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HYDRODYNAMIC BASES FOR CALCULATING THE MOTION OF TWO-
PHASE SYSTEMS IN COMPLEX PIPELINES

!Abdulaga Gurbanov, ?ljabika Sardarova

12Azerhaijan State Oil and Industry University

1Department of Transportation and storage of oil and gas
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ABSTRACT

Considering the conditions for the development of an oil field for different layers, the pipeline
networks are different. Based on hydromechanics of homogenous fluid and gas, a new model of
two-phase systems movement of fluid-gas type in horizontal tubes is suggested and the major
calculation formula for complicated pipelines is developed. In constructing a complex system of
pipelines transporting both single-phase and two-phase systems, firstly, it is necessary to consider
the location of wells in the field, their initial and final flow rates, as well as the physicochemical
properties. This method enables us to define the main parameters of complicated pipelines,
considering the physical properties of two-phase systems.

The equation of two-phase systems movement in simple and complicated pipelines, allowing
recommending using this approach in field experience, is obtained as well.

Keywords: shear stress, complicated pipeline, multiple connections, diameter, volumetric fluid,
and gas discharge.

Introduction

Oil fields in the world are located in different climatic zones, wells have different depths and
physical and chemical properties of oil, gas, and water, which is the basis for an individual
approach in the development of projects for their development. Practice shows that the system for
collecting and transporting oil, gas, and water is a separate-branched network of pipelines
attached to the territories of the fields. These are underground, above-ground, underwater, and
surface pipelines. Taking into account the conditions for the development of an oil field for
different layers, the pipeline networks are different. So, for the fields of the republic, the total
length of all pipelines applied underground exceeds more than 30 thousand km. The geometric
dimensions of such pipelines vary widely, from 0.1 to 1.02 m.

Basically, small-diameter pipelines (flow lines) are laid from the wellhead to group metering
units. Large-diameter pipelines transport fresh water to flood the oil reservoir to maintain
reservoir pressure, which increases the oil recovery factor.

Statement of the problem

The movement of homogeneous liquids and gases in pipelines on a hydrodynamic basis plays an
important role in improving the transportation process. At the same time, in this article,
considering the physical properties of two-phase systems, it is important to determine the main
parameters of the movement in complex pipelines, and it is important to review the methods for
adjusting the movement. Determining the practical use of the equations of motion in different
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pipelines in two-phase systems is an important issue in the definition of the advantages of the
transportation system.

Solution of the problem

The results of the analysis show that all pipelines transporting single-phase (oil, gas, fresh or
formation water), two-phase (oil and gas), or multiphase (oil, gas, and water) systems are tested
for capacity, i.e.hydraulic resistance as well as mechanical strength.

Practice shows that for all work on the collection, transportation, and treatment of oil, gas, and
water in a complex field development project, the location of the main oilfield facilities and
communications is provided, the construction of which consumes about 50% of the capital
investments allocated to the oil industry [1-4].

It is known that pipelines transporting well products on the territory of oil fields are divided into
the following categories: by purpose - oil pipelines and gas pipelines, oil and gas pipelines; by the
nature of the movement - with the joint movement of watered and non-watered oil; by the nature
of pressure - pressure and non-pressure; according to the method of laying - underground, above-
ground, underwater and suspended; by function - flow lines, prefabricated and commodity
collectors; according to the hydraulic scheme of work - simple without branches, complex - with
branches, which include parallel, ring and closed pipelines.

For these pipelines provided for in the complex project, hydrodynamic calculations are required.
Basically, prefabricated collectors transporting gas-liquid mixtures such as oil and gas must be
designed and calculated taking into account the rate of drilling of production wells, as well as the
climatic conditions of the given field.

Numerous hydraulic calculations show that the rate of well commissioning affects the choice of
rational diameters of prefabricated collectors. So, at low rates of putting into operation wells with
a small flow rate in offshore conditions, they should be designed as two prefabricated collectors,
equal in cross-sectional area to one large one, designed for the maximum productivity of all
operated wells.

At high rates of well operation, it is possible to design and build one common system, i.e. one
prefabricated manifold designed for maximum productivity of all connected wells [5-7]. When
constructing a complex system of pipelines transporting both single-phase and two-phase systems,
firstly, it is necessary to take into account the location of wells in the field, their initial and final
flow rates, as well as the physicochemical properties of hydrocarbons produced from various
productive horizons. Taking into account the location of wells in an oil field, the depth of the sea,
the topography of the seabed and the climate makes it possible to select rational routes for all
pipelines.

Results and discussion

Basically, hydraulic calculations are performed for simple and complex pipelines transporting
both single-phase and multiphase systems.

The hydraulic calculation of a simple pipeline is reduced to determining its throughput, the initial
pressure and diameter of the pipeline are necessary. Complex pipelines can be of various
diameters along the line and branch.

In the hydraulic calculation of complex pipelines, four cases often encountered in field conditions
are of practical interest.
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1. Distribution manifold with constant diameter for uniform and uneven selection of
hydrocarbons.

2. Collector having a constant or variable diameter for uniform or non-uniform flow of fluids.

3. Common collection manifold forming parallel pipelines (looping).

4. The general prefabricated collector, having the shape of a ring.

The movement of fluid flows in various pipes and under various conditions is defined as follows.
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Sudden expansion

When the fluid flow passes from the narrow part of the horizontal pipeline to the wider part, it is
subjected to intense rotational motion. Liquid particles in such a swirling (eddy) movement are in
active friction both against the walls of the tube and with each other (Fig. 1). Frictions cause a
sharp loss of energy in the flow. Due to the influence of inertial forces on the flow, vortices are
extinguished at some distance from the suddenly expanded part, the pressure gradually increases,
and the velocity pressure and the total pressure decrease.
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Figure 1. Fluid rotation in suddenly expanded parts.
In order to determine the pressure loss, let's write the Bernoulli equation for sections 1-1 and 2-2
according to Figure 1.

Bt BBy yp,

¥ 2g

From here, the following expression for the pressure loss is obtained:

—pg | VE—ed
Ry, =BPz kL
- ¥ =g

1)

The value of the pressure difference is recorded again from a mnemonic or from a block of
piezometers.
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The expressions for the local resistance coefficient are:
according to the first gear

¢y = @)
according to second gear
(=5 3)

| 1

Analytical pressure loss can be calculated based on the Bordo-Carnot theorem:

(v, —w, )"

2g

* J—
hi_, =

(4)

Using the continuity equation and Weissbach's formula, we get the following for the local
resistance coefficient:

Gi=(1-2) ©)

and

= (2-1) ©

Here, S1 and S are the cross-sectional areas of narrow and wide pipes, respectively.
A sudden contraction.

— -
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Figure 2. Swirling of liquid in suddenly narrowed sections.

In the case of a sudden narrowing of the flow, some of the liquid particles are separated from the
general flow, forming vortex zones and joining the rotation movement (Fig. 2).

Although the number of such zones is greater than in the expansion process, the pressure 10ss is
less. It is the compression of the flow that causes the eddies to form before the constriction. In the
next short section, due to the inertial force of the liquid particles, the continuation of the
movement towards the center of the flow also creates vortex zones.
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The pressure loss and the local resistance coefficient can be determined experimentally by
formulas (1-3). Theoretically, the local resistance coefficient can be determined by the following
formulas proposed by I. Idelchik:

d=3(E-1)2 (7)
G=5(1-2) 8)

Pressure loss is calculated based on Weisbach's formulas (5) and (7):

Rt ©)

In this paper, based on the hydraulic laws of a homogeneous liquid and gas, a model for the
movement of a two-phase mixture in a pipeline is proposed and the main calculation formulas for
complex pipelines are obtained. It is known that the joint transport of two-phase hydrocarbon
systems through pipelines is common in the oil and gas industry. The complexity of the
hydrodynamic processes that occur during the movement of the oil and gas system, which differ
from calculations for a single-phase flow, is the reason that this problem has not yet found its
satisfactory solution.

Processing the results of numerous theoretical and laboratory-experimental works of the classics
in the hydraulics of multiphase systems A. I. Guzhova, A. A. Armanda, S. I. Kosterina, S. S.
Kutateladze, V. A. Mamaeva, K.J. Xogsidorna, G. Uollisi and others within the following
parameters: [8-10]. Gas Frode Frq =0.15-3246; Froude liquid  Frj = 0.0005-134.12; Reynolds
Gas Ret =211-67500; Reynolds liquid Rej =404-18886 and with a pipe diameter D=0.02-0.05 m
for various liquids, the dependence was obtained

. =1, +1,+k/ 1,1 (10)

W o1aq

where 1. is the shear stress during the movement of a two-phase system;
T;, 7.~ are, respectively, the tangential stresses of the liquid and gas;

k -experimental parameter.
Laboratory analysis shows that this experimental parameter depends on the ratio of liquid and gas
densities.

[o: (o
For water-air systemsk = Ei = 26, and for other liquids, k = |'§¢ == 26 + 33 depending on
W Pq W Pq
the physical and chemical properties of liquid and gas. A complete study of this model is given in
[3].
Ap, = Ap; + k[ 4p;,/4p, (11)

where Ap_ is the loss of pressure due to friction during the movement of a two-phase system;
Ap;; Ap, - respectively, the friction loss during the movement of a homogeneous liquid and gas.
Taking into account separate parameters for liquid and gas, respectively, we obtain:
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Ap. vl L=
TE—AJ.EEJGJ'FA —q'pq +k*qIAJGp}A‘TGP‘T (12)

where 4;; 1 - respectively, the coefficients of hydraulic resistance for a homogeneous liquid and

gas;

v;; v, - respectively, the reduced velocity of liquid and gas;

p;; pg - respectively, the density of liquid and gas;

- is the inner diameter of the pipe;

- is the length of the pipeline.
When calculating the hydrodynamics of pipelines, the Chezy formula is often used. We accept
this equation for a homogeneous liquid and gas

Bg gg .
A.==ui_ =+,
] 3 q £g

J g

where cj and cq are the Chezy coefficient for liquid and gas, respectively;
g - is the free-fall acceleration.
After simple transformations, we get

dp- D v v B v; vy p
A L R I A (13)
pjg 4L e eg pj | g Pj

\
Let us introduce the volume-flow rate gas content into this equation:

B=—" (14)

LQ+L
It is known that the reduced velocity of liquid and gas, respectively, can be determined by the
formula:
i i L and v; = C_:,-,v.'"R_fq (15)

where I and Iq are the hydraulic slope for liquid and gas;
R- hydraulic radius.

Then
z -
dpe D _ ¥ | I P g  Px
pj 4L E? (1+;J.- px+kw|_{l_- px) (16)

Denote the expression enclosed in brackets through the parameter

A—1+i Btk | 12 2q (17)

oep LA

This expression makes it possible to determine the volumetric flow rates of individual phases. So,
for liquid it is
—

Q; = v;s=k; ||i (18)

.;I‘lqA
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where k; is the liquid flow characteristic.
Then,

—

ks
Q_J' = k. llzl.

A (19)

1
VA
here h; is the hydraulic head of the fluid.

Often, in difficult offshore conditions, it is recommended to build parallel pipelines, for which

Q_;l' = Q_;l'._ + Q_;l': (20)
Then, taking into account (10) and (11), we obtain
P i
_ [Piy 1 (Pig 1
Q; =k;, N'IIE-I_ Vi T (21)

Conclusion

As can be seen, using this method, it is possible to determine the main parameters for complex
pipelines, taking into account the physical properties of two-phase systems.

This technique can be applied to other complex pipelines. Given the simplicity and validity of this
technique by the laws of hydromechanics of a homogeneous liquid and gas, it can be
recommended for widespread use in field conditions.
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ABSTRACT

The proposed synthesis algorithm for a fuzzy — logical proportional — differential (Fuzzy PD)
controller is a simple and allows using a standard form of description of linguistic variables and a
minimum set of control rules (with number of three or five rules). One of the successful
applications that used fuzzy control is liquid tank level control. The purpose of the proposed
synthesis algorithm is to design a simulation system of fuzzy logic controller for liquid tank level
control by using simulation package which is Fuzzy Logic Toolbox and Simulink in MatLab
software. By doing some modification of this algorithm, the design will be very useful for the
system relates to liquid level control that widely used in industry nowadays.

The influence of its barbecues on the process obtained by synthesis with a PD controller is shown.
It became clear that by selecting coefficients, we could get high-speed transitions and the required
quality without extreme settings. It was not possible to obtain the required process using a fuzzy
controller of 3 rules. This is because the price of the derivative, that is, the rate of change in the
liquid level in the tank, is not taken into account. This was taken into account in the fuzzy
controller and a time adjustment of no more than 10 seconds was obtained. Fuzzy controller of 5
rules and copy of PD-controller - normalization of input and output gave close results in terms of
quality and accuracy.

Keywords: controller, fuzzy logic controller, linguistic rules, fuzzification, defuzzification, liquid
tank, toolbox, Simulink, PD — controller, overshoot, steading.

Introduction

Fuzzy control can be described simply as control with sentences rather than equations. A fuzzy
controller can include empirical rules, and that is especially useful in operator controlled plants. A
comprehensive review of the classical design and implementation of the fuzzy logic controller can
be found in the literature [1-3].

The main difficulty in designing nonlinear controllers is the lack of a general structure [4]. Most
linear and nonlinear control solutions developed during the last three were based on precise
mathematical relations. Hence, these model based approaches may not provide satisfactory
solutions [5]. This motivates the interest in using fuzzy logic theory [6] and employ a mode of
approximate reasoning that resembles the decision-making process of humans. FLS

1. Research institute “Geo-technological problems of gas, oil and chemistry”, Baku, Azerbaijan

2. Azerbaijan State University of Oil and Gas

Design of fuzzy controllers for the nuclear steam generator water level control were considered in
[7-9].
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If it is impossible to give an exact mathematical description of the object and its control in
quantitative terms, the traditional control theory turns out to be inapplicable [10-13]. In these
cases that it is advisable to use intelligent control methods to solve the problems of creating a
control system specifically focused on building models that take into account the incompleteness
and inaccuracy of the initial data.

Problem statement

In this study, we analyze the control effect of PD — and PD — controllers for liquid tank level
control and compare of them.

Purpose of the work. The main purpose of this work to conduct a constructive analysis of fuzzy
logic controller that ensure the activities of operators in a fuzzy process control system under
conditions of uncertainty and create control algorithms based on fuzzy logic. Especially it can
give more attention to various parameters, for example, time of response, the of steadying and
overshoot.

The solution of the problem

The cylindrical tank has several holes. Fluid enters from one orifice and exits from another. The
inlet valve is controlled by changing the amount of fluid flowing. The velocity of the flowing
liquid depends on the volumetric pressure, which varies with the diameter of the outlet and the
level of the liquid [14]

The input to the controller is an electrical signal proportional to the error of a given variable level
expectation, and the output is a voltage applied to the inductor that controls the inlet valve. The
mathematical model of the control object is given by the following equation:

U=u,h=———x )

where, h - tank height (m), . - voltage at the output of the control device (control effect) (v), U -

sum of voltage at the output of the control device depending on the placement of the valve, S -
cross-sectional area of tank (m?), a, b - experimentally determined parameters (Figure 1).

gauge valve

Level gauge

~—" " (glass wbe)

T

Liquid column

gauge valve
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Figure 1. Control object - a tank with liquid in it [15,16]

The following restrictions are imposed on the synthesized system: overshoot - no more than 5%,
switching process time - 10 seconds. Should be, the number of oscillations should not be more
than two before the end of the transient, the fixed error should be equal to zero.

Let's assume that the control object is characterized by the following parameters (Table 1).

Table 1. Initial data.

S, a b .fzigf, el byt hga,
sm? m m m m
50 7 11 1.8 1.25 0.5 1.6

Case study: Revamping a system should compare the following controllers:

1. Proportional controller (P).

2. Proportional-differential controller (PD).

3. Fuzzy controller using the following rules:

If (level is okay) then (valve is no change)

If (level is low) then (valve is open fast)

If (level is high) then (valve is close fast)

4. Fuzzy controller using the following rules:

If (level is okay) then (valve is no change)

If (level is low) then (valve is open fast)

If (level is high) then (valve is close fast)

Research and comparative analysis of the qualitative characteristics of a closed system [6-8]:

1. Evaluation of the quality of the closed system at different values of initial ho and at a given
level h™' of liquid in the tank, control gains Kp are constant to be determined in the design for set
— point tracking and stability consideration.

2. Evaluate the effect by adding random noise to the system, taking into account the error from 1
to 5% when measuring the water level in the tank with sensors (transducer).

3. The outflow of water from the tank can be considered as an excitation affecting the control
object. Evaluate the effect of changing the number of exit holes (cases of halving the area of
outlet holes are considered).

Controllers’ setup

The scheme described in the Simulink package of the Matlab system reflects the process of water
level controller based on relation (1). The system has a closed structure with negative feedback.
For simplicity, let's assume that the input is given a number equal to the value corresponding to
the desired liquid level in the container. Therefore, we take the measurement factor to be 1.

Let's consider a simple P (proportional) controller to the system that implements a proportional
control law. The diagram of the P-controller system is shown in Figure 2.
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Figure 3. The process of the control object with P-controller: Kp =1; Kp > 1

Obviously, by changing the gain, we get a very simple tuning mechanism. In Figure 3, you can
control the dynamics of the process. By changing the gain, you can change the speed of the
system, but this does not affect its quality.

We can only change the speed of the process in the formulation of the problem. In this case, the
dynamics of the system will not change. With the help of the controller P, we will not be able to
get the process of the required quality.

Let's see how the system works by adding a PD (proportional-derivative) controller, that is, in
addition to the proportional controller, we also add a differential controller. Structure (Fig. 4).
The circuit with a PD-controller is shown in Figure 5, 6.
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Figure 4. Structural diagram of the control object of the PD - controller

A

Figure 5. Change in the liquid level in the tank at different gains of the differential collector of
the PD-controller: 1) Kp =50, Kp =10; 2) Kp =50, Kp =20; 3) Kp =50, Kp =30

Now we get two variable parameters for adjusting the controller. Let's consider their action
separately:

Figure 6. Change in the liquid level in the tank at various gains of the proportional bushing of the
PD-controller 1) Kp = 10, Kp = 30; 2) Kp =50, Kp = 30; 3) Kp =7, Kp =30

It can be seen from the figure that the differential clutch works in proportion to the change of the
controller.
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Fuzzy controllers

Now let's consider the procedure for establishing a control law for fuzzy controllers, which is
formed on the basis of the following three rules:

If (level is okay) Then (valve is no change)

If (level is low) Then (valve is close fast)

If (level is high) Then (valve is open fast)

We get the following: If the liquid level is “normal”, then the valve is left unchanged; If the liquid
level is "low", then the valve closes quickly; If the liquid level is “high”, then the valve opens
quickly.

The fuzzy controller model was developed on the basis of the Fuzzy Logic Toolbox package of
the Matlab system. The fuzzy concepts mentioned above in brackets are described in terms of
linguistic variables that are consistent with the membership function in the model. The
description of the circuit in the Simulink package is shown in Figure 7.

h |ref
Vh
» K,
() ) 0
ik O O M POTE
Se=p ® *Ka Fuzzy Logic Scope
Contoller
Figure 7. Description of a fuzzy controller control object (by 3 rules).
h(t) .. .. V()
Fuzzyfication > Fuzzy Rule Base - Defuzzyfication |
Figure 8. Structural diagram of the Fuzzy logic controller:
1 5 1 1 I 1 I 1 I 1 I
1 \/
05+ E
0 -
_DS 1 | 1 | 1 | 1 | | >
0 ) 10 15 20 25 30 35 40 45 a0

t (sec)

Figure 9. Variation of liquid capacity level (Sh) in the system with fuzzy controller (3 rules)
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Introduce the input variable “level” = (h"®f — h(t))/ h'®f and output variable “valve” = (liquid
column — free glass tube column)/liquid column. The membership function of these variables we
are shown in Figure 10.

Membership function plots 501 ceints 181

Membership function plots olot ooints: 181
lpw okay highi T T T T T T T .
| close-fast no-change open-fast

U 1 1 = 1 1 = 1 1 1 1
-4 -3 -2 -1 0 1 2 3 4
input variahls “level” nutout varable "valve"”

Figure 10. Membership function free terms (“3 rules”): a) input variable “level”; b) output
variable "valve"

In Figure 10a, the lower term of the affinity function describes low, normal — normal and high —
high liquid levels; in Figure 10b the term "quick close™ refers to the signal of the valve "no
change" — leave it unchanged, "quick open"” — quickly open the valve.

1

0.8 r
0.6 |
0.4 F
0.2F

valve

ot
o2
-0.4 F
06
08

=1l -0.5 n] 0.5 1

lewe|

Figure 11. Superficial appearance of the fuzzy controller (according to three rules).

In this case, we get an unacceptable quality of the transient process. Until information about the
normal level of liquid in the tank is taken into account, it is impossible to obtain the required
transient process by selecting in membership function. It is necessary to submit information about
the sign of the derivative to the input of the controller. This is implied by the five fuzzy rules in
the controller/

Now let's build an improved fuzzy controller according to the five rules below:

If (level is okay) Then (valve is no change)

If (level is low) Then (valve is open fast)

If (level is high) Then (valve is close fast)

If (level is okay) And (rate is positive), Then (valve is open slow)
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If (level is okay) And (rate is negative), Then (valve is close slow)

Here, in addition to the previous 3 rules, we have added two more rules that take into account the
sign of the derivative. In this case, the modification of the first rule will be as follows:

If (level is okay) And (rate is null) Then (valve is no change)

Such a replacement does little in the simulation, as can be seen from the graph below.

Now the fuzzy controller has two inputs. One enters the liquid level, and the other enters the sign
of the derivative.

Graphs characterizing the change in the liquid in the tank as a result of the simulation are shown
in Figure 12.

Figure 12. Fluid level change in a system with a fuzzy controller (5 rules): a) ho = 0.5; b) ho = 1.6

Membership function plots 51t gints: 18 Membership function plots 04 points: 181

lof okay ‘ high negative 123 positive

r T 1 1 1 1 1 1 1 1 1
1 08 06 D04 02 0 02 04 06 08 1 01 -008 006 -004 002 0 002 004 006 008 01
inout variable “rate”

innit variahla "laval”

Figure 13. Membership function for terms (5 rules): of the input variables: a) “level”; b) “rate”
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Membership function plots e 181

T T T T T T T T T
close-fast close-slow no-change open-slow open-fast
1+ _

u I I I I I b I I I =
| 0.8 0.6 0.4 0.2 0 0.2 0.4 0.6 0.8 1
putout variable "wvalve"

Figure 14. Membership function for valve output variable terms (5 rules).

We see that for the output variable corresponding to the small opening of the valve, two more
terms are added. The membership function for liquid level input variables has changed
significantly compared to 3rd order fuzzy controllers.

By choosing the appropriate type and form of the membership function, acceptable accuracy is
achieved in addition to the normal quality process.

valve

rate 01 - =

Figure 15. Appearance of the fuzzy controller (according to 5 rules).

Fuzzy rules, fuzzy variables and their terms are introduced from the Fuzzy Inference System (FIS)
model.
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Figure 16. Graphs of changes in the liquid level in the tank at values
of h™*f=1 and ho = 1.5 for the PD-controller and its fuzzy copy

Thus, by normalization and on the basis of 5 rules, results were obtained that are close to the
original both in quality and accuracy.

Evaluate the quality of the closed system for the given initial levels ho and h'f of liquid in the
tank

Here, the following signs are accepted

1 — PD-controller;

2 — controller for 5 rules;

3 — Fuzzy controller - (copy);

. . . . . . 0.025 z .
Let's determine the noise intensity by three sigmas 3¢ = ( ) = 0.0006:
1 1 T T T T T T T T T
1
N Y e >
3
0.9 f -
0.g -
0.7 —
0.6 | —
05 —
0.4 1 1 1 1 1 1 1 1 1
o 10 20 30 40 50 B0 70 =0 30 100

Figure 17. h™™=1 and ho=0.5 graphs of changes in the liquid level in the tank

THE CAUCASUS ECONOMIC & SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS

¥202 - 10 - (2T) 85

T¢



<
N
o
N

1
—
o

1
—~
N
—
~
(e
Lo

22

i
Ay
A — =

! /\V\/ 55N: 2298-0946 (Print), I55N: 1987-6114 {Online)
A ~
'y P =

A copy of the PD-controller, fuzzy controller of the 3 and 5 rules and fuzzy PD-controller for a
two-valve control object was synthesized in order to maintain the liquid in the tank at a given
level. The expediency of the issue was analyzed and a comparative analysis of controllers was
carried out.

By choosing the P-controller, we were able to change the speed of the system, but did not change
the quality, which was unsatisfactory. It is not possible to solve the problem with the P-controller.

Conclusion

The influence of its individual barbecues on the process obtained by synthesis with a PD-
controller is shown. It became clear that by selecting coefficients, you can get high-speed
transitions and the required quality without extreme settings. It was not possible to obtain the
required process using a fuzzy controller of 3 rules. This is due to the fact that the price of the
derivative, that is, the rate of change in the liquid level in the tank, is not taken into account. This
was taken into account in the fuzzy controller and a time adjustment of no more than 10 seconds
was obtained. Fuzzy controller of 5 rules and copy of PD-controller - normalization of input and
output gave close results in terms of quality and accuracy.
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ABSTRACT

Fuzzy logic (fuzzy sets) possesses some widespread application in decision-making due to its
ability to handle uncertainties in the implemented data and information. The application of fuzzy
logic in decision-making usually involves the design of fuzzy rule-based systems. The functioning
of the designed fuzzy systems can be compactly defined as the fuzzy inference process. One of
the main steps of fuzzy inference is fuzzy implication, and, therefore, the selection of proper
implication function possesses the great impact on the corresponding decision-making process.
The currently reported research provides a comparative analysis on two fuzzy implications: Ali-2
and Zadeh. The reported research involves the application of an efficiency index and is performed
on a real-world example.

Keywords: Fuzzy implication, If-Then rules, membership function, fuzzy set, efficiency index

Introduction

One of the notable issues in decision theory is the variability of the decision-related information.
The applied information attributes/parameters quite often do not possess some unambiguous
singular values, which means that each such attribute/parameter has some collection of potentially
acceptable values. The basic procedure to deal with the aforementioned issue is generalization.
The simplest generalization procedure is to bring the collection of attribute/parameter values to
some singular values (crisp numbers) by means of averaging or any other technique. The more
profound generalization procedure is to bring the collection of values to some crisp value
intervals. One of the deficiencies emerging in the case of such generalization is that the decision
process cannot differentiate between different values within the same interval — every value in the
interval is equally acceptable. In order to address the deficiency of the interval-based
generalization procedure, the generalization based on fuzzy sets can be applied — the fuzzy-set-
based generalization procedure not only assigns a set of values to the attribute/parameter, it also
associates each value with the corresponding membership degree. Thus, the values with higher
membership degrees are more acceptable/relatable than the values with lower membership
degrees.

Nowadays, the application of fuzzy sets is quite popular in decision-making, and one of the main
application approaches is to design a decision model in the form of a fuzzy rule-based system.
The functioning (not the design) of a fuzzy rule-base system can be compactly defined as the
fuzzy inference process. Fuzzy inference is a sequence of steps required to obtain some output
from a given input. One of the major steps in fuzzy inference is fuzzy implication. Fuzzy
implication is an operation/function that computes the firing level (fulfillment degree, truth value)
of an IF-THEN rule. The higher firing level means higher impact on the output of the decision
model.
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Professors Zadeh and Aliev [2] note in their work that fuzzy set is a universal tool for expressing
imprecise uncertainties of real-life problems. In their work, it is stated that fuzzy implication is a
generalization of classical implication.

The fuzzy implication is still a relatively popular topic, with numerous research providing the
analysis of existing implications and/or proposing new fuzzy-implication classes. A few of the
corresponding research are briefly described below.

The paper [3] provides a comprehensive survey of fuzzy implication functions, where the authors
stated that". Of course, all these expressions for implications are equivalent in any Boolean
algebra and consequently in classical logic. However, in fuzzy logic, these four definitions yield
to distinct classes of fuzzy implications. Thus, the following question naturally arises: why so
many differences models to perform this kind of operation? The main reason is that they are used
to representing imprecise knowledge. Note that any "if then" rule in fuzzy systems is interpreted
through one of these implication functions. So, depending on the context and on the proper rule
and its behavior, different implications can be adequate in any case.” Another paper [4] by the
same authors provides a comparative study between Implications and D-implications. Moreover,
in [5] the same authors proposed a new class of h-implications and their generalization.

Pinheiro and Bedregal in [6] provided a survey and analysis of (T, N)-implications. The same
authors later used (T, N)-implications in the design of fuzzy subset hood measures [7].

The authors of [8] have provided a theoretical analysis of (S, N)-implications.

In works [9-11], the authors provided the analysis of copula-based fuzzy implications.

Authors of [12-13] presented theoretical and practical research using copula and Z inference. The
authors state that the selection of proper implication function has a crucial impact on the
effectiveness of fuzzy inference. Both papers propose and consider fuzzy inference based on the
application of Z-set based rules.

The currently reported research in this paper is the continuation of the author’s previous research
on fuzzy implication, and its purpose can be defined as follows. A significant part of recent
studies on fuzzy implication possesses several notable shortcomings: in this paper, we mainly
focus on the absence of efficiency indices measuring the performance of fuzzy implications
within the fuzzy inference engine. The currently reported research does apply the efficiency index
and proposes the comparative analysis of Ali-2 and Zadeh implications on a real-world example.
The rest of the paper is organized as follows. Section 2 deals with preliminary preparations.
Section 3 provides the problem statement and its solution. Finally, Section 4 concludes the paper.

Preliminaries

As was stated previously in the Introduction, an implication function computes the fulfillment
degree of an IF-THEN rule. Let’s say, we have a rule “IF p, THEN q”, where p and g are some
arbitrary propositions (for example, p = “the outdoor temperature is low” and g = “people tend to
carry umbrellas”). An implication function computes the fulfillment degree of that rule based on
the fulfillment degrees of the p and q propositions. In fuzzy logic, the fulfillment degrees of p and
g usually mean the corresponding membership values. For example, the fulfillment degree of p =
“the outdoor temperature is low” usually means that there is a linguistic term “cold” of a variable
“outdoor temperature”; and, each time some input temperature comes in, its membership to the
“cold” linguistic term is computed — the computed value constitutes the current fulfillment degree
of p. In the following preliminary definitions, the fulfillment degrees of p and g are denoted as x
and y, respectively.
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Definition 1 [14]. A binary operation | on [0; 1] is called a fuzzy implication if
(i) 1 is decreasing in the first variable,

(i) 1'is increasing in the second variable,

(iii) 1(0; 0)=1(1; 1)=1 and I(1; 0) = 0.

The set of all fuzzy implications is defined on [0; 1]
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Definition 2 [2]. Fuzzy implications and connectives:

26

Zadeh implication: 1(x,y) = max(min(x, y),L- x)

Mamdani implication: I(x,y) =min(x,y), T =min(x,y)

Lukasiewicz implication: I1(x,y) = min(L1-x+Y), T =max(x +y-1,0)
Klir and Yuan 1 implication: 1(x,y) =1-x+x?y), T =xy

o 1-x, if x<y X, if x+y<l1
ALI-1 implication: j (y vy =1, if x=y, T=:0, ifx+y=1
b, if x>y y, ifx+y>1

Ali-2 implication: |(x,y) 1" ifx<y ._J0 if x+y<1
(1-x)My, if x>y max(a,b), ifx+y>1

Ali-3 implication: |, ) 1 ifx<y 10 ifx+y<1
' y/[x+(1-y)} otherwise 1-[(1-X)/(x+y)], ifx+y>1

Statement of the problem

Rules were extracted from the data taken from the bank of Azerbaijan (BTB bank). The goal is to
determine the status of the respondent (Y) based on the profit (X1) and satisfaction (X2) values.
Linguistic values for 9 rules are given in Table 1.

Table 1. Fuzzy IF-THEN rule base

| Rules | Inputs | Outputs
X, X, Y
1 high High high
2 low Low low
3 medium | medium medium
4 High Low low
5 low medium high
6 high medium medium
7 medium | high high
8 medium | low low
9 low high medium

The main objective of the considered problem is to select an implication function providing
superior efficiency in the fuzzy inference process.
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The process of determining the efficiency of a fuzzy implication function is presented and

[6)]

implemented as follows in this paper: ,'°:°
1. Relation is created for each rule. N
9 1

2. General matrix R=UR, is formulated by using the created 9 fuzzy relations and 2
i=1 '

implementing T norm operation over the performed implications. §

3. Aggregation operator, general matrix and new input are used for determining new output. -

4. Calculation efficiency index for the rules using obtained new output and outputs of the
N
\I

9
rules: oy = > [y, () - (1. (T
5. Determining efficiency index of the implication.

Fuzzy relations obtained for each rule from Table 1 are shown in Tables 2-10.

Table 2. Relation matrix of 1-st rule

Output

0 0 0 0 0,2 06 1
input0 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1
0,2 0 0 0 O 1 1 1
0,6 0 0o 0 O 0,2 1 1
1 0 0 0 O 0 0 1

Table 3. Relation matrix of 2-nd rule

1 06 02 0 0 0 0
1 1 0 0 0 0 0 0
0,6 1 1 0,2 0 0 0 0
0,2 1 1 1 0 0 0 0
0 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1
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Table 5. Relation matrix of 4-th rule

0 0 0 0 0,2 06 1
0 1 1 1 1 1 1 1
0,4 0 0 0 0 0,2 1 1
0,21 0 0 0 0 0,2 1 1
0 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1

Table 6. Relation matrix of 5-th rule.

0 0 0 0 0,2 06 1
0 1 1 1 1 1 1 1
0,4 0 0 0 0 0,2 1 1
0,21 0 0 0 0 0,2 1 1
0 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1

Table 7. Relation matrix of 6-th rule

0 04 08 1 0,8 04 0
0 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1
0,21 0 1 1 1 1 1 0
04 0 1 1 1 1 1 0
0 1 1 1 1 1 1 1
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Table 8. Relation matrix of 7-th
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Table 9. Relation matrix of 8-th rule.

1 06 02 O 0 0 0
0 1 1 1 1 1 1 1
0,41 1 1 02 O 0 0 0
0,2 1 1 1 0 0 0 0
0 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1

Table 10. Relation matrix of 9-th rule.

~
‘©
‘©
™

Oo0oooocoo
e ] [=)
= N =N =N SN o)
Y =Y =)
Y e = =Y IS
] =)
] (=)
A ] [=)

Intersection of relations is performed by using the ALI-2 conjunction connective:

0’ /’lRS’k (X7 y) + IuRSJri’k (X’ y) S 1

Hs(X,y) =
max(luRS’k (X1 y)fluReri'k (X’ y))’/uRs’k (X’ y) +/'le+i’k (X1 y) >1

Where s is the sequence number of a relation and k is the number of points on the relation,
i=1,...7.

For demonstration purposes, the result of applying the conjunction connective between the first
(R1) and second (R2) relations is shown in Table 11.
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Table 11. Union R1& R2
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Now, we define a composed fuzzy relation matrix R = ngRi (Table 12), which is the result of
i=1

applying the conjunction connective of the Ali-2 implication over all 9 relations.

Table 12. Composed relation matrix.

O O O O o o -
O O O O o o o
O O O O o oo
O OO Fr OO0o o
O PP, OOOoOOo
O PP, OOOoOOo
R O O OO O o

During the next step, we calculate individual outputs (Table 13 and Fig. 1) of the rule using the
max min composition.

Table 13. New obtained individual output (Y1).

IS
[
)

output 0
0 1
0 0
0 0
0,5 0
0
0
0

0,6
0
0

O OO OO Ooo|o
O OO OO Ooo|o
O OO PFr OO0OOo|o
O R, PFPOOOOo|o
O FRLrPFPrOOOOoO|o
R O OOOOOo|o
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Figure 1. Graphical representation on Ali-2 implication

The following formula is used to calculate the efficiency index of the applied implication:

Obtained values of the applied efficiency index for 9 rules are given below:

The overall efficiency index is p=o0.0151in the case of applying the Ali-2 implication.

Now, the aforementioned procedures are re-performed for the case of applying the Zadeh
implication (Tables 14-16).

Table 14. Union R1& R2(Zadeh implication)

p =2tz (9~ (OF

p, =0.0141; p, = 0.0237; p, = 0.0113; p, = 0.0237; p, = 0.0141;
ps =0.0113; p, = 0.014; p, =0.0237; p, = 0.0113.

1
0,6
0,2
0
0,2
0,6
1

0,6
0,6
0,4
0,4
0,4
0,6
1

0,2
0,4
0,8
0,8
0,8
0,6
1

0
0,4
0,8
1
0,8
0,6
1

0

0,4
0,8
0,8
0,8
0,6
1

0

0,4
0,4
0,4
04
0,6
1

0
0,4
0,2

0,2
0,6
1
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Table 15. Composed relation matrix(Zadeh implication)

1 06 02 O 0 0 0
059 059 04 04 04 04 04
02 04 079 079 079 04 0,2
0 04 08 1 08 04 O
02 04 079 079 079 04 0,2
o4 04 04 04 04 06 06
0 0 0 0 02 06 1

Table 16. New obtained individual output (Y1)(Zadeh implication)

output 02 04 05 05 05 04 0.2

0 1 06 02 O 0 0 0
0 059 059 04 04 04 04 04
0 02 04 079 079 079 04 02

0,5 0 04 08 1 0,8 04 O
0,6 02 04 079 079 079 04 02
0 04 04 04 04 04 06 006
0 0 0 0 0 0,2 06 1

Obtained values of the applied efficiency index for 9 rules are given below:

p, =0.0147; p, = 0.0147; p, = 0.0051; p, = 0.0147; p, = 0.0147;
s =0.005%; p, = 0.014; p, = 0.0147; p, = 0.0051.

The overall efficiency index is p=0.010855556 in the case of applying the Zadeh implication.
Thus, as the result, we get the efficiency index of applying the Ali-2 implication to be equal to
0.0151 and the efficiency index of applying the Zadeh implication to be equal to 0.010855556.
Thus, in our real-world example, the Zadeh implication seems to perform better since having
lesser efficiency-index value:

Diagen =0.0108555% < p,,. , =0.0151

Conclusion

Fuzzy implication is one of the main steps in the fuzzy inference process, and the selection of
proper implication function in a major factor affecting the performance of the corresponding
fuzzy rule-based system. In this paper, two implications Ali-2 and Zadeh are compared on a real
world example. The comparison involves the application of an efficiency index and reveals the
superiority of the Zadeh implication in the considered case.

This work is the continuation of the author’s studies on fuzzy implications. The previous work on
the outlined topic had revealed the superiority of Ali-2 implication over several other implication
functions, so the current paper focuses on comparing Ali-2 with the Zadeh implication, which is
among the most well-known and applied ones.
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The future studies on fuzzy implications are planned to involve new implication classes,
efficiency indices and different application areas such as image processing, approximate
reasoning, etc.
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ABSTRACT

According to domestic and international experts, the most promising areas for the development of
the “green economy” in the Republic of Azerbaijan (AR) are energy, transport and agriculture [1].
In recent years, numerous studies have been carried out in the AR to study the existing potential
in the field of development of alternative and renewable energy. As a result of the research, the
presence of large wind, solar and hydropower potential, biogas and thermal energy resources in
the republic was revealed. In general, the level of opportunities for the development of alternative
and renewable energy infrastructure in Azerbaijan can be compared with such countries as
Denmark and Germany.

Keywords: green economy, sustainable development, energy, energy efficiency, renewable
energy sources, transport, agriculture

XULASO

Moqgaloda perspektivli inkisaf saholorino dair molumatlar Umumilasdirilmisdir. Azarbaycan
Respublikasinin enerji, nogliyyat vo kond tosorriifatt saholorinds “yasil iqtisadiyyat” vo ekoloji
siyasati, alternativ vo barpa olunan enerji monbalorindan istifado tzro milli strategiyanin hoyata
kecirilmasi; glinas enerjisi, kiillok vo hidroenergetika, geotermal enerji vo biokitlo enerjisi
istehsalinin inkisafi tigiin Azorbaycanin on perspektivli sahalorini gdstoron alternativ enerjinin
inkigafi imkanlart; kond tosorriifatinin strukturu; yarimkdgori heyvandarligla bagl problemlor; su
ehtiyatlarindan somorasiz istifado; ononavi, alternativ vo barpa olunan enerji monbalarinin
ehtiyatlar1 haqqinda molumat verir; Azorbaycan Respublikasinda enerji vo enerji somoraliliyi
sahosindo siyasatin inkigafinin osas middoalarini vo istigamotlorini; respublikada beynolxalq
maliyys institutlar1 ilo birgo hoyata kecirilon enerjiya gonast layiholori, 0o climlodon Kioto
Protokolu Uzrs tomiz inkisaf mexanizmindon istifado edon layiholor haqqinda imumilosdirilmis
molumatlar; havanin avtomobil naqliyyatindan ¢irklonmasinin strukturu vo Azorbaycan
Respublikasinda avtomobil nogliyyatinin monfi tosirinin azaldilmasi istigamoatindo hoyata
kegirilon tadbirlor haqqinda.

Acar sozlar: yasil iqtisadiyyat, davaml inkisaf, enerji, enerji somaraliliyi, barpa olunan enerji
manbalari, naqliyyat, kond tasarriifati

Solar energy

The climatic conditions of Azerbaijan allow the production of electricity using solar energy. The
use of solar energy could help solve problems related to energy supply in certain regions of
Azerbaijan. Some developed countries in the world have in recent years begun to widely
implement photovoltaic programs (PVP - a method of generating electrical energy by using
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photosensitive cells to convert solar energy into electricity). Azerbaijan's use of these programs is
also relevant. It is known that the efficiency of solar installations depends on climatic conditions
and the geographical location of the country. In Azerbaijan, annual solar energy radiation is 1500-
2000 kW/m2 (in the USA - 1500-2000 kW/m2, in Russia - 800-1600 kW/m2, in France - 1200-
1400 kW/m2, in China - 1800-2000 kW/m2). This indicates a fairly high solar intensity in the
country compared to other countries, which may become a factor in attracting investment in the
use of solar energy. The maximum values of the intensity of solar radiation on horizontal and
normal flat surfaces are reached in the summer and differ somewhat in different regions of the
republic: Pirallahi Island (near the Absheron Peninsula), Mingachevir (northeast) and
Nakhichevan enclave between Armenia and Iran).

Wind energy. In terms of price, environmental friendliness and inexhaustibility of its resources,
wind energy is superior to solar, water, geothermal energy and the use of biomass. Research
shows that many regions of Azerbaijan have great potential for the use of wind turbines.
According to calculations, the country's annual wind energy potential is 800 MW (Table 1).

Table 1. Potential of renewable energy sources in Azerbaijan[1]

Source Realizable potential MW
Small hydroelectric power stations >400
Wind Energy >800
Solar Energy >5000
Bioenergy >1500
Geothermal energy (heat only) >800

Source: Compiled according to data from the State Agency for Alternative and Renewable
Energy Sources of Azerbaijan, a government agency under the Ministry of Industry and Energy
of the Cabinet of Ministers. Acts as the main regulatory agency in the field of alternative and
renewable energy sources in the Republic of Azerbaijan. SAARES, 2012.

Approximate calculations equate this figure to 2.4 billion kW of electrical energy. Using such a
powerful potential would save 1 million equivalent fuel and prevent the release of more waste
into the atmosphere [1]. As a result of long-term observations, it was revealed that the necessary
conditions of the country prevail in the Absheron Peninsula, the coastal strip and the
northeastern islands of the Caspian Sea. The average speed of long-term winds is more than 6 m
per second, which is a favorable factor for the use of wind energy. In the Ganja-Dashkesan zone
and the territory of Sharur-Julfa in the Nakhchivan Autonomous Republic, the average annual
wind speed is 3-5 m per second, there are favorable conditions for the use of medium-power
wind turbines.

The following regions of the country are considered promising for the use of wind energy:

1. Baku, Sumgayit and the Absheron Peninsula with the islands nearby. Due to the intense wind
force, the energy potential here is estimated at 1500 mW.

2. Caspian Sea zone and the right bank of the Kura: the potential is estimated at 500 MW.

3. The territory of the Nakhichevan Autonomous Republic with separate zones of Zangezur
inclusive. The potential is estimated at 70 mW.

Data on the long-term forecast for the use of wind energy in Azerbaijan are shown in Table 2.
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Table 2. Long-term forecast for the use of wind energy in the AR[2].

Year 2005 2010 2015 2020 2025
wind 163 325 434 542 651
energy
production,
million
kW.sec
fuel oil 49 98 130 163 195
savings,
thousand
tons
decline 150 300 400 500 600
Cco2,
thousand
tons

Source: The 1st National Climate Change Information (Phase 2), Baku 2001.
http://unfccc.int/resource/docs/natc/azencladdl.pdf

Hydropower

Hydropower is the main renewable source of energy supply in Azerbaijan. In 2010, hydropower
accounted for 18% of electricity production. In total, Azerbaijan has 1000 MW of operating
hydropower capacity, and 62 MW of hydropower capacity at the construction stage. The country's
largest hydroelectric power station, Mingachevir, with an installed capacity of 402 MW, was built
on the Kura River. In addition, there are currently three more hydroelectric power stations in Kura
with a capacity of over 100 MW in Azerbaijan. Azerbaijan's water resources include: the lower
reaches of the Kura with its numerous tributaries; the Araks River (a tributary of the Kura),
flowing along the border and a group of small rivers flowing into the Caspian Sea. The country
still has some hydroelectric potential that has not yet been developed. Research in this area
indicates the presence of a total technical hydropower potential of the rivers of Azerbaijan of 40
TWh. At the same time, based on the findings of the review group, which was carried out in June
2012, the economically feasible potential is less than 1 TWh, which can be realized by the
construction of small run-of-the-river hydroelectric power plants. This is equivalent to an installed
capacity of 400 MW, according to Azerenergy[2]. Thus, hydropower resources are limited.
Hydroelectric power stations are also important for the national economy of the republic for the
regulation of flood waters, the production of clean electricity and the creation of new irrigation
systems. The construction of 61 small hydroelectric power stations is planned in the near future.
Small hydroelectric power plants are often located in populated areas far from power lines and
substations of the unified energy system. In such conditions, small hydroelectric power plants
ensure the satisfaction of local electricity needs and, accordingly, a number of other social
problems.

Use of biomass

Thanks to the development of industrial production, agriculture and social services, Azerbaijan is
opening up new opportunities for energy production from biomass. The country has the following
sources of biomass: combustible industrial waste; forestry and wood waste; agricultural products
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and organic waste; household and municipal waste, as well as waste from regions contaminated
with oil and petroleum products. All these resources can be used to produce energy. Every year,
Azerbaijan produces 2 million tons of solid household and industrial waste. Recycling solid
household and industrial waste can become a way to heat public buildings in large industrial
cities.

Currently, there are more than 200 waste disposal sites in Azerbaijan, with a total area of 900
hectares. According to estimates, the volume of methane released into the atmosphere from
landfills in large cities is: in Baku - 42.8 million m3, in Ganja -7.2 million m3, in Sumgait - 6.9
million m3, etc. On the basis of these landfills, small thermal power plants can be built to produce
electricity. However, only a small number of projects using biomass are being implemented in the
republic. Geothermal energy (internal thermal energy of the Earth). The territory of Azerbaijan is
rich in thermal waters, the reserves of which are located in the Greater and Lesser Caucasus, on
the Absheron Peninsula, on the slopes of the Talysh Mountains, in the Kura River valley and in
the Caspian-Guba region. The productivity of springs in the Lenkoran, Massala and Astara
regions is estimated at approximately 25,000 m3 per day. The temperature at the wellhead is
approximately 40°C, and water flows at a speed of 40 liters per second. The use of thermal waters
in the above-mentioned areas will partially satisfy part of the need for thermal energy in everyday
life and in other areas. Today, geothermal energy in Azerbaijan is used entirely for heat
generation; There are no geothermal power plants for electricity production. Thermal waters are
used for heating greenhouses in the Lenkoran regions, in the valley of the river. Kura (Jarly,
Muradkhanly, Sor-Sor), Ganja and Yalama-Khudat. There are special purchase tariffs for wind
farms and small hydropower plants, but they are too low to attract investment. In addition, this
mechanism does not apply to other types of technologies based on renewable energy sources[6].
The global trend of the “green economy” in the energy sector is to increase energy efficiency in
all areas of the economy and develop renewable energy.

In the electric power industry, energy savings can be achieved through the decommissioning of
obsolete equipment, its replacement with new, highly efficient equipment, the construction and
commissioning of high and low power power plants, the construction of new substations and
transmission lines, and improving the efficiency of the sector. Rough calculations show that the
volume of energy consumption in the Republic of Azerbaijan can be reduced by 20-25%.

Funds in the amount of 250 million euros were allocated to improve the energy distribution
network in Baku. To solve these problems, Azerenergy is taking the following steps:

« starting from 2010, only natural gas is used instead of heating oil to produce electricity;

* the volume of fuel consumption by traditional installations decreased from 411 g/kWh in 2000
to 314 g/kWh in 2011 and is approaching the target figure of 260 g/kWh. in 2015

* development of the power transmission line network: power transmission line 220 kV
Mingachevir-Absheron, financing provided by the Asian Development Bank (USD 160 million);
AzGRES-Imishli 330 kV power transmission line project, financing provided by KfW (30 million
euros);

« further reduction of losses during transmission and distribution of electricity — up to 10% — will
be achieved through modernization of the power supply system;

+ dissemination of the successful implementation of the pilot project for the installation of gas
meters of the smart card type in Ganja to all regions of the country.

The European Bank for Reconstruction and Development (EBRD) assisted in the preparation of
an investment program with a total financing volume of US$232 million for the reconstruction
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and modernization of AzGRES (the country's largest thermal power plant), providing a loan of
US$207 million. The project includes: (1) reconstruction of all turbines and boilers and
modernization of the management and control system with funds from the EBRD; (2) repair of
one of the sections of the cooling tower and water cooling system; and (3) implementation of
environmental, health and safety measures. The project's carbon dioxide emissions savings,
including fuel switching, are estimated to be 2.2 million tons per year, creating the opportunity for
the company to generate additional revenue through the sale of carbon credits.

To reduce losses in heat distribution networks, which amounted to 50%, a district heating strategy
for Azerbaijan was developed within the framework of a project funded by USAID. The main
measures to improve the system included building more boilers for heating and minimizing heat
transfer distances, because usually the distance exceeded 100 km.

After the entry into force of the Kyoto Protocol in 2005, interest in the so-called. Clean
Development Mechanism projects under the Kyoto Protocol (CDM) in Azerbaijan increased.
Projects to reduce GHG emissions were prepared in various sectors of the economy, but only 4
projects reached the validation stage. The main sources of CO2 emissions in Azerbaijan are the
energy and industrial sectors. CO2 emissions in the energy sector come from the combustion of
fuels during energy production and oil and gas extraction. Transport and populated areas are also
sources of emissions. In the industrial production and use of industrial materials sector, the largest
sources of CO2 emissions are the production of mineral materials and the metallurgical industry.
The main sources of GHG emissions in the oil and gas sector of Azerbaijan are the Azneft
production association, the Heydar Aliyev Baku Oil Refinery and the Azerneftyag Oil Refinery,
owned by the State Oil Company (SOCAR). Every year, SOCAR enterprises, operating
companies and joint ventures operating in Azerbaijan emitted 3 million tons of GHGs in CO2
equivalent (including approximately 1.3 million tons of associated gas). Since the end of 2009, as
a result of measures taken by SOCAR, 600 thousand tons of emissions have been disposed of.
Most of the associated gas is emitted by the enterprises of the British company BP: approximately
500 thousand tons of associated gas per year in CO2 equivalent, however, with the adoption of
appropriate measures, GHG emissions can be reduced by 1.2 million tons[5].

SOCAR regularly takes steps aimed at mitigating the effects of climate change. An Ecological
Park has been created, where, among other things, bioselection work will be carried out to grow
tree seedlings on reclaimed lands, propagate endangered species of trees and shrubs, as well as
activities to inform the population about environmental issues. To meet part of the peak electricity
demand through the use of alternative and renewable energy sources, the pilot project installed 4
wind generators with a capacity of 10 kW each and solar panels with a total capacity of 20 kW.
The priority area of activity in the field of energy and transport within the framework of the
Action Plan includes special commitments regarding the convergence of the goals of the
republic’s energy policy with the goals of the EU energy policy, including: 1) gradual
convergence with the principles of functioning of the internal markets for electricity and natural
gas in the EU, and 2) progress on energy grids. Of particular importance is the commitment to
improving energy efficiency and the use of renewable energy sources.

The state program for the use of alternative and renewable energy sources was prepared on the
basis of these laws and approved by Presidential Decree No. 462 of October 21, 2004. This
program included feasibility studies for the use of renewable energy sources and the construction
of small hydroelectric power stations and wind power plants. However, the implementation of the
program was postponed due to lack of funding.
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In order to improve the management system in the country in the field of alternative and
renewable energy, in accordance with the Decree of the head of state, the State Agency of the
Republic of Azerbaijan for Alternative and Renewable Energy Sources was created in 2013, a
number of documents were signed and programs were adopted providing for the development of
this industry.

Currently, the republic is implementing the “National Strategy for the Use of Alternative and
Renewable Energy Sources in the Republic of Azerbaijan for 2012-2020.”

Since 2009, Azerbaijan has been a member of the International Renewable Energy Agency
(IRENA)

The climatic conditions of Azerbaijan (abundance of heat, light, length of the growing season)
allow us to specialize in the cultivation of many valuable agricultural crops. The main areas of
agricultural production are grain growing (wheat), cotton growing, winemaking, horticulture,
tobacco growing, tea growing, vegetable growing (especially early) and livestock breeding. In the
structure of agriculture in recent years, about 56% is accounted for by crop production, the rest by
livestock production. The volume of agricultural production in Azerbaijan in 2014 amounted to
5.225 billion manats, or about 5.7% of GDP. The republic's agro-industrial complex is the largest
employer, employing about 36% of the working population.

Like all mountainous countries, Azerbaijan is characterized by land shortage. Of the total land
area (8.7 million hectares), agricultural land accounts for 4.6 million hectares, incl. more than 1.8
million hectares are arable land, 2 million hectares are perennial and winter pastures[4]. Almost
half of the arable land is concentrated in the Kura-Araks lowland.

The process of reclamation of pastures and fertile areas damaged as a result of erosion,
degradation, and high salinity is a long and labor-intensive task, requiring supervision by the State
Committee for Land and Cartography, the Ministry of Agriculture, the Ministry of Ecology, the
Land Reclamation Committee and other interested structures.

According to representatives of the OJSC Land Reclamation and Water Resources of the AR,
excessive salinity is observed on 600 thousand hectares throughout the country. Unfortunately,
due to the lack of an effective mechanism for administrative intervention in private property, it is
not possible to centralize the efforts of regulatory authorities.

An important role is assigned to large-scale educational events through leading electronic media
and, through their mediation, bringing to the attention of the population the relevance of the idea
of reclamation of land plots that have fallen into disrepair.

The long-term project includes monitoring and educational programs. It is planned that after the
preparation of public opinion, the main stage of the project will begin, which involves increasing
forest plantings.

In addition, farmers and shepherds will be encouraged to switch to intensive livestock farming.
With intensive livestock farming, production growth is achieved by increasing the productivity of
animals by selecting and improving the quality of feed, available pastures, breeding the most
productive breeds, etc. In this case, the productivity of meat and dairy products will increase, and
there will be less cost of live weight during long herd transitions.

According to experts, the overall development of agriculture can be ensured by using the existing
potential of the mountain and foothill regions of the country: “Due to the insufficient use of
advanced technologies, the yield in them is much lower. Most of the land has been eroded, and
the geobotanical composition of pastures has also deteriorated. To solve the problems, the
following measures are proposed: introduction of a system of mountain and terrace farming;
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application of measures to combat erosion (planting crops along the width of the slopes); sowing
perennial herbaceous plants (alfalfa, sainfoin, etc.), as well as spring barley and millet; planting
forest strips; development of terrace viticulture and fruit growing; development of tobacco and
potato growing; development of sheep farming, local livestock farming and beekeeping; creation
of mini-reservoirs on mountain slopes for the efficient use of rain and snow waters” [6].

Finally, at the government level a policy has been proclaimed for the development of organic
agriculture, which implies a complete abandonment of the use of chemicals in field farming and
the use of natural fertilizers in liquid processed form. Implementation of this course is impossible
without major investments [3].

Transport is one of the main pollutants of atmospheric air, water bodies and soil. Its share in the
total volume of emissions of pollutants into the atmosphere from stationary and mobile sources in
developed countries of the world is 40-60%, which is higher than the share of any industry. By
type of transport, pollutant emissions are distributed as follows: 80-90% of total emissions come
from road transport, about 8% from railway transport, 2% from road transport, 2% from river and
sea transport and just over 1% from air transport.

The impact of transport on ecosystems is expressed in consumption:

* natural resources, specifically atmospheric air necessary for the flow of work processes in
internal combustion engines of vehicles;

* petroleum products and natural gas, which are fuel for engines;

* water for engine cooling systems and domestic needs of transport enterprises;

* land resources alienated for the construction of roads and railways, pipelines, river and sea ports
and other transport infrastructure facilities.

As a result of this impact, there is pollution of the atmosphere, water bodies and lands, changes in
the chemical composition of soils and microflora, and the formation of industrial waste, including
toxic and radioactive waste, sludge, oil-contaminated soil, ash and garbage.
As can be seen, the bulk of pollutant emissions comes from road transport. It should be noted that
the combustion of 1 kg of automobile fuel produces an average of 2.7 kg of CO2, which,
accumulating in the upper layers of the atmosphere, enhances the “greenhouse effect.” Exhaust
gases from cars with gasoline engines contain carbon monoxide, nitrogen oxides and
hydrocarbons among the most toxic components, and from diesel engines - nitrogen oxides,
hydrocarbons, soot and sulfur compounds. One car annually absorbs an average of more than 4
tons of oxygen from the atmosphere, while emitting approximately 800 kg of carbon monoxide,
40 kg of nitrogen oxides and almost 200 kg of various hydrocarbons with exhaust gases.
Moreover, these values increase sharply when operating a technically faulty vehicle [6]. In the last
decade, the size of the automobile fleet of the Republic of Azerbaijan has increased 2.4 times and
currently amounts to more than 1 million 150 thousand units [7]. According to calculations, the
total annual volume of harmful emissions from the automobile fleet of the Republic of Azerbaijan
is about 1.5 million tons (according to research, the total annual volume of harmful emissions
from one average car is more than 1.3 tons). Of these, about 900 thousand tons are carbon
monoxide (CO), 370 thousand tons are hydrocarbons, 1260 thousand tons are nitrogen oxides,
350 thousand tons are soot and 0.12 thousand tons are lead. Given the rapid growth of the vehicle
fleet, this leads to an even greater increase in the negative impact on the environment

International experience shows that the most dangerous pollutants for public health are urban
pollutants such as lead and fine aerosols. These pollutants arise when motor vehicles use leaded
gasoline.
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In accordance with UN recommendations, since 1997 Azerbaijan has used exclusively unleaded
gasoline, which contributes to a significant reduction in lead and fine aerosols in the atmospheric
air, especially in large cities of the republic.

Stationary sources of pollution primarily include gas stations (gas stations). When filling, storing
and selling gasoline and other petroleum products, environmental pollution occurs as a result of
evaporation and spillage. For example, the average annual loss of gasoline from one tank with a
volume of 20 m3 is 6 tons. Atmospheric pollution also occurs as a result of the functioning of
automobile repair and service enterprises, asphalt concrete plants and other transport
infrastructure facilities. The bulk of solid waste generated annually in the motor transport
complex consists of used tires, lead batteries, and plastic waste.

Highways are one of the sources of dust formation in the ground air layer. The length of highways
in the Republic of Azerbaijan is 59,141 km. Of these, 29,210 km are asphalt. When cars move,
abrasion occurs on road surfaces and car tires, the wear products of which are mixed with solid
particles of exhaust gases. As a result, dust is formed, which in dry weather rises above the road
into the air and is carried by the wind over distances of up to hundreds of kilometers.

To reduce the harmful impact of the transport system on the environment of the Republic of
Azerbaijan, it is necessary to manage environmental activities. This activity consists of
influencing the development of nature and society in order to maintain a stable balance of
ecosystems, rational use of natural resources, reducing pollution of the atmosphere, water bodies,
soil and subsoil, organizing work on the destruction and recycling of transport waste.

For rational management of environmental activities in the republic’s transport it is necessary:
 organization of effective management of environmental activities through program-target
planning;

* gradual renewal of the age and structural composition of the republic's automobile fleet;

* improvement of the existing production and technical base for monitoring the technical
condition and repair of vehicles;

» modernization and application of modern technologies in oil refineries in order to obtain the
most environmentally friendly automobile fuel,

+ creating an effective system of environmental control and monitoring using a network of
stationary and mobile observation posts, as well as points for monitoring the environmental
parameters of vehicles;

* combination of legal and economic methods of managing environmental activities in transport;

+ application of a mandatory certification system for environmental requirements for vehicles,
fuel, equipment, technology, etc.;

» development of a system of environmental training and retraining of transport specialists.

The introduction of new environmental standards in Azerbaijan for cars to improve the
environmental situation began in 2010 with the introduction of the Euro-2 standard in the country.
European environmental standard (norms)

"Euro”), which regulates the content of hydrocarbons, nitrogen oxides, carbon monoxide and
particulate matter in car exhaust, was developed by the UN Economic Commission for Europe
and was put into effect in 1992.

The State Committee for Standardization, Metrology and Patents of Azerbaijan has prepared a
national standard ‘“Road Transport. Ecological classes”, which divided vehicles into 6 classes,
depending on the level of emissions. The prepared standard covers environmental standards Euro-
3, Euro-4, Euro-5, and even Euro-6.
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To further reduce the amount of harmful substances emitted into the atmosphere by cars, by
decision of the country's Cabinet of Ministers, the Euro-4 environmental standard has been
applied to cars imported and produced in Azerbaijan since April 1, 2014 (bypassing Euro-3). The
restrictions will not apply only to rare cars.

In order to prevent the import into the republic of cars that do not meet Euro-4 standards, a list of
requirements was determined regarding the release date of cars, which varies depending on the
country of origin.
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ABSTRACT

A short list of existing methods for the prevention and removal of asphalt-resin-paraffin deposits
from oilfield equipment is given. Chemical methods related to the use of various additives,
reagents, and remover agents are discussed in more detail. A brief description of the main classes
of chemicals used in solving the problem of preventing and removing asphalt-resin-paraffin
deposits is given. It has been shown that in order to select the most chemically effective ways to
prevent and remove organic deposits, it is necessary to obtain an adequate understanding of the
composition, properties, and structure of the source oil and the formed deposits. The mechanism
of action of the reagents on asphalt-resin-paraffin deposits was clarified, and it was established
that the reagents BAF-1 and BAF-2 (technical conditional name of composites) when interacting
with the deposits, grind the associates and ensure their uniform distribution in the oil, which
improves the rheological properties of the oil. It is indicated that the technology being put forward
is based on the clathrate formation, i.e. Lewis's theory of "host-guest".

Keywords: asphalt-resin-paraffin deposits, crushing, factors affecting the formation of ARPD,
coagulation, the chemical composition of oil, mechanism of ARPD formation, methods of ARPD
control.

Introduction

The development of the oil industry of Azerbaijan at the present stage is characterized by a
decrease in the quality of the raw material base. The total balance of fields under development is
dominated by fields that entered the late stage of development and, as a result, there is a
significant deterioration in their structure, an increase in the share of hard-to-recover oil reserves,
and flooding of formations and well products.

Thus, when producing and transporting heavy oils, the formation of asphalt-resin-paraffin
deposits (APRD), the formation of which leads to a deterioration in the rheological properties of
oil and a decrease in the performance of the system and the efficiency of pumping units, is a
serious problem causing problems in the operation of wells, oilfield equipment and pipeline
communications [1,2]. The formation of emulsions at the exit of the well together with the
accompanying formation water increases sedimentation.

The fight against APRD provides for the work to prevent the formation of deposits and their
removal. Several best-known and active methods are used in the oil industry to control APRD [3].
Chemicals are divided into wetting agents, modifiers, depressants, and dispersants [4, 5].
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The wetting reagents form a hydrophilic film on the surface of the metal to prevent the wax
crystals from adhering to the tubes, which creates conditions for the liquid flow to carry them
away. These include polyacrylamide (PAA), IP-1;2;3, acidic organic phosphates, alkali metal
silicates, and aqueous solutions of synthetic polymer surface-active substances (PSAS). The
mechanism of action of depressants is the adsorption of molecules on paraffin crystals, which
complicates their ability to aggregate and accumulate [6]. A fairly wide range of chemical
reagents has been developed to combat APRD. Along with the high cost, a significant
disadvantage of the chemical method is the difficulty of selecting an effective reagent due to the
constant change in operating conditions during the development of the field. Despite the wide
variety of methods for combating APRD, the problem is still far from resolved and remains one of
the most important in the domestic and foreign oil production industries.

Problem statement

As a result of the accumulation of asphalt-resinous and paraffin deposits on the inner surface of
the pipes, the pipelines are driven, which leads to a decrease in the efficiency of pumping plants
and a decrease in the performance of the system as a whole. This, in turn, can lead to the exit of
the pumps from the working state and the leakage of combustible substances. VVapors above the
spilled liquid are capable of stable combustion. As a result, an accident may occur at the operated
facility, which will lead to fires, destruction of structures, death of people, pollution of the
environment, and significant losses of material assets. There are various methods used to protect
oilfield equipment from APRD formation. Work to reduce the formation of APRD is carried out
in two directions: preventing the formation of deposits and removing the formation. Traditional
methods of combating the formation of APRD are mechanical scraping, hot oil treatment, and the
use of aqueous solutions of surfactants. However, these methods have significant disadvantages:
increased electrical and fire hazard; high power consumption. Methods to prevent sedimentation:
In conditions of intensive formation of paraffin deposits, the inter-treatment period of the well
operation (less than 30 days) is significantly reduced, and the number of washings with heated
detergents or solvents based on hydrocarbon increases, which leads to an increase in the cost of
oil production and a negative impact on the bottom hole zone of the formation [7, 8]. Under such
conditions, the optimal method of controlling APRD is to prevent their formation by using
protective coatings, physical methods, or special chemicals. Application of special protective
coatings: The intensity of APRD formation depends on the nature and condition of the equipment
surface. The presence of macro and micro-faults, and minor scratches contribute to the formation
and significant growth of deposits. The use of special protective metal coatings made it possible
to achieve a smooth surface and increase its hydrophilicity, which significantly reduces the
adhesion of paraffin crystals. Paints and varnishes (ethylene and varnishes, epoxy resins),
enamels, plastics, and polymer materials are used as such coatings. Heating cable lines (HCL):
Thermal methods of APRD control are based on maintaining the oil flow temperature above Tnas
using special heating cables. During the operation of the cable, it heats the lifting pipe along the
external or internal surface, which, in turn, heats the liquid passing through the pipeline to a
temperature close to or higher than the deposition temperature [9, 10].

This method is only suitable for the removal of already deposited APRD, provided that the
heating current and the time from the HCL are calculated specifically in order to melt the deposits
on the pipe walls. The main problem in the operation of the HCL is the failure of the cable armor
during tripping operations during overhaul. Physical methods: Physical methods of influencing oil
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lead to the destruction of the structure of oil associates. formed by ARC and paraffin
hydrocarbons, which improves low-temperature properties and prevents the precipitation of
paraffin. Ultrasonic processing of high-viscosity oils changes the nature of intermolecular
interactions of surfactants. After such treatment of paraffinic oil, there is a decrease in viscosity
by 1.8 times, a change in the nature of the flow curves, while maintaining the initial chemical
composition of the oil. The use of magnetic methods is based on the magneto-dynamic effect that
occurs when a liquid carrying particles with charges (ions, electrons) moves in a constant
magnetic field. Under the influence of the magnetic field, the aggregates of colloidal particles of
ferromagnetic iron are crushed, which leads to an increase in the number of centers of
crystallization of paraffin. Small crystals remain in the upper state in the liquid flow, which
ensures a multiple decrease in the rate of accumulation of crystals on the walls, and pipes [11, 12].
Vibration methods allow ultrasonic vibrations in the region of paraffin formation and, acting on
paraffin crystals, cause their micro-displacements, which, in turn, prevent the deposition of
paraffin on the walls of pipes. Physical methods are used quite narrowly in the field due to the
difficulty of selecting the optimal treatment conditions and are not always confirmed by the effect
of these methods. Chemical methods: The most widely studied and used method is the use of
special chemicals based on the operation of adhesion-adsorption processes occurring at the
boundaries of phases: oil system - metal surfaces, oil system - dispersed phase. The main
advantage of using the above type of reagent is the improvement of the rheological properties of
the oil and its resistance to the formation of deposits along the entire path from the bottom of the
well. Methods of removal of formed deposits: With a long inter-treatment period or if prevention
methods are not effective enough under existing operating conditions, wax deposits are formed,
which is manifested in an increase in load on the column rods, a decrease in flow rate, and an
increase in working pressure. To stabilize the operation of the well and prevent its failure, it is
necessary to remove the formed deposits. The most widely used for these purposes are
mechanical, thermal, and chemical methods. The use of APRD eliminators applies to facilities
where inhibitors cannot be used: bottom-hole cleaning, well flushing before work-over, cleaning
of tanks, tank farms, and oil collection systems. Mechanical methods: These methods are based on
periodic cleaning of the internal surface of the pipeline using special scrapers, lowering, and
lifting, which can be done using a manual winch or automatic scrapers that perform cleaning
under the action of the upward flow of liquid. It is possible to use rod scrapers and centralizers for
rod units when cleaning occurs during the reciprocating and/or rotating movement of the pig [13].
The use of scrapers is based on the physical properties of paraffin deposits, such as low
mechanical strength and brittleness. However, these methods do not completely clear the deposits
due to the shear of the scraper on the rod, in addition, the breakage and jamming of the scrapers in
the well, the occurrence of scratches on the pipes, which accelerates their breakage, are quite
frequent. For mechanical processing of above-ground pipelines, balls and pistons made of
different materials are used, but for their use, devices for start-up and reception of cleaning
equipment are needed. Thermal methods: Thermal methods are based on the ability of paraffin to
melt at temperatures above 50 °C and drain from the heated surface. To create the necessary
temperature, special heat sources are required, in which coolants are used (hot oil, water or hot
steam), induction heaters, reagents, during the interaction of which exothermic reactions occur. A
common requirement for all heating methods is the need to maintain a predetermined temperature
value to completely melt the deposits. It is necessary to take into account the fact that with an
increase in the molecular weight of paraffinic hydrocarbons included in the APRD, both their Tlk
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and the amount of heat required to transition to the molten state increase. The process of removing
paraffin deposits with hot oil occurs, on the one hand, due to softening and melting, followed by
dissolving paraffin in the hot oil stream, on the other hand, due to reducing the bonding forces of
the deposits with the metal surface, separating the sediment particles and removing them with the
oil stream. The dissolution process depends on the amount of light hydrocarbons present in the oil
and being a natural solvent. Accordingly, the more massive the hydrocarbon composition of the
oil, the worse its solubility. To increase the dissolving capacity of crude oil, and also to loosen
and disperse asphalt-resin-paraffin deposits, 0.02-5% vol. nonionic and cationic surfactants
(oxyethylated products, aliphatic amines, lower alcohols or mixtures thereof). Paraffin, which is
in a fine state, is easily removed by the oil stream. Sulfonic acid is actively used, which is part of
a series of widely used reagents of the RT brand of Chimneft. Currently, among heat treatment
methods, thermochemical treatment (TCT) with hot aqueous solutions of surfactants is the most
widely used. Melting of deposits due to heat in aqueous solution, and special cleaning agents
provide cleaning of deposits and creation of homogeneous dispersion, which prevents re-
deposition of paraffin on equipment walls. Various detergents and surfactants are used as reagents
for TCT processes. Reagent concentration and volume of working aqueous solutions vary and are
determined primarily by sediment depth and thickness. Induction heaters placed directly in the
region of the deposits are also used to melt the paraffin. To heat the pipelines, a high-frequency
current is used to help create and maintain the specified temperature. Thermochemical compounds
consisting of two or more reagents, which when interacting with each other generate a large
amount of heat, are used to remove APRD. The heat generated leads to the heating of the reaction
system, melting, and dissolution of APRD. As such compositions, solutions of diethyl-amine and
hydrochloric acid, alkali metals, and their alloys are used, which emit a large amount of heat when
interacting with the formation water. For the removal of ASPO, a thermochemical nitrogen-
generating composition (NGC) based on the oxidative reduction reaction of aqueous solutions of
ammonium salts and sodium nitrite in an acidic medium has been widely used. Common
drawbacks of all thermal well dewaxing methods limiting their application include the probability
of re-deposition of APRD on the surface of the well equipment when the temperature of the
thermal agent drops and becomes insufficient to completely melt the wax solid; jamming and
filling of working members of pumping equipment with sediment particles. Chemical method:
The use of organic solvents to remove APRD is one of the most common methods. However, the
sediments are characterized by a rather complex and diverse composition, so it is necessary to
carry out targeted selection of the solvent, and not to carry out the semi-empirical method. The
paraffin hydrocarbon solvents used can be divided into the following groups: non-polar and low-
polar compounds (solvent compositions); polar compounds (alcohols, esters, esters, and
derivatives thereof). The most effective is the composition of aliphatic, naphthenic, and aromatic
hydrocarbons in combination with polar hetero atoms. This fact is explained by the different
solubility of the components of the APRD. Solid paraffinic hydrocarbons dissolve in low-boiling
aliphatic hydrocarbons, and the lower the molecular weight of the aliphatic hydrocarbons, the
better the solubility. Low-boiling paraffin hydrocarbons are less effective, they are characterized
by swell of APRD. The mutual dissolution of paraffinic hydrocarbons in naphthenic and aromatic
hydrocarbons is hindered by the absence of solvation. The resins also contain aromatic and
aliphatic structures, at the same time, the share of aliphatic carbons exceeds the share of aromatic
ones so that they are quite soluble both in lower and higher alkane hydrocarbons, and naphthenic
and aromatic hydrocarbons. Asphaltenes dissolve in aromatic hydrocarbons, mainly due to the
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predominance of aromatic carbons over aliphatic ones. With an increase in the proportion of
asphaltenes in the APRD, the percentage of aromatic hydrocarbons should be increased. Lower
aliphatic hydrocarbons are natural precipitations of asphaltenes. Since the surfactant is the highest
molecular weight and sparingly soluble part of the APRD, so the rate of sediment removal will be
determined at the stage of its dissolution. It is most difficult to break down APRD with maximum
asphaltenes and high-melting paraffin hydrocarbons due to the presence of a rigid pseudo-
crystalline structure in them. The high solubility of the Olefin-Rich Hydrocarbons solvent is due
to their low ionization potential. The effectiveness of such solvents is achieved by forming a ©
complex between polyaromatic fragments of asphaltenes and unsaturated bonds in oligomers. To
increase the dissolution efficiency of paraffin compounds, compositions are proposed, which
consist of a hydrocarbon solvent with the addition of surfactants, the introduction of which
increases the dissolving ability due to increasing the surface activity of the solvent and by
dispersing the precipitate into the volume of the solvent under the action of surfactants. As
additives, nonionic surfactants, sulfonic acids and their derivatives, synthetic fatty acids, amines,
acetals, polyalkylbenzene resin, pyrolysis heavy resin, catalytic cracking thermal gas oil, nitrogen-
containing block copolymer of ethylene oxide and propylene oxide, phenol-formaldehyde resin
are used as solvents. The general mechanism of solvent effect on APRD is the initial adhesion of
solvent molecules to sediments due to intermolecular forces, change of surface properties of
sediments, reduction of forces of wax particles' adhesion to equipment surface, its dissolution, and
removal of oil flow. In addition to hydrocarbon solvents, aqueous solutions of surfactants are used
to remove APRD, which allows controlling the properties of dispersed systems and the processes
involved in them. Solutions of this type can be classified as detergent mixtures since their effect
mainly leads not to the breakdown of the components of the APRD, but to their dissolution and
dispersion. They are adsorbed on the surface of the deposits, reducing their surface energy, which
facilitates deformation, penetrates cracks and pores, reduces adhesion on the surface of the metal,
contributes to the destruction of the deposits, disperses them to form micelles that can be retained
in the volume of the solvent [14]. The effectiveness of this Control Method depends on the rate of
destruction and displacement of the oil film from the sediment surface; hydrophilization of the
deposit surface determined by the composition and concentration of the surfactant; the rate and
depth of penetration of the aqueous detergent solution into the pores of the deposits, depending on
the size of the pores and the composition of the deposits; mixing intensity; changes in internal
forces of interaction between APRD particles; possibility of removing sediment particles in the
flow of washing liquid. A common disadvantage of almost all the formulations used to remove
APRD is the selectivity of expansion, as a rule, they do not provide sufficient dissolution
efficiency at high concentrations, such as surfactants and paraffin. Therefore, the search for new
reagents, inhibitors, and removers of asphalt resin paraffin substances remains relevant [15].

Solution of the problem

As is known, aggregative-unstable oil systems are characterized by the variability of the state of
the medium due to the continuous structuring of asphaltenes particles both among themselves and
the wall of the porous medium and a change in their physical properties, i.e. a change in the
volume and size of the particles as a result of their interaction, collision, coagulation and crushing
at a certain concentration of particles in a closed volume. The relationship between the structure
and viscosity of oil dispersion systems, as well as the features of their non-Newtonian flow, is
explained by a change in structure as a result of the emergence (coagulation) and destruction of
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aggregates of asphaltenes particles. Petroleum structured systems containing crystals of high
molecular weight paraffin, resins, and asphaltene particles at very low laminar flow rates or in the
absence of flow form a chain or, in the extreme case, a continuous network between each other
and a structural porous medium. Oils characterized by non-Newtonian properties (Bingham
liquids) acquire the ability to flow in a porous medium only after the destruction of this mesh
during coagulation of the t = 1, (where 7, is the yield strength), and small external stresses

produce elastic deformation of the mesh and the framework [16, 17]. The interaction of
asphaltenes particles is accompanied by the creation, thanks to the Brownian diffusion movement
of individual particles, of sufficiently strong aggregates of coagulation nature, and above all
doublets, triplets. At high flow rates, the formation of aggregates from asphaltenes particles is
carried out due to turbulent diffusion and turbulent transfer. These structures are unstable and can
disintegrate into separate particles as a result of crushing aggregates under the action of shear
flow, and the equilibrium shifts towards the formation of individual particles as the shear rate
increases. Therefore, the rate of change in the number and size of particles in a unit volume is
determined by the rates of coagulation, crushing and destruction.
2N

= =U.-U,

here, N is the current number of particles in the volume, U is the coagulation rate, Uq is the
crushing rate. Depending on the conditions of the flow of the oil medium (temperature, pressure,
speed, shear stress, surface tension, viscosity, and density of asphaltenes and oil) and the number
of particles, the coagulation and crushing processes of the aggregates are reversible, that is, both

the formation of aggregates and their deformation and destruction are observed in the system at
the same time. In the extreme case of an infinite shear rate ¢ > 7, orU, = U,, complete

destruction of aggregates up to a single particle is possible and the flow of structured oils or oil
emulsions approaches the flow of conventional Newtonian liquids. In particular, the collision
frequency of two asphaltene particles in volume during laminar flow as a result of Brownian
diffusion can be defined by the following expression [18, 19].

w = 4m(D, + D,)(R, + R,)N,,
where o is the frequency of collision of two particles with sizes R1 and R and with diffusion
coefficients D1 and D2, No is the initial content of asphaltene particles in a unit volume of oil. As a

result of the collision and fixation of two particles with sizes al and a2, an interfacial film of a
round section is formed, the radius of which can be determined in the form of [20] and

Re = [ZPa (0 + k)a

and here Ry is the radius of the interfacial film, Rm is the maximum compressive pressure, ki, k2 is
the elastic coefficient of each particle, ar = a1a»/(a1 + az) is the average particle size. In [20], the
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expression for hydrodynamic compression pressure of two particles in a turbulent flow is defined
as
Pm = maZ p, 0,

ii*is the rms fluctuation velocity of the turbulent flow. It is important to note that only by breaking

n 1/3
the interfacial film can single particles of size be formed 2 = [z af’] . The problems of

i=1
coagulation of asphaltenes, taking into account the influence of temperature and high pressure, are
devoted to the work [21, 27]. The purpose of this study is to study the phenomena of coagulation
and crushing of asphaltene particles in a structured oil medium using chemicals.

Experimental part

Description of the installation. During experiments, a standard ARN-2 distillation apparatus was
used according to GOST 11011-85. Radiograph "Rigaku MIiNIiFlex 600." Scanning Electron
Microscope "JEOL JESM-6610LV."

The tar was obtained under vacuum conditions from oil samples on a standard APN-2 distillation
apparatus according to GOST 11011-85, equipped with rectifying columns in the temperature
range 450-550 °C. Tar yield of 12% (312 g) of the oil sample's weight in 600 g.

Results and discussion

The results of experimental studies showed that BAF-1 and BAF-2 reagents (technical conditional
name of composites) based on coordination polymers of iron (I1I) with terephthalic acid and
phthalic acid reduce the viscosity of petroleum products such as heavy and crude oil, facilitate
transportation from the underground formation from the production site to the oil refinery or oil
storage facility, increase production, clean the tanks of oil and petroleum products sludge [23-18].
It is also known that all these properties of oils (increased viscosity, transportation difficulties,
reduced production, formation of sludge in tanks, etc.) are directly related to ARPD formation.
Taking into account the above, we have developed a new multifunctional chemical technology to
prevent or remove already-formed ARPD. To clarify the mechanism of action of the reagents, we
conducted radiographic and electron-microscopic studies. To conduct the studies, 40 ml of a
composite solution of reagents was added to samples of oil (300 ml each) taken from the same
well (Ne 1573), and the other was left unchanged and distilled until a tar fraction was obtained.

As is known, the composition of tar includes paraffin, aromatic naphthenates (45-95%),
asphaltenes (3-17%), petroleum resins (2-38%), and metal atoms. Depending on the nature of the
oils and the yield of the transparent fraction, the tar density varies from 0,95 to 1,03 g/cm?, the
coke content is 8-26% (weight), and the melting point is 12-55 °C. It is also known that during
atmospheric and vacuum distillation, the chemical composition of oils does not change.
Therefore, the results of analyses obtained for dry oil products are directly related to the oils
themselves. The results are shown in Figures 1 (a, b), 2 (a, b) respectively.
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Figure 1. a) Dry X-ray sample of reagent-free oil, b) Dry X-ray sample of reagent-oil sample with
reagent.

The X-ray diffraction pattern (Fig. 1) shows that the dry product without a reagent oil sample
consists of three distinct phases with interplanar distances of 4,44, 4,22, and 3,64. On the
radiograph (Fig. 2) taken from the dry sample of the oil product with the reagent, the third phase
completely disappears and in the first two phases, the maxima are shifted to low-angle sides, i.e.
the interplanar distances increase. The results of electron microscopic examination of a reagent-
free oil sample (Fig. 3) showed that an association consisting of asphaltenes, resins, and paraffin
is present in the dry residue, which deteriorates the rheological properties of the oils. The results
of the electron microscopic examination of the sample with the reagent (Fig. 4) indicate that the
association is in a fractured form and distributed in oil, i.e. in a dissolved state. The disappearance
of the third phase (Fig. 1) with an interplanar distance (d = 3.60) shows that porous reagents (pore
size is approximately [120A° BAF-1 and BAF-2 with the third phase form non-covalent
compounds with self-organization and self-construction, i.e., when the reagent interacts with oil,
non-covalent sketching interactions occur between porous coordination polymers and chromatic
and hetero atom macro associates of the third phase.

The first and second ASFAs released from the third phase turn into fine particles and dissolve in
oil. In this regard, the rheological properties of oil are improved. And increasing the interplanar
distance of the first and second phases shows that their structure is changing. Comparative
radiographs of dry oil products without reagents and with reagents are presented in Figure 3.
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Figure 2. a) Electron microscopic image of dry oil sample without reagent, b) Electron
microscopic image of dry oil sample with reagent.
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Figure 3. Comparative X-ray of dry oil products without reagent (red) and with reagent (black).

The results of electron microscopic analysis also clearly show that in the dry product of reagent-
free oil, APRD is in solid mass and degrades its properties. And in a dry oil product with an
APRD reagent, the associates are divided into small particles, i.e. in oil they are distributed evenly
and therefore the rheological properties of oil are improved. This further proves that reactants
with chromatic hetero atoms form non-covalent compounds. Thus, the results of the studies show
that these reagents can solve all problems arising from APRD formation, in particular, improve
the oil recovery of wells, reduce the viscosity of heavy oils, increase the efficiency of transporting
such oils, and ensure the efficiency of cleaning oil tanks from oil deposits and oil products. The
technology we put forward is based on clathrate formation, that is, Lewis's master-guest theory.
The technology we put forward is based on clathrate formation, that is, Lewis's master-guest
theory. According to this theory, the "host™ reagent, having crystalline pores or channels, with
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self-organization and self-construction absorbs the "guest” -their solid phase of oil with an
interplanar distance of 3.64 (Fig. 1 (a)). As a result of this, association fragmentation occurs,
which significantly improves the rheological properties of oils.

For the experimental study, a 1% solution of reagents BAF-1 and BAF-2 (conditional name of
reagents) in diesel alkaline waste (DAW) in the amount of 200 g was prepared. To do this, one
gram from the two coordination polymers BAF-1 and BAF-2 was taken and dissolved in 198 g of
diesel alkali waste. This solution was used to reduce the viscosity of the Murad-Khanly mixed oil.
The rheo physical and chemical characteristics of Muradkhanlinsky mixed oils are presented in
table 1.

Table 1. Rheophysical and chemical characteristics of Muradkhanly mixed oils.

Rheo physical and Chemical Parameters | Value Methods of analysis
Density, kg/m?® 876,7 T'OCT 3900
Kinematic viscosity, mm?/s 83,32 I'OCT 33
Amount of resins, % 18,32 Chromatography
Amount of asphaltenes, % 4,86 I'OCT 11858
Amount of paraffins, % 6,21 'OCT 11851
Saturated vapor pressure, kPa 23,4 I'OCT 1756
Chilling temperature, °C +9 T'OCT 20287
Mechanical mixture, % 0,0234 'OCT 6370
Amount of salts, mg/I 47,3 'OCT 21534
Amount of water, % 0,15 T'OCT 2477

Further, the effect of the nanometer on the rheo physical-chemical properties of various mixed
oils. The Results of the display check, that these characteristics of different oils deteriorate due to
the formation of intermediate phases. Therefore, there was a need to clean the DAW. Purification
of DAW was carried out as follows: a mixture of reagent and clay was added to the determined
DAW co-number. The clay is run after the separation of the Muradhanlinskaya crude oil. The
calculated amount of clay is mixed with the nanometer and added to the DAW. For a certain time,
the gray color of the clay gradually turns to tone-no-brown. And the dark brown DAW soon
acquires a light-lo-brown color. The results of the analyses of crude (1) and purified (2) DAW are
given in Table 2. As can be seen from Table 2, all the characteristics of the purified DAW (2) are
lower than the crude, in particular, the amount of resins and asphaltenes after purification is
reduced by 75.6 and 78.8%, respectively, which determines the viscosity of oils of 80%. The
purpose of DAW purification is to reduce the number of resins and asphaltenes in it, which, when
the prepared nano-reagent- DAW composite is added to oil, are superimposed on resins and
asphaltenes in the oil co-plant. At the same time, the number of oils in the samples increases,
which leads to excess costs of the nanometer. Therefore, the composite was prepared with
purified DAW.

Table 2. Rheo physical and Chemical Characteristics of Crude and Purified DAW (20°C).

Parameters DAW 1 DAW 2 Methods of analysis
Density, kg/m® 1050,5 987,2 I'OCT 3900
Kinematic viscosity, mm?/s 4,21 1,43 I'OCT 33

Amount of resins, % 19,48 4,75 Chromatography
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Amount of asphaltenes, % 2,78 0,59 I'OCT 11858
Amount of paraffins, % - - I'OCT 11858

For the experiment, the most viscous oil of the Azerbaijan fields was taken - Muradkhanlinsky
mixed oils, the rheo physical and chemical characteristics of which are presented in table 1. Next,
the effect of the nanometer on the viscosity of Muradhan-Linskaya oil was studied. For this, 100
ml of Muradhanlinskaya mixed oil was taken and 1% nanomer was added to it in DAW (2). After
adding each portion, the kinematic viscosity of the sample was measured. The measurement
results are given in Table 3.

Table 3. Qil viscosity trend as a function of quantity composite.

Amount of composite in oil, ml Kinematic viscosity of oil, mm?/s
- 83,32
5 78,91
10 72,18
20 50,43
25 48,69
30 45,22
40 43,37
45 46,21
50 51,42

As can be seen from Table 3, with the addition of 20 ml of 1% composite to the oil, the kinematic
viscosity of the sample decreases sharply to 50.43 mm?/s. Thereafter, by adding 25, 30, 40 ml of
composite, the viscosity of the sample was gradually reduced to 43.37 mm?/sec. and thereafter,
the formation of a new phase is observed. With the formation of a new phase, an increase in the
viscosity of the sample to the value of 51.42 mm?/s begins. The consumption of the composite is
50 ml. The decrease in kinematic viscosity from the amount of surfactants has also been studied.
The results of the experiments showed that the increase in the number of surfactants negatively
affects the decrease in the kinematic viscosity of hydrocarbons. Despite the fact that there is no
pattern between the amount of surfactant and the kinematic viscosity of the hydrocarbon, but,
ultimately, the latter decreases. The most important method of introducing the reagent into the
system is the method used, which is a cavitation treatment with hydrodynamic cavitation, which
requires optimization of the cavitation process. To avoid the re-occurrence of cavitation, shut-off
valves must be inserted into the system. The results of the studies showed that when using the
complex method, the viscosity of oil decreases significantly.

Conclusion

The presence of a certain concentration of asphaltenes, resins, and paraffin in the oil composition
(at low temperatures), and their coagulation with the formation of strong structures between each
other and a solid surface gives the oils a non-Newtonian character. These studies have shown that
the proposed reagents, when interacting with oil, lead to the crushing of asphaltene-tar-paraffinic
asymates, as a result of which the structure of the oil, its mobility, fluidity, viscosity, and, in
general, the entire oil quality bank are significantly changed. The following conclusion can be
drawn from the results of the experiments: the optimal composition of the reagent-household
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water-surfactant composite consists of 1 g of reagent, 98 g of economic water, and 1 drop of
sulfinol, and the optimal volume of the composite is 40 ml per 300 g of oil.
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ABSTRACT

Research results in recent years show that there are specific problems associated with blending
different types of crude oil. Incompatibility of mixed oils, in particular, can lead to clogging and
sometimes even shutdown of pipeline systems. One of the reasons that causes the immiscibility of
various crude oils, is the presence of solid organic matter in the form of precipitated resins and
asphaltenes in the mixture of oils. These are ballast substances, that often precipitate from the
solution of a mixture of oils. In order to study the influence of the mixing factor of crude oils on
the quality characteristics of oils, various samples of oils and their mixtures were studied in
laboratory conditions. It was found that when mixing oils, nonlinear deviations in the properties
of the mixture occur and noticeable anomalies in changes in quality indicators can be expressed in
oil mixtures. In this case, the content of ballasts such as resin and asphaltenes in the mixture does
not change according to the additivity rule.

In the article, we studied the precipitation Kkinetics of various ballasts (resins, asphaltenes , and
paraffins, as well as water, salts, and mechanical mixtures) in "undesirable” mixtures of oils. It
was found that the bulk of all ballasts precipitate within 8-10 hours. Studies have shown that,
depending on the chemical composition of oils, their formation of "undesirable™ mixtures can also
occur in the intensive deposition of various ballasts.

Keywords: oil mixing, physical and chemical properties, mechanical mixtures, ballast deposition,
asphaltenes.

Introduction

In the practice of oil and gas extraction, in the processes of transportation and storage of oil and
oil products, cases of mixing of various types of products are very common. Mixing of oils occurs
during their collection and transportation in collector-discharge lines, pipelines, and tanks. As a
rule, the mixing of separate oil products occurs in the contact zone and mixing tanks of the two
products during their consecutive transportation through the same pipeline. Mixing of different
types of oil in oil fields also happens when there are not enough tanks. In such cases, mixing of
separate oils of different properties occurs as a result of collecting them in the same tank, which
greatly affects their quality indicators and correct accounting. In such cases, it is not accidental
that there is an imbalance in the accounting during their reception and delivery. The experience of
recent years shows that for some oil mixtures, there are often cases of abnormal, sharp changes in
density, viscosity, volume, and other parameters, as well as, analyzing the kinetics of deposition
of chemical ballasts of practical importance [1-3].
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Statement of the problem

As it is obvious that, the construction of transportation networks and the location of production
areas do not allow the transportation of oil from the field to the points of consumption with the
initial quality indicators. The existing networks of in-field and main oil pipelines can
technologically transport oil only in the form of mixtures. However, there are specific problems
arising from the mixing of different types of crude oil. One of the main problems is the
"undesirable” mixtures of oils, which leads to contamination of equipment (pipelines, tanks, heat
exchangers, furnaces, rectification columns, etc.), and sometimes a complete shutdown.

The results of research show that one of the reasons that make the mixing of different types of
crude oils "undesirable™ is the presence of organic solids in the form of precipitated asphaltenes. It
is known that asphaltenes are soluble in aromatic compounds such as toluene, but not in paraffinic
compounds such as n-pentane. The main problem with the presence of asphaltenes in various
crude oils is that asphaltenes are often separated from these mixtures in the form of sediments. As
long as there is a need to create practical and cost-effective means and methods for mixing
different types of oils, these problems remain unresolved.

Recent research suggests that nonlinear deviations (errors) in the quality of mixtures of different
types of oils from existing ideal oil models are most likely due to the structural transformation of
oil nanophase [4-9]. "Undesirable™ manifestations of asphaltenes in oil mixtures are possible at
concentrations corresponding to the boundaries of the nanophases.

Solution of the problem

The existing various models of the processes under consideration do not yet allow us to predict
the changes in the quality of the oil mixtures used with the accuracy necessary for engineering
calculations. Therefore, there is a need to add and improve criteria to assess the "undesirable” as
well as the "optimal" concentration of asphaltene and other high-molecular chemical compounds,
taking into account the interaction of individual components in transported oil mixtures.

In order to study the effect of mixing different types of oils on their rheological and
physicochemical properties, oil samples of different fields and their mixtures were studied in the
laboratory [10-13]. The physicochemical properties of the tested crude oil of the Bulla (BO) and
Garachukhur (GO) fields of Azerbaijan, as well as research methods, are shown in Table 1.

Table 1. Physicochemical indicators of crude oil from Bulla (BO) and Garachukhur (GO) fields
of Azerbaijan.

Crude oils
Indicators Research methods

BO GO
Density at 20° C, kg/m?3 973,4 914,7 AUSS 3900
Kinematic viscosity at 20° C, sst. 15,76 6,41 AUSS 33
Resin, % of mass 10,27 13,28 Chromatograph
Asphaltenes, % of mass 0,23 0,64 AUSS 11858
Paraffins, % of mass 13,34 2,563 AUSS 11851
Saturated vapor pressure, kPa 16,2 9,7 AUSS 1756
Set point, °C +9 +3 AUSS 20287
Mechanical mixtures, % of mass 5,72 6,42 AUSS 6370
Salts, mg/I 480,6 530,3 AUSS 21534
The amount of water, % of mass 43,2 56,4 AUSS 2477
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As can be seen from Table 1, the BO and GO oil samples differ from each other due to their
rheological and physicochemical properties. In the example of BO and GO oils, it was determined
that, regardless of the mixing sequence [15-19], there are nonlinear deviations in the quality of the
mixture. Anomalies of quality indicators are also evident in the oil mixtures (“GO” + “B0O”) and
(“BO” + “GO”).

In particular, the results of determining the physicochemical parameters of a mixture of oils (GO
+ BO) depending on the mass fraction of BO oil in the mixture are shown in Table 2. Based on
the data in Table 2, the dependence of the mixture parameters (density, kinematic viscosity, resin
content, asphaltenes , and paraffins) on the mass fraction of mixed oils was constructed. These
dependencies are presented respectively in Fig. 1-5.
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Table 2. Changes in the physicochemical parameters of the BO+GO oil mixture.

Mass fraction of BO oil in the mixture

Indicators

0,01 [005 [010 [015 020 030 [035 [040 [042 |044 |06 |048
ggoné'i’ga}ids 908,5 | 917,6 | 920,3 | 923,8 | 926,7 | 932,1 | 936,4 | 939,1 | 9425 | 9434 | 9457 | 946,6
Kinematic

viscosityat | 7,36 | 8,75 | 9,48 | 11,59 | 13,83 | 15,95 | 19,46 | 24,84 | 28,35 | 34,42 | 42,35 | 49,27
20°C,cst
Resin, % of
total mass
Asphaltenes,
% of total 0,65 |062 |059 |056 |054 |057 |060 (062 |063 |064 |065 |0,67
mass
Paraffins, %
of total 259 |329 (412 |486 |534 |73 |816 |867 |873 |886 |889 |905
mass
Vapor
pressure, 9,8 10,1 | 10,2 | 118 |123 |119 |118 |115 (11,3 |112 |111 | 10,9
kPa
Pour point,
°C
Mechanical
impurities,
% of total
mass
Salts, mg/l | 528,6 | 526,4 | 523,1 | 520,9 | 518,7 | 512,3 | 511,9 | 510,7 | 509,8 | 509,1 | 508,3 | 507,2
Water
content, %
of total
mass

13,19 | 13,11 | 13,07 | 13,02 | 12,89 | 13,26 | 13,35 | 13,39 | 13,42 | 13,46 | 13,51 | 13,65

+3 +3 +3 +3 +6 +6 +6 +6 +6 +6 +6 +6

6,39 | 638 |[637 636 |635 |621 |619 |6,17 |616 |615 |6,14 | 6,13

553 | 548 |536 [529 |521 |513 |508 |502 |499 |496 |49,2 | 48,7
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Mass fraction of BO oil in the mixture

0,50 | 052 | 0,54 | 0,56 | 0,58 0,75 10,80 (0,85 | 0,90 | 0,92 | 0,94 | 0,96 | 0,98
0,60 | 0,62 | 0,68
950, | 952, | 954, | 955, | 956, | 955, | 954, | 954, | 958, | 961, | 964, | 967, | 968, | 969, | 971, | 972,
3 1 5 8 5 8 2 7 6 5 3 6 8 7 1 4
56,0 | 584 | 62,3 | 678 | 71,6 | 69,3 | 652 |[591 |319 |264 |208 |185 | 179 | 153 | 14,1 | 13,6
9 1 5 3 2 3 4 6 5 5 9 4 2 0 2 1
139 | 140 | 14,1 | 14,2 | 143 | 140 | 135 | 13,2 {128 | 126 | 120 | 119 | 11,7 115 | 114 | 11,2
2 8 2 5 9 8 6 4 5 2 9 8 6 2 1 5
069 |0,72 | 0,74 | 0,76 | 0,78 | 0,69 | 0,63 | 0,61 | 0,58 |049 |0,43 |0,39 | 0,36 | 0,34 | 0,32 | 0,30
10,0 (10,2 | 10,7 | 11,3 | 114 | 11,7 | 125 | 12,6 | 12,7 | 12,8 | 13,0
9,07 [ 9,21 | 9,26 | 9,34 | 9,42 8 1 6 4 3 1 4 3 > 5 8
10,8 | 10,6 | 10,4 | 10,2 | 9,8 10,2 (10,6 | 11,3 | 118 | 125 | 13,7 | 145 | 14,8 | 149 | 15,2 | 15,6
+6 +6 +9 +9 +9 +9 0 0 0 0 0 +3 +3 +3 +3 +3
6,12 | 6,11 | 6,09 | 6,07 | 6,05 | 6,03 | 6,01 | 598 | 597 | 595 |593 |589 |586 |584 | 582 |5,78
506, | 505, | 505, | 504, | 503, | 501, | 500, | 498, | 497, | 495, | 492, | 490, | 489, | 488, | 487, | 486,
4 8 1 3 2 4 8 5 6 3 7 6 5 9 6 9
485 | 48,1 | 47,6 | 47,2 | 46,9 | 46,8 | 46,6 | 46,5 | 45,1 | 449 | 44,7 | 445 | 44,2 | 43,9 | 43,7 | 43,6
L 980
)
ﬁﬂ 970 1= -~
E \ a /
= 950
o
Z 940 / \
[h]
A / \
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/ b \\
920 / ~
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900
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Figure 1. Variation of the density of the mixture

Mass fraction of mixed oil
a2 —— GgotBO b -—=— BO+GO
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Figure 2. Variation of kinematic viscosity of the mixture.
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As can be seen from Fig. 1-5, characteristic qualitative and anomalous changes in the
abovementioned indicators occur in the mixture (GO + BO) at mass fractions of 0.58 and 0.42 of
the mixed oils “BO” and “GO”, respectively. From Fig. 3-5 it is also clear that, unlike the paraffin
content, changes in the content of resins and asphaltenes in a mixture of oils do not occur
according to the additivity rule. These circumstances once again confirm the absence of additivity
rules in oil mixtures [20].

Results and discussion

Then, the sedimentation kinetics of different ballasts under standard conditions in the above-
mentioned mixtures of “GO” and “BO” oils (42-58%) were studied. For this purpose,
immediately after the preparation of each mixture, it was kept to settle at a temperature of 20 °C
and the amount of ballasts deposited in it was determined every hour in accordance with the
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relevant standards. The results of hourly measurements to determine the amount of RAP (resin-
asphaltene-paraffin), mechanical mixtures, water , and salt ballasts in the GO: BO (42-58%) oil
mixture and the total amount of deposits of ballasts that accumulated during the day are shown in
Table 3.

Based on the data in Table 3, the time dependence of the number of deposits of ballasts (RAP +
mechanical mixtures, water, and salts) was established. The dependence reflecting the
sedimentation kinetics of ballasts in oil mixtures are shown in Figure 6. As can be seen from
Figure 6, most of all ballasts are set down within 8-10 hours. Also, the amount of sediment
increases intensively for up to 8 hours, and then begins to decrease sharply. After 10 hours, the
deposition process slows down and practically overs.

Conclusion

Our research has shown that, depending on the chemical composition of different oils, the
formation of "undesirable” in the mixture can also be manifested by the intensive deposition of
various ballasts, which can lead to contamination of facilities and, in some cases, may result in the
shutdown of technological oil storage and transportation pipelines.

Table 3. Sedimentation kinetics of ballasts in GO: BO (42:58%) mixtures at t=20 °C.

Time, hour
Ballasts

1 2 3 4 5 6 7 8 9 10 11 12

RAP+

Mechanical
mixtures,
% of mass | 0,03 | 0,04 | 0,05 | 0,06 | 0,08 | 0,11 | 0,19 | 0,28 | 0,48 | 0,09 | 0,05 | 0,04
Total

amount of
RAP+

Mechanical
mixtures,
% of mass | 0,03 | 0,07 | 0,12 | 0,18 | 0,26 | 0,37 | 0,56 | 0,84 | 1,02 |1,11 |1,16 | 1,20
Water, %
of mass 09 |11 1,2 13 (18 |21 |38 |59 2,7 1,6 0,9 0,8
Total

amount of
water, % of
mass 09 (20 |32 |45 |63 |84 |122 (18,1 |208 |224 |233 |241
Salts, % of
mass 101 | 11,3 | 116 | 12,1 | 125 | 13,2 | 143 | 205 | 16,3 |12,1 | 11,2 | 10,1
Total

amount of
salts, % of
mass 10,1 | 21,4 | 33,0 | 45,1 | 57,6 | 70,8 | 85,1 | 105,6 | 121,9 | 134,0 | 145,2 | 155,3

THE CAUCASUS ECONOMIC & SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS



Time, hour
Ballasts

13 14 15 16 17 18 19 20 21 22 23 24

RAP+
Mechanical
mixtures,
% of mass

0,03 |003 |003 |003 |002 |02 (002 |002 |02 |001 |001 |0,01

¥202 - 10 - (2T) 85

Total
amount of
RAP+
Mechanical
mixtures,
% of mass

123 |126 |129 (132 |[134 |136 |138 |140 |142 |143 |144 |145

19

Water, %

0,6 0,5 0,7 0,6 0,4 0,3 0,2 0,2 0,2 0,2 0,2 0,1
of mass

Total
amount of
water, % of
mass

24,7 | 252 | 259 |265 |269 |272 (274 |276 |278 |280 |282 |283

Salts, % of

91 6,2 9,3 8,3 52 4.8 4,5 4,1 3.9 3,5 3,7 3,6
mass

Total
amount of
salts, % of
mass

164,4 | 170,6 | 179,9 | 188,2 | 193,4 | 198,2 | 202,7 | 206,8 | 210,7 | 214,2 | 217,9 | 221,5

0 4 8 12 16 20 24
Sedimentation time, hour
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ABSTRACT

In this research, the information phenomenon is examined from a wide perspective, the concepts
of data, information and inventory are explained, the impact and dimensions of information
technologies on information are revealed, the difficulty of obtaining information security arising
from the need to protect information is investigated, and the main elements of information
security are highlighted. This work summarizes the security processes needed to create effective
information security in an environment where information security attacks are increasing in both
number and variety. As a result, the issues explained, investigated and summarized were widely
evaluated, and an important step was taken to create a new technology.

Keywords: inventory, security, information security, information

Introduction
Although this article is designed to improve the management of cybersecurity risks in critical
infrastructure, it can be used by organizations in any sector or community. The project enables
organizations, regardless of the degree or size of their cybersecurity risk, to apply risk
management principles and best practices to improve cybersecurity — improving security and
resilience [4].

The concept of information security

What is security? There is no single definition of “Information security”. The concept of
"information security” is always related to a specific subject (acting) in certain conditions
(environment) (for example, information security of any system or organization).

The article examines information security at the organizational level. As we mentioned above,
there is no specific definition of information security, but the most complete definition that can be
given to this concept at the level that we will investigate is as follows: In an environment where
access to information is provided permanently, information is kept confidential from the server to
the client, without its integrity being violated, without being subject to change and by outsiders.
The process of delivering it under fully protected conditions without being intercepted by is
defined as information security[5].

Problem statement

Organizational information security consists of complex processes that must be managed under a
single roof, influenced by many factors such as human factor, education, technology. The
management of these processes, the construction of security systems in accordance with
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international standards, and the standardization work under the management of information
security at a high level continue rapidly[3].
It has become almost necessary for administrations, organizations and enterprises to apply
information security standards in their organizations in order to ensure information security within
the framework of certain security standards and to be able to continue their business processes
without damage or with minimal damage in the face of internal and external threats.
Organizational information security can be thought of as identifying the weaknesses of
organizations' information assets and taking measures by conducting necessary security analyzes
in order to protect them from unwanted threats and dangers.
With the widespread use of the Internet, protection or security gaps in information systems have
also begun to increase. Many safeguards and projects have been developed and are still being
developed to ensure privacy, integrity and continuity in information systems.
Within the framework of the research, literature research was first conducted, the existing projects
were reviewed, their advantages and disadvantages were examined, and we created our product
based on all this extensive research. We can refer to the general standards and the literature we
refer to during the research[6].
There are 14 categories in 1SO 27001 annex A. How you meet these requirements when building
an information security management system depends on the specifics of your organization. This
standard can be described as a catalog of its security controls, as well as a management direction
for information security. Its purpose is to manage the direction and support of information
security according to the requirements of the organization, ensuring that employees and
contractors understand their responsibilities and are appropriate for their assumed roles.
Now let's move on to SANS (sysadmin, audit, network, security) - prioritizing security measures
and implementing them is the first step, and the SANS Institute has developed a list of the top 20
most important security controls that businesses should implement. These include some obvious
steps, such as a thorough inventory of all network devices and software, implementing secure
hardware configurations, and ensuring data recovery, but also some less obvious areas. Even if an
organization can't manage all the Top 20, it's a good list to include in a comprehensive set of
targets that is updated periodically as the threat landscape changes[7]:

1. Equipment Inventory

2. Software Inventory

3. Hardware and Software Secure Configurations on Mobile Devices, Laptops, Workstations

and Servers

4. Assessment and elimination of persistent sensitivity

5. Malware protection

6. Software Security

7. Wireless network access control

8. Data recovery capability

9. Security Skills Assessment and Appropriate Training to Fill Gaps

10. Secure Configurations for Network Devices such as Firewalls, Routers, and Switches

11. Restriction and control of network ports, protocols and services

12. Controlled use of administrative rights

13. Border Protection

14. Maintenance, monitoring and analysis of audit logs

15. Controlled access based on need to know
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16. Monitoring and control of accounts.

17. Data protection.

18. Incident response and management.

19. Secure Network Engineering.

20. Provision of intervention trials and assignments
The next one we will talk about is Cobit. Today, Cobit is used worldwide by all IT business
process managers to equip them with a model to value the organization and implement better risk
management practices related to IT processes[8]. The Cobit control model guarantees the integrity
of the information system. It is a framework created by ISACA (Information Systems Audit and
Control Association) for IT governance and management. It is designed as a supporting tool for
management and allows bridging the crucial gap between technical issues, business risks and
control requirements. Cobit is a universally recognized guideline that can be applied to any
organization in any industry. In general, Cobit ensures the quality, control and reliability of
information systems in an organization, which is the most important aspect of every modern
business. Cobit business orientation involves linking business goals to IT infrastructure, providing
various maturity models and indicators that measure success in defining the related business
responsibilities of IT processes[9]. The main focus of COBIT 4.1 is illustrated by a process-based
model divided into four specific areas:
1. Planning and Organization
2. Delivery and support
3. Acquisition and implementation
4. Monitoring and evaluation
We can go to the detailed information section about Information Security Risk Monitoring and
Management System - ISRMMS, which is the first national product that we created taking into
account the standards and international requirements that we talked about above.
ISRMMS (after that, the system)- This system was a unified platform developed for IT
management in the institution. Main functions:
 Automation of inventory and preparation of statistical indicators
* Monitoring of resources
* Registration and analysis of risks
* Incident registration and analysis
* Sending Notices
* Registration of documents

The solution of the problem

In this system, it is ensured that information is delivered from the server to the client or from the
client to the server in a confidential manner, without breaking the integrity, without being
changed and without being intercepted by outsiders, under fully protected conditions. Unlike all
other systems written so far, this system uses the RSA encryption algorithm. Initially, this
function of the system takes precedence over others [1].

The system was primarily implemented to monitor resources on all Microsoft Windows Operating
Systems (OS). Monitors OS CPU, RAM, Network, Permanent memory indicators in real-time
environment and saves the results. Also, the OS takes inventory of all the resources of the running
machine. Based on the indicators applied to the use of resources, the changes are reported in the
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alarm and warning format. The system is written in the C# programming language in .Net and
consists of 3 parts: Agent, Web Interface and Web Service.

The agent part, which runs in the background in OSes and runs without any negative impact on
their operating process - can be loaded directly in MSI format or through a centralized control
(Domain Control) system. Data is stored in a DB defined in SQL. The Agent transmits the Data to
the server in an encrypted form and at a certain time interval. Registration and search of all
available and changed resources of the agent applied assets, used software is carried out through
the web service [10].

Figure 1. Asset inventory — search.
All resource manufacturers, settings, etc. preparation of statistics based on indicators is ensured.

n inventarizasiyasi-Statistika s e |

SAYjAD

Figure 2. Inventory of assets - statistics.

Asset resources are monitored in real time, graphs are drawn up, and notifications are sent based
on the applied limits.
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Figure 3. Monitoring

Through the system, it is possible to obtain a monitoring report for periods or a set time interval.
According to the selected category, it is possible to get either just the data of the day, the data of
the selected dates, or even the data of the selected hours on the selected dates.

Monitoring Hesabat

10.10234.4

Figure 4. Monitoring report

Registration and analysis of Information Security risks and incidents are ensured in the institution.

Risklarin qeydiyyati
Tasir Qeyri-Mali Azalmadan /Azalmadan sonra
I ifs Mali T¢ i
1] Riskin adesi Riskin Zonas: Ehtimal Tesir Siddoti lali Tosir Tosir Tosirin azaldilmas yollar sonra Entimel |Risk yes
Emaillarin konfid W Email S N ail serverin alava ttrars tachiz
1.500.000
RSK t ge

an va ontann komponentlanng tatbiq edimas

Zait gitralann atbig edilmas: ugun alave tadbirann goruimas
RSK-10

Portaty va
RSK-11 tatbiq eddmamasi istifadagilan

urgulann idaraedilmasi sisteminin

08020309 +

masi sisteminin tatbiq edimasi

Figure 5. Registration of risks.

Conclusion
ISRMMS the benefits of drying the application:
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* Conducting an audit of asset resources and software.

* Risk assessment and analysis.

» Conducting statistics based on collected data.

* Implementation of the requirements of international IT security standards.

* Monitoring of resources.

» Incident registration and investigation.

* Registration of documents.

* Easy to use interface.

* It can be adapted to the infrastructure and requirements of the institution.

Advantages over other systems:

« Infrastructure integration — Unlike other open source systems, no additional configurations are
required.

* Functionality — The mentioned functions are open source.

From more software packages to get on systems and configurations should be used.

« Financial costs — Less than the costs of paid software to be used to provide the mentioned
functions.

* Technical support — The system is locally manufactured and can be customized according to the
customer's requirements.

» Security — The system uses encryption with agents for data collection and is owned by the
system. Also, all data in the system is encrypted.
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ABSTRACT

Technical devices with irregular motion are described by complex non-linear differential
equations, as they have an uncertain environment. Due to interactions and simplifications in these
types of control objects, their mathematical models may have certain errors. For this reason, by
known methods, for example, the linear matrix inequality method, Lyapunov's quadratic function,
etc. The synthesized automatic control systems (ACS) for dynamic objects written by nonlinear
mathematical models based on the quadratic matrix determined by The synthesis of regulators for
the management of dynamic objects described in nonlinear and uncertain conditions is based on
fuzzy logic theory. Since the controllers synthesized by fuzzy logic are based on knowledge, their
application to other objects (robots) is limited. In such systems, it is difficult or not at all to
determine the dependencies between ACS quality indicators, stability and object parameters.
Taking into account the above, a method of analytically parametric synthesis of regulators that
ensures the degree of stability and accuracy in ACS’s designed for fuzzy TS-type dynamic objects
is proposed.

In the article, the solution to the problem of the synthesis of the control system of the mobile robot
was considered, and it was successfully applied in the multi-motion mobile robot system.
Modeling and experimental results confirm that the operation and stability of the obtained system
fully meet the technical requirements. The proposed method has led to an increase in both
tracking and control accuracy during high-speed movements.

Keywords: multi-motion mobile robot, mathematical model, mechatronic modules, fuzzy TS
model, robust controller, fuzzy logic.

Introduction

Technical devices with an irregular motion, for example, manipulative robots [1,4], mechatronic
modules, technological mechanisms, dynamic control objects have uncertain conditions. Control
objects of this type are described by complex nonlinear differential equations [1, 2, 4, 5, 12, 13].
Also, the relationships and simplifications in these types of control objects may have errors in
their mathematical models. With these more well-known methods, | think the directed matrix
inertia method, Lyapun's quadratic function, V(t) = xT(t)Px(t)-P to generate a quadratic matrix
defined by non-linear mathematical models for automatic control of written objects systems (AIS)
cannot meet the requirements for high quality, including robustness [3-6, 8, 12, 13]. Synthesis of
controllers for control of dynamic objects - mobile robots described by nonlinear and uncertainty
models versus fuzzy logic theory. Since the controllers synthesized by fuzzy logic are based on
knowledge, their application to other objects - robots is limited. Also, in such systems, it is
difficult or impossible to change dependencies on the quality indicators and stability of the AIS
and the parameters of the object. Analytical parametric synthesis of controllers providing required
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stability and accuracy is provided in AISs designed for dynamic objects written by nonlinear
multi-link differential equations that can be brought to TS (Tagaki-Sugeno) type mathematical
models. Analytically synthesized parametric TS type fuzzy controller application to the control of
a multi-motion mobile robot and the requirement for AIS modeling have not been formulated.
MM mobile robot with robust control system provides maximum possible stability and fast
operation in terms of both speed and coordinates.

Motion control of an intelligent wheeled mobile robot in unstructured environments is presented
in [13]. Fuzzy control of wheeled mobile robot movement in obstacles and unstructured
environments is proposed. The outputs of the fuzzy controller are the difference of the angular
velocity between the left and right wheels of the mobile robot and the velocity of the mobile
robot. The simulation results show the effectiveness and reliability of the obstacle avoidance
behavior in an unstructured environment and the speed control of the proposed fuzzy control
strategy for the multi-motion mobile robot movement. In this work, wireless sensor-based remote
control of mobile robot movement in unstructured environments is proposed by applying Sun
SPOT technology.

In this work, a method of analytical synthesis of fuzzy TS model controllers is proposed, which
provides robustness due to the stability of irregularly moving dynamic objects with parametric
uncertainty.

Mathematical model of robust controller for dynamic objects with uncertainty written by
multi-link fuzzy TS model.

The dynamic movement of kinematic items (joints) of most mobile and manipulative robots is
written by n-order multi-link nonlinear differential equations [6, 8, 12, 13]. Non-linear
mathematical models of robots can sometimes be replaced by fuzzy TS-type models [3-6, 8, 12,
13]. In control systems written with a fuzzy TS-type model, in solving the problem of the
synthesis of the regulator, the conditions of stability (stability) satisfaction are mainly used. In this
case, it is not determined whether the degree of stability is high or not. In addition, in some
methods, it is not possible to take into account the degree of satisfaction of the requirements of the
control system to other quality criteria in the process of synthesis of the regulator. For example, in
the linear matrix inequality (LMI-linear matrix inequalities) method, which is used to solve the
problem of the synthesis of the regulator in non-linear dynamic objects, only the conditions for
the stability of the system are taken into account. In this method, the problem of synthesis is a
sequential iterative procedure, and it is not possible to take into account other quality parameters
of the system. In the linear matrix inequality method, the set parameters of the regulator can be
quite large and have different signs. In practice, this is not always possible. In other words, there
are no restrictions on the tuning parameters of the regulator. This is unacceptable from the point
of view of practical implementation. Dynamic objects with many uncertainties and irregular
motions, such as MM mobile robots, can be generally written in the form of a fuzzy differential
embedding equation:

x(t) € flx(t)ult).p), 1)
v(t) € o(x(8), u(t)),

xER™ u€ R™, te[ty ty],p EP
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Here, the vectors characterizing the technical characteristics of the x-object are vague, imprecise
parameters: nx = dimx-dimensional vector, u - nu = dimu - dimensional vector, p-np = dimp-
dimensional vector. Sometimes, some of them express external excitatory influences. y(t) is the
object's output variable of size my = dimy. P - characterizes the range (multiple) of changes of p
parameters with uncertainty. [to,tx] is the time interval of the control process.

When opening the parametric uncertainty of the object, that is, when synthesizing the regulator,
usually in most cases the vector p is described as a set of fuzzy numbers p =[p 1 ,p 2,...p -np], OF
as a set of interval numbers:

p; = Supp B, = [p{.p{?], i=Tn, )

Here, pi°' and p* are the values of the left and right boundaries of the interval numbers,
respectively. If the function f(-) in the model (1) is known, then the change of the state
coordinates of the object will directly depend on the variation of the parameters. When designing
many practical control systems, the interval over which the input vector varies is taken as the
assumed nominal values. This is called the constructor's subjective evaluation. Approximation of
imprecise and uncertain interval parameters with only nominal values is mainly based on concepts
of fuzzy sets, i.e. "Soft Computing”. Undefined dynamic objects can be described by a
mathematical model of various forms, for example [1-3, 9, 10]:

x(t) = AZ(t) + Bu(t)

#(1) = Cx() ©)

or
%(t) = Ax + Bu
y(t) =Cx (4)

In model (3), A, B, and C are smooth-ordinary coefficient matrices of appropriate size. In model
(4), A, B, and C are matrices of fuzzy numbers of suitable size. By describing this type of object
with ordinary differential equations with interval coefficients, it is possible to analytically
synthesize the interval-valued parameters of the regulator, which ensures stable movement of the
control system [7].

The behavior of a number of uncertain, nonlinear dynamic objects, including manipulators and
mobile robots, such as multi-motion mobile robots, can be described by the following TS-type
fuzzy model:

Q:;: IF =, (t) isM] AND =, (t) is M5... AND =, (t) is M}
THEN, & = 4,x(t) + Bu(t), w(t)=Cx(t) , i=14q (5)

where, M - is the fuzzy term set of the jth state change of the object, having the membership
function pi}. A;, B, and C: are parametric matrices of dimensions A (nxn - dimensional), B (nxm

dimensional), C(r x n dimensional) corresponding to linguistic rule. i, respectively, i =1, q is the
serial number of linguistic rules. The vector of state and output variables of the uncertain,
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nonlinear object described by the model (5) can be described by the differential equation (6) with

[6)]

sufficient accuracy: =2

N

(1) = Tl p(x) (4x(8) + Bau(n)), y(2) = T, 1, (x)Cx(2) (6) o

N

The functions ui(x)— here [1-3] are basically defined as follows: §
wila) _ i _

FE (x) = El_q:__u_ll:l:_r]l’ mf [:x) - H}frzlxj’l - 1’ q (7) 'O_\o

One of the requirements for controlling an object (for example, a multirole mobile robot) is that
the system provides tracking of both the state variables (velocity) and the output variables task.
That is, it must be managed astatically due to the error. To meet the demand, it is necessary to
formalize the structure of the regulator in the control system as follows:

T:: IF x, (t) is M{ AND x, (t) is Mi... AND x, (t) is M}
THEN, u; = K,x(t) + G,e(t),i =1,q (8)

Here, e(t) is the deviation of the object's output y(t)-variables vector from the task ytask(t)-
values. Is defined as follows:

E(t) = Veap (£) — ¥(£) = Y (£) — Ty 1, (x) Cix (2) ©)

Based on expressions (6), (8) and (9), the mathematical model of the closed-feedback control
system can be written as follows [9]:

i(t) = T, p (0)Ax(t) + T, p, (x) B, [Ej:bui(xj (K;x(t) + Ej-e[t]) (10)

Taking into account (9) and making some simple transformations in the expression (10), the

mathematical model of the closed fuzzy control system can be written as follows [9]:
q q

H0) = ) e )y Ag(P)E(E) + Ny, (0
v(t) = ?:ﬂ‘z‘ﬁif[:tj (11)
here,
Jffi.}.[p) = [AeEP] ifz (p)K; B, (;[:]Gi]’
0
V=g
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A(p)=A, + A4, ,B,(p)=B,+AB,, 0=A4, <4 0= AB, < B, (12)

inom ! inom
x (t)—2nx -dimensional, yeask(t)—ny = nx are vectors, E — nx X nx is a unit matrix, 0 — nx X nx is a
zero matrix. Taking into account statements (5), (8) and (9), the structural scheme of the TS-type
fuzzy control system is depicted in Figure 1.

_Ytask Y 1

) Ug u Vl_(f;"
—bo—b LA

TS Fuzzy
Controller 1

TS Fuzzy Controller 2

Figure 1. Generalized structural scheme of the state and error astatic fuzzy TS model control
system.

AAi and AB; are parametric biases that take into account the parametric uncertainties of the object,
and in some cases, they are taken equal to 0.1-2.0% of the corresponding nominal value.

Statement of the problem

Taking into account the fact that the uncertain, non-linear multi-link control system has an astatic
property with respect to the variables expressed in (6)-(9), and the requirement to satisfy the
robustness according to the degree of stability of the state variables, the problem of the synthesis
of the regulator can be formalized as follows. For an object with uncertainties that can be written
by the expression (6), it is necessary to synthesize a robust TS-type fuzzy controller so that the
multi-link and multidimensional closed control system can track the output coordinates task
effects ytask(t) and the planned movement trajectory with high accuracy. That is, under the
conditions of astatic due to error.

lim e(t) =0, (13)

r—+oo

and parametric uncertainties (12), let it satisfy the maximum degree of stability possible according
to state coordinates

Ji= nﬁséx[—Re (A" (4:(p). K, G) =8, + njgsz:x[—Re[.ii (A K. G))), (14)

]: = I}éléllIE[:qu.rKi.r Gg]ll.l (15)
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KEK,GEG,i=T,4q.

Here, 6i > 0,Vi € 1, q - characterizes the possible maximal value of the degree of stability of the

system according to each linguistic rule. Given the (6)-(9) structure of the management system,
let's draw up the characteristic equation for each linguistic rule:

DA =(s+4,)..(s+2,)=(s+8,+1,,)=0,i=T¢q (17)

Depending on the conditions for satisfying the stability of the motion, the Ki vo Gi, i =1,q

parameters of the tuning coefficients matrices of the robust TS-type fuzzy controller can be
determined analytically [2,10].

The solution of the problem

Let's explain the method of solving the problem of the synthesis of the TS-type fuzzy controller
on the example of a specific control object, for example, a mobile robot [12]. A multi-motion
(MM) mobile robot has four wheels and three state variables (t) = [xw(t),yw(t),@w(t) ] and u(t) =
[ua(t),ua(t),us(t),ua(t)] (controlling effects) and is written with a non-linear model [5]. After
performing some simple transformations on this model (u(t) = Bu (t),u(t) = [ui(t) u2(t)
u 3(t)]), the MM mobile robot below can be written as a nonlinear model with uncertainty.

Q:: IF @, (t) is M'THEN, & = A.x(t) + B,ut(t), v(t) =Cx(t), i=T1,q (18)

a, 0 0 a, —a,d 0 a, a,d 0
0 a u]”.q:: a.d a l]], A =|—a,d a, IZI],B:-= .
0 0 a 0 0 a, 0 0 ag

C. =1

¥, () = ayx,,(8) + 1y, (2),
}’w(tj = aj_.'!:’w(t) T Uy, (t),
qﬁu‘[t) = aﬂfﬁw(t) + ﬂﬁi(t)ri =1 (19)

X, (t) = ax,.(t) — dydy, +i,(0),
Vi (t) = apdi, (£) + a3, () + iy (1),
@, (t) = aze, (t) + 1, (t),i =2 (20)
%, (t) = a,x,,(t) + dydy,, + iy, (t),
Vi (t) = —a,di, (t) +a,7,, () + 15, (L),
@ (t) = az@, (t) +1g(t), =3 (21)
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Here I is a three-dimensional uniform matrix, coefficients a1, az, az are determined depending on
the physical and geometrical parameters of the MM mobile robot [12]:

a, = —2]/(mr* +21,) ,a, = 21 /(mr® + 21 ), a; = —4cL? /(4L mL* +1,r%)  (22)
Parametric uncertainty is mainly related to axpw(t) = a2d in model (23), i.e.

Qs; = Ax@, ., (t) +Aa, = a,d + Aa,,Aa, € [0,0],0 =0.001a,9,,,,(t) (23)

Given the structure of the object (22) (x3 does not depend on the state variables x1, x2) and (8),
the structure of control (regulation) for each linguistic rule can be determined as follows:

iy, () = kg %0 (8) + 9105 (i — 20), Wi (8) = Koo 5 (1) + Gooi (v — %2),

ig;(t) = kag; ¥3(t) + gaa; (Vir — %), 1=1

iy, (£) = Ky %0 (8) + Feyo 55 (8) + g1 (ar — x40),

i (£) = kg %1 (8) + Kani %2 (8) + 920 (vir — x2),
ig(t) = —kgg;%3(t) + gag; (Vyr — %3), I=2

ity () = kg%, (8) + kyo; %5 (8) + 914 (ir — x1),

g (£) = Koy %y (£) + Kgo 55 () + 900 (017 — x2),
ig;(t) = kag; ¥3(t) + 933: O0nr —x3), =3

iy, (t) = kyy %, (t) + kyop %, (t) + 944 [Flrnp - c::x:) (2.8)
itg;(t) = kg %3(t) + g33: (Vir — Ca3x3), i =T,q

Taking into account the mentioned properties and (22)-(24), then the free movement of the system
for each linguistic rule can be written by the following equations (for simplicity, we do not show
the indices of the number of linguistic rulesi =1, g:

¥,(t) = (ay — kyy )i — (apd + Aay + k)i, + g4y
#,(t) = (azd + Aay — kay )iy + (ay — kop )iy + gon %,
¥g(t) = —kag %3 + G333 (25)
or
[s* + (kyy—ay)s — g4, 1%, (s) = —[s(a.d + Aa, + ky,)] X, (5)
[s* + (kpo—a,)s — g221%2(5) = —[s(kay — (a2 + Aay)] X, (5)
[s7 4+ kg35 — g3 ]X3(s) =0 (26)

|k12|=|k21| and |g11|=|g22|, c11=c22=c33=1 can be accepted. Based model of the system (27), it seems
the x3-coordinate does not directly depend on other coordinates. In this case, one of the
characteristic equations of the system is described by a 4-form and the other by a 2-form equation:

-

s* +5° [kllz' + Koy — 2“1] + 57 [(klli - “1]”‘5::5 - “1] —2gy; T+ (“:d + ﬂ“:ij - ki:i] +
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+5[2“1£]’11z' — (kyy; + k::e)] + gilz’ =0
s* 4 5kyzy —g23; =0, i=T,q (27)

In the system written in the form of the characteristic equation (27), we determine the expressions
of dependence on the parameters of the distribution of the roots by the method of analytical
synthesis proposed in [1, 2]. It is appropriate to solve the problem analytically in two variants, i.e.,
for cases where the roots are negative real and complex. As in [1, 2], the parametric characteristic
equations of the system D(A1)=0; and its derivatives — D (1), D'(A) of the appropriate characteristic
equation expressed by roots @(1)=0; and from the equality conditions of its appropriate
derivatives ® (1), @A) the analytical expressions of the parameters Ki and Gi of the controllers
for the state variables and the error are determined. In the first option, that is, if the roots of the
characteristic equation are negative and equal, the dependence of the tuning parameters of the
regulator on the degree of stability and the parameters-coefficients of the object is expressed as
follows [7]: .

J o=t gl = (ki —a))?/4 i=Tg

ki, =ki,=-2('+8")—-d

gy = (—ki,—d}) /4 (28)

In the second option, for the case where the roots of the characteristic equation of the system are
complex, i.e., after accepting

Kp=—(0L+6)1j0i+6)—,i=Tq r=12

and performing the appropriate conversion operations, we get the following analytical
expressions:

Ky =—20i+6)—al r=1 gi,=(-ki,+al) (1+=)/4
ko =—208+6)—al r=2 gh=(-k,+a) (1+-5)/4 (29)

kis =—2(L+6)—a, r=3 giy=(—ki +ag}:[1+ﬁ]f4

The use of expressions (28) or (29) in determining the parameters of the regulators according to
the state variables, that is, the matrices K! and Gi, is determined directly depending on the
requirements for stability degrees and the mathematical models of the object on the appropriate
linguistic rules [9].

Computer modeling of the synthesized intelligent control system in the Matlab environment

Let's perform the process of fuzzy modeling of MM mobile robot with the help of Matlab
program Simulink and FLT software package. As shown in Figure 2, let's model the structure of
the control object S model of the MM mobile robot [10, 11].

The parameters applied in the S model are as follows:

a1 = a2 =0.0599;
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< az = -0.07444;

S integrator = 0.6;

< § integrator 1 =0.5;

S integrator 2 = 0.2.
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Figure 2. S model of MM mobile robot — control object.

1. After writing the parameters, you need to simulate and view the results of the S model.

2. The results of the simulation of the MM mobile robot - object S model can be viewed through
the scope block (Figure 3).
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Figure 3. Simulation result of the MM mobile robot object.
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As can be seen from the result, unlike the given task, the result needs to be adjusted. For this,
firstly, a new S model should be established, that is, rules should be drawn up based on the
regulatory system and the FLT package. Then, the model S of the MM mobile robot should be
included in the subsystem in the controller.

Modeling of the regulatory system based on the Simulink package in the MATLAB environment
of the MM mobile robot control system

The control system of the MM mobile robot is built on the basis of FLT and Simulink packages.
First, we build the S model of the regulator using the Simulink package of the Matlab program
(Figure 4).

Figure 4. Model S of the regulatory system of the MM mobile robot.

After building the S model of the regulatory system, we compile the fuzzy term sets based on the
Fuzzy Logic Toolbox package and build the rules (Figure 5).

4| Rule Editor: FI1 - O X

File Edit View Options

1. If (X3 is M1) then (output1 is -20.1){output2 is 0)(output3 is 0} (1) ~
2. If (X3 is M2) then (output! is 0)(cutput2 is -21.9)(output3 is 0) (1)
3. If (X3 is M3) then (output! is 0)(output2 is 0)(outputd is -21.9) (1)

Then and and
output? is output2 is output3 is

~ ~

o -21.9
o o
none none
W W W
I:l not I:l not I:l not I:l not
— Connection Weight:
Cor
@ and 1 Delete rule | Add rule | Change rule | <= >

Renamed FIS to "F1™

Help | Close | |
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Figure 5. Procedure for entering rules.

<
N
o
o TS-type fuzzy controllers are added to the fuzzy logic controller blocks shown in Figure 6, where
S shows the model of the object in the subsystem of the regulatory system.
)
(e
Lo
_ ! D:t‘l
o n1
(e}
J e
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| | -
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/’/U/.:L

‘—-Z___-:_::I
Figure 6. A model of an object in a regulatory system subsystem.

Figure 7 illustrates the perfect tuning performance. The control of the MM mobile robot is stable
and provides high quality indicators. The object adjustment time does not exceed 0.3 seconds.

4 2 — O X

File Tools View Simulation Help
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Figure 7. Output process curve of MM mobile robot controller.
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Conclusion

The solution to the issue of the synthesis of the control system of the mobile robot was considered
in the article. The control system of the mobile robot was designed based on the Simulink package
of the MATLAB environment. The proposed controller modeling method has been successfully
applied to the MM mobile robot system. Modeling and experimental results confirm that the
operation and stability of the obtained system fully meet the technical requirements. The proposed
method has led to an increase in both tracking and control accuracy during high-speed
movements.
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KOHIENIUA JOTUCTUYECKON CUCTEMBI IPOMBIINIJIEHHOI'O
HPEATIPUATHUA

I'puropuii Jleskun', Auapeii Japun?
1OMckuii rocy1apCTBEHHBIH YHHBEPCHTET IIyTell co0OIIeH s, K.BeT.H., foueHT, lewkin_gr@mail.ru (Poccus)
2QMcKuii rocyIapCTBEHHBI YHUBEPCHTET ITyTell cooOIenH s, K. T. H., foueHT, larinan75@mail.ru (Poccus)

PE3IOME

B cratbe paccMOTpeHbl 0COOCHHOCTH KOHLICIIHH JIOTUCTHYECKON CUCTEMBI TPOMBIIIIECHHOTO

HPEANPUATHS C YIETOM TE€HAECHIUH N3MEHEHHs PhIHOYHOI'O OKPYKEHHs U MH(POPMAIIMOHHOTO
o0ecrneueHrs TPaHCIIOPTHO-CKIIAJICKUX IPOLECCOB, OTE€YECTBEHHOI'O OIBITA PA3BUTHSI CUCTEM

YIPAaBJIEHUS MaTEpUAJIbHBIX IOTOKAMH.

KuroueBble cj10Ba: KOHIENIMS JIOTUCTUKH, IPOMBILUIEHHOE NPEANpUaTUs, GQyHKIMOHAIbHAs
00J1aCTh JIOTUCTUKH NIPEIIPUATHS, MATEPHATIbHBIN TOTOK

ABSTRACT

The article discusses the features of the concept of the logistics system of an industrial enterprise,
taking into account the trends of changing the market environment and information support of
transport and warehouse processes, domestic experience in the development of material flow
management systems.

Keywords: logistics concept, industrial enterprises, functional area of enterprise logistics,
material flow.

BBenenue

JlorucTuka Kak KOHUEMIMS YIIPABJICHUS OTOKOBBIMH MPOILECCAMU MOTYYHIIA PA3BUTHE B CBSI3U C
BbIJIETICHHEM B KadecTBe 00OBEKTa YIPaBJICHUS MAaTePUAIBHOTO MOTOKA. VICTOpHUYECKH JTOTHUCTHKA
pa3BuBajiach B BOGHHOU cdepe, YTo 3aKpeIuieHO B HAyYHOU W y4eOHOU IuTepaType, HO TakkKe K
HMCTOYHUKAM pa3BUTHUS JIOTUCTUYECKOrO 3HAHUS CIIEYeT OTHECTH TOPrOBII0 W YIPaBICHUE
JIOMAITHUM XO3SIHCTBOM.

[Tpu aganTanyy Hay4YHBIX 3HAHWNA K MPAKTUYECKOW NESTEIBHOCTH HEOOXOIWMO YYUTHIBATH HE
TOJIBKO OTpACEBbIE OCOOEHHOCTH, K KOTOPBHIM OTHOCHTCS MPOMBIIUICHHOE MPEINPUSATHS, HO
TaK)K€ W KYJIbTYpPHbIE, HAIMOHAJIBHbIC TPaAULUU BEICHUS XO3AMCTBEHHOW JEATEIBHOCTH,
reorpaduuecKre XapaKTEPUCTUKU UCIIOJIb30BAHUS BPEMEHHU M MPOCTPAHCTBA MPHU TUIAHUPOBAHUU
JIOTUCTUYECKOU eI TEIbHOCTH.

Bce 310 cBUETENHCTBYET O HEOOXOAUMOCTH YUETa UCTOPHYECKOTO OMBITa PA3BUTHS YIKOHOMHUKHU
U KOMMEPUYECKOW JeATENHHOCTH C Yy4eToM HWH(GOpMAalud W3 WHOCTPAHHBIX HCTOYHHKOB
JUTEpaTyphl, HO W €€ aJalTaluyd K YCJIOBUAM XO3SWCTBOBAaHHMS B peruoHax Poccuiickoit
denepanuu.

Meas uccaenoBanus

aalTupoBaTb OCHOBHBIC ITOJIOKCHUA KOHICITITNH JIOTUCTHKH K 0COOECHHOCTSIM
(I)yHKLII/IOHI/IpOBaHI/I}I MMPOMBIIIJICHHOTO MMPCAIIPUATHUA.
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3agauu uccaea0BaHus

000CHOBAThH UCIIOJIB30BaHUE KOHIETIIINHU JIOTUCTUKH IS IPOMBIIIJICHHOTO MPEIIPUSATHS;
JOTIOJIHUTh W YTOYHHUTH OCHOBHBIC TOJOXKEHHUS KOHIEMIUUA JIOTUCTUKU MPOMBIIUIEHHOTO
IpeanpusaTHs ¢ yaeroM crennduku Poccuu kak 0co00M TUBUITH3AINHY;

OOBbeKT nccae10BaHus — JOTUCTHYECKAs CUCTEMA MPOMBIIIIEHHOTO MPEANPHUSATHUSI.

[Ipenmer wuccrnenoBaHust — (HOPMUPOBAHME KOHIENIUU JIOTUCTHKH  NPOMBIIUIEHHOTO
MIPEANPUSATHSL.

Hayunas HOBHM3HA MCCIEIOBAaHUS 3aKJIIOYAETCS B COINOCTABICHUHM OCHOBHBIX IOJIO)KEHUN
KOHUENIUN JIOTUCTUKH C KYJbTYPHBIMH, HPUPOJHO-TEOrpaQUuecKUMU U HCTOPUYECKUMU
ocobenHocTsmu Poccuiickoii denepanyy, 4To MO3BOJIUT aJaNTUPOBATH JIyUIINE JOTUCTHYECKUE
MIPAKTUKU K OTE€UECTBEHHOW YKOHOMUKE.

O0ocHOBaHME HCIOJIb30BAHUSA KOHIEIIIHH JIOTUCTHUKH B 1eSITeJIbHOCTH POMBILIVIEHHOT 0
npeanpusaTHs

Konuenmus JJIOrucTuKy NpeanpusITHs — 3TO CUCTeMa B3TJISA0B U MOJI0KEHUH K OpraHU3aIiu
JIOTUCTUYECKHUX MPOIIECCOB ITyTEM pallMOHAIM3AIUN ABUKEHUSI MaTEPUATBHBIX TOTOKOB HA
npeanpuaTiu [2].

Pa3paboTka KOHIIEIIUY JIOTHCTUKH MIPEATIPUATHS BKIIOYACT B CeOsI:

e (hopMaIM3ALUIO M TEKOMITO3UIIHIO JIOTHCTUIECKUX MPOLIECCOB;

® COBEpIICHCTBOBAHHME BUOB JIOTUCTHYECKON NESATEIBHOCTH, CBA3AHHBIX C KOHTPOJIEM 3a
nepeMenieHueM BHYTPEHHET0 MaTepUaIbHOTO MOTOKA,

e BHEJIPCHHE JIOTUCTUYECKMX MPUHIMIIOB M 3aKOHOMEPHOCTEH B  JIEATEIBHOCTh
MOApa3ACJICHU, KOTOPhIE OTBETCTBEHHBI 3a TUTAHUPOBAHKUE TIEPEMEIICHHS MaTepUATbHBIX
MIOTOKOB W YNPABJIEHUE 3aacamu.

Buenpenne wu peanuzanys KOHIEMIUM JIOTUCTUKA TPEANPHUATHAS TIO3BOJSET OTPa3uTh
KOJIMYECTBEHHBIE U KAUECTBEHHbIE XAPAKTEPUCTUKN MATEPHAIbHBIX MOTOKOB C LIETbI0 CHUKEHUS
YPOBHS JIOTHCTHYECKUX 3aTpaT M TOBBIIIECHUS YPOBHSA OOCITY>XKHBAaHWS BHYTPECHHUX W BHEUTHUX
noTpeduTeneil MaTepralibHBIX TOTOKOB.

Bri0op opraHu3zanmoHHBIX MOAXOAO0B K IJIAHUPOBAHUIO JIOTUCTUYECKOU NEATETbHOCTH, METOIOB
KOHTPOJS ¥ YydeTa BBINOJHEHUS JIOTUCTHMYECKUX Omepanuii, TIyOWHBI JAEKOMIIO3UIIUU
HalpaBJI€HUW  JIOTUCTUYECKON  JCATENHHOCTH 3aBUCHUT OT CHEUU(DHUKUA  JeSATEIBbHOCTH
MPEeNNpHUsATHs, COCTaBa MaTePUAbHBIX TMOTOKOB, CYIIECTBYIOIIETO TOJOKEHUsS J1el B 00IacTu
BHYTpPEHHEH JIOTHCTHKU TIPEANPHUATHS, OCOOEHHOCTEH OpraHu3alud CHAOXEHHs H COBITa,
MHOKE€CTBEHHOCTH HMCTOYHHUKOB TOCTAaBKM KOMIUIEKTYIOUIMX M COCTaBa KIMEHTCKOW 0a3bl mpu
cOBITE TOTOBOM TTPOTYKIIUH.

OnHUM U3 CYHIECTBEHHBIX MOMEHTOB B peaju3alliy JIOTUCTUUYECKOU €SI TeIbHOCTH SBIISIETCS YUET
XapaKTEPUCTHK PhIHKA COBITA TOTOBOM MPOAYKIIUU U TOYHOE OMpeIesieHne HEOOX0AUMOM MOIeTTH
YIPaBJICHUS MaTepUaIbHBIMU MOTOKAMU HA MPEANPHUATAUA — TOJIKAIOUIEH WM TAHYLIEH MOJIENH
[2]. B 3aBUCUMOCTH OT MCTOJIB30BaHUS TSHYIIETO WM TOJKAIOMIETO MPUHIUIIA TIPU YIIPABICHUN
JIOTUCTUYECKUMHU  MPOLECCaMU Ha  NPEANPUSATAA  ONpPEAeNsieTcs  KOJUYECTBO  3alacoB
KOMIUICKTYOIINX WM TOTOBOW MPOAYKIIMH, OCOOCHHOCTEH OpraHU3aIluy IPOU3BOICTBRA.

B mHacTosimiee BpemMsi Ha OTEYECTBEHHBIX NPEANPHIATHIX OTMEYACTCS KOH(PIUKT MEXITY
MPOTrpaMMOIl TJIAHOBOTO TPOM3BOJICTBA (TOJKAMOIIAsl MOJENh) W BHEIUIAHOBBIMH 3aKa3aMH,
HaTPAaBJICHHBIMU Ha «BBITATHMBAHUEY» MATEPHAILHOTO TIOTOKA (TSHYIIAs MOJIEIB).

THE CAUCASUS ECONOMIC & SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS



/\V\A {\SSN.- 2298-0946 (Print), IS5N: 1987-6114 (Online)

A

W Ny

Hanpumep, HEoO0X0IMMOCTh HEPECTPOWKH JIOTUCTUYECKOM CHUCTEMBl MpPEANpPHUSTUS  Ha
UCTIOJIb30BaHUE TSAHYIIEH MOJEIH YIPaBICHHUS MaTepHaJbHBIMH MOTOKAMHU HA TMPEANPHITHN
CBfi3aHA C NPOTUBOPEYMEM MEXKAY THUIIOM JIOTMCTHYECKOM CHUCTEMBI (TOJIKAIOIAsi) U PHIHKOM
cObITa, 4TO TPUBOAUT K motepe 3(dekTnBHOCTH U CiabOH OpHEHTAllMM Ha MOTPEOHOCTH
KJIMEHTOB.

[TIpu pa3paboTke M BHEAPEHMM KOHILEIIUH JIOTHCTUKA HEOOXOIUMO HW3MEHHTh MOIXOMABI K
OTPa)KEHHIO BHYTPEHHUX MIPOLIECCOB NPEANPUATHS, B TOM YHUCIIE C TIOMOIIBI0 COOTBETCTBYIOIETO
nporpaMMHOro  obecrieuenusi. lIlocime pa3paboOTKM  paMOYHOM  KOHUEMIMH  JIOTMCTHKH
IPOMBIIIJICHHOMY HPEANpUATHIO HE00X0AUMa ee JallbHeias JeTaln3ays ¢ yueToM IpolieM,
BBISIBJICHHBIX B IPOIECCEe MPOBEACHHS TIYyOMHHBIX HMHTEPBBIO, M JCKOMIIO3UIMS Ha YpPOBHE
BBINOJIHEHUS JIOTUCTUYECKUX (DYHKIMH M JIOTUCTUYECKHX oOlepalui, UX KOJIMYECTBEHHBIX U
Ka4eCTBEHHBIX XapaKTEPUCTHK.

AHanu3 pe3yJabTaTOB MCCIEJOBAHUSA THUIHWYHBIX HPOOJIEM B JIOTUCTUYECKOH JEATEIbHOCTH
MOKa3bIBAET, YTO MPOOIEMBI JIOTUCTHYECKOTO XapaKTepa OTMEYAIOTCsl BO BCEX (DYHKITMOHAIBHBIX
00JacTsSIX JIOTUCTUKU (CHAOXKEHHE, MPOU3BOACTBO, COBIT) M JOTUCTHUECKUX (PYHKIUN, KOTOpPHIE
OTHOCATCSI K COOTBETCTBYIOIIEH (PYHKIIMOHAIBHOW 00JaCTH JIOTUCTUKH: BHYTPEHHSISI U BHEIITHSS
TPaHCHOPTUPOBKA, CKJIAAUPOBAHUE B CHAOXKEHNHU, IPOM3BOJICTBE U COBITE, YIPABJICHUE 3allacaMu
B CHa0>XEHUH, TIPOU3BOJCTBE M cObITE. BCce 3TO cBUIETENHCTBYET 00 OTCYTCTBUU CHCTEMHOCTH B
OpraHu3alUy JIBUKECHUS BHYTPEHHUX MaTepHaIbHbIX TOTOKOB.

BHenpenue KOHIETIINY JIOTUCTHKH CBA3aHO C Nepe)OpMaTHPOBAHNUEM MIPOLIECCOB MPEANPHUITHS U
COOTHECEHHEM MX C KapTOil JBM)KEHUS MaTepUaIbHOTO IOTOKA, MPUBSA3KOM JIOTMCTUYECKUX
(GYHKIMA 1 onepanuii K moApa3aeieHUsIM IPEANPUATHS C YU€TOM MPUHIUIIOB EHTPATU3AIUH 1
JeLleHTpaIn3aluy (He0OX0JMMOCTh OCO3HAaHHOIO BIOOpa LEHTPAIM3ALMY WIH JCLEHTpaIU3aluu
OTJENbHBIX JJOTUCTUYECKUX (DYHKIMH JUTS TIOBBIMICHHS Ka9€CTBA WX BBIMOJHEHHS WM SKOHOMHUHU
BPEMEHHBIX U TPYJIOBBIX PECYPCOB MPEIIPUATHS).

[myOuHHas neTanu3anus JIOTUCTHYECKHX OIepaluii MO3BOJSET O00ECHEeYnTh MPO3pPavyHOCTh U
yIpPaBIIeMOCTh JOTMCTUYECKUX MPOLIECCOB, YMEHBUIMTh IMOTEPH pabouero BpPEMEHH 3a CYET
UCKJTFOUEHHS] HEPAllMOHATIBHBIX U TyOJIMPYIOMMX ONepannii, CHU3UTh JIOTHCTUYECKHE 3aTPAThl U
UCKJTIOUUTH JIOTUCTHUECKUE U3ACPKKH (HEIPOU3BOIUTENBHBIE 3aTPaThl), 00ECIEUYUTh CHUKEHHE
3aTpar Ha «OMEPTBIICHHBIE» 3aIachl, 00ECTIEYNTh TNIAHMPOBAHNE JIOTHCTUIECKHUX MPOIIECCOB, UYTO
B Pe3yJIbTaTe MOBBICUT HAEKHOCTh U THOKOCTb JIOTUCTHUECKOW CUCTEMBI TPEIIPUSATHSL.

OguuM  u3  HEOoOXOJUMBIX HANpPaBJIEHUH  JIEATENbHOCTH COTPYAHUKOB  MOJpa3fesieHui
OPEANpUATHS, CBS3aHHBIX C OpraHu3alMell JBI)KEHUS MaTepUAIbHBIX IOTOKOB, SBIISETCS
JIOTUCTHYECKUN aHanu3. B HacTosdiee BpeMst B paboTe 0TeUeCTBEHHBIX MPEANPUITHI OTMEYaeTcs
JNeQUINT aHATUTHYECKOW paboThI U3-3a2 HEPALMOHAIBHOTO MCIIOIb30BaHMsI BPEMEHHBIX PECYPCOB
OPEINPUATHS, @ TAKKE OTCYTCTBUS aHATMTUYECKHX MHCTPYMEHTOB Y paOOTHHMKOB HPEANPHUAITHSA,
B TOM YHCJIE M3-32 HETTOJIHOTO UCITIOIb30BaHUS BOBMOKHOCTEH MPOrpaMMHOTO 00eCTIeYeHusI.
[lepBbIM M OCHOBHBIM MIaroM K (POPMHUPOBAHUIO KOHIENUUH JOTMCTUKU IPOMBIIUICHHBIM
NPEINPUSTHEM SBISIETCS ONPEICICHHE CTPYKTYPBHI JIOTHCTUYECKOH CHCTEMBI MPEIIPUSTHS
(Pucynok 1), mUpOHM3BOACTBEHHBIE MOIIMHOCTH KOTOPOTO MOTYT OBITh TEPPUTOPHUAIBHO
paccpenoTOueHHBIMH.
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Pucynok 1. CtpykTypa JTOTUCTUYECKON CUCTEMBI IPEITPUITUS

Taxum 006pa3oM, Ipu BHEIPEHUH JIOTUCTUYECKON KOHLENIMU B I€ATEIIbHOCTh IPOMBIIIIIEHHOTO
PEINpUATHS HEOOXOAUMO MTPOBOIUTH TITYOMHHYIO JETATH3AIHIO JOTHCTUIECKUX OTeparuii Ha
OCHOBE CTPYKTYPHO-(YHKIHOHAIBHOT'O MOAX0/1A.

OcCHOBHBIE M0JI0KEHUS KOHIENIIUH JJOTHCTHKH NMPOMBIIIJIEHHOT0 NpeanpUuATHS
dopMUpOBaHNE KOHIICTIINH JIOTUCTUKU CBSI3aHO C YYETOM OTPACIIeBOM CIIeIM(PUKU MPEINPUATHS,
BO3MOKHOCTSIMH COBEPILIEHCTBOBaHMUS TMOJXOJIOB K YINPABICHUIO MaTepUaIbHbIMU MOTOKAMH.
OCHOBHBIE TIOJIOKEHHUS KOHIEMIIUUA, H3J0KEHHBIE B JIOCTYMHOW JHTEparype, HEO0OXOIUMO
JOTIOJTHUTh M YTOYHHUTh B COOTBETCTBUU C JESITEIBHOCTHIO MPOMBIILIEHHOTO NPEANpUATUS U
OTEUECTBEHHOT'O OTbITa XO3SMCTBOBAHUS, CBI3AHHOTO C TEPPUTOPHAIBHBIMU, TeorpadruuecKuMu
O0COOCHHOCTSIMH, a TAaK)KE MEHTATUTETOM HapoA0B, Hacemnstomux Poccuto.

[Tonoxenne 1. Peasmsanus mpuHIMIIa CHCTEMHOTO ITOIX0/1a HA MAKPO- U MUKPOYPOBHE.
MakcuManbHBIH HKOHOMUYECKUH J(PGPEKT MOXKHO TMOIYyYUTh TOJBKO TMYTEM YIyUIICHUS
MOKa3aTeJiel COBOKYITHOTO MaTepHUAIbHOTO MMOTOKA HAa BCEM €ro MPOTSHKEHUH, TO €CTh Ha IMyTH OT
MEPBUYHOTO HMCTOYHHKA KOMIUIEKTYIONIMX JO0 MOTpeOHTeNeil TOTOBOM MpOAYKIWH, BKIIOYAs
oOpaTHbIE ¥ BO3BpAaTHBIE MaTepHaTbHBIC MOTOKU. [IpW 2TOM BCE 3BEHBS JIOTUCTHYECKOM IEMU
JOJDKHBI paboTaTh Kak eAuHas cucTema. Ha mpeampusTuu HEOOXOAMMO BBIACIUTH CKBO3HOM
MaTepUAIbHBIM TIOTOK H OMNPEICIUTh OTBETCTBEHHOE JIMIIO WJIM TOAPA3ACICHHE 3a €ro
nepemenieHue uepes npeanpustie. CUCTEMHOCTh B OpraHU3alluU NEPEMEIICHHS] MaTeprUaIbHOTO
MMOTOKA TIO3BOJIIET PEMIUTh MPOOJEMBbl C U3IUITHUMHU 3amacamMud / JeduIuTamMu 3a CUeT
JUCIIETYMPOBAHMUS TIOTOKOB M  KaJIGHJAPHOTO IUIAHMPOBAHUS, COCTABIEHUS PpaCIUCAHUM
JBWKEHUS TPAHCIIOPTHBIX CPECTB M KOHTPOJIS 32 UX JABUKECHUEM.
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[Tonoxxenue 2. Hcmonb30BaHUE JIOTUCTUKA OOPAaTHBIX MAaTE€pPHAIbHBIX MOTOKOB HAa KPYIHBIX
MPOMBIIUICHHBIX TPEATNPUATUIIX

[TpoMblIlIeHHbIE TPEANPUATHS SBISIOTCS MOTPEOUTEISIMU OOJBIIONO KOJIMYECTBA PECYPCOB MPU
OCYILECTBIICHUH TPOM3BOJCTBEHHOr0 Tporecca. YacTe MpHOOPETEHHBIX PECYypcoB B IpoIecce
MIPOU3BOJICTBA O0TOpakoBbIBaeTcs. [Ipu 3ToM B mpoiiecce MpoM3BOJACTBA HA 3TOT OTOpaKOBaHHBIN
MaTepuan OBUIM 3aTpadeHbl: YeJOBEKO-Yachl, TOIUIMBHO-DHEPTETUYECKUE PECYPCHI, PECYPCHI
obopynoBanusa. Bce 3T0, Tak uinu MHaye, IPUBOAUT K YBEJIMYCHHIO MUTOTOBOM CeOECTOMMOCTHU
MPOIYKIIMH MPOMBIIIJIEHHOTO TPEIPUSATHUSA.

Jlis CHM>KEHUS UTOTOBOM ce0eCTOMMOCTH MPOAYKIIMU, HEOOXOAMMO ¢ MAaKCUMAaJIbHOM BBITOAON
BTOPUYHO WCIOIB30BaTh OTXOABI. [IpyM rpamMOTHOM ympaBiIeHHUH OOpPATHBIMH MaTEPUATbHBIMU
MMOTOKaMHU MO>KHO TTOJTYYUTh JOMOTHUTEIBHYIO MpUObLIH [ 1, 7].

[IpumMeHeHrne KOHIICTIIUU JIOTUCTUKU OOpPATHBIX MaTepUANIbHBIX TOTOKOB  BIIMCBHIBACTCS B
KOHIENINIO OepekJIMBOr0 MPOU3BOJCTBA U MPUHIIUIA KOHKYPEHTOCIIOCOOHOCTH MPOAYKIMHU 32
CYET CHIKCHHS TIEPBOHAYATILHON C€0ECTOMMOCTH MPOAYKIUH.

Ha pucynke 2 oToOpa)keH NpOIECC ABHMKEHHUS IMEPBUYHBIX MAaTEPHAIOB U CBHIPbS C YYETOM
BTOPUYHBIX TTOTOKOB JJIsI POMBIILIEHHOTO TIPEANPUSTHSL.

IIepBoHavabHOE CBIpBE U

-—

Pecypchl yuacTByoIIme B Pecypcel He yuacTByromue
IIpousBoacTBeH CopTupoBKa,  |€—
Tpancroptupo N o —» Ckrnaackoe
\ / — /
Crnanckoe HCIIOJIE30BaHH Tparicriopripos
T /
1
1
! Yrunusanus
1
v
3akasbl

Pucynok 2. Anroputm paboTsl OCIEI0BATENFHOTO JUCKPETHOTO Mpoliecca 00paboTKu
MaTeprajoB C yUeTOM 0OpaTHBIX MaT€pUAIbHBIX TIOTOKOB

Hdns  >QQpexTuBHOrO MCMOIB30BaHUS BTOPUYHBIX PECYpCOB Ha JIOOOM IPOMBIIIIEHHOM
INPEIIPUATHH IIEPBOHAYATIBHO PELIAIOTCS CIEAYIOIIME 3a7jaul: COCTaBISIETCA NIEPEUEHB 3aKa30B C
MOJIHBIM TIepeYHEM HEOOXOJUMBIX MaTepUAbHBIX PECYPCOB JUISl BBIIIOJIHEHUS JAHHOIO 3aKa3a C
y4eTOM MOTPEeOHBIX MPOU3BOJACTBEHHBIX MOIIHOCTEH; COCTaBISIOTCS IOAPOOHBIE CXEMBI
nepeMeleHNs] BOCTpeOOBaHHBIX B MPOU3BOJCTBEHHOM IIPOLIECCE MAaTEPUANIOB; Pa3padaThIBAETCS
QITOPUTM y4yacTusi TpsAMOM U OOpaTHOM JIOTHCTUKM B TPOMU3BOICTBEHHOM IIpoliecce
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IPOMBIIIICHHOTO IPEANPHUATHS, ONPENeNsIeTcsl BO3MOXKHOCTh y4eTa U KIacCU(PUKALUK OTXO10B
IIPOU3BOJICTBA; ONPEIEIAIOT CUCTEMY AJPECHOI0 XPAaHEHUS! OTXOJI0B; ONPENENAETCS NMPUHLUI U
TEXHOJIOTUSI  NepepalOTKM  OTXOJIOB;  OINpEHeNsseTCs]  BO3MOXKHOCTh  MCIOJb30BaHUS
nepepaboTaHHBIX OTXOJI0B B IPOU3BOJCTBEHHOM IIPOLIECCE; OMPEACISIOTCS CIIOCOObI YTUIIN3ALuN
OTXOZIOB, KOTOpbIE HEBO3MOXHO MHCIIOJb30BaTh B IIPOLECCE MPOMU3BOJCTBA; (OPMHPOBAHUE
CHCTEMBl  TEXHHKO-)KOHOMHYECKMX  IIOKa3aTeleld  BO3SHMKHOBEHHS U IepepaboTKH
IIPOMBIIIICHHBIX OTXO/IOB.

B cooTBeTcTBUUM C BBHIIENEPEUHCICHHBIM, KIACCU(PUKAIMS OTXOIOB JIOJDKHA HMPOU3BOIUTHCSA C
y4eTOM CJEIYyIOIUX I[apamMeTpoB: rabapuro-pazMep; 00beM OTOPAKOBKM; KayeCTBEHHO-
KOJIMYECTBEHHBIM COCTaB; BO3MOXHOCTb IIOBTOPHOI'O HCIOJb30BAaHUS B IPOU3BOACTBEHHOM
Ipolecce; OLEHKa HENPUIOJHOr0 Marepuaja B JAajbHEWIIEM HPOM3BOJICTBEHHOM IIPOLECCE;
aZipecCHOE XpaHEHHE OTOPAaKOBAHHOIO MaTepuaja C Y4YETOM BO3MOXHOCTH ITOBTOPHOI'O
MCIOJIb30BAaHUS U OLICHOYHOW CTOMMOCTH ITOJIHOCTBIO HETIPUT0OJITHOIO MaTepHara.

[Tonoxenne 3. YUET JOTHCTUYECKUX 3aTpaT MpU MEPEMEIICHHH MaTepPHaJIbHOrO TOTOKA Yepe3
IpenpusATHEe Ha OCHOBE MX MOONEPALMOHHOIO yueTa.

YpaBiATh JIOTUCTUYECKUMHU 3aTpaTaMy MOYXHO JIMIIb B TOM CJIy4ae, €CJIM UX TOYHO U3MEPHUTh U
BBIJICJIUTh U3 OOLIMX 3aTpaT NpeanpusaTHs. TpaJuliMOHHbIE CUCTEMBI yUéTa 3aTpaT HE MO3BOJISIOT
3TO OCYyIIECTBUTh. [[/Isl pallMOHAJIBHOTO YHpPAaBJIEHUS MaT€pUAIbHBIMM IOTOKaMU HEOOXOAMMO
BJaJIeTh HH(pOpMAIMel 0 XapaKTepe B3aUMOBJIMSIHUS OTJENIBbHBIX cTaTeil 3arpar [1].

B kauecTBe ayieMeHTa ydeTa JIOTUCTUYECKHUX 3aTpaT paccCMaTpUBalOTCs OINEpaliy, BBIIOIHIEMbIE
IpU IEpPEeMEIIEHUN MaTepUalbHbIX U COMYTCTBYIOIIMX MOTOKOB. Kpome TOro, odyeHp Ba)xHO
pasrpaHUYMUTh JOTHCTUYECKUE 3aTpaThl (IIAaHUPYEMbIe M HEOOXOIMMBIE PACcX0 bl HA BHIITOJTHEHHE
JIOTUCTUYECKUX OIEpalil) U JOTUCTHYECKUE U3AEPKKU (He MIaHUpyeMble U He palloHaJIbHbIE
pacxo/ibl, MOTEPH).

Jlns peanu3aliuy 3TOrO TOJOXKEHHS HEOOXOJUMO TMPOBECTH JIEKOMIIO3UIIUIO JIOTUCTUYECKOMN
CUCTEMBI NMPEANPUATUS 10 JOTUCTUUYECKUX OINEpalui M HaJaJuTh MX ONEpallMOHHBIN y4yeT — B
Hayaje oOObEM BBINOJIHEHHWsS ONepaluid, a 3aTeM 3aTpaThl Ha BBHINOJIHEHUE OIeparuid,
pasrpaHUYUTh pPAlMOHAJIBHBIE PACXOJbl (Ha TPAaHCHOPTUPOBKY, COJAEp)KAHHWE 3aIacoB,
CKJIaJUPOBaHNE) U HE pAIMOHAIbHBIE Pacxojibl (CBEpXHOPMATHBHBIE PACXObl HAa TPAHCIIOPT,
CKJIaJIMpOBaHME, YIpPaBJIEHUE 3aracaMu U T.1.). B Hacrosiee BpeMsi JOTUCTHYECKHE 3aTPaThl U
U3JICPKKU HE BBIIEIECHBI U3 OOLIUX 3aTpaT NPEANpHUATH, a TAKKEe B IOHUMAHUU PyKOBOAUTENEH
4acTO OTCYTCTBYET pa3rpaHUuYEHUE Ha JIOTUCTHYECKHE 3aTpaThl U M3JEPKKU, TaK KaK B CHUCTEME
OyXTraJITepCKOro ydeTa OTCYTCTBYIOT TaKO€ pa3/iesieHHeE.

[Tonoxxenue 4. PanyonanbHOE MIaHUPOBaHHE pabOYero BPEMEHU U HCIIOJIb30BAHUE BPEMEHHBIX
PECYPCOB MPEANPUATHS.

Jis  peanu3allud 3TOTO TMOJOXEHHS HEOOXOAMM MMOONEPAIlMOHHBIA YYeT JIOTMCTUYECKOMH
NEeSTeIbHOCTH  TMOJpa3JiefieHuH, CBSI3aHHBIX C IEpeMEelIeHHeM MaTepHalbHbIX MOTOKOB
NPEANPUATHS, C LEJIbI0 UCKIIOUEHUS AyOIUpOBaHUs ONepaluid U BBIABICHHUS HEpalMOHAJILHOTO
MCIIOJIb30BaHUs BpeMeHU paboTHUKOB. [lomydeHHbIe pe3yabTaThl MOTYT OBITh MCIIOJIB30BaHBI JIJIS
CTUMYJIUPOBaHMsI PAaOOTHUKOB CKJIaJa W BOJAUTENIEH TPAaHCHOPTHBIX CPEICTB K BBIMOJIHEHUIO
KaueCTBEHHOW paboThl WJIM TOBBIIICHUIO MPOU3BOAUTENBLHOCTH 3@ CYET MPSAMON MPUBSI3KU
apaMeTpoB MaTEpUANbHBIX U MH()OPMAIMOHHBIX MOTOKOB K pe3yjbTaTaM TpyJa paOOTHHUKOB.
CrumynupoBaHue paOOTHUKOB, BBIMOJHSIOIIUX JIOTUCTHYECKYIO IESTeNbHOCTb, JOJKHO OBITh
JUHAMHYECKUM C Y4E€TOM JIOCTHKEHUS IOCTaBJICHHBIX Lienel. B kadecTBe maMepureneil nenei
MPEeNNpHUATHS B 00JIACTH JIOTUCTUYECKON JESITeIbHOCTH MOTYT OBITh HMCIOJIb30BAaHbl YBEIHUEHUE
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IPOU3BOUTENBHOCTH, CHI)KEHUE KOJIMYECTBAa OLIMOOK M ONO3JaHMH KOMIUIEKTAllMH, OTIPY3KH
WJIM IOCTABKU MEXAY ITOAPAa3IeICHUAMM.
[Tonoxenue 5. IloBblieHHME YPOBHSA cepBHCAa 3a CYET TMOKOCTH JIOTUCTHUECKOW CHCTEMBbI
IPEANPUATHS U BHEAPECHUS TSAHYIIEH MOJCIIN YIIPABICHHUS MAaTEPUAIbHBIMU ITIOTOKAMHU.
Hcnonp30BaHuEe TSIHYLIEW MOJEIM IIO3BOJISIET CHU3UTh YPOBEHb «OMEPTBIEHHBIX» 3aIlacoB
KOMIUIEKTYIOIIMX U FOTOBOM npoayKuuu. IIpeanonaraer nepecMoTp TEXHOJIOTUU IPOU3BOJCTBA U
cObITa, HANpaBICHHOCTh Ha pPadOTy C NOTEHUUAIbHBIMU KIMEHTaMH, a TaKXKe CO3/1aHue
KaTeropuii BHYTPEHHUX MOCTABIIMKOB U MOTPEOUTENICH MaTepUaIbHOTO MOTOKA C YCTAHOBJICHUEM
KpUTEpHEB YpOBHEH ux oOcmyxkuBanus. [log TepMHHOM «THOKOCTB» cielyeT IOHMMAaTh
OBICTPOTY pearupoBaHMsl HAa MOTPEOHOCTH PHIHKA CO CTOPOHBI MOAPA3IACICHHUNA MPEATPHITHSA,
KOTOpbIE CBSI3aHbl C IEPEeMEIEHHEM MAaTepUaJbHOIO II0TOKA, HA4yMHAs €O CHaOXEeHHS,
3aKaH4YMBasi OTIPY3KOW TOTOBOM MPOIyKIMH. B TO ke BpeMsi BO3MOKHA KOMOMHAIIUS TOJIKAIOIIEH
U TAHYUIEW MOJAEIM IO OTHOIIEHUI0 K CHAa0XXEHUI0 U COBITY COOTBETCTBEHHO, HO BCE
HOBOBBEJICHUSI B 00JaCTH JIOTMCTUKM MOTYT OBITh O€3yCHEUIHBIMH TPU OTCYTCTBHH €IUHOMN
UHPOPMALIMOHHOM  CHUCTEMbI, HAJIMYMM  «YEPHOTO  SIIMKa» B  OTHOUIGHWH  3aIacoB
KOMIUIEKTYIOIMX B Mpou3BoAcTBE. Bece HOBauu B 00J1aCTH JIOTMCTUKH MIPEIIPUSITHS BO3ZMOKHbI
10CJ€ CO3JaHMsl CKBO3HOI'O MH(OPMAIIMOHHOIO IIOTOKA, KOTOPBIM JOJKEH CTaTb OCHOBOM
CO3J1aHUs JJOTUCTUYECKON CUCTEMBI IPEIITPUATHS.
[Tonoxenne 6. CrnocoOHOCTh JIOTUCTUYECKMX CHUCTEM K ajanTalud B YCIOBMSX
HEONPEIEIEHHOCTH OKPYKAIOLIEH CPEIbI.
CriocoOHOCTh MpennpuaTUil K ajanTaluu SBJISETCS CYLIECTBEHHBIM (DaKTOpPOM YCTOWYHMBOIO
MOJIOKEHUS Ha pbIHKE. [IpW HMCMONB30BaHUM KOHILEIIMH JIOTUCTHKH TPOSBISETCS dPQPEKT
CaMOOpraHU3alUM CIyXO IPEANPUATHS, YCTPAHAIOTCSI MEX(PYHKINOHATIbHbBIE KOH(QIIUKTBHI.
[Tonoxxenue 7. [IpunsTHE pelIeHNI HA OCHOBE SKOHOMHUYECKUX KOMIIPOMHCCOB.
OTO 03HAYAET, YTO YBEJIMUYEHHUE 3aTPAT B OJHOM W3 3BEHBEB JIOTMCTHYECKOM LIENH JOIYCTUMO U
HEO0OXO0JUMO MPHU YCIOBUH, YTO OHO MPUBEAET K CHUKEHUIO 3aTpaT WIN MOBBIILIEHUIO PUObUIH B
LEeJIOM M0 MPEANpUATHIO WM B Ienu moctaBok [4]. [l OLEHKH LeaecooO0pa3HOCTH 3aTpaT
HEOOXOUMO TMPOBOJAUTH JIOTUCTUYECKUIM aHaIu3 OT OOILIero K YacTHOMY: BHauaje OIeHKa
npobiaeM MpeanpusaTdss B IEJIOM, a 3aTeM HuX JeTaiau3aius (IeKOMIO3UIHMSA) A0 YPOBHS
JOTUCTHYECKUX omepanuii. B Hacrosimee BpemMs Ha NPEANPUATAA OTMEYAETCS MEXAHUYECKOe
CHIDKEHUE 3aTpaT Ha 3aKylKy IIyTeM YCTAaHOBJICHHS KOHTpPOJII CO CTOPOHBI IUIAHOBO-
SKOHOMHYECKOTO OTEJNA, YTO IMPOTUBOPEUUT JIOTHCTHYECKOMY ITOJIOKEHHIO NIPUHATUS PELICHUS
Ha OCHOBE DKOHOMHYECKUX KOMIIPOMHUCCOB U MOJKET IPUBECTH K OTPULATEIBHOMY PE3YJIBTATY
(SKOHOMHYECKHM IOTEPSM HPEINPUITHS B CPEIHECPOUHOU MEPCIEKTUBE). DKOHOMHTH HYKHO,
HO OOJyMaHHO M Ha OCHOBE pPALMOHAJIBHBIX JIOBOJOB, PE3yJbTATOB JIOTUCTHYECKOIO aHaIM3a.
31ech YMECTHO NPUBECTH pYycCKylo mocioBunly «Ckynoti naamum 08anxcovl», TaK Kak
JIOTHUCTHYECKOE MBIIUICHHE 3aJ0KEHO B PYCCKOM KyJbType, YTO HAXOAWIO OTPaKEHHE B
HapOJHOM TBOPYECTBE U UCTOPUH PYCCKOIO NPEAIPUHUMATEILCTBA.
[Tonoxenne 8. CKBO3HOE yIpaBiICHHWE MaTepPHAIbHBIMH M COIYTCTBYIOIIMMH TOTOKaMH Ha
MPEANPUATHH.
[ns  panmoHaJIBHOrO  YNPAaBICHHS CKBO3HBIM  MAaTEpPUAIbHBIM IOTOKOM  NPEANPHUATHS
HA3HA4yalOTCsl OTBETCTBEHHBIE JMIA («XO3iMH MAaTEPUAIBHOIO IOTOKA»), B KAa4e€CTBE KOTOPBIX
MO>KHO PacCMaTpHUBATh:

® DPYKOBOJUTEJEH MOapa3feieHnii (PYHKIIMOHAIBHBIX O0JacTeil JIOTUCTHKHU (CHaOXeHue,

MPOU3BOJICTBO, COBIT) — O3TO YypPOBEHb YINPABICHHS JIOTUCTUYECKUMH (YHKIUSAMHU,
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CBSI3aHHBIMU C (DAKTUYECKUM II€PEMEIIEHUEM MaTepHaIbHOIO NT0TOKA (TPAaHCIIOPTUPOBKA,
CKJIQJIUPOBAHMUE);
® COTPYAHMKOB CIELMAIBHOTO MOAPA3AEICHUs (OTAEN JOTMCTHKH), KOTOPbIE BBIITOIHSIOT

OpraHU3alOHHbIE U aHAJIUTUYECKHE JIOTMCTUYECKHE (DYHKIMM — YIIpaBJIEHHE 3aracami,

yIpaBJIeHUE  JIOTHCTUYECKUMH  pPUCKaMH,  OpraHu3amus  MeK(yHKIHOHAIBLHOTO

B3aMMOJCHCTBUS MEXIY HOpa3eIICHUIMU IIPEIIPUATHS, yCTpaHeHue

MEX()YHKIIMOHAIBHBIX KOH(IUKTOB, YIIPABICHHE CKBO3HBIM MaT€PHAIbHBIM TOTOKOM.
[Tonoxenue 9. Mcnonb30BaHNe pyCcCKOro ONbITAa JOTMCTUYECKOH NeSTEIbHOCTH.
HcTouynukamMy 3HaHUS O JIOTUCTUKE siBisgercs CBALIEHHOE IucaHuE (IpUMEp HE TOJIBKO
npensuaenus Mocupom Oynymero ronona B Erunte, HO M mocieyroniye 3a HUIM peleHust 1o
CO3JJaHUIO TUTaHTCKOTO pEe3epBHOIO 3amaca), BOCHHAas JIOTUCTHKA, UCTOPHS
npeanpuHuMarenscTBa B Poccun u B Cubupu, Xya0KeCTBEHHAs JIUTEpaTypa PyCCKUX MucaTesnei,
OIIBIT XO35MCTBEHHON JEATENBHOCTH NPEAIIPUATHS.
W3 wucropuM BOEHHOH JIOTUCTUKM M3BECTHO, 4YTO MEXJAY TI'€HUAJIbHBIM IIOJKOBOJALEM U
TE€HUAIbHBIM JIOTHCTOM MOKHO ITOCTaBUTh 3HAK PaBEHCTBA.
IMutara: «Bce nmpuBblKiIM K ToMy, 4To CyBOpOB — BEJIMKHI IOJKOBOJEL — TaK, OyATO OH H
ponuics yxe O0eBbIM KOMaHAymooImuMM Imosika. Ho Haumnan Anekcanap BacunpeBnu kak
MHTEHJAHT, I[O-HalleMy Npanopiuuk. ['eHuil BOHHBI 4YacTO JHOOUT OOJbLIE IPAaBUIbLHOE
crabxenue, ueM repousM. 1 CyBopoB, Oyayun yxe Onectsiie 00ydeHHBIM BOCHHBIM, K TIEPBOMY
CBOEMY BOEHHOMY 3a/IaHUI0 — IO CHAa0XXEHHIO CBOEro IOJKa IPOBUAHTOM — OTHEcCd C
nojHeWme camoornaueii. EMy HyxHO OBUTO mepeBe3TH Tpy3 K ropoay Mewmemnio (Tenepb
Knaiinena) no peke /lanre, Ho oHa y»e Torjga Obula JJOBOJIBHO MEJIKOM, 3TO 3apaHee HUKTO He
npoBepus, Oapkacbkl cenu Ha Meiab. CyBOpOB TYT HPUMEHMUJ CBOM TajaHT «KPU3UCHOTO
MEHEKepa»: B KpaT4allllue CPOKM HAHSI NOABOJABI — COTHU €IWHMIl — Y MECTHBIX >KHUTEJEH,
YMECTHMBIINCH MpPH 3TOM B OIO/PKET. 3a 3TO KOMaHAYIOUMM W npuOmmkeHHbIM EnuszaBeTs
ITerpoBusl rpad bytypaun Beipazun 6narogapHocts CyBopoBy» [5].
[wurarta: Pycckmii nucarens KMBan IlImeneB B kuure «Jlero ['ocmoane» mnpuBen mnpumep
JIOTUCTUYECKOrO pemieHns y kpecTbsH Llapckoi Poccun: «A MOpO3 Takoii, 4TO BO3JyX MEP3HET.
HNueem ctout, TymanHo, neiMHO. WM TsHyTCS 000361 — K PoknmectBy. O603? Hy, Oyaro, moes...
TOJILKO HE BAarOHBI, a CaHM, II0 CHEXKKY, IIUPOKHUE, U3 NaJbHUX MeCT. ['yceM, Apyr 3a Ipy>KKOi,
TaHyT. Jlomaau cremHble, Ha MPOAaXy. A MYKUKH 3/J0pOBble, TaMOOBILbI, ¢ Boaru, uz-noa
Camapsl. Be3yT CcBHHMHY, NOpPOCAT, TIyCeH, MHIIOIIEK, - «IBUIKOTO MOpO3y». ... Bce
pacnpoianyT, U CaHW, W JIOIWAAEH, 3aKynsaT KpPacHOrO TOBAapy, CUTLY, - U JOMOM, YyT'YHHOM.
Uyrynka? A sxene3Has Jopora. Beirogneit B MockBy 00030M: CBOW OBec-TO, W JIOUIagu K
MpoJiaXke, CBOMX 3aBOJIOB, C KOCSIKOB CTEIHBIX» [8].
IMutara: TobGonbckue rybepHckue Benomoctd, XIX Bek «JleficTBurenbHO, Kymen JlyankoB
nokymnaet MHoro xyeba B Kamackom okpyre u B Tapckom. M3 Kanncka mo Tapracy (Ha KoTopoM
crposarcst Oanku) u Omu crpasisaoT B T. Omck. U3 cnoGonbl TakMBIKCKON OTHPABISIIOTCS UM
3UMHUM IyTeM Ha sipMapku B TobGosibck unu B MmmM kopoBbe macio, caio, Koxu. OTKyaa B
CBOIO Ouepe/lb IMPUBO3UT KPACHBIM TOBAp — CAMOBAPBI, XKEJIE3HYIO, CTEKISHHYIO, IJIMHAHYIO
IOCyly, 4Yal, caxap M npod. HacTb KpacHOrO TOBapa pPa3BO3UTCS MNPHUKA3dYMKaMHU IO OKpPYTY,
OCTaJIbHOE pacKyrnaeTcs Ha aoMmy. Beiroasl oueBuansl. Iloa xie6, Macio, cano W KOXH JaeTcs
HEpeJIKO BIlepe/l, WM JIeHbraMH WJIM TOBapoOM, MHOT/Ia 3a MoJIroja u 6osee, cieaoBaTeiabHoO, [IeHa
TOBapy Ha3HauyaeTcs JOBOJBHO yYMEpEHHas, HO, BIpoueM, cBoeoOpasHas ¢ rojgom. Kymer He
JIOCTaBUTh TOBapa KO BPEMEHH KPECThbSIHUHY, TaK CKa3aTh HE CMEET, UCKIKYas PeAKue CIydau,
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MHaue OH TepseT Ha Oyylee BpeMs HaJle)XHOro nokynaress. [IpucyTcTBue Mexay KpecTbsiHaMu
TaKOW JCHEKHOM JIMYHOCTH Kak Kyren J[. — HaxoAka, IIOTOMY 4TO BCE, YTO KPECTbSIHUH HMEET
IpO/aTh, OH IPOJAET TaK cKa3aTh y ceOs loMa KyIIly U 110 LIeHe HE HaMHOI'O BbIIIE TOH, KaKkyro
OH B3s11 ObI B Topozie. Ho 31ech yke U TOT pacydeT, YTO BBIMTPHIBACTCS BPEMS, a UM-TO M JOPOKHUT
Halll KPECThSHUH KaK €JUHCTBEHHON JParolieHHOCTBION.

[Tonoxenue 10. PammoHanbHOE codeTaHHWE IEHTPATU3ALMHA U JEIECHTPATH3AUN B YIPABICHUU
JIOTMCTUYECKUMU MPOLIECCAMHU.

PernameHTanuss JIOrMCTUYECKMX IIPOLIECCOB, KOOPAMHALMS JIOTMCTUYECKOW J€ATEIbHOCTU
KOHILIEHTPUPYETCSl B €IMHON CiTy’k0€ JIOTMCTHKH (CTpaTernyeckuii U TaKTUYECKUN ypOBEHB), HO
JOTHCTUYECKHE (DYHKUMHU BBINONHATHCA B MOJIPA3ACICHUAX NPEANpUSTHS (ONEepaTUBHBIN
ypoBeHb). lleHTpanuzanust obecrieynBaeT NPEUMYyLIECTBA IPU KOHCOIMIALMU OTTPY30K U
3 PEKTUBHBIN aHAIN3 JIOTHCTUYECKUX 3aTParT, ACUEHTPAIN3ALUS TI03BOJISIECT IPUHUMATh PEIICHUS
Ha MECTe, UCXO0/Is U3 OIbITa U 3HAHUHN MCIIOJHUTEIEH.

WNnes neHTpanu3anyy OPOHHUKIA B yYMBI JIFOAEH YK€ JABHO M CBs3aHA, INPEKIE BCEro, ¢
NOHUMaHHMEM OKPY’KaIOIIEro MUpa C MO3UIMH OTJACIBHOIO 3aKPBITOTO YeJOBeKa (3rOLEHTPU3M).
3anagHbplii 1 BOCTOYHBIM MUpP MMEET CYIIECTBEHHBIE OTIMYUS B YIPAaBJICHUU TOCYJapCTBaMU U
penurueii. Hampumep, 3amagHblii KaTOJMYECKUH MHUpP B OOJbIIEH CTENEHU pPEITUTHO3HO
LEHTPaJIN30BaH, a BOCTOYHBIA IIPAaBOCIABHbIA — JELEHTPAIU30BaH, HO TEPPUTOPUAIBHOE
yHpaBieHUE C MO3ULUHU MaclTada TeppUTOPUIl UMEET IPOTHBOIOIOXKHBIE TeHASHIUU. Bee 310
UCTOPUYECKH IPUBEIO K JBYM pa3HbIM CHUCTEMaM MHUPOBO33PEHHUS HAPOJOB, HACEISIOLUIUM
EBponry u Poccuto, Tak kak B Poccum Ha onpeneneHHOM »3Tale pPa3BUTUS IPOU3O0ILIO0
00beAMHEHHE OOUIMPHBIX TEPPUTOPUIL 0] €IUHBIM MTOJIUTUYECKUM LIEHTPOM yIpaBiieHus [2]
OTnuuMsa  3amafHOM M BOCTOYHOM CHCTEM MHPOBO33PEHHS INPUBOJAT K B3aUMHOMY
HENOHMMAaHHUI0, KOTOpPOE 3aK/II04aeTcs B OTIMYMM POJIM TOCYJapcTBa B HIKOHOMMYECKUX
npolieccax, pa3sHOCTH M pa3HO0Opa3uu KyJIbTyp HApoJOB, HACENSIOUIMX rocyaapcTBo. Passurue
3amajJHoOro MHpa UAE€T B  HANpaBiIeHMM TIJI00aIM3allid, TIOCTENEHHOM O0€3JIMYMBaHUU
WH/IMBUIYalIbHOCTH Y€JI0BEKa M CBEJCHUE €0 POJIM K BUHTHKY B OOJIBIION MAalIMHE.

B 3anagHoll 1UBMIM3AlMM YEIOBEKY HJCOJOTMYECKH OTBOAMUTCA pPOJb IIEHTpAa MHUpPA Kak
MaTepHaIbHOr0 00BEKTa, T03TOMY MaTepHalibHOE 00ecrieyeHne KU3HEAEATEIbHOCTH 00IIeCTBa B
L[EJIOM Ha TEepBOM MecTe. DTO oOecrneueHue sBISEeTCS H30BITOUHBIM, TaK KaK MaTepUalbHbBIN
YeJIOBEK CTPEMUTCS K Oe3rpaHMYHOMY HPUOOPETEHHIO MaTepHajbHBIX Oar, UCXOJsS U3 3TOro
BBICTPAUBAETCsl PKOHOMHUKA M MPOU3BOACTBEHHAs cepa. CTpemiieHne K JINYHOMY OOOTalIeHUI0
YeJI0OBEKa IMPUBOJUT K CO3JIaHUIO KPYIHBIX IPOM3BOJCTB, TPAHCHALMOHAIBHBIX KOPIIOPALUH,
KOTOpBIE 3a cueT Maciurada JAedTeIbHOCTH IMOJIy4aloT CIIOCOOHOCTh  OOecrneyuBaTh
HEOTpaHUYEHHBIN KPYT JIUL TPOAYKTAMU MUTAHUS, OAEKION U TEXHUKOH [3].

[Tpu sTOM 001IECTBO MOTPEOUTENEH CTAHOBUTCS 3aBUCUMBIM U HE B COCTOSIHUM O0ECTIEUHUTh ce0sl
BCEM HEOOXOAMMBIM CaMOCTOSITENIbHO. JII0IU TEpsIoT CaMOCTOSITENbHOCTh HE TOJBKO B 3TOH
4acTW, HO M B YaCTH CAMOCTOSTEJIBHOCTH MBIIIJIEHUS, TaK Kak BMECTE C MaTepHabHON
00€cTeueHHOCThI0  (IIEHTPATM30BAaHHON)  TOSBIAETCS  OOCCTIEUYECHHE  IIEHTPaJTU30BaHHON
uHopManuel, pa3BuBaeTcs enuHas MUH(OpMAIMOHHAs Cpela, a HEOTPAaHUYEHHOMY KpPYTy JIUI]
HaBS3BIBAIOTCA E€IMHBIE CTEPEOTUIIBI MbIIIICHUS. B TO ke BpeMs MPOUCXOTUT TMOCTOSHHOE
paszo0IeHue JTroieH, )KUBYIIHUX PSJIOM, TaK KaK BIUSIOT JIOXKHBIE CTEPEOTUIIBI C OJJHON CTOPOHBI,
a c Ipyroil CTOPOHBI. KaX/IbIi YeIOBEK 3aMbIKaeTCs B cede.

BriBOA
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Takum o6pa30M, KOHICIIIMA JIOTMCTHKKW BKJIIIOHACT B ce0s IMOJIOKCHHA, MCTOAbI, JIYYIIUC
IIPpaKTUKHU. Peanmauml IIPUHIUIIOB JIOTUCTUKH MPOMBIIIICHHBIM MPEANPUATHUEM o0OecrieunBaeT
CHMIKCHHUC YPOBHA JIOTUCTUYCCKHUX 3aTpaT, IHOBBINICHUC KadCCTBA O6CJIy)KI/IBaHI/I$I KJIMCHTOB,
YOopaaA04€HHOCTDb IponeccoB MC)K(i)YHKI_[I/IOHaJ'IBHOFO u MECXKOpPIraHU3allMOHHOI'O
B3aHMOI[eI>'ICTBI/I$I. I[JISI BKJIFOUYCHUS MPOMBINIJICHHOI'O MPCANPUATHA B LOCIb IMOCTABOK C
BO3MOXHOCTBKO HAaACJICHHUEM (bYHKHI/IfI (bOKYCHOﬁ KOMITaHHUH HCOGXOI[I/IMO COBCPUICHCTBOBAHUC
(bmnqecxnx IIpOLECCOB B JIOTUCTUYCCKOM NOAACPIKKE MPCAIPUATUA U PA3BUTUC JIOTUCTUICCKOT'O
MCHCIP)KMCHTA Ha IPCAIIPUATHH.

Hdexmapauuu
Pykonuck He OblIa mpejcTaBicHa B KaKOH-IN00 qpyTroi sKypHAJ WM Ha KOHPEPEHITHIO.

Orpannqemm HCCJICA0BAHUA
OrpaHH‘leHHﬁ, KOTOPBIC MOT'JIN OBl IOBJIMATH Ha PE3YyJIbTAThl HCCIICAOBAHUA, HCT.

IMoxTBepKIEHNE

ABTOp XO0Ten OBl BBIPa3UTh OJIATOAAPHOCTH PAOOTHUKAM CIYXKOBI MONICPKKH M TOKHIBIM
JIOASIM, KOTOpPbIE MPHUHSIM y4acTHE B 3TOM HCCIEIOBaHUM, NOJCIUBLIMNCH CBOUMU OECLEHHBIMU
3HAHUAMHU U ONbITOM. MX COTpyJHMYECTBO U OTKPHITOCTh B 3HAUYUTEIBHOW CTENEHU
CIIOCOOCTBOBANIHU INTyOMHE U OOTaTCTBY pe3yJIbTaTOB UCCIIEIOBAaHUM.
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XULASO

Informasiya emali texnologiyalarmm inkisafi iqtisadi foaliyyot sahosino bdoyiik tosir
gostormokdadir. Rogomsal iqtisadiyyatin inkisafi sonaye vo istehlakgilar, rogiblor vo tochizatgilar,
hokumatlor vo insanlar arasinda daha saxslondirilmis qarsiligli slage vo koordinasiya modellorinin
yaranmasina sabab olub. Inkisaf etmokdo olan texnologiyalarla idara olunan agilli sohorlor XXI
osrdo miixtolif Olkolorin inkisaf mogsadlorindon birine ¢evrilib. Miiasir iqtisadi vo sonaye
siyasatinin asasini roqomsal siyasat togkil edir. Sosial bazar iqtisadiyyatinin ugurlu modeli hala do
siyasi kompas kimi aktualdir, lakin o, yeni soraito uygunlasdirilmalidir. Transformasiya edon
aparici sanayeni orta biznes va startaplarla birlikds ti¢ barabar siitun togkil etmalidir.

Neft-qaz sonaye sahasindo ononovi faaliyyatin rogomsal texnologiyalardan istifads istigamotindo
doyisdirilmasi masalasi miiasir dovrdo mithiim ohomiyyat kasb edir. Rogomsal neft-qaz sonayesini
toskil edon agilli quyular, agilli yataqlar, pilotsuz karbohidrogen hasilati texnologiyalarin
SOCAR-da tabiqi do olduqca miihiim bir masaladir. Maqalods rogomsal iqtisadiyyat vo siini
intellekt arasindaki olaqo analiz edilmis, eyni zamanda rogomsal neft-qaz sonayesinin miihiim
xiisusiyyatlori barodo miioyyon molumatlar verilmisdir. Siini intellektin tokamiilii ilo diinyada
yarimkegiricilor, proqram tominati, aparat, internet xidmatlori vo digor sirkotlor kimi miixtolif
sahalordo texnologiya sonayesi eyni vaxtda miioyyon problemlarlo iizlosirlor. Siini intellektin
inkisafi istehlakin canlanmasina, oksor pesolordo mohsuldarligin artmasina, risklorin daha yaxsi
idaro edilmasine iimid verir. Eyni zamanda inkisaf etmis 6lkolords is yerlorinin kiitlovi sokilds
baglanmasi, bacariqlarin tokmillogdirilmesi, potensialin genislondirilmosi hayocani artirir. Siini
intellekt masin vo insan arasindaki alagoni doyisdirmoys kdmok edir. Siini intellekt sahasindoki
iralilayislor istehsal sistemlorinin avtomatlagdirilmasina vo giiclondirilmasine tokan verir. Siini
intellekt foaliyyotin bir ¢ox sektorlarinda, xiisusilo do neft-qaz sonayesindo yeni biznes
modellorinin yaradilmasinin aparict qiivvesi hesab olunur. Neft vo qaz sirkstlorinin texnoloji
inkisafi informasiyaya tolobatin kaskin artmasi vo informasiya texnologiyalarindan istifadonin
genislonmosilo miisayiot olunur. Umumiyyatlo, “osyalarin interneti”, “bulud texnologiyalar1”,
“rogomsal saholor” vo digor gqabaqcil texnologiyalar neft-qaz sirkotlorinin faaliyyatinin
somaraliliyinin artirtlmasi ti¢lin ciddi potensial yaratmaga qadirdirlor.

Acar sozlor: rogomsal iqtisadiyyat, siini intellekt, roqomsal texnologiyalar, neft-qaz sonayesi,
roqomsal transformasiya, somoraliliyin artirilmasi.

Giris

Rogomsal texnologiyalarin insan hoyatinin biitiin saholorindo foal totbiqi biznes modellorini
dayisdirir, sirkatlorin global bazara ¢ixma prosesini siiratlondirir, kadrlarin iso gotiiriilmasi {iciin
yeni gorait yaradir, insan amoyinin miioyyon ndvlorini alqoritmlor vo masinlarla ovoz edir. Eyni
zamanda, ragomsallasma va texnoloji yeniliklor imkanlar yaradir: yeni is yerlori; insanin yaradici
potensialint 1izo ¢ixaran masgulluq sahalorinin genislondirilmasi vo s. Ragamsal iqtisadiyyatda
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omok prosesinin transformasiyasi proseslorinin basa diisiilmosi, omok sahosindo is¢inin masin
tizorindo stiinliiklorinin miioyyon edilmasi, rogomsal omok bazarinda onun movgeyinin
gliclondirilmosi 1igiin todbirlorin islonib hazirlanmasi {i¢iin yeni yanagmalar tolob edir.
Umumiyyatlo, “roqemsal transformasiyanin yaranmasi siiratli roqomsallasmaya vo ononovi
iqtisadi strukturlarin va biznes modellarinin doyismasina sabab olmusdur”.[1]

Miioyyon edilmisdir ki, adi omoliyyatlart ohato edon ig yerlori omoyo tolobat tamamilo
texnologiyalarla ovoz olunana qodor azalma riski altindadir vo bu prosesin oksino olaraq,
yaradiciliq faaliyyotinde amak resurslarina talobat artir.

Suni intellektin amok bazarinin obyektindon subyekto ¢evrilmasinin miimkiin tendensiyalari
qismon va ya tamamila, stini intellektin hiiquqi statusunun qanunvericilikls tonzimlonmasi sortilo
miioyyon edilir. Iscinin amok bazarmmda mévqeinin moéhkomlondirilmasinin osas istiqgamotlori,
onun, yoni, insanin yaradiciliq potensialinin inkisafi ticlin alverigli miihitin formalasdirilmasi vo
Omiirboyu tohsil konsepsiyasinin hoyata kegirilmosi demokdir. Qeyd olunan istigamatlor milli vo
regional hakimiyyat orqanlarinin dostoyini vo onlarin maraqli vo foal yerli icmalarla qarsiliqh
olagosini tolab edir.

2030-cu ilodok rogemsal iqtisadiyyat, global UDM-in yaridan ¢oxunu toskil edocokdir. Aydin
sokildo demok olar ki, biz rogomsallagsmanin {stiinliik togkil etdiyi hoyat torzino vo iqtisadi
sistemo daxil olmaq tizroyik. Yarimkecirici hesablama siiratinin artmasi informasiyalarin
otiiriilma siiratini xeyli artirir. Yarimkegirici texnologiyalarinin tokamiilii elektron komponentlori
daha kigik hala gatirir vo daha ki¢ik vo oananovi analoq komponentlar rogamsallasmaga baslayib.
Hazirda “SOCAR-2035” strategiyasina uygun sokildo “texnoloji proseslorin qabaqcil standartlar
soviyyasinda optimallagdirilmasi {igiin roqomsal diinyanin yeniliklorinin istehsalata tatbiq edilmasi
istigamotindo islor goriiliir”. [2]

Rogomsal iqtisadiyyat, ononovi sonayenin iqtisadi modelini texnologiya ilo birlogdirir va
ke¢misdoki fiziki modeli virtual miihito genislondirir. Ragqomsal va intellektual texnologiyalarin
totbiqi neft vo qaz yataqlarinin istismarinin somoraliliyini artirmaga vo omok xorclorini
optimallagdirmaga imkan verir. Neft-qaz kompleksinin raqomsallagdirilmasi, omoliyyat xorclarini
ohomiyystli doracods azaltmaqla, ¢ixarilan karbohidrogen ehtiyatlarinin paymi artira biler.
Mosalon, ragamsal texnologiyalarin totbiqi neft sonayesinin diinya iizro orta gostoricisi olan 30%-
la miiqayisadoa 50%-5 ¢atdirmaga imkan verir.[3]

Miixtolif neft-qaz sirkotlorindo on c¢ox istifade olunan agilli texnologiyalar Cadvel 1-do
verilmisdir.

Cadval 1. Miixtolif neft-qaz sirkatlorinds oan ¢ox istifado olunan agill texnologiyalar.

Sirkat Texnologiya

Shell Agilli yataq

Chevron intellektual yataq

BP Golacayin yatagi

Petoro Agilli omoliyyatlar

Statoil Hydro Integrasiya edilmis omoaliyyatlar
Halliburton Real vaxt rejiminds idarsetma
Schlumberger Agill quyular

oD Diizgiin istigamot

DOFF Galacayin ragemsal neft yatagi
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CapGemini Intellektual yatagin optimallasdiriimast vo uzaqdan nozarat
IAOM, ADCO Inteqrasiya edilmis aktivlorin idaro edilmasi modeli
Qazprom neft Rogomsal yataq
Lukoil Intellektual yataq

Moanbo: [4]

Mogqalodo asas moagsad, siini intellekt asasinda neft-qaz sektorunun rogomsal transformasiyasinin
timumi konsepsiyasini formalasdiran nazari prinsiplorin, metodoloji elementlarin, elmi-metodiki
vasitalorin praktiki shomiyyati ils igtisadi inkisafa nail olmaqdan ibarstdir.

Rogomsal iqtisadiyyat yeni iqtisadi soraitdo miixtolif innovativ roqomsal texnologiyalarin vo
carpaz domen inteqrasiya platformalarinin istifadesi kimi miioyyon edilo bilor. B2B vo B2C
istifadacilori {iglin mal vo xidmotlorin alis vo satis strukturunu vo iqtisadi doyerini yeniden
formalasdirmaq ii¢lin innovativ xidmot modellori tomin olunmalidir. Innovativ roqemsal
texnologiyalara siini intellekt (AI), malumat analitikasi, bulud hesablamalari, virtual realliq (VR),
geniglonmis reallig (AR) vo blokgeyn (Blockchain) va digor inkisaf etmokdo olan elm vo
texnologiyalar daxildir.

Rogoamsal igtisadiyyat son illordo getdikco daha ¢ox shamiyyot kasb edir. Ragamsal igtisadiyyat,
biznes omoliyyatlarint hoyata ke¢irmok vo asanlasdirmaq tiigiin rogomsal texnologiyalardan vo
internetdon istifado edir. Mohsullar vo xidmatlor onlayn olaraq toklif olunur vo alqi-satq1 prosesi
rogomsal sokilds bag verir. Mallar va ya xidmaotlor tez-tez roqomsal olaraq togdim edilir vo virtual
Odonis vasitolorindon istifado erilir. Sirkatlor vo istehlak¢ilar arasinda qarsiligli alagelor do asason
roqomsal sokilda bas verir: veb brauzer, program, e-pogct, séhbot vasitosilo vo s. Informasiyanin
roqomsallagdirilmas: daha siiratli vo daha somorali linsiyyato imkan verir, qlobal bazarlara ¢ixisi
asanlasdirir vo is proseslorinin avtomatlasdirilmasina komok edir.

Miiasir dovrdo SOCAR-da “agilli quyu” texnologiyalarinin totbiqi miihiim shomiyyat kosb edir.
“Agilli quyu” texnologiyalarinin totbiqi yatagin istismar xorclorinin 20% azalmasina gatirib
cixarir ki, bu da neftin qiymatinin “asagi diismosi” soraitindo sirkotin rogabot qabiliyyatini
artirmaga imkan verir.[3]

Todqgiqargilara gora, global UDM vo mosgullugun miihiim hissosi olan rogomsal iqtisadiyyat
xiisusilo inkisaf etmokds olan Glkolords siiratlo inkisaf edir. Bununla bels, onun hartorafli 6l¢iilori
yoxdur vo onun bu bolgalordaki ¢atinliklorini vo naticolorini basa diismok {iciin slave todqiqatlar
tolob olunur.[5]

Rogomsal igtisadiyyat e-ticarat, roqomsal platformalar vo talob olunan xidmatlor do daxil olmagqla
miixtolif yeni biznes modellorinin yaranmasina sobab olub. Onlarin harakatverici qiivvalorino
bulud hesablamalar, siini intellekt (AI) vo osyalarin interneti (IoT, Internet of Things) daxildir.
Bu texnologiyalar sayosindo sirkotlor fordilosdirilmis mohsul vo xidmatlor toklif edo,
miistarilorinin davraniglarini daha yaxs1 anlaya vo omaliyyatlarini daha somarali edo bilorler.
Rogomsal iqtisadiyyatin vo ya rogomsal texnologiyalara asaslanan iqtisadi foaliyyeotin bugiinkii
anlayisinin mongayi XX asrin son onilliyinds ortaya ¢ixdi. Onlar ii¢ sahays bélmak olar (Sakil 2)
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Sokil 2. Rogomsal texnologiyalara asaslanan iqtisadi faaliyyatin ti¢ sahasi.

Rogomsal iqtisadiyyatin yaranmasi yiiksok intellektual omoyin vo informasiya mohsullarindan
istifadonin istiinliik togkil edon rolu ilo xarakterize olunan diinya tosarriifat sisteminin inkisafinda
miasir morhalo kimi informasiya iqtisadiyyatinin yaranmasindan ovvaldir. “Rogomsal
iqtisadiyyatin asas dayagi hiperbaglantidir ki, bu da internet, mobil texnologiyalar vo ogyalarin
interneti (IoT) osasinda insanlar, toskilatlar vo masinlar arasinda artan multivektorlu oslagalor
demokdir. [6]

Sirkatlorin rogomsallagmasi, siini intellekt vo sonayenin vo avtonom naqliyyatin robotlagdiriimasi
biitiin diinyada milyonlarla is yerinin logvi demokdir. Sosial sigortaya tohfo veron vo fordi golir
vergisina calb olunan isdon oldos edilon goliri azaldacaqglarini diislinonlor var vo onlar bagqa golirlo
ovaz edilmalidir. SOCAR-da siini intellekt texnologiyalar: ilo tochiz edilmis dronlar eyni vaxtda
istixana qazi emissiyalarini agkar etmaya vo 6lgmaoys imkan verir.

Stini intellekt (Al) insanlarla eyni imkanlara malik masinlar yaratmaq mogsadi ilo toklif olunan
algoritmlorin birlogsmasi kimi basa diisiilo bilor. Oslinds, bu, insanin zoka ilo olagoli miioyyan
omoliyyatlar1 yerino yetirmok {iglin nozords tutulmus bir kompiiter proqramidir, mosslon, 6z-
0ziino Oyronma, buna goro do sistemin xarici molumatlari, diizgiin sorh etmok, qeyd olunan
molumatlardan dyronmak bacarigi kimi miioyyon edilmisdir.

Cadval 2. Siini intellekt sahasi izra lider olan 6lkalar.

2024-cii ilda siini intellekt sahasi {izra lider olan 10 6lka

1 Amerika Siini intellekt tizro todgiqat¢ilarin demok olar ki, 60%-i Amerika universitetlori vo
Birlogmis sirkatlori ti¢ilin isloyir vo bu sahoys timumilikdo 249 milyard dollar 6zol maliyys vosaiti
Statlar1 ayirmisdir.
2 Cin Siini intellekt tadqiqatin gostaricisi 11 %-dir ve 2022-2023-cii iller arasinda 95 milyard
dollar 6zal investisiya calb edib.
3 Boyluk Boyuk Britaniya 2035-ci il godar 1 trilyon dollara gatacagini toxmin etdiyi 21 milyard
Britaniya dollarliq cari gqiymatlondirma ils ABS va Cindan sonra diinyanin {igiincii an boytiik siini
intellekt bazaridir.
4 Israil Israilin yerli texnoloji sohnasi 2013-2022-ci illor arasinda 11 milyard dollar &zl

sormay» aldo edarak diinyada dordiincii on yiiksok olan, siini intellekt inkigafinin 6n
siralarinda yer almigdir.

5 Kanada Kanada 2022-2023-cii illor arasinda 6lkads siini intellekt {izra todqiqatlara 2,57
milyard dollar sarmays qoyulub, belos ki, imumi siini intellekt sarmayasi 8,64 milyard
dollara catib.

6 Fransa Fransa 2013-2022-ci illordo siini intellekt tizra todqigatlara 338 startap vo 7 milyard

dollar 6zsl sormays qoymusdur
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7 Hindistan Hindistan tokco 2023-cii ildo siini intellekto 3,24 milyard dollar investisiya qoyub.

8 Yaponiya Yaponiyada 294 siini intellekt startapi var vo 2013-2022-ci illor arasinda siini intellekto
4 milyard dollar 6zal investisiya alds edib.

9 Almaniya Almaniya qlobal siini intellekt bazarinda 245 startap1 6ziinds aks etdiron va 2013-2022-
ci illor arasinda siini intellekts 7 milyard dollar 6zal sarmaya goyub.

10 Singapur 2021-ci ildo Singapur hokumoti Milli Siini Intellekt Strategiyasinin bir hissosi olaraq
bes il arzindo siini intellekto 362 milyon dollar sormaya qoymagi 6hdosino goétirda.

Manba: [7].

Rogomsallagsma, iqtisadiyyati miirokkob vergi problemlori ilo iizlosdirir. Movcud vergi
ganunvericiliyi, imumiyyatlo vergitutma hiiquqlarin1 miioyyan etmok ii¢iin hom milli soviyyada,
hom do ikiqat vergitutma miiqavilslorinds fiziki istirak tolob edir. Bu o demokdir ki, fiziki
miiossisosi olmayan rogomsal foaliyyot gostoron sirkotlor ¢ox vaxt vergiya calb edilmir. Google,
Amazon vo ya Meta kimi yiiksok rogomsallagsmis sirkatlor buna gors ds bir ¢ox 6lkods az vo ya
he¢ vergi 6domirlor. Son illords yeni vergi tokliflori ortaya ¢ixmigdir. Belo ki, V.Meysel olkado
hansisa sirkatin satis galirlori asasinda bu ciir galirin alds olundugu sirkatin is¢ilorinin sayina goro
avtomatlasdirma vergisini toklif etmisdir. Vergi, golir yaratmaq ti¢iin daha az is¢idon istifado edon
bir sirkatin, eyni isi gormoklo, daha gox iso gotiiran sirkotdon daha perspektivlidir. Onun toklifi iki
moqgsad giidon kompiiterlordon alinan omok haqqi vergisi kimi tosvir olunur: insan-komputer
sinerjisino sormays qoymaq vo dovloto golir tomin etmok kimi vasitolorlo sirkoto is yerlori
yaratmaq ti¢lin stimul toklif etmak. [8]

Hazirda rogomsal texnologiyalar comiyyatin va iqtisadiyyatin ayrilmaz hissosino ¢evrilib.
Rogomsal transformasiya 6zt ilo bir ¢ox istiinliiklor gotirdi, eyni zamanda miivafiq tonzimloma
tolob edon yeni problemlor vo risklor yaratdi. Xatirladaq ki, “SOCAR 2006-c1 ilden raqomsal
transformasiyaya baslayib vo Qafqazda resurslarinin planlagdirilmasin1 (ERP) totbiq edon ilk
miiossisadir. [9]

Neft-qaz sonayesinin rogomsal transformasiyasi prosesinin ii¢ asas marholosi miioyyan edilmisdir:
avtomatlasdirma, roqomsallagma va intellektuallagdirma. Bu morholoalorin har birinin yetkinliyini
giymotlondirmak iiciin xiisusi meyarlar toyin edilmolidir. Umumiyyatlo, innovasiya, roqabat vo
sosial masuliyyat arasinda tarazligi tomin etmok ii¢iin mogsadydnlii roqomsal siyasot lazimdir. Bu
kontekstdo molumatlarin qorunmasi, kibertohliikasizlik, soboke neytralligi vo oqli miilkiyyatin
qorunmasi kimi masalalor nozora alinmalidir. Bir ¢ox roqomsal faaliyyst sorhadlori agdig: Gglin
beynolxalq soviyyodo omokdasgliq boylik ohomiyyot kosb edir. Beynolxalq miiqavilolor vo
normalar roqomsal iqtisadiyyatda vahid standartlarin vo tacriibalorin yaradilmasia kdmaok edir.
Stini intellektin bosoriyyot {liclin tohliiko hissi bir sira todqiqatgilarin fikirlorinde mévcuddur.
Futurologlar elmi vo texnoloji taraqqinin idarsolunma qabiliyyatinin itirilocoyi vo siini intellektin
Oziinii tokmillasdira bilacoyi 2070-ci ildo texnoloji unikalligin bas veracayini prognozlasdirirlar.
Siini intellekt tohliiko yaradacaq derocads inkisaf etdikdo, miibarizs aparmaqdansa, kompiiterlorlo
birlogsmok lazim golocok.[10] Yoni tok dogru inkisaf yolu, ancaq bosoriyystin vo masinlarin
“mehriban” va yanasi yasamasi ola bilor.

Hazirda istifado olunan materiallar vo kvant texnologiyalarmma kegidlo bagli siini intellektin
mohsuldarliginin artmasinin texnoloji moshdudiyyatlori mévcuddur. Beynimizds 100 milyard
neyron, suni intellekt sahasinds iso 100 min neyron var. Siini intellekto totbiq olunan iqtisadi
todqiqatlar roqomsal iqtisadiyyatdan daha ¢ox fiziki iqtisadiyyata uygun olan tadqiqat
metodologiyalarin1 totbiq edir. Onlar neoklassik mikroigtisadiyyat vo makroiqtisadiyyat
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paradigmalarinda 16vbor olaraq qalirlar. Onlarin heterojenliyine vo geyri-miioyyonliyino
baxmayaraq, bu todqiqatlar bir ne¢o tendensiyani vurgulayir.

Stini intellektin folsofasini ilk agiglayan soxs moshur ingilis mantiqgisi vo riyaziyyatcist Alan
Turing olmusdur. Siini intellektin slavo doyari osason istehlaka tosirlora, mohsuldarligin artmasina
vo daha yaxs1 risklorin idars edilmosinoe osaslanir. Bu doyer yaratma rigaqlar1 pesolora gora, hom
do zamanla vo mokanda doyisir. Siini intellekt is yerlorini mohv etmokdon daha ¢ox, pesolor vo
tapsiriqlar ii¢lin daha transformativ olur. Miioyyon texnologiyalarin golocoyino tosir edon geyri-
miioyyanliklor sobabindon bu fenomeni qisamiiddatli vo orta miiddatli konarlasdirmaq ¢otindir.
Stini intellektin tasirlari, stini intellekt vo internet arasinda miioyyan edils bilon sinerjilari kifayot
godor inteqrasiya etmir, eyni zamanda yeni dyronmo vo toskilati modellorin tohfolorini lazimi
soviyyado qiymotlondirmir. ©Oksino, Al-nin miisbot tosirlori texnoloji maneolor, institusional
maneoalor vo sosial miigavimot naticasindo yaranan bozon yayillmis menfi tosirlorlo gismen
kompensasiya olunur.

Domenlorarasi inteqrasiya platformalar1 roqomsal iqtisadiyyat totbiqlorine istinad edir ki, bu da
tez-tez orijinal sonayedon konarda iizlogsmali olan ii¢ ndv problemin inteqrasiyasini tolob edir:

(Sokil 3)

Sakil 3. Domenlorarasi inteqrasiya platformalari. [10]

1) Sonayelorarasi integrasiya platformasi: Bir ¢ox totbiglorin miixtolif sonaye saholori vo ya
pesokar saholorlo birlosdirilmasinin tolob olundugu bir tendensiya halina galdi vo bu, son doraco
¢otin sonayelorarasi inteqrasiya ilo noticolondi. Ciinki sonaye saholori miixtolif sonaye
modoniyyatino vo pesokar bilikloro malikdir.

2) Regionlararasi inteqrasiya platformasi: diinyanin he¢ bir milli sorhadlori olmadigi tigiin, bir
¢ox tatbiglar, onlayn faaliyyat, ¢ox vaxt miixtalif cografi bolgalori ohato edir. Elektron ticarat
onanavi fiziki kanallarin cografi mshdudiyyatlorini pozur va 6lks lizre idxal va ixrac ticarati iiglin
vergi masaloalori yaradir.

3) Nazirlikloraras1 goriislor inteqrasiya platformasi: Sonayelorarasi vo regionlararasi amokdasliq
miixtolif mosul dovlet qurumlarini ohato etdiyi {licliin miivafiq qaydalar da miixtolif hokumot
bolmalorini shato edacok. ©vvalca anonavi sonaye sahalorine nozarat edon hokumot bolmalori
miinaqigalori holl etmok fiiclin inkisaf etmokdo olan texnologiya saholorindo digor bdlmolorlo
koordinasiya etmolidir.

Innovativ xidmat modellori miixtolif inkisaf etmokdo olan biznes modellorini ohato edir.
Rogomsal igtisadiyyat sanayesi li¢ sahani ohato edir:

1) rogomsal texnologiya sonayesi;
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2) ragomsal texnologiya totbiqi sonayesi;

3) innovativ rogomsal texnologiya sanayesi.

Rogomsal texnologiya sonayesino informasiya proqram tominati vo xidmatlori, onlayn
kommunikasiya xidmatlori, kompiiterlor vo rabito avadanligi, yarimkecirici vo elektron
komponentlorin istehsali, sosial sobokalor, rogomsal reklam vo marketing, rogomsal aylonco vo
oyunlar vo diger rogamsal mozmun daxildir. Rogomsal texnologiya totbiqi sonayesing istehsal,
topdan vo porakondo satis, nogliyyat vo logistika, yasayis vo ictimai iago, tohsil, maliyyo vo
sigorta kimi anonavi sonayelords rogomsal xidmatlor, hamginin sirket torofindon dastoklonon 5+N
innovativ totbiq sonayesinin roqomsallasdirilmas: daxildir. Innovativ roqomsal texnologiya
sonayesino maliyyo texnologiyalari, roqomsal tohsil, sohiyyas texnologiyalari va s. kimi innovativ
texnologiyalarin roqomsal xidmaotlori daxildir.

Rogomsal iqgtisadiyyatin arxitekturasi alt1 osas aspekti ohato edit:

1) sonaye ekosistemi;

2) rogomsal infrastruktur;

3) innovativ xidmoat modellari;

4) rogomsal istedadlar;

5) ganunlar vo gaydalar;

6) ragomsal baraborlik.

e Sonaye Ekosistemi — domenlorarasi omokdasliq, proqram tominati vo aparat inteqrasiyasi
vasitasilo miixtalif maraqli toraflori bir araya gatirmokdir.

e Rogomsal infrastruktur - yiiksok siirotli geniszolagli soboko, soboko tohliikasizliyi,
molumatlarin tohlili, Open API va digor iimumi rogomsal texnologiyalardir.

e Yenilik¢i xidmot modellari - dagidict biznes modelloridir.

e Rogomsal istedadlar - saholorarasi tocriiba vo beyin dovrani kimi bacariq vo is¢i qilivvasi
ehtiyaclardir.

e Qaydalar vo sistemlor - roqomsal vo virtual diinya ilo olaqgeli qaydalar, tonzimloyici
sandbox (Regulatory Sandbox) wvasitoesilo yeni omoliyyat modellorinin sinagdan
kegirilmasi va s.

e Rogomsal barabarlik - vatondaslarin istirakim tosviq edon Dévlet-Ozol-Xalq Torafdashg
(4P), rogomsal insan hiiquqglari, o climlodon soxsi molumatlarin moxfiliyi vo oqli miilkiyyot
Vas.

Ragamsal iqtisadiyyatin digqet morkozinds sonayenin roqomsallagmasi ilo hayatin vo comiyyatin
inteqrasiyasi pozucu innovasiya ilo ortaya cixan xidmaotloro gotirib ¢ixaracaq. OECD hesab edir
ki, rogomsal dovriin golisi moveud sonaye mohsuldarhigimi 5-10% artiracaq. Diinyada 14
milyarddan ¢ox qosulmus cihaz olacaq, bank amaliyyatlarinin 90%-1i va alig-verisin 80%-i onlayn
hayata kegirilocok vo hazirda usaqglarin 65%-i “Golacayin islori”, holo mévcud olmayan islor
olacaq. Rogomsal iqtisadiyyatin sonayelorarast innovativ inteqrasiya olunmus xidmotlorin
rogomsal iqtisadiyyatin bdylimosinin acarma g¢evrilacoyi vo golocok iqtisadi inkisaf {iglin yeni
idaraetmanin olacagi gozlonilir.

Rogomsal iqtisadiyyatda texnologiya biznes proseslorini doyisdirmok, mohsul vo xidmatlor toklif
etmok vo qarsiligh olagolori asanlagsdirmaq tiglin istifade olunur. Bu sahado yeni qaydalar
planlagdirilir. Masalon, 2020-ci ildon etibaron “SOCAR “SAP UFAM” osasinda neft vo
qaz¢ixarma omoliyyatlarinin rogomsallasmasini hoyata kegirir”. [11] Rogomsal siyasot rogomsal
igtisadiyyat (¢lin moéhkom ¢or¢ivo yaratmali vo molumatlarin qorunmasi qaydalarina,
kibertohliikesizliys vo odalstli rogabato diqqet yetirmalidir. Bir ¢cox roqomsal sirkotlor do barpa
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olunan enerjilordon istifado edir vo ESG meyarlarina omoal etmoyo caligirlar. Bununla onlar hom
iqtisadi, hom do ekoloji magsadlora cavab verirlor.

Stini intellekt (AI) torogqinin miihorrikidir vo golocok rifahimizin osasidir. Buna goro do Al
texnologiyalar1 iqtisadiyyatin biitiin saholori tigiin boyiikk ohomiyyot kosb edir. Siini intellekt,
xlisuson proseslorin avtomatlagdirildig sirkotlordo vo biznes saholorinds somoraliliyin artmasina
vo xorcloro gonasto sobob ola bilor. Mosolon, siini intellektlo idaro olunan avtomatlagdirma
optimallasdirilmis istehsal vo logistikaya imkan verir. Molumat analitikas1 miistori se¢imlori vo
bazar tendensiyalar1 haqqinda dorin fikirlor tomin edo bilor. Bundan olava, siini intellekt is¢ilori
bir ¢ox giindoalik foaliyyotlords dastokloyo bilor - bu da 6z ndvbasinds ixtisash is¢i ¢atismazligini
azalda bilor.

Stini intellektin ugurlu totbiqi ti¢lin halledici amil onun totbiq olunacagi sirkatin no godor roqomsal
olmasidir. Sirkotin roqomsallagma doracosi sirkotin miixtolif sahalorinin no doracodo rogomsal
sobokoyos qosuldugunun vo sirkotdoki proseslorin rogomsal sokildo hoyata kegirildiyinin
gostaricisidir ki, bu da siini intellektdon istifads etmoklo avtomatlasdirma va avtonom Ugin ilkin
sortdir. Bu, homg¢inin rogomsal siini intellekt totbiginin sirkot strukturuna no qodor asanligla
inteqrasiya oluna bilocayinin gostaricisidir. Daxili roqomsallasmanin ¢orcivesini togkil edon
sirkotdon konar amillor do miihiim rol oynayir. Sirkotdon konar texniki infrastruktur, Internetin
movcudlugu sirkotlorin rogomsallagsmasima vo Al-nin totbigine kdmok edocok sokildo tortib
edilmolidir.

Siini intellekt totbiglorinin ugurlu olmasi {i¢iin onlar diizgiin molumatlara daxil ola bilmalidirlor.
Stini intellekt yalniz dyrondiyi molumatlar qodar yaxsi ola bilor. Sirkotlor molumatlarinin yiiksok
keyfiyyotdo strukturlagdirilmasini tomin etmolidirlor. Molumatlarin bu mévcudlugu hom do etik
komponents malikdir. Ogor realligin hissolori miivafiq rogomsal molumatlarla tomsil olunmursa,
Al bu realliga uygun golo bilmoz va tohrif olmadan islays bilmaz.

Siini intellektin tam potensialindan istifade etmak {i¢iin miixtalif melumat monbaolarinin qilisursuz
inteqrasiyast vo sobokologmaosi tolob olunur. Bu, miivafiq interfeyslorin hoyata kegirilmasini tolob
edir - ¢ox vaxt yalniz daxilds deyil, hom do xarici olaraq, bazi Al totbiqlori tigiin ERP sistemlori
kimi daxili molumat manbalorini xarici molumat monbaolori ilo olagolondirmok miisyyon mona
kasb edo bilar.

Stini intellektdon ugurla istifade etmak {igiin sirkatlor, malumatlarin manipulyasiyasinin qarsisinin
alinmasin1 tomin etmolidirlor. Molumatlara giris ii¢lin aydin siyasat vo prosedurlar yaradilmalidir.
Eyni zamanda molumatlara ¢ixisin monitoringi vo qeydiyyat mexanizmlari totbiq edilmalidir.
Sirkotlor molumatlarin qorunmasinin qanuni toloblorine amol etmalidirlor. Bura melumatlarin
istifadasile bagl soffaf molumatin verilmasi vo zoruri hallarda raziligin alinmas: daxildir.

Biitiin bu tolablora uygun olaraq, sirkstlor molumatlarin neco islonacoayi vo onlarin necs
toplanmasi, yenilonmasi, saxlanmasi va silinmasi ilo bagh aydin tolimatlara ehtiyac duyur.

Noatica

Sonaye iqtisadiyyatindan rogomsal iqtisadiyyata kecdiyimiz bir vaxtda miiasir bazar
iqtisadiyyatinin  nozori osaslarina diqget yetirmok oldugca mithim masaladir. Sonaye
iqtisadiyyatindan forqli olaraq, rogomsal iqtisadiyyatda moxfiliklo bagli problemlor yaranir.
Rogomsallagsma miixtolif risklor, o climlodon soxsi molumatlarin vo korporativ molumatlarin
sizmast ilo bagli narahatliq yaradir. Bundan slava, zororli kiberhiicumlarin yayilmasi bu giino
gader davam edon bir problemdir.
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Miiasir biznes sohnoasi rogomsal iqtisadiyyat sobobindon doyisdi vo getdikco daha miirokkob
miinasibatlor qurmagqla, roqomsal perspektivdon hoyata kegirilmoalidir. Bu amilin bazar
rogabotindon sag ¢ixmagq liclin zoruri bir perspektiv oldugunu sdylomok olar. Rogomsallagsma
dalgasina qosulmagqla vo miistorilor {igiin on yaxs1 tokliflori catdirmagqla sirkot yaxsi olagolor qura
bilor. Rogomsal iqtisadiyyat, siibhosiz ki, miistorilorlo alagolor qurmaq konsepsiyasini doyisdi.
Sani intellektin rogomsal iqtisadiyyatda getdikco daha miihiim rol oynamasi, molumatlarin
tohlilindon tutmus mohsul vo xidmatlorin fordilosdirilmasina goadar bltin sahslords 6ziinti biruzs
verir, eyni zamanda moxfilik, molumatlarin tohliikasizliyi vo istifadesilo bagli mithiim suallar
dogurur. Siini intellektdon sui-istifado vo zororli totbiglor bazarlarda sabitliyi poza,
dezinformasiyanin yayilmasini siiratlondire vo miinaqigalari giiclondiras bilor.

Neft-qaz sonayesindo rogomsal transformasiyanin totbiqi zamani xarici vo daxili amillori,
texnoloji vo institusional imkanlari, insan kapitalinin voziyyatini vo inkisafini nozors almaq
lazimdir. Neft vo qaz miisssisalorinin roqgomsal transformasiyasi kontekstindo biznes proseslorinin
davamliliginin idars edilmesi {i¢iin nazori vo metodoloji osaslari, totbigi metod vo vasitolorin
hazirlamasi ilo baghdir. Umid edirik ki, SOCAR-da ragemsal transformasiya va stini intellektdon
istifado sahosindo aparilan islor genislondirilocok vo bu sahodo miithiim nailiyyatlors imza
atilacaqdir.

Bayannamalar
Olyazma bagqa heg bir jurnala vo ya konfransa togdim edilmayib.

Tahsil Mahdudiyyatlori
Tadqiqatin naticalaring tasir gostors bilocok mohdudiyystlor mévcud deyil.
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ABSTRACT

The development of information processing technologies has already had a great impact on the
field of economic activity. The development of the digital economy has led to more diversified
patterns of interaction and coordination between industries and consumers, competitors and
suppliers, governments and people. Smart cities controlled by emerging technologies have
become one of the development goals of various countries in the 21st century. Modern economic
and industrial policy is based on digital policy. The successful model of the social market
economy is still relevant as a political compass, but it must be adapted to new circumstances.
Transforming leading industries should form three equal pillars, along with mid-sized businesses
and startups.

Changing traditional activities in the field of oil and gas industry in the direction of using digital
technologies is of great importance in modern times. The application of smart wells, smart fields,
unmanned hydrocarbon production technologies that make up the digital oil and gas industry is
also a very important issue in SOCAR. The article analyzed the relationship between the digital
economy and artificial intelligence, and also provided information on the important features of the
digital oil and gas industry. With the evolution of artificial intelligence, technology industries in
various fields such as semiconductors, software, hardware, Internet services and other companies
around the world are simultaneously facing unprecedented challenges and excitement. The
development of artificial intelligence promises a revival of consumption, increased productivity in
most professions, better risk management, but also raises fears of mass destruction of jobs,
extensive reskilling, expansion of capacity in developed countries. Artificial intelligence is
helping to transform the relationship between machine and human. Advances in artificial
intelligence are driving the automation and enhancement of manufacturing systems. Artificial
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intelligence is considered to be the driving force behind the creation of new business models in
many sectors of activity, especially in the oil and gas industry. The technological development of
oil and gas companies is accompanied by a sharp increase in the demand for information and the
expansion of the use of information technologies. In general, the "internet of things", "cloud
technologies”, "digital fields" and other advanced technologies are capable of creating significant
potential for increasing the efficiency of oil and gas companies.

The active application of digital technologies in all areas of human life changes business models,
accelerates the process of companies entering the global market, creates new conditions for hiring
personnel, replaces certain types of human labor with algorithms and machines. At the same time,
digitization and technological innovations create opportunities: new jobs; expanding the fields of
employment that reveal the creative potential of a person. This requires new approaches to
understanding the processes of transformation of the labor process in the digital economy,
determining the advantages of the worker over the machine in the field of labor, and developing
measures to strengthen the position of the worker in the digital labor market.

The digital economy can be defined as the use of various innovative digital technologies and
cross-domain integration platforms in the new economic environment. Innovative service models
to reshape the structure and economic value of buying and selling goods and services for B2B and
B2C users. Innovative digital technologies include artificial intelligence (Al), data analytics,
cloud computing, virtual reality (VR), augmented reality (AR) and blockchain (Blockchain) and
other emerging sciences and technologies.

The digital economy has become increasingly important in recent years. By definition, the digital
economy uses digital technologies and the Internet to enable and facilitate business transactions.
Products and services are offered online and the buying and selling process takes place digitally.
Goods or services are often presented digitally and paid for using virtual means of payment or
cryptocurrencies. Interactions between companies and consumers also happen mostly digitally -
via web browser, app, email or chat. Digitization of information enables faster and more efficient
communication, facilitates access to global markets and helps automate work processes.

As we move from an industrial economy to a digital economy, it is extremely important to pay
attention to the theoretical foundations of a modern market economy. Unlike the industrial
economy, privacy issues have arisen in the digital economy. Digitization raises various risks,
including concerns about the leakage of personal data and corporate data. In addition, the
proliferation of malicious cyber-attacks is a problem that continues to this day.

Keywords: digital economy, artificial intelligence, digital technologies, oil and gas industry,
digital transformation, increasing efficiency.
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ABSTRACT

The article reveals the role of independent work in the system of training future history teachers,
its features in the preparation and formation of professional qualities of bachelors. The potential
of a number of tasks of independent work is emphasized, the conditions for its effective
organization are highlighted and justified.

Keywords: teacher, history, education, activity, independent work, innovative -culture,
professional activity.

PE3IOME

B cratee packpbiBaeTcsi pojib CaMOCTOSITENIbHOM paboThl B CHUCTEME MOJATOTOBKU OYIyIINX
yuuTeneil MCTOpuU, €€ OCOOEHHOCTH B IOATOTOBKE M (OPMHPOBAHUU NPOGECCHOHATBHBIX
KauecTB OakamaBpoB. [lomuepkHyT MOTEHIMAN psiaa 3aJaHUN  CaMOCTOSITEIbHOM pPaboTHI,
BBIJIEJIEHBI U 000CHOBaHBI ycI0BHUs €€ 3()(HEeKTUBHOM OpraHu3alum.

KuroueBble ciioBa: y4uTenb, UCTOpUs, 00pa30BaHUE, JEATEIbHOCTh, CAMOCTOSITENbHAS padoTa,
MHHOBAIMOHHAs KyJIbTypa, Npo(ecCHOHAIbHAS 1A TeIbHOCTb.

ITocTanoBka npooaemMsbl.

Baknas 3agaua BbICIIEro 00pa3oBaHUs 3aKIHOYAETCS B MOATOTOBKE U (POPMUPOBAHUU JTUUHOCTH,
KoTOpas OyneT crnocoOHa pa3BUBATHCS, CaMOOOPA30BBIBATHCS, PEATM30BBIBATh MHHOBAIIMOHHYIO
JEeSTENIbHOCTD U KyJNbTypy. «CoJiep:KaTebHyI0 OCHOBY MOATOTOBKH OYAYIIMX YUUTEIEH UCTOPUU
K MHHOBALIMOHHOW IEJaroruuyeckoil JesTeIbHOCTH COCTaBIISIOT HOBILECTBA, NMPUMEHSEMbIE Ha
COBPEMEHHOM JTale B TIpoliecce MOATrOTOBKU oOyuaronmxcsi. CoBpeMeHHOe 00pa3oBaHME
CTAaHOBHUTCA Bce Oosiee NUHAMUYHBIM M BapuaTUBHBIM. Ha cmeHy TpaauuuoHHBIM (opMam
00y4YeHHsI IPHUIIUIO HHHOBAIIMOHHOE, YTO OCHOBAHO Ha MPEABUICHUU CBOETO NMPO(HEeCCHOHAILHOTO
OyIyIiero, akTHBHOM y4acTHH TperoaBatTeseii B ero co3nannu. Habmrogaetrcs rimyOokuit pa3psiB
MEXY BO3pACTalOIIMM YCIOKHEHHEM MHpa U CIIOCOOHOCTHIO 4YEJIOBEKa OPUEHTUPOBATHCS B
HOBBIX YCIOBUAX u3HU» [6, c. 228]. OOyuaromuiics JODKEH MEpPeHTH OT MacCHMBHOTO
noTpeliieHusl 3HaHUM K aKTUBHOMY aHaJM3y MCTOPHUYECKUX MpOOJIeM, YMEHHIO HaXOAUTh MyTH
pelIeHus U Tody4YaTh ONTUMAIIbHBIN pe3yibTaT ¢ 000CHOBAHHBIMU BBIBOJIAMU.

Bes  cucrema  ucropumueckoro  oOpa3oBaHUS  OpPUEHTHpOBaHAa Ha  (yHIaMEHTAJbHbIC
TEOPETUYECKHE 3HAHMS, HMEHHO T03TOMY oOOydyarouiemMycs HEOO0XOAUMO UMETh [0 C
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MHOXECTBOM WH(pOpMAIlMA ¥ BBIpAOOTaTh HOBBIC TOJXOJbI K €¢ 00paboTKe, KOTOopbie OymyT
HampaBJIeHBl HAa I[I03HABATEIbHYID CaMOCTOSTEIILHOCTh, YMEHHE OTOUpaTh, YCBaWBaTh
aKTyaJIbHYIO HHPOPMAIIHIO.

N3ydyeHrne HMCTOPUYECKOTO MPOIUIOr0 B YCIOBUSAX pPeOPMUPOBAHMS BBICIIETO OOpa3oBaHUs
npuoOpeTaeT Bce OOJIBIIYI0 3HAYMMOCTbD; TAK)KE 3TO CBS3aHO C YCHIJICHHEM BHUMAHUS K AyXOBHOU
chepe dYelnoBeUYECTBA B YCIOBUSAX Pa3BUTH JEMOKPATUYECKOTO TOCYIapCTBa, H3yYCHHUEM
UCXOIHOM 0a3bl, MOOYXIArolled mpernojaBareneld By30B K BBIpAaOOTKE 0OCO0OTr0 TMOaXona K
MOATOTOBKE OyAylmIMX y4wWTeled wucTopud. BpICmias ImKojla JUHAMHYHO pPa3BUBACTCA W
HaIpaBJsieT 00YYaroIIErocsi B CaMOCTOSITEIbHYIO y4eOHO-T03HABATEIBHYIO 1A TEIILHOCTb.
AHanu3 HWCXOAHOM 0a3pl MO3BOJMII PACCMOTPETH TBOPUYECKYIO CAMOCTOSITEIbHYIO pPadoTy
00yYaroIuxcs Kak JesTeIbHOCTh, KOTOpas 00yCIIOBJIEHA CaMOCTOSITEIIBHBIM ITOMCKOM OYIyIIHM
CTIEIUAIMCTOM OTBETa Ha JIIOOYI0 TpoOJeMy, ¢ HEJbI0 TOCTHIKCHHUS PE3yJbTaTOB, MMEIOIIHX
OOBEKTHBHYIO WM CYOBEKTUBHYIO HOBHM3HY U OPUTHHAIBHOCTH, MPOTPECCHBHOCTD, B YCIOBHSIX
BIIQJICHUS CPEJICTBAMH OPraHU3alMU ITOW NEATSILHOCTH Ha (DOHE TMO3WUTHBHOTO OTHOIICHHS K
MO3HAHUIO. [JIaBHBIMH CTPYKTYPHBIMH JJIEMEHTaMH CaMOCTOSITEIBbHONH pabOThl O0YyYaroIuxcs
SBIIIIOTCST €€ I1Ielb W MOTHBBI, KOTOpPhIE MOTYT OBITh KaK pPa3sHOOOpa3HBIMH, TaK H
MPOTHBOPCYMBBIMU. AKTYaJIbHOCTh M MHHOBAIIMOHHOCTH MPOOJIEMBI CaMOCTOSTEIBHON pPabOThI
MOXKHO O0OCHOBAaTh HEOOXOJMMOCTBIO IMOMCKA HAWIY4IIero penicHus B (popmMe KOHKPETHBIX
Mozenei u Gopm.

N3i10:xeHne 0CHOBHOIO MaTepHasia HCCIeI0BAHUS.

I'maBHOM 1enbi0 W 3a7adyamMd  BBINOJHEHHS CaMOCTOSITENIbHOM pPabOThHl IO MOJYUYEHUIO
TEOPETUYECKUX M AMIMPUYECKUX 3HAHUH SBIAETCS UX cUcTeMaTu3alus, paboTa ¢ 0a30BBIMU
MOHATHUSIMH, YMEHHE pellaTh KOTHUTUBHBIE 33/1a4H, YCTHBIE U TUCbMEHHBIE TECTHI.

B xone camocTosTenbHOM paboThl 0Oydaroluecs JOJKHBI YCBOUTh MaTepHal 3aKpelHuThb €ro
MyTéM HaMMCAHUsI KOHTPOJIbHBIX padoT, TakKe TECTOBBIX 3aJaHUI JUIs CaMOIIPOBEPKH, MPEXKIe
4eM NPUMEHUTH IIOJyYEHHbIE 3HaHWS HA MPAKTHUKE, IPOBECTH aHAJIU3 UCTOPUYECKOM CUTYyaluH,
BbIpa0OTaTh MPaBUWIIbHOE PELICHUE yTEM MPUMEHEHHUS Pa3INUHbIX aKTUBHBIX METO/I0B 00yUYEeHHUS
TaKWX Kak JUCKyccHs, nuayor U ap. Ha 3akmounTenbHOM 3Tane oO0ydaroIluics JOJKEH YMETb
IIPUMEHUTH IMOJIyY€HHbIE 3HAHWS U YMEHHUS Ha MpakTUKE Ui TOro, 4ToObl CHOpPMHUPOBATH
COOCTBEHHYIO TEOPETUUYECKYIO MO3UIIMIO U BBIpaOOTaTh MO/ETh TIOHUMAHUS TOM UM HHOW TEMBI.
Bce xommuuecTBO 4YacoB, OTBEIEHHBIX YYE€OHBIM IUIAHOM Ha U3YYEHHE OIpeAesIeHHOM
JUCLUIUIMHBL, Pa3/IeNsioT Ha ayJUTOPHYIO U CaMOCTOSTENbHYIO paboTy oOydatomuxcsi. Bce BuibI
MOCJIEAHEN MOKHO TOJIEIUTh Ha pabOThl peNpOAYKTUBHBIE, TBOPUECKHE U KOMOMHUPOBAaHHBIE.
[IpencraBnenne ydeOHOTO Marepuana MO JIFOOOW JUCIUIUIMHE COBOKYITHOCTBIO MOJyJIEH
00yCJIOBJICHO HEOOXOAMMOCTBIO pa3jokKeHUss MH(OpMAIMM Ha JIOTMYECKH CBSI3aHHBIE MOJYJH
(mopruuu). OTO0 TpebOBaHWE CBSI3aHO C OCOOCHHOCTAMH MeEXaHW3Ma (PYHKIIMOHUPOBAHUS
KpPaTKOBPEMEHHOM MaMsATH uenoBeka. [Ipu 3ToM ycBoeHne yueOHOro Marepuasia OCyliecTBIseTCs
OoOy4alolMMHUCS CaMOCTOSITENIbHO B TIpollecce TMO3TamHOW nepepaboTku uHPOpMalUU ¢
MOCIEAYIOIUM €€ 3aKpeIUIEHMEM B JOJITOCPOYHOM MaMsiITH B Clly4ae HEOJHOKPATHOTO
noBTopenus [7].

OBnazieHne yMEHMSAMH M HaBBIKAMU CaMOCTOSITETIbHOM paboThl SBISETCS HEOOXOIUMOM
MPENNOCHUIKON i1 Ka4eCTBEHHOTO YCBOEHMSI MOMAYJIBHOM y4eOHOM mporpaMMbl M YCHEIIHOM
npoeCCUOHATIBHON JIEATETLHOCTH OYAYIIUX yYUTEIeH UCTOpUU. Y CTaHOBIEHO, YTO JIOTHUYECKUE
U cnenuuyecKre npueMbl YMCTBEHHOU 1eATeIbHOCTH (POPMUPYIOTCS B ONPEAETIEHHOM MOPSIJIKE.
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[lepen Tem Kak cTaTh YMCTBEHHBIMH, TO €CTh MAaKCHMAaJbHO OOOOIEHHBIMH W YCBOCHHBIMU,
JEHCTBUS MPOXOJAT HECKOJBKO ATANOB: MPEABAPUTEIHHOE O3HAKOMIICHHE C MPEIMETOM, 3Tall
MaTepuaIbHOro JIEHCTBUS, MEPEHOC IEHCTBUS K IUIaHy IJIaCHOM peuu 0e3 Oomopbl Ha MPEeIMEThI,
JTan BHEIIHEH peun o cebe, yMCTBEeHHBbIH 5Tam. TONBKO MPH TaKOH IMOCIIEAOBATEILHOCTH
(dbopMUPOBAaHUS YMCTBEHHBIX J€UCTBUN O00YUaIOUIHIICS UMEET BOZMOKHOCTh Ha BBICOKOM YPOBHE
OBJIa/ICTh HOBBIMU 3HAHUSIMU U TIPHOOPECTH BO3MOKHOCTH peaii30BaTh UX Ha mnpakTuke [1].
Wtak, B opraHu3anuu caMOCTOSITeNIbHON paboThl OyAyHIMX y4WTENed UCTOPUU BaXKHO OOpaTUTh
BHUMaHue Ha: 1) paboTy ¢ apXWBHBIMH HMCTOYHUKAMHU IO HCTOPUHU, (POPMHUPOBAHHUE HCXOIHOU
0a3bl Hccae0BaHus; 2) paboTy ¢ HOpMAaTUBHO-TIPABOBBIMU aKTaMU; 3) BBISIBICHHE OCOOEHHOCTEN
pa3BUTHsI HCTOPUYCCKHX SIBJICHUH IMyTeM aHaju3a COBPEMCHHBIX HAYYHBIX MyOJauKaiuii; 4)
paboty co cioBapsMu (OmpeieiicHHE IOHATHI); 5) co3gaHMe CXeM, MOJeleld M MakeToB, 6)
BBITIOJTHCHHE TECTOBBIX 3aJJaHUI TI0 TeMaM Kypca; 7) pedepupoBaHue UCTOPUICCKOTO MaTepHaa;
8) co3nanue nakera MokymMeHTOB «lloptdens crymenta»; 9) caMocTosTeNbHYIO padoOTy CTyIeHTa
B cetn MaTepHeT 1 T.4. «KpaeBemueckas paboTa, TakKuM 00pa3oM, MPEJOCTABISCT MPAKTUICCKU
BCE BO3MOKHOCTH Ui Peau3allid COBPEMEHHOIO MPAKTHUKO-OPHUEHTUPOBAHHOTO OOy4YeHUs B
00pa30oBaTeNbHBIX OPraHU3ANUAX PA3HOTO YPOBHS, UTO JIEJIAaeT €€ 0COOEHHO aKTyaJbHOH U BIICUET
3a co0oii HEOOXOAMMOCTh O00paliaTh MPUCTAIBHOE BHUMAaHHE Ha KPAaeBEIYECKYHO MOATOTOBKY
Oyaymmx yunrteneid ucropuu» [3, c. 305-306].

Hctopuku, mnpernoaaBaredd OOIIECTBEHHBIX AWCLIMIUINH, 4Yalle BCEro CTAJKHUBAIOTCA C
HEOOXOJUMOCTBIO pabOThl € TMOHATUSAMH W TEPMHHAMH, TIOCKOJbKY HWMEHHO OHHU B
KOHIIEHTPUPOBAHHOM BHJIE COAEpPkKAT Ty UH(OpMAIHIO, KOTOPYIO HEOOXOAUMO YCBOUTH U MOTYT
CIIYKHUTh OTIIPABHOM TOYKOW KaK JJIs MPUOOPETCHHUST HOBOK MH(OPMAIINU, TaK U JJI H3BJICUCHUS
U3 TaMsTH, YCBOGHHOW paHee. B CBA3M ¢ 3TUM B XOJ€ CaMOCTOSITENILHON pabOThl HEOOXOAMMO
yAETATH 0c000e BHUMaHUE padoTe ¢ TepPMHUHAMH, KOTOPBIE JODKHBI JIETAThHO PACCMATPHBATHCS C
pa3HbIX cTopoH. OnHUM U3 dPPEKTUBHBIX CIOCOO0B pabOTHI ¢ TEPMUHAMU SIBISIETCS TMOMbBITKA
CO3MaHHsSI COOCTBEHHBIX (HOPMYJIIMPOBOK, KOTOPHIE MOKHO TPEUIOKHUTh OOYYArOIIMMCS ITOCIIe
yCBOEHHUS MaTepHuana TeMbl. Kpome Toro, pabora ¢ TepMuHaMu TpedyeT riyO00Koro MOHUMAaHUS
3HAHMS TPEIMETA, TTOCKOIBKY HJIET MPOIECC MOCTOSHHOTO OOHOBJICHHSI COJICPIKAHUSI TEPMHHOB H
MOSIBJICHUS HOBBIX, paHEe HE UCIIONB3YEMBIX B HAYYHOU Cpe/ie.

Kak u3BeCTHO, HCTOPUS COAEPKHUT OrPOMHOE KOJMYECTBO Jar, UMEH, (aKTOB W WX Hawmboee
MHTEPECHBIX U 3aHUMATENbHBIX MoApoOHOocTel. C OJHON CTOPOHBI, yBIEUEHHE MOIPOOHOCTIMU
MOJKET IOBBICHTh HHTEPEC O0O0YUAIOIIMXCS K MPEJMETY, YBJICUYb, aTh MUY IS Pa3MBIIIICHHH U
MPUBECTH K CEPbE3HON HCCIeAOBATENbCKON paboTe; ¢ APYroil e —OrpoOMHOE KOJIUYECTBO
uH(pOPMAIIMM MOXET TPHBECTH K TOMY, 4TO OyJeT ToTepsHa OCHOBHAs KaHBa COOBITH,
BO3HUKHYT TPYAHOCTH B IOHUMAaHUHM 3aKOHOMEPHOCTEW HMCTOPUYECKOTO Tporecca. B aToi
CUTYallid HEOOXOIMMO TPUJIEPKUBATHCS OMPEEICHHOTO OaaHca, UCIOIB30BaTh KapThl, CXEMBI,
a Takke TaONUIBI CPAaBHUTEIBLHO-CONOCTABUTEIBHOIO Xapakrepa. «OOydJaromuecs, Tpu
COCTaBIICHUHM CPAaBHUTEIHHBIX XPOHOJIOTHYECKHUX TAOMUI] PEHIalOT elle OJHY HEeMaJOBaXKHYIO
3aJjaqy — BBIJCJICHUE TJIABHBIX JIaT, IO3BOJISIIOIIMX CO37aTh MEPHOAM3AINI0, W CITy)KalTuX
CBOCOOpa3HBIM KOCTSKOM HCTOpUYecKoro mporecca. KoHewHo, mombop Jar 3aBUCUT OT
MacImTabHOCTH TIepuo/a, oO0beMa M30paHHOW TEMaTHKH, IEH 3a/JaHHs; HO B JIIOOOM Ciydae
MperoiaraeTcsd WX pa3JeliecHHe Ha OCHOBHBIE W BCIIOMOTATENbHBIE, KOTOPOE HEOOXOIUMO
OCYIIECTBHTH CaMOCTOSITEIbHO W OOOCHOBAaTh, MPEABAPUTEIIBHO MMPOAHATHU3UPOBAB OONTUPHBII
matepuan» [4, c. 78].
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CoOcTBeHHO 3anosiHeHue TaOnuil TpeOyeT AOCTaTOYHO OOIIMPHBIX 3HAHMUMN, MPUUYEM HE IPOCTO
(akTHUeCKOro MaTrepHaia, a yaie BCero y)xe mpopaboTaHHOTO U aHAIUTHYECKH OCMBICICHHOTO,
IIOCKOJIBKY Il TOro, 4TOOBl CPaBHUTh HEOOXOOUMO TIiyOOKO 3HaTh M IOHMMAaTh MaTepHall.
Haunbonee crnoXHBIM 3aJaHWEM SBIISIETCS CPAaBHEHHE HE IO YK€ 3a/JaHHBIM KPUTEpHUsM, a
BbIJIeJIEHUE COOCTBEHHBIX KPUTEPUEB, HAIIPABIEHHBIX HA IOUCK OOLIET0 U OCOOEHHOTO.
Hcropuyeckre KapThl TPAAULMOHHO HCHONB3YIOTCS U CaMOCTOSITEIIEHOTO H3BIICUYCHUS
MaTepuajga, Ha COBPEMEHHOM 3Tale HMX BO3MOXKHOCTU CYIIECTBEHHO PAaCIIUPUIINCh 32 CYET
NPUMEHEHHUS KOMIBIOTEPHBIX TEXHOJOTHUH: «...KapTa SBIISETCS CEPhE3HBIM MOJICIIOPHEM B
NOJyYEeHUH MPOQUIBHBIX HCTOPUYECKMX 3HAHMM, a TakKe MOXET BbICTyNaTh CPEICTBOM
pPa3sBUTHS KPUTHYECKOTO MBIIIJICHUS; T[I03BOJIAET BOCIPHHUMATH COOBITHS TPOLUIOTO |
HACTOSILEr0 B TECHOU CBSA3HM HE TOJIBKO C UX JIOKAJIM3alUeH, HO U CIIOCOOCTBOBATh OIPEJIEICHUIO
UX POJIM B UCTOPUYECKOM Tporiecce» [2, ¢. 296].

OO0ocHOBaHHO mNONYJsApHOW sBisiercss pabora ¢ Tecramu. Ecnm pemenue OGonblieil yactu
TECTOBBIX 3aJaHWH PACCUYUTAHO Ha BOCIPOM3BEICHHE MaTepuaia, TO COCTABICHHE TECTOB C
BBINTOJIHEHUEM BCEX HEOOXOJUMBIX TPeOOBAHMI MOYKHO Ha3BaTh JOBOJILHO CIOXHOH 3ajadei, B
X0Z€ KOTOPOH HYKHO BBIJICIIUTH BOIPOCHI, KOTOPHIE OXBATHIBAIOT OCHOBHOE COJICPKAHNUE TEMBI U
MOTYT IIPOBEPUTH YPOBEHb 3HaHUU. BhimonHenne Takoit paboThl HEOOXOIUMO KOHTPOJIUPOBATh U
IIPOBOAMTH TOIJA, KOIrJa oOydaroluecs y>Ke UMEIOT ONPEAeIEHHBIN ONBIT U 00J1aJat0T CyMMOM
3HaHUM.

OTnenbHOTO BHUMAaHUS 3aCITy’KMBAeT MOATOTOBKA pedeparoB, a 3aTeM KYPCOBBIX M BBIITYCKHBIX
paboT B XO/A€ TOATOTOBKM  KOTOPBIX  CTYJEHTBl  OCYLIECTBISIOT  PE3YyJbTATUBHYIO
CaMOCTOSITENbHYI0 PaboTy. OCOOCHHO TUIOAOTBOPHBIMH BBICTYMAIOT pedeparsl WM JTOKIaJH,
CBSI3aHHBIE C M3YyYCHHEM HCTOPUUYECKMX MCTOYHHMKOB, TPAKTOBKA KOTOPBIX, KaK MPaBUIIO, HOCUT
HEOJTHO3HAYHBIN XapakTep, TpeOyeT W3y4YeHUs MHEHHS Pa3IMYHBIX HCTOPUYECKUX IIKOJI H
¢dbopmupoBaHUs COOCTBEHHOro MHeHHs. bonee yriyOn€HHBIM MakeTOM ATOH K€ JeATeNIbHOCTH
SIBIISTIOTCSI KYPCOBBIE U BBIITYCKHBIE Pa0OTHI COOTBETCTBYIOIIEH TEMAaTHKH.

KoHTponb  BBIMOJIHEHHS ~ CAaMOCTOSITENBHOW  pabOTBl  CTYIEHTA-UCTOPUKA  BBICTYIAET
HEOTHEMJIEMOH COCTABIISIONICH yUeOHOTO Mpoliecca, OTHOW U3 OCHOB OpPTraHU3aIMU U TIOBBIIICHHS
ero 2 peKTUBHOCTH.

3amaueii, TpeOyrOme TBOPYECKOTO PEIICHHS, SBISIETCS MPOBEpKa 3aJaHWi CaMOCTOSTEIHLHON
paGotel. be3 cucremaTnueckoil TpPOBEpKM U 00s3aTeIbHOM KOPPEKTUPOBKU —CHCTEMa
CaMOCTOSITENIbHOM paboThl HEe OyAeT 3(P¢EeKTUBHOM, IMOCKOJIbKY OOyd4aronuecs, OCOOEHHO
MIIQJIINX KypcOB oOydaroluecs Kak HpaBUIO He OO0NagaroT JOCTaTOYHOW MOTHBALUMEH U
CTAJIKUBAIOTCS C Ae(PUIMTOM BpEMEHH, TaK KaK Ha HUX OOPYIIMBAETCS MOTOK HEMPHUBBIYHBIX
pa3HoOOpa3HbIX 3ajaHui. Ecinum cucremMa NpoBEepKH CaMOCTOATENbHOW paboOThl He Oyner
OpraHu30BaHa, OOydYalolIdecs MOTYT TPOCTO OTJOXKUTh  BBINOJHEHHE 3aJaHUi  OHa
HEOIPEEIEHHOE BpEMSL.

YacTUYHO KOHTPOJb MOXHO OCYIIECTBIATh B XOJ€ IMPAKTHUECKUX 3aHATHH, MOArOTOBKA K
KOTOPBIM TOXE COCTaBJISET 4YacTh CaMOCTOATENbHON paboThl. Kaxnmas mpaktudeckas pabota
J0JDKHA OBITh HANpaBJeHa, C OJHOM CTOPOHBI, HA BOCIPOU3BEACHNE MPOMIEHHOTO MaTepraia u
ero mpeoOpa3oBaHue, TO €CTh OCYIIECTBIATHCS Ha PETPOAYKTHUBHOM M TBOPYECKOM ypoBHsIX. Ha
MPAKTUKE KaXXJ0€ 3aHATHE KPOME CTaHJAPTHBIX BOMPOCOB IS OOCYXKAECHUS U TNPAKTHUECKUX
3aJ1a4, MOKET COMPOBOXKIATHCS IIETTBIM HA0OPOM 3aJlaHWii Ha BBIJEIICHUEe HanOoJiee BaXKHBIX JIaT,
TEPMUHOB, TMepCcOHaNMiH. BaXHO BKIIOYATH BONPOCHI JJISI  CaMOKOHTPOJS, KOTOpbIE
(bopMyIHPYIOTCS ISt TOTO, YTOOBI 00YUYAIOIIUIACS TPH IMTOATOTOBKE HE YITYCTHII KAaKUX-TO BaYKHBIX
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COOBITUI WK JIeTajielf; u B cilydae, eClid 3TO MPOU30ILIO, UMENT BO3MOXKHOCTh BEPHYTHCS K TEME
U popaboTaTh HEOOXO MBI MaTepUall.

OTnenbHbIN KaHP MPAKTUYECKOTO 3aHATUSA — ATO MPOOJEMHBIE BOMPOCHI, IOCTAHOBKA KOTOPBIX
BBI3bIBAET psijl TPYIHOCTEH, OCOOEHHO y 00ydYaromMXcsi IEPBBIX KypcoB. VIMEHHO cTpemiieHHe
yBUETh NPOOJIEMHOCTh B TOW WM MHOM TeMaTHKe Kak pa3-Taku U (OpPMHUPYIOT
HCCJIEI0BATENIbCKUE HABBIKM, KOTOPHIE B JAJBHEUIIEM MCIOJIB3YIOTCS B CTYJECHYECKOM HAay4YHOU
JESATEIIBHOCTH.

Ecnu cucrema npoBepKU CaMOCTOSITENIBHON pabOThl Halak€HAa U HU OJHO 3aJlaHuE€ HE OCTaeTCs
0e3 BHUMaHHUs IIpernojaBaTelis, y OOYyYarollerocsi IOCTENEHHO CKJIAJbIBACTCsl IMPUBBIUKA
BBITIOJIHEHHUS] CAMOCTOSITEIbHOM paboThl, OH OCO3HAET €€ HEOOXOAMMOCTh M 3HAYMMOCTh. Kpome
TOr0, Ha CTAapIIUX Kypcax KOHTPOJb IOCTEIIEHHO MOKET 3aMEHSAThCS MOTHBalUMEel Ha riryOokoe
U3ydeHHe HEOOXOAUMBIX MPO(ECCHOHATBHBIX 3HAHWW, YMEHUH, HaBBIKOB, IOCKOJIBKY
oOyyaromuiicss 0co3HaET, YyTO B OIDKaMIIEN MEepCHeKTUBE BCE 3TO HPEJACTOMT IPUMEHSTh Ha
IIPAKTHKE.

[Tpu sTOM mpenopaaBaTeNb JOJDKEH COONIOATh IMeAaroruuyeckue TpeOoBaHMS OOBEKTHMBHOCTH,
CUCTEeMAaTUYHOCTH, JU(HHEPSHIIMPOBAHHOCTH TMPOBEPKH W TOMy TM0m00HOE. OOBEKTHBHO
ONpPEACIUTh YPOBEHb YCBOEHHMS MaTepuaja IO3BOJIMT IPUMEHEHUE MOZIYJIbHO-PEUTHHIOBOU
OLICHKM BBINIOJHEHUSI CaMOCTOSITENIbHOM palboThl. «B 3aBucMMOCTH OT cUTyallMM, HWHOIZA
HEOOXOJMMO TPAKTUUYECKH MIHOBEHHO IMpPHUHATh pelleHue (IPOSBUTh  ONEPATUBHOCTh
MBILLUIEHUSI), aKTUBU3UPOBATh MMEIOIIMECS 3HAHUS M HA UX OCHOBE BBIBECTH HOBOE CY)KJIEHUE
(MPOSIBUTh CHCTEMHOCTb MBILUIEHUS), U3MEHUTh 4YTO-TO B CBOMX CJIOBaX MWJIM JEHCTBUAX
(MpOSIBUTH IUIACTUYHOCTb MBIIUIEHUS), UHOTJIA HEOXKHUJAAHHO NIl ce0s HAaWTH HEOOBIYHBIH XOJ
pasMBIIUICHUN, HEU3BECTHBIM paHee crnoco0 oOydeHus (IpOsIBUTh KPEaTUBHOCTh MBILUICHUS),
BOCIPUHHUMATh apryMEHTHl OINIOHEHTa C TOYKM 3pEHUs UX YOeAUTEeNbHOCTH, HAyYHOCTH,
NpU3HaBaTh MX I1€eCO00Pa3HOCTh (IPOSBUTH TOJEPAHTHOCTb, CHAEP)KAHHOCTh, TAKTUYHOCTb,
MOOHJIBHOCTB MbINILTEHHS)» [5, ¢. 210].

O¢ddexkTuBHAs  opraHuzalus  CaMOCTOATENBHOM  pabOTBl  HYXXJaeTcsi B COOJIIOJCHUU
OIIPEIETICHHBIX YCIOBHIA.

[lpexne Bcero, ee 1€MW W 3aJauyd  JOJDKHBI O0S3aTENBHO COMNPATAThCS C  COJACPKAHUEM
oOpa3oBarenbHbIX porpaMm Toro BY3a, rae o0yuaroTcst CTyIeHTHI.

Crnenyromuit (paxkTop, KOTOpBIH ompenensercss MOTPeOHOCTSIMU COBPEMEHHOTO MHUpa — 3TO Te
TpeOoBaHUs, KOTOpbIE IMpenbsBIsSeT paboTodaTrenb U PHIHOK TpyAa B nenoM. Haswiky,
MOJIyYEHHBIE B X0/I€ CAMOCTOSTENIbHOW PabOThI, JOJKHBI COOTBETCTBOBATH 3TUM TPEOOBAHUSIM.
BaxxHbIM yclioBUEM SIBIISIETCS LIEIOCTHOCTD, HEMIPEPHIBHOCTh CAMOCTOSTENBHON paboThl, KOTOPast
JOJKHA OCYIIECTBIISATECS TOCTOSIHHO OT OJHOrO MpeaMeTa K JApYyromy, HUMes Mpu BcEM eé
pasHo00pa3uu ONpeeaEHHYIO0 TPEEMCTBEHHOCTD.

3aaHusl caMOCTOSITENIbHON paboThI AOKHBI ObITh AU(PEpeHInPOBAHbI TAKUM 00pa3oM, YTOOBI
KaX/Iplii 0Oyuaromuiicss MOTr' JOCTHYb ycIiexa, 4TOObl OHM HE MPEeACTaBISUIM Hepa3pelIMMbIX
3aja4 JUisl 00y4aronuxcs, JaBajid BO3MOXHOCTh IPUMEHEHHUS U Pa3BUTHUS NIOJyUYEHHBIX YMEHUN U
HaBBIKOB.

Kpome Toro, HeoOXOOMMO yYMTHIBATH YPOBEHb pPa3BUTUS HHTEPECOB OOYyYarOMIMXCHA, HX
JMYHOCTHBIE OCOOCHHOCTH, B COOTBETCTBHH C KOTOPBIMHU, B CIIydae €CJIM MPEA0CTABISACTCS TaKas
BO3MOXXHOCTb, OIIPENIENATh aKTyalbHbIE JJISl CTYJEHTOB BUJIbI CAMOCTOSITEILHON PaOOTHI.

BriBoabl
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Taxum o0pa3om, camocToATeabHas padoTa CIOCOOCTBYET: YIriyOJeHUIO U PACIIUPEHUIO 3HAHUI
0 UCTOpHH; POPMHUPOBAHUIO HHTEPECA K MO3HABATEIHLHOU NEATEIILHOCTH; OBIIAJCHUIO IPUEMaMU
mpolecca MO3HAHUS; PA3BUTHUIO MO3HABATENIbHBIX CIIOCOOHOCTEH; BBIPAOOTKE COOCTBEHHOMU
MO3UIIMK, CIMOCOOHOCTH MPUMEHUTh HM3YYEHHOE Ha MPAKTHKE, TBOPYECKHU MEPEOCMBICIUBATD,
COOTHOCUTBH TOJYYEHHbIE PE3yJIbTaThl MACSITENBHOCTH C TMEPCIEeKTHBAMH CBOeH Oymyiiei
npodeccuu. [loaromy, pu yCIOBUU CO3TaHHS ONTUMAIBHBIX YCIOBUN, OHA CTAHOBUTCS TJIABHBIM
pe3epBOM MOBBIIEHUS APPEKTUBHOCTH TMOATOTOBKH OyAyIIUX YYUTENeHd HCTOPUM U JaeT
BO3MOYXHOCTh TIOJTHSITh YPOBEHb TOTOBHOCTH K YCIIEIIHOHN MPOPECCHOHATBHON JAEITEITLHOCTH.

Hexapauuu
Pykomnuch He ObuIa IIpeACTaBICHA B KAKOW-TUOO IPYTOH KypHAI UK Ha KOH(EPEHITHIO.

OFpaHI/I'—IEHI/IH HCCJIeJOBAHUA
OFpaHI/I‘IeHI/If/'I, KOTOPBIC MOTJIA ObI IOBJIMATE Ha PE3yabTAaThl UCCIICAOBAHUA, HCT.

HoarBepxkaeHue

ABTOp xo0Ten Obl BBIPa3uTh OJIAroAapHOCTb PaOOTHHKAM CIYKObl MOAIEPKKH U TMOKUIBIM
JIOJISIM, KOTOPBIC MPUHSIIN y4aCTUE B 3TOM HUCCIEIOBAHUU, MOJCIUBIINCH CBOUMHU OCCIICHHBIMHU
3HaAHUSIMU M OObITOM. MX COTPYJIHHYECTBO U OTKPBITOCTh B 3HAYUTEIBHOM CTENEHU
CI0CcO0CTBOBAIM IITyOMHE M OOTaTCTBY PE3yJIbTATOB UCCIICIOBAHUH.
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University of Rijeka. Department of Informatics, Full professor. PhD in Logistics, e-business.

Egypt
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Abdelbadeh Salem

Professor at Faculty of Computer and Information Science, Ain Shams University.

Neyara Radwan

King Abdul-Aziz University. Jeddah. KSA. Business Administration Department. Faculty of Economics and Administration. Assistant
Professor. Suez Canal University. Mechanical Department. Faculty of Engineering. Assistant Professor.
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France

Michael Schaefer
L’Association 1901 SEPIKE International, Président at SEPIKE International. PhD of Economical Sciences.

Georgia

Anzor Abralava

Georgian Technical University. Doctor of Economical Sciences. Full Professor

Archil Prangishvili

Georgian Technical University. Doctor of Technical Sciences. Full Professor.

Avtandil Silagadze

Correspondent committee-man of National Academy of Georgia. Thilisi University of International Relationships. Doctor of
Economical Sciences. Full Professor.

Badri Gechbaia

Batumi Shota Rustaveli State University. Head of Business Administration Department. PhD in Economics, Associate Professor.
Dali Sologashvili

State University named Akaki Tsereteli. Doctor of Economical Sciences. Full Professor

Dali Osepashvili

Professor of Journalism and Mass Communication TSU (Thilisi State University), Head MA Program "Media and New Technology"
Davit Narmania

Thilisi State University (TSU), Chair of Management and Administration Department. Professor.

Davit Tophuria

Thilisi State Medical University. Head of International Students Academic Department, Associate Professor. PhD in HNA.
Eka Avaliani

International Black Sea University. Faculty of Social Sciences and Humanities, Professor of History.

Eka Darchiashvili

Thilisi State University named after Sv. Grigol Peradze. Assistant of professor. PhD in BA.

Enene Menabde-Jobadze

Georgian Technical University. Academical Doctor of Economics.

Eter Bukhnikashvili

University of Georgia, Department of Dentistry of the School of Health Sciences, PhD in Dentistry. MD dentist.

Evgeni Baratashvili

Georgian Technical University. Head of Economic and Business Department. Doctor of Economical Sciences. Full Professor
George Jandieri

Georgian Technical University; Chief scientist, Institute of Cybernetics of the Georgian Academy. Full Professor

George Malashkhia

Georgian Technical University. Doctor of Economical Sciences. Full Professor.

Giorgi Kepuladze

Business and Technology University, Associate Professor, PhD in Economics.

Gulnara Kiliptari

Thilisi StateMedical University. Head of ICU department. Associate professor.

lamze Taboridze

David Aghmashenebeli University of Georgia, Head of the Center for Scientific Research and Continuing Education, PhD in biological
sciences. Associate professor.

Ketevan Goletiani

Batumi Navigation Teaching University. Dean of Business and Logistics Faculty, Professor, Batumi Shota Rustaveli State University.
Doctor of Business Administration, Assistant-Professor

Lali Akhmeteli

Thilisi State Medical University, Surgery Department #1, Direction of Surgical, Associate Professor. General Surgery.
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Lamara Qogqiauri

Georgian Technical University. Member of Academy of Economical Sciences. Member of New York Academy of Sciences. g
Director of first English school nhamed "Nino". Doctor of Economical Sciences. Full Professor. —
Larisa Korghanashvili '5
Thilisi State University (TSU) named Ivane Javakhishvili. Full Professor ~
Larisa Takalandze o
Sokhumi State University, Faculty of Business and Social Sciences. Doctor of Economic Sciences. Professor. 'IA
Lia Davitadze N
Batumi Shota Rustaveli State University. Higher Education Teaching Professional. PhD in Educational Sciences. 8
Lia Eliava ~
Kutaisi University.Economic expert in the sphere of economy and current events in financial sector.Full Professor.

PhD in Business Administration.

Lia Matchavariani N
Ivane Javakhishvili Thilisi State University (TSU). Head of Soil Geography Chair, Faculty of Exact & Natural Sciences (Geography B

Dep.), Full Professor.

Loid Karchava

Doctor of Business Administration, Association Professor at the Caucasus International University, Editor-in-Chief of the international
Scientific Journal "Akhali Ekonomisti" (The New Economist)

Maia Matoshvili

Thilisi State Medical University. The First University Clinic. Dermato-Venereologist. Assistant Professor. PhD in DAPS.

Mariam Darbaidze

Davit Aghmashenebeli National Defense Academy of Georgia. The Head of Education Division. PhD in Biology.

Mariam Kharaishvili

Sulkhan-Saba Orbeliani University, School of Medicine, Associated Professor, PhD in Medicine, MD.

Mariam Nanitashvili

Executive Director - Wise Development LTD (Training Centre). Associated Professor at Caucasus University. PhD in Economics
Nana Shoniya

State University of Kutaisi named Akakhi Tsereteli. Doctor of Economical Sciences. Full professor

Natia Beridze

LEPL National Environmental Agency of Georgia, Invited Expert at International Relations and PR Division. PhD in Political Science.
Natia Shengelia

Georgian Technical University, Business Technology Faculty, Associate Professor.

Nelli Sichinava

Akaki Tsereteli State Universiry . Associate. Professor. PhD

Nino Didbaridze

Microbiology and Immunology Department. Immunologi Direction. Tbilisi State Medical University. PhD MD.

Nino Gogokhia

Thilisi State Medical University. Head of Laboratory the First University Clinic. Professor.

Nino Museridze

GGRC Georgian-German Center for Reproductive Medicine, Owner and Clinical Director. The Doctor of Medicine, Full Professor.
Nino Pirtskhelani

Thilisi State Medical University, Department of Molecular and Medical Genetics, Associated Professor. Alte University, Ken Walker
International University, Professor.

Paata Koguashvili

Georgian Technical University. Doctor of Economical Sciences. Full Professor. Academician. Member of Georgia Academy of
Sciences of Agriculture.

Rati Abuladze

St. Andrew the first-called Georgian University of the Patriarchate of Georgia. Faculty of Economics and Eusiness Edministration.
Manager of the Faculty Quality Assurance Office. PhD in Business Administration.

Rusudan Kutateladze

Georgian Technical University. Doctor of Economical Sciences. Full Professor

Rusudan Sujashvili

School of Medicine, New Vision University, Ivane Beritashvili Center of Experimental Biomedicine, Professor, Doctor of Biology.
Tamar Didbaridze

Thilisi State Medical University, Microbiology Department, Associate Professor First University Clinic. PhD in MD.

Tamar Giorgadze

Thilisi State Medical University. Department of Histology, Cytology and Embryology. Assistant Professor.

Tamila Arnania-Kepuladze

Akaki Tsereteli State University. Department of Economics. Professor.

Timuri Babunashvili

Georgian Business Academy of Science. Doctor of Economical Sciences. Full Professor.

Vladimer Papava

Thilisi State Medical University. Assistant-Professor. PhD. MD.

Zurab Khonelidze

Sokhumi State University. Doctor of Political Sciences. Professor.
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Germany

Alexander Dilger

University of Munster. Professor of Business Economics. PhD in Economy.

Hans-Juergen Zahorka

Assessor jur., Senior Lecturer (EU and International Law, Institutions and Economy), Chief Editor of "European Union Foreign Affairs
Journal", LIBERTAS - European Institute, Rangendingen

Greece

Margarita Kefalaki
Communication Institute of Greece. PhD in Cultural Communication. President of Institute.

Hungary

Nicasia Picciano
Central European University. Department of International Relations and European Studies.

India

Federica Farneti

University of Bologna. Department of Sociology and Business Low. Associate Professor. OhD in Economic & Management.
Prasanta Kumar Mitra

Sikkim Manipal Institute of Medical Sciences. Deptartment of Medical Biotechnology. PhD in Biochemistry.

Samant Shant Priya

Lal Bahadur Shastri Institute of Management, New Delhi, Associate Professor in Philosophy PhD in Marketing.

Sonal Purohit

Jain University, Center for Management Studies, Assistant Professor, PhD in Business Administration, Life Insurance, Privatization.
Varadaraj Aravamudhan

Alliance University, Professor.

Iraq

Rana Khudhair Abbas Ahmed
Irag, Baghdad, Alrafidain University College. Lecturer, Global Executive Administrator, Academic coordinator. PhD in Scholar (CS).

Iran

Azadeh Asgari
Asian Economic and Social Society (AESS). Teaching English as a Second Language. PhD

Italy

Simona Epasto

University of Macerata. Department of Political Science, Communication and International Relations. Tenured Assistant Professor in
Economic and Political Geography. PhD in Economic and Political Geography

Donatella M. Viola

London School of Economics and Political Science, London, Assistant Professor in Politics and International Relations at the
University of Calabria, Italy. PhD in International Relations.

Jordan

Ahmad Aljaber

President at Gulf University. German Jordan University, Founder / Chairman of the Board. Ph.D in Computer Science
Ahmad Zamil

Middle East University (MEU). Business Administration Dept. Associate Professor. PhD Marketing

Ikhlas Ibrahim Altarawneh

Al-Huessien BinTalal University. Business Department. Full Professor in Human Resource Management.

Asmahan Majed Altaher

Arab Academy for Banking and Financial Sciences. Associate Professor. PhD in Management Information System.
Sadeq Al-Hamouz

The World Islamic Sciences & Education University (WISE), Vice Dean of the Faculty of Information Technology.
Chairman of the Department of Computer Science. Professor.

Safwan Al Salaimeh

Aqaba University of Technology. Sofrware Engineering Department. Information Technology Faculty. Dean of information technology
faculty. Professor.
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Kazakhstan

Ainur Tokshilikova

West Kazakhstan Marat Ospanov Medical University, PhD in Medicine, Department of Anesthesiology and Reanimatology.
Alessandra Clementi

Nazarbayev University School of Medicine. MD, GP. Assistant Professor of Medical Practice and Family Medicine

Anar Mirzagalieva

Astana Internationl University. Vice-President. PhD in Biology.

Anna Troeglazova

East Kazakhstan State University named Sarsen Amanjolov. PhD

Gulmira Zhurabekova

Marat Ospanov West-Kazakhstan State Medical Academy. Department of Human Anatomy. Associate Professor

Nuriya Kharissova

Karaganda Medical University. Associate Professor of Biological Science.

Nikolay Kurguzov

State University of Pavlodar named S. Toraygirova. PhD. Professor.

Zhanargul Smailova

Head of the Department of Biochemistry and Chemical Disciplines named after MD, professor S.O. Tapbergenova NAC Medical
University of city Semey.

Zhanslu Sarkulova

West Kazakhstan Marat Ospanov Medical University, Doctor of Medical Sciences, Professor, Department of Anesthesiology and
Reanimatology.

Libya

Salaheddin Sharif
University of Benghazi, Libyan Football Federation- Benghazi PhD in Medicine (MD)

Latvia

Tatjana Tambovceva
Riga Technical University. Faculty of Engineering Economics and Management, Professor.

Lithuania

Agne Simelyte

Vilnius Gediminas Technical University, Associate professor. Phd in Social Sciences (Management)

leva Meidute — Kavaliauskiene

Vilnius Gediminas Technical University. Doctor of Technological Sciences. Head of Business Technologies and Entrepreneurship
Department, Faculty of Business Management.

Vilma (Kovertaite) Musankoviene

e-Learning Technology Centre. Kaunas University of Technology. PHD

Laura Uturyte

Vilnius Gediminas Technical University (VGTU). Head of Project Manager at Pl Gintarine Akademy. PhD in Economy.

Loreta (Gedminaité) Ulvydiene

Professor of Intercultural Communication and Studies of Translation. Vilnius University. PHD

Zhaneta Simanavichiené

Mykolas Romeris University, Head of the Sustainable Innovation Laboratory, Public Security Academy, professor. Honorary Consul of
the Republic of Estonia in Lithuania

Macedonia

Liza Alili Sulejmani

International Balkan University. Head of Banking and Finance department. Assistant Professor. PhD of Economics.
Learta Alili Ademi

Pediatrician in University, Clinic for pediatric diseases, department of neurology.

Malaysia

Anwarul Islam

The Millennium University. Department of Business Administration. Associate Professor.

Kamal Uddin

Millennium University, Department of Business Administration. Associate Professor. PhD in Business Administration.
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Morocco

Mohammed Amine Balambo
Ibn Tufail University, Aix-Marseille University. Free lance. Consultant and Trainer. PhD in Philosophy. Management Sciences,
Specialty Strategy and Logistics.

Nigeria

Bhola Khan
Yobe State University, Damaturu. Associate Professor, Depatrment of Economics. PhD in Economics.

Norway

Svitlana Holovchuk
PhD in general pedagogics and history of pedagogics.

Pakistan

Nawaz Ahmad
Shaheed Benazir Bhutto University, Associate Professor, PhD in Management.

Poland

Grzegorz Michalski

Wroclaw University of Economics. Faculty of Engineering and Economics. PhD in economics. Assistant professor.

Kazimierz Waluch

Pawel Wlodkowic University College in Plock, Assistant Professor at the Faculty of Management. PhD in Economy.

Robert Pawel Suslo

Wroclaw Medical University, Public Health Department, Health Sciences Faculty, Adjunct Professor of Gerontology Unit. PhD MD.
Tadeusz Trocikowski

European Institute for Eastern Studies. PhD in Management Sciences.

Qatar

Mohammed Elgammal
Qatar University. Assistant Professor in Finance. PhD in Finance

Romania

Camelia Florela Voinea

University of Bucharest, Faculty of Political Science, Department of Political Science, International Relations and Security Studies.
PhD in Palitical Sciences.

Minodora Dobreanu

University of Medicine and Pharmacy of Targu Mures. Faculty of Medicine. Professor, MD, PhD in Medicine, Romanian Association of
Laboratory Medicine. Editor-in-chief.

Odette (Buzea) Arhip

Ecological University of Bucuresti. Associate Professor. PhD in Social Sciences.

Russia

Grigory G. Levkin

Siberian State Automobile and Highway Academy. Omsk State Transport University. PHD of Veterinary Sciences
Nikolay N. Sentyabrev

Volgograd State Academy of Physical Culture. Doctor of Biological Sciences. Professor. Academician.

Sergei A. Ostroumov

Moscow State University. Doctor of Biological Science. Professor

Victor F. Stukach

Omsk State Agrarian University. Doctor of Economical Sciences. Professor

Zhanna Glotova

Baltic Federal University named Immanuel Kant, Ph.D., Associate Professor.

Saudi Arabia

Ikhlas (Ibrahim) Altarawneh

Ibn Rushd College for Management Sciences. PHD Human Resource Development and Management.
Associate Professor in Business Administration

Salim A alghamdi

Taif University. Head of Accounting and Finance Dept. PhD Accounting
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Serbia

Jane Paunkovic

Faculty for Management, Megatrend University. Full Professor. PhD, Medicine

Jelena Purenovic

University of Kragujevac . Faculty of Technical Sciences Cacak . Assistant Professor . PhD in NM systems.

South Korea
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Aynur Aliyeva
The Catholic University of Korea. Department of Otorhinolaryngology, Head and Neck Surgery. MD, PhD.

Sultanate of Oman

yXA»

Nithya Ramachandran

Ibra College of Technology. Accounting and Finance Faculty, Department of Business Studies. PhD

Rustom Mamlook

Dhofar University, Department of Electrical and Computer Engineering College of Engineering. PhD in Engineering / Computer
Engineering. Professor.

Sweden

Goran Basic
Lund University. Department of Sociology. PhD in Sociology. Postdoctoral Researcher in Sociology.

Turkey

Fuad Aliew

Gebze Technical University, Department of Electronics Engineering, Faculty of Engineering,Assaociate professor, PhD in Automation
engineering

Mehmet Inan

Turkish Physical Education Teachers Association. Vice president. PhD in Health Sciences, Physical Education and Sport Sciences
Melis Gondlal

University of Health Sciences, izmir Tepecik Training and Research Hospital, Associate professor.

Muzaffer Sanci

University of Health Sciences. Tepecik Research and Teaching Hospital. Clinics of Gynecology and Obtetrics Department of
Gynecologic Oncologic Surgery. Assocciated Proffesor.

Vugar Djafarov

Medical school at the University of Ondokuzmayis Turkey. PhD. Turkey.

Yigit Kazancioglu

Izmir University of Economics. Associate Professor, PhDin Business Administration.

UK

Christopher Vasillopulos

Professor of Political Science at Eastern Connecticut State University. PhD in Political Science and Government.

Frances Tsakonas

International Institute for Education Advancement. Ceo & Founder. PhD in Philosophy.

Georgios Piperopoulos

Northumbria University. Visiting Professor, Faculty of Business and Law Newcastle Business School. PhD Sociology and Psychology.
Mahmoud Khalifa

Lecturer at Suez Canal University. Visiting Fellow, School of Social and Political Sciences, University of Lincoln UK. PhD in Social
and Political Sciences

Mohammed Elgammal

Qatar University. Assistant Professor. PhD in Finance.

Stephan Thomas Roberts

BP Global Project Organisation. EI&T Construction Engineer. Azerbaijan Developments. SD 2 Onshore Terminal. Electrical engineer.

Ukraine

Alina Revtie-Uvarova

National Scientific Center. Institute of Soil Structure and Agrochemistry named Sokolovski. Senior Researcher of the Laboratory,
performing part-time duties of the head of this laboratory.

Alona Obozna

Mykolaiv National Agrarian University, Department of Hotel and Restaurant Business and Business Organization, PhD of Economics,
Associate Professor.

Alla Oleksyuk-Nexhames

Lviv University of Medicine. Neurologyst at pedagog, pryvaty refleksoterapy. MD PD.
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Anna Kozlovska

Ukrainian Academy of Banking of the National Bank of Ukraine. Associate Professor. PhD in Ecomomic.

Bogdan Storokha

Poltava State Pedagogical University. PhD

Dmytro Horilyk

Head of the Council, at Pharmaceutical Education & Research Center. PhD in Medicine.

Galina Kuzmenko

Central Ukrainian National Technical University, Department of Audit and Taxation, Associate Professor.PhD in Economiy.
Galina Lopushniak

Kyiv National Economic University named after Vadym Hetman. PhD. Doctor of Economic Sciences, Professor.

Hanna Huliaieva

Institute of Microbiology and Virology, NASU, department of phytopatogenic bacteria. The senior research fellow, PhD in Biology.
Hanna Komarnytska

Ivan Franko National University of Lviv , Head of the Department of Economics and Management, Faculty of Finance and Business
Management, Ph.D. in Economics, Associate Professor.

Iryna Skrypchenko

Dnipropetrovsk State University of Internal Affairs. Head department of physical education & technical and tactical training. PhD,
associate professor.

Iryna Trunina

Kremenchuk Mykhailo Ostrogradsky National University, Head of Business Administration, Marketing and Tourism department,
Faculty of Economics and Management, Professor.

Katerina Yagelskaya

Donetsk National Technical University. PhD

Larysa Kapranova

State Higher Educational Institution «Priazovskyi State Technical University» Head of the Department of Economic Theory

and Entrepreneurship, Associate Professor, PhD in Economy,

Lesia Baranovskaya

Igor Sikorsky Kyiv Polytechnic Institute, Department of Mathematical Methods of Systems Analysis, PhD, Associate Professor.
Liana Ptaschenko

National University «Yuri Kondratyuk Poltava Polytechnic». Doctor of Economical Sciences. Professor

Liliya Roman

Department of Social Sciences and Ukrainian Studies of the Bukovinian State Medical University. Associate professor, PhD in
Philology,

Liudmyla Fylypovych

H.S. Skovoroda Institute of Philosophy of National academy of sciences of Ukraine, Leading scholar of Religious Studies Department.
Doctor of philosophical sciences, professor.

Lyudmyla Svistun

Poltava national technical Yuri Kondratyuk University. Department of Finance and Banking. Associated Professor.

Mixail M. Bogdan

Institute of Microbiology and Virology, NASU, department of Plant of viruses. PhD in Agricultural Sciences.

Nataliia Bezrukova

Yuri Kondratyuk National Technical University. Associate Professor, PhD in Economic.

Nataliia Shalimova

Central Ukrainian National Technical University, Audit, Accounting and Taxation Department, Dean of the Faculty of Economics, Dr.
of Economics, Professor.

Nataliia Ushenko

Borys Grinchenko Kyiv University, Department International Economics, Doctor of Economic Sciences, Professor.

Olena Syniavska

Kharkiv National University of Internal Affairs, Department of Law Enforcement Activity and Policeistics, Doctor of Legal Sciences,
Professor.

Oleksandr Voznyak

Hospital “Feofaniya”. Kyiv. Head of Neureosurgical Centre. Associated Professor.

Oleksandra Kononova

Prydniprovska State Academy of Civil Engineering and Architecture (PSACIA), Assoc.professor of Accounting, Economics and
Human Resources Management department. PhD. in Economic Science.

Oleksandr Levchenko

Central Ukrainian National Technical University, Kropyvnytskyi. Vice-Rector for Scientific Activities. Professor.

Olena Cherniavska

Poltava University of Economics and Trade, Doctor of Economical Sciences. Professor

Olga Gold

Aix Marseille University, Mesopolhis, Mediterranean sociologic, political and history sciences researcher, Associate Professor.
Olga Gonchar

Khmelnytsky National University, Economics of Enterprise and Entrepreneurship, Doctor of Economic Sciences, Professor.
Olha llyash

National Technical University of Ukraine the “Igor Sikorsky Kyiv Polytechnic Institute”, Professor, Doctor of Science.in Economics.
Roman Lysyuk

Assistant Professor at Pharmacognosy and Botany Department at Danylo Halytsky Lviv National Medical University.
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Sergei S. Padalka

Doctor of Historical Sciences, Professor, Senior Researcher at the Department of Contemporary History and Policy at the Institute of g
History of Ukraine National Academy of Sciences of Ukraine. —
Stanislav Goloborodko '5
Doctor of Agricultural Sciences, Senior Researcher. Institute of Agricultural Technologies of Irrigated Agriculture of the National ~
Academy of Agrarian Sciences of Ukraine o
Svetlana Dubova =
Kyiv National University of Construction and Architecture. Department of Urban Construction. Associate Professor. PhD in TS. N
Kyiv Cooperative Institute of Business and Law o
h N
Svitlana Onyshchenko ~
National University “Yuri Kondratyuk Poltava Polytechnic”, Finance, Banking and Taxation Department, D.Sc. (Economics),
Professor.
Tetiana Kaminska N
Kyiv Cooperative Institute of Business and Law. Rector. Doctor of Science in Economics. . B

Valentina Drozd

State Scientific Research Institute of the Ministry of Internal Affairs of Ukraine. Doctor of Law, Associate Professor, Senior
Researcher.

Vasyl Klymenko

Central Ukrainian National Technical University. Department of Electrical Systems and Energy Management. Doctor TS. Professor.
Victoriya Lykova

Zaporizhzhya National University, PhD of History

Victor Mironenko

Doctor of Architecture, professor of department "Design of architectural environment", Dean of the Faculty of Architecture of Kharkov
National University of Construction and Architecture (KNUCA), member of the Ukrainian Academy of Architecture

Yuliia Mytrokhina

Donetsk National University of Economics and Trade named after Mykhaylo Tugan-Baranovsky., PhD in Marketing and Management.
Associate Professor

Yulija Popova

Municipal Institution "Agency for Local Development of Territorial Communities of Poltava District”, PhD in Ecomomic. Assiciated
professor.

Crimea

Lienara Adzhyieva

V.l. Vernadsky Crimean Federal University, Yevpatoriya Institute of Social Sciences (branch). PhD of History. Associate Professor
Oksana Usatenko

V.I. Vernadsky Crimean Federal University. Academy of Humanities and Education (branch). PhD of Psychology.

Associate Professor.

Tatiana Scriabina

V.I. Vernadsky Crimean Federal University, Yevpatoriya Institute of Social Sciences (filial branch). PhD of Pedagogy.

Associate Professor

United Arab Emirates

Ashok Dubey

Emirates Institute for Banking & Financial Studies, Senior faculty. Chairperson of Academic Research Committee of EIBFS.
PhD in Economics

Maryam Johari Shirazi

Faculty of Management and HRM. PhD in HRM. OIMC group CEO.

USA

Ahmet S. Yayla

Adjunct Professor, George Mason University, the Department of Criminology, Law and Society & Deputy Director, International
Center for the Study of Violent Extremism (ICSVE), PhD in Criminal Justice and Information Science

Christine Sixta Rinehart

Academic Affairs at University of South Carolina Palmetto College. Assistant Professor of Political Science. Ph.D. Political Science
Cynthia Buckley

Professor of Sociology at University of lllinois. Urbana-Champaign. Sociological Research

Medani P. Bhandari

Akamai University. Associate professor. Ph.D. in Sociology.

Mikhail Z. Vaynshteyn

Lecturing in informal associations and the publication of scientific articles on the Internet. Participation in research seminars in the
"SLU University" and "Washington University", Saint Louis

Nicolai Panikov

Lecturer at Tufts University. Harvard School of Public Health. PhD/DSci, Microbiology
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Rose Berkun

State University of New York at Buffalo. Jacobs School of Medicine & Biomedical Sciences, Clinical Associate Professor of
Anesthesiology, PhD. MD

Tabhir Kibriya

Director technical / senior engineering manager. Black & Veatch Corporation, Overland Park. PhD Civil Engineering.

Yahya Kamalipour

Dept. of Journalism and Mass Communication North Carolina A&T State University Greensboro, North Ca. Professor and Chair
Department of Journalism and Mass Communication North Carolina A&T State University. PhD

Wael Al-Husami

Lahey Hospital & Medical Center, Nardone Medical Associate, Alkhaldi Hospital, Medical Doctor, International Health, MD, FACC,
FACP

Uruguay

Gerardo Prieto Blanco
Universidad de la Republica. Economist, Associate Professor . Montevideo.

Uzbekistan

Guzel Kutlieva

Institute of Microbiology. Senior Researcher. PhD in BS.

Khurshida Narbaeva

Institute of Microbiology, Academy of Sciences Republic of Uzbekistan, Doctor of biological sciences.
Nilufar Elova

Academy of sciences. Doctor of Philosophy in biology, Senior scientific worker.

Shaklo Miralimova

Academy of Science. Institute of Microbiology. Deputy Director, Doctor of Biology Sciences. PhD in BS.
Shukhrat Yovkochev

Tashkent State Institute of Oriental Stadies. Full professor. PhD in political sciences.

Honorary editorial board members:

Agaheydar Seyfulla Isayev

Azerbaijan State Oil Academy. Doctor of Economical Sciences. Professor.
Jacob Meskhia

Thilisi State University. Faculty of Economics and Business. Full Professor.

THE CAUCASUS ECONOMIC & SOCIAL ANALYSIS JOURNAL OF SOUTHERN CAUCASUS



AIMS AND SCOPE

ESIF NGO The Southern Caucasus Scientific Journals publishes peer-reviewed, original
research and review articles in an open-access format. Accepted articles span the full extent of the
social and behavioral sciences and the humanities.

ESIF NGO The Southern Caucasus Scientific Journals seeks to be the world’s premier open-
access outlet for academic research. As such, unlike traditional journals, ESIF NGO The Southern
Caucasus Scientific Journals does not limit content due to page budgets or thematic significance.
Rather, ESIF NGO The Southern Caucasus Scientific Journals evaluates the scientific and
research methods of each article for validity and accepts articles solely on the basis of the
research. Likewise, by not restricting papers to a narrow discipline, ESIF NGO The Southern
Caucasus Scientific Journals facilitates the discovery of the connections between papers, whether
within or between disciplines.

ESIF NGO The Southern Caucasus Scientific Journals offers authors quick review and decision
times; a continuous-publication format; and global distribution for their research via ESIF NGO
The Southern Caucasus Scientific Journals Online. All articles are professionally copyedited and
typeset to ensure quality.

Those who should submit to ESIF NGO The Southern Caucasus Scientific Journals include:

e Authors who want their articles to receive quality reviews and efficient production, ensuring
the quickest publication time.

e Authors who want their articles to receive free, broad, and global distribution on a powerful,
highly discoverable publishing platform.

e Authors who want their articles branded and marketed by a world-leading social science
publisher.

e Authors who want or need their articles to be open access because of university or government
mandates.
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contained, citation-free abstract and state briefly the purpose of the research, methodology, key
results and major conclusions. Abstract should be in a single paragraph with running sentences.
Do not use any subheading or point list within the abstract. Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in the
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challenges and importance of current work. This section should be succinct, with no subheadings
unless unavoidable [2, 3]. State the objectives of the work and provide an adequate background
related to your work, avoiding a detailed literature survey or a summary of the results.

Research Methodology (Times New Roman, 12)

This part should contain sufficient detail to reproduce reported data. It can be divided into
subsections if several methods are described. Methods already published should be indicated by a
reference [4], only relevant modifications should be described. Methodology should be written
concisely in detail by maintaining continuity of the texts.

Theory and Calculation (Times New Roman, 12)

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents
a practical development from a theoretical basis. Do not add extensive basic definitions or well-
known theories, instead highlight theoretical background and its specific usages in view of your
work only.

Mathematical Expressions and Symbols (Times New Roman, 12)

Mathematical expressions and symbols should be inserted using equation tool of Microsoft word.
References may be added for used equations to support its authenticity, e.g. this result has been
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Results and Discussion (Times New Roman, 12)
This section may each be divided by subheadings or may be combined. A combined Results and
Discussion section is often appropriate. This should explore the significance of the results of the
work, don’t repeat them. Avoid extensive citations and discussion of published literature only,
instead discuss recent literature for comparing your work to highlight novelty of the work in view
of recent development and challenges in the field.
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Preparation of Figures and Tables (Times New Roman, 12)

Authors are supposed to embed all figures and tables at appropriate place within manuscript.
Figures and tables should neither be submitted in separate files nor add at the end of manuscript.
Figures and Tables should be numbered properly with descriptive title. Each Figure/Table must be
explained within the text by referring to corresponding figure/table number. Any unexplained or
unnumbered Figure/Table may cause rejection of the paper without being reviewed.

Formatting Tables (Times New Roman, 12)

Table should be prepare using table tool within the Microsoft word and cited consecutively in the
text. Every table must have a descriptive title and if numerical measurements are given, the units
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Table 1.
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Formatting Figures (Times New Roman, 12)

All figures should be cited in the paper in a consecutive order, author may be asked to provide
separate files of the figure. Figures should be used in bitmap formats (TIFF, GIF, JPEG, etc.) with
300 dpi resolution at least unless the resolution is intentionally set to a lower level for scientific
reasons. If a bitmap image has labels, the image and labels should be embedded in separate layer.
Figure 1 shows the logo of AIJR Publisher.

Conclusions (Times New Roman, 12)

Each manuscript should contain a conclusion section within 250-450 words which may contain
the major outcome of the work, highlighting its importance, limitation, relevance, application and
recommendation. Conclusion should be written in continuous manner with running sentences
which normally includes main outcome of the research work, its application, limitation and
recommendation. Do not use any subheading, citation, references to other part of the manuscript,
or point list within the conclusion.
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