo somoroliliyino baxmayaraq, agilli miigavilolorin 6ziinoxas soffafligi kritik bir
narahatliq dogurur: hassas molumatlarin zaifliyi. Bu miiqavilalor morkozlosdirilmamis sobakalords
isladiyi tiglin molumatlarin moxfiliyi etibarliligin, tohliikasizliyin vo uygunlugun tomin edilmosindo
diggat morkazina cevrilir. Agilli miiqavilaler ¢orgivasinde malumat moxfiliyinin giiclondirilmosinin
vacib vozifosinin miizakiro edilmasi vo tokmillosdirilmis moxfilik todbirlorine tocili ehtiyacin holli
vacib maogamdir. Maliyys omoliyyatlarindan tutmus soxsi qeydlors qodor hossas molumatlarin agkar-
lanmas1 potensial pozuntulara vo icazasiz giriso qarsi ciddi qorunma tolob edir. Molumatlarin mox-
filiyinin tomin edilmasi tokca texniki problem deyil, hom do miixtalif sonaye sahalorindo istifadagi
inamin1 va qanunlara uygunlugu artirmaq tictin fundamental masaladir.

Agilli miiqavilalorda tohliikesizlik zaifliklorini azaltmaga yonalmis innovativ maxfiliyi qoruyan
isullar vasitasils iralilomasi on aktual masaladir. Xiisusils, molumatlarin maxfiliyini artirmaq {i¢iin
istlin metodologiyalar kimi SBC-lar vo homomorfik sifrolomanin tatbiqlorinin todqigatt ¢ox dnom-
lidir. Tranzaksiyalar1 yoxlamaq va sifraolonmis malumatlar izerinds hesablamalar aparmagq {igiin yeni
tisullar toqdim edon bu imkanlar agilli miiqavilslor ¢or¢ivasinda hassas malumatlarin qorunmasinda
ohamiyyatli irsliloyisi tomsil edir. Agilli miigavilalor miixtslif sonaye sahalarina niifuz etmoys davam
etdikco, moxfiliyi qoruyan giiclii texnikalarin totbiqi vacib olur. Bu aragdirma tokco molumatlarin
moxfiliyini giiclondirmok tigiin deyil, hom do blokgeyn osasli omoliyyatlarda etimad vo biitovliyi
tosviq etmak iiciin bu inkisaflarin shomiyyaetini izah etmok moqsadi dasiyir.
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Agilh miigavilalards Sifir-Bilik ¢cixarislar:

Sifir Bilik Siibutlar1 (SBC) miirokkob sifrolomo texnikasini tomsil edir ki, bu da bir torafo
cixarigin hogigotindon konar hec¢ bir molumati agkar etmodon digor torofo ¢ixarisin dogrulugunu
yoxlamaga imkan verir (Sokil) [1]. Agilli miigavilalor kontekstindo SBC-lor omoaliyyatlarin biitov-
liyiinii vo hoqiqiliyini yoxlayarkon molumatlarin moxfiliyinin tomin edilmasinds asas rol oynayir.

Zero Knowledge Proofs

a ’

Prover Secret Data & Proofs Verifier

Sifir-Bilik Cixarigi (SBC) [6]

1. Tokmillosdirilmis moxfilik: SBC-lor agilli miigavilolords giiclii mexanizm toqdim edir ki, bu da
omoliyyat istirak¢ilarina hossas molumatlar1 askarlamadan, omoliyyatlarin  dogrulugunu
yoxlamaga imkan verir [2]. Bu imkan miivafiq malumatlarin maxfiliyini qoruyarkon omaliyyatin
diizglinliiyliniin yoxlanilmasini tomin edir vo morkozlosdirilmomis sistemlordo molumatlarin
konfidensialliginin pozulmasi ilo bagli miihiim narahatligi aradan qaldirir.

2. Ac¢iqlamadan amoliyyatlarin yoxlanilmasi: SBC-lorin asas iistiinliiklorindon biri onlarin xiisusi
omoliyyat toforriiatlarini agiqlamadan hesablamalar1 vo amaliyyatlar1 yoxlamaq qabiliyyatindadir
[3]. Bu funksionalliq moxfiliyo xolol gotirmadon molumatlarin vo ya omoliyyatlarin
diizgiinliiyilinli vo ganuniliyini tosdiq etmoyin vacib oldugu hallarda hoyati oshomiyyat kosb edir.

3. Maxfiliyi qoruyan autentifikasiya: SBC-lor miioyyon edilo bilon molumatlar1 agkar etmodon
agilli miqavilolords istifadacilorin soxsiyystini yoxlamaq tigiin bir lisul toqdim edir [4]. Bu
xiisusiyyot, maraql toroflorin legitimliyini yoxlamaqla yanasi, istifadogi autentifikasiya proses-
lorinin moxfiliyi qorumaga davam etmosini tomin edir. Bu, soxsi molumatlarin agiglanmasina
ehtiyac olmadan istifado¢inin soxsiyyatini yoxlamaga imkan verir.

SBC-lorin agilli miiqavilalora inteqrasiyast molumatlarin moxfiliyi problemlorini aradan
galdirmaq tictin giiclii hall yoludur. Bu kriptoqrafik protokollardan istifado etmoklo agilli miigavilalor
etibarli sokildo isloys vo ciddi moxfilik standartlarin1 qoruyarkon istirak¢ilar arasinda etimadi artira
bilor [5].

Bundan olavo, SBC-lorin istifadosi agilli miigavilo funksionallig1 {i¢iin vacib olan yoxlama vo
yoxlama aspektlorino xolal gotirmodon istifado¢i moxfiliyine iistiinliik veron morkozlosdirilmomis
sistemlorin inkisafina ohomiyyatli doracods tohfo verir [6].

Homomorfik Kriptoqrafiya vo agillh miiqavilalords tatbiqi

Homomorfik sifrolomo sifronin acgilmasina ehtiyac olmadan molumatlarin moxfiliyini qoru-
yaraq sifralonmis verilonlor tizarinds hesablamalar aparmaga imkan veran kriptoqrafik paradigmadir
[7]. Onun agilli miigavilolora inteqrasiyasi tohliikosiz hesablamalara imkan verarkon molumatlarin
maxfiliyini tomin etmak ii¢lin tomalqoyma halli toklif edir:

o Sifrolonmis molumatlar iizra tohliikasiz hesablamalar: Homomorfik sifrolomo agilli
miiqavilolors proses boyu hossas molumatlarin moxfiliyini qoruyaraq birbasa sifrolonmis molumatlar
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tizorindo hesablamalar aparmaga imkan verir [8]. Bu imkan, asas molumatlar1 agkar etmodon moxfi-
liyi qoruyarkon hesablamalarin aparilmasini tomin edir.

o Moxfiliyi qoruyan moalumat amaliyyatlari: Agilli miigavilolor ¢or¢ivosindo homomorfik
sifrolomo sifrolonmis molumatlar {izorindo miixtalif omoliyyatlarin hoyata kegirilmasino icazo ver-
moklo hassas molumatlarin moxfi qalmasini tomin edir [9]. Bu funksionalliq molumatlarin icazasiz
olo kegmasinin qarsisini alaraq onlarin tohliikosiz islonmosini tomin edir.

o Sifralonmis amoliyyatlarin yoxlanilmasi: Homomorfik sifrolomo sifrosi agilmis molumatlari
askar etmodon hesablamalar1 vo omoliyyatlar1 yoxlamaga imkan verir [10]. Bu xiisusiyyat hesab-
lamalarin diizglinliiyiiniin vo ganunauygunlugunun yoxlanilmasini tomin edir, osas hossas molumat
159 sifrolonmis va tohliikasiz olaraq qalir.

Agilli miigaviloloro Homomorfik Kriptoqrafiyanin totbiq edilmasi molumatlarin moxfiliyinin v
konfidensiyalliginin tomin edilmosi istigamatindo miithiim addimdir. O, sifrolonmis molumatlarda
hesablamalara icazo verorok vo blokgeyn sobokosinin biitovliyiinii qoruyaraq, tohliikkesiz vo fordi
omoliyyatlar {igiin yol acir. Homomorfik Kriptografiyanin totbiqi tohliikosiz vo moxfiliyi qoruyan agilli
miiqavilo ekosistemlorinin yaradilmasina ohomiyyatli tohfo verir [11]. Onun totbiqi hesablama pro-
seslori zamani hassas molumatlarin sifrolonmis qalmasini tomin etmoklo morkozlogdirilmomis sistem-
lordo malumatlarin konfidensialliginin vo moxfiliyin pozulmasi ilo bagli narahatliglar1 aradan qaldirir.

Natica

SBC-lor vo Homomorfik Kriptoqrafiyanin agilli miiqavilolors inteqrasiyast morkozlogdirilme-
mis sistemlordo moalumatlarin moxfiliyinin vo amoliyyatlarin biitovlilyiiniin giiclondirilmosi istiqa-
motindo transformativ addim kimi dayanir. Lakin bu innovativ tisullar tokmillogdirilmis moxfilik vo
tohliikasizliys yol ac¢diqca, golocok todqiqatlar vo potensial problemlar ii¢iin bir nego yol yaranir. Bu
sahodo golocok tadqigatlar agilli miiqavilo miihitlorindo SBC-lor vo Homomorfik Kriptografiyanin
somaraliliyinin vo miqyasinin artirilmasina yonoldilo bilor. Hesablama yiikiinii vo emal vaxtlarini
azaltmaq {i¢ilin bu tsullarin sadologdirilmosi onlarin genis yayilmasina ohomiyyatli doracodo kdmok
edacokdir.

Bundan olava, bu moxfiliyi qoruyan metodlarin potensial zaifliklori vo mohdudiyyatlorinin ara-
dan qaldirilmas1 tadgiqat {i¢iin miihiim saho olaraq qalir. SBC-larin vo Homomorfik Kriptoqrafiyanin
totbigindo zoifliklorin basa diisiilmosi vo yumsaldilmasi yaranan tohdidlora vo hiicumlara qarsi
mohkom tohliikasizliyin tomin edilmasi {i¢iin ¢ox vacibdir. Habels, blok¢eyn platformalart vo agilli
miiqavilo ekosistemlori arasinda garsiligh foaliyyot vo standartlasdirma da problemlor yaradir.
Golacokdo SBC-lorin vo Homomorfik Kriptografiyanin miixtalif blok¢eyn sobokolorindo problemsiz
inteqrasiyasini asanlagdiran universal freymvdrklorin inkisafina yonoldilo bilor. Proqramgilar, isti-
fadagilor vo tonzimloyici qurumlar arasinda bu stiin kriptoqgrafik tisullarin 6yradilmasi vo monimso-
nilmosi hoyati ohomiyyat kosb edocok. Bu iisullar inkisaf etdikco, inkisaf edon moxfilik qaydalarina
hortorafli basa diigiilme vo uygunlugun tomin edilmasi onlarin real diinya totbiglorine ugurlu
inteqrasiyasi li¢iin vacib olacaqdir.

Yekun olaraq, SBC-lor vo Homomorfik Kriptografiya agilli miiqavilolor ¢ar¢ivesinde molu-
matlarin moxfiliyi ilo bagli problemlors perspektivli hallor toklif etso do, davam edon todqiqat soylori
gizlilik, tohliikasizlik vo markozlasdirilmomis sistemlors etibarin tomin edilmasinds 6z potensiallarini
reallagdirmaq {i¢iin miqyasliliq, tohliikesizlik zoifliklori, qarsiligh faaliyyot vo tolim togobbiislorini
hall etmolidir.
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USTUN MOXFILiYIN QORUNMASI TEXNIiKALARI iLO AGILLI MUQAVILOLORDO
MOLUMAT MOXFILIYININ TOKMILLOSDIRILMOSI

A.V.Agayev

Xiilasa. Bu todgiqat isinds iistiin maxfiliyi qoruyan metodologiyalarin inteqrasiyasi vasitasils agilli miiqavilslar daxi-
linds moalumat maxfiliyinin artirilmasi aragdirilmisdir. Blokgeyn texnologiyasinin asas komponentlorinden biri olan agilli
miiqavilolor ovvalcodon miioyyon edilmis sortlorlo 6zlinli icra edon miiqavilolorin islomosini tomin edir vo ciddi
molumatlarin qorunmasi tadbirlori tolob edon miixtalif sonaye saholorinds getdikco daha ¢ox istifade olunur. Mogalods
agilli miiqavilelor daxilindo molumatlarin mexfiliyinin giiclondirilmasinin ohomiyystindon bohs edilir vo moxfilik
problemlorini azaltmaq iiciin iistiin yanagmalar arasdirilir. Baxilan iki osas tisul sifir-bilik ¢ixarislart (SBC) vo homo-
morfik sifrolomadir. SBC-lor hossas molumatlari askar etmodon hesablamalarin yoxlanilmasini asanlasdirir, toraflors
hassas molumatlart agkar etmodon amoliyyatin hoqiqiliyini yoxlamaga imkan verir. Eyni zamanda, homomorfik sifraloma
sifronin agilmasina ehtiyac olmadan sifrolonmis molumatlar {izorindo hesablamalarin aparilmasina imkan vermoklo
maxfiliyi qoruyur. Todgiqatda asas magsad gabaqcil maxfiliyi qoruyan bu texnikalari tohlil edsrak, agilli miigavilalorda
movcud olan moelumatlarin moxfiliyine dair zosifliklerin hollini aragdirmaqdir. Onlarin tapintilart smsliyyatlarin
tohliikasizliyinin vo moxfiliyinin yaxsilasdirilmasinda shamiyyatli vadler verir vo bununla da tshliikesiz blokg¢eyn
texnologiyasinin inkisafina 6nomli tohfe verir. Bu aragdirma agilli miiqavilalorde moxfi mslumatlarin qorunmasinda,
onlarin genis sokildo monimsanilmasi ii¢iin tolob olunan etimadin vo diiriistlilyiin tomin edilmosinds innovativ maxfiliyi
artiran mexanizmlorin osas rolunu vurgulayir.

Acar sozlar: sifir-bilik ¢ixarislari, maxfilik, homomorfik sifraloma, tahliikasiz tranzaksiyalar.
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Abstract. Successful use of modern information technologies is impossible without effective management of not only
the computer network, but also the IT process. Improvement of information security management is possible both by
using new methods for solving the management problem and by increasing the quality of the management effect by
reducing the duration of these control periods. Therefore, a reasonable approach to increasing the effectiveness of infor-
mation security measures can be the development of intelligent decision-making tools related to information management
issues. Although active research is currently being conducted on the development of IT methods and systems, there are
still many unanswered questions about the creation of methods for creating intelligent PPR tools related to IT manage-
ment, which indicates a need. Complex solutions to scientific problems aimed at developing not only scientifically based,
but also practically applicable models and methods for intellectual support of IT process management.
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Introduction

Modern corporations have a complex distributed structure, predetermined by multifaceted ac-
tivities, territorial location of divisions, and numerous corporate relationships with partners. Corpo-
rate management systems are usually called enterprise management systems that have a developed
structure and separate management bodies. Corporate systems include organizational, information,
etc. Most business functions and management processes of enterprises and organizations involve cor-
porate information systems (CIS), which are essential tools for conducting business. The introduction
of new information technologies for enterprises is always associated with the emergence of new risks.
The more complex the structure of the corporate information system, the higher the risk of threats to
it: penetration from the outside or unauthorized access from within the enterprise, especially for the
purpose of financial fraud or disclosure of commercial secrets, changing or destroying information.
and so on. [1, p. 147-153] Such risks can seriously damage the enterprise. The creation of a developed
and secure information environment is an indispensable condition for the development of both individ-
ual corporations and the economy, society and the state as a whole. Therefore, the issues of ensuring
information security in the CIS segment have become very urgent now.

CIS is a complex human-machine or socio-technical system that integrates the enterprise's infor-
mation system. Different types of models are used to study such systems. The operation process of the
CIS enterprise is carried out in the conditions of conflict between the enterprise as a socio-technical
system on the one hand and competitors, aggressors, negative natural phenomena and other objects and
events on the other. The complexity and expansion of modern corporate information systems leads to
an increase in the number of network devices and various information security tools (ISI), and a large
number of security incidents. It should be noted that modern technological processes in the field of
information technologies, as well as in the field of new communication opportunities, are far ahead of
the theoretical understanding of practical developments and applications. Therefore, there are reasons
to assume that the current theoretical achievements are not fully adequate to the challenges of infor-
mation security, both from a practical and a theoretical point of view [2, p. 225-230].

The main drawbacks of widely used information security systems are their strict architectural
principles [3] and the use of mainly defensive or offensive strategies to protect against the most known
and dangerous threats. Solving the identified problems and effectively using the modern CIS requires
equal and reliable management tools and methods of not only networks, but also the security system
and all measures that ensure network security. By managing both network and security equipment,
we need methods that allow us to quickly monitor changes in the system's operating environment and
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prevent information security breaches in a timely manner. A modern approach to ensuring effective
information security in a corporate information system is the use of intelligent decision support tools
(DSS) for information security management.

Experimental part

Currently, an integrated information management system is being developed, which will cover
the entire infrastructure of the organization and will allow managing the information infrastructure
regardless of the scale of the corporate information system.

A structured description of all aspects of information security management is clearly shown in
Fig. 1.

Main aspects of information security management

GPB Crypto funds Monitoring determination Obtaining and
management, management and of the modular assessing
formation of managing composition of | objective data

LPB, the the information | on the state of
management compositio security system | security of the

of security n of and points for corporate
measures security installing information
based on events in protection system (audit)
security real time equipment in
policies the network
(risk
management)

Fig. 1. Structuring the property management problem

Currently, it is practically impossible to find manufacturers that will provide the consumer with
the full range of both hardware and software necessary to build information security systems that
meet modern requirements. Most I'T systems are based on software and hardware produced by differ-
ent manufacturers. To ensure the reliability of the heterogeneous CIS of information security, an In-
formation Security Management System (IMS) is required, which can ensure the correct configura-
tion of each of its components and automatically support decision-making related to information,
which can constantly monitor changes and monitoring the work of network users.

Such an integrated approach to solving the problem allows creating a truly safe environment
for the operation of the CIS enterprise. Our analysis allows us to confirm that the management system,
which performs a number of management functions at the CIS segment level, should work autono-
mously:

— Obtain and evaluate objective information about the current state of CIS security (audit);

— manage said events;

— determines the modular composition of the information security system and the points of
creation of information security tools in the computer network of the enterprise.

The international standard ISO/IEC 27001 describes the models used for the creation, imple-
mentation, operation, continuous monitoring and analysis, maintenance and improvement of infor-
mation security management systems (IMS) [4]. The design and implementation features of the com-
pany's information security system are determined by its needs and goals, security requirements, and
the size and structure of the organization. Different activities need to be defined and managed in order
to function effectively. The process approach to property management in this standard helps to em-
phasize the following points:
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- Establishing appropriate principles, objectives, processes and procedures improving risk man-
agement and business intelligence to drive results, is consistent with the company's goals;

— Implementation and operation of IBS rules, controls, processes and procedures;

— assessment and measurement of process indicators related to information security manage-
ment policy, goals and practices and their analysis;

— implementation of corrective and preventive procedures based on the results of internal audit
and analysis in order to continuously improve the management of proprietary information.

The composition of SMZ includes:

— organizational structure;

— policy, planning activity;

— a set of procedures, processes, resources.

The purpose of the information protection system is the design of information protection sys-
tems, implementation, operation, continuous monitoring, analysis and improvement of information
protection systems.

To create an IBS, an enterprise must:

— determination of system boundaries;

— develop the principle of action related to information protection, taking into account the leg-
islative norms and the established protection goals;

— develop criteria for assessing the importance of risks;

— choose a risk assessment methodology that is compatible with the proprietary information
management system and meets regulatory requirements; and able to ensure that risk assessments pro-
duce concrete results;

— determine the acceptable level of risk;

— identify risks (assets, threats and adverse effects leading to loss of confidentiality, integrity
and availability of assets and critical vulnerabilities of the deployment system);

— assess the importance of risks (assess the possibility of information security violations, taking
into account existing threats and vulnerabilities, assess risk levels, determine whether risks are ac-
ceptable or whether countermeasures should be taken);

— finding opportunities for risk management (using acceptable means to reduce or accept risk);

— choose risk management and treatment methods that take into account risk acceptance criteria;

— Agree with the management on the implementation of the IT system and prepare a statement
on the degree of applicability (including the purpose of control, control tool, justification of choice).

The stage of implementation and operation of the SMPS of the enterprise includes the following
actions:

— formulation of a risk management plan that defines the appropriate management measures,
required resources, and responsibilities;

— implementation of this plan, including financing;

— implementation of control aimed at achieving the purpose of control;

— implementation of procedures and other management tools capable of quickly detecting
events occurring in the information security system and reacting to an incident occurring in the infor-
mation security system;

— rapid identification of ongoing and completed IT violations and incidents;

— detection of incidents in the information security system and prevention of incidents using
indicators;

— measuring the effectiveness of control measures to verify that requirements are met;

— updating information security plans to take into account information obtained during both
ongoing monitoring and analysis activities.

IBS documentation should be prepared in such a way that it includes descriptions of risk as-
sessment methods, risk treatment plans and procedures necessary for the enterprise to ensure effective
planning. The ISO/IEC 17799 standard provides recommended guidelines to be used when designing
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a security system. The standard provides a management objective and a list of management tools.
The purpose of the security policy is to guide and support the management of the IT in accordance
with business requirements and legal regulations. IT policy should be reviewed at scheduled intervals
to ensure adequate compliance and adequacy.

When it comes to asset management, the goal is to provide and maintain the necessary means
to protect an organization's assets in a business environment that requires clear definition. It is nec-
essary to create and maintain registers of important assets, as well as assets that are in any way related
to information processing tools. Information should be classified according to its importance and
criticality to the company.

The roles and responsibilities of employees and users regarding information and its protection
should be documented in accordance with the company's information policy.

The goal of network security management is to protect security information on networks and
protect the network infrastructure. Adequate network management is required to protect against risks.
The purpose of continuous monitoring is to determine the information processing activity. A proce-
dure should be established to continuously monitor the use of the tools used to process data and the
results should be regularly reviewed.

The purpose of user access control is to guarantee access to registered users and to prevent
unauthorized access to CIS. The assignment and use of permissions should be controlled and re-
stricted, and the assignment of passwords should be governed by a formal administrative process. A
formal user registration process should be established.

The purpose of information security incident management is to ensure that events in the infor-
mation security system and vulnerabilities in the information security system are reported in a way
that allows for timely correction processes. It is necessary to define management tasks and procedures
for prompt, effective and organized response to all incidents that occur in the information security
system. In the information security system, it is necessary to provide a mechanism that allows to
determine the number and volume of incidents and constantly monitor them.

In [5, p. 120-121], a model of management process maturity is presented information security,
in which the highest levels are “managed” and “optimized”. The controlled level is characterized by
the evaluation of the monitoring and control process in the protection facility, their optimization is
carried out, automation tools are partially used. The level of optimization characterizes the complex-
ity of the information security management process, the ability to quickly adapt during changes in the
business process, and the comprehensive use of protection measures that provide a basis for improv-
ing management processes.

The main steps to be followed include the information security management process [ 1, p. 220-
227]:

— planning - analysis and assessment of information security risk, determination of policies on
information security management systems, selection of protection measures and their updating to
minimize risks, making decisions regarding the application of the information security management
system;

— implementation and operation of the information security management system, including the
development of plans for the processing of information security risks, the implementation of measures
for its protection, work management, the detection and response of emerging security incidents;

— verification (monitoring and analysis), including analysis of activity, including analysis of
residual information security risk levels, analysis of internal audits of the information security man-
agement system,

—improvement of the IS management system, including implementation of tactical and strategic
improvements in the system, assessment of goal achievement, requiring decision-making at the plan-
ning level.

The ISO/IEC 15408-2002 standard includes security management steps; is a guide for security
management in the information and communication system.
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The standard covers general management issues important to the effective planning, implemen-
tation, and maintenance of system security.

Analysis of existing security management standards concluded that they try to create common
concepts and common models for security management; however, these standards do not include
specific approaches to information security management in SG CIS.

CIS of modern companies is an important tool for business management and an important
means of production. The structure of the CIS consists of two large blocks:

— information infrastructure;

— information services.

The information infrastructure block represents the material base and environment for infor-
mation service activity. The infrastructure of a modern company and modern society can be repre-
sented as consisting of spatially distributed units of this society and its partners, customers and sup-
pliers. The main interactions between the company's facilities are carried out within the framework
of the distributed CIS using communication devices and communication channels assigned by the
telecommunications operator using various network programs and services.

The main principle of the structure of the distributed CIS is the segmentation of the network
according to the territorial production affiliation. CIS structural units are a distributed segment of
CIS. The CIS segment, in turn, can be a complex information system distributed at the regional level.

A CIS segment is a network consisting of network segments of the second level of the hierarchy.
Each segment has a network built on workstations, servers, routers, a set of switches, digital modems,
telephone lines, Fast Ethernet, E1 fiber optic channels and wireless communication channels.

The problem of ensuring information security in the corporate information system can be solved
by establishing an effective information security system.

On the fig. 2 SG CIS clearly demonstrates the model of the composition of the information
protection system.

The IT system is subject to the requirement of absolute transparency for programs already ex-
isting within the CIS and, in addition, to the requirement of compatibility with the network technol-
ogies used by the corporation. Therefore, in order to ensure reliable protection of CIS resources,
information security systems should be implemented based on the most advanced and promising
technologies in the field of information security.
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Fig. 2. SG CIS information security system composition model
Therefore, in order to ensure the effectiveness of computerization in the corporation, it is nec-

essary to ensure the security parameters of information resources such as the integrity, confidentiality
and authenticity of relevant business information circulating in local and global information networks.
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Conclusion

1. Implementing proactive information security strategies requires complex decisions that in-
clude developing a method to assess suspicious activity and various network events, preparing infor-
mation to make decisions about managing security services and network devices, and responding in
real time to changes in operating environment conditions.

2. One of the main problems in creating property management systems is the problem of provid-
ing automated decision support regarding property management throughout the entire period of CIS
operation and in the changing conditions of the information environment. For this requires infrastruc-
ture software that supports mathematical models and scientific decision-making methods. The crea-
tion of instrumental software systems that use all the capabilities of a computer will make it possible
to make scientifically based decisions, since the decision-making process will be based on analysis
and forecast made using mathematical methods.
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Giris

Nikola Tesla 1898-ci ildo ilk pilotsuz, uzagdan idaro olunan "tele-avtomobil"i niimayis
etdirmisdi. Bu si¢rayisdan sonra bir osr orzindo pilotsuz sistemlor ilk novbodo ordu torofindon
kosfiyyat missiyalari tigiin istifado edildi. Texnologiyada iraliloyislor daha sorfali oldugca, pilotsuz
ucus aparatlari (PUA) horbi sahodon konara ¢ixdi, miilki istifadolori genislondi. Hazirda PUA-lar
horbi sahodon basqa, getdikco daha ¢ox miisahido, todqiqat vo xoritogokmo, mokan moalumatlarinin
alds edilmasi, geofiziki kosfiyyat da daxil olmaqla genis spektrli totbiglords istifade olunur.

Lakin br ¢ox halda PUA-larin tohliikasizliyi ilo olagali problemlor do meydana ¢ixir. Burada
tokco haking (heklomolor) deyil, radioelektron maneos qurgularindan miidafio do c¢ox ciddi
problemlordir. Bir sira real tohliikosizlik insidentlorindon ¢ixis edorok iddia etmok olar ki, PUA-lar
va digar pilotsuz noqgliyyat vasitolori tigiin kibertohliikesizlik miistosna chomiyyato malikdir [1].

PUA-nin asas komponentlari

PUA-nin asas komponentlorino propellerlor, miihorriklor, ¢orgivo, sensorlar, siirot tonzim-
layicilari, ugus kontrolleri, gobuledici vo batareya paketi daxildir. PUA ilo yanasi, yeriistii stansiya vo
rabito {i¢iin lazim olan vasitogilor do miihiim rol oynayir.

PUA operatordan omrlori radio, Wi-Fi va Zigbee kimi miixtalif texnologiyalar tizorinds isloyon
Otlirtici vo gobuledici vasitosilo qobul edir. Radiodtiiriciidon signal qobul etdikdon sonra
radiogobuledici onlar1 PWM (Pulse Width Modulation) vo ya PPM (Pulse Position Modulation)
formatinda elektrik signallarina gevirir. Bu signallar ugus kontrolleri torafindon interpretasiya olunur,
omrlor PUA-nin idaro edilmosi ii¢lin xiisusi horokatloro ¢evrilir. Rotor osasli PUA-larda ESC
(Electronic Speed Controller, elektron siirot nozarat¢isi) ugus kontrollerindon signal vo batareyadan
enerji alir, ugusa nozarat etmok iiclin miiharriklorin siiratini tonzimlayir. Sabit qanadli PUA-larda
qanadlarin bucagini doqiq idars etmak {igiin servomiiharriklorden istifads olunur, bu da 6z novbasinda
ucusa nozarat edir. Omrlordon bagqa, telemetriya adlanan yeriistii stansiyasina batareya gorginliyinin
oxunmast va radio signalinin giicii kimi miihiim molumatlar: Gtiiran slava Gtiiriicli-qebuledici ciitii do
movcuddur. Yertistii stansiya PUA-larin insan idarasini asanlagdiran idarsetmo morkozidir [1].
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Miixtoalif rejimlords isloyon PUA-lar naviqasiya ti¢lin miixtalif prinsiplordon istifado edirlor.
Ollo idaros olunan PUA-Iar, adston, operatordan, gismon avtonom olan operatordan, GNSS (Global
Navigation Satellite System) sistemindon vo sensorlardan signal alir, tam avtonom olanlar iso
operatorun miidaxilosi olmadan ugus qabiliyyatino malikdirlor.

Uzaqgdan idaraetmo {igiin radio rabito metodunda PUA-nin ugus yolunu idars etmok {igiin radio
otiirticli/qobuledici, smartfon, planset vo ya kompiiter istifado edilir. Bu tip rabitodon istifado edon
PUA-lar yalniz operatorun baxis xattinds uga bilir va qisa masafalor {i¢iin nozards tutulur

Peyk naviqasiyast PUA-larin GNSS sistemi ilo olago saxlamasini ohato edir. ©On ¢ox yayilmis
GNSS sistemi GPS-dir. GPS (Global Positioning System) naviqasiyasi yer atrafinda sabit orbitlords
firlanan 30-dan ¢ox peykdon istifads etmoklo tomin edilir. Hor bir peyk digorlori ilo sinxronlasdirilan
sabit atom saatina va yera nisbaton vaxti yeniloyan baza stansiyasina malikdir. Movqeyi doqiq bilmak
ii¢lin on az1 4 peykdon signal gobul etmok lazimdir [4].

Ultrasos, LIDAR vo kameralar kimi miixtolif sensorlar otrafdaki obyektlordon masafoni toyin
etmok {i¢iin istifado olunur. PUA-nin ugus hiindiirliiylinii izlomok ii¢lin barometrlor do istifado olunur.
Bu sensorlar sabit ugus tominatinda ugus kontrollerino molumat vermok tigiin birlikdo istifado
olunurlar. Osason bu tip sensorlar SLAM (Simultaneous Localization and Mapping — sinxron
lokallagdirma va xaritogakma) alqoritmlori vo ya dorin 6yronme yanasmalar: vasitasils lokalizasiyant
hoyata kegirmok mogsadi dastyirlar [2].

PUA-lara hiicumlarin novlori

PUA-larm is rejimlorindon (tam va gismen avtonom) asili olaraq, miixtalif zorarsizlogdirma
yanasmalari totbiq edilo bilor. Tam vo ya qismon avtonom PUA iiclin yer stansiyasi ilo radio rabitosi
(RF) sabit paket strukturu ilo miixtalif protokollar iizorindon bas verir. Paket arxitekturasi alo kegirilo,
desifrlono bilor. Radio dalga tixaclari, PUA-ya y6noalon enerji miqdar1 da rabitoni pozmaq tigiin
istifado edilo vo miixtalif nov tohliikolor yarada bilor ki, bu da tohliikasiz enis etmok, avvalcadon
toyin edilmis baza yerino gqayitmaq vo ya tosadiifon u¢maq, goza etmok kimi problemlors sobob olur
[5]. Avtonom PUA-larda sensor qiymatlori saxtalasdirila, pozula, GNSS signallar1 saxtalagdirila biler.
Program tominati da saxtalasdirila vo ya troyanlarla miidaxils edilir. ©lava olaraq, bazi digor hiicum
novlori do méveuddur (yliksok giiclii mikrodalgalar, yiiksok enerjili lazerlar, raketlor va s).

PUA-larin neytrallagdirilmasinin miixtolif isullar1 molumdur:

Kiily miidaxilosi: PUA yeriistii idarsetmosindo radio rabitosindon istifade edilir. Kiiy
miidaxilosi geniszolagli modullagdirilmis signalin kigik bir hissasino vo ya biitiin spektrino totbiq
olundugu on sado miidaxiladir. Miidaxilonin bu formasi sistemin kanal tutumuna birbasga tosir edir vo
onu azaldir . Pilot vo ya peyk sistemlorindon golon signallar onlardan asili olan mexaniki vo avtonom
PUA-larm isini pozmaq ticiin kiiy miidaxilesina moruz qala bilirlor. Bununla bels, sensorlarla isloyon
bozi PUA-Ilar kily miidaxilosino garsi qorunma vasitalori ilo tochiz edilmisdir.

GNSS miidaxila: Demok olar ki, biitiin PUA proqramlarinda avtopilot funksiyasi var, yani,
onlar 6z is rejimindo qismon, ya da tam avtonomdurlar. Avtopilot funksiyalari PUA-nin oriyentasiya,
yer va siiratlonmo kimi cari xassalarini qiymatlondirmak iiglin ¢oxsayli sensorlar va bort aparatlar ilo
tochiz edilmisdir. Bunlardan biri lokalizasiya ii¢iin signallar1 tomin edon GPS kimi GNSS moduludur.
GPS zoif signal giiclino gors limumiyyatls kily vo konar miidaxilolors ¢ox hassasdirlar.

Sensor saxtalsdirilmasi: PUA avto-pilot totbiqi lokalizasiya vo naviqasiya li¢lin LIDAR,
SONAR va optik axin sensorlar1 kimi bortda olan sensorlardan ¢ox istifads edilir. Bu sensorlar otraf
miihitlo garsiligli alagados olur vo avtonom pilotsuz ugan aparat sistemini optimal sokildo idars etmok
liciin avtomatik pilot kompiiter ti¢iin doyorli melumatlar toqdim edir._Sensor saxtakarligi hiicumunda
tocaviizkar ugus nozaratcisino faktiki doyorlordon forqli olaraq saxta sensor Olgiilor Otiirlir. Saxta
Olgiilori diizoltmok iiciin PUA sabitlosmaya yonoldiyinden vo ¢ox sensorlart iso salmaq tiglin
molumatlar paylasdigindan, bu, hatta sistem tizorinds nazaratin tamamils itirilmasine sabab ola bilor.

Bu ciir hiicumlarin saymi azaltmaq iiclin sistemo qobul edilon voziyyotlo faktiki voziyyot
arasindaki forqlori agkarlaya bilon nozarot vasitolori totbiq edilir. Masalon, GPS vo optik axin
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sensorlarinin molumatlari bu ciir hiicumlar agkar etmok vo uygunsuzluglari toyin etmok {igiin digor
sensor molumatlari ilo miiqayiss tigilin istifado edilo bilor.

Siqgnal saxtalagdirilmasi: Qabuledicini kiiy saxtalagdirilmasindan forqli olaraq, orijinal ganuni
signal olduguna inandirmaq fic¢lin kifayot godor glico malik aglabatan saxta giris signallarinin
yaradilmasini nozords tutur. Saxta GNSS signali homin orazido PUA-nin basqa bir mdvqeds
yerlosdiyi kimi gobul edilmasino sobab ola vo PUA-n1n virtual idarasini saxtakara Gtiira bilor.

Proqram tominatinin saxtalasdirilmasi: Mosolon, global sobokads yerlogdirilmis kitabxana-
larda, yaxud PUA kamerasi {i¢lin nozordo tutulan obyekt miioyyonlosdirmo proqgraminda zararli kod
yerloasdirils bilar.

GPS saxtakarhgi hiicumu. Son zamanlar daha ¢cox GPS saxtakarlig1 hiicumuna moruz qalmasi
hallarina rast golinir. GPS saxtakarligi hiicumu zaman1 hiicumgu saxta signallar otlirorok gobuledicini
yaniltmaga calisir. Bu iso 6z ndvbasindo PUA-larin gagirilmasina vo ya qosdon gozaya ugradilmasina
sobab ola bilor. Bu név hiicum yalniz PUA-lara qarst deyil, hom do GPS gobuledicisindon istifado
edon digor vasitalora do totbiq edilo bilor.

GPS saxtakarlig1 zamani zorarli GPS signallart ganuni GPS signallarindan bir qodor yiiksok
giiclo gondarilir ki, qobuledici asas signallari deyil, saxta signallar1 emal etsin. Zorarli signal kodlar1
kompiiterlorde yaradila, qlobal sobokolorde yerlosdirilo vo ya qanuni GPS signallarinin sonradan
yenilonon proqram tominatlarinda geydo alina bilor. GPS saxtakarligi hiicumlar1 GPS {i¢iin osas
tohdidlordon biridir vo daha ¢ox zororli tosirlora malikdir, ¢iinki qabul edon PUA tutula, yanlis
istiqgamoto yonoaldilo vo yaxud digor hadoflor, obyektlorlo toqqusmaga yonoaldilo bilor [3].

PUA-larla slaqali real tohliikasizlik insidentlari

2009-cu ildo Iran dostokli qruplar SkuGrabber adli onlayn program tominatindan istifade edorok
Predator pilotsuz toyyarasinin canli yayimini sindirmisdilar. Bu, onlara sifrlonmis molumatlara ¢ixis
oldo etmoyo imkan vermisdi.

2014-cii ildo Texas Universiteti (Ostin) radionaviqasiya laboratoriyasinda PUA-nin ugurlu
spufingi hayata kecirilmisdi. Hazirda PUA-lar {igiin spufinq texnologiyalar1 kifayst qodor inkisaf
etmisdir. Anti-spufingin yayilmis metodlar1 he¢ do homiso dayaniqh vo etibarli deyil. Tokco GPS-
vericilor deyil, gorma sensorlart va infraqirmizi stialanma sensorlar1 da spufingoe qalirlar. Naticoda
PUA-nin lazimi ugus trayektoriyasi doyisdirilir.

2016-c1 ildo Rusiyada kecirilon Praktiki Tohliikesizlik {izro Beynolxalq Forumda PUA-larin
gacirilmasimin miimkiinliiyli niimayis etdirilmisdi. ©lokegirmo ii¢iin Arduino Nano, PUA idaroetmo
modulu BK2423, hamg¢inin HackRF vo BladeRF kimi proqram tominati ilo miioyyon edilmis radio
(SDR) cihazlar istifado edilib [6].

Icazosiz girisin qarsisin1 almag iigiin yalniz horbi GPS signallari sifrlonir, miilki GPS signallari
159 ag1q signallar kimi yayimlanir. Miilki GPS signallarinin bu xiisusiyyati hor kaso GPS signallarina
giris imkan1 verir ki, bu da olduqca populyar miilki GPS hiicumlarina sabab olur.

Snoopy badniyyetli program tominatini [5] dronlarda quragdirmaqgla soxslori Wi-Fi olan
smartfonlarini izlomok vo onlarin fordi melumatlarini toplamaq olar. Snoopy vasitasi ilo RFID (Radio
Frequency IDentification), Bluetooth vo 802.15 standartli sobakalorini do izlomak olar.

Snoopy ovvalca qurbanin telefonu torafindon yayilan signali segir vo bu cihaza artiq molum
olan vo etibar edilon sobokoni miioyyan edir. Sonra Snoopy miioyyon edilmis sobokoni toglid edorok
smartfonu ona qosulmaq iiclin aldadir. Bundan sonra Snoopy bu maskalanmis sobakadon biitiin
molumatlari, o climlodon telefonu real vaxt rejiminds izlomok {iciin istifads edilon smartfonun MAC
tinvanini da toplaya bilar.

DJI Phantom 4 Pro vo Parrot Bebop 2 dronlariin bir sira hiicumlara hassas olmalar1 [6]-da
analiz edilmigdir. GPS-spufinq hiicumu LabSat3 GPS simulyatoru vasitosilo saxtakarligin
askarlanmasi {li¢iin qurgu olmadan PUA-da hoyata kecirilo bilor [6]. Agiq WiFi vo de-avtorizasiya
daxil olmaqla ii¢ xiisusi Bebop 2 hiicumu da var.
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PUA sisteminds kiberhiicumlarin garsisinin alinmasi vo agkarlanmasi

Umumilikdo PUA sistemindo hiicumlarin qarsisiin alinmasi oks todbirlori asagidaki iig {isulla
isloyir:

* Sistemo ciddi giris nozarati totbiq edilmoalidir ki, yalniz solahiyyatli soxslor vo proqram agenti
PUA ils slaqgs yarada bilsin.

* Molumatin maxfiliyi, biitévliiyii vo haqiqiliyi elo qorunmalidir ki, he¢ bir saxta vo ya sohv
molumat, omr qobul edilmasin.

* Yalniz etibarli monbolordon oldo edilmis sistem proqram tominat1 vo proqram komponent-
lorindan istifade olunsun.

Sensor hiicumuna garsi oks todbir olaraq, miioyyon omaoliyyat diapazonunda yalniz mogbul xa-
rakteristikaya malik sensorlar PUA-da istifads edilmalidir. Xiisusils, tipik is diapazonunda otrafdaki
akustik kiiydon tosirlonmoyon uygun bir giroskop se¢ilmoalidir. Nozoro almaq lazimdir ki, belo bir oks
tadbir digar hiicumlar ii¢lin faydal deyil.

Eyni sinif daxilindo qruplagdirilmis olmasina baxmayaraq, miixtalif garsisinin alinmasi oks
todbirlori shomiyyatli doracads forqli hoyata kegirir. Malumatin silinmasinin vo virus hiicumlarinin
garsisini almagq tiglin girig nozarati imumi simsiz baglantilar tizorindon bozi sifro asasli node identi-
fikasiyas1 sxemlori vardir.

De-autentifikasiya hiicumunda oldugu kimi simsiz slago Wi-Fi olduqda, giriso nozarot yalniz
ovvolcodon geydiyyatdan kegmis MAC iinvanlari olan cihazlarin PUA ilo slaqo yaratmasina icazo
vermok soklindo hoyata kecirilir vo Wi-Fi giris noqtosidir. Bu, etibarli oks todbirdir, ¢iinki MAC
tinvan1 har bir Wi-Fi interfeys kartina toyin edilmis unikal aparat identifikatorudur. MAC {invanini
yoxlayaraq, PUA diismoni doqiq sokildo siizgocdon kegirir vo saxta de-autentifikasiya signali toqdim
etmak cohdini radd edir. MAC tinvan filtri ilo giris nozaratine alave olarag, PUA-nin giris noqtosi
identifikatorunu yayimlamagqla deyil, gizlotmoklo de-autentifikasiya hiicumlarinin qarsisin1 almaq
miimkiindiir. Homg¢inin, defolt olaraq agiq motnlo 6tiiriilon autentifikasiya mesajlar1 hiicumdan avval
olan simsiz sniffing — in qarsisin1 almaq {igiin sifrolonmolidir.

Kriptoqrafiya bazi kiberhiicumlarin qarsisinin alinmasinda ovazsizdir. Malumatin sifralonmasi
onun moxfiliyini qoruyur vo alo kegirilmosinin garsisi alir. Asimmetrik kriptoqrafiya ilo miiqayisodo
simmetrik kriptoqrafiya daha az hesablama tolob edir vo buna goro do bort resurslart mohdud olan
asag1 qiymotli PUA-lar iigiin daha uygundur. Simmetrik sifrolomonin hoyata keg¢irilmosinds problem
gizli acar paylanmasidir. Adston radio idareetmo kanalinda miibadilonin haoyata kegirilmasi iigiin
simmetrik acar paylama sxemi toklif edilir. Sxem o monada unikaldir ki, timumi moévcud radio
modullarinda hoyata kegirilir vo hor hansi1 hardware modifikasiyasi tolob etmir [7].

PUA-nin horokatliliyindon istifado etmoklo onun trayektoriyasini optimallasdirmaq vo Otiir-
moklo, yerdoki dinloyiciyo moxfilik doracesini maksimuma g¢atdirmaqgla molumati Stiirmok miim-
kiindiir. Fiziki soviyyonin tohliikosizlik texnikalar1 perspektivli olsa da, dinloyici yeriistli idaroetmo
stansiyasi vo ya PUA 6tiirliciiys yaxin olduqda, rabits {igiin kifayot qodor yliksok molumat moxfilik
doracosing nail olmagla bagli problemlor holo do aktualdir .

Man-in-the-middle hiicumu soklinde goriinon nazarat signalinin saxtalagdirilmasinin garsisin
almagq ti¢lin sifrolomo miitlogdir. Basga bir misal, naviqasiya signalinin saxtalagdirilmasinda biitiin
yaymm molumatlarint sifrolomoklo hiicumun qarsisinin alinmasi miimkiindiir. Sifrolomo iisullar
adaton baha basa goldiyindon yalniz nozards tutulan gabuledicilorin vacib bildiyi harbi amasliyyatlar
ticlin edilir.

Signalin moxfiliyi pozulduqda, sifrolomo molumatin biitdvliiyilinii yoxlamaq imkani ilo malu-
matin saxtalasdirilmasinin qarsisini almaq ti¢lin ikinci miidafio xatti toklif edo bilor. Kriptoqrafik
sifrolomo molumatin hoqigoaton do gqanuni gondoaricidon Gtiirtildiiyiinii yoxlaya bilon mesajin autentik-
fikasiyas1 vasitosilo mesaj inyeksiya hiicumunun qarsisin1 almaqda faydalidir. Mesajlarin sifralon-
mosi ilo yanasi, kriptografiya hom do Blockchain texnologiyasinin asasini togkil edir. Birtorofli hash
funksiyasindan ¢ox asili olan Blockchain, PUA-larin tohliikosiz rabits ilo tomin edilmosi {i¢iindiir.
Gondoron PUA ovvolco birdofolik simmetrik sifrolomo acgarindan istifado edorok molumatini
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sifrolomali, sifrolonmis paketi Blockchain qrupundaki biitin PUA-lara otiirmoli vo mesajin
biitovlilyiinii tosdiglomak iigiin qrupdan konsensus aldo etmoalidir. Tosdiq konsensusa osaslanir vo
sado sos coxlugu ilo hoyata kegirilir. Yalniz belo bir tosdiqdon sonra gondoron PUA molumati bagqa
PUA vo ya yeriistii idaroetmo stansiyasi ola bilocok nozordo tutulan qobulediciyo catdiracagq.
Molumatin moxfiliyi simmetrik sifrolomo vasitosilo olds edilir [7].

Kor inyeksiya naticosindo daxil olan molumatlarin vo ya xidmat sorgularinin say1 birdon-biro
yiiksalo bilor. Kor inyeksiya paketlorin sayinin statistik xarakteristikalarinin vo paket gecikmasinin
yoxlanilmasi ilo askar edilir. Xiisusi hiicum tipini hodof almadan, miixtolif masin dyrotmo alqo-
ritmlorindon istifade edorok saboke trafikinde anomaliyalarin agkar edilmosi miimkiindiir. Alqoritm
girislori miixtalif soboka trafiki xiisusiyyatloridir, bunlara axin miiddoti, paketlorin say1, maksimum
vo minimum paket Ol¢iilori, orta vo imumi paket Ol¢iilori, paket dlgiilorinin standart konarlagmasi vo
s. daxildir [7].

Nozarat signalinin saxtalagdirilmast PUA-nin qaciricinin dikto etdiyi kimi gozlonilmodan
horokot etmasino sobab ola bilor. Digor torofdon, naviqasiya signalinin saxtalagdirilmasi PUA-nin
istigamatini itirmasing sobab olur. Beloliklo, PUA-nin ugus davranislar vo statistikasinda anomali-
yalar1 tapmagla hom nozarot, hom do naviqasiya mesaj1 saxtakarligini askar etmo miimkiindiir.

Mbolumat yeridilmasi formasi olaraq, video axininda atraf miihito uygunsuzluq tapmagqla agkar
edilo bilor. Masolon, PUA-nin giinos kolgosi PUA-nin yerindon, giinesin movgeyindon vo cari
vaxtdan asilidir. Miioyyon bir vaxtda gozlonilon giinos kolgasi vo PUA-nin yeri miioyyon edilo bilor
(analemmatik giinos saat1 modeli vasitosi il9). Video goriintiido kolgalor varsa, video tokrar hiicumu
tasbit edilir vo videoda gozlonilon kolgays uygun golmir. Bu tip video analitik yanasma GPS
naviqasiya signalinin saxtalagdirilmasimi askar etmok ii¢lin istifado edilo bilor. Ciinki, gilinos
kolgesindoki uygunsuzluq, eyni zamanda yerlogsmonin uygunsuzlugunu da bildirir. Xiisusilo, qabul
edilmis videodaki giinos kolgosi naviqasiya signallarindan hesablanan PUA mokaninda gézlonilon
kolgoayo uygun golmirso, GPS saxtakarligi agkar edilir.

Giinos kolgosindon basqa, GPS saxtakarliginin agkarlanmasi iigiin yer ardicillig1 digor otraf
miihit xilisusiyyatlorindon istifads etmoklo do yoxlanilir. Daha doqiq desok, PUA-nin otraf miihiti,
aliman navigasiya mesajlarindan istifado etmoklo oldo edilon yers uygun olmalidir. Masalon, GPS
signallart PUA-nin doniz {izerindo u¢dugunu miioyyan edorse, PUA-dan ¢akilmis bir sokil onun
mesonin iistlindo ugdugunu gostormomolidir.

Kamera vo orazi hiindiirliik xoritosindon istifado etmoklo GPS saxtakarligini agkar etmok tigiin
bir tisul da vardir. GPS signallarindan sldo edilon PUA-nin movgeyina asaslanaraq gézlonilon video
gOriintlisiinii miioyyon edir vo homin goriintiinii kamera torofindon ¢okilmis faktiki goriintii ilo
miiqayiso edir.

Yuxarida tosvir edilon vizual asasli mokan ardicilligt metoduna slave olaraq, GPS-in radio
signal xiisusiyyotlorindoki anomaliyalar1 yoxlamaq miimkiindiir. GPS saxtakarliginin agkarlanmasina
dair diger malumat, anomaliyalar geyri-adi giiclii gobul edilmis signal giicii vo haddindon artiq asag1
kily soviyyolori soklindo olur. Qeyri-normal doyorlor GPS gobuledicilorinin signallarinin golis
bucaginda, signal fazasinin gecikmosindo vo s. miisahido olunur.

PUA tahliikasizliyinin tomin edilmasi ii¢iin Masi Oyratmasi

Simsiz soboko texnologiyalarina siini intellekt (SI) vo masin dyratmasi (ML)-nin inteqrasiyasi
miixtolif tohliikosizlik problemlorinin holli sorait yarada bilor. SI adoton avtomatlagdirilmis
sistemlordo istifado olunur vo aviasiyadan tutmus sohiyyoyo godor genis totbiq sahosino malikdir
(sokil). Konvolyusiya neyron sobokalori (CNN) tosnifata osaslanan tapsiriglari yerino yetirmok tigiin
birbasa motnlordon, sokillordon, soslordon vo ya videolardan Oyrondiyi dorin dyronmo (DL)
isullarindan biridir. CNN iz tanima va 6zl idaro olunan aparatlara totbiq edililir. Noticods, miixtalif
saholordo, totbiglords vo soboka soviyyslorindo SI/ML vo PUA-nin birlogsmasi somarali olur.
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[ Si — Siini Intellekt

N

[ MO - Magim yOratmosi

1 SNS - Siini Nevron Sabaka

e DO - Darin Oyratma

Siini intellekt vo alt sahalori

PUA-larin avtonom islomasi iiciin MO getdikco daha vacib olan SI yanasmasina gevrilir.
Qabaqcil MO algoritmlarinin istifadasi (masalen, derin dyratmo (DL) alqoritmlori) PUA sistemina
daha diizgiin gorarlar gobul etmayo yardime1 olur [8].

SI/MO texnologiyalarinda son inkisaflar, miirokkob vo dinamik sistemlords tohliikosizliyi
gorumagq vo insan xatalarini azaltmaqla yanasi, tam avtonom PUA omoliyyatlarinin inkisafi sayasindo
PUA asash totbigler liglin yeni imkanlar yaradib. PUA-lara osaslanan multimedia sistemlori {igiin
soxsiyyatlorini doyisdirorok PUA-larin 6tiliriilmasini pozmaq, xiisuson do ¢oxlu sayda PUA olan
sobokolords ciddi tosir gdstora biloar.

Tok PUA-larla miigayisado koordinasiya edilmis PUA-lar dostesi vacib missiyalar1 yerino
yetirir. Ugus zaman1 bir-biri ila qarsiliqh olaqods olan PUA-lar xiisusi tapsiriglar: lizro raziliga golir
vo buna goro do doyison soraito avtonom reaksiya vers bilirlor. PUA-lar qrupu arasinda molumat
miibadilosinin bu sxemi, adston, tocaviizkarin dostoyo daxil ola bilocoyi vo onlarin paylasilan
molumatlarin1  doyigdiro bilocayi, geyri-ahong horokotlor vo toqqusmalarla noticolonon raqib
hiicumlarina gars1 hassasdir.

MO zonciri idaro etmok iigiin blockchain daxilindo real vaxtda qorar vermok iigiin bdyiik
molumatlarla (BD) calismaq qabiliyystino malikdir. Bu sobabdon, paylasilan malumatlari togviq edon
blokgeynin qeyri-morkozlosdirilmis tobioti vasitosilo tohliikosizlik giiclondirilo vo daha yaxsi
modellor yarada bilor. PUA-lar1 avtonom sokildo idara etmok iigiin MO daha diizgiin gorarlar gobul
etmokdo osas rol oynayir. Siiratli dronlarla omokdasliq tigiin, missiya zaman1 toqqusmaya sabab ola
bilocok soboka girilmalarinin garsisini almagq {li¢iin morkozsizlogdirmo tolob olunur. Sobokodo doyi-
sikliklorin prognozlasdirilmasi, daha tohliikasiz omaliyyatlar1 tomin etmok {i¢iin optimallagdirmadan
istifado olunur. Istonilon real diinya totbiginde vo namolum miihitds dronlarla amokdasliq iiciin tolob
olunan tapsiriglart yerino yetirmok ¢otin masoladir.

Masalon, bir PUA qrupdan hor hans1 mogsad li¢iin ayrildigda vo ya nasaz voziyyato goldikdo
Blok¢eyn bu dronu miioyyon etmok vo digorlori arasinda olagoni yiiksok autentifikasiyada vo
tohliikosiz saxlamagq ti¢iin asas texnologiyadir. Toplanmis molumatlardaki kiiy boyiik bir problemdir
va qrup dronlari ilo slagads sohv gorarlarin gobul edilmasino sobab ola bilor. Blockchain texnologiya
sobokosindo qongu dronlarin paylasilan molumatlarina asaslanan doqiq molumatlarla kiiy arasindaki
forqi miioyyan etmok {i¢iin tosnifat {isullart kimi MO texnikalar1 talob olunur [8].

Natica

PUA-lar tezliklo giindolik hoyatimizda genis istifado edilocok vo bu prosesi siirotlondirmok
liciin onlarla olagoali tohliikesizlik problemlorinin hoalline ydnalmis todqiqatlara ehtiyac var. Bu
mogqalodo PUA-lara yonolik hiicumlarin miixtolif ndvlori analiz edilir. PUA-larda real tohliikosizlik
insidentlori toqdim edilir. Simsiz soboko texnologiyalarina siini intellekt (SI) vo masin dyrotmasi
(MO)-nin inteqrasiyas1 miixtolif tohliikesizlik problemlorinin holli sorait yarada bilor. PUA-lar1
avtonom sokilda idaro etmok iiciin MO daha diizgiin qorarlar gobul etmokdo osas rolunun todqigat
aparilir. Sistemo ciddi giris noazarati totbiq edilmasinin vacibliyi, yalniz solahiyyatli soxslorin PUA ilo

88



LH.Gahramanova / Proceedings 1/2024, 83-89; DOI: 10.61413/TRQK3857

Informatics

olago yarada bilmasinin tominati yollar1 {izo ¢ixarilir. Malumatin moxfiliyi, biitdvliiyli vo haqi-
qiliyinin qorunmasi, saxta vo ya sohv molumat, omr gobul edilmo faktinin aradan galdirilmasi
miizakiro edilir. Yalniz etibarli monbolordon oldo edilmis sistem program tominati vo proqram
komponentlorindon istifado olunmasinin vacibliyi vurgulanir.
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PUA-LARIN KiBERTOHLUKOSIZLiYi HAQQINDA
i.H.Qahromanova

Xiilasa. Hazirda pilotsuz ugus aparatlari (PUA-lar) miilki vo horbi saholorde genis totbiq edilmoyo baslayir. Bu
inkisafla olagodar olaraq, onlarin tohliikasizliyi do mithiim aspekta gevrilir. PUA-larin tohliikssizliyi ilo alagali problemlor
do meydana ¢ixir. Burada tokco haking deyil, radioelektron manes qurgularindan miidafio do ¢ox ciddi problemlordir. Bir
sira real tohliikasizlik insidentlarindon ¢ixis edorok iddia etmak olar ki, PUA-lar va digar pilotsuz naqliyyat vasitalari
ticiin kibertohliikasizlik miistosna shomiyyate malikdir. PUA-larin neytrallagdirilmasimin miixtslif tisullari, ssas kompo-
nentlari toqdim edilir. PUA-larla slagali real tohliikasizlik insidentlori niimunalari miixtslif illarde va bir nega 6lka nii-
munasinds oks olunur. PUA sistemindos kiberhiicumlarin qargisinin alinmasi vo agkarlanmasi, anomal davranis, icazasiz
giris cohdlorini miioyyon etmok va real vaxt rejiminde cavab vermok {iglin miioyyon metodlar miizakire edilir.
Kriptografiya bazi kiberhiicumlarin qarsisinin alinmasinda avazsizdir. Molumatin sifralonmasi onun moxfiliyini qoruyur
va alo kegirilmasinin qarsist alinir. Bu moaqalode PUA-larin kibertohliikasizliyi ilo bagli problemlor aragdirilir. Simsiz
soboko texnologiyalarina siini intellekt (SI) vo magmn &yrotmasi (MO)-nin inteqrasiyast miixtolif tohliikesizlik
problemlorinin halli sorait yarada bilor. SI-in avtomatlagdirilmis sistemlords vo aviasiyada genis totbiq saholorinin
todqiqati aparilir.

Acar sozlor: pilotsuz ucus aparatlari, PUA, GPS, kiberhiicum, insident, Siini intellekt, Masin Oyratmasi.
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Abstract. The article discusses the technology of production, the problems of the development of chrysotile and
chrysotile cement industries in the countries of independent states. The article provides information on the composition
and properties of natural chrysotile fibers, data on the quality of raw materials of cement and chrysotile fibers supplied to
chrysotile cement enterprises, characteristics of suspension with them, semi-finished product and properties of solidified
chrysotile cement products. The emerging requests of the manufacturers of chrysotile cement products (slate, chrysotile
cement pipes) to the mining and processing enterprises of the countries of independent states on the quality of the supplied
chrysotile fibers in connection with the apparent violations of the physical and mechanical properties of the slate products
are considered.
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Beenenue

Coznanue mu@epHbIX — XPU30TUIIIEMEHTHBIX H3Aenuil B KoHIle 19-ro — B Hauane 20-ro cTo-
JIETUH MOYKHO Ha3BaTh BAKHBIM COOBITHEM B MUPOBOW MHKEHEPHOU MTPAKTUKE B CBSI3U TEM, YTO 3TOT
MPOCTOM JIBYXKOMIIOHEHTHBIH MaTepHual UMEET AMUTENbHOEe BpeMsl dKcIutyaTamuu. OOpasiisl mep-
Boro mudepa cTosT B KocTene aBcTpuiickoro . dexmadpyk ¢ 1901 roma mo cux mop 6e3 moBpexe-
Hus. BonbMM 1O0CTOMHCTBOM MIMGEPHBIX U3ENUN, MIPEXK]IE BCETO — JIUCTOB U TPYO, SBISIOTCS UX
OMOCTOMKOCTh, 0€30IaCHOCTh U J10JroBeuyHOCTh. B XXI Beke Xpu30THIILIEMEHTHBIE U3AENIUs, B TOM
yucne mudep, CalIuHT U Apyrue acOOleMEHTHBIC U3/IeTHS SBISIOTCS BaXKHBIMU U HE3aMEHUMBIMHU
C TOYKH 3pEHUSI SKOHOMUYHOCTH, TEPMOCTONKOCTH, MOKap0OOE30MaCHOCTH MATEPUAIIOM JJIsl CTPOU-
TenbHON HHIyCTpUU. CPOK CIy:KOBI XpU30THIILIEMEHTHBIX TUCTOB KaK KPOBEJIBHOTO MaTepuaa B 3a-
BHCHMOCTH OT yCIIOBUH dKcIuTyaranuu — 6osee S0 net. B Poccuu nepewie mmdepHbie n3nenus Obuta
W3TOTOBJICHBI B BUJIE JIETKOM acOeCTOIEeMEHTHON KpOBEIbHOM uepenuiibl Ha 3aBojie « Teppodazeput»
B 1908 rony B r. bpsincke [1].

Martepuajabl 1 MeTOABI

XpH30THJI OTHOCUTCS K OTHOMY M3 BEChbMa IIUPOKO PACHPOCTPAHEHHBIX B MPHUPOJIE BUIOB ac-
Oecra, K TpyIe ceprneHTHHUTOB. CoiepkaHue BOJBI B acOECTe TPYIIIBI CEPIICHTHHA - XPU30THIIA CO-
ctaBnsieT 13-14,5%. Mmenno xpuzotui-acoecT Hanbosee MUPOKO MPUMEHSETCS A7 U3TOTOBJICHHUS
pa3IMYHBIX MaTepuajoB. B cBs3u ¢ 3THM ero mo0bda B MUpE cocTaBisieT 6osee 98% ot obmeMupo-
BOT'O MTPOU3BOJICTBA acOecToB [2].

B 1iesom utst Ipou3BOAUTENICH XPU30THIIOBEIX BOJIOKOH M XPU30THIIIIEMEHTHBIX H3/ICITUN 00-
IIMe CTOAT 3a/1a4u. JTO CHUYKEHUS ce0ECTOMMOCTH U YIIYYILIEHUS! KaueCTBa BBIMTyCKa TOTOBOM MPO-
JTYKITHH, PACIIUPCHHSI €T0 aCCOPTUMEHTA U PHIHKOB COBITA.

TBepIoCcTh CHIPHLEBOTO MUHEpAJa XpU30THII-acOecTa 1o mikaie Mooca paBHa 2,5-3,5, ero miot-
HOCTh 2,4-2,6 T/cM?. MonekynspHas macca xpuszotwia: 277,11 r/mons. [IpoYHOCTS XPU3OTHIIOBEIX
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BOJIOKOH Ha pa3pbiB paBHa 1700-3600 MIla. Cpegnue 3HaueHUST MOIYJISI yIPYTOCTH XPU30THII-AC-
Oecta koneOmoTes or 1664 mo 2184 MIla. Temneparypa muiaBjiieHHsl BOJIOKOH aocturaeT 1450—
1550°C, a ux 37aCTUYHOCTD U MMPOUYHOCTH COXPaHsIOTCs 10 TemiepaTypsl 700°C.

XpHU30TUIIOBBIA acOECT MO0 XUMUYECKOMY COCTaBYy 3TO BOJHBIA CUIMKAT MarHus (TUIPOCUIIN-
kat maraus) - 3MgO - 2Si0; - 2H>0. O Moxer conepxkats npumecu Fe O3, FeO, Cr20s3, AlO3,
NiO, MnO, Ca0O, Na;O, u K>O. B 3aBucUMOCTH OT KOJTMYECTBa B XpPU30THJIC XKeje3a, BOJIOKHA T10I-
pasnensitoTcs Ha Majoxkene3ucToie (cymmapHoe conepxkanue FeO u FexO3 o0biHO He mpeBbIIaeT
0,5 %) u xene3uctoie (cymmapnoe coaepxxkanue FeO u Fe;O3 6omnee 0,5%). Uacts FeO B xpuzotuso-
BOM BOJIOKHE M30Mop(dHo 3amemaer MgO. Jlpyras KoTu4ecTBEHHAs YacThb XKelle3a CBA3aHO C MeXa-
HUYECKOM MPUMEChI0 MarHeTuTa, pexe xpomuta. CBoiicTBa PU3NKO-MEXaHUUECKUE XPU3OTUIIOBOTO
BOJIOKHA 3aBUCST OT HAJMYUHU BPEIHBIX MpuUMecei u konmdectBa B Xxpuzotwie MgO u SiO, FeO u
Fe»0s, conepkanne KOHCTUTYIIMOHHOW BOJIBI U T.J. MI3BeCTHBI TpU BUAA XPU3OTHIIA: KIMHOXPU3OTHUI
(clinochrysotile), oproxpuzotun (orthochrysotile) u mapaxpuszorun (parachrysotile). Ha puc. 1 nana
XUMHUYECKON CTPYKTYpBI XpU30THI-acOecTa.

Puc. 1. Xummdeckast (MOJEKyIsSIpHas) CTPYKTypa XpH30THI-acOecTa

Haubonee BaykHbIe XUMUYECKUE IITEMEHTBI XpU30THII-acOecTa, 00eCcTIeYnBaIOIIUE EMY JTyUIlne
TEKCTYPHBIC, ApMHUPYIOIINE ¥ TPOYHOCTHBIC XaPAKTEPUCTUKH B TBEPACIOIIEM MTOPTIAH/IIEMEHTE: OK-
CHJI JKeJe3a, OKCUJ MarHusl, KpUCTalIn3alluOHHAas BOJa M aIcOpOMpOBaHHAas BOJIa, YAepKUBaeMas B
TEXHOJIOTHUECKHUX MPOIIECCaX.

Xumunyeckuit coctaB baskenoBckoro, KuembaeBckoro u JI)keThIrapiHCKOTO XpU30THII-acOecTa
o garHbeiM 2023 1. IpeACcTaBiIeH B TaOIUIIE.

XUMHYECKHUH COCTAaB XPU30TUIIOBBIX BOJIOKOH M3 pa3padaThiBaeMbIX
B Poccun u Kazaxcrane mectopoxaenuid, %

Mectopoxnaenust Poccust u Kazaxcrana
OKwuCIIBI
Baxenosckoe JxeTpirapuHckoe KuembaeBckoe
1 Si02 42,1 44 4 44,69
2 MgO 41,99 39,33 39,86
3 AlLOs 0,53 0,84 0,3
4 Fe20s 1,3 1,88 1,54
5 FeO 0,24 0,49 0,42
6 CaO 0,03 Crensl (&) (1838
7 K20 + NaxO Crnenpl Crensl CJe bl
8 H20 + 105° (xum. cBs3). 12,99 12,03 12,02
9 H20 — 105°(agcopbrmonnast) 1,42 0,8 0,7
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Ha reppuropusix 6piBmero CCCP u CHI™ HaxoasTcest Tpu MECTOPOKACHUS XPHU30TUIIOBOTO ac-
Oecta: B Poccun, Ha Ypane, camoe 6osbiioe B Mupe - bakenosckoe (ITAO "Ypanacoect"), B Open-
Oyprckoii oomactu — Kuemb6aesckoe (OAO "OpenOyprcekue Munepainst"), a B Kazaxcrane — J[>keThi-
rapunckoe (AO «Kocranaiickue Munepamnb»). Ouu npousBogsat 79,0% Bcero xpuzotui-acbecrta B
MHpE, IIPEACTABIEHO Ha puUC. 2.

3umbabee ; 1

Puc. 2. [lunamuika MEPOBOTO TIPOM3BOJICTBA XpU30TIiI-acoecta B 2021T.

I'onoBoii 00beM pou3BoACTBA XpU30THII-acoecTa B Poccuu B 2023 1. cocTaBmit 598 ThIC. TOHH,
notpebnenue ero B Poccun ot aToro oowema menee 30% u 6onee 70% npousBeeHHOTO XPU3OTHIIO-
BOTr'0 BoJIOKHA nocTasisercs B ctpansl CHI' 1 B nanpHee 3apy0exne. B ocHOBHOM mocTaBka poccHii-
CKoTo xpu3oTui-acoecta uaet Asuarcko-Tuxookeanckuii peruon (FOro-Bocrounyio Asuto) — UH-
nus, Kurai, Unnonesus, Beetnam, pu-Jlanka, @unmunnuuel, banrnagem, Tawnana, [Takucran,
Jlaoc u 1. 1. Ha BHyTpennem preiake Poccun n Kazaxcrana xpu3oTusi-acOecT mpuMeHsieTcsl IS po-
M3BOJICTBA acOecToneMeHTHbIX u3nenuit 10 90%. [Ipu 3Tom 0k010 7 % XpU30THUIIOBBIX BOJIOKOH IPH-
MEHSETCS ISl TOTYUYeHUS] (PPUKIIMOHHBIX U3 - TOPMO3HBIX KOJIOJOK U HAKJIaI0K AJI MEXaHU3-
MOB CLEIUIEHUsI U 0K0JI0 3% JIsl MPOU3BO/ICTBA MAaCTUK, TEPMETUKOB, JEKUHIa, HATIOJIbHBIX OKPHI-
tuu ¥ T.1. Exxeronno B Poccun ToBapHO# NMPOIyKIIMU U3 XPU30THIIA IPOU3BOIAUTCS Ha CyMMY Oosee
150 muH. nonmmapoB CIHIA, B Kazaxcrane Ha cymmy 6osee 43 muH. gosutapoB CIIA u B CIIA nHa
cymmy 6oree 4 miH. nosapos CIIIA [3, 4].

B BbaxxeHOBCKOM XpH30THUII-acOeCTe MPUCYTCTBYET caMO€ OOJIbIIOE KOJIUYECTBO OKCHJIa Mar-
HUS1, caMO€ HU3KOE B BOJIOKHAX J[eThIrapuHCcKoro xpu3otuia. M, Hao6opoT, B BoJokHax bakeHOB-
CKOT'0 XpU30THII-acOecTa caMoOe HU3KOE KOJIMYECTBO OKCH/IA HKelle3a, U O0JIbIIEe BCEro €ro B BOJIOKHAX
JIxetpirapuHckoro xpuzotuia. Coaep:kaHue NPUPOTHON U TEXHOIOTUYECKOM BOJBI CAMOE BBICOKOE
y XpHU30TUJIOBBIX BOJIOKOH baxkeHOBCckoro mecropoxaeHusi. Bece 310 u onpenensier 6oiee MITKyro
TEKCTypy BOJIOKOH baxkeHoBCcKOro Xxpu3otui-acoecta. OHM UMEIOT Mocie 100bur OOJBIIYIO AJTUHY,
OoJiee pacIyIIeHbl, IMEIOT OOJBIIYIO YIEIbHYIO MOBEPXHOCTh. M BCe 3TO MPU MEHBILINX 3aTpaTax
SHEPruM Ha UX MOATrOTOBKY. Hamborsee xecTkas cTpykrypa y [KeThIrapuHCKUX BOJOKOH, HO OHH
MeHee HACBHIIIEHBI MEJIIKOAMCIIEPCHOM MBIIBIO, TPEOYIOT OOJbIIE SHEPTHH, BPEMEHH IS PACITYIIIKH.

B cBsi3u ¢ paznuunemM CBONCTB XpU30THII-acOECTa BHIILICIEPEUUCICHHBIX TPEX MECTOPOKACHUN
HECKOJIBKO OTIIMYAIOTCS MOKA3aTeNd MPOYHOCTH BOJIOKOH. [ 1€, MPOYHOCTh XPU30THI-acOECTOBOTO
BOJIOKHA XapaKTepU3yeTCsl MOYJIEM YIPYTOCTH U MEXaHMYECKON MPOYHOCTHIO Ha pa3phiB. B cBs3u
C 3TUM XPU30TUI-aCOECTOBBIE BOJOKHA AEIATCS HA TPU PA3HOBUIHOCTHU: HOPMAJIbHBINA — C XOpOILEH
MMPOYHOCTHIO (MeXaHUYeCKass MPOYHOCTh Ha pa3pbiB 2800-3600 MIla), moMKuii - C MOHWKEHHOMN
MIPOYHOCTHIO (MEXaHUYeCKas IPOYHOCTh Ha pa3peiB 1700-2200 MIla), moiayaoMKHil ¥ TPOJOJIBHBIN
CpeIHEH MPOYHOCTH (MEXaHH4YecKasi MPOYHOCTh Ha pa3pbiB 2200—-2800 MIIa). Dto onpenenser 06-
JacTU UX NMPUMEHEHMS U JO3UPOBKU B MPOU3BOACTBE XpU30TWILIEMEHTA. TeM He MeHee, IpU BceX
pa3IMuUUAX JTAaHHBIX BHJIOB TOOBIBaeMOro acbecta, Bce OHM U UMEHHO TOJBKO BOJIOKHA XPU30THIIO-
BOro acbecra o0ecneunBarOT mudepy cambie OOIBIINE TPEUMYIIECTBA IO CBOKWCTBaM [5, 6].
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XpuszoruiauemeHT. [IpucyrcTBue B IEMEHTHOW MATPULIE ApMUPYIOLIUX XPU30TUIIOBBIX BOJIO-
KOH JIeJIaeT XpU30THILIEMEHT KOMITO3ULIMOHHBIM MaTepuaioM. AIN€3MOHHbIE U IPOYHOCTHBIE XapaK-
TEPUCTHKHN BOJOKOH M3 JIIOOOTO YKa3aHHOTO XPU30THI-acOecTa TpeX MECTOPOXKIECHUH B CMECSX C
TOHKOMOJIOTBIM LIEMEHTOM JIal0T TOTOBBIM XPU30THJILIEMEHTHBIM U3/I€JUSM MHOTOYUCIIEHHBIE U BbI-
COKHE JKCIUTyaTallMOHHBbIE CBOMCTBA. JTO MOKa3aTeNIU: CTaTUYECKas U AMHAMUYECKasl MMPOYHOCTb,
TPELIMHOCTONKOCTb, M0Kapo0e30MacHOCTh U AOJITOBEYHOCTh, MOPO30CTOMKOCTD, TEMJIO- U 3BYKO3a-
LIIUTHOCTb, KMUCJIIOTO — U LIEJIOYECTOUKOCTD, IIEKTPOU3OJIALIMOHHBIEC U JUIIEKTPUUYECKUE CBOMCTBA.
W3nenus ¢ XpU30TUIOBBIMU BOJIOKHAMHU TaK)Ke€ UMEIOT U Psii IPYTUX TOJIE3HBIX CBOMCTB: OaKTepH-
LHUIHOCTb, HETOKCHYHOCTb, 3aLIUTY OT paananuu. Bce 3To moaATBEPKAEHO MUPOBOM IPAKTHKOM.

[Ipu mpou3BOACTBE XPU3OTWILIEMEHTHBIX U3JIE€IUN UCIOJIB3YIOTCS JIBA OCHOBHBIX CBIPBEBBIX
KOMIIOHEHTA: XpU30TUI-acOeCT U NOopTiIaHAeMeHT. OCHOBHAs MPOIYKIUS OTPACIIH - INIOCKUE U BOJI-
HUCTBIE, HETIPECCOBAHHBIE U MPECCOBAHHBIC JIUCTHI, @ TAKXKE - XPU3OTHIILIEMEHTHBIE TPpYObl. [Ipu u3z-
TOTOBJICHUHU JIUCTOB B ChIPbEBBIE cMecKU BBoauTCs 13- 15% xpuzoTun-acbecra, mpu MpoOU3BOICTBE
Tpy6 — 17-18%. [lns Bcelt 3T0i MpOAYKIIMKM TPUMEHSIOT B OCHOBHOM XpU30THII-acOecT 3 — 6 Tpymi:
JUTSL JIUCTOB B OCHOBHOM MIPHUMEHSIOT XPU30THII-acOoecTa 5-6 Tpyril, sl POU3BOJCTBA TPYO - Ipe-
MMYIIECTBEHHO XPU30TUI-acOecT 3-4 rpyI.

Pe3yabTarsl M UX 00Cy:KIeHHE

[Tpou3BOACTBO XPU3OTHILIEMEHTHBIX M3/IEIMHU, TIOKa3aHO Ha W CTOUT U3 OCHOBHBIX 3TaIlOB:
MIPUTOTOBJICHUS IIKUXTHI U3 XPU30THIIA OMPEEICHHBIX TPy U MapOK ISl TpeOyeMoil cMecKH; po-
M3BOJICTBA OINPE/ICICHHOTO0 XPH30THWILEMEHTHOTO H3/AENHsI, THAPOPACIYIIKA XPU30THIOBOIO BO-
JI0KHA (OCYIIECTBISIEMOTO B JIBa dTarna: oOMUHaHue (pa3aBIuBaHNEe) XPU30THIIOBBIX BOJIOKOH B Oe-
ryHax M paclleruIeHHue BOJIOKHA Ha B FOJUICHAEpaXxX WK TuapopacnymuTesssx. CMemrBaHue BOJIOKOH
XpHU30THIIA C IIEMEHTOM U BOJIOH, (popMOBaHUE M3ACIHIA HA TUCTOPOPMOBOYHOM WK TPyOOPOopMO-
BOYHON MAaIlIMHAX, BOTHUPOBKA mu(epa Ha MEXaHUYECKOM WJIM BaKyyMHOM BOJHHUPOBIIUKE U UX
TBEpJICHUE, MEXaHUYECKass 00paboTKa.

Kpome 3THX Tpex KOMIIOHEHTOB, NPUMEHSIOTCS Ha XPU3OTUILIEMEHTHBIX MPEINPUATHIX B
Mupe e 100aBOUHble MaTepHallbl: TUIaCTU(UKATOPHI, MOJU(PUKATOPHI, TOTUMEPHI, YIUIOTHSIIOIINE
n06aBKu, THIPOGOOU3aTOPHI, MUTMEHTHI (U1 PUAAHUS U3/AETHIO ONPEICTICHHON OKPACKN), LEILITIO-
703a, 301a u 1p. [IpaBunsHo nogoOpaHHbIe JOOABKH K LIEMEHTY HE TOJBKO SKOHOMST MOPTJIaH/I1e-
MEHT IPU MPOU3BOJICTBE XPUIOTUIILIEMEHTHBIX H3/ETIHA, Te A0S €ro B CMECKH 3HaYUTEIbHAs, HO U
MO3BOJISIIOT HE YMEHbBILATh IPOYHOCTh XPU3OTUIILIEMEHTHBIX U3/I€TIHUI, a TJIe-TO UX YBEIHYNBATh.

Jlnist mpeianust 3JaCTUYHOCTH XPU30THIIOBBIM BOJIOKHAM M CHIDKEHUS UX XPYNKOCTH, MOBpe-
KJeHUs (YKOpauyMBaHUs) BOJIOKHA YBIIAXKHSATCS OCBETIEHHOW peKynepalnoHHoi Boaoi 10 30-50%.
CoorHomeHust TBepaoro K xxuakomy JK/T=1/5. Xpu30TuiioBsle BOJIOKHA HACKIIATHCS B TEUCHUH 3-
5 nHel BOJOW M yBENIMYMBAIOTCS B 00BEME B CMECHUTENSX, 3aTEM MOJIAI0TCS B OETYHBI, I/I€ XOPOIIO
YBIIQ)KHEHHBIC TTYYKH XPHU30THIIOBBIX BOJIOKOH OOMUHAIOTCS BPAILAIOUIMMUCS TSDKEIBIMH KaTKaMu
(Bamamm).

OTOT crnocod UCMONb3yeTcsl Ha XPU30TWILIEMEHTHBIX 3aBojax B bpaswimu u crnocobcTByer
YBEJIMYEHHUIO COMPOTUBIICHUS U3JIOMY XPHU30THUIIOBOTO BOJIOKHA ITpHU 00paboTke Ha OeryHax. Benen-
CTBHE YET0 BOJIOKHA XPU30THJIa XOPOLIO U JIETye paclyIlnBaloTcs B OeryHax. Pacmymika xpuzoTtuna
B OeryHax IMOBBIIIAET COPOIIMOHHYIO CLIOCOOHOCTH BOJIOKOH. Hamo oTMETHT, yTO BMECTO OETyHOB
JUIs1 OOMHHAHUS XpU30THIIA BCE OOJIbIIE PacIpOCTPaHEHHE UMEIOT B XpPU30TUILIEMEHTHOM TPOMBIIII-
JICHHOCTH BAJIKOBBIC MAIIIUHBI.

[Tocne pacmymku XpU30THILIEMEHTHAsI Macca CpaBHUTENBHO ObICTPO, 3a 8-10 MUHYT npHOO-
peTaeT I0CTaTOYHYIO OJTHOPOIHOCTh, TaK KaK MeJIbYalIlIie 3epHa IEMEHTa, HECYIIUEe Ha TOBEPXHO-
CTH BBICOKHUI OTPHLIATENIbHBIN 3apsi]], OBICTPO KOHTAKTUPYIOT C Pa3BUTON MOBEPXHOCTHIO TOHKOBO-
JIOKHUCTOTO XPHU30THII-acOECTa M MPOYHO YIEPKUBAIOTCS Ha Hel. MMerommii TakKe BBHICOKHH, HO
MIOJIOKUTEIIBHBIN 3apsi]] B BOAHOM U IIET0YHOH cpenie. IMEHHO B 3THX omnepaiusix IPOUCXOIUT Ipo-
[[eCC aAre3ny IEMEHTa ¢ XPU30TUIOBBIM BOJIOKHOM.
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[IpakTuueckn Bce COBPEMEHHBIE XPU3O0THIILIEMEHTHBIE 3aBO/IbI B MHPE MUMEIOT 0€30TXOHOE
MIPOU3BOJICTBO U cUCTEMY 000POTHOTO BoioCHA0KeHUs (peKynepaluio Boasl). Ha XxpuzoTuiniemeHT-
HBIX 3aBojax B bpaswmmuu, Poccun u Kaszaxcrane oOpe3ku u Opak mepepadaThIBAIOTCS U HAIPaB-
JIATHCSI CHOBA B MIPOILIECC TPOU3BOICTBA [7].

BaxxHbIM 171 10ITOr0 NPUMEHEHUS XPU3OTUIILEMEHTHBIX MAaTEPUAJIOB SIBJISIETCSI COXPAHEHNE
9KCIUTYaTallMOHHBIX UX XapaKTEPUCTHUK, B T.4. YCTOMUMUBOCTH MPHU KOPOOJIEHUH, MIPH yIbTpaduose-
TOBOM H3JIy4E€HUH, UCKIIOUEHHE CKIIOHHOCTU K 00pa30BaHUIO BBICOJIOB U J0JITOBEYHOCTh OKpPALICH-
HOM MOBEPXHOCTH.

W3 nepeuncneHHbIX (paKTOPOB CaMbIMH Ba)KHBIMH, ITO3BOJISIOLIMMH CYIIECTBEHHO YBEIHYH-
BaTh 00bEMbI IPUMEHEHUS XPU30TUIILIEMEHTHBIX U3IeTUHU-1IUu(epa B CTPOUTENIBCTBE, SABIISIOTCS J10J1-
roe COXpaHEeHHUE X JEKOPATUBHBIX MOKPHITUN U UCKIIIOYSHHE 00pa30BaHMs Ha HUX BBICOJIOB, HAJIETa
Oenoro HanéTa. JTO SABIAETCA HanboIee OCTPHIM TPEOOBAaHMEM U K CEPOM MPOIYKIIUHU, U OCOOEHHO K
LBETHOM (OKpamieHHO#). IMeHHO CHMXKEHHE M HMCKIIOYeHHE BbICOI00Opa3zoBaHusa. COXpaHHOCTH
Ha4YaJIbHOTO COCTOSIHUSI TOBEPXHOCTH MK(EPHOTO JIUCTA 3aBUCUT OT CTENEeHH ruapodoOu3anuu mno-
BEPXHOCTH XPU30TUIILIEMEHTHOI'O JIMCcTa [8].

W3 npoBeieHHBIX HCCIEI0BAaHNN HAyUYHBIMH MHCTUTYTaMH M IPOMBIIUICHHBIMU YKCIIEPUMEH-
TaMU Ha XpU30TWILIEMEHTHBIX 3aBojax Poccuu, Kasaxcrana, benopyccun n Ykpaunsl ¢ 2006 no
2022 r. mo Bormpocam 00pa3oBaHUs Ha MOBEPXHOCTU XPU3OTHUIIIIEMEHTHBIX JIICTOB BBICOJIOB C/ICJIAHbI
BBIBOJIbI, YTO BBICOJIBI - PE3YJIbTAT 00pa30BaHUs THAPOKCHA KaIbLMs Ha HAPYKHBIX CIOSIX XPU30-
TUJILIEMEHTHBIX JIUCTOB. [IpnunHa BUIUTCS KaK CJIEICTBUE Pa3HOCTH CKOPOCTHU THIpaTallui CBOOOI-
HOT'O OKCHJA KaJbLiis HA BHYTPEHHUX U HAPYKHBIX CJIOSIX XPU30THIILIEMEHTHOTO JMCTA. DKCIIEPH-
MEHTaMH YCTaHOBJIEHO, UTO JIJIsl CHIDKEHUS BO3MOXHOCTH 00pa30BaHUs BHICOJIOB Ha mudepe Heoo-
XOJUMO HCIOJIb30BaTh B IMPOU3BOACTBE MPOAYKIMH MOPTIAHALIEMEHT C MUHUMaIbHBIM 10 1% co-
nepxanueM CaQOc U 00pabaTbiBaTh CPOPMOBAHHBIE XPU3OTUIILIEMEHTHBIE JTUCTHI KPEMHUHOpPTaHU-
YeCKUMHU TUApOoPOoOH3aTOpaMu Ha OCHOBE BOAHOI SMYJIBCHH CHJIaHA U CHIIOKCAHOB.

N3 mpoBea€HHBIX HCCleqoBaHUN (pUC. 3) MO BOJOMOTJIONMIEHUIO TTOBEPXHOCTH XPU3OTHIIIIE-
MEHTHBIX IJTUTOK pazmepom 200x150 Mmm o6pabdaTsiBanuch ruipoodru3aTopoM 1 MOMEIAIUCH C T10-
Tpy>XE€HHEM B BOJIy Ha OIIPEACIICHHBIN TIepHol BpeMeHu (24 Jaca).

o
@ 0,2

0 5 10 15 20 25 30

Bpems, 4

Puc. 3. Tpaduk 3aBUCHMOCTH KaMWJUIIPHOTO BOJOIOIIONICHHE YCPEIHEHHBIX 00Pa30B XPU3OTHILEMEHTHBIX ITUTOK
oT BpeMeHH: | - He oOpaboTaHHBIe 00pa3Isl THAPOPOoOH3aTOpoM; 2 — 06paboTaHHBIE 00pa3IEl THAPOPOOHU3ATOPOM

B pe3ynbraTe mpoBeAEHHBIX UCHBITAHUN MOKa3aTeNlb KaIWUISIPHOTO BOJOIOIJIONIEHUsT 00pa-
00TaHHBIX THIPO(HOOU3ATOPOM XPHU3OTUIILIEMEHTHBIX IJIUTOK ObLT Oosiee B § pa3 Hike — ot 0,85 1o
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0,074 xr/m?, ueM y 00pa3ioB He 00paboTaHHBIX THAPOPOOU3aTOPOM. DTO 00YCIOBIEHO, YTO THAPO-
(hobu3upyonKe SMyIbCUU (3MYIBraTop U CHIMKOH) ¢ KoHUeHTpauueh 50—60 % mpousBoast 3¢-
(eKT BOAOOTTAIIKMBAHUS M CHIDKEHHSI BIUTHIBAHHS KaTWIIJISIPHOTO BOJIOTIOTIIONICHHUS B XPU30THIIIIE-
MEHTHBIX TUIMTKaX. YTO MpenaTCTBYET, IEPEHOCY PACTBOPUMBIX COJICH Ha HAPY>KHYIO TOBEPXHOCTh
TUTUTOK, CHIDKAsl TEM CaMbIM 00pa30BaHMs HAa HUX BBICOJI000pa30BaHusl.

YcTaHOBNIEHO TakKXKe, YTO XPHU3OTUIIEMEHTHBIE MaTepUalbl MPOHU3aHbl OOJBIIMM KOJUYE-
CTBOM I10p ¥ KanmwuisipoB. M 3T0 MOkeT obecnieunBaTh UM HEXelaTebHOE H30BITOYHOE BOIOTIOTIIO-
uienue. Jlyig yMeHbIIeHUs! BO3AEHCTBHSI 3TOT0 (PakTopa XpU30THIIEMEHTHBIE JINCTHI 00pabaThIBalOT
rupohoOu3aTOpaMy U MOJIMMEPHBIMUA KPaCKaMH.

[Tpu okpammBaHUM XPU3OTUIILIEMEHTHBIX IJIOCKUX U BOJHHUCTBIX JINCTOB Ba)KHO UCIOJIBb30BaTh
KpPacku C BBICOKHMMHU aJre€3MOHHBIMH XapaKTEPUCTHKAMH, COIEPKAIINE CBETOCTOMKHE IHUIMEHTHI,
yCTOMUUBBIE K yIbTpaduoneTy, o0ecneynBaromye Xpu30TUILIEMEHTHBIM JIMCTaM 3alIUTy OT OKpYKa-
IOIIEH cpe/ibl, MOBBIIICHHYIO BOJOCTONKOCTh M MOPO30CTOMKOCTh. Hanbosee mmpokoe npuMeHeHHne
Ha XpU30TIWIIEeMEHTHBIX mupepHbIx 3aBoax Poccun u CHI™ ¢ 2000-b1X T0OI0B HAlIUTH KPACKH C TIOJIU-
MEPHBIM MTOPOIIKOBBIM cocTaBoM [10-12].

KauecTBO BOJIOKHA U PUCKHU

XPpHU30THUIILEMEHTHBIE IPEANPHUATHS B ITOCIEIHHUE TOJbI HAITPABJISAIOT HA XPU30TUIIOBBIE TOPHO-
oborarutenbHble npeanpustus ctpan CHI™ 3ampockl Mo Ka4ecTBYy MOCTaBISEMOTO XPHU30THUIOBOTO
BOJIOKHA. XPHU30TWILIEMEHTHBIE JTUCThI YACTO UMEIOT MOBBIIIEHHYIO TPEIIMHOBATOCTh CHIPOTO MOJIY-
(abpukara u 00pa3oBaHUE B HEM MATUCTPAIbHBIX TPEIIMH BJIOJb BOJHEI, & TAK)KE U B 3aTBEPACBILCH
(roToBoi) mpoayKIuU. MaructpanbHble TPEIIUHbBI U AaJblIe MOSBISIOTCS B JIMCTaX BJOJb BOJIHBL,
TaK>Ke MOMEPEK BOJIHBI, YTO HE XapaKTEPHO JIsI XPU3OTUIILIEMEHTHBIX JTUCTOBBIX U3/IENUH, T.€. B TaK
Ha3bIBAEMOM «CHJIbHOM» HalpaBJICHUU. BO3HUKAIOT OHM IPU XPAaHEHUH JIMCTOB IOJ HArpy3KOW B
CTOIaX Ha TEPPUTOPUU MPEANPHUATHS, TIPU UX TPAHCTIOPTUPOBKE K OTPEOUTEIIO M PU MOHTAXKE HA
oO0BeKTe.

MaccoBoe BOZHUKHOBEHHE TPEIIUH 00YCIOBICHO OTCYTCTBHEM CBSI3U MEXKIY XPU3OTHII-acOe-
CTOBBIM BOJIOKHOM M MOPTJIAHALIEMEHTOM U MOKET 3aBUCETh OT MHOT'MX ITPUYHMH. DTO MOXKET BO3HU-
KaTh: IPU HEOKUJJAHHO PE3KOM U3MEHEHUHU CBOMCTB IIEMEHTA B XpPU30THIILIEMEHTHOW MaTpulLe, pU
HSKOHOMMUH IIEMEHTa, 3aMeHE MPUBBIYHOM CMECKU XPU30TUJIA Ha IPYTYIO, IPEK/E BCET0 00EAHEHHYIO
(bpakusMu ¢ ITUHHBIMU BOJIOKHAMH, TIPU HAPYIICHUH PEKUMOB PACIYIIKH XPHU30THJIA U MIPOTIOP-
My 100aBOK MpU TMPOU3BOJACTBE XPHU3OTHILEMEHTHBIX HU3JENUU. Takke NpU HEpaBHOMEPHOM
YBIOKHEHUH, 3aMOPAKMBAHUN M OTTaWBAaHUU JINCTOB, OCOOCHHO B CTOMAX, MPU XPAHEHUU CTOI Ha
CKBO3HSKaX, MOJ OCaJKaMH, IPU PE3KUX NEpenanax TeMIEepaTyp U MpU Pe3KUX BO3HUKHOBEHMSIX
OOJBIIUX HATPY30K HA JIUCTHI, HA X CTOMBI, IPU XPaHEHUH, TPAHCIIOPTUPOBKE, dKCIuTyaTanuu. Ho
U3 MPAKTUKU XPUZOTHILEMEHTHBIX MPEANPUATHI U3BECTHO, UTO MOYTH BCE 3TU (PaKTOPHI UMENU Me-
CTO B TOM WJIM UHOU CcTeNeHU paHee. 1 B TO ke Bpems TaKO€ MaCCOBOE MOSIBJICHHUE TPEILHH B JINCTAX,
MIpUYeM, IPAKTUYECKH HA MHOTUX IPEANPUATHAX, PAHbLIE HE OTMEUYAN0Ch. T€XHOIOrH 110 MPOU3BO-
CTBY XPHU30THJILIEMEHTA BBIHYXKJEHBI PACCMaTPUBATh 3TO, KaK BO3MOXKHOE CJIEICTBHE U3MEHEHUS
TJIABHOTO (PaKTOpa, OMPEACIISIFOIIETO YCIOBHUS B3aUMOICHCTBUS XPU30THIIA M IIEMEHTA MPU CO3TaHUHT
Y U3MEHEHUU XPU3OTHIIEMEHTHON MaTpHUIlbl PPaKIIMOHHOTO COCTaBa MOCTABIISIEMOTO XPHU30THIIA.

MHorue cCoBpeMeHHbIC XPU3OTIIIIIEMEHTHBIC 3aBOIbI B MUPE MPUMEHSAT B Ka4eCTBE J0OABOK K
OCHOBHBIM KOMITOHEHTaM, 00pa3yroImux (GuOpPOLEMEHTHBIC U3IEHsI, TAKUX KaK XPU30THI U MOPT-
JAHAIEMEHT, €IIIe U 301y, IEeJUTI0N03Y, moaunponuieH. [Ipu npon3BoacTee GUOPOLIEMEHTHBIX H3/1e-
JIMH 3aBOJIBI HCTIONB3YIOT 301y OT 15 10 30 %, mepepaboTaHHBIE OTXO/IbI CBOETO POU3BOICTBA OT 2
10 3 % u mepepaboTanHyt0 1eUTHONI03Y OT 3 10 4 %. CoryiacHO BHINIE M3JI0)KEHHOMY MaTepHay,
MpOoOJIeMBI U 3314, CTOSIIUE TIEpe]] XPU3OTHILIEMEHTHOW OTPaciblo, B YACTHOCTH, JIJISl IPOU3BO/-
cTBa GUOPOIIEMEHTHBIX, BOJIHUCTHIX U HE BOJIHUCTHIX KPOBEIBHBIX JINCTOB (XPU3OTHIIIIEMEHTHBIX U3-
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nenuii) U pacaaHbIX MaHeNeH: OTHOPOTHOCTh U TPeOyeMbIi cocTaB (PpaKIUy XPU30THUIOBBIX BOJIO-
KOH, CTETIEHb UX PACITyIIKH, CTOMKOCTh U PABHOMEPHOCTb I[BETA, 00pa30BaHKE BHICOJIOB, TPEIIUH HA
JUCTAX ¥ MMAHETsX.

BrIBOBI

Xpuzotun-acOecToBasi OTpacib B MHUPE Pa3BUBACTCS, BBLACPKHBACT KPUZHUCHI M PHIHOUYHYIO
KOHKypeHLHIo. [Ipon3BoauTenu ropHoro gpHa, Kak U MPOU3BOAUTENHN XPU30TUIILIEMEHTHON IPOIYK-
LMY, B TIOCJIEHUE TOJIbl ONTUMHU3UPYIOT CBOU 3aTPaThl U PACXObl HA MPOU3BOACTBO, JIOTUCTHKY,
CHIDKAIOT CBOM TOTEPH, MOJACPHU3UPYIOT U PACIIUPSIIOT CBOM aCCOPTHMEHT, OOHOBIISIOT HOBBIM U
COBPEMEHHBIM, YIYYIIEHHBIM 000pya0BaHuEM. 3aBOJIbl U (PaOpUKHU COBEPIICHCTBYIOT CBOIO TEXHO-
JIOTHIO, IOCTOSIHHO PACIIUPSIOT aCCOPTUMEHT MPOAYKIINH, YIYUIIalOT €€ KayeCTBO.

YBenuueHus yJeNbHON MOBEPXHOCTU XPHU30THII-acOecTa mepea GOpMOBAaHUEM XPU30THUIILIE-
MEHTHOTO TotyabpuKaTa yIydlIaeTcsi ero apMUPYIOIYI0 CIIOCOOHOCTh M CLEIUIEHHE BOJOKOH C
LIEMEHTHBIM KaMHEM, UTO SIBJISIETCS PE3YJIbTATOM CIIOKHBIX (PU3NKO-XUMUYECKUX MPOIIECCOB aIcOpPO-
LMY 3€PEH 1IEMEHTA C BOJIOKHAMHU Xpu3oTwia. HemManoBakHy10 poJib UTpaeT 1Jisd IOJyUYEHUsS XOpo-
IIer0 KayecTBa XPU3OTUIILIEMEHTHBIX M3/EUN U ONTHUMAalbHOM ceOecTOMMOCTH MPOU3BOJICTBA Ha
XPU3OTUIILIEMEHTHBIX HPEANPHUATHN SBIAETCS (PpaKIMOHHBIA cOCTaB XpU30TUiI-acbecTa (BOJOKHA
kimacca: +1, 18 u -0,075 Mm), mocTaBIsIEMbIil TOPHO-000TATUTENHHBIM MPEATPHUITHIMU.

[Tpou3BOACTBO TUIOCKUX XPU3OTHIILIEMEHTHBIX JIMCTOB (LIMdepa), HAMOPHBIX XPHU30THIIIIE-
MEHTHBIX TPYO TpeOyeT 00513aTeTbHOTO pacueTa CMECOK XPU30THIIIIEMEHTA 110 COJAEPIKaHUI0 (PpaK-
IIMOHHOTO COCTaBa XPU30THIJIOBOTIO BOJIOKHA Ha JabopaTopHoM mHeBMOKIaccupukarope (ITK-2A)
unu runapokiaccudukarope «baysp-Mak-Hert» (BMH).

B oTpacnu nocnenHue 1ecATh JIET XOPOIIO OTPaOOTaHbl TEXHOJIOTMH OKPACKU MIH(EPHBIX H3-
nenuid. OKpalieHHbIe XpU30THIILIEMEHTHBIE U3IENNS, TUIOCKHUE U BOJTHUCTBIE JIUCTHI (1ndep) nuMeroT
OOJIBIIIYIO TIOMYJISIPHOCTH B cTpoutTenbHOU otpaciu ctpan CHI', Cpenneit u FOro-BocTouHoii A3un,
IOxnOI AMepuku, Adpuxu. [IpuMeHeHNE MOTMMEPHOTO MOKPHITHS IJIs1 XPU30THITIEMEHTHBIX JIU-
CTOB TIPU UCIOJB30BAHUU TUAPO(POOU3aTOPOB MOBBICHIIO KAYECTBO M JOJTOBEYHOCTh XPU3OTHIILIC-
MEHTHOU IMPOIYKILIHH, JENAET €€ KOHKYPEHTHON Ha MEXIYHAapOJIHOM PBIHKE.

Prinok norpednenus B mupe u ctpanax CHI™ xpuzorui-acoecta U XpU30THILIEMEHTHOH Tpo-
TyKIWY 3a mocieaaue 50 et CuiibHO U3MEHWICS. B OCHOBHOM PBIHOK cOBITa COCPEIOTOUYECH B A3H-
aTcko-TuxookeaHCKoM pervone u crpaHax CHI'.
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MOJYYEHUE ®UBPOIIEMEHTHBIX U3JIEJINI C HCTTIOJIb3OBAHUEM
XPU30TUJIA — XPU3OTUJINEMEHTHAS IPOMBIIIVIEHHOCTD

C.E. Ilynenkos

Pe3rome. B craThe paccMaTpUBAIOTCSI TEXHOJIOTHU IPOU3BOICTBA, TIPOOIEMbI PA3BUTHSI XPU30THIIOBON U XPU30THII-
LieMeHTHoM oTpacieil B ctpanax CHI'. B ctaTbe mpuBOISTCS CBEACHHS O COCTaBE U CBOMCTBAX MPUPOIHBIX XPUZOTHIIO-
BBIX BOJIOKOH, JIaHHBIE MO KAUYECTBY ChIPbEBBIX MAaTEPUAJIOB LIEMEHTA U XPU30TUIOBBIX BOJIOKOH, IOCTABJISIEMbIX HA XPH-
30THJIIIEMECHTHBIC TIPEATIPUITHS, XaPAKTEPUCTUKHU CYCIICH3HUH, OTy(haOpHKaTa U CBOWCTBA 3aTBEPACBIINX XPU3OTHIIIIC-
MEHTHBIX m3aenuid. Tak e B JaHHOM MaTepHalie CTaThH CAeaHa MOMBITKa 0000IINTh COBOKYITHEIC 3HAHUS IBYX OTpac-
JIe! O BIMSIHMM COCTaBa XpU30THIIOBBIX CMECOK, IEMEHTA HA CBOMCTBA XPU3OTWILEMEHTA U IPOAHAIU3UPOBATh, IPOU30-
IIUTK JIN KaKHUe-JIN00 peasbHbIe IEPEMEHBI B KaUeCTBE TIOCTABIISIEMOTO XPU30THIIOBOTO CHIPHSI B TIOCIICIHHE TECATHIICTHS.
B marepuane otpaxeHa crpourtenbHas orpacib. MaccoBas MHAYCTpUS M B MHAMBHIYaJIbHOE CTPOUTEILCTBO, I'/I€ BCE
0o0JIbIIIe TTOBBIIIAETCS CHPOC HAa OKPAIICHHBIC XPU3OTHIIIEMEHTHbBIC M3/IeHs (XPU3OTHILIEMEHTHBIC JIHCTHI, CAaiiInHT),
TeppacHyio Jocky. [IpuBeseHb! phIHKH TOTPEeOIeHNS] U MPOU3BOJCTBA XPU30THUIIOBOTO BOJIOKHA, TUHAMHUKA Pa3BUTHUS
XPU30THILIEMEHTHOMN MPOMBIIUICHHOCTH. OMHCaHbl POOIEMbI U PUCKH OTPACIIH.

Knioueswie cnosa: xpuzomunoguie 80J10KHA, pACNYUIKA, NOPMAAHOYEMEHM, (POPMOSAHUE, APMUPOSAHUE, NUSMEHNDL,
2udpododbuzamop, XpuzomuyeMmeHmusle U30eius, MAeUCmpaibible Mpeuunbl, 8blCOIbL, PLIHOK CObIMA.
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Abstract. In this article has been carried out the study and comparing the reactivity of cyclohexanol and methylcy-
clohexanol isomers in the oxidative dehydrogenation reaction over modified zeolite catalysts. For this purpose, have been
investigated the kinetic laws for the two unstudied isomers of methylcyclohexanol (2- and 3-methylcyclohexanol), pro-
posed the mechanisms, kinetic stage schemes for the formation of target products, and developed kinetic models of these
processes. It has been found that the rates of oxidative dehydrogenation of all methylcyclohexanol isomers are practically
the same and exceed the rate of oxidative dehydrogenation of cyclohexanol to cyclohexanone.
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BBenenue

MeTUNIUKIIOTeKCAHOH SIBIISIETCS OCHOBHBIM CHIPhEM B ACUMMETPUYECKOM CHHTE3€ ONTHYECKU
AKTUBHBIX BEIECTB, MIACTU()PUKATOPOB M IHAHTOBOU KUCIOTHL. Kak M3BECTHO, B MPOMBIIIIIEHHOCTH
METUJIIIUKIIOTEKCAHOH TIPUMEHSETCS B KaUe€CTBE PACTBOPUTENSI HUTPATOB M AIlETAaTOB IEJUIIOJIO3HI,
KUPOB, BOCKOB, MPUPOJAHBIX CMOJI, TOJTUBUHUIXJIOPHUIA U JIP.

BnepBrie mpon3BOCTBO METHIIIUKIIOTEKCAHOHA OBUIO PeaIn30BaHO AJIKMIMPOBAHUEM IIMKJIO-
rekcaHoHa [1, c. 523-524]. Ilpu s>ToM oOpa3zyromuecs JUMETUITPOU3BOIHbIE CHIKAIOT 3G (HEeKTHUB-
HOCTb nporiecca. OOBIYHO 3TOT KETOH MOJIYYaOT OKUCIEHUEM JIOCTYITHOTO 2-METHIILIUKIIOT€KCaHOoMa,
KOTOPBIN MOTy4aroT THAPUPOBaHUEM O-Kpe3oda. [Iporiece ocyiecTBisieTcs B )KUAKOM (a3e mpu oT-
HOCHUTEJIHFHO BBICOKUX JIABJICHUSAX B MPUCYTCTBUU TOMOTECHHBIX KaTaJIM3aTOPOB — PACTBOPUMBIX CO-
Jeit ko0anbTa, a B KaUYeCTBE OKUCIUTENS IPUMEHSETCSl KUCIOPOI Bo3ayxa [2].

B npOMBINIIICHHOCTH, B OCHOBHOM, IIPUMEHSIOTCS Ta30(ha3HbIe MPOIECChl OKUCITUTEIHHOTO JIe-
TUAPUPOBAHUS METHIIIIUKIOTEKCAHOJIa B METUIIIIUKIIOTEKCAHOH C HCIIOIb30BaHUEM B KaUueCTBE KaTa-
JM3aTOpa TAKUX METAJUIOB, KaK HUKENb, KOOAIBT, )KeJe30, ME/lb, IIMHK, XPOM, PYTCHHIA, PO, Maj-
Jaaui Ipyrue Ha pa3HbIX HOCUTENSAX (CUIMKATHI, ATFOMOCHIIMKATHI, OKCUIbI aTIOMUHUS, JUOKCHIBI
[UPKOHMSI M TUTaHA WIM MX CMECH), TaK KaK OCHOBHOW HEJIOCTATOK >KHIKO(A3HBIX MPOIECCOB —
TPYIHOCTH OTAENIECHUS KaTaau3aTopa OT KHUAKOro KatanuzaTa. [Iporecc OKMCIUTENBHOTO JErHIpH-
POBaHMs Ha STUX KaTaJIM3aTopax MpoTeKaeT B uHTepBaine Temmeparyp 220-550°C [3]. Haubonee 3¢-
(EeKTUBHBIM U3 MPEATOKEHHBIX KaTaJlH3aTOPOB SBISIETCS aKTUBUPOBAHHBIM Yroib, COAepKallui
1,0% macc. Pt mim 2,0% macc. Pd [4]. IIpouecc nporekaer mpu temmneparype 200-230°C ¢ yuactuem
Bogopoaa. [Ipu 3ToM KOHBepCcHsl METHIILMKIIOTeKcaHoa coctasisier 55,0%. Yuactre Bogopoaa cHu-
xaeT 3 PEeKTUBHOCTH MpOoIIECcCa.
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[pensiaynre HamMmu paboThl [5-6] ObLIH MOCBAIICHBI TOA00PY aKTUBHBIX MOAH(PHIIMPOBAHHBIX
HMOHHBIM OOMEHOM LIEOJIMTHBIX KaTAIU3aTOPOB Il pEaKIMH OKMCIUTEIbHOTO JETUAPUPOBAHUS IUK-
JIOTeKCaHoJIa U 4-MeTUILUKIIorekcanosa. Ha aTux ynbpTpaaucnepcHbIX KaTaln3aTopax U3yuyeHbl KU-
HETHYECKUE 3aKOHOMEPHOCTH OKHUCIMTENBHOTO JETUAPUPOBAHUS LMKIOTE€KCAaHOJAa B LIMKIIOTEKCa-
HOH. [IpemnoskeHsl MEXaHU3MbI U pa3pabOTaHbl TEOPETHUECKH 0O0OCHOBAHHbIE KHHETHYECKHE MO-
nenu mporecca [7,8].

ITocTanoBka 3agaun

B Hacrosiieii paboTe mpuBeAEHBI Pe3yJIbTaThl UCCIETOBAHUS PEAKIIMU OKUCIUTEIBHOTO JCTH/I-
PUPOBaHMS METHIIUKIOI€KCAHONIA B METHILIMKIOTEKCAHOH Ha BBHICOKOA(P(HEKTUBHOM METAJIICOJIUT-
HOM KaTaJIM3aToOPe — MPUPOIHBIA KIMHOIITHIIONNUT, coaepxkauii 0,5% macc. Cu®* u 0,15% macc. Pd?".

B pabote ObLT MCTIOJIB30BaH MPUPOIHBIN KIMHONTHIIONHUT C CHJIIMKATHBIM MOJysieM, A = 8,68
Azep0aiixanckoro mectopoxaenusi. Karanuzarop Obl1 CHHTE3MPOBAaH METOIOM HOHHOTO 0OMEeHa B
BoaubIx pactBopax CuCl, u [Pd(NH3)4]Clz ¢ mocnemyromeii cymxoii (80-120°C, 5 4.) u npokanua-
HHEM B TOKe Bo3ayxa mpu temneparype 300°C, oowemuoi ckopoctu 2400 u™! B Teuenne 30 MuH.
KonnuecTBo KaTHOHOB METAJUIOB, BBE/IEHHBIX B COCTaB LIEOJINTA, OBLIO OMPEIEIEHO MacC-CIIEKTPO-
CKOMMYECKHM METOJIOM aHaiu3a Ha npudope ISP-MS Agilent 7700.

C nenplo onpezeneHust akTUBHOTO COCTaBa KaTAIUTUYECKOW CUCTEMBI, TPUPOAHBIN KIIMHOMNTH-
nonut - Cu?>*Pd*" u nuanasoHa BapbUPOBAHUS TEXHOJIOTHYECKHMX MAPAMETPOB, ObLIA IPOBEIEHA Ce-
pusi onbITOB. Pe3ynbTaThl ONBITOB 1O ONPEIEICHUIO AKTUBHOTO COCTaBa KaTaJTUTHUYECKON CHCTEMBI
CuPd-xnrHONTHIIONUTA MTOKA3aJIM, YTO BCE €T0 COCTABBI MPOSBISIOT aKTUBHOCTD U CEJIEKTUBHOCTH B
paccmaTpuBaeMoit peakuuu. Kimmnonrunonut, conepxkammii 0,15% macc. Pd?" u 0,5% macc. Cu?',
SIBJIIETCS HAanOO0JIee aKTUBHBIM BO BCEX M3yUEHHBIX TEXHOJIOTUYECKUX pekumMax. [Ipu 3ToM peakuus
MIPOTEKAET C CEJIEKTUBHOCTHIO, paBHOM 100%.

OCHOBHO¥ TIEJIBIO SBIISIETCS CPABHEHHUE CKOPOCTH 00pa30BaHus IUKIOTEKCAHOHA U METHIIIIUK-
JIOTEKCAaHOHOB, T.€. MCCIEJOBAHUE BIUSHUS METWIHHOW IPYNIbl Ha PEAaKUHOHHYIO CIIOCOOHOCTH
OKHUCJIUTEIHHOTO JETUPUPOBAHMSI IIUKIIOTEKCAHOIA U METHIIIIUKIIOT€KCAHOJIOB.

MeToabl pelieHUs1 U anpodanust

HccnenoBanne KMHETUYECKUX 3aKOHOMEPHOCTEH MPOBOAWIN B MHTEpBasie Temmepatyp 180-
230°C, o6wemubIX ckopocTsax 1500-3000 4! u mapuuanbHbIX JaBjieHUsX peareHToB Pe,=0,05+0,25
at™, P02=0,05+0,25 at™ mpu ycioBusX, 00€CTIeUUBAIONTUX MPOTEKAHUE PEAKIIMN B KMHETHUECKOM
obnacTu.

Jlnst onpeaenenust 06aacTu MPOTEKaHUs peakivii ObUia MPOBEAEHA CEPHUsl OIBITOB C Pa3IMYHBIMU
pasmepamu 3epeH karanuzaropa (ot 0,25 10 2,0 MM) ¥ IpH pa3IMYHbIX JTUHEHHBIX CKOPOCTSIX UCXOHOTO
CBIpbs. DKCIEPUMEHTHI NMOKA3aJI, YTO U3MEHEHUE JIMHEWHON CKOPOCTH UCXOTHOM PEAKIIMOHHOW CMeCH
HE OKa3bIBAeT CYIIECTBEHHOTO BIIMSIHUSI HA OCHOBHBIE TIOKA3aTeIH mpoliecca (BBIXO/T) METHIIIIUKIOTEK-
caHoHa coctabiisieT 98,0+100%, cenekTUBHOCTH mporiecca 1o MetuiukiorekcaHony 100%. Ha ocHoe
MIPOBEICHHBIX MCCIECOBAaHUI MOXKHO 3aKJIFOYHTh: BHEIITHE- ¥ BHYyTpeHHe- AU (dy3rnoHHbIE (DakTOphI HE
BJIMSIIOT Ha CKOPOCTh MPOLIECCa, PEAKLUsl OKHCIUTEILHOTO JIETUAPHUPOBAHUS IIUKJIOTEKCAHOIA U Me-
TUIIIUKIIOTEKCAHONIA Ha UCCIIEAYEeMOM KaTai3aTope MPOTEKaeT B KHHETHUECKON 00JIaCTH, TIPU STOM BCE
¢ dy3MOHHBIC STAITbl COBEPINAIOTCS 3HAUUTEIILHO OBICTPEE BCEX XMMHUYECKUX CTA UM,

[IpoBeneHHbIE UCCIENOBAHUS TTOKA3AJIM, YTO PEAKIUs OKUCICHUS METHILMKIOTeKCaHoa Ha
HCCIIEIOBaHHBIX KaTaJIM3aTOPax COMPOBOXKAAETCs 00pa30BaHUEM METHIIMKIOr€KCaHOHA.

JIJis onTUMAabHOTO MPOSKTUPOBAHUS PEAKTOPOB OOJBIION €TUHUYHON MOITHOCTH JJIsl BBIIIIE-
yYKa3aHHBIX IPOLECCOB BO3ZHUKAET HEOOXOAMMOCTh U3yUEHUS U CPaBHEHUS pEaKLIMOHHOMN CIIOCOOHO-
CTU PEareHTOB B PEAKIMH OKUCIUTEIBHOTO AeruapupoBanus. OQHAKO AJis MOJHON KapTHUHBI CpaB-
HEHUS, CKOPOCTH 00pa30BaHMsl LIUKJIOT€KCAHOHA U METHIILMKIOI€KCAHOHOB HE M3YYEHHBIMHU OCTa-
IOTCSI KHHETUYECKUE 3aKOHOMEPHOCTH MPOLIECCOB MOJIYUYEHHUS €I1I€ JIBYX OCTABIIMXCS U30MEPOB Me-
TWILHKJIOTEKCAHOJIA 3TO 2- U 3- METWILHKIOT€KCAHOJ.
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Pa3paldorka KMHeTHYeCKO MojeIn

Hamu 6b111 ipoBeieHbI TOTIOTHUTENbHBIE SKCTIEPUMEHTHI 110 U3YUEHUI0 KHHETUYECKUX 3aKOHO-
MEPHOCTEN PEAKIIMU OKUCIUTEIBHOTO JETHIPUPOBAHUS 2-METHILUKIOI€KCaHOoIa U 3-MEeTHIILHUKIIO-
rekcanosia Ha CuPd — knmuHonTrsonuTe. ONMBITH TPOBOAKIIN IO METOJIMKE, OIMCAHHOM B padoTe [8].

Ha ocHoBe ananu3za nuTepaTypHbIX MaTepHalioB [4] W MPOBEIECHHBIX HCCIEIOBAHUN MOKHO
MPEIJIOKUTh CIEAYIOMUNA MEXaHU3M OKHCIUTEIBHOTO NETHIPUPOBaHUS 2-, 3-METHIIMKIOreKca-
HOJIa ¥ 4-METHIIIHKIIOTeKCAHOJIA: TIPH afcopOnuu 2-, 3- 1 4-MEeTUIIUKIOTeKCAHOJIA IPOUCXOTUT €T
MIPOTOHM3AIMS C yYacTHeM OpEHCTETOBCKUX KUCIOTHBIX IIEHTPOB KaTalau3aTopa ¢ AadbHEHIIUM OT-
HICTITICHHEM U 00pa30BaHHEM MOBEPXHOCTHOTO ajkoroisita. [IpeBpaiieHre moBepXHOCTHOTO allKo-
rojsta B 2-, 3- 1 4-METWILHKIOT€KCAHOH MPOUCXOIUT MPU B3aUMOJEHCTBUH €T0 C JUCCOIUATUBHO
a/ICOpOMPOBAHHBIMU aTOMaMH KHCJIOpOAa Yepe3 00pa3oBaHHE KETOHOMOJO0OHOTO MOBEPXHOCTHOTO
COeMHEHMS. 3aTeM MPOUCXOIUT paciaji KeTOHOMOAOOHOTO MTOBEPXHOCTHOT'O COEAMHEHUS Ha 2-, 3-
U 4-METUJIIUKIOT€KCAaHOH U BOCCTAHABIIMBACTCS HayalbHOE COCTOSIHUE KaTajau3aropa. Y IpolIeH-
HYIO CTaIMHHYIO CXEMYy ME€XaHM3Ma MOKHO MPEACTaBUTD CIEIYIOIINM 00pa3oM:

0, +22— X1 5270

70+ CH,C,H, OH—25 70(CH,C,H,,0H)

—_ = N

zo(CH3C6H100H)L>z +CH,C,H,0+H,0

lO2 +CH,CH,,OH =CH,C,H,0+H,0
2
3necs ki, ko, ks — KOHCTaHTBI cKOpOCTEH PEeaKITHiA.

CrnemyeTr OTMETHTbh, UTO TOYHO 10 TAKOMY MEXaHHU3MY MPOTEKAET MPOIECC 00pa30oBaHUs IIHK-
JIOTEKCAaHOHA U 4-METUJIIMKIOreKcaHoHa [7,8]. B 1enom, 1o Bbllleyka3aHHOMY MEXaHU3MY Ha MO-
TU(UIIMPOBAHHBIX IIEOJIMTHBIX KaTaIM3aTOPax MPOTEKAIOT MPOIECChl OKUCIUTEILHOTO JIETHIPHUPO-
BaHMS JIs1 BCEX HUKIMYECKUX CIUPTOB [9].

Bce atu cranuu npaktuuecku HeoOpaTumel. [Ipeanonaras ux 3JeMEeHTapHOCTh, HAXOIUM Clie-
JYIOIINE BBIPAXKEHUS [IJI1 CKOPOCTEU CTaJUi:

L zklplelz’ T, =k2P292, I :k363’ (1)

rrae 01, 02, 63 — mons CBOOOJHBIX yYaCTKOB MOJU(PHUIIMPOBAHHOTO IIEOJIUTA, MOKPHITHIX aTOMapHBIM
KHCJIOPOJIOM, MOJIEKYJIaMH 4-METHIILUKIOTEKCaHOJIa U KETOHOTIOI00HBIM ITOBEPXHOCTHBIM TIPOME-
KyTOUHBIM coenuHenneM; ki, k2, ks — KOHCTaHTBI CKOpOCTEH, COOTBETCTBYIOIINX MHIEKCY CTaIH.
JIns pacyera KOHCTAHT CKOPOCTEW MPUMEHSUIUCH aPPEHNYCOBCKHE 3aBUCUMOCTH:

E;

0
k, =kle ®
rae ki — KOHCTaHTa CKOPOCTH i-if cTagnu. B yClIOBHsIX cTallMOHAPHOCTH

11=12=T3 (2)

I/ICXO}ISI U3 JTUX ypaBHCHI/Iﬁ n IIOCTOSHCTBA O6H.[CFO quciia IMOBCPXHOCTHBIX YYaCTKOB
0, +6,+0, =1, MOXXHO HAWTH KOHIIEHTPAI[MH IPOMEXKYTOUHBIX 00pa3oBaHuil O, U CKOpOCTH 0Opa-

30BaHUsA 4-M6TI/IJII_II/IKJ'IOI‘6KCB.HOH8_, Kak CI)YHKI_II/IIO PCaKTaHTOB, T.C.:

klplelz = kzpzezv 02 = [(kIPI )/(k2P2 )]612
k1P1912 = k393> 03 = [(kIPI )/(kz)]el2
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[Moncrasnsist BeipakeHus: 02 u 03 B BeIpakeHUE, YUUTHIBAIOIIEE IMOCTOSHCTBO OOIIETO YHCIa
MIOBEPXHOCTHBIX Y4aCTKOB, ITOJTy4YUM

kP KB x07+0, =0
P, |k,
-1+ 1+4[11:£ kllle
0, = 2t 3 3)
2 kIPl + klPI
k2P2 k3

C yueToM BbIpaxkeHus 01 Moay4yuM cienyrolee ypaBHeHHe il CKOpOCTH 00pa3oBaHus 4-Mme-

THJINUKIIOICKCaHOHA.
T2

-1+ 1+4(k B k‘P‘J

k,P, K, "
2 klPI + klPI
k2P2 k3

Ly =0 = klplelz =k,P,

Peakuus mpoTekaeT Ha M3y4EHHOM KaTalu3aTope CEeJNEKTHBHO, 0e3 0Opa3oBaHUs MOOOUYHBIX
MPOAYKTOB, CTEXHOMETPUIECKOE YpaBHEHUE OpyTTO-MEXaHU3Ma 00pa30BaHus 4-METHUIILNKIIOTeKCa-
HOHA MOXHO MPEACTAaBUTh B CIEAYIOLIEM BUJE:

CH3CsH10OH~+0,50, = CH3CsHsO+H20 (%)

C ucnonp30BaHHEM CTCXUOMECTPUUCCKOTO YpaBHCHHA, BbIXOAa LCJICBOI0 NPOAYKTAa U UCXO-
HBIX MOJIBHBIX KOJIMYECTB PECArCHTOB MOKHO OIIPCACIIMTD TCKYIIHUEC MOJIBHBIC KOJIMUCCTBA MHI'PAAN-
CHTOB 11O CJICAYIOIIUM BBIPAKCHUSAM:

A

n,=n,-n) —;

1 1 1 100

_p0. A

100’

1 A
n,=n;-—n) —; 6
27100 (©)

_BO3A

2317

n, =n,;

n} —nO +0.21-

\Y
30311
n, =0.79-
23.1°
r7ie A — BBIXOJl METHIILIMKIIOTEKCAHOHA, Y0, M1, N2, N3, N4, N — TEKYLIME MOJIBHBIC KOIUYECTBA Me-

THJILUKJIOTEKCAaHOJIA, METHIIIUKIOTCKCAaHOHA, KUCIOPO/a, BOJIBI U a30Ta, MOJIB/Yac; Viosn — 00BEM-
HBIHA pacxoj BO3/yXa, Ji/4ac.
[MapuunanbpHbIe TaBICHNS] KOMIIOHEHTOB OIPEJISIISIOTCS CIICAYIOIHM 00pa3oM:

n;
P=g-P
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rae P — obmee naBnenue, papHoe 1 atm; P1, P2, P3, Pan PNz — MapUUAJIbHBIC TABJIICHUSI COOTBETCTBY-

IOIIHUX UHICKCY BEIIECTB.

YpasHenue (4) u (6) COCTaBISAIOT KWHETHYECKYIO MOJIENb JAHHOT'O Mpoliecca. Y YUThIBast UICH-
TUYHOCTh MEXaHU3Ma MIPOTCKAHUS BBIMICTIPUBEICHHBIX IMPOIIECCOB MX TCOPETHUSCKA 00OCHOBAHHBIC
KHHETUYECKUE MOJIENIU TaK)Ke OJIMHAKOBBI. Y Ka3aHHAas KHHETHYECKasi MOJIENb PEaKliy MOABEPrHyTa
CTATUCTUYECKOMY aHAJIM3y HAa OCHOBE KHHETUYECKUX TAHHBIX, C UCIIOJIb30BAaHUEM MPOTPAMMHOMN CH-
creMbl «IToncky.

Ha ocHoBe npoBeIeHHBIX KHHETHYECKUX MCCIIEIOBAHUM ObLIIA OTIPEIeTICHbl KOHCTAHTBl KWHE-
TUYECKUX MOJENEeH /Uil MPOIIECCOB OKUCIUTENBHOTO AETUAPUPOBAHUS 2-, 3-METHIILIUKIOTEKCaHOIa
B 2-, 3-METUJIIUKIOTEKCAaHOHBI. PacueThl YNCIEHHBIX 3HAYCHUN MPEIIKIOHECHIIMAIIBHBIX MHOXKHUTE-

neit Ink! u snepruit aktupaiuu (Ei) nposenensl MeTogamMu «CKOJIb3sIIEro aomyckay u «Ilayamma»

C ucnoJib3oBaHueM rnporpamMmHoi cucteMsl «llouck» [10, c. 93-96]. IIpu HallIEeHHBIX YUCIEHHBIX
3HAYCHUSAX KUHETUYECKUX IapaMeTPOB OTHOCUTENbHAS TMOTPEIIHOCTh IKCIIEPUMEHTAIBHBIX U pac-
YEeTHBIX JIaHHBIX He mpeBblmaeT 3%. JTo NOATBEPXkKAaeT MPABUIBHOCTh MPEAIOKEHHON TMIIOTE3b
MIPOTEKaHUs IIPOLIECCOB.

PeakumoHHy10 ClIOCOOHOCTH PEAareHTOB, B M3YYEHHBIX HAMH PEaKLUAX OKUCIUTEIBHOTO IeTU/I-
pUpOBaHMS Ha MOAU(DUIIUPOBAHHBIX [IEOJUTHBIX KaTaJH3aTOPax, MOXKHO BBISIBUTH HA OCHOBE CPaB-
HUTEJIBHOI'0 aHAJIN3a UX KUHETUYECKUX Mozenel. Tak kak npaBble 4acTH UX KMHETUYECKUX ypaBHe-
HUI UMEIOT OJJMHAKOBBIN BH/I, AJISl CPABHEHUS MOKHO BOCIIOJIB30BATHCSI KOHCTAHTAMH MX CKOPOCTEH:
ki, ki, kur, kiv — KoHCTaHTa ckOpocTH 00pa30BaHMsI IUKIOTEKCAHOHA, 2-, 3- U 4-MeTHUJIIUKIIOTeKCa-
HOHOB, COOTBETCTBEHHO.

OHM UMEIOT creyIoIUe APPEHNYCOBCKHE 3aBUCUMOCTH:

E} El Ely Ely

— 1.0i. RT — 1.0i. RT _ 1.0 . RT — 1.0l o RT
k, =kje ®, k, =kje *, k =kye , Ky =kpe

31ech 3HaYEHHE 1 MEHSETCS OT OJIHOTO JI0 TPEX, COTIACHO KOJIMYECTBY AJIIEMEHTAPHBIX CTAIHIA.

[TockoyibKy paccMaTpuBacMble pEaKIUU MPOTEKAIOT Ha MOIU(DUIIMPOBAHHBIX IICOTUTHBIX Ka-
TaJIN3aTopax, KOTOPhIE UIMEIOT OJMHAKOBYIO MPUPOJTY, TO JJIsi CPABHEHUS JTOCTATOYHO COTIOCTABHUTH
srauenus ki, ki, ki, kv aiist i=1, T.e. TOJIBKO AJIs MEPBBIX MHOKHUTEIICH UX KHHETHYCCKHX MOJICIICH.
Hwxe B Tabnuile mpuBeICHbI UX YUCICHHBIC 3HAYCHUSI.

YuceHHbIC 3HAYCHUS KOHCTAHT KMHETHYCCKUX MOZ[CHCﬁ

Lnko | E, kkan/mMoib
IlukiorekcaHoH

Ink;" 7,49 E! 8,56
2-METHJILMKIIOTEKCAHOH

lnk?ll 10,2 E}I 7,0
3-METHIILMKIOTeKCAHOH

01 10,4 1 7,1

Ink ’ Ey i
4-MeTHIILMKIIOTeKCAHOH

Ink 10,5 El 7.2

Kak BUIHO W3 TaOJMIIbI YMCIIEHHbIE 3HAYEHUS HHEPIUU aKTUBALMHA OTIMYAIOTCS HE3HAYU-
TenbHO. Tak, Hanpumep, I NEepBOM CTaUU IIpoLecca I BCEX pacCMAaTPUBAEMBIX YETBIPEX MPO-
LIECCOB MOXKHO BBIIIHCATH:

E,=8.56; E,=7.0; E, =7.1; E, =7.2.
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Otcrona cremyer, 4yTo AJisi CpaBHEHHSI CKOPOCTH 0Opa30BaHMs LEJIEBBIX MPOAYKTOB, J0CTa-
TOYHO CPaBHUTH MPEAIKCIIOHEHINAIbHBIE MHOKUTEIN KOHCTAHT CKOpOocTell. 13 naHHbIX, puBeeH-
HbIX B TaOJIMIIE MOXHO 3aKJIIOUUTh, YTO MJIs BCEX TPEX HM30MEPOB METHIILHMKIOTEKCAHOa

Ink{', =10.5, a ang nuksiorekcanona Ink)' =7.49 .

3akiouenue

Takum 00pa3oM, CKOPOCTH PEaKIMi BCEX TPEX W30MEPOB METHIIIHKIOTEKCAHOA B PEAKIIMU
OKHUCJIIUTCIBbHOTO I[eI‘I/II[pI/IpOBaHI/IH MCETHIIITUKIOI€KCaHOJIa BBIINIC, YEM B OKHCIIMTCIBbHOM I[eFI/II[pI/I-
POBaHUU UKIIOTEKCAHOJIA, YTO COTJIACYETCS C JIMTEPATYPHBIMU JJAHHBIMH O TOM, YTO 3aMECTHTEIIH B
IUKIIOTEKCAHOBOM KOJIBIIE YBEITUIHBAIOT CKOPOCTH JETHIPHPOBAHUS.

B nanHOM ciy4ae METHIIbHASI TPYIINa YCKOPSIET MPOIECC OKUCITUTEIBHOTO JCTUAPUPOBAHHUS, &
CKOpOCTI/I I/I30MepOB HpaKTI/ILIGCKI/I UMCIOT OJMHAKOBBIC 3HAUYCHU, T.C.

12-merr= 13-metur~ Y4-merur ~Tur

3I[€CI) rur N rZ-MeTur, r3-MeTur, r4-MeTur - CKOpOCTI/I O6pa30BaHI/Iﬂ HHKHOFeKcaHOHa, 2-, 3', 4'MGTI/IHHI/IKHO'
T'€KCaAaHOHOB COOTBCTCTBCHHO. CJ'ICI[OBaTeJ'ILHO, 2-, 3-, 4-MCTI/IHHI/IKJ'IOFCKC3.HOHBI SIBISIIOTCSI O0JIee pe-
aKHHOHHOCHOCO6HBIMI/I B peaKHI/II/I OKHUCJIIUTCIBbHOTO )IeI‘I/I[IpI/IpOBaHI/ISI, YEeM OHUKIIOTCKCAHOJI.
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BJUSAHUE METUJIBHOM I'PYIIITBI HA CKOPOCTH PEAKITUA
OKHUCJIMTEJBHOI'O JETHAPUPOBAHUA METHJIHNUKJIOTEKCAHOJIOB
HA MOINOPUIINPOBAHHOM HEOJIMTHOM KATAJIM3ATOPE

A.M.Anues, I''A.Aum-3ane, M.I'.AnueBa, A.P.Cadapos
Pe3tome. B paboTe npoBeneHO ncciae0BaHue 0 U3YYEHHIO U CPABHEHHIO PEaKIIMOHHOW CIIOCOOHOCTH LIUKJIOTeKCa-

HOJIa 1 U30MCPOB MCTUJILUKIIOTCKCAHOJIa B PECAKIINU OKUCIUTCIIBHOTO ACTUAPHUPOBAHUSA Ha MO,HI/I(l)I/IIII/IPOBaHHI)IX oco-
JINTHBIX KaTaJIn3aTopax. C sToit TOCIJIBIO ObLIH N3Yy4YCHbI KHHCTUYCCKHUC 3aKOHOMCPHOCTU AAHHOI'O0 Ipouecca Mg ABYX
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OCTaBIIIUXCSI ©30MEPOB METHIIIIUKIIOTEKCaHOMa (2- ¥ 3-MEeTUIITUKIOTeKCAaHOJ) Ha OCHOBAaHUH KOTOPBIX MPEIOKEHBI Me-
XaHHU3MBbI, KHHETUYCCKHEC CTaJUNHHBIC CXEMbI 00pa30BaHMUs LIEICBBIX MPOAYKTOB M pa3paboTaHbl KHHETUYCCKUAE MOJICIN
JIAHHBIX TPOIIECCOB. BBIIO BBISBIEHO, YTO CKOPOCTH MPOILIECCOB OKUCIUTEIHHOTO JAETUAPUPOBAHUS BCEX H30MEPOB Me-
TUJILUKJIOTEKCAHOIOB MPAKTUUYECKH OJIMHAKOBBIE U MPEBBIIIAIOT CKOPOCTh OKUCIUTENBHOTO AETHAPUPOBAHUS [IUKIOTeK-
CaHOJIa B IIUKJIOT€KCAHOH.

Kniouesvie cnosa: yuknozekcanon, MEemuiyukio2eKCauol, Yeoaumol, MEXAHUIM XUMUUECKOU peaKyuu, peakyuoHHAs
CcnocooHoCm®.
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MUOSLLIFLOR UCUN TOLIMAT

Mogqals hazirlanarken asagidaki tolablor nozars alinmalidir:
1. Maqale azarbaycan, rus vo ingilis dillorindan birinds, Microsoft Word motn redaktorunda A4
formatinda (soldan, yuxaridan, asagidan vo sagdan — 2 sm), Times New Roman srifti ilo 12 6lgiido,
vahid sotirarasi intervalla vo motndaxili yazida 1 sm abzas buraxmaqla hazirlanmali, sohifo say1 5-8
arasinda olmalidir.
2. Moaqalanin matninin asagidaki bélmaslardan ibarat olmasi tovsiys olunur:

* giris (masalonin aktualligl, problemin hazirki vaziyyati);

* todgigatin mogsadi, mosalonin qoyulusu;

* masalonin hall iisullar1 vo aprobasiyast;

« alinan naticalarin tatbiqi;

* notico.
3. Mogqalo asagidaki ardicilligla hazirlanmalidir: moaqalonin adi — ortadan, bdyiik harflorls, galin
sriftlo, sonda bir bos sotir; miiolliflorin adi, soyad1 vo atasinin adi agiq sokildo yazilmalidir — ortadan,
qalin sriftlo; miislliflorin is yeri, sohar, 6lko vo e-pogt tinvani — ortadan kursivlo; miislliflorin ORCID
nomralori — ortadan kursivla, sonda bir bos satir; xiilasa (min. 100 s6z, maks. 200 s6z); agar sozlor
(3-5 s0z) — kursivlo; giris vo digar alt bagliglar — soldan, qalin sriftlo, ovvalinds bir bos satir.
Moqalonin adi, miislliflorin ad1, soyadi vo atasinin adi, xiilaso va acar s6zlor moqgalonin yazildig: dildo
vo ingilis dilinde toqdim olunmalidir. ©gor moqals ingilis dilinds tortib edilibso, yuxarida geyd
olunanlar yalniz ingilis dilinds yazilmalidir.
4. Odobiyyat siyahisi: hor bir istinad olunan monbanin adi torciimo olunmadan, mogqalods istifado
olunma ardicilligina uygun olaraq ndmralonir. Motnds istinadlar asagidaki kimi verilir:
— ogor istinad edilon osor jurnal materialidirsa motnin daxilindo kvadrat motorizodo gostorilir
(masalon, [3]). Odabiyyat siyahisinda iss asor miialliflorinin soyadi, inisiali, asorin adi, jurnalin adi,
buraxildigr il, seriya vo ya ndmrasi, asorin jurnaldaki sohifo araligi gostorilir.
Masolon, 3. ©monov Y.A. Abrazivin metalla toxunma zonasinda yaranan gorginliklorin toyini meto-
dikasi haqqinda. AzZTU-nun elmi osorlori, 2021, Nel, s. 65-71.
— ogor istinad edilon osar kitab materialidirsa motnin daxilinds kvadrat moéterizads istinadin ndmrasi
vo osarin kitabdaki sohifa araligi gostorilir (masalon, [9, s. 120-122]). Odobiyyat siyahisinda iso asor
miislliflorinin soyadi, inisiali, asarin adi, sohor adi, nasriyyat adi, buraxildig: il, kitabin timumi sohifo
say1 gostorilir.
Masalon, 9. Ciimsiidov S.Q. Idareetms gorarlarinin gobulu. Baki, “Tohsil NPM”, 2010, 160 s.
5. Moqalada cadval vo sokillor ndmralonir: codval — cadvalin yuxarisinda, kursivls, sagdan (mos.,
Cadval 1), sokil — soklin altinda, kursivlo, ortadan (mos., $akil 1.) vo matn hissodon (yuxaridan vo
asagidan) bir bos satir buraxmaqla gostorilmalidir. Codvallor bilavasito magalonin matnindo yerlosdi-
rilmalidir. Hor codvalin 6z basligi olmalidir. Codvallords miitleq 6l¢ii vahidlori gostorilmalidir. So-
killor aydin vo vahid obyekt soklindo olmalidir (ayri-ayri sokillorin siini qruplasdirilaraq yerlosdi-
rilmasi yolverilmozdir).
6. Moqalado istifado olunan 6l¢ii vahidlori beynslxalq 6l¢li vahidlari sistemino uygun olmalidir.
Qobul olunmus sézlordon basqa (vo s., vo i.a.), qisaldilmig s6zlordon istifado etmok olmaz.
7. Diisturlar Microsoft Equation-do standart parametr ilo yigilir. Motndo ancaq istifado olunan
diisturlar ndmroalonir. Diisturun ndémrasi sagda moétarizodo yazilir.
8. Redaksiyaya moqalo gondorildikdo miislliflor hagqinda molumat: soyadi, adi, atasinin adi, elmi
doracosi, elmi riitbosi, is yeri, vozifosi, ORCID nomrosi, moqalonin aid oldugu bdlmao, telefon
némrasi, e-pogt linvani da togdim olunmalidir.
9. Redaksiyaya daxil olan maqalalar roys togdim olunur vo miisbot roy almis moagalslor ¢apa tovsiyo
olunur.



INSTRUCTIONS FOR AUTHORS

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 1s 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.
100 words, max. 200 words); keywords (3-5 words) — in italics; introduction and other subheadings
— left-aligned, in bold, with an extra line at the beginning.
The title of the article, authors' names, surnames, and patronymics, abstract, and keywords should be
presented in the language in which the article is written and in English. If the article is written in
English, the above-mentioned information should be in English only.
4. Bibliography: Each cited source in the article should be numbered according to the order of use in
the text, without translation of the source's name. Citations in the text are given as follows:
— If the cited work is a journal article, it is indicated within square brackets in the text (e.g., [3]). In
the bibliography, the authors' surname, initials, the title of the work, the name of the journal, the year
of publication, series or number, and the page range in the journal are provided. Example: 3. Amanov
Y.A. Methodology for determining stresses in the contact zone of abrasive with metal. Proceedings
of AzTU, 2021, No.1, pp. 65-71.
— If the cited work is a book, the reference number and the page range of the work in the book are
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.
Measurement 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
are recommended for publication.



YKA3AHMUA 11 ABTOPOB

IIpu noaroroBke craThi HEOOXOAUMO YUUTHIBATh CIIEAYIOIINE TPEOOBAHHUS:
1. K nyOnukanmy npUHUMAIOTCS CTaTbU Ha a3epOaiKaHCKOM, PYCCKOM U aHIJIMHCKOM S3bIKax, B
TeKcTOBOM penaktope Microsoft Word dopmata A4 (creBa, cBepXy, CHU3Y W clipaBa — 2 CM), TEKCT
HaOupaetcs mpudrom Times New Roman- pazmep kerns 12, MEKCTpOUHBIH HHTEPBAJI OJWHAPHBIN.
Ao63anabiii oretymn -0,5 cm. O0bEM cTaThul HE Ooiee 5-8 cTpaHwMIlL.
2. TeKCT cTaThy JOJKEH COCTOSTh U3 CIENYIOIINX Pa3/IeloB:

* BBEJICHHE (aKTyaJIbHOCTh BOIPOCA, COBPEMEHHOE COCTOSIHUE TPOOIIEMBI);

* [1€JIb MCCIIEI0BAaHUS, IOCTAHOBKA MTPOOJIEMBI;

* METO/IbI pelIeHHUs U anpolanus NpodIeMbL;

* IPUMEHEHHE TTOJTyYEHHBIX PE3yJIbTATOB;

* BBIBOJIBI.
3. Cratbst nomKkHA OBITH O(OpMIIEHA B CIEAYIOIIEM IOpPSJIKe: Ha3BaHME CTAaThU — IIOCEPEIMHE,
3ariIaBHBIMU OyKBaMH, KHPHBIM MIpU(TOM, B KOHIIE TTyCTasi CTPOKA; UM, (aMHITUS M OTYECTBO aBTOPOB
JIOJDKHBI OBITh HAIMCAHBI YETKO — IOCEPEANHE, KUPHBIM MIPU(TOM; MECTO paboThl, TOPOA, CTpaHA U
aZipec JEKTPOHHOM MOYThI aBTOpOB — KypcuBoM; HoMepa ORCID aBTOpOB — mocepeanHe KypcuB, B
KOHIIE TycTasi crpoka; pestome (MuH. 100 crmoB, makc. 200 cnoB); kimtoueBbie cioBa (3-5 crmoB) —
KYPCHUBOM; BBEICHUE U OCTAIBHBIE M10/13aT0JIOBKU — CIIEBA, YKUPHBIM HIPUPTOM, ITyCTasi CTPOKa B Havase.
Haspanue crathu, umsi, paMuIns ¥ OTYECTBO aBTOPOB, AHHOTAIMSI M KJIIOUEBBIE CIIOBA JOJKHBI OBITH
MIpeICTaBJICHbI HA S3bIKE CTATbU U HA aHTJIMHCKOM fA3bIKe. ECliu cTaThs HamucaHa Ha aHTJIMHCKOM SI3bIKE,
BBIIICYKA3aHHOE JOJIKHO ObITh HAIMCAHO TOJIBKO HA aHIJIMHCKOM SI3bIKE.
4. buGnuorpadus: Ha3BaHME KaXXJOTO0 LUTHPYEMOTO0 MCTOYHHMKA HYMEpPYETCsS B COOTBETCTBUH C
MIOPSIIKOM €T0 UCIIOJIb30BaHMs B CTaThe, 0e3 nepeBoaa. CChUIKHM B TEKCTE AAHBI CIEAYIOUIMM 00pa3oM:
— eclu nuTHpyeMas paboTa SBISETCS KypPHAIbHBIM MaTepuajoM, OHA YKa3bIBaeTCS B KBaJpPaTHBIX
CKOOKax BHYTpH TekcTa (Hampumep, [3]). B crimcke muTepaTypsl yKa3pBaloTCs (GaMUIHS U WHUITHAIBI
aBTOPOB pabOTHI, Ha3BaHUE PabOThI, HA3BaHHE KypHANa, TOJl H3/IaHUs, CEpUs WM HOMEP, CTPAHHIIBL.
Hampuwmep, 3. AmanoB FO.A. O meTtoauke onpeeneHus] HanpsHKeHWH, BOSHUKAIOMINX B 30HE KOHTAKTa
Metasia ¢ abpazuBoM. Hayunsie tpyast A3TY, 2021, Nel, c. 65-71.
— €CJIM CChUIOYHAas padoTa sIBISIETCS KHIKHBIM MaTepHalioM, HOMEP CChUIKH U MEKCTPaHUYHBINA HHTEPBaJ
paboThl B KHUIe YKa3bIBaIOTCS B KBaJpaTHBIX CKOOKAaxX BHYTpPH Tekcra (Hampumep, [9, c. 120-122]). B
CIMCKE JIUTEepaTyphl YKa3bIBAlOTCA (paMUIUS U MHULIKAJIBI aBTOPOB, Ha3BaHUE MPOU3BEACHHUS, Ha3BaHHE
ropoja, HAMMEHOBaHHUE U3/aTeNbCTBA, [0 U3/JaHUs, 00Iee KOJIMYECTBO CTPAHUL] KHUTH.
Hanpuwmep, 9. xymmynos C.I'. [Ipunsatue ynpasnenueckux pemenuil. baky, «HIIM Oo6pa3oBanue»,
2010, 160 c.
5. Tabnuubl ¥ PUCYHKH B CTaThe HyMEpYIOTCS: Ta0IuIia — HaJl TabIuIe, KypcuBOM, CIIpaBa (Hampumep,
Tabnuya 1), pUCyHOK — TIOJT PUCYHKOM, KYpPCHBOM, ITocepearHe (Hanmpumep, Puc. 1.), TaOIAIIBI JOTHKHBI
OBITH OTHENEHBI OT TEKCTOBOM YacTH (CBEpXy M CHH3Y) IyCTBIMH CTpOKaMu. TaOmuipsl criemyer
pa3MenaTh HEMOCPEACTBEHHO B TekcTe craThu. Kaknas Tabnuma J0KHA MMETh CBOM 3arojiOBOK.
Eaununel nu3mepeHus: TOJKHBI ObITh yKa3aHbl B Tabnuuax. M3o00paskeHus: NOJKHBI ObITh YETKUMHU U
MPEJICTaBISATh COOOW eNUHBI OOBEKT (MCKYCCTBEHHAs I'PYNIHPOBKA OTAEIBHBIX H300paKeHUH HE
JIOTTYCKaeTCs).
6. Enununs! u3smepeHus, NCIOIb3yeMble B CTaTbe, JOJIKHBI COOTBETCTBOBATh MEXIyHAPOJHOHN cucTeMe
eauHuI n3Mepenus. Kpome npuHATHIX ci0B (M T.A. U T.11.), HENb3s HCIOJIb30BATh COKPAIIIEHHBIE CJIOBA.
7. ®opmynsl komnuaupyrotes B Microsoft Equation mo crannaptasiM napamerpam. Hymepyrores TObKO
(dhopMyIIBI, UCTIONB3YyeMBIC B TeKCTe. HomMep (hopMyItbl yka3pIBalOTCS B CKOOKaX CIpaBa.
8. [Ipu oTmpaBke cTaTby B PENAKIHUIO YKa3bIBAIOTCS CBeJCHUs 00 aBTOpax: GpaMuiIMs, UMs, OTUYECTBO,
ydeHasi CTENeHb, YUEHOE 3BaHHME, MECTO PadoThl, NoKHOCTh, HOMep ORCID, pasnmen, k KoTopomy
OTHOCHUTCS CTaThsl, HOMep TeJe]oHa U aipec IEKTPOHHOM MoUTHI. Takke HE0OX0IUMO YKa3aTh aJipec.
9. CraTby, NOCTYNMBIIME B pPEAKOJUIETHIO, IEPEeNaloTCsi Ha pELEeH3UpPOBaHUE, MOJYYUBIIHE
TMOJIO’KUTEIIbHBIE OT3bIBBI CTAThH, PEKOMEHIYIOTCS K ITyOJIUKallUu.
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