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A. BRONNIKOV, M. BENDEBERYA

DEVELOPMENT OF A MANIPULATOR KINEMATIC MODEL
USING ABB ROBOT STUDIO

The subject of the research in the article is the application of control technology and algorithms, construction of the
trajectory of movements and interaction with the production environment based on Abb Robot Studio. The goal of the work
is the simulation of a kinematic model of the manipulator, which will allow effective performance of actions in real time,
using the mathematical calculations and the Abb Robot Studio software. The article addresses the following tasks: to analyze
the current state of integration of manipulators into production processes, as well as to choose and substantiate the
development platform and robot model, to develop a kinematic model and design and write software for controlling
manipulators based on mathematical calculations. The use of mathematical analysis methods and the theory of automatic
control to simulate the operation of an industrial robot, simulation methods — to check the operation of an industrial robot model
in the ABB ROBOT STUDIO environment. The following results were obtained: an analysis of the current state of integration
of manipulators into production processes, in particular in the era of Industry 4.0, was carried out, a manipulative robot
was selected and substantiated, which satisfies the mathematical calculations carried out, a kinematic model was developed,
and its design was carried out, software for controlling manipulators was developed based on the conducted mathematical
calculations. Conclusions: a model and software module were developed for the adaptive execution of the production
process as part of the virtual model of the ABB IRB 1200 robot, which allows to increase the efficiency of the production
process, reduce downtime, and improve product quality. The optimization of trajectories and collision management allowed
to reduce the maintenance and operation costs of the robot, which led to an overall reduction in production costs, which will also be
reflected in long-term use. The developed software module allows the work to quickly adapt to changes in the production
process, which provides high flexibility and the ability to quickly adjust to new tasks.

Kurouosi cioBa: Industry 4.0, Abb Robot Studio, manipulator, robot, production, kinematic model, mathematical calculations.

Introduction Installing automated areas without disrupting

ongoing production is essential. This involves careful

The rapid evolution of production processes is  planning and integration.

driven by various factors, and the adoption of automation The convergence of technological advancements,

and robotic systems plays a crucial role. Some of the key economic factors, and the desire for continuous

aspects of Industry 4.0 are [1-2]:

— technological advancements: the increasing power
of computers and advancements in specialized software
have enabled the creation of more sophisticated and
efficient robotic systems. Sensors and artificial intelligence
algorithms allow robots to perceive their environment,
analyze data, and adapt to specific tasks effectively;

—economic considerations: enterprises strive to
remain competitive, which compels them to adopt
cutting-edge technologies, including robotics. Over time,
the cost of robots and associated equipment has decreased
significantly, making them accessible to a broader range
of businesses. Implementing robotic systems can lead to
cost savings and increased productivity.

—gradual improvement: enterprises often seek
process improvements beyond the initial setup of
production. Thoughts about automation or enhancing
specific components emerge as the need to optimize

efficiency and expand capabilities arises.

improvement drives the adoption of robotic systems in
production. By strategically implementing automation,
businesses can enhance efficiency while maintaining
control over the production process.

1. Manipulation robotics
and its control as a part of manufacturing

There are a lot of publications, connected with
related topic. For example, [3] describes kinematic model
optimization and self-collision detection technology for
a mobile manipulator, [4] considers various methods
of kinematic modeling of robotic manipulators,
[5] describes the basic principles of creating a kinematic
model of a manipulator, [6] describes the design,
modeling, and kinematics analysis of a modular cable
manipulator, [7] is an overview of modern procedures
of kinematic design of manipulators, [8] describes

the modeling and control of a six-domed robotic

© A. Bronnikov, M. Bendeberya, 2024
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manipulator, [9] shows analysis of the work space of
a four-house robotic manipulator, [10-11] describes the
kinematic modeling of a robot.

In modern manufacturing environments, industrial
robots play a pivotal role in various tasks, including:

— assembly: robots can precisely assemble
components, ensuring consistent quality and reducing
human error;

— material handling: they efficiently move materials
within production lines, warehouses, and logistics centers;

— packaging: robots automate packaging processes,
improving speed and accuracy;

— welding and cutting: ABB robots excel in
welding and cutting applications, enhancing productivity.

ABB, a leading manufacturer of industrial robots, has
significantly transformed production across industries [12]:

— productivity: ABB robots work tirelessly, leading
to increased output and reduced cycle times;

— quality: their precision ensures consistent product
quality, minimizing defects;

— safety: by handling hazardous tasks, robots
enhance workplace safety for human workers;

— flexibility: ABB robots adapt to changing
production conditions, allowing rapid adjustments.

ABB’s manipulative robots owe their capabilities
to cutting-edge technologies and wuse sensors.
These devices provide critical information about the
robot’s environment. For instance:

— position sensors: determine the robot’s location
and orientation;

— force/torque sensors: enable delicate handling
of objects;

— vision sensors: allow robots to recognize and
manipulate items accurately.

Artificial Intelligence (AI) application in robotics are:

— ABB robots leverage Al algorithms for real-time
decision-making;

— they learn from experience, adapting to varying
conditions;

— Al-driven path planning ensures efficient
movement and collision avoidance.

D. Raina and S. K. Saha rightly emphasizes that
robots empower manufacturers to respond swiftly to
market demands while maintaining high-quality
standards. As sensor technologies and Al continue to
evolve, manipulative robots will play an even more

crucial role in shaping the future of manufacturing [13].

There are the various methods of controlling robots:

a) uncontrolled method: in this method, the working
body of the machine is set in motion without any specific
control. It operates freely based on its inherent dynamics.
Examples include simple mechanical systems like
pendulums or spinning tops.

b) controlled method: controlled robots have a more
deliberate approach to motion. These controlled robots
are commonly used in industrial applications, where
precise movement is essential. Here are two variations:

—constant speed control: the driven working
body operates at a fixed speed.

— variable speed control: the robot adjusts its
speed based on the task requirements.

c¢) program-controlled method: in program-
controlled robots, an external program specifies the
robot’s actions. The program defines the sequence of
movements, positions, and tasks. These robots follow
a predetermined set of instructions, making them suitable
for repetitive tasks.

d) follower method: follower robots automatically
track a reference signal (usually from an external source).
They maintain a certain accuracy in replicating the
movement of the reference signal. Examples include
robotic arms following a conveyor belt or a moving
assembly line.

e) adaptive method: adaptive robots dynamically
adjust their parameters based on changing operating
conditions. These parameters might include speed, force,
or other control variables. Adaptive control ensures optimal
performance even when the environment or task changes.

The use of software-controlled methods in robotics
is indeed crucial for achieving accuracy, flexibility,
automation, and seamless integration within production
processes.

The importance of software-controlled methods
can be determined in such abilities:

— accuracy: software-controlled robots can precisely
execute predefined tasks, ensuring consistent results.
Whether it’s assembling components or handling materials,
accuracy is vital;

— flexibility: software-based control allows robots to
adapt to changing conditions. You can reprogram them
easily for different tasks
modifications;

— automation: by tasks,
software-controlled robots free up human resources and
improve overall efficiency;

without major hardware

automating repetitive
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— integration: seamless integration with existing
systems streamlines production workflows.

But there are several challenges with robotic
integration in modern manufacturing:

—not all robots fit seamlessly into established
processes.

—this integration often requires additional resources,
energy, and time. Customization becomes essential.

—the market for flexible robotic solutions can be
narrow, but it’s essential to find systems that align with
specific production needs.

ABB RobotStudio is a powerful platform for offline
programming, simulation, and optimization of robots.
The key features of this program are:

— offline programming: users can create and test
robotics programs on a computer without interrupting
production. Direct communication with real robots allows
efficient program development.

—3D visualization and simulation: RobotStudio
provides high-quality 3D visualization. Users can see how
robots will perform tasks, identify issues, and make
corrections before actual production. This virtual testing
minimizes risks and ensures smoother implementation.

—trajectory  optimization: determining efficient
movement routes is critical for productivity. RobotStudio
helps optimize robot paths, reducing task completion
time. Especially valuable in complex processes where
every second matters.

—virtual tools and sensors: virtual sensors and
grippers allow realistic simulation. Online controllers
visualize the robot’s behavior without physical
components. Debugging and fine-tuning become easier.

— AR visualization and integration: augmented
reality (AR) models aid in accurate integration. Elements
can be virtually projected and adjusted for seamless
process alignment.

ABB RobotStudio empowers users to create, test,
and enhance robotics programs efficiently. It’s a valuable
tool for achieving precision, safety, and productivity

in robotic operations.

2. Software and robot model justification
for further development

ABB Robotics is renowned for its cutting-edge
robotics and machine automation systems. As a leading
supplier, ABB offers a comprehensive and integrated
portfolio that covers a wide range of applications, including
robots, autonomous mobile robots (AMRs), and machine

automation solutions. These systems are meticulously
designed and orchestrated through specialized software.
ABB’s software allows precise adjustments to the
robot’s behavior based on the
adaptability

specific operating
environment.  This ensures  optimal
performance and safety.

By simulating the robot’s behavior virtually,
developers can fine-tune parameters without physically
interacting with the robot. This minimizes risks during
experimentation and system improvement [14].

Developers can create experimental scenarios within
the virtual environment provided by ABB’s software.

This approach enables them to explore the robot’s
capabilities, test control strategies, and evaluate
performance without affecting the physical robot.

The ability to conduct experiments without direct
interference allows for iterative development.

As the system evolves, developers can refine algorithms,
optimize settings, and enhance performance seamlessly.

RobotStudio is ABB’s powerful software tool for
offline robot simulation. It offers:

— offline programming and simulation;

— training and optimization;

— integration with real models.

RobotStudio allows integration with any ABB robot
model available in real time. For analysis, were chosen the
smallest initial models: IRB 1090, IRB 1100, and IRB 1200.

Examining the IRB 1200 robot model, we can
highlight several key features. Firstly, this robot is
versatile and can handle a wide range of applications.
Additionally, it can be installed at various angles.
The design also incorporates safety considerations for
working with food products. Notably, the IRB 1200 lacks
a second axis displacement, resulting in a longer stroke
compared to other small robots. This design choice allows
the robot to be positioned closer to products, leading to
a more compact installation.

Fig. 1
revealing that it is fully reversible along both the x-axis

illustrates the robot’s working range,
and z-axis (with some exceptions in specific zones of axis
change or rotation) and table 1 shows robot features.

When developing a robot [15], careful consideration
of its future application environment is crucial, as it
directly impacts its overall form. Decisions about the
robot’s purpose should be made early in the design
process. Based on this defined framework, structural
elements can be added as needed. Therefore, thorough
material research and practical exploration of the main
components are essential.
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Fig 1. The working range of the IRB 1200 robot

Table 1. Features of ABB IRB 1200

3. The calculation part
of the manipulation robot main components

Features\name IRB 1200
Dimensions of the robot 210*210 mm
The weight of the robot 52 kg
Weightlifting capability 5-7kg
The maximum achievable distance 0.7 m
Maximum operating speed of 1 kg of girth cargo 04s
Number of articulations 6

Fig 2. Schematic representation of robot kinematics

Having analyzed the parameters depicted in the
design drawings, we can reproduce the table of robot
features as one of the options for practice for calculating
direct kinematics, considering the Denavit-Hartenberg
(DH) parameters of the IRB 1200 robot model.
The results were entered into the table. 2 and on figure 3.

In the future, we will determine the indicators of
forward and reverse kinematics in accordance with the

The important points of our calculations will be the
detection of systematic integrity and feasibility of using
the chosen system. In the future, we will consider the
necessary indicators and accordingly calculate the
elements necessary for us for a general understanding of
the principles of application of the object according
to the indicators [16].

Let's start with the planned schematic display of the
robot and the design of the coordinates of the direction
of each functional element. As we can see in fig. 2,
6 articulations and their 5 fixed translations were defined.
The construction of coordinates and reversible processes
will be based on the kinematic dependence of the robot,
respectively, which was depicted in fig. 3. Articulations
and elongations that were equal were also depicted
in the drawings:

d, =399, a, =350, a, =42, d, =351, d, =82
¢,(+170/-170), ¢, (+135/-100), g, (+70/-200),

q,(+270/-270), g5 (+130/-130), ¢, (+360/-360)

given table. Adhering to the rules of calculation of
elements defined by us. Matrix transformations for direct
kinematics can be obtained as follows [17]:

Cq; —-Sq,Ca; Sq,Ca; a,Cq,
A7 Sq,  CqCe; CqSa;, aSq, 0
0 Sa, Ce, d,
0 0 0 1
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Fig. 3. Schematic representation of robot kinematics

Table 2. Denavit-Hartenberg parameter of IRB 1200 robot

a (degrees) | d (mm) | a (mm) q (degrees)
1 -90 d, 0 q,
2 0 0 a, g, - 90
3 —%0 0 a; q;
4 +90 d, 0 q,
5 -90 0 0 qs
6 0 dy 0 g, —180

In the Denavit-Hartenberg (DH) convention for
robotic kinematics, C and S are shorthand notations
for cosine and sine functions, respectively.

Specifically:

— C represents cos(0), where 0 is the joint angle.

— S represents sin(0), where 6 is the joint angle.

Following the given formula, we derive the
transformation matrix for each of the defined
articulations. Having received the results for each of the
articulations, we calculate the general matrix 7 , which
indicates the location of the system associated with
the end of the robot relative to the frame of reference
of the robot base, which informs us about the exact
position according to direct kinematics. The formula
of the general position is as follows:

nX oX aX pX

n o, a ,
r=‘ririririrr=|" Y P 2)

nZ OZ aZ pZ

0 0 0 1

Matrices  of
are presented below:

transformations  (articulations)

G 0 =S 0
S 0 C 0
0 -1 0 d,
0 0 0 1
s, C, 0 a8,
C, S, 0 -a,C,
0 0 1 0
0 0 0 1
¢, 0 =S, aC,
S, 0 C ab,
0 -1 0 0
0 0 0 1
c, 0 S, © ®)
s, 0 -C, 0
0 1 0 d,
(00 0 1
¢, 0 -8, 0
S, 0 C 0
0 -1 0 0
U 1
[-c, S, 0 0
-S, -C, 0 0
0 0 1 d
0 0 0 1
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The preceding equations represent the position

(px, py, pz) and orientation (n,0,a) values of the end

of the robot as a function of the joint coordinates ¢ .

The main equations for the general matrix 7
calculations are presented below:

n, = (S6 (8, (CC,S,+CC,S8,)=C,S, )= Cy (G (8,8, +C, (CC,Cs + C.CS, )+ 55 (CC,Cs = C.S, S, )))

n, = (56 (8,(C,8,8,+C,8,8,)+ C,C )= C (G5 (C, (C,8,S, +C,8,5, )~ CS, ) + 55 (C,C,8, = 5,5, )))

n, =—C,(8;(C,8, = C,8,) = C,Cs (8,8, + C,C; ) ) = 8,8, (8,8, + C,C; )
0, =C(8,(C.C,8, +C,C8,) - C,S, ) =S, (Cs (8,8, +C, (CC,S, + C,C,S, ) +5 (C,C,C, —CC,S, )

0, =Cy(S,(C,8,8,+C,8,8,)+ C.C, )=, (Cs(C, (C,8,8, +C,8,8,) =C,S, + S, (C,C,8, = ,5,55)))
0, ==8,(8;(C,8, = C,S,) = C,Cs (8,8, + C,C5 ) )= CiS, (8,5, + C,Cy ) @)

a, =C,(C,C,C,-CS,S,)-55(8,S,+C,(CC,S, +CCsS, )

a,=C,(C,G,S, - S,S,8,) -5, (C,(C,S,S, +C,S,8,)-C.S, )
a, =C,(C,S, -G8, )+C,S, (8,8, +C,C,)

P, =Ca,S, +d,(C(CC,C —C,S,S, ) =S5 (8,8, +C, (C.C,S, ~CGS, )+, (CC,C, —C.S,8, )+ C.CoaCy +CS,a,C,y

P, =S85, +d,(Ci(C,C,8, = $,5,8,) =S, (C, (8,8, +C,8,8,) = C,S, ) )+ d, (C,C8, = §,5,5, )+ C,8,a,C; +5,5,a,C,
p. =a,C, +d, ~C,a,C, +d, (C,S, — C;S, ) = $,a,C, +d, (C; (C,S;, — C,S, )+ C,S5 (5,8, + C,Cy))

Next, we will consider inverse kinematics. T, adjust

the position and orientation of the final mechanism of the
robot, to reach the target object, it is most necessary to
find the value of inverse kinematics. For a given position
of the end effector, the connection angles that move the
end effector to the specified position are determined by
the inverse kinematic model. In other words, given the

. 0 . . . . .
given (I as sixteen numerical values, the inverse kinematic
solution is the corresponding articulations ¢,, q,, ¢;, ¢, ,

qds, 4c - In the future, the kinematic solution is considered

purely algebraically from direct kinematic equations:
p,=p,—da =CCyd, +a,CS,, +Ca,S,
p, =p,—dsa, =8C,d, +a;55, +5,a,S,
b, _ S, (C23d4 +a,,S,, +azSz)

p. G (C23d4 +ay S, + azsz)
We will also try to display the exact center of the

)

robot, considering its exact coordinates, which are
displayed in the description of the robot. Finding the
center of the robot will help us find out the parameters by
which we will be able to orient ourselves on how to better
place the points of support and movement. In this way,
the robot will be balanced and able to support the
maximum weight, with which the small robot will be
able to move a weight that is competitive enough and
receptive enough for small productions or productions
with light materials and short reach. Such a robot can be

aimed at automation processes with fast production and
low economic capacity. Highly recommended for private
businesses with a small volume of work for full
automation and easier control.

So, to work out the calculations, we will set the
following data:

- d,=290 mm, d, =302 mm, d, =72 mm;

- a,=360 mm, a, =70 mm;

- 4 =9=9%=9,=95=q,=0.

n\' OX aX pX
opa| M 0 4 Pl ap
n 0: az pz
0 0 0 1
CSy 8§ GGy a,GSy+a,CS,
;]T:?TZIT;T: 88y —C S8Cy 455, +a,5,S,
Cy 0 =Sy a,Cy+a,C, +d,
0 0 0 1
OT_FR ?P} (©)
T=
0 1
RT _ORT 0p
=] 0 1

01 Sl _Cl 0 0
T =
’ GGy §C; =8y a,8; +d,S,;
0 0 0 1
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Setting q indicators to 0 was because we estimate
the position of the robot in the initial coordinates
with zero values, which directly affects the accurate
calculation of all positions and the middle of the robot's
support. Based on this, we will receive an updated
DH table (table 3) with exact coordinates and data
that will help us for current calculations.

In the future, we will make calculations following
first the calculations of each link in the coordinate system
of the robot base, and later the calculation of the final
position using the transformation matrices for each link.

As a result of the final coordinates, we will calculate
the final coordinates of the position of the robot and its
average coordinates. To do this, multiply the matrices
step by step:

T=4-4, 454, A4 - 4 (7

Table 3. DX parameters of the IRB 1200 robot model

And calculate the multiplication of the result by 4, :

0 0 1 58
10 0 -70
(4 4)4,)4,) 4, = 0 -1 0 200 ¥
0 0 0 1
Then by 4;:
0 0 1 130
1 0 0 -70
((((44)-4)-4)-4) 4= o -1 0 20| "
0 0 0 1

As a result, we considered the issue of forward
and inverse kinematics using the parameters of the DX
and differential Jacobian matrix. The results were
described through a matrix value and expressed
as exact coordinates of the position of the robot's limbs
and body. The display of the position in the robot zone
gives us conclusions about the correctness of the
calculations and the fidelity of the construction of the
robot. Thus, we can continue to implement our work
and analyze its performance.

4. Practical implementation
of kinematic model calculated parameters

a (degrees) | d (mm) | a (mm) | g (degrees)
1 -90 290 0 0
2 0 0 360 0-90
3 -90 0 70 0
4 +90 302 0 0
5 -90 0 0 0
6 0 72 0 0-180
Let's calculate matrix multiplication 4, :
1 00 O 0 1 0 360
(4 y): 4 = 01 0 0 4= -1 00 O ®)
0 0 1 290 0 01 0
000 1 0 00
0 1 0 360
4od, = -1 0 0 O ©)
1 0 0 1 290
0 00 1

Let's calculate the multiplication of the result by 4, :

0 0 1 360]
-1 0 0 =70

(A1~A2)-A3: 0 -1 0 290 (10)
0 0 0 1 |

Calculate the multiplication of the result by 4, :

0 1 0 58]

-1 0 0 =70
((A1~A2)-A3)-A4: 0 0 1 290 (11)

0 0 0 1

As described earlier, our goal will be precisely to fit
the robot into an already existing virtual production
environment. For this, we need to display the standard
process of supplying the element — plastic containers to the
production area. Suppose that we have a production process
for medicines that require separate processing before
moving to the production line [18]. Pre-delivery was done
by unloading the food machine by worker A, moving the
product respectively to two conveyors for pre-treatment,
corresponding to the colors of the product and appropriate
disinfection with solutions. Worker B created the movement
of already processed products on the line.

As we can see, the system works well except that
worker B encounters already processed products, thus
putting himself and, accordingly, the products at risk,
thus it would be much more efficient in this situation to
automate the very process of moving the processed
products to production line. Based on this, let's assume
that this system contains [19]:

— three conveyor belts;

— blocks with disinfection treatment of elements
(function separately);

— pink plastic boxes;

— blue plastic boxes.
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As a result, we can shape the system in our opinion
so that it looks expedient and comprehensively formed.
The result is shown in Fig. 4.

Having formed the initial production system, further
automation of this process should be broken down into
logical points of reproduction. Accordingly, we will
receive a plan for implementing a manipulator robot
under the appropriate system:

— we form manipulative limbs of the robot,
according to the existing plastic containers, program them
as an active tool for interaction;

— we install the robot in the production system
and adjust the limits of interaction accordingly, attach
the limbs;

Fig. 4. Initial production system

Fig. 5. Design of manipulative limbs

— we install sensors to control conveyor tracks;

— we install sensors for manipulative limbs;

— we program the movement of parts and the
interaction of the manipulator with them;

— we program the sequence of the process, allocate
time management and check how the system functions.

First, we will form a limb for the robot, which will
accordingly be built based on the previously formed box.
The manipulative limb will be due to the minimum
number of parts to simplify the work of the robot.
For the light weight of the parts, we will make notches in
the middle parts for better interaction, reducing friction
and better endurance of the boxes by changing the load
on the end blocks. The results are shown in fig. 5.
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In addition, we will evaluate the size of the box and
the robot's manipulative limb for further analysis of the
robot's endurance.

The dimensions of the box are equal:

— width: 200 mm;

— height: 150 mm;

— length: 200 mm.

Thus, for the girth of the box, the manipulative limb
must adjust to the box itself.

Regarding the estimation of the weight of the box,
considering the dimensions and content of the filling —
nutritious herbs, the box will not exceed 3 kilograms,
since, considering the material of the box — plastic, the
weight will be approximately 1.5-2 kilograms.
Considering the herbs that will, let's say, fill the box
by one third, and add a maximum of 1-1.5 kilograms
to the permissible weight, the total weight will not
exceed 3 kilograms.

Considering the parameters of the robot, the maximum
possible value of lifting materials is 7 kilograms, thus we
will be able to calculate the maximum permissible lifting
weight by calculating the force [20].

Fig. 7. Placing the robot in the system

Such parameters for the stand were set according
to the height of the conveyor belt itself, which reaches
750 mm. Considering the statistical stand of the robot,
the final height of the robot is compensated and as
a result is equal to the optimal placement of the robot
in space. We attach the manipulative limb, respectively,
and set the interaction parameters, obtaining a finished
model of the robot (Fig. 8).

Next, we will specify step-by-step methods of
operating conveyors. In this work, I will use one of the

Fig. 6. Calculation details of the manipulated limb

Adjusting the robot IRB 1200 5 90 STD 03 and
the controller IRB1200 5 90 into the already existing
process, we put it on a stand, setting a larger radius of
interaction with conveyors (Fig. 7). Which will be equal
as a result:

— width: 500 mm;

— length: 500 mm;

— height: 600 mm.

of Robot Studio -
SmartComponent, which allows us to adjust functional

new functional solutions
objects quickly and efficiently. SmartComponent is
one of the key functions in the RobotStudio software,
which is used to simulate, program, and optimize
the operation of ABB industrial robots. This feature
users to create multi-functional

allows modular,

components that can be easily integrated into

virtual environments to improve simulation accuracy
and efficiency.
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The overall conveyor system will consist of
a sensor [21, 22], a linear motor, and an object rendering
element. But the conveyor of the final line will consist
only of a mover and a sensor that will move exactly
the object placed on the conveyor (Fig. 9-11).

Next, we set the input and output signals for the
reproduction of the process, form a block diagram
of the interaction of the robot with objects (Fig. 12),
form the code for successive movements and adjust the
playback time.

Fig. 8. The final appearance of the robot model

Fig. 9. Conveyor for processing pink boxes

Fig. 10. Conveyor for processing blue boxes
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Fig. 11. Conveyor for the final movement of boxes

Fig. 12. Scheme of robot interaction with objects

Input signals are used to receive information
from various devices and sensors. They provide feedback,
which is necessary for making decisions and
adjusting robot actions, as well as output signals.
Thus, it is important for us to specify input and output
signals for sensors and controlled movement routes.
To facilitate the perception of the presented signals,
it is important to clarify that most of the presented
signals are formed due to automated sensor and
circuit reconstruction links.

Circuits, in turn, only have an input, which is used
to regulate the start and end of work, without executing
the complete system, you can always separate individual
elements of these circuits, and try to run them
independently, if the system requires it.

Thus, when reproducing the assembled system,
everything functions according to the idea of operation,
the movement is carried out by common detectors with
the control of switching the time of delivery of objects
for processing by the robot and the time of movement
of the conveyor final belt, thus, the system is not reloaded

and supplies objects evenly for further processing
of goods (Fig. 13).

The rearrangement of objects takes place due to
automated processes, but it is important to emphasize
that the passage of boxes onto the conveyors itself occurs
through mechanical interventions, these processes can be
synchronized, but during the processing of the project
it was found that the best method would be to have
a controlled element that would help accordingly in
working out the system [23, 24].

As we can see, the robot performs successive steps
and adapts well to the production process itself.
The integration of a manipulator robot into a production
system requires careful planning and the sequential
execution of a few steps.

From the development of manipulative limbs to the
programming of processes and the installation of sensors,
each step is critical to ensure the efficient and safe
operation of the system. By following all these steps,
you can achieve high accuracy and productivity of
an automated production system.
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Fig. 13. Examples of robot work

Conclusions

This work can be developed using physical
development capabilities and successive implementation
into a functional system using a physical model control
panel with a reproduced model of manipulative limbs.
Also, including the control panel in the system, it will be
possible to adjust the position of the robot at any point
in the automated production.

The manipulative element created can be transferred
to 3D printing or additive manufacturing to translate the
physical model into production. So, in general, the project
has room for development and future implementation,
given the minimal economic burden and great opportunities
to save money in a long period of time, can be used by
anyone and improved, adapted to the respective projects,
using the step-by-step tasks of this work.

The developed model and software module for the
adaptive execution of the production process as part of
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PO3POBJIEHHA KIHEMATUYHOI MOJEJII MAHIITYJISATOPA
HA BA3I ABB ROBOT STUDIO

IIpeameTomM MoCTiM:KeHHSI B CTAaTTi € 3aCTOCYBAaHHS TEXHOJIOTIi Ta aJTOPUTMIB KepyBaHHS, IMOOYJOBH TPaEKTOPIii
pyxiB i B3aemomii 3 BUpOOHHYNM cepenoBuieM Ha 0azi Abb Robot Studio. MeTa podoTH — CUMYJIAIS KiHEMaTHIHOL
MOJIeTIl MaHIIyJIsATOpa, IO Ja€ 3MOTy e(eKTHBHO BHKOHYBaTd Iii B peaJbHOMY 4Yaci, 3aCTOCOBYIOUM IpPOBEIEHI
MaTeMaTH4HI pO3paxyHKH Ta mporpamHe 3abesnedeHHs Abb Robot Studio. Y craTTi HEoOXiZHO BHUKOHATH Taki
3aBJaHHS: POAHATI3yBaTH CYYacHUI CTaH 1HTerpallii MaHiMyJIATOpiB y BUPOOHHYI Ipolecy; o0paTu i o0IpyHTyBaTH
mwiathopMy po3poOJIeHHS Ta MOZAENs PoOOTa; 3alPONOHYBATH KiHEMAaTHYHY MOJENb Ta CIPOEKTYBAaTH W HAaMMCATH
nporpamMHe 3a0e3rnedeHHst JJIsi KepyBaHHS MaHIMyJIITOpaMd Ha OCHOBI IPOBEJCHHWX MaTeMaTHYHUX PO3PaxyHKIiB.
Bukopucrani Meroam: MaTeMaTHYHMHA aHAJi3 1 TeOpis aBTOMATHYHOTO KEpPYBAaHHS IJIS MOJCTIOBAHHA POOOTH
MIPOMHUCIIOBOTO pO0O0Ta; MOAENIOBaHHS — JUIS MEpeBipkH poOOTH MOJENi HPOMHUCIOBOrO podoTa B CEpeOBHIII
Abb Robot Studio. ]JlocArHyTO TakWxX pe3yJbTATIB: INPOaHAI30BAaHO CyYaCHHH CTaH IHTErpaimii MaHiITyJIsTOpiB
y BUpOOHMUYI IporiecH, 30kpeMa B enoxy Industry 4.0; oOpaHo Ta OOIpyHTOBaHO MOJENb MaHIMyJSLiHOrO poOoTa,
IO 33J0BOJIBHSE IPOBEACHI MaTeMaTH4HI PO3paxyHKH; 3alpONOHOBAHO KIHEMAaTHYHYy MOJENb Ta MHPOBENCHO ii
NIPOEKTYBaHHS; PO3pOOJIEHO NporpamMHe 3a0e3neueHHsl s KEepPyBaHHS MaHIIMyNsITOpaMHd Ha OCHOBI MHPOBEICHUX
MaTeMaTHYHUX PO3paxyHKiB. BHCHOBKH: po3poOiieHa Mozmenb 1 MporpaMHHHA MOIYJb JUIS aJanTHBHOTO BUKOHAHHS
BUPOOHHUYOTO IPOIIeCY B CKJIaJl BipTyaibHOI Mozeni podora ABB IRB 1200, mo nac 3MOry MiIBHIIMTH €(EKTUBHICTH
BHPOOHUYOTO TMPOIeCy, 3MEHITUTH Yac IPOCTOI0 Ta TOKPAIIUTH SKICTh NPOAyKimii. ONTHMI3aImis TpaeKTopii
Ta YIpPaBJiHHS KOJI31SIMH YMOXKJIMBWIIN 3HMKEHHSI BUTpAT Ha OOCIyrOBYBaHHS Ta €KCIUTyaTalilo po0oTa, 110 HPUBEIIO0
[0 3arajJbHOTO 3HIDKCHHS BHPOOHHWYMX BHTPAT, SKI TAKO)XK MaTHMyThb MiCIle 38 YMOBH TPHBAJIOIO BHKOPHCTaHHS.
Po3pobnennii nporpaMHuii MOAyNb Jae 3MOry POOOTY MIBHIKO aJanTyBaTHCA A0 3MiH Y BHUPOOHHYOMY MpOIIECI,
110 3a0e31edye BUCOKY THYYKICTh 1 MOXKIIMBICTD OTIEPaTUBHOTO TIEpEHAIAIITYBAaHH 111l HOBi 3aBIaHHS.

Keywords: [Industry 4.0; Abb Robot Studio; MaHinynsaTtop; poOOT; BHPOOHHIITBO, KiHEMAaTHYHA MOJICIb;
MaTeMaTHIHI pO3PaxyHKH.
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A. BRONNIKOV, A. KOLOMIIETS, O. IURCHENKO

AN AUTOMATION MONITORING SYSTEM
FOR THE PRODUCTION FACILITY WORK

The subject of research in the article is the application of technology and control algorithms in the automation system for
monitoring the operation of the instrument building room. The goal of the work is to develop a system of simulation and
monitoring of the production process. The following tasks are solved in the article: conducting an analysis of existing
monitoring systems in production; selection of the main elements and technical means for the development of the monitoring
system; development of the system component connection scheme; creating a physical layout of the system; development
of software for the monitoring system of the instrumentation room. The use of mathematical and system analysis methods,
modeling and simulation methods — to check the operation of the automated monitoring system of the instrumentation room.
The following results were obtained: analysis and comparison of existing solutions for the implementation of monitoring
systems were performed; selected hardware and technical means for developing a monitoring system; a scheme for connecting
system components has been developed; the structural diagram of the system and its layout were developed; developed
software for managing the monitoring system and displaying data from the database. Conclusions: the layout and software
of the production process monitoring system, namely monitoring of water level and temperature parameters for ultrasonic
washing of printed circuit boards, have been developed. The use of this type of system will lead to an overall reduction in production
costs during the PCB washing operation. The developed module allows making changes in the production process without
direct human intervention, which provides the possibility of quick reconfiguration for new tasks. A monitoring system
control program for the main control module was developed and the principle of its operation and a graphic user interface
image were given. Also, for visualization of data from the database, the software code for creating the graph and the
graphical user interface were given and described.

Key words: monitoring system; automation; production process; sensor; ultrasonic PCB washer; ESP-Wroom-32;
liquid flow; control system.

Introduction

The main trend of modern industry is the reduction
of human influence on production activities. The modern
production environment is characterized by the
introduction of advanced technologies, automation of
processes, increased

efficiency and reliability of

management [1]. To ensure stable operation, the
enterprise implements monitoring systems that increase
the safety of the production process by monitoring the
parameters of various devices, machines, and
environmental conditions. Such systems can inform about
potential dangers and prevent emergency situations,
ensuring uninterrupted operation of the enterprise and
minimizing the impact of the human factor.

From the point of view of competitiveness,
personnel turnover and occupational health and safety,
monitoring systems play an important role, ensuring
stable and safe working conditions, which promotes
the attraction of qualified specialists and reduces
risks to their health. The significant demand for
monitoring determines the

systems at enterprises

relevance of this work.

Instrument manufacturing is a key industry that
provides products to other manufacturing sectors through
the creation of devices, printed circuit boards and other
equipment. These products are the basis for many
industries, especially those related to the manufacture of
electronic products. The implementation of a monitoring
system in the instrument building significantly increases
the quality of products, shortens the time of production
operations and ensures stable production of products [2].

The main goal of this work is to develop a system for
production process simulation and monitoring. There are
tasks which will be resolved in the article: an analysis of
existing monitoring systems in production; selection of
for the
development of the monitoring system; development of

the main elements and technical means
the system component connection scheme; creating
a physical layout of the system; development of software
for the monitoring system of the instrumentation room.
There are some publications of this problem.
For example, in [2] considered the development of
automatic feeding machines for poultry farms, in [3] present
development of monitoring system for gas leakage issue,

[4] shows facility monitoring of power infrastructure
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based on wireless sensor acquisition, [5] illustrates the
software and architectural solutions for specialized
systems that monitor the state of potentially hazardous
facilities, in [6] [oT architecture is implemented to collect
and determine real-time status information for remote
maintenance of heat storage thermal oxidizer, [7] is
an overview of the current state and future prospects
of IMS in manufacturing environments, [8] shows
distributed monitoring system and optimization control
method, [9] describes data-driven distributed process
monitoring method for industry manufacturing systems.

1. Main features of monitoring system

To solve the issues of remote management of
production processes in real time, ensuring reliable and
trouble-free operation of production and reducing the
human factor, enterprises implement equipment and
personnel monitoring systems. These systems should
perform the following tasks [2]:

— data collection from sensors;

— data analysis and processing;

— storage of collected and/or processed data (local
databases, cloud storage);

— display of the received data in a human-friendly
form (graphs, diagrams, numerical values, indicators);

— formation of control signals for executive devices;

— creation of reports on the state of the production
process.

When designing a monitoring system, it is important
to consider hardware selection and software development.
The hardware part must meet all requirements, including
the choice of means of information storage, energy-
of the
dimensions with the production process. The software

efficient power consumption, compliance
must support the processing of large amounts of data,
perform high-load calculations, work in asynchronous
mode, generate output signals for executive devices and,
if necessary, have open-source code [10].

The production process generates information about
the state of individual components or the entire process,
which is processed by the monitoring system. After data
processing, output signals are formed for executive
devices, which allows effective management decisions to
be made from a remote access point. The analysis of the
implementation of monitoring systems in production puts
forward the following points:

— high level of software support thanks to rapid

deployment technologies;

— easy system scaling by adding new monitoring
parameters and/or alarm modules;

— low cost and easy application in production
compared to similar monitoring systems;

— instrumentation room monitoring systems can
include many parameters that they monitor, depending on
the manufacturing processes being monitored.

The process of washing printed circuit boards was
chosen for the development of the monitoring system of the
instrumentation room [11]. This process is an important
stage in the production of electronic devices, since the
printed circuit board serves as the basis for the assembly
of electronic components. The cleanliness of the printed
board directly affects the
performance of the final product. Residues of flux, dust,

circuit reliability and
oil and other contaminants can lead to corrosion,
electrical leakage, short circuits and other malfunctions.

The main reasons for the importance of the process
of washing printed circuit boards:

— ensuring reliable and trouble-free operation of the
device and reducing the risk of failure during operation.

— corrosion protection by eliminating aggressive
chemicals that can corrode copper tracks and solders.

— improvement of adhesion of soldering materials
to tracks and contact areas.

— compliance with quality standards for high-tech
industries such as aviation, medical technology, etc.

There are several methods of washing printed
circuit boards:

— manual washing;

— jet washing;

— ultrasonic cavitation;

— steam washer.

Manual washing of printed circuit boards is the
simplest and basic method of removing dirt, flux residues,
dust, oil. This method is used for small productions
where automated washing systems are not used. Figure 1
shows the process of manual PCB washing [12].

Advantages of manual washing of printed
circuit boards:

— flexibility in working with different types of
boards and pollution;

—low cost and simplicity of equipment (cloths,
cotton swabs, brushes, isopropyl alcohol);

— full control over the process.

Disadvantages of manual washing of printed
circuit boards:

— labor intensity of the process, which takes a lot

of time and effort;
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— risk of damage to the board, which may lead to the
failure of the device;

—risk of operator disease during the process without
adequate protection.

Jet washing of printed circuit boards method uses
special equipment that uses high-speed jets of washing
solution. Special solutions are sprayed onto the board,
providing effective removal of contaminants. Fig. 2 shows
PCB jet washing machine.

The process of jet washing printed circuit boards
begins with loading the boards into the equipment using
special holders or a transport belt. At the next stage,
special nozzles spray the washing solution.

Then, under high pressure, powerful jets of washing
solution are created, which are directed at the printed
circuit boards, which allows you to wash off dirt thanks
to the high pressure and speed of the jets. After that, the
boards are washed with clean water to remove the
remnants of the washing solution and impurities, and
then undergo a drying process using hot air or
infrared lamps [13].

Ultrasonic washing of printed circuit boards is one
of the most effective methods of washing surfaces. It uses
ultrasonic waves to create cavitation in the liquid,
resulting in effective washing of circuit board surfaces.

Ultrasonic cleaning of printed circuit boards is
carried out in special installations consisting of a liquid
tank, oscillating systems and an ultrasonic generator.
The boards are immersed in the liquid, after which the
generator and oscillating systems create vibrations in the
ultrasonic range, which cause the formation of cavitation
bubbles. As these bubbles grow, they explode, creating
a stream of liquid that dissolves impurities on the circuit
board. The process of formation and explosion of bubbles
is shown in Fig. 1.

Fig. 1. The process of formation and explosion of bubbles

Ultrasonic cleaning usually provides a deeper
cleaning due to cavitation, which allows to remove dirt
from the smallest crevices and from under components.
While jet cleaning can be faster for simple boards,

ultrasonic cleaning usually provides a higher cleaning
quality, although it takes a little longer. Ultrasonic
cleaning requires special ultrasonic baths, while jet
systems can be more versatile but less effective for
complex tasks. Ultrasonic cleaning is ideal for boards
with high component density and complex geometries,
while jet cleaning may be more suitable for high volume
standard boards.

Based on the analysis of modern production and its
monitoring systems, the following requirements can be
put forward to the developed system [14]. The system
should have integrated sensors for collecting information,
its processing and analysis, as well as data storage.
The remote graphical user interface must display all the
functions of the hardware part of the system and can
generate control signals for executive devices. It is also
necessary to implement a reporting form that will display
the state of the system at each defined time interval for
further optimization and improvement of the system.

Ultrasonic cleaning of printed circuit boards was
chosen as the production process, as this method provides
more thorough and high-quality cleaning of flux residues
and is suitable for boards of different geometries.

2 System model justification
for further development

The selected technical means for the development
of the monitoring system can fully realize the necessary
functionality [15].

The connection diagram of the monitoring system
is shown in Fig. 2.

Fig.2. Connection diagram

The diagram shows the hardware parts of the
monitoring system. The system uses the ESP-WROOM-32
module, which is responsible for collecting data from
sensors, calculating and analyzing them, sending them to
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the database, and implements interaction with the
graphical interface (web server).

All other components are connected to the
ESP-WROOM-32. The OV7670 module is responsible for
a surveillance camera that allows you to monitor the process
directly from a remote access point. The ultrasonic
distance sensor HC-SR04 collects information about the
water level in the bathtub. The temperature and humidity
DHT11 collects information about

sensor liquid

Table 1. Description of the purpose of the devices

temperatures. There are two executive devices in the
system — a SG90 servo motor and an electric motor.
The servomotor simulates the operation of the liquid
drain valve, and the electric motor is responsible for
stirring the liquid. The electric motor is connected to the
ESP-WROOM-32 board thanks to the L293D motor
driver. Table 1 provides a description of all devices
and electronic components in the diagram in Fig. 3,
which are used in the developed system.

Device name Quantity, pcs Purpose/description
ESP-WROOM-32 1 Control Board
OoV7670 1 Camera
DHT11 1 Temperature and humidity sensor
HC-SR04 1 Ultrasonic distance sensor
SG90 1 Servo
CaiTionion 1 Red LED for fault indication
Pezucrop 220 Om 1 Step-down resistor for LEDs
Pesucrop 2,2 kOm 2 Resistors for connecting the camera via the 12C interface
L293D Motor driver
Buzzer 1 Active piezo element for fault signaling

Surveillance camera
module

The control module for filling the bath for PCB
washing
Indication
Sensors data

Vlde(-) Control signals )
Streaming Drain
Servo
Data Wi-Fi connection
saving
Router
Request Server
Database transfer sart
for logs
Web-

server

Control request

Remote

control point .
P User interface

Fig. 3. Structural diagram of system

A structural diagram is a representation of the main
parts and the relationships between them of any kind
of system, object and other products.

The structural diagram reflects the general structure
of the system, which is defined in the following.

The main control module is the ESP-WROOM-32,
which types of data from the
system modules.

receives various

From the surveillance camera module, which
consists of the OV7670 camera itself and the board to
which the camera is connected, which allows the entire
module to be connected to the control module using the
SCCB interface (analog 12C), the ESP-WROOM-32
receives the current frame that was captured , for a certain
period of time, which determines the speed of receiving
the video stream. ESP-WROOM-32 receives the current




Cyuacnuii cman HAYKOBUX 00CNiOHCeHb ma mexHonoziu 6 npomuciosocmi. 2024. Ne4 (30)

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

level values from the bath filling control module for DP
washing, which consists of an ultrasonic sensor
HC-SR04, a temperature and humidity sensor DHT11,
a servo motor SG90, an electric motor and an indication
and signaling module (LED and piezo speaker) water in
the bath, the temperature of the washing liquid and the
state of these parameters from the display and alarm
module [16].

The system has a graphical user interface that is
hosted on a web server that is started and maintained on
the ESP-WROOM-32 by connecting to a router access
point via WiFi.

On ESP-WROOM-32, requests to the web server
are created, which are processed on the server and
display the necessary information to the user or provide
the necessary functionality.

The user can control the system from a remote
access point thanks to the technology of creating a local
web server and connecting to it through a local
IP address. The remote-control point receives all the
information that is located on the web server, providing
a user experience. User experience (UX) is how a user
interacts with a product, system or service and receives
experience from them. It includes a person's perception
of usefulness, ease of use, and effectiveness [18].

3. Calculation of system parameters

The developed system uses ultrasonic cleaning of
printed circuit boards as an emulation of the production
process. The installation of radio-electronic components
on the DP is accompanied by a residual flux that prevents
the provision of high insulation resistance of the board,
which can lead to the failure of the board, cause a short
circuit, etc. Today, ultrasonic cavitation in a cleaning
solution is most often used to clean the circuit board from
flux residues [19]. Ultrasonic baths and special solutions
or water-based cleaning fluids are used to provide
ultrasonic washing technology.

The system under development has a control
module for filling the bath for washing the DP, which
simulates a real production process. An ultrasonic bath
for washing printed circuit boards is an important
component in the process of manufacturing electronic
devices. Adequate filling of the bath with cleaning liquid
and accurate knowledge of the pressure created by
the liquid at different levels are critical to ensure
an efficient and safe cleaning process [20]. Fig. 4 shows
a representation of an ultrasonic bath.

The given Fig. 7 shows the valve that provides
draining of the liquid into the bath and several
characteristics of the bath, namely H - the height of the
bath 0.175 m, h — the height of filling the bath with
liquid 0.15 m, the density of the liquid, for example
ZESTRON FA+, 940 kg/m’.

Under the influence of gravity, the hydrostatic
pressure increases with the increase in the height of the
liquid column, that is, with the height of filling the
container. Thus, the pressure of the washing liquid at the
bottom of the bath is approximately 1383.2 Pa.

Fig.4. Representation of an ultrasonic bath

To choose the necessary ultrasonic bath, it is also
necessary to calculate the mass that will be occupied by
the washing liquid in the bath. The maximum volume that
the printed circuit board will occupy is 0.15x0.08 m,
because the developed system is used for washing small
electronic boards.

In this way, we get the mass that will be occupied
by the washing liquid in the bath, 1.451 kg.

Based on these calculations, the Jeken PS-06A [21]
ultrasonic bath was chosen, the appearance of which is
shown in Fig. 5.

Fig. 5. Ultrasonic bath Jeken PS-06A [19]
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The main characteristics of the Jeken PS-06A
ultrasonic bath are listed in Table 2.

Table 2. Features of the Jeken PS-064 US-bath

The name of the characteristic | Meaning, description

Volume 600 ml
Ultrasound power 50W
Ultrasound frequency 40000 Hz

Tank material Stainless steel

Tank dimensions (internal) 150x85x65 mm

Dimensions of the device 175x110x155 mm

Weight 1,35 kg

The measuring range of the HC-SRO04 ultrasonic
distance sensor is from 0 mm to 1500 mm with
a resolution of 3 mm. The principle of operation of the
sensor consists in releasing an ultrasonic pulse and
receiving a reflected pulse at the receiver. The time it

>

Data & frame
transfer to

Connect
system power

Data

took for the pulse to pass from the beginning of the
emission to the reception of the echo signal at the
receiver allows you to calculate the distance to the object.

Suppose that the pulse transit time (t) was 40 Ms.
Since the time measured by the sensor includes the path
of the pulse from the transmitter to the object and back to
the receiver, which are equal, then the resulting time must
be divided in half. Based on the results of the calculation,
the distance to the object is 6.86 m.

4. Practical implementation
of monitoring system

server
v v

Web-server Data display on

start Web-server

Y

Sensors data

collection Close Start
valve? preparation to
) wash PCB

To develop any system, it is important to understand
the algorithm it executes. An algorithm is a finite
sequence of well-defined instructions that are used
to solve a given task. Fig. 6 shows the algorithm of the
monitoring system [22].

critical?

Generating a
signal to open

Generating a
signal to close

Water level
<10 cm &&
5 cmand

Error message

valve valve
t°>40°7?
v v
Data saving to Valve opening Valve closing
DB Start mixing the
liquid
! Y
Frame
capturing Stop mixing the
liquid
— | q
I

Fig. 6. System operation algorithm

The task for the developed monitoring system
is to collect data from sensors, determine the critical
state of the monitored parameters, display the collected
data and video stream from the surveillance camera to
a remote-control point.

When power is connected to the system, a local
web server is started, which is broadcast to a remote
access point, which provides remote control of the
system. Data is collected from the sensors, which are
processed, if necessary (data from the ultrasonic sensor
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is processed to obtain the required value), the camera
captures frames, and all this is sent to the web server
to display the received data and video stream. Next, the
user can choose the desired function to perform.
When selecting the "Open the valve" function, the system
generates a signal to the executive device (servo motor)
to open the valve. When selecting the "Close the valve"
function, the system generates a signal to the executive
device (servo motor) to close the valve. When selecting
the function "Preparation for washing the DP", a check is
made for the compliance of the parameters, namely the
temperature value should be more than 40° and the water
level should be less than 10 cm and more than 5 cm.
If the condition is true, then a signal is generated
to start the liquid mixing process. If the condition
is false, the system reports an error and returns to
the function selection.

Software development is accompanied by the
selection of appropriate software tools that allow you to
conveniently and efficiently create software.

Arduino IDE was chosen to create the main
software to control the whole system.

Arduino IDE is an integrated development environment,
which is a cross-platform application that allows you to
create and load programs on Arduino-compatible boards
and boards of other manufacturers [23]. The development
environment includes a code editor, functions for
compiling projects and downloading programs to the
board. The platform supports C/C++ programming
languages. The Arduino IDE also includes a message area
(port monitor) for monitoring messages, a text console,
a toolbar with buttons for common functions, and
a hierarchy of operational menus. In the latest versions,
the function of autocompletion, more convenient
navigation through the code and the debugging function
(debugger) have been added.

Designing a database structure consists of
identifying the needs for which database input is required.
In the developed system, it is necessary to store
information about the past values and states of the
monitored parameters to obtain a complete view
of the system's operation over a period. Thanks to data
storage in the database, it is possible to track sensor
reading errors in the future for debugging and improving
the system.

The main parameters that must be saved in the
database are temperature, water level, the state of the
DHTI11 sensor, the state of the HC-SR04 sensor and
the time of recording data to the database.

In the developed system, the parameters that are
to be saved in the database are highlighted:

— unique id;

— temperature value;

— water level value;

— state of temperature and humidity sensor DHT11;

— state of the HC-SR04 ultrasonic distance sensor;

— the time of writing data to the database.

Based on the described needs and parameters
for storage, you can describe the table of entities that
will be in the database (Table 3).

Table 3. Storing data from sensors

Field name Data type Description
id int auto_incement
temperature int no_null
distance int no_null
dht_state tinyint no_null
ultrasonic_state tinyint no_null
log_time datetime current_timestamp()

Management and administration of the database
takes place using phpMyAdmin, therefore, the creation
of the database and tables took place through the
interface of this environment. Fig. 7 shows the general
view of the database.

As noted, the database is designed to store sensor
data and track sensor reading errors for system debugging
and improvement.

To process data from the database, a Python script
was developed that connects to the created database,
extracts data, processes it and displays it in the form
of a graph.

Fig.8 shows the window of the program that
displays data from the database in the form of a graph.

This application presents a Python program using
the PyQt5 and matplotlib libraries to create a graphical
user interface (GUI) that allows you to visualize data
from a database.

The program interface has a menu of tools that
allow you to manipulate the graph (zooming, navigating
the graph, setting graph parameters, saving as a picture).
The next element is the graph itself. Below are two date
and time input fields, which are responsible for the time
from which data from the database should be output in the
form of a graph. The "Update graph" button is responsible
for updating the graph, namely reading data from the date
and time fields, then connecting to the database and
creating an SQL query to the database to extract exactly
those data that fall under the specified time.
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This application presents a Python program using
the PyQt5 and matplotlib libraries to create a graphical

Fig. 7. General view of the database in phpMyAdmin

Fig. 8. Python program for displaying data graphs from the database

The program interface has a menu of tools that
allow you to manipulate the graph (zooming, navigating
the graph, setting graph parameters, saving as a picture).

The next element is the graph itself. Below are
two date and time input fields, which are responsible
for the time from which data from the database
should be output in the form of a graph. The "Update
graph" button is responsible for updating the graph,
namely reading data from the date and time fields,
then connecting to the database and creating
an SQL query to the database to extract exactly those

data that fall under the specified time.

user interface (GUI) that allows you to visualize data
from a database.

The system under development includes various
components such as temperature and water level sensors,
servo motors, a camera, as well as Wi-Fi connectivity and
web server control.

The Arduino IDE has many built-in modules
and functions that allow you to create programs,
but for the system under development, you need to
connect some libraries using the package manager
of the development environment.

This will help you efficiently create program code
without creating add-ons, namely libraries for working
with  Wi-Fi (WiFih),

asynchronous web server
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(ESPAsyncWebServer.h), servo motors (ESP32Servo.h),
HTTP requests (HTTPClient.h), DHT11 temperature and
humidity sensor (DHT.h), OV7670 camera (OV7670.h),
and to manage events using Ticker.

An asynchronous web server based on the
ESPAsyncWebServer library for ESP32 allows you to
process HTTP requests asynchronously, which provides
greater efficiency and speed of processing requests
compared to conventional synchronous servers.

The basic principle of an asynchronous web server
is asynchrony. An asynchronous server allows you to
process multiple requests at the same time without
blocking program execution while waiting for responses.
This is request
processing techniques that do not delay the main flow of

achieved by wusing asynchronous

application execution. An asynchronous server is event
driven. When the
corresponding callback function is called to process the

server receives a request, the
request. These functions are executed asynchronously,
which means that they do not block the main execution
flow of the application. After processing the request, the
server sends a response to the client [24]. This approach
makes it easy to define different handlers for different
routes (URLs). Also, thanks to asynchrony, the server
uses resources more efficiently, which is especially
important for limited hardware platforms such as ESP32.

The following are the advantages of
an asynchronous web server:

— processing of several requests at the same time,
without waiting for the completion of processing
of each request;

— reducing delay and increasing the efficiency
of resource use;

— easily handle many simultanecous connections
without significant performance degradation.

The principle of operation of the asynchronous
web server in the developed system is as follows.
The ESP32 connects to the Wi-Fi network using the
specified SSID and password. This allows access to the
web server from other devices on the same network.
The AsyncWebServer object is created on port 80.
This means that the server will listen for HTTP requests
on the default port 80. The server handles several routes
for interacting with the user through the web interface:

— sends an HTML page with a user interface ("/");

—returns sensor data in JSON format ("/sensor_data");

— returns the image from the camera in BMP format
("/camera");

— opens the valve ("/open_valve");

— closes the valve ("/close_valve");

— starts the process of preparation for washing
the DP ("/start_washing").

Next is the definition of global variables that are
responsible for connecting to the wvarious sensors
and actuators, namely the pins for connecting the
OV7670 camera,
LED, DHTI11
HC-SRO04 ultrasonic distance sensor, SG90 servo motor.

electric motor, piezo driver,

temperature and humidity sensor,
Also under this category are those variables that are
central to the entire project, such as motor speed,
WiFi access point password and name, variables to record
the current temperature and water level, database
connection address, logical constants to determine
the state as running of the process of preparing the
bath for washing the DP, as well as the observed
parameters. Also, the global scope defines objects of
classes and structures from the added libraries that
facilitate the software development process, namely
an asynchronous web server object that runs on standard
port 80, a servomotor object that is responsible for
a gate, an object timer objects from the Ticker library,
which allows you to run routine tasks and call functions
asynchronously without using the delay() function,
a camera object to capture a frame on the camera, and
a BMP file header so that the client can correctly interpret
the received data as an image in BMP format.

The main functions that are presented in the software:

— setup() — initialization of all components;

— loop() — cyclic execution of the program (empty,
because the asynchronous web server processes requests
independently and not sequentially);

— saveToDB() — sending data to the database via
an HTTP request;

— SendHTML() — creating an HTML page for the
web interface;

— tempSensor() — reading the temperature from the
DHTI11 sensor and writing to the corresponding variable;

— soundSensor() — reading the distance from the
HC-SRO04 sensor and writing to the corresponding variable;

— openValve(), closeValve() — servomotor control
functions (valve opening and closing);

— stepperRotate(), stepperStop() — electric motor
control functions (starting and stopping the motor);

— handleRoot() — a request to send an HTML page
to the server (root path);

— handleSensorData() — request to update data
from the sensors of the HTML page on the server;
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— handleCameraStream() — request to wupdate
frames from the camera (forming a video stream) of the
HTML page on the server;

— handleOpenValve(), handleCloseValve() -
requests to open and close the valve, respectively.
handleStartWashing() — a request to start the process
of preparing a bath for washing DP.

Conclusion

An analysis of modern production was carried out,

the main development trends were considered.
The implementation of new systems and technologies
that ensure the reliability of work at the enterprise
was analyzed.

During the work, the subject area of the monitoring
system of the production process of ultrasonic cleaning
of printed circuit boards was studied, its implementation
at the enterprise, modern analogues were analyzed,
which made it possible to form requirements for the
development of one's own monitoring system.

The selection and justification of the main elements
and technical means that will allow to develop
a monitoring system was carried out.

A connection diagram of system components was
developed as a laboratory layout, which made it possible
to understand the structure of the future physical layout.
A structural diagram was developed that reflects the
architecture of the developed system.

Calculations of the hydraulic pressure of the
washing liquid for washing the DP were carried out,
which made it possible to choose the necessary ultrasonic
bath. Calculations of the automatic control system were
carried out to determine the value of the components and
the general control signal of the PID controller to
stabilize the temperature indicator for heating the
washing liquid in the bath, and the calculation of

determining the distance to the object, namely the
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CUCTEMA ABTOMATM3AIIL IJ1 MOHITOPUHI'Y POBOTH
IMPHJIAJOBYAIBHOI'O IPUMIIIEHHA

IIpeameToM nocCTiAKeHHSI B CTATTi € 3aCTOCYBAaHHS TEXHOJIOTII Ta aJTrOPHTMIB KEPyBaHHS B CHCTEMi aBTOMATH3allii MOHITOPUHTY
pobotu mpumagoOyAiBHOTO TpuMinieHHS. MeTa po6oTH — pO3pOOJIEHHS CHCTEMH CHMYJIAIIl Ta MOHITOPHHTY BHPOOHHYOTO
mporecy. Y CTaTTi HEOOXiMHO pO3B’A3aTH Taki 3aBAAHHSA: MPOAHANI3yBaTH HAasBHI CHCTEMH MOHITOPMHTY Ha BHPOOHHIITBI;
oOpaTH OCHOBHI €IEMEHTH W TeXHi4Hi 3aco0M M CTBOPEHHS CHUCTEMH MOHITOPHMHIY; 3alpOIOHYBaTH CXeMy IiJ €HAaHHS
KOMIIOHEHTIB CHUCTEMH; BHUKOHATH (I3MYHMH MakKeT CHUCTEeMH; pO3pOOMTH mporpaMHe 3a0e3MedeHHs CUCTEMH MOHITOPHHIY
npuiIago0yJiBHOTO NpHUMIIIeHHs . 3acTOCOBAaHI METOAM: MAaTEMAaTHYHUI 1 CHCTEMHUI aHaji3; MOJCIIOBAaHHS Ta CHUMYJIALS —
UL TIepeBIpKH  (YHKIIOHYBaHHS aBTOMaTH30BaHOI CHUCTEMH MOHITOPHHTY pOOOTH NpHIago0yMiBHOTO IPHMIIEHHS.
JIoCATHYTO TakWxX pe3yJbTaTiB: IPOAHATI30BAaHO Ta TIIOPIBHSHO HAsABHI pIMIEHHS BIPOBAKEHHS CHCTEM MOHITOPHHTY;
oOpaHo amapaTHe 3a0e3NeueHHs W TEXHIYHI 3aco0M JUIA PO3POOJIEHHS CHCTEMH MOHITOPHHLY; 3alpONOHOBAHO CXEMY
i’ €JHAHHS KOMIIOHEHTIB CHCTEMH; BHKOHAHO CTPYKTYpPHY CXEMy CHCTEMH Ta ii MakeT; po3po0JjeHO mporpamHe 3abe3nedyeHHs
JUIsL KepyBaHHS CHCTEMOI0 MOHITOpHMHrY Ta BigTBopeHHs iHdopmanii 3 BJl. BucHoBKH. Po3po0ieHO MakeT Ta porpamHe
3a0e3MeYeHHs] CHUCTEMH MOHITOPUHTY BHUPOOHHYOTO TMPOIECy, a camMe MOHITOPHMHTY IapaMeTpiB piBHSA BOIH, TeMIlEpaTypu
JUIsL YJIBTPa3BYKOBOI BIIMHUBKM JPYKOBaHMX IUIaT. BHKOPHCTaHHS Takoro BHIY CHCTEMH CIPHATHME 3arajibHOMy 3HM)KCHHIO
BHPOOHMYMX BUTPAT Mix dYac omepaiii BiIMMBKM JpYKOBaHHMX IUIaT. Po3poOneHuit Moaynb gae 3MOTy NPOBOAMTH 3MiHH
y BUpOOHMUOMY Tmporeci 0e3 Oe3mocepeHbOr0 BTPYYaHHS JIIOMMHH, [0 YMOXJIMBIIOE  IIBUJIKE MEepPEeHAJIAIITYBaHHS
miJ HOBi 3aBaaHHs. Po3poOieHo mporpaMmy KepyBaHHS CHCTEMOIO MOHITOPHMHIY T'OJIOBHOTO MOJIYJIS KEpyBaHHs Ta 3alpOIIOHOBAHO
npuHIMn 11 pobotu ¥ 300paxenHs rpadiunoro inTepdeiicy. Takoxk, mo0O BisyamisyBarn iHpopMmanmito 3 0a3uM JaHUX,
OyJ10 HaBe/IEHO Ta OIHMCAHO NPOTPaMHMI KOJ JUIsl CTBOPEHHs rpadika Ta rpadidHuii iHTepdeiic KopucTyBaya.

KnrouoBi cioBa: cucteMa MOHITOPHHTY;, aBTOMAaTH3allis; BHPOOHMYMII TIpOIeC; JAATYMK; YJIbTPAa3ByKOBa BiJIMHBKa

npykoBaHoi miatw; ESP-Wroom-32; cucteMa KepyBaHHS pIAMHHAMH ITOTOKAMH.
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S. GAVRYLENKO, O. ABDULLIN

IMPROVING THE ACCURACY OF MACHINE LEARNING MODEL
FOR FRAUD TRANSACTIONS WITH COMBINED METHODS
FOR TRANSACTION ANALYSIS

Subject matter: The study focuses on the methods for detection fraud transactions. Goal: Improve the accuracy of machine
learning models for fraud transactions with combined methods for transaction analysis. Tasks: Investigate methods of detection
fraud transactions and suggest methods that improve accuracy. Methods: artificial intelligence methods, machine learning.
Results: Methods for detecting fraudulent transactions are investigated. Methods based on data classification technology are
considered: XGBoost, SVC, Logistic Regression, Logistic Regression, AdaBoostClassifier, K-Nearest Neighbors, Isolation Forest
and their software models are built. The dataset used is "creditcard.csv", which contains transactions made by European cardholders
over two days and contains 492 fraud cases out of 284,807 transactions. The best result is obtained with the model based on gradient
boosting, which allows to process unbalanced data. It is obtained that the fl-score, due to the use of the weight parameter
of the minority class, is 86% for the minority class. To improve the accuracy of fraud detection, the labeled data was clustered into
subclasses using the k -means method. The number of clusters equal to twelve was determined by the elbow method. This made
it possible to improve the accuracy of multiclassification. F1-score ranges from 96 to 100% for different subclasses. The feature
importance within each subclass is evaluated by the gradient boosting algorithm. The results of the experiment showed
a different influence of features on subclass belonging, which allows for a more detailed analysis of the data to identify hidden
structures in the data. Conclusions: The scientific novelty of the results obtained is the combined use of data classification
and clustering methods to detect fraudulent transactions, which reduced the number of type II errors. Assessing the informative value
of features within different types (subclasses) of fraudulent transactions allows us to evaluate which features have the greatest
impact on the object’s belonging to a particular subclass.
Keywords: machine learning; fraud transactions; classification; clustering; feature importance.

Introduction malware, messages asking for money, spreading, etc. [3].

Increased fraud is also dangerous in the real estate

Payment fraud is currently one of the most popular sector [4].

criminal activities aimed at unlawfully obtaining
confidential information for the purpose of stealing
and misappropriating other people’s money. There are
a variety of fraud scenarios, including: cash assistance
fraud scenarios, online trading, telephone fraud, hacking
of social media and messenger accounts, and the creation
of fake mobile applications.

Fraud has

aggression [1]. For example, under the guise of the social

increased during russia’s military
platform eDopomoha, the public service portal Diia,
international organisations, and well-known Ukrainian
brands, fraudsters offer citizens affected by the war
to receive a cash payment on social media and
messengers [2]. Later on, they lure out payment card
details or online banking accounts and steal the funds.
In addition, the scammers create fake mobile applications
and place them on Google Play and the App Store,
where the victim enters their payment card details.
Fraudsters also hack into users’ Instagram, Facebook,
Telegram, Viber accounts and send disinformation,

Detecting payment fraud is a critical task for
financial institutions and e-commerce and requires
continuous improvement of security systems.

To train a model effectively, large amounts of
high-quality data are required. This is very difficult
to obtain due to privacy regulations, fragmented data
sources, or incomplete records. In addition, striking
a balance between accuracy and minimising false
positives is a significant challenge. False positives
mark legitimate transactions as fraud, leading to customer
dissatisfaction. In addition, many machine Ilearning
models, especially deep learning algorithms, function
as black boxes. In this case, it is difficult to understand
how they make decisions, which can be problematic,
especially in the financial sector. In addition, fraudsters
are constantly developing new and more sophisticated
tactics, which makes them difficult to identify [5].
This requires constant updating of models, as the current
level of development of fraud detection tools cannot
guarantee effective information protection.

© S. Gavrylenko, O. Abdullin, 2024
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Problem statement
and review of scientific publications

A wide range of machine learning methods are
used to detect payment fraud, based on classification,
clustering, association analysis, and data anomaly
detection models [6].

Classification models use supervised learning based
on labelled data to train and subsequently separate
transactions into fraud and legitimate ones [7]. Neural
network models

also help to identify nonlinear

relationships between variables [8]. Decision tree
models make decisions based on a sequence of checks.
Ensemble classifiers improve classification accuracy [9].
The key disadvantage of such models is that if a specific
case of fraud is not presented in the training data,
the model may not detect it. In addition, due to
insufficient detail of transaction data, real and fraud
transactions overlap, which leads to a decrease in the
quality of the model. Another disadvantage of such
models may be their retraining, which requires
regularisation of their parameters.

Models based on unsupervised learning continuously
process and analyse unlabeled data to detect patterns and
build models that can identify unusual behaviour [10].
However, due to the lack of detail in transaction data,
real and fraud transactions overlap, which leads to
a decrease in model quality.

Expert systems create a profile of normal user
behaviour for further comparison with new transactions.
They are aimed at tracking changes in user behaviour
that may indicate fraud activities [11]. The disadvantage
of such systems is the problem of determining
thresholds that balance the probability of the first
and second type of error.

Associative analysis algorithms are used to find
transaction patterns that are common and may be
associated with fraud. An example is the following
factors that are taken into account in the process of fraud
detection: amount, time, place, type of product, payment
method, user’s location, etc. [12]. The disadvantage
of the algorithm is the assumption that associative
rules should be searched only on the set of patterns
that are often used in fraud, which leads to the exclusion
of important patterns that are rarely used.

Anomaly detection involves identifying transactions
that deviate from normal user behaviour (unusual
amounts, timeframes, geolocation, etc.). In addition,

the relationships between different transaction variables

are analysed (for example, between the type of product
and the place of purchase) [13]. Such methods can have
a significant level of first-order errors.

One way to solve this problem is to use a combined
approach that combines different methods and allows
for the detection of a wider range of fraud schemes and is
more adaptable to new types of fraud. The combination
of methods also helps to reduce the number of false
classifications of legitimate transactions as fraud
(first type errors) [14].

The aim of this paper is to improve the quality of
payment fraud detection by implementing a combined

approach to transaction analysis.

Developing a model
for detecting fraud transactions

In this paper, the dataset used for the study is
creditcard.csv, which contains transactions made with
credit cards in September 2013 by European cardholders.

This dataset is transactions that occurred over
a two-day period and contains 492 fraud cases out of
284,807 transactions. The dataset is highly unbalanced,
with the positive class (fraud) accounting for 0.172% of
all transactions. It contains only numeric input variables,
which are the result of the PCA transformation. Due to
confidentiality issues, the original names of the features
and background information about the data are not

available. The features V,, V,, ... V), are the principal

components obtained by PCA; the only features not
transformed by PCA are "time" and "amount".
The "time" feature contains the seconds elapsed between
each transaction and the first transaction in the dataset.
The "amount" feature is the amount of the transaction,
which can be used for training and cost consideration.
The "class" function is a response variable that takes
the value "1" if fraud is detected and "0" otherwise.

Preliminary analysis of the data showed no missing
values and highly correlated features (over 90%).
In addition, the data is unbalanced and requires
balancing [15] or certain adjustments to the model
parameters. After dividing the data into training and
education sets, they were standardized and normalized.

In order to detect fraud transactions, the possibility
of wusing classification models based on ensemble
methods was investigated. To study their effectiveness,
their software models were developed in the Colab
Python environment. The models used as basic

classifiers are XGBoost, SVC, Logistic Regression,
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AdaBoostClassifier, K-Nearest Neighbors, and Isolation
Forest. Gradient boosting algorithm (XGBoost) builds
a model as an ensemble of decision trees. Each new tree
adds information that was not taken into account by the
previous trees. The Support Vector Classifier (SVC)
builds a hyperplane that optimally divides the data into
classes. Logistic Regression is a statistical method for
predicting binary outcomes that calculates the probability
that an object belongs to a certain class. The Adaptive
Boosting algorithm is also an ensemble classifier that
sequentially combines weak classifiers and combines
them into a strong classifier. In this case, each new
classifier is trained on data that was misclassified by
previous classifiers. The misclassified objects receive
more weight in subsequent iterations, and the final
prediction is calculated as a weighted sum of the
predictions of all weak classifiers. The K-Nearest
Neighbors (KNN) classifies
similarity. It assigns a new object to the class that is the

algorithm based on
most common among the k nearest neighbors of this
object in the training set. The Isolation Forest algorithm
is commonly used for anomaly detection. It builds
isolation trees that recursively partition the data until
each object is isolated. Each of these algorithms has
its own advantages, which depend on the specific task
and the source information. For example, the use of
XGBoost and AdaBoost algorithms is effective for large
datasets with complex relationships between features.
SVC is productive when processing data with a nonlinear
separation boundary. Logistic regression is easy to
interpret and effective for binary classification. KNN
does not require explicit model training, is easy to apply,
but can be sensitive to noise. Isolation Forest is one of the
most effective algorithms for anomaly detection.

Fig. 1 shows the results of binary classification
quality for class "0" and class "1". To determine the
quality of the model, we used the fI-score, which provides
a balanced assessment of the model’s performance,
taking into account false positives and false negatives.

Binary cassification
100,00%

50,00%
B0,00%
70,00%
60,00%
50,00%
40,00%
30,00%
20,00%
10,00%
0,00% ||
& ‘7‘3(’ c}@

Name of classifier

f1-score

W flscore, dass0 W flscore, class 1

Fig. 1. Quality results of binary classification

As can be seen from fig. 1, the best results were
achieved when using a model based on the gradient
boosting algorithm. XGBoost belongs to the category of
ensemble learning, in particular to the gradient boosting
structure, uses decision trees as basic learning methods,
and is known for its computational efficiency [16].
The model based on the gradient boosting algorithm
also uses regularization methods to improve model
generalization and is particularly effective in dealing
with imbalanced data. For this purpose, the
scale _pos weight , tuning parameter is implemented

to help balance the positive and negative classes by
giving more weight to the minority class:

Number of Positive Class Instances

scale _pos _weight= .
Number of Negative Class Instanses

The quality assessment of the model is shown
in Fig. 2. As can be seen from the report, the model is
biased towards the majority class, as the quality
100%.
At the same time, the fI-score for the minority class is

indicators for the majority class "0" are

sufficient due to the increased weight of the minority
class and amounts to 86%.

Classificaticn Repeort for XGEBoost:

precision
2 1.88
1 2.88

accuracy
macro ave 8.94
weighted ave 1.88

Fig. 2. Classification Report

recall fl-score support
1.28 1.2 Sodcd
6.84 .86 BE
1.88 Se9E2
8,92 B.93 Se962
1.28 1.2 Se962




ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2024. No. 4 (30)

To improve the quality of fraud detection,
we further clustered the labeled data. This approach
is non-standard, but can be promising, providing
new knowledge. In some cases, clustering divides the
original classes into smaller subclasses. This can be
useful for a more detailed analysis of the data, as the
labeled data may contain hidden structures that were not
taken into account during the labeling. Clustering can
help to identify these structures and gain a deeper
understanding of the data. It also helps to assess
which features have the greatest impact on an object’s
belonging to a particular cluster.

The (k-means) method is used for clustering.

This method requires a predefined parameter &, the
number of clusters. In the process of clustering by the
k-means method, the number of clusters is most often
estimated using the elbow method. It involves repeatedly
cycling through the algorithm, increasing the number
of clusters to be selected, and then plotting the
distortion score, defined as the sum of the squares

Fig. 3. Estimation of the optimal number of clusters

To build a multiclassification model for the newly
labeled data, we used a model based on gradient
boosting. Since the newly labeled data are also
unbalanced, the scale pos weight parameter was reused
in the process of model tuning. The results of
multiclassification are shown in fig. 4.

The report shows that the quality of classification
is excellent. The Fl-score ranges from 96 to 100%
for different subclasses.

The results are also confirmed by the ROC curve (fig. 5).

of the intra-cluster distances to the cluster center
(WCSS , Within-cluster sum of squares)

C, d

wess =3 distance(d,,C, )

C, d;inC;

2
s

where C - are the cluster centroids; d — are the data
values in each cluster.

To select the optimal number of clusters, we used
the KElbowVisualizer model of the Colab Python library
with the distortion metric, which calculates the sum
of the squares of the distances from each point to its
designated center. The estimate of the optimal number of
clusters is shown in fig. 3. The abscissa axis corresponds
to the number of clusters, the ordinate axis to the
distortion score and the model training time. In this case,
the optimal number of clusters is the one that corresponds
to the inflection point of the graph and minimizes
the model training time. As can be seen from fig. 3,
the optimal number of clusters is 12. That is, the original
data can be divided into 12 subclasses.

The next advantage of using gradient boosting
is the ability to relatively easily obtain an information
content score for each attribute. Features with high
informativeness allow you to more accurately divide
objects into classes and draw clearer boundaries between
classes, which helps to improve classification accuracy.
Selecting informative features helps to reduce data
dimensionality, reduce noise, and increase model
accuracy. Attribute informativeness also shows how

useful or valuable each attribute was in building the
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ensemble decision trees, which allows you to rank
attributes and compare them with each other. In addition,
attributes with low informativeness can be removed
from the dataset, which is likely to speed up the speed
of model training and testing.

Classification Report for XeBoost:

precision recall fi1-score support

a 1,84 1.88 1.02 3254

1 8.99 8.95 8,93 2622

2 @.08 @.92 @.98 TER7

2 g.99 @,99 @.,99 11186

4 @.99 1.88 1.88 35437

& @.08 @.92 @.98 341

g 8.98 8.95 8,98 9829

7 @.99 @.59 @.99 18417

8 8.95 @,97 B.95 721

9 8.97 9,96 a.97 521

18 1.88 1.88 1.88 £389

11 8.97 @.97 @.97 x
accuracy @.99 S5962
macre avg 8,902 @,92 @,908 tEoE2
welghted avg 8.99 8.95 8,93 Se9E2

Fig. 4. Results of multiclassification of source data
by the XGBoost method

Fig. 5. ROC curve value as a result of multiclassification
of the output data

The next advantage of using gradient boosting
is the ability to relatively easily obtain an information
content score for each attribute. Features with high
informativeness allow you to more accurately divide
objects into classes and draw clearer boundaries between
classes, which helps to improve classification accuracy.
Selecting informative features helps to reduce data
increase model

dimensionality, reduce noise, and

accuracy. Attribute informativeness also shows how

useful or valuable each attribute was in building the
ensemble decision trees, which allows you to rank
attributes and compare them with each other. In addition,
attributes with low informativeness can be removed
from the dataset, which is likely to speed up the speed
of model training and testing.

Feature information is evaluated by the
XGBClassifier

model. In this case, for each tree, it is estimated

feature importances attribute of the

how much all the features contribute to reducing the
degree of chaos due to the distribution of data in the
nodes of the decision tree. This evaluation criterion
can be, for example, information entropy:

2N, N,
H=-)» —log [—’j,
;N N

where »n is the number of classes in the original

subset; N, is the number of objects of the i -th subclass;
N is the total number of objects.

Subsequently, the importance of each feature for all
trees is averaged to obtain the final indicator of its
informativeness for the entire model.

First, we investigated the informativeness of the
features before their clustering (Fig. 6). As can be seen
from Fig. 6, the following features have the greatest
impact on decision making: V,,, V,, Time, V,,, Vy, Vis
Vy, Amount, V,, V, . Thus, the informativeness of
the V,, feature is 11.61 %. That is, the value of this

feature has the greatest impact on the object’s belonging
to the class of legitimate or fraud transactions.

Fig. 6. Evaluation of the features informativeness before
their clustering
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Further research is related to the evaluation of the
most informative features within each cluster (Figs. 7-9).
To do this, the data is recursively divided into two
classes — objects of the current cluster and other objects —
and their informativeness is evaluated.

As can be seen from fig. 7, the following features
are the most informative for the second cluster: V5, V,,,

V., V,, Amount , etc.

Fig. 7. Evaluation of the features informativeness
for the second cluster

For the third cluster (fig. 8), the greatest influence
on decision-making is provided by the features V,,, V,,,

V,, Vi, Time, V; etc.

Fig. 8. Evaluation of the features informativeness
for the third cluster

The analysis of fig. 9 shows that belonging to this
cluster is determined by the Amount feature by 96.62%.
That is, it can be assumed that the sequence of attributes
by which objects were added to the eighth subclass
allows you to access a bank account and withdraw all
funds from the account at once in one transaction.

Fig. 9. Evaluation of the informativeness of features
for the eighth cluster

Conclusions

The study analyzes various approaches to detecting
fraud transactions. Methods based on data classification
technology are considered and their software models
are built in the Google Colab Python environment.
The classifiers based on XGBoost, SVC, Logistic
Regression, Logistic Regression, AdaBoostClassifier,
K-Nearest Neighbors, Isolation Forest are investigated.
The dataset used is creditcard.csv, which contains
transactions made by FEuropean cardholders with
in September 2013. This dataset is
a two-day transaction and contains 492 fraud cases out

credit cards

of 284,807 transactions. Due to privacy concerns, the
dataset is the result of a PCA transformation. There is no
original feature name or background information about
the data. The dataset is unbalanced. The best results are
achieved by using a model based on gradient boosting.
This model is particularly effective in dealing with
unbalanced data because it contains a scale pos weight
setting that helps to balance positive and negative
classes by giving more weight to the minority class.
It is determined that the f7-score due to the increase in the
weight of the minority class is 86% for the minority class.

In order to improve the quality of fraud detection,
we further cluster the labeled data. The k-means method
was used for clustering. The number of clusters equal to
12 was determined by the elbow method. A model
based on gradient to build
a multiclassification model for the newly labeled data.

boosting was used

It was found that the quality of the model has improved
significantly. TheFI-score ranges from 96 to 100% for
different subclasses.
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Further, the informativeness of the features before
and after their clustering was evaluated. To do this, we
used the feature importances attribute of the
XGBClassifier model. The data are recursively divided
into two classes — objects of the current cluster and
other objects — and evaluated. It was found that within

eighth subclass allows access to a bank account
and withdraw all funds from the account simultaneously
in one transaction.

Thus, the approach of combined use of data
classification and clustering methods improves the
quality of fraud transaction detection. The approach is

each subclass, the informativeness of the features useful for more detailed data analysis and identification

is different. For example, belonging to the eighth of hidden structures that were not taken into account
cluster is 96.62% determined by the "amount" feature. during the markup. It also helps to assess which features
That is, it is possible to assume that the sequence

of attributes by which objects were added to the

have the greatest impact on an object’s belonging to
a particular subclass.
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NIIBUIIEHHA SIKOCTI BUSIBJEHHS IUIATIXDKHOT'O ITAXPAMCTBA
BHACJIIJIOK BUKOPUCTAHHS KOMBIHOBAHOT' O MIJIXOAY
AHAJII3Y TPAH3AKIIIA

IIpeamer aocaim:keHHS — METONM BUSBICHHS INAaXpalChKUX TpaH3akmiii. MeTow PpodOTH € MiABHIICHHS SKOCTI BHSBICHHSI
IUTaTDKHOTO IMAaXpalcTBa 3a JOMOMOTOI0 BUKOPHCTAaHHA KOMOIHOBAHOTO MiAXOLy aHaJi3y TpaH3akuUiil. 3aBAaHHsA: JOCIIAUTH METOIH
BUSIBJICHHS IIaXPaiChKUX TPaH3aKIiil Ta 3apONOHYBATH ITiAXi/ JUIs MiABUILCHHS SKOCTI 1X BUsBICHHS. MeTOMM: IITYYHHUH IHTENEKT,
ManiuHHe HaB4yaHHA. JlocATHYTi pe3yabTaTH. JOCHi/XKEHO METOAM BUSBICHHS MIaXpalChbKUX TPaH3aKLiil; pO3IISTHYTO METO.H,
OCHOBaHI Ha TEXHOJOT1] Kinacudikauii qanux, 3okpeMa XGBoost, SVC, Logistic Regression, Logistic Regression, AdaBoostClassifier,
K-Nearest Neighbors, Isolation Forest, Ta moOynoBaHo ix mporpaMHi mMozeni. SIk BUXiJHHX JaHi 3aCTOCOBAaHO Halip creditcard.csv,
[0 MICTHUTh TpaH3akiii, 3[iiiCHEHI €BPONEHCHKUMHU BIACHHKAMH KapTOK, sKi BimOyimcs 3a JBa IHi, Ta MicTUTh 492 BHOaIKH
nraxpaiictea 3 284807 Tpanzakuiit. Haiikpamuii pe3ynbpTaT TOCATHYTHH YHACIIIOK BUKOPHCTAHHS MOJEl Ha OCHOBI IpajliEHTHOTO
OyCTHHTY, fKa Jae 3MOTy oOpoOsATH He30alaHCcOBaHi JaHi. BussieHo, mo f/-score 3a TOTIOMOTOIO 3aCTOCYBaHHS IapaMeTpa Baru
KJIacy MEHIIOCTi CTAaHOBHTH 86% IJIsI MiHOPUTApHOTO Kiacy. 3 METOI0 MiJBHINEHHS SKOCTI BHSBIEHHS IIaxpaiicTBa BHKOHAHO
KJIaCTepHU3allil0 PO3MIUCHUX JaHWX Ha MiJKJIAcH i3 BHUKOPHCTaHHIM MeTOAy k-cepenHix. KinbkicTh kimactepiB, 110 JopiBHIOE 12,
BU3HAueHO MetojmoM "mikTs". Ile mano 3Mory MiIBUINUTH SKICTh MyJbTHKIacudikallii. 3’sCOBaHO, IO SKiCTh MOJENI 3HAYHO
nokpammiace. FI-score cranoButh Bix 96 no 100% misa pisHnx migkiaciB. OmiHeHO iHGOPMATHBHOCTI 03HAK y MeXax KOXKHOTO
MiAKIacy alrOpUTMOM TpaXi€HTHOTO OYCTHHTY. Pe3ynbTaTH eKCIIEpUMEHTY IIOKa3ajld pIi3HWH BIUIMB O3HaK HAa HAJIEXHICTb
0 TMiAKIacy, IO Ja€ 3MOry OiIblI JeTalbHO MpOAHANi3yBaTH JaHi 3 METOI0 BUSBICHHS B HHX IPUXOBAaHHX CTPYKTYP.
BucnoBkn. HaykoBa HOBU3Ha JOCATHYTHX pe3yJbTaTiB MOJArac B KOMOIHOBAHOMY BHKOPHUCTAHHI METOJIB Kilachikarii
Ta KJacTepu3alii JaHWX JUIS BHSBJICHHS INAXPalChKUX TPaH3aKI[Hd, IO Jaio 3MOTY 3MEHIINTH KiTbKICTh MOMHIIOK JPYTOTO POY.
OninroBaHHs 1H(OPMATUBHOCTI O3HAK y MeXaxX PI3HMX THUMIB (MiIKIAciB) MIaXpaiCbKUX TpaH3aKIiil JomomMara€ BH3HAYWTH,
sIKi O3HAKU HaiO1IbIIe BIUTMBAIOTH HA HAJISKHICTH 00 €KTa 10 TOTO YH iHIIOTO MiIKIIacy.
Konro4oBi ci1oBa: MarmHHe HaBYaHHS; IIAXPaiChKi TpaH3aKIil;, Ki1acudikalis; Kiactepu3alis; iHhOopMaTHBHICT O3HAK.
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C. JAHIIMHA, C. AHJPe€B, C. 'OPEJIMK, A. HEUAYCOB, A. [TPUIIMA

TEOIH®OPMAIIWMHI TEXHOJIOT'TI
JJIA THZKEHEPHO-'EOJAE3NYHUX BUIITYKYBAHD
Y IPOLECI MOJIEPHI3ALII 3AJII3HUYHOI IH®OPACTPYKTYPU YKPATHU

IIpeamer pgociilzkeHHs: — OUCTaHLIHHI METONM IH)XXKEHEPHO-TE€OJE3MYHHMX BHUINYKYBaHb Yy IIpolleci MOAEpHi3alii 00’eKTiB
3aTi3HUYHOT iHpacTpykTypu YKpaiHu. MeTow po6oTH € MiABHIICHHS e()EKTHBHOCTI IH)XECHEPHO-TCOAC3UYHUX BHUINYKYBaHb
00’€KTiB 3aNi3HUYHOI 1HQPACTPYKTYpH VYKpaiHH 3a [JOMOMOTOK BIPOBAHKCHHS CYYaCHHX TEXHOJIOTIH TreoiHpopMaIiifHux
cucTeM. 3aBHaHHS: IIPOAHANI3yBaTH 3aralbHUN CTaH BITYM3HSAHOI 3ali3HHYHOI IHQPACTPYKTYpH AT BH3HAUCHHS MOXKIMBUX
HampsMiB 11 MOKpAIIeHHS; JOCTIJUTH HasBHY HOPMAaTHBHO-IIPABOBY 0a3y, IO PEriIaMeHTYeE iHXEHEPHO-T€0Je3NYH] BHITYKYBaHHS
Ha 0O0’eKkTax 3ali3HUYHOI 1H(PACTPYKTypH B TpoLeci iX MOJAEpHi3alii; OIMIHUTH MOXIUBOCTI cydacHuX ['1C-texHomorii
y PpO3B’A3aHHI INIEBHUX 3aBJaHb BHUIIYKyBaHb; (OpMaii3yBaTH NpPOLECH IIOJbOBOIO Ta KaMEpPajJbHOTO €TalliB BHUIIYKYBaHb;
OTIpaloBaTH po3poOiieHl (QyHKIIOHaTBHI Mojeni Ha mpaktuui. Pesyabratn. Amnamiz apismbHOocTi AT "VkpaiHcbka 3amizHuLA"
MOKa3ye, 10 BOHO € JIiIePOM Traiy3i, aje MONpPH BHCOKI IEPCHEKTHBHM PO3BUTKY MOJEpHI3allisi Ta YTPUMaHHS 3alli3HHYHOL
iHGPACTPYKTYpH BHUMAra€ 3HAYHUX KOIITiB, IO B YMOBaX BOEHHOTO CTaHy € 3HauyHOW mpobsemoro. Ile moTpebye 3amyueHHS
CyJacHMX TEXHOJOTi Ta IHHOBAIliif, 30KpeMa IiJ Yac TPOBEICHHS BHIIYKyBaHb O0O0’€KTIB 3ami3Humi. JlOCITiPKeHHS
MoxuuBocTel  cydacHuX [1C-TexHomoriii y mporeci 3IiHCHEHHS I1H)KCHEPHO-TEONE3WYHHX BHUINYKYBaHb Ha 00 €KTax
3aTi3HUYHOT 1H(PACTPYKTYpH Ta 3B’S3KIB MK HUMH IIOKA3aJI0 TIEBHI MEpeBard Ta HEAONIKH. Y YWHHIA HOPMAaTHBHIN 0a3i 3 mbOTO
HampsIMy PEKOMEHIOBAaHO BHKOPHCTOBYBaTH y BuIIyKyBaHHAX [IC-TexHomorii, ame BOHO HeE perjiaMeHTOBaHO. PozpobieHo
DFD-giarpamy, 1o ysarajibHIOe Ta (opMmalizye mpouec iHTerpamii maTepiaiiB, JoOyTUX HiX Yac BUIIYKYBaHb i3 3aCTOCYBAaHHSIM
I'IC-texHomoriit, mo 6aHKy reomaHux Kpainu. Chuparouuch Ha Hel, (GOpMani3oBaHO POOOTH IOJBOBOTO Ta KaMEPAIbHOTO CTAlliB.
ExcrieprMeHTaIbHUM CIIOCOOOM Ha MPHKIIAJl MPOEKTY JOCIIHKEHHS 3ai3HUYHOTO MOJOTHA Ta NPWIIETJol CUTYyalil Ha MicIeBOCTI
y Hanpsmky KoBenb — SIrommH — KOpAOH TeEpeBipeHO po3poOicHi (yHKIOHAmbHI Mojerdi. I[loka3aHo, SK 1X BHKOPHUCTAaHHS
NPUCKOPIOE IUIAaHYBAaHHA MNOMIOHMX TPOEKTiB. BucHoBkHM. OmpaifoBaHHs Ha TPaKTHII PO3pOOTEHHX (QYHKIIOHATBHUX
MoJieNieil MigBHUILY€e e(QEeKTUBHICTh BUKOHAHHS 1HXEHEPHO-T€OIE3WYHUX BHUIIYKYBaHb Ha 00’€KTaX 3aJli3HUYHOI 1HQPACTPYKTYPH.
30KkpeMa cUCTEeMaTH3allisl Ta CTPYKTypH3allis MOTOKIB JAaHHX, aJTOPUTMi3allis AISUIBHOCTI MiJ Yac BHKOHAHHS POOIT MOJIBOBOTO
Ta KaMepaJIbHOro €TaliB CHPOIIYIOTh MPOLECH IUIAHYBaHHsS IIPOEKTIB BUKOHAHHS BHIIYKyBaHb, 301JbIIYIOTH iH(GOPMAaTHUBHICTH
JOCIIIHUX MaTepiajiiB 3 OJHOYACHMM 3MEHIICHHSM 4YaCOBHX BHUTPaT Ha NPOBEICHHS POOIT, MiIBHIIYIOTh TOYHICTH OTPUMAaHHS
TeOMETPUYHHX i Te0Ae3NIHHX TapaMeTpPiB MiCIIEBOCTI.

KnawuoBi caoBa: iHpopmamiiiHuii mpomec; (YHKIIOHANFHE MOJCIIOBAHHSA, IIOTOKM JaHWX; Ja3epHE CKaHyBaHHS;
eTanyu IHKeHEePHO-Te0Ie3NYHIX BUIIYKYyBaHb; [ IC-iHCTpyMeHTH Leica.

Beryn 3pocTaHHs piBHS IHHOBAaUIHHOCTI HAaIlOHAJIBHOT

€KOHOMIKH, 30iJbIIECHHS KITBKOCTI BIIPOBAIKYBAHUX

31aTHICTh  JIIOJICTBA  BMKOPUCTOBYBAaTH  HayKy, PO3pO0OK 1 MiIBUIICHHS EGKOHOMIYHOI Bijjadi BiJf HUX
texHonorii Ta imnosawii (HTI) s mporucrosHHs ¢ ocnosoto Crpaterii po3BuTKy cdepH iHHOBaIiiHOT
KpH3aM Ta iX CIPOMOXHOCTI 3a0e3redyBaTd T0OpoOyT nisutbHOCTI Ha mepion jgo 2030 p. [1]. Ile morpebye
CYCIIIIECTBA € OYEBHIHHMMH, aje TOTEHIIan 3aCTOCYBaHHS iHTerpamii pesysibTaTiB  HayKH, HOBHX TEXHOJOTIi
HTI st nocsirHEHHs Lijel CTanoro po3BUTKY, Ha *Kallb, Ta iHHOBalifl J0 3araJlbHOHAILOHANBHUX, Taly3€BHX
3QIMINAETHCS HE3aCTOCOBAHKMM, aKE ICHYIOTh IICBHI HOPM 1 CTaHgapTiB 3 METOK JOCATHEHHS CHHEpIii
Oap’epm Ha NDIIXY iX Hporpecy, sKi HeoOXiTHO Bijl iX BUKOpPHMCTAaHHS Il CYCIIIBCTBA. 3aKOH YKpaiHu
BH3Ha4YaTH Ta Jonatd. BiitHa B YkpaiHi Takox gomana "TIpo  npiopuTeTHI  HANPSIMH  PO3BUTKY  HAyKd
IEBHUX BUKJIHMKIB i 3arpo3 y peanizamii Iux Linel, cepen i Texmiku", (opMylouM ILiTiCHY CHCTEMY BiAIOBITHO
SKMX HEIOCTaTHICTh (DIHAHCOBHMX pecypciB, HOBa no JlepkaBHOI IiIBOBOiI HPOTPaMM  IPOTHO3YBAHHSA
AemorpadivuHa peanbHiCTh, OpaK KBami(iKoBaHUX Ka/PIB  HayKOBO-TEXHOJIOTIYHOTO Ta iHHOBAIIMHOIO PO3BUTKY
i poGouOi CHIM [ BIIPO/UKEHHS €KOHOMIKM. 3a IMX  VkpaiHu, BU3HAYae aKTyaldbHi HANPSAMH PO3BHTKY HAYKH,
0o0CTaBMH JnIIe 30UTBIICHHS 4YacTKH BUKOPUCTAHHS TEXHIKM Ta IHHOBAaI[ifHOI IisUIBHOCTi, CIPSIMOBaHI
pe3yJIbTaTiB HayKH, HOBHX TEXHOJIOTIH Ta iHHOBaLii MOXe Ha TIOBOEHHY BimOymoBy VYkpainm [2]. Cepen mmx
CHPUSITH JIOCSTHEHHIO BU3HAUYEHHX LiIeit po3BUTKY [1]. HampsIMiB ~ BHOKPEMHMMO  (DYHJIAMEHTAJbHI  HAYKOBi
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JOCHI/DKEHHST 3 HaWBKIMBIIIUX MPOOJIEM PO3BUTKY
HAYKOBO-TEXHIYHOTO, COIaTbHO-EKOHOMIYHOTO Ta iHIIIOTO
MOTEHLIaNy [Uisi 3a0e3MeUeHHs KOHKYPEHTOCIIPOMOXKHOCTI
VkpaiHu y CBITI 3aBISKM IIHPOKOMY 3aCTOCYBAaHHIO
Ta BIIPOBA/KEHHIO HOBITHIX iH(pOopMamiHHIX
1 KOMYHIKAI[IfHUX TEXHOJIOTi. MOJIMBAM CIIOCOOOM
peamizamii IIbOTO HAmpsIMy CTa€ CTBOPEHHS CTIMKOi
TPaHCIIOPTHOI iHPPaACTPYKTYpH.

3a ouinkamu (¢axiBuiB BcecBiTHROTO €KOHOMIYHOTO
(opymy,
iH(ppaCcTPyKTypH
COLIaTbHO-€KOHOMIYHOI JisTIbHOCTI KpaiH 1 CTIHKICTB

MiABUIIEHHS €(QEeKTUBHOCTI  TPaHCIOPTHOI

CYTT€EBO BIINTUBA€ Ha  PO3BUTOK

CydyaCHHX TpOMaJ, I[IO3HAYAE€THCS Ha PO3MilIeHHI
Ta e()eKTUBHOCTI BHPOOHHUIITBA, Ha ()OPMYBaHHI MICLIEBUX
1 HamiOHAJBPHUX pPHUHKIB, HA pPO3B’S3aHHI COIAIBHO-
€KOHOMIUHHMX 3aBllaHb. Bru3HaHHs co0iBapTOCTI MPOIYKILi,
10 € MipOI0 eKOHOMIYHO{ TisSUTBHOCTI Ta i1 BiATBOPEHHSM,
3MyIIye Oi3HEC Y3rOKYBAaTH PO3BUTOK CBOIX IMiIIPHUEMCTB
i3 mmanamu 11 po3Butky [3]. Tak, Hampukian,
BaHTAXO000Ir 3aJi3HMYHOTO TpaHCHOPTY csrae 56,1%,
BiH Yy
i 4%

BaHTAKOMACA)KUPCEKOMY TIOTOIll KpaiHW, M0 pOOUTH

cepenHboMy BukoHye 20%  BaHTaXHHX

MacaXUpChKUX TMepeBe3eHb Y  3arajlbHOMY
HOro OnHIEI0 3 TPOBITHUX TPAHCHOPTHHUX Taly3er
VYkpaian. Tomy migBumeHHs €(pEKTHBHOCTI 3aTi3HHYHOI
IHPPACTPYKTYpH CTa€ OCHOBHOIO METOIO JEpKaBHHX
MporpaM i TPOEKTIB PO3BUTKY, a PO3YMIHHSA KUTBKOCTI
Ta SKOCTI ii Jmopir i1 Bci€l iHQPACTPYKTYpPH 3arajiom
BUSIBISIETHCS HEOOXIMHUM TSI TIPUHHATTSI CTPATETIdHUX
pimens [4]. HasiBHICTH 3ali3HHII 3HAYHO 30UIBIIYE
CyKyITHE EKOHOMIYHE 3pOCTaHHsA i Temmwn ypOaHizarii
B3JIOBX MapIIpyTy, CIpPUSE MOJEpHi3alii MPOMHUCIOBUX
CTPYKTYp, BIUIMBa€ Ha TEMIIM EKOHOMIYHOIO PO3BHUTKY.
3 momsay MPOCTOPOBOI  CTPYKTYpH BOHAa CYTTEBO
MiABHIIY€ TOCTYIHICTh PETIOHY, MIIHICTE €KOHOMIYHHUX
3B’S3KIB Ta CKOHOMIUHHI MOTEHIIAJ YIPOJOBXK YCHOTO
MapmpyTy, 3a0e3nedye B3a€EMO3B’S30K MK PI3HUMH
rajgy3sMH E€KOHOMIKH, TiJIPHEMCTBAMH Ta KpaiHaMH,
BIUIMBa€ HA TPOLECH BUPOOHHUNTBA,  CIPHUAIOUH
NIPOMUCIIOBIH arjomepanii Ta mepeMilieHHIo (akTopiB
BUPOOHHIITBA MK MICBKMMH W CUIBCHBKMMHU paiiOHaMH
Ta TapaHTYIOUM IIJBE3CHHS CHPOBMHHM W BUBE3CHHS
roToBoi npoaykuii [5-7]. VYkpaiHa B 1bOMy CeHCI
He € BuHATKOM. 3a iHdopmamiero /[epxcrary [4],
3aJI3HUYHUN ~ TPAHCHOPT €  TPOBIJHOK  Tally33i0
B JIOPO’KHBO-TPAHCIIOPTHOMY KOMIUIEKC] Kpainu (puc. 1):
cranoM Ha 2021 p. BaHTa)X000Ir 3a1i3HUYHOTO TPAHCIIOPTY

carnyB 180,4 mupn T KM (65,7% Bing 3arajgbHOTO

BaHTaX000iry 3a  BciMa  BUAAMH  TPAHCIOPTY),

nacaxxupoodir — 15,7 mapa mac. kM (25,04% Bin 3aransHOro
BCIMa  BHAAMHU

macaxxupoodiry  3a TPAHCIIOPTY).

HepeBeseHHﬁ BAHTAXXOIMACAXKUPOIIOTOKY B

iHppacTpyKTypa
JloHenpkof, JIbBiBCHKOT,

VYkpaini

3a0e3nedye  3ayi3HUYHA IecT!

perioHaTbHAX Gbimii:

OpnecpKkoi, [punHIIpOBCHKOI, [iBnenno-3axigHo1

ta [liBgennoi. Kaprorpadiuni mogeni posnoxisy

BaHTa)KOIIACAKUPOIIOTOKY 3a bimisvu CTaHOM
Ha 2021 p. HaBezeHi Ha puc. 2.

BaxnuBicTe 3aMi3HAYHOTO TPAHCIIOPTY B CHCTEMI
TPAHCIIOPTHUX KOMYHiKamid VYKpaiHH IOCHITIOETHCS
W THUM, IO Kpi3b TEPHUTOPIIO JEPKABH IPOJATAIOTH
OCHOBHI TpPaHCIIOPTHI TPaHC €BPONEHCHKI KOPHUIOPH:

Cxin — 3axim, bantmka — YopHe Mope. YKpaiHCBhKa

3ai3HUIST  Oe3mocepeHb0  MEXKYE 1 B3aEMOJIIE
i3 zamidEmmsamu  Monmosu,  Ilomemi,  Pymywii,
CnoBayumHu, YropuHu Ta 3a0e3nedye  poOOTy

i3 40 MDKHApOIHUMH 3alli3HUYHUMH [epexoJaMH,
a TakoX o0ciyroBye 18 yKkpalHCBKMX MOPCBHKHX IOPTiB
3 2023 p.

3a cnpusHHAM €Bponelicekoro Coro3y posmnoyaro

YoproMmopcbko-A30Bcbkoro Oaceitny [8].

MPOEKTH  PO3BUTKY  €BPOIHTETPAIifHOI  3aTi3HUYIHOI
iHppacTpyKTypu YKpaiHCBhKOI 3alli3HMI, CHpSMOBaHi
HAa PEKOHCTPYKIIO CTapux Kok 1 OyIiBHHITBO
3aJTI3HUYHUX ITYHKTIB rporrycky 3 [lomnbineto, CioBaq4mHOR0,
VYropumroto Ta Pymyniero. Takox mpomoHyeThCs
iHTerpaniss  YkpsamizHumi  go  TpaHc’eBpomneichkol
TpaHcropTHoi Mepexxi TEN-T ms 3a0e3nedeHHs €qUHOTO
3aJII3HUYHOTO CIOJyYeHHs B Mexax Cepen3eMHOMOPCHKOTo
3aTI3HUYHOTO KOPUIOPY, SKUH TTOYMHAETECS Bifl TIBIACHHOTO
y30epexoxs Icnanii Ta 3akinunThes y JIbBoBI [8, 9].

Ane, 3a iHdpopmamieto MiHicTepcTBa PO3BHUTKY
rpomafp, iHppacTpyKTypH

MIPOMYCKHA CIIPOMOKHICTh OKPEMHUX TUISHOK 1 HAIIPSIMKIB

TEpUTOpId  Ta VYkpainu,

3aJTi3HUI TIepeOyBae Ha KpUTHYHIN Mexi. [{e moB’si3aH0
3 HH3KOI pi3HUX (akTopiB (HANPHUKIAL, TPAaHCIOPTHE

HaBaHTAaXXCHHA, HpI/IpOZ[Hi YMOBHU Ta YHWHHUKU,

TEONpPOCTOPOBE  TIOJNIOKEHHS KON 1 craHmi, ix

TEeXHIYHMH CTaH TOMIO), SKI MOXYTh

iHppacTpyKTypH
Ta 3HWKYBaTH KOMQOPTHICTH pyxy mnoizmiB [5, 6].

CYTTEBO

CKOpPOYYBaTH  TEPMIHM  CIIy»KOHU
3 MeToro JiKBialii "By3bKuX Miclb" 3aJ1I3HUYHOT MEpexi
VYkpainu Ta iHTerpamii 3anisHMYHOI iHQpacTpyKTypH
B TpaHCHOpPTHY Mepexxy €C, a Takox AJis MOKPAIIeHHS
TEXHIKO-EKCIUTyaTallifHUX  MOMJUIMBOCTEH  00’€KTiB
iHQpacTPyKTypu HEOOXIJAHO X TEXHIYHO MEePEOCHACTUTH

Ta MojepHi3yBaru [8§, 9].
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a)

0)

Puc. 1. [Toka3auky poOOTH TPaHCTIOPTHOI ramy3i Ykpainu cranoM Ha 2021 p. (y %): a — BaHTax000ir; 6 — macaxxupooodir

a)

6)

Puc. 2. Posnozin BaHTa)komacakuponoToky 3a dimisimu AT "Vkpainceka 3ami3HUISA" a — BaHTaX000ir; 6 — macaxupoooir

MonepHi3allisi, pO3BUTOK, OyIIBHUIITBO T4 yTPHUMaHHS

3aTi3HNYHOI  IHQPACTPYKTYpH TOTPeOyIOTh 3HAYHHUX

komiTiB. HaBiTh y MOBOEHHI YacH MOMJIMBOCTI IIIOJ0
chepu
B AT "Vkp3amisuuis" Oyau Bkpait oOMexeHumu [9].

peamizamii  iHBECTHIIIHHUX  TPOEKTIB  IIi€l
3 ormsay Ha 1€ NEepPCNeKTHBHUMH CTAlOTh MiIXOMH,
ocHoBaHi Ha BukopucranHi wmeroniB HTI, 3okpema
Ml Yac TeOAE3WYHMX BUINYKYBaHb, SKi I'PYHTYIOTBHCS
Ha BHUCOKOIIPOXYKTUBHHMX MeTojax 300py iHdopmariii
Amxe I'C-texnomnorii

PO MICIEBICTb. cyJacHi

BIJIKpUBAIOTh HOBI TEPCHEKTUBU JJsl  PO3B’S3aHHS
3aBIaHb HaKONMMYEeHHS iHpopMalii mpo craH 00 €KTiB
3ai3HUYHOT 1HQPACTPYKTYPH, IX OI[IHIOBAaHHS, aHAaTI3y
i3 Qikcamiero cuTyamii Ha TpHIErNii  MicueBOCTi,
3 MEePEBIPKOIO HA BIAMOBIAHICTS BUMOraM 3aKOHOABCTBA,
JoTpuMaHHS OyniBenmbHMX HOpM Tomo. OTpumani
MOKa3HUKK HaJali CTaloTh OCHOBOIO B PO3pOOIJIEHHI
MIPOEKTIB 00’€eKTIB

MOJIepHi3alii Ta  yTpUMaHHS

3ai3HUYHOT iHppacTpyKTypH [3, 4].

AHaJni3 ocTaHHiX myOJikamii,
MOCTAHOBKA METH J0CJIi/IKeHHSI

3a CyTHICTIO 3aJli3HUYHA MepeKa — BEJIMKaA, CKIIaIHa
CHCTEMa, SIKa MiCTUTh B3a€MOIIOB sI3aHy 1HPPACTPYKTYpPY

3aI3HUYHUX KOJiM, MOCTIB, BiaAyKiB 1 TyHEIIB Ta,
Ha BIAMIHY BiJ IHINX IITyYHUX CIHOPYA, IPAIIOE
B YMOBax HakKONMWYEHHS TOCTYyNoBUX Jedopmarlii,
CTPYKTYPHHUX 3CYBIB TOIIO, BHKIMKAHUX CE30HHUMH
3MiHAMH ~ TeMmeparyp 1  OmajiB,  HOTipPIICHHSIM
KIIIMaTHYHUX YMOB, TPAHCHOPTHUM HABaHTa)KCHHSM,
CYTTEBUM 30UIBIICHHSIM MIBUAKOCTI PyXy IMOTSATIB TOLIO,
Jie OKpeMi eJIEMEHTH, [0 HE INpalioloTh Ha IIOBHY
MOTYXHICTh, MOXYTh BIUIMHYTH Ha (YHKI[IOHAJIBHICTH
1 IPOAYKTHUBHICTH YCi€i 3aJ1i3HUYHOT CHCTEMH.
IlepenbauyBani (iHAHCOBI BUTpAaTH Ha TEXHIUHE
00CIIyroBYBaHHS TaKMX CHCTEM JyXX€ BHCOKi, HaBiTh
HE3BOXKAIOUYM HA  COLaJbHI  BHUTPATH, BUKJIMKaHI
3HIKEHHSAM CTaHAapTiB Oe3neku. Y 3B’S3Ky 3 LUM
CTae 3po3yMiNo, M0 OOCIYroBYBaHHS 3aJi3HHMYHHX
MEpeX, a TAKOK MOHITOPHHT 1X CTATHYHUX 1 JTMHAMIYHUX
HaBaHTAKEHb  —

HEempocTe  OaraToKpuTepiaibHe

3aBJaHHS, 10 Oepe [0 yBard AaclekTH HaJIeKHOTO
iHppacTpykTypH, il
00CIIyroBYBaHHSI, 4acoOBYy Jerpajallilo KOHCTPYKLIHHMX

MPOEKTYBAHHA, BUKOPUCTaHHA

matepiamiB tomo [10-12]. Lle BHMMarae KOMILICKCHOI'O
CTPYKTYPHOTO MiJXOAY IO OI[IHIOBAaHHS CTaHy 00’ €KTiB
Mepexi Ta, BiamoBimHO 1m0 cr. 11 3akoHy VYkpainu

"Ilpo  3ami3HWYHWE  TpaHCHOPT',  YHNPOBAIPKCHHS

HU3KM  3ax0miB i3  3abesmeueHHs  Oe3aBapiiiHOI
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pobotn mns  miaTpuMaHHS Oe3mekd pyxy TOI3IiB
Ta YTPUMaHHS B CHOPaBHOCTI I1HXKEHEPHHUX CIIOPYI,

KOJIif, TeperoHiB, pyXOMOro CKiaay, OOJaJHaHHS,
MEXaHI3MiB i MPUCTPOIB TOIIO (AaJli — 00’€KTIB 3aTI3HHIHOT
iHppacTpykTypn) [10, 13]. 3a3Haueni 3axoam MOTPeOYIOTH
PEKOHCTPYKIIT, MoJIepHizalii  abo

OyniBHHITBA O00’€KTiB 3aNi3HWYHOI i1H(paCTPyKTypH,

NEpeOCHAIICHHA,

TOOTO THX NPOLECIB, 3AINCHEHHS SKUX HEMOXJINBE Oe3
MIPOBEICHHS IHKEHEPHHUX BHUITYKYBaHb [ 13].

Metol0 podoTHm € TiABUINEHHA e(QEeKTUBHOCTI
IHKEHEPHO-TE€OIe3NIHIX BUIIYKYBAHb 00 €KTIB 3aJIi3HUYHOI
iHppacTpyKTypu YKpaiHH 3a JOTIOMOTOIO BIIPOBA/KEHHS
Cy4JacHHX TeXHOIOTiH reoindopmamniitanx cucreM (I'1C).

I[Ipenmer nocCHiTKeHHSI — IUCTAHIIHI METOIU
IH)KEHEPHO-TE0Ae3MIHIX

BUIIYKYBaHb Yy  IpoLeci

MoOJIepHi3alii 00’ €KTIB 3ali3HUYHOI 1H(PACTPYKTYpH
Ykpainu.

3aBaaHHs JOCIIIKEHHS:

— IpOaHaNi3yBaTH 3arajbHUN CTaH 3aTi3HAYHOI
iHppacTpyKTypH

MOJKJIMBHX HaIPAMIB ii OKpaIeHHS;

VkpaiHu 3 METOI0  BH3HAYEHHS

— JIOCHIJUTH HasBHY HOPMaTHBHO-TIPaBOBYy 0a3y,
IO PEeriIaMeHTy€e 1HKEHEePHO-TeOAe3UYHI BHLIYKYBaHHSI
Ha O00’€KTax 3aJli3HUYHOI IHPPACTPYKTYpPH B MpOIECi
ix MomepHi3arlii;

— OIIIHUTH MOXJMBOCTI cydacHux ['1C-TexnHomorii
Y pO3B’s3aHHI ICBHUX 3aB/IaHb BUITYKYBaHb;

— QopmarizyBaT  mpouecH  IOJbOBOTO  Ta
KaMepaJbHOTro €TalliB BUIIYKyBaHb;

— ONpAIIOBATH PO3POOJICHI (YHKI[IOHATBHI MOJEII
HA TIPaKTHIII.

AHamni3yloun  i€epapxXidyHy CTpPYKTypy  HasBHOI
HOPMATHUBHO-TIPaBOBOi 0azum (puc. 3), MmO peryioe
MOPSIIOK 1H)KEHEPHHUX BHIIYKYBaHb y cdepi 3ami3HUIHOT
iHQPACTPYKTYPH, 3a3HAYNMO, IO ii OCHOBHOIO METOIO
€ OTPUMaHHSA TOMOrpado-reoJC3UYHUX  MaTepiajiB
PO CHUTyaIlilo Ta penbed MICHEBOCTI, HEOOXITHUX
JUIst KOMIUIEKCHOTO OLIIHIOBaHHS NPUPOTHUX
1 TEXHOTEHHHUX YMOB TEpPHUTOPii 3aNi3HHYHOI MEpexi.
000B’s13K0BE

Takoxx 3aKOHOJIABCTBOM nepen6aquo

PO3pOOJICHHST TOKYMEHTIB T'COAC3HYHOrO CYIPOBOLIY,

Hampukiay  TomorpadiyHMX  IUIaHIB,  KPECICHHKIB
00’€KTIB 3ai3HMYHOI 1H(PPACTPYKTYpH, MOMEPEUHHUX
npodingiB  3ami3HUYHOI KOMii TOIO, JUIi TEXHIKO-

€KOHOMIYHOTO OOTPYHTYBaHHsI POEKTIB 13 Oy/IiBHUIITBA,

pekoHCTpyKILii a00 MoaepHizawii nux 06’exris [13, 14].
Merogn ¥  TexHiuHI  3aco0M  BHUKOHAHHA

BUIYKYBaHHS Ha 00’€KTax 3aJi3HUYHOI 1HYPACTPYKTYpH

3ajexarb BiJ LUIeH poOIT 1 CKIagHOCTI yMOB iX

BUKOHAHHS Ta 3a3BHYail BiJNOBIIAIOTH MPHHIUITY

"OpUAIM Ta MOMUBUCH" 3 BUKOPUCTAHHIM TPAIHIIHHUX
reoJie3nyHuX mpunafis [15, 16].

1. 3akoH YkpaiHu “[Mpo 3anisHuyHuii TpaHcnopt” Bia 04.07.1996 p.
Ne 273/96 BP (3i 3miHamu).

2. 3akoH Ykpaitu “Ipo Tonorpado-reofesnyHy Ta kaptorpadidHy
fisnbHicT” Big 26.01.1999 p. Ne 353 — XIV (3i 3MmiHamu).

3. 3akoH VYkpaiHm “Tlpo  HauioHanbHy  iHppacTpykTypy
reonpoctopoBux AaHux” Big 13.04.2020 p. Ne 554-IX (3i 3miHamu).

1. MocTtaHoBa KabiHeTy MiHicTpiB YkpaiHn “BnpoBamkeHHs Ha
TepuTopii YkpaiHu CBiTOBOI reoge3vyHoi cuctemm KoopauHaT
WGS-84" Big 22.12.1999 p. Ne 2359 (3i 3miHamu).

2. MoctaHoBa KabiHeTy MiHicTpiB Ykpainu “Mopsigok nobyaosu
[epxaBHoi reogesnyHoi mepexi” Big 07.08.2013 p. Ne 646 (3i
3MiHamu).

3. TocraHoBa KabiHety MinicTpiB VYkpaiHn “Topsgok
HaaXoMXKeHHs, BeAeHHs1 obniky, 36epiraHHA Ta BUKOPUCTaHHS
matepianis [lepxaBHoro kaptorpado-reofesnyHoro ¢oHay
Ykpainu, ix Banigauii”’ Big 19.01. 2024 p. Ne 67.

1. ABH A.2.1-1-2008 “BuLlykyBaHHS. IHXXEHEPHI BULLYKYBaHHSA
ans 6yaisHuuTea”.

2. TKHTA-2.04-04-98 “IHcTpykuis 3 TonorpadivyHOro 3HiMaHHs
y macwTabi 1:500 — 1:5000".

3. OBH B 2.3-19:2018 “3anisHuuHi konii 1520 mm. Hopmwu
NPOEKTYBaHHS".

4. OBH B 2.3-6:2009 “Moctn Ta Tpy6u. OB6CTexeHHs i
BUNPOGYBaHHs".

Puc. 3. lepapxis HOpMATHBHUX JOKYMEHTIB,
10 PETYJIIOI0Th MOPSIOK iHKEHEPHUX BUIIYKYBaHb
y cdepi 3anizHUIHOI iHYPaCTPYKTypH

VY 1poMy pa3si OIIHIOBaHHS CTaHY MEBHUX 00 €KTIB
3ali3HUYHOI 1H(QPACTPYKTYpH, HANPUKIIAL, 3ATI3HIIHOTO
MIOJIOTHA, CTAa€ JOCHUTh TPYAOMICTKHM, MOTPEOyE YMMAIIO
yacy, Haja€ JHIIe TOYKOBY iH(popMamiro Ta Oarato
B UYOMY 3aJSKHUTh BiJ KBamiikamii Ta 0COOHCTOTO
JOCBiy TMPAaLiBHUKIB. Y NESKHX CHTYaIlisX IOTPHUMAHHS
MIPUHIMIY NOBHOTH iH(opManii morpedye 3amydeHHs
cremiagi3oBaHuxX  3aco0iB

KOMIUTIEKCHOTO  OOJIIKY,

HalpuKiax 3aco0iB BUMIDIOBaHHS TeoMeTpil Kouil.
Le migBumye craHAapTU30BaHICTE Ta 00 €KTHBHICTH
IpoLeaypu
pe3ynpTarTiB, SAK 1 paime,

BUIIYKYBaHb, MpPOTE aHali3 JesSKUX
BUMara€ 4YuMajio 4Yacy
i 3aeXuTh Bl AOocBiny aHaiTukiB. KpiM Toro, BapTicTh
mpuaOaHHSA Ta eKCIUTyaTarii momiOHuX 3aco0iB BHCOKA,
o0 HE Cchpuse iX MHUPOKOMY 3acTocyBaHHiO [15].
VY mpomy pa3i edexkTuBHE 3IifICHEHHS BUIIYKYBaJBHIX
iHppacTpyKTypH
YCKITaTHIOETBCS Yepe3 BENUKUH po3Mip TeorpadigHux

pobiT Ha 00’€kTax  3aTi3HUYHOI
TEpUTOpill, OCOOIMBO B peajizamii MPOEKTIB iHTErparii
YkpalHCBKO1 3alli3HUI 0 €BPOIEHCHKOi TPaHCIIOPTHOI
MEpexi, uepe3 CKIAMHICTh IHKEHEPHO-TEOJIOTTUHMX
YMOB KpaiHH, a TaKOX HAasSBHICThP OOMEXEHb Ha CTPOKU
MPOBeICHH: poOiIT 1 Ha (iHaHCOBI pecypeu [15-17].

3a mux oOCTaBUH IS IMiABUINEHHS €(EKTHBHOCTI
Ta 00’ €KTUBHOCTI BUIIYKYBaHb JIOCIIJHUKHU Ta IHKEHEPH-

IUISIXOBHKHU SIK y HAYKOBHX KOJIaX, TaK i B NPAKTHUYHIH
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JISUTBHOCTI HAIOJIETIMBO PEKOMEHAYIOTh BUKOPHCTOBYBAaTH
METOIM JUCTaHLIHHOTO 30HIYBaHHS, aJPKE CTPIMKHI
PO3BHUTOK TEXHOJIOTIH IIbOT0 HANpsAMY Ta iX MOMIMPEHHS
cepezt Oe3rocepe/IHIX BUKOHABIIIB iH)KEHEPHHUX BUIYKYBaHb
OB’ SI3YIOTh HE JIMIIE 31 3HAYHOIO (piHAHCOBOIO BUTO/IOIO,
a TakoX 3 ix 0araTooOiIsSHOI IIHHICTIO B pI3HHUX
3actocyHkax [17-19].

Tomy ocraHHIM YacoM JIUCTaHIIHHE 30HIYBaHHS
AK MOTYXHUH IHCTPYMEHT HaOyBa€ BaroMoro 3Ha4YeHHS
cepen
XapaKTEPUCTHK OO0’ €KTIB 3aNi3HUYHOI 1HPPACTPYKTYpPH.

MHOXKUHM ~ HasBHHX  METOJIB  BH3HA4YEHHS
Hanpuknan, y nmacuBHOMY IUCTaHLIHHOMY 30HIyBaHHI

MaTepiainm, 310paHi y BUINMOMY CIIEKTpi
(aepodoTosHiMKH / 1H(POBI 300paXKCHHS) 3 PI3HHUX
HA3eMHUX, HOBITPSIHUX Ta KOCMIYHHX IUTaTGOPM, CTAIOTh
HalKpamoro iHpopMalli€to U Bi3yalbHOI iHTepIpeTarii
MOITKO/KEHD ITMX 00’ €KTiB 3a KOJIHOPOBUMH 3HIMKAMHU.
€ 3HayHa  KUTBKICTh  JOCHIMKCHb, 10  OMHCYIOTh
mepeBarn BUKOPUCTAHHS pPe3yJbTaTiB (oTorpammerpii
3a JaHUMH, OTPUMAHUMH 3 OC3MUIOTHHUX JITaJbHHUX
amapatiB (bmJIA). ®opmytoun 3D-momem 006’€KTiB
3aTI3HUYHOI 1HQPACTPYKTYpH, IdpoBa doTorpamMmerpis
Ha ocHOBI iH(opMmanii brJIA mae HeaObuskuil TOTEHIIAT
JUIs  IIBUJIKOTO ¥ aBTOMaTHYHOTO  BU3HAYCHHS
XapaKTEePUCTHK TIOMKOKEHh IHMX 00 €KTiB, Oymydn
OCHOBOIO TIPOEKTIB PEKOHCTPYKIIi, IepeoCHaIIeHHs
abo MozepHizamii. 32 yMOBH aKTHBHOTO TUCTaHIIITHOTO
30HJyBaHHS  BIIPOBA/KYIOTh

pi3Hi  Meromu,  ane

HAWMOIIMPEHINIO  CTAa€  TEXHOJNOTIA  JIa3ePHOTO
CKaHyBaHHS 3 BUKOPUCTAHHAM Ha3eMHHUX a00 MOOUTBHHX
ckanepiB. L{s TexHomoris 300py MMOKa3HUKIB HAa OCHOBI
XMapy TOYOK € HaWBaKJIMBIIIUM JDKEpesoM iHpopMarlii
UL CTBOPEHHS TPHUBHMIPHHX MoOJAeNed 00’ €KTiB
3aJI3HUYHOI iHPpacTpykTypu. BoHa nocTiitHO Ta MBHIKO
PO3BHBAETECS Pa30M i3 3MEHIIECHHSIM pO3MIpiB 1 Baru
na3epHUX ckaHepis [19-21].

Mabytp, ToMy 3akoH Yxpainu "IIpo Tomorpado-
reojie3nyHy Ta KapTrorpadiuHy AisuTbHICTE" Oe3rnocepenHbo
BKa3ye, MO IMKEHEpHI BHUIIYKYBaHHS HEOOXITHO
37IHCHIOBATH 3a JIOTIOMOTOI0 BITPOBA/DKEHHS MPOTPECUBHUX
TEXHOJIOTIH IMCTaHLIIIHOrO 30H/IyBaHHS 3emuti
MOBITPSHUMH Ta Ha3eMHHMH 3acobamu [13], moOyBaroun
iHpOpMaIlif0 PO 00’€KTH 3aJI3HUYHOI 1HOPACTPYKTYpH
3 IBOBHMIpHHUX 300pa)XeHb I TPUBUMIPHHX XMap TOYOK.
Ha okanb, Hapa3i 4YMHHI [paBOBI JOKYMEHTH, IO
30IMCHIOIOTh PETYJIOBaHHS, KOHTPOJNb 3a SKICTIO Ta
JAI0Th PEKOMEHIAIlT 00 METOAUK IPOBEICHHS POOIT

nuMu 3acobamu, BincyTHi [13, 14, 16].

Hocaipxenns moxumpocrei cyyacaux I'IC
y 3aBAaHHAX MoJepHi3auii
00’€KTiB 3aJi3HUYHOI iHpacTpyKTYpH

v MIPOEKTaxX 3aJI3HUIHOT

iHppacTpyKTypu
CHOpYZA 1 KOMYyHIKaIlliii craloTh 00’ekTamu Tororpado-

MOJIepHI3aIlii

BIMIOBIHI  CHCTEMH  IH)KEHEPHHUX
reo/ie3uuHnx 1 kaprorpadiuHux poOiT. Y mpomy pasi
OTpPHMaHI MaTepiald MICTATh TEOMPOCTOPOBI BiIOMOCTI
BIZITIOBIZTHOTO HAMNPSMY MiSUTBHOCTI 3TITHO 3 BHMOTaMH
¢bopMyBaHHS Ta BEOSHHA OaHKIB  TEOJE3WIHUX
i TomorpadiuHuUX MOKa3HHWKIB. HeoOXiqHO 3ayBa)KHTH,
mo ct. 17 3akony Ykpaiau "[Ipo Tonorpago-reonesnuny
Ta KapTorpadiuHy JisUTBbHICTR" Tnependavae, IO SIK
TeXHIYHE ¥ TeXHOJIOTiYHe 3a0e3MeUeHHs 3aCTOCOBYIOTHCS
OOUMCIIOBalbHI  Ta TEXHIKH

CydJacHi iHpopMaliiHi

W  TexHiyHi 3acobu, iHpOpMamidHI  TEXHOIOTIl
Ta CHCTEMH CTBOPEHHS T€OJIe3MYHHX, TororpadiuHux
i kaprorpadiyamx wMarepiamiB, iXx 300py, BeaeHHS,

KOHTPOJIIO, HAKOIHMYCHHS, 30CpiraHHs, I[OHOBJICHHS,
TIOITYKY, IEPETBOPEHHS, TepepoOICHHs, BiITBOPCHHS,
Bujaui Ta nepepaui [13]. Sk HaiicywacHinn 3 HHUX
PO3TIIAIOTH JUCTaHIIiITHEe 30H/yBaHHS 3emii
MOBITPSHUMH Ta HA3eMHHMHU 3ac00aMy ¥ AMCTaHIIHHE
30HAyBaHHA 3eMJIi 3 kocMmocy [13, 22].

Vs3arajpHIOIOUYM HagBHUI JIOCBiA, 3a3HAYMMO, IO
KOXKHa 3 TEXHOJIOTiH IUCTAHIIIHHOTO 30HIyBaHHS 3eMIIi
MEBHOIO MIpOI0 MOXe OyTH BIpOBaJDKEHA MiJx Yac
MIPOBEACHHS

iH)KCHGpHO-FGOI[eBI/I‘IHI/IX BUIITYKYBaHb

B yMOBax  MojepHi3amii  00’€KTiB  3ali3HUYHOI
iHppacTpyKTypu, a OOpOOJICHHS pe3yNbTaTiB KOXXHOI
3 HHX Jla€ 3MOTY aKTyaliyBaTu iHQopMmaiioo OaHKy
reonanux. Ha puc. 4 HaBezeHO aiarpaMmy HOTOKIB JTaHUX
(DFD-piarpamy), w0 imoctpye, sKi  Marepiai,
IO CTAalOTh €JIEMEHTOM OaHKy Teo/JaHHX, OTPUMYIOThH
YHACTIIOK BUKOpUCTaHHSA TneBHHX [ 1C-TexHomoriN
Y IHXEHEpHO-TEOAe3NIHNX BUIITYKYBaHHSIX.

3a3HaunMo, 110 Ha 3anpornoHoBanuii DFD-niarpami
yBara 30cepe/keHa He JIMIIE Ha KIACHYHUX 1 HaWOUIbII
3aCTOCOBAaHMX, a TAaKOXX Ha MEHII MOMYJSIPHHUX, ale
TIEPCIIEKTUBHUX TEXHOJOTINX 3MIMCHEHHS I1H)KEHEpHO-
r'e0/Ie3UYHIX BUIIYKYBaHb, 5IKi MOXXHa BUKOPHCTOBYBATH

B MopepHi3amii 00’ekTiB 3amizHuIi. Tak, HampuKIasm,

Ha eramni MJIaHyBaHHS IH)KEHEPHO-TCOC3HYHIX
BHUIIYKYBaHb 1 BH3HAYCHHA IX OOCATIB OLIIHHO
3aCTOCOBYBATH  CYNYyTHUKOBI Ta  aepohOTO3HIMKH

IIUITHKA OOCTEKEHHS.
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Koopnunatu
0a30BMX CTaHIIiN

| Jani GNSS-
3HOMKH

Koopaunary myHKTiB
3HIMAIIBHOTO 00T PYHTYBaHHS

3 MoGinbHuii nazepHuii
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,,Cupi” nani
MOOITPHOTO CKaHYBaHHS
JUISHKY 3aTi3HHALI

|

CynyTHHKOBI
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CYIIyTHHKOBOI'O

4 CKaHep

,,Cupi” naHi Ha3eMHOro
CKaHyBaHHs OKPEMOi
YACTHHU AUISIHKA

=

30H/TyBaHHS

y
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306paxeHHs
TOTPiOHOT TiMSIHKH
OpTodoToruian ANSTHKH
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TexHiuHe 3aBIaHHS

TlanopamHe 300pakeHHs AUTTHKH 3aITi3HULT y

MosxIHMBa TpaeKToOpis
CKaHyBaHHs
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CKaHyBaHHA
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%po&wﬂ}m JIaHUX
Ha3eMHOTO JIA3ePHOTO

| 4 | basa reomanux
Kpecienns npodino —x
3JTi3HUYHOTO IOJIOTHA

X
KapTku mrydnux
cropyn

2
|| GNSS-cucremu I
CratHuHi BUMipH pedepeHTHHX
6a30BHX CTaHLIH

A

JliIsHKH, 10
MOTPeOYIOTh YTOUHEHHS

=

Xmapa To4ok
JUISHKY 3aTi3HUALE

T
Tonorpadiunmii man

Xmapa To4oK

YACTHHU JIISHKH Maui st npoexTin

MoJiepHi3aii 00'ekTiB
3aI3HULI

}
A

PesynbraTn yrouHioBaabHOL
TOHO3HOMKH

| —

CKaHyBaHHA

—_—

O6pobieHHs

AGpre pesyibTaTiB

Kypnan taxeoMeTpHyHOT

TaXeOMETPUYHOT

AN

3HOMKH

3HOMKH

Koopaunaty mikeTiB

Puc. 4. DFD-niarpama ¢opMyBaHHs 0aHKY T€OaHUX 13 3airydeHHsM cydacHuX [ IC-iHCTpyMeHTiB

TexHomorii  CymyTHHMKOBOIO  30HAYBaHHS  Ta
(ororpammeTpryHOi aepo()OTO3HOMKH € HE JIOCHTH
MOUIMPEHNUMH IHCTPYMEHTaMHU B 3aBJIaHHSAX T'€0JC3MYHHX
BUIIYKyBaHb O0O0’€KTiB 3aJi3HUMNI, aJie¢ BiIKPHBAIOTH
3HAYHI MOJJIMBOCTI JUISl OTPUMAHHSI 3arajbHol iH(opMaril
npo ni o00’exkTH, IX CTaH, 0COOJIMBO Ui CIIOpYI,
pO3TallIOBaHUX HAa BEJIMKUX IUIOMAX abo Ha CKIAIHHX
ninsHkax MicreBocti [3, 16]. He 3MeHIIyroun BaKJIMBOCTI
0a30BOro, KJIACHYHOTO W HaWOUIbII KOHCEPBATUBHOTO
crnoco0y reofe3ndyHoi 3HOMKM — TaXEOMETPHYHOI
3iiomku — Ha DFD-piarpami nmoka3aHo ii 10NOBHIOBAIBHY
pOJNb SK IHCTPYMEHTY, IO 3aCTOCOBYIOTH Y pasi, KOJH
3a MEBHUX OOCTaBHH € OOMEXKEHHH JOCTYN JI0 JEeSIKHX
JIUITHOK BHIIYKyBaHb. Taka cama MIOMOMDKHAa pOJIb
3a3HaueHa ¥ st GNSS-3iiomkn. Maroyu Ha yBasi, o B
IH)KEHEPHO-T€0/Ie3NYHNX BUIIYKyBaHHIX GNSS-3iiomka,
Hanpukian, y pexumi RTK Moke BHKOPHUCTOBYBATHCS
SK e(peKTHBHUI IHCTPYMEHT Yy pa3i PO3BHTKY OMOPHOI
Te0/Ie3MYHOT Mepexi ab0 CTBOPEHHS IJIaHOBO-3HIMAILHOTO
OoOTpyHTYBaHHSI 3a BiICyTHOCTI B  Oe3mocepenHiit
OJIM3BKOCTI OMOPHOI MEpexXi IYHKTIB. AJie B 3aBJIaHHAX

3aTi3HALI
3HAYYILY

(hyHIaMEHTaNbHY POJIb, HIX JIUIIE K BHJ TONOrpadiqHOl

TEOJe3NYHUX  BUIIYKYBaHBb 00’€exTIB

GNSS-texHosnorii BHUKOHYIOTh — OLIbII Ta

3fiomku. CratucTuyHi  BUMIpH  0a30BUX  CTaHIIN

MPOBOMIATH 3a IMIB TOAWHH JO Ta IICIA IPOBEACHHS
MOOUIFHOTO JIA3€pPHOTO CKAaHYBaHHS IS TOAAJIBLIOTO
00pOoOIIeHHS Ta KOPUTYBaHHSI TPAEKTOPIT pPyXy MOOITBHOT
31iiCHeHHS
[23].
SIK HaHMOTY)KHIMIMK 1HCTPYMEHT iH)KEHEpHO-TEOJIC3NUHNX

CKaHyBaIII)HO'l. CHCTEMH, a TaKOX JJIAd

TEONpUB’SI3KM  OTPUMAHOI  XMapu  TOUYOK

BUILYKYBaHb, 1[0 [TOKPHBAE HAHOLIBIII MJIOIII 38 YMOBH

BEeMMKNX MacimTabiB  3iiomku, Ha DFD-gmiarpami

3a3Ha4ueHO MOOIJIbHE JIa3epHe CKaHYBaHHS, SIKE YCIILIHO

3aCTOCOBYIOTH  TIJT  4Yac  PO3B’s3aHHSA  3aBJaHb
iHBeHTapu3alii Ta mnacmopTrusanii  iHQPacTPyKTypH
3aJli3HUI, BUBYCHHSA CTaHy 3ali3HAYHOTO IIOJIOTHA,

OLIIHIOBaHHS Horo mpodiiro, 300py TouyHOl iH(OpMarii
Ta MOHITOPHHTY IH)KEHEPHHX CHOpPYX (EIEeKTPUIHOTO
Hapky,
TIPUMIIIEHb TOIIO), 3HOMKH TYHENIB, MOCTIB, ()OPMYBaHHS

roCIo/apCcTBa,  BAHTAKHOTO CI1y)KOOBHX
TpUBUMIpHOT IM(POBOT MOAENI 00’ €KTIB 3aIi3HUIII TOLIO.
MoOGinpHe nazepHe CKaHyBaHHS BBaXKAIOTh HaHOLIBII
MIPOIYKTUBHUM CYyYaCHUM IHCTPYMEHTOM y T€0JIe3MUHHUX
BHUIIYKYBaHHAX JIHIMHUX 00’€KTiB, OCKUIBKH BOHO
CYTTEBO CIPOIIYE pPOOOTY TMOJBOBHX OpHUrajn, HaIae
HAJUTUIIKOBI JaHi Ta 3a0e3nedye TOYHICTH BHMIpiB
y 2-3 cm [16, 21, 24]. Kpim Toro, HazeMHe JiazepHe
CKaHYBaHHS PO3TIANAIOTh SK CAMOCTIHHUI IHCTPYMEHT

Ie0/Ie3UYHNX BHUINYKYBaHb, IO TaKOX MOXe OyTH
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BUKOPUCTaHUH SIK JOIIOBHEHHS JI0 MOOIJIBHOTO J1a3epHOTO
CKaHyBaHHS ISl OTpUMaHHA iH(poOpMamii 3 AISHOK,
II0 HE BAaJoCid IOCIIAUTH 3a JOIOMOTOK CHCTEMH
MOOUTBFHOTO JTa3epPHOTO CKaHYBaHHSI.

crocobom

Otxe, HaAWOLIBOI  pPe3yIbTaTHBHUM

310paHHsl JaHUX MPO CTaH 3aTI3HUYHOI 1H(PACTPYKTYpH
cepi
I'C-texHomnorii. Y 1bOMy KOHTEKCTI 3acTOCYBaHHS

€ KOMOiHyBaHHSI CydYaCHMX HagbaHb ¥y
iH(popmarii, 700yToi 3a ZONOMOTOI0 Pi3HUX TEXHOIOTIH
MAXOTY

MIPaKTHYHOIO

HHCTaHHiﬁHOFO 30HAYBAaHHA B MEXax

"00’enqHaHHg  JaHuX', MOJKE CTaTH
METOJIOJIOTI€I0 Ul TOJOJNAHHS TPOTaJHH 1 0OMEKEHb
Y BHKOPHCTaHHI OKpEMHX IHCTPYMEHTIB iH)KEHEpHO-
TCOJIC3MYHNX BUIIIYKYBaHb, 1[0 B CYKYIHOCTI CHpPHUSE
HAWTIOBHIIIIOMY OIiHIOBAHHIO 3ai3HHYHOI 1H(PPaCTPyKTypH

JUTSL TIPOEKTIB 1i MonepHizarii [12, 16].

®opmMmaJizalis eTaniB iH:KeHepHO-Teo1e3NYHUX
BHIIYKYBaHb 00’ €KTIiB 3a/1i3HMYHOI iIHppacTpyKTypH

[lin wac w™oxepHizamii 00’€KTiB 3aII3HUYHOL
IHPPACTPYKTYPH /sl OTPUMAHHS TOIMOIPa)o-reoIe3nIHNX
MarepiajiB YMHHE 3aKOHOJABCTBO Iependadae MoeTarHe
MPOBE/ICHHS IHKEHEPHUX BHIIYKYBaHb [14], eekTHBHICTh
SKMX T Yac BHUKOHAaHHA CYTTEBO ITiJBHILYETHCS
3aBJSIKM KOMOIHYBaHHIO CydaCHMX Hajg0aHb y cdepi
I'IC-texnonoriit [16, 21]. Ananizyroun DFD-gmiarpamy
(puc.  3),

CKaHyBaHHI — TEXHOJIOTI], IIOIIMPEHHS SKOI OB’ S3YIOTh

HaJaJxi 30CepeluMocs Ha  JIa3epHOMY
3 TEXHOJIOTIYHHM IPOPHBOM OCTAaHHBOT'O JAECATHPIUYs,

IO CHOpHUSB  MEPETBOPEHHIO  EKCIIEPUMEHTAIBHUX
YCTAHOBOK 31 CKaHyBaHHS B MPHJIAJH, SKi JaOTh 3MOTY
BUKOHYBATH IIOJIbOBI T'€0JIC3UYHI BHIIYKYBAaHHS JIyXKe
mBHAKO Ta aeranbHo [20, 21, 24]. 3okpema MoOiIbHE
Ja3epHe CKaHyBaHHS OLTbII eeKTUBHE JUII BUMipIOBaHb
JHIHHO-NPOTSDKHUX 00 €KTIB 1 HacamIiepe]] — TPAHCTIOPTHHX
IUIAXiB, NP0 sKi Jae AOKIamHwWid (MUTBHUI) HaOIip
(XMapy) TPUBUMIPHHX TOYOK MmoBepxHi [21].

OBH A.2.1-1-2008

TPH €Talu IHKCHEPHO-TCOAC3NYHHUX BUITYKYBaHb [14]:

3rizHo 3 BHOKPEMJIIOIOTh
— MIATOTOBYHH, Ha SIKOMY pPO3POOISIOTH MpOrpamy

BUKOHAHHS  BHIIYKyBaHb  OO’€KTIB  3aJli3HMYHOI
iHQPACTPYKTYpPH BiANOBITHO JO TEXHIYHOTO 3aBJaHHI
3 OMJIAJY Ha aHalli3 pe3yJbTaTiB BUIIYKYBaHb MHHYJIHX
POKIB 1 pEKOTHOCTYBAJIEHOTO OOCTEKEHHS TEPUTOPIT;

— IMOJILOBUH,

Ha $SIKOMY BUKOHYIOTbH KOMIUICKC

MONFOBHX BHUMIPIOBaHb i3 TMONANBIINM IIOTIEPEIHIM
00pOOJICHHSIM TOKAa3HMKIB [UIS  OIIHIOBAHHS  SIKOCTI,

MTOBHOTH ¥ TOYHOCTI 310paHNX MaTepiaiis,;

— KaMepaJbHUH, J€ OCTaTOYHO  OOpOOIAIOTH
iHpopMaito, 700yTy Ha MOJIHOBOMY €Talli, pO3pO0IISIOTh
JUIi  3aMOBHHMKA  3BITHI

Marepiaii 32 BHUMOTaMHU

TEXHIYHOTO 3aBIaHHS Ta BiJNOBIAHO 1O YHHHOTO
3aKoHOIABCTBA [ 13, 22] dpopMyroTh MaTepiamy Iy epenadi
JI0 JIepKaBHUX KapTorpadidHO-Te0e3nYHNX (OHIIB.

Y 4MHHOMY 3aKOHOJIaBCTBI MMPOBEACHHS iHKEHEPHO-
T'€0/Ie3UYHHX BUIIYKYBaHb i3 BUKOPUCTAHHSIM JIa3€pPHOTO
CKaHyBaHHS JI0Ci He pernamenToBaHo [13, 14, 22]. I xoua
3’SBISIIOTBCA €Ki crpoOu Qopmamizanii iX NeBHHX
eramiB (HanpHKiaz, y poooti [16]), ocHOBHA MOCITITOBHICTh
N BHU3HAYAE€THCS OCOOMCTUM JOCBIIOM HPAKTHYHOTO
3acrocyBaHHA cydacHux [IC-iHCTpy™menTiB. 3a 1mmx

00OCTaBUH, JOTPUMYIOUMCh  OCHOBHHMX  IOJIO’KEHb
JOBbH A.2.1-1-2008 Ta y3arajdpHIOIOYN MPAKTUIHAN
nporuecy

MIOJBOBOTO €TAIly IHKEHEPHO-TE€OE3NYHNX BHIIYKYBaHb.

JOCBiZl, C(POPMYEMO MOJIEINb BHKOHAHHS
Sk merononorito ¢dopmanizanii BUKOPUCTAEMO MiIXOIU
IDEF3, mo ngaroth 3Mory (opmaiizyBaTd HOCHTiJOBHICTh
oreparliif mporiecy ta 3agikcyBaTy HOro OCHOBHI 00’ €KTH.

IDEF3-mMozenp Tmporiecy BHKOHAHHS —ITOTBOBOTO
eTamy iHXEHEPHO-TEOIe3UYHNX BHUINYKYBaHb HaBelcHA
Ha puc. 5. BigmoBimHO g0 po3pobieHOi Mozemi
MOYaTKOBMM KPOKOM TIOJIbOBOTO €Tally BHIIYKyBaHb
Ha 00’eKTax 3aNi3HWYHOI iHQPACTPYKTYpH  CTae
CTBOPEHHSI IJIAHOBO-BUCOTHOI OCHOBU MICIIEBOCTI 3Ti/IHO
i3 3aTBEp/UKEHOI0 MPOrpaMol0 BUINYKyBaHb. [l 1bOro
BUKOHYIOTh ~ PEKOTHOCIIMPYBaHHS 3  BHU3HAYCHHAM
BY3JIOBUX TOYOK O0’€KTa Ha MICIEBOCTI Ta BHOOpPOM
TOYOK MOHTYBaHHs 0a30BuX craHii. KimbkicTs 6a30BHX
CTaHIIIl BU3HAYAETHCS METOIO TPOBEACHHS IHXCHEPHO-
re0/Ie3UYHNX BHIIYKYBaHb Ta IapaMeTpaMu 00’ekTa
IocHiKeHHs. Hampukmaa, MakcMManbHa TOYHICTB
MoTpiOHa B TPOEKTYBaHHI Ta BUKOHABYIH 3ioMI, IO
moTpeOye 3acTOCYBaHHS JACKUTBKOX 0a30BHX CTaHIIN
y nutsHIi poOit [25]. dani 3akiagaroTh MIaHOBO-BUCOTHY
OCHOBY MICIICBOCTi, "OMOpHI TOYKH SKOi B3HOBXK
JUISTHKM MOOUIBHOTO JIa3€pHOTO CKaHYBaHHS y BHIJISAIL
X-nomiOHUX  3HAKiB  MapKylOTb  CBITIIOBIIOMBHOIO
(hapOor0, BUKOHYIOTH X HiBEITIOBAHHS.

Jlnst nocsrHeHHsT pe3yJibTaty MOOUTHHOTO CKaHyBaHHS
PO3paxoByIOTh

TPAEKTOPII0  pyXy, HEOOXimHy s

CHHXpOHI3alii TpaekTopii ckaHepa ¥ pe3ynbTariB
CKaHyBaHHS. 3a3BHYail MO TPAEKTOpil0 OyIyrTH 3a
JIONIOMOTOI0 BHYTPILIHIX 1 30BHIIIHIX CEHCOPIB CKaHepa
(BOymoBanoi iHepiiiiHoi cucremu, GNSS-npuitmaua,
omomeTpa abo0 IHIMX JaTYMKIB), a ii SAKICTh BIUIUBAE
Ha pe3yNpTaTd, OTPUMAHI B IIOHATBIIOMY CHCTEMOIO

MOOITPHOTO CKaHyBaHHSI.
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Ilepenik By3I0BHX TOYOK 00'€KTA Ha MiCLIEBOCTI

PeKOI‘HOCLIPIpyBaHH}I CTaHLIH

TexHiune

MoHTyBaHHSs 6a30BUX

Koopaunnatu my!

3aBJaHHS

ALLI !

Tlepenik To4ok
6a30BHX cTaHLiH

Jlani GNSS

OCHOBH

Jani y popmati .RINEX

Koopauuarn y ¢popmari .CSV

3akialaHHs MyHKTIB
I1J1aHOBO-BUCOTHOL

HKTIB

3HIMAIBHOTO OOTPYHTYBaHHS

ITanopamue
300paKeHHs
JUISHKH 3ai3HALI

BusHaueHHS TpaexTOpii
MOOLIBHOTO JIA3€PHOTO

CKaHyBaHHsA

MobinbHe nasepHe

CKaHyBaHHs ~

A2.1.1

A22.1

Al3.1

Tpaexropis
pyxy

,,Cupi” 1aHi cHCTEMH CKaHyBaHHs

/

XMapa TOYOK JUITHKH 3aJTi3HUL]

XMapa To4oK

ITonepeane 06pobnenns
Ppe3yJbTaTiB MOOILIBHOIO
JIa3€pHOTO CKaHYBaHHS

Hazemue nazepHe
CKaHYBaHHS

[Tonepente 06podneHHs
Ppe3yJIbTaTiB Ha3eMHOTO
JIa3€pHOTO CKaHYBaHHA

YaCTHHH JiNIAHKH

CucremarHsaltis Ta
HAKOIIUYCHHA TaHUX

A5.1.1

A23.1 A3.L1

A3.2.1

,,CHpi” naHi cucTeMn Has:

ITepenik 4acTOK AUISHKH,

110 TI0T] e0yI0Th YTOYHEHHS.
pebyroTh y JKypuan Taxeomerpl
|

CMHOTO CKaHyBaHHS

MYHOT 3HOMKH

VYr1ouneHi pe3ynbrati
CKaHyBaHHS YaCTHHH
JUISHKA

GNSS- cucremu

|

»| TaxeomeTpuuna 3iomka

IMonepenne 06podICHHS
pe3yJIbTATIB TAXe0-
METPHYHOI 3HOMKH

PesymsraTn yTOUHIOBANIBHOT

A4.1.1

A4.2.1

I

CraTucTn4Hi BUMIpH peepeHTHHX

TONO3HOMKH

6a30BHX CTaHIiH

Abpuc

Puc. 5. IDEF3-mopzens nponecy BUKOHaHHS HOJILOBOTO €TaIly iHXEHEPHO-Te0e3NIHHX BUITYKYBaHb

Hami 3a MaKkCHMalbHO MOJXKJIBOIO TPAEKTOPIEIO
BUKOHYIOTH MOOLITBHE JTa3epHE CKaHyBaHHsA. TyT e)eKTHBHO
MO€/THYBATH JIa3epHe CKaHyBaHHS 3 MaHOPAMHOO 3HOMKOIO
(s kamepanbHOTO AemnppyBaHHs 00’ ekTiB) [25].

OCHOBHOIO TIPOOJIEMOIO  JTa3epHOTO CKaHyBaHHSI
€ aHoMaJii XMapH TOYOK Yy BHIVISAI IIyMiB abo
TIEPEeBIAONUTTS TIPOMEHS JTa3epHOTO CKaHepa BiJ] MOKPHUX
abo Onuckyuux mosepxoHs [20, 23, 25]. Tomy ninsHKH,
1110
3 BHKOpDHCTaHHSM MOOUIBHOTO JIa3epHOTO CKaHepa,

B TOBHOMY 00Cs31 He BIANOCS JIOCHTIJUTH
JIOCHI/DKYIOTh 32 JIOTIOMOTOI0 HAa3eMHOTO  JIa3epHOTo
CcKaHepa abo TaxeoMETPUYHOI 3WOMKH UM IO€AHYIOUH
Il METOMW I OUTBII TOYHOTO OIIHIOBAHHS CTaHy
00’€eKTa 3aTI3HNYHOT iIHPpPaCTPyKTypH.

Ha xamepanbHOMY eTarli 1H)XEHEPHO-T'COAC3HIHHUX
BUIIYKYBaHb MICJs 3HOMKH BCi pe3yJbTaTH 0OpOOIISIOTH
y

IS

Creliali30BaHOMY ~ IPOrpaMHOMY  3a0e3redeHHi

OTpUMaHHA 3BITHHX Z[OKyMeHTiB, 3a3HA4YCHUX

y TexHiuHOMY 3aBjaHHi. [lepeik, MOCIiIOBHICTh POOIT
Ta 0co0IMBOCTI

iX BHKOHaAHHS CYTTE€BO 3aJICIKATh

BiJl MPOTpaMHOro 3abe3MedeHHsl, K€ BHUKOPHUCTOBYIOThH

Jlaui 171 oTpUMaHHs
3BITHHX JIOKYMEHTIB

BHITYKYBaJIbHI Oprasizamii Ha mpomy eramu [14, 16].

[Micns aHamizy iHCTPYKUid KOPUCTYBadiB, METOIUYHHX

BKa3iBOK
po3po0iIeHO

[26-28]
(yHKIIOHATBHY

cXeMmy

1 3araJbHONPUHHATHX AalTOPUTMIB

KaMepaJIbHOTO

00pobneHHs naHux (puc. 6), OTPIMAHUX HA IIOJHOBOMY

eTari BHIIyKyBaHb 00’€KTIB 3aJIi3HMYHOI 1H(PPaCTPyKTYpH,

MIPOBEICHOTO

i3 3aCTOCYBaHHSIM

Bix komnaHii Leica.

Bixnnosigu

0 10 pHuc.

I'IC-incTpymenTiB

6 BximHOW0 iH(OpPMAIIE

KaMepaJIbHOTO €TaIly € pe3yJbTaTH CKaHyBaHHSA 00’ €KTIB

3aJi3HUYHOI 1HPPACTPYKTYpH, Ha BUXOII (OPMYIOTHCS

3BITHI JOKYMEHTH JUIS Tiepeaadi 3aMoBHHKY. OTxe,

cxema

MOSICHIOE,

K

30IHCHIOETHCS

MIEPEeTBOPEHHS

"cupux" IMMOKAa3HUKIB, OTPUMAHUX Ha IIOJILOBOMY €Tarli,

y rtomnorpadiuHi

1 KpecieHHS

IIaHu, KapTKU

nipodisro

3aJ113HUYHOIO

IITY4YHUX CHOPYL

VY3aranpHIOIOUM CXEMy, 3a3Ha4MMO, M0 KaMmepalbHe

00pobeHHs Iepeadavae Taki OCHOBHI MIAPOIIECH:

— 00YHCIIEHHS

CTaHLIHi, II0

KOOpJWHAT

Oynu BCTaHOBJICHI

B IIpOIIECi poOOTH;

IIOJIBOBHUX

0a30BHX

Ta BHKOpHCTaHi

I10JIOTHA.
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JIa3epHOTO CKaHepa
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CKaHyBaHHS

,,CHpi” naHi cucreMu

CkoperoBaHa TPaeKTopis
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O0pobeHHs
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HA3eMHOTO CKaHyBaHHS
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< MaHOPaMHKX 300paKeHb

>

y dopmari . RAW

Po3smakoBka gaHux

»| HA3eMHOTO Ja3epHOTO
CKaHyBaHHS

Y

naHi y ¢popmati .LGS
XMapa TouoK

YAaCTHHH JAUTSTHKH 3aJTi3HUILI

HaHl TaxeoMeTpa, OTpUMaH1 (Cl)OpMaT LAS)

BHACJIi 10K TormorpagiuHoi
3HOMKH

OOpoOIeHHS TaHUX

]
Tlonepenubo 06pobdieHi

Konseprosani ¢poTo3HIMKI
(popmar .JPG)
Peectpanis ckaHiB h 4

dopmyBaHHS XMapH TOYOK

A 4

— |
XMapa TOYOK JJISTHKH 3aJTi3HHLI

(popmar .LAS)

®dopmyBaHHSA
XMapH TOYOK
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3aBaHTa)XeHHs J0 BEO-

YY

A 4

TaXEOMETPUYHOL
3HOMKHI

Po3po06ieHHs mpoekty

KoopauHatu mikeTiB TornorpadivyHoi 3ioMKH

Kpecnennk npodiiro 3ai3HUYHOTO MOJIOTHA,
| KapTKH LUTyYHHX CHOPY/, Tonorpadiyti nianu

pecypcy
y ¢opmati .TXT

MozepHi3amii 00'eKTiB
3aJTi3HULI

Puc. 6. dyHkuioHanbHa cxeMa KaMepaJbHOr0 00pOOIICHHS TaHUX

— 00poOJICHHST pe3ysbTaTiB CKaHyBaHHA Ta IX
"3mmBaHHA" (HakIaAaHHA iHGOpMAaMii 3 IHMMX pKepel
Ha  JaHi  MOOLIBHOIO  JIa3epHOr0  CKaHyBaHH:)
i3 3acTOCYBaHHSM TIIporpaMHoro 3abesneueHHs Leica
Cyclone mjis HOCSTHEHHsI TOBHOTO 1 BHCOKOTOYHOTO
pe3ynbTaTy JOCIiHKESHHS;

— 3aBAaHTAXKCHHA  0OpOOJICHUX

JaHUX  Pa3oM

i3 TaHOpaMHMMH 300paXeHHsSMH JO0 BeOcepBicy
Juls 30epiraHHs Ta MoJabIIOro 0OpOOICHHS;

— oopMIIEHHST KPECJICHWKIB Ha OCHOBI J00yTHX
pe3ynbTaTiB  IHXKEHEPHO-TEOJ3UYHUX  BHIIYKYBaHb
i3 3actocyBaHHAM Autodesk AutoCAD, mo HaidacTime
ACTOCOBYETBCSI Y CTBOPEHHI 1HXKEGHEPHHX KpecClieHb

32 YMHHUMH B YKpaiHi HOpMaMu Ta MPaBUIaMH.

IIpoexT iH:KeHepHO-Te0Je3NYHUX BUIIYKYBAHb
3aJIi3HUYHOI iHpacTPpyKTYpH Ha AinAHII
Kogeuns — SIroauH — KOpAOH

Sk
IISUTBHOCTI 3aIpPONOHOBAHUX (HOPMAaITi30BaHMX ITiAXO/IIB

NPUKIaZ  3aCTOCYBAaHHS B  IPaKTUYHIN

OdopMIICHHS KPECIICHUKIB

PO3IIISTHEMO MPOEKT 1HXEHEPHO-TEO0/Ie3NIHUX BHUIITYKYBaHb

OUISHKM 3ai3HUII B 3axigHiii vacthHl BomaumHCBKOL
obJiacTi: HEOOXiTHO JOCITIIUTH 3ali3HUYHE IOJIOTHO Ta
TIPUJIETITY MiCLEBIiCTh (MaKCHMAIBHO MOXKIIMBOT ITMPUHN)
y Hanpsmky Kosenb — SroamH — xopaoH. Mexi wmi€l
JUISTHKY TIOKa3aHo Ha KapTorpadidniii cxemi (puc. 7).

BignosigHo no IDEF3-mogaeni (puc. 5) Ha mo4aTky
MOJIOBUX POOIT MPOBEAEHO PEKOTHOCTYBAHHS 3 METOIO
BU3HAYCHHS MOXITUBHX MPOOJIEMHUX ALISHOK Ha 00’ €KTI
JOCIIKEHHS, 3@ pPe3yiabTaTaMd  SKOTO  NPHHHSITO
pilIEHHsI 3aKjajaTh MYHKTH IUJIAHOBO-BHCOTHOI OCHOBH
3 iHTepBasom 500 M y3mOBXK yci€l miNSHKH. 3araiom
3akiageHo 214 MyHKTIB TMM4YacoBOi IJIaHOBO-BHCOTHOI
Mepexi, KOOpPAWHATH IIyHKTIB SIKOi BH3HAUYEHO 3a
nonomoroto GNSS-npuiimaua Stonex S700A y pexumi
RTK 3 oTpumaHHSM NOMpPaBOK BiI IOCTIHHO [ifOYOi
Mepexi pedepeHTHHX CTaHIii System.net y MicUeBii
cucremi koopauaat MCK-07.

Hns

TPaEKTOpii BU3HAYCHO KOOPIMHATH MOJIHOBHUX 0a30BUX

KOPEKTHOTO {1  TO4YHOro  (opMyBaHHs
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cTaHuii Bij System.net y cucremi koopaunat WGS-84
JUTSL IOJANBIIOTNO OIPALFOBAHHS TPAEKTOPIi B MPOrpaMHOMY
3abe3neuyeHHi Leica Pegasus Manager [26]. Hami
32 MakCHMaJlbHO MOJKJIMBOIO TPAEKTOPIEI0 MPOBEICHO
MOOLTbHE Jla3epHe CKaHyBaHHS, ()parMEeHTH PE3yNbTaTiB
SKOTO HaBeleHi Ha puc. 8, 9. Ha xamp, mig dac

Puc. 7. Kaprorpadiuna cxema iHKeHEpHO-T€0Je3NIHIX BUITYKyBaHb

CKaHyBaHHA CHCTE€Ma CTHUKajlacsa 3 TIEPCIIKogaMu,

HANpUKJIAX TIHPOBHMH JUISHKAMHU BiJ] BaHTAXKHHUX

BaroHiB (puc. 9), mo NOTpeOyBaioO yTOYHEHHS

inpopmamii 3 IUX  JUISHOK  albTEPHATUBHUMH
METO/IaMH — Ha3eMHHUM JIa3epHUM CKaHyBaHHSIM abo

TaxeOMETPUUHOIO 3HOMKOIO.

Puc. 8. Mepexa CTpiIOUHHX MTEPEBOIIB, OTPHMaHA BiJl CHCTEMH MOOITFHOTO JIa3epHOTO CKaHYBaHHS
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Puc. 9. 3ani3HUYHUI BaHTXXHUHN NApK, OTPUMAHU BiJl CHCTEMH MOOIIBHOTO JIA3€PHOTO CKaHyBaHHS

[icns  amamizy pesyibraTiB  poOOTH  CHCTEMH
MOOLUTBHOTO JIA3ePHOTO CKAaHYBAHHS MOXKHA ITEPEKOHATHCS
B iX iIHOPMATUBHOCTI — OCHOBHI €JIEMEHTH 3aJ1I3HUYHOT'O
cepen

a HpO6J’IeMHi ,I[iJ'ISIHKI/I MO’XHa YTOYHHWUTH 34 IAHOpPAMHUMHU

MOJOTHA JIETKO  1IEHTU(IKYIOTHCS HIINX,

a)

Puc. 10. ®parMenTty 300pakeHHsI 3aJ1i3HUYHOTO MMOJIOTHA: a — TAaHOPaMHe 300pa)keHHsT; O — pe3yJIbTaTH JIa3epHOTO CKaHyBaHHS

Hazemue JIa3€pHC  CKaHyBaHHS  BHUKOHYBAJIOCh

npuctpoeM Leica RTC 360. 3araioMm Oyjo MpoBeIeHO
CKaHyBaHHS TPbOX MPOOJIEMHUX JIUISTHOK:

— Y3I0BX AUBIHKA 3aJ1i3HUYHOT craHuii Sronux, Ha
AKiH Oy po3MillieHi ToBapHi BaroHu 3aBaoBKKH 500 m;
3aJI3HUYHOL CTaHLil

— Y3IOBX IUITHKHA

Jlrobomnb, Ha ki Oynm  po3MilieHi  ToOBapHi

Barou 3aBaoBxKku 1000 Mm;

300paXCHHSMHU BiJi MOOLIBHOI CKaHyBaJIbHOI CHCTEMH,
(hOTO3HIMKH SKOIO 3pO0JIEHO 3 iHTEpBAIOM Hepe3 KOXKHi
5 M (puc. 10). Vce me mae 3Mory OE3MOMHIIKOBO
nemdpyBaru 00’ €KTH 3aTi3HUYHOT iHPPACTPYKTYPH.

— DUISHKA ~ 3ai3HUYHOI  €BPOMEWCHKOT  KOJii

MPOTSHKHICTIO 2 KM, NPOi3J HE HEMOXJIMBUI dYepes
TEeXHIYHI 3aco0y,

XapaKTCPUCTUKU  TPAHCIHOPTHOT'O

Ha  SIKOMy  BCTAQHOBJIEHO  CHUCTEMY  MOOIUIBHOTO
JIa3epPHOTO CKaHYBAHHSI.

VY mnpomeci HpPOBEACHHS 1HXEHEPHO-TCOAC3MUHIX
BUIIYKYBaHb 3alli3HUYHOI 1H(pacTpyKTypH Ha IUISHIN

KoBens — Sromua — xopmon nocmimkero 201 mry4ry
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cropyay. Y BHIAIKy HAA3€MHOI IITYYHOI CHOpPYAH

(uusaxompoBin, ecrakaga) iH(pOpMalilo MOOITBHOTO
Ja3epHOTO CKaHYBAaHHS MOXKHA BHMKOPHCTOBYBATH ML
CTBOPEHHSI 3BITHOIO JIOKyMeHTa. JIJsl TOBHOTH NaHHX
1 3amoBHEHHA KAapTKM IITYYHOI CIOPYIH iH)XKEHEepy
3aIMIIANOCS BHM3HAYaTH Ha MiCIi XapaKTepUCTHKH,
SKI HE BIAJIOCA BCTAHOBUTH METOAOM MOOUILHOTO
JIa3epHOTO CKaHyBaHHSL.

Ha >xanp, 31e0ipII0ro MTYYHI CHOPYIH 3aJli3HIYIHOI
IHQpPacCTPyKTypu pO3TalloOBaHi B HIKHIA YacTHHI
3eMJITHOTO IIOJIOTHA, IO 3aTpPyIHSJIO aBTOMAaTHYHE
OTpUMaHHs iH(pOpMaIil METOIOM MOOLIEHOTO JIa3epHOTO
CKaHyBaHHS. Y I[bOMYy pa3i CnpoOM BHUKOPUCTAHHSI

JaHUX MOO1ILHOTO JIa3€pHOI0 CKaHyBaHHSA 3 MCTOIO

a)

oopMIIeHHST 3BITHHX MaTrepialliB MO0 CTaHy INTYYHUX

CIOpYyA TOKa3zajgw, 0[O0 Taki JaHi Ta ITaHOpaMHi

300paKeHHS, OTPUMaHi 3 MOOUIBHOT CKaHyBaJbHOT
CHCTEMH, € TapHUM JOIOBHEHHSM y CTBOPEHHI KapTOK
mTyqHuX cnopyx (puc. 11, a), a B meskux CHUTyamisx
1 OCHOBHMM JUKepenoMm iHgopmanii. Hampukian,
Ha puc. 11, 6 mokazaHa xapTka mrydHoi criopyau Ne 61 —
3aTi300€TOHHOI  TPyOM Ha  3ali3HMYHIA  CTaHIl
JIrobomite, sIKa CTBOpEHa 3a pe3yiabTaTaMi (i3UIHOTO
oOCTe)XeHHI 1 MOOULIFHOTO JIa3epHOTO CKaHyBaHHS.
Bona MicTuTh (hOTO3HIMKH IITYYHOI CIIOPYAN, KPECICHUK
3 po3MipamMH, KOPOTKY XapaKTEpUCTUKY, ICTOPHYHY
JOBIIKy, HOMEp IKeTy (TeOmo3uIlii) Ta OIUC CTaHy

€JIEMEHTIB IITYYHOI CITOPY/IH.

0)

Puc. 11. ®opmyBaHHS KapTKH IITYYHHX CIIOPYA: a — 300payKeHHsI 3a51i300€TOHHOT TpyOH, OTpuMaHe

3 MOOUITFHOTO JTa3epHOTO CKaHepa; O — (piHaTbHA KapTKa 3a1i300€TOHHOI TPYOH

OTXe, OCHOBHOIO IIEPEBaror0 Ja3epHOTO CKaHyBaHHST
€ BI3yalbHMH CKJIAQIHUK: IH)KCHEp Ma€ JOCTyH [0
TPUBUMIPHOTO IM(POBOro NIBIMHMKA MITYYHOI CIOPY/H,
Horo peanbHHMX po3MipiB 1 ¢orozHiMKa. OCHOBHUM
HEJIOJIKOM JIOCHI/KeHHsI INTYYHUX CHOPYA Ha OCHOBI
MOOITBHOTO ~ JIa3epHOTO

iHpopMmarii CKaHyBaHHS €

HEeMOBHOTa  METPUYHHMX  IIOKa3HWKIB,  IIOB’s3aHa
3 OCOOJIMBOCTSAMHM pO3TAallyBaHHS INTYYHHX CIIOPYA
Ta 1X KoH(pirypariero.

Hactymaum erammom € 00poOsieHHS pe3yJsbTaTiB
Ha3eMHOT0 IMin  uwac

JIa3€pHOTO CKaHyBaHHS.

MONIepeIHBOTO  3IIMBAaHHS JAaHUX Ha  ITOJHOBOMY
TUIAHIIETi B TPOLEC] X IMIIOPTY CTBOPEHO MEBHI 3B’SI3KH
MDK MarepiaJlaMH CKaHyBaHHSI, SIKi MOJKHA ONITHMIi3yBaTH.
AHAJIOTIYHO CTBOPIOIOTH HOBI 3B’SI3KH [UIS ITiABHIICHHS
TOYHOCTI Ta JOCTOBipHOCTI iH(popmanii. 3a3HaunMMo,
II0 TOYHICTh 3IIMBKHM [aHUX HAa3eMHOTO JIa3ePHOIO
He NepeBHIlyBaja 25 MM, aje BHACHIZOK HaKJIagaHHS

miel indopmamii Ha HaHi, OTpUMaHi Big MOOITHHOIO

JIa3epHOT0 CKaHepa, TOYHICTh IMiJICyMKOBHX PE3yJIbTATIB
CYTTEBO Ii/IBUINEHA, IO 3abe3medmsno po30iKHICTH
HE OLJIbIIIE HIXK 3 MM.

3rigHo i3 (YHKIIOHATBEHOI CcXeMow (puc. 6)
00poOsieHI  pe3ynbTaT MOOUTBHOTO Ta HAa3eMHOTO

JIa3epHOTO  CKaHyBaHHS pa3oM i3  ITaHOPaMHHUMH
300pakeHHSIMH 3aBaHTaXKEHO Ha BeOcepsic Bentley Orbit
3D Mapping Cloud. [lo pecypcy XmapHOro 30epiraHus
3aBaHTaxeHO 16402 nmaHopamMHux (HOTO3HIMKIB 1 "3mKUTY"
XMapy TOYOK BiJi MOOIIBHOTO Ta Ha3eMHOTO JIa3€pHOTO
CKaHyBaHHS 3aBJJOBXKKH 0J13bK0 90 KM.
3HAUYeHHA B  pasi

OcobmnmBe KaMepaJIbHOTO

0OpoOJIeHHST JTaHWX HAJEKHUTh CTBOPEHHIO 3BITHHUX
MarepiagiB 3a pe3ysibTaTaMH 1HXEHEPHO-T€0JIe3UUHHUX
BUIIYKYBaHb, W10, SIK 3a3HA4aJocs paHilie, CyTTEBO
CIIPOIIY€EThCS  3aBASKA  3aCTOCYBaHHIO  MarepiaiB
nmazepHOro ckanyBaHHA. Ha pmc. 11 Bke HaBemeHO
CIIOpY/IH,

PO3TIITHEMO 5K (POPMYIOTHCS 1HII 3BITHI TOKYMEHTH.

npukiag (OpMyBaHHS KapTKH  IITYy4YHOI
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BaxxiuBuM BUAOM POOIT i3 JOCIIIKEHHS 00 €KTIB

iHppacTpyKTypu €
HOJIOTHA 31 CTBOPEHHSAM PEajbHOTO

3aTi3HUYHOT BHBUYCHHS CTaHy
3aJI3HUYHOTO
MOTIEPEYHOTO TPO(UTIO Ta MOPIBHIHHSA HOTO 3 MPOEKTHUMH
maammu [12, 15]. INomepeunnii mpodine 3ami3HHYHOTO

MmoJIoTHa —  KPECJICHUK, IO

nepepizy
NEePHEeHANKYISIPHOIO 10 OCi pekoBuX Komid. Pobory

UTIOCTpY€e  pe3yJbTar

TIOTIEPEYHOIO BEPTHUKAJIBHOIO  IJIOIIHUHOIO,

HaJ CTBOPEHHSAM [BOTO  KpEclIeHWKa 3HiHCHEHO
i3 3aCTOCYBaHHSIM JIBOX CHCTEM aBTOMAaTH30BaHOT'O
npoextyBaHHsI — Leica Cyclone 1 Autodesk AutoCAD:
nepire BHKOPUCTAHO It OOpOOJNEHHS XMapu TOUYOK
(oumIeHHS BiX IIyMiB, CTBOPEHHS IepepisiB, 3MIMBaHHI
CTaHIiil), a Jpyre — U1 CTBOPEHHS 1HXCHEPHHUX

KPECJICHHKIB 32 YNHHUMH HOPMaMH Ta IpaBHIIaMU.

Ha puc. 12 naBemeHo mnpukiaj aeumndpyBaHHsS
00’€KTIB MOIEPEYHOro Mpodijaro 3ali3HUYHOTO IOJIOTHA
Ha TOMEPEeYHOMY Iepepi3i XMapu TOYOK, y LbOMY pa3si
nmaHopamHi  ()OTO3HIMKM ~ 3HAYHO  NPHUIIBHIIIIH
mporec nemuppyBaHHS 00’ €KTIB K Ha 3arajbHIi xmapi
TOYOK, Tak 1 Ha I momepeyHomy mnepepisi. Takox
MOPIBHSHO CTBOPEHI KPECIEHWKH Ha BKa3aHUX IIIKETax
i3 MIPOEKTHUMH TONIEPEYHUMHU MPOPUIIMH 3aTI3HUIHOTO

MOJIOTHA, IO OyiaM HanxaHi 3aMOBHHKOM. DparMmeHT

OJHOTO 13  KPECJIEHHKIB  IONEepeyHOoro  mpoQiito
3ali3HUYHOTO  TOJOTHa 300pakeHMA Ha  puc. 13,
Jle YEepBOHOIO JIHIEI0 TI03HAYEHO TIIPOEKTHI JaHi,
a 4YopHOWO — (akTHyHWME momepedHUl MPoGdinb

3aJI13HUYHOrO MOJIOTHA Ha IISHIN JOCIIIKEHHS.

Puc. 12. [ponec nemudpyBaHHs eIEMEHTIB ONEPETHOTO Mepepi3y 3aTi3HUIHOTO MOJIOTHA

Puc. 13. dparMeHT KpeclieHnKa MONepPEeYHOro mepepisy 3aai3HHYHOTo MOJIOTHA

OcobmuBuM  BHIOM  poOIT y  TIeome3WYHHX
BUIYKYBaHHSAX € PO3poOJieHHs TonorpadiyHux IUIaHiB,
IO CYTTEBO CHPOLIYETHCS 33 YMOBHM BHKOPHUCTaHHI
pe3yinbrariB ckanyBanus [20, 21]. ¥ npoMy pasi Ha OCHOBI
XMapud TOYOK 3aCTOCOBYIOTh TMAJITPy IHTEHCHBHOCTI
BIIOWTTS, IO 3 ONAY HA IHIMBIAYaJIbHHH MOKA3HUK
BiIOWTTS ITA3€pPHOTO IPOMEHS Bill TIEBHOTO MaTepialy

noJierirye aemudpyBaHHs 00 €KTIB 1 3MEHIIY€E KUIbKICTh

MOXMOOK 32 YMOBM BeKTOpm3amii paHux. Bekropmsariro

iHppacTpyKTypH
B IporpamHoMmy 3abesneuenHi Leica Cyclone, micis 4oro

€JIEMEHTIB  3aJIi3HUYHOI 3IiHCHEHO
excrioproBano 1o Autodesk AutoCAD nnst opopmiteHHs
TomorpagiqHOro MIaHy. 3a3HaYMMO, IO JJISI CTBOPEHHS
OKpEMHUX BHCOTHHMX IO3HAK IUIAHY BUKOPUCTAHO PY4YHY
PO3CTaHOBKY TOYOK BHCOTHHMX ITO3HAK HA XMapi TOYOK.

Hani pe3ynbpraTaM BEKTOpH3allii MPU3HAYCHO YMOBHI
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MMO3HAKK BIANOBIZHO 10 o0OpaHOoro kiacudikaropa,
HAHECEHO KOOPJAMHATHI IepexpecTsi, KOHTYpH 130iHii
1 pO3TalIOBaHO KPECIICHUKN Ha apKyllax pi3HuX (opMaTiB

Puc. 14. ®parmenT kpeciaeHnKa TornorpadivHoro miany

IlnanyBaHHs po3KJIagy
NMPOEKTY iHXKEeHEePHO-TeoIe3NYHUX BUIIYKYBaHb
3aJIi3HUYHOI iHppacTpyKTYypH

Oco6mmBe 3HA4YCHHS B IH)KEHEPHO-TEOIE3NIHUX
BHILYKYBaHHSIX HAJIEKHT ITITOTOBYOMY €TaITy, CIIPSIMOBAHOMY
Ha (¢opMyBaHHSI TIporpaMu BHUINyKyBaHb [l14, 16].
3acTrocyBaHHS PO3pOOJICHUX (PYHKI[IOHATBHUX MOJEIeH
Ta cxeMm (puc. 5, 6) NMPUCKOPIOE IUIAHYBAHHS IIPOEKTY,
OLIIHIOBaHHS IOT0 TPHBAIOCTi, CTBOPEHHS pO3KIaAYy,
BHOKpEMJICHHS "KpPUTHYHUX" pOOIT TOIIO, aike BOHHU
HE JIMIIE BH3HAYalIOTh oONepauii MOJbOBOTO  Ta
KaMepaJpbHOTO €TamiB, a, CIHPaloYUCh Ha JIOTIKY iX
BUKOHaHHS, ()OPMaTi3yIOTh MOCITIIOBHICTb TX IPOBE/ICHHS.

Ha migroroBuomy erami Mg dYac TUTaHyBaHHS
MIPOEKTY 0COOJIMBY yBary NpHIUISIOTH OLIHIOBAHHIO HOTO

YaCOBHX XapaKTEPUCTHK. TyT MOYaTKOBHM KPOKOM

Ta6muus 1. Ilepenix pobim ma 36 'a3Ki6 Midic HUMU

JUIS TIOJAHHS MOJENI IMOBEPXHI 3aI3HUYHOIO IOJIOTHA

y Burmini  tomorpadiuHoro  mmany.  @®parmeHT

TonorpadivHOro MmiaHy IpOEKTY 300paxkeHo Ha puc. 14.

€ TUIaHYBaHHS OO0CSTIB pOOIT i3 3aCTOCYBaHHIM MOJEII
Ta CXEMH BHKOHAHHS €TaIliB MPOEKTY.

Jist oTpuMaHHs BIJIIOBiEH Ha 3alHMTaHHS IOJO
TEpMIiHIB 3aBEpIICHHS INPOEKTY, KAICHIAPHUX CTPOKIB
NPOBEICHHS OKPEMHX pOOIT, YacoBOTO  PO3MOILTY
pecypciB y Tporeci iX BHKOHAaHHI TOIIO PO3POOIISIOTH
MOJIeTl PO3KiIajy, HalpuKiIan, 3a JOMOMOTOK METO/iB
CITKOBOTO ITUIAaHYBaHHS — aHANi3y TEPMIiHIB MOYATKy Ta
3aBEpLICHHs YaCTHH IPOEKTY, LIO MOEAHYIOTh BUKOHAHHS

B dYaci pi3HUX oIepamiii Ta eTamiB i1 (HOPMYBaHHS

MPOTHO3y LIOAO 3arajbHOl TPHUBAIOCTI  pearizarii
BCBOr0 MPOEKTY [29].
Croupatrouuch Ha  po3poOieHi  (yHKHiOHANBHI

MoOJIeNb Ta cxeMy (puc. 5, 6), chopmyemo meperntik pooir.
[Mam’siTatoum, 1O IUTAHYEMO MOJBOBHH 1 KaMepalbHUI
eTanu

iH)KCHGpHO-l"eOIIG3I/I‘lHI/IX BUIITYKYBaHb, L[ef[

nepenik nependayae (tabim. 1):

ITepesik podiT mpoexTy Monepenni | TpuBaiicTh
Koa po6oTu Ha3zga po6otn podoTn podoru, xui
A PexornoctyBanHs — 1
B 3akialaHHs] TYHKTIB MIaHOBO-BUCOTHOT OCHOBH A 3
C MoHTyBaHHs 0a30BHX CTaHIIii - 1
D BusHaueHHs TpaeKTOpii Ta MOOUTbHE JTa3epHE CKaHYBaHHS B,C 3
E [Nonepeane 0OpoOICHHS pe3yIbTaTiB MOOLIFHOTO JIA3€PHOTO CKAHYBaHHS D 1
F HazemHe n1a3epHe ckaHyBaHHS E 5
G TaxeomeTpuuHa 3H0MKa E 4
H ITonepeane 06poOIICHHS Pe3yNbTaTiB HA3eMHOTO JIA3EPHOT0 CKaHyBaHHSI F 1
1 [Tonepeane 0O6pobIeHHS pe3yIbTATIB TAXEOMETPHYHO1 3HOMKH G 1
J CucreMaTH3allisi HAKOMUYEHUX JaHUX E,H, I 2
K OmnpalioBaHHs JaHUX HA36MHOTO JIA3ePHOT0 CKAHyBaHHS J 3
L O06poOKa MaHOPaMHHX 300paKEHb J 1
M OmnpalffoBaHHs JaHUX TaXEOMETPHYHOT 3HOMKH J 1
N OmnpairoBaHHs JaHUX MOOUIFHOTO JIa3€pPHOTO CKaHYBaHHS L 2
0] [ToerHanHs JaHux K,N,M 2
P 3aBaHTa)XCHHs JaHHUX 10 BeOcepBicy O 3
Q Bekropusauisi JaHux P 30
R OdopmiieHHsI 3BITHUX MaTepiaiB Q 5
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—Ha  TIOJbOBOMY  €Tami:  PEeKOTHOCTYBaHHS,

3aKNAJIaHHS ~ MYHKTIB  IUTAHOBO-BHCOTHOI ~ OCHOBH,
MOHTYBaHHsI 0a30BHX CTaHI[Il, BU3HAYCHHS TPAEKTOPII,
MOOIJIbHE Nla3epHe CKaHyBaHHs, MOMEpeaHe 00poOICHHS
pe3ynpTaTiB  MOOITBPHOTO  JIa3epHOTO  CKAHYBAaHHSA,
Ha3eMHE Jla3epHe CKaHyBaHHs, TaXeOMETPHYHA 3HOMKa,
MOTepeTHE HA3eMHOT0

00poONeHHsT ~ pe3yibTaTiB

Ja3epHOTO  CKaHyBaHHS, IONEPEAHE  OOpOOIEHHS
pe3ynapTaTiB TaXeOMETPUYHOI 3HOMKH, CHCTEMaTH3aLlis
HaKOMMYEHUX JaHHX;

— Ha KaMepaJIbHOMY €Talli: OTpaIfoBaHHs iH(popmartii
Ha3eMHOT'0 JIa3epPHOTO CKaHyBaHHsI, 00OpOOJICHHS! TTAHOPAMHUX
300pakeHb, OMPAIIOBaHHA JaHUX MOOITHFHOTO Ja3epHOT0
CKaHyBaHHS, OINPALIOBaHHS MaTepialliB TaXeOMETPUIHOI
3HOMKH, TIO€NHAHHS pe3yNbTATiB, 3aBaHTAXKEHHS IX
0 BeOcepBicy, BEKTOpH3allis TaHUX Ta O(OpMIICHHS
3BITHHX MaTepiaiB.

3BaKaroyM Ha JIOTIKYy BUKOHAHHS €TalliB, I0JJaTKOBO
CTBOPHMO TEPETIiK MOoNepeaHiX podiT (o 3abe3nedyoTh
nojaIbIl poOOTH, 0e3 SKUX TX BUKOHAHHS € HEMOYKIUBUM),
SKi, 3pemTor0, PO3KPUBAIOTh MPUIUHHO-HACIIIKOBI
3B’SI3KM BUKOHAHHS PO€EKTY (Tad. 1).

[HouBigyanbHO 1711 HAaBENGHOrO  MPUKIJIALY
BCTaHOBJIFOEMO TpUBANiCTh poOiT. Lle 3HaueHHS MOXKe
BU3HAYUTHCS 3 OIJISy Ha HasBHHUM NOCBIX 3AiHCHEHHS
MOJIOHUX TIPOEKTIB a00 EKCIEPTHHM crocodom [29].
Takok HEOOXiTHO B3ATH 1O yBarW, IO peaji3allis
MEBHUX POOIT CYTTEBO 3AJICKHTH BiJl TSXHIYHUX 3aCO0IB
i MoximBocTed. Ha

TPHUBAJICTh  3aBaHTAXKCHHS

iHpopmanii g0 BeOcepBicy Hacammepes  BIUIMBA€E
OIBUJKICTh IHTCPHET-II €IHAHHS Ta WOT0 HAJIIHICTS.
Hanpuknan, ans  OpOEKTy, IO  PO3IIISAAETHCS,

3aBaHT@XXEHHS #Oro maHuX 10 BeOcepBicy o00csrom
ommzpko 500 I'b TpuBano moBHY 100y (24 TOnN),
a TMIATOTOBKAa JaHMX JI0 3aBaHTAXEHHS CTaHOBWJIA
npuOnu3HO Tpu poboumx mHi. Takox 3a3HAYUMO,
10 BU3HAYECHHS TPUBAJIOCTI POOIT MPOEKTY BiAOYBAETHCS
3 OTJIIAY Ha KUTBKICTH CHiBPOOITHHKIB, IO OEPYTh Y4acTh
y IH)KEHEepHO-T€0JIe3NYHHUX BUIIYKyBaHHSIX. Hampukian,
IUIsL 3OIHCHEHHS JOCITIIPKYBAHOTO MPOEKTY BHXOIMIH

3 OpUIIYHICHHS, IO J0 HHOTO MOHA 3aJ1yYUTHU MMOJLOBY

Opuragy 3 II'ATH iH)KEHEpiB-T€ONE3UCTIB, a TaKOX
KaMmepaipHui Bifnii 3 10 kaprorpadis.
Jisi  mopanplioro IUTaHYBaHHS, IIPOTHO3YBaHHS

TEPMiHIB BHKOHAHHS IPOEKTY, 3HAXOJDKCHHS HOro
KpUTHYHUX poOiT (muisixy) 3a Tabn. 1 meromom Arrow
Diagramming [29] 6ynyemo citkoBy monenb (puc. 15).
s monens noeaHye pobOTH TOIBOBOIO Ta KaMepalbHOrO
€TaIliB, TePEITiK 1 TOCTiIOBHICTh BUKOHAHHS SKHX ITOTaHO
B Tabi. |, a 3Ha4YeHHs TPHUBAJIOCTI POOIT, BCTAHOBICHE
JUTS. KOHKPETHOT'O MPOEKTY Ta 3arajloM, MOXKE 3MiHFOBATHCS.
110
MaKCUMAJIbHUI 32 TPUBAIICTIO MUIAX — KPUTHYHHNA —

3a CITKOBOIO MOZEIUII0O MPOEKTY Oadunmo,

BHU3HAYAETHCS TAKOIO ITOCIITOBHICTIO POOIT:
A-B-D-E-F-H-J-L-N-O-P-Q-R,

Jie BKa3aHO HAWOLTBII TpuBasli POOOTH, IO BIUIMBAIOTH

Ha

3arajbHy TPUBAIICTh NPOEKTY. [l MpoekTy,

10 PO3TIISAAETHCS, IS TPHBAJICTD cATae 59 MHIB.

Po6oTHn noboBoro eramy

H: TMonepeine 06pobenns
e3yJIbTATIB CKaHyBaHH, | 1eHb

F: Hasemue nasepHe
CKaHyBaHHsl, 5 JIHIB

N: OnpaitopanHs uax-uR ~
MOOLIBHOTO J1a3epPHOTO
CKaHyBaHHs, 2 JIHI

~ O: Toeananus

JaHux, 2 aHi

~

L: OGpobieHHs MaHOPaMHIX
300pakeHb, | 1eHb ;‘ 12 >

15

7
7
A: PeKkorHoCTyBaHHs, B: 3ﬂ|<ﬂﬂ‘»?faHHﬂ TLIZHOBO- D: BusHaueHHs TpaekTopii Ta E: HOHE_PEEIHF« 06pobaenns 7/ J: CucTeMaTH3ariis Ta HAKOMHYCHHS
@ 1 nenb 2 BHCOTHOT OCHOBH, 3 JuHi \m MOOi/IbHE Jla3epHe CKaHyBaHHs, 3 JHi m PE3YJILTATIB CKAHYBAHHSL, | JCHb JIaHuX, 2 JHi
e ~
V2 G: TaxeomeTpruna ~
C: BeranosnenHs 6a30BHX — 3ifomMKa, 4 JHi ~ ~
cTaHuii, 1 aeHb 3 I: Toniepe;tie 06pOGIEHHT™
~ pe3yibTaris 3iioMkH, 1 JeHb ( 0)
~
K: OnparroBannst JaHHX ( 14)\
i ~ ~
HA3eMHOT0 JIA3ePHOTO ~ -
CKaHyBaHHSI, 3 JH; ~
~

P: 3aBanTakeHHs 1aHUX 10
BeOcepaicy, 3 aHi

Q: Bekropwusaris
Jiaunx, 30 1HiB

R: Ocpopmnenns 3BiTHIX
martepiais, 5 HIB

16

—
—

—

M: OmnpanioBaHHs JaHNX -

TaXeOMeTPUYHOI 3iioMKH, | nenb

o

17 18 19

Po6oTu kamMepa/LHOIrO eTamy

Puc. 15. CitkoBa MOJETb MPOEKTY iHKEHEPHO-TEOAC3NYHNX BUITYKYBaHb JUISHKH 3a1i3HHLI B 3aXiaHii yacTHHI BonuHChKOT
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BucHoBKkH i NEPCHEKTUBH NMOJAAJIBIIOT0 PO3BUTKY

Pesyneratu gisuteHOCTi AT "YKpaincbka 3ami3HUIS"
MiATBEPAKYIOTh, L0 L€ TPAHCHOPTHE MiJIPHEMCTBO
€ JimepoM Tamy3i, ajue TOMPH BHCOKI IEPCIECKTUBU
PO3BUTKY MOJIEpHi3allii Ta YTPHUMaHHS TPaHCHOPTHOI
iH(ppaCTPYKTYpH
B YMOBaX BOEHHOI'O CTaHy CTa€ 3HAYHOIO MPOOJIEMOIO.

BAMara€ 3HaYHUX KOIITiB, IIO
Ile cnoHykae 10 HEOOXITHOCTI BIPOBAKEHHS CYyYaCHHUX
TEXHOJIOTIH Ta IHHOBAIlil, 30KpeMa il Yac MPOBEICHHS
BUIITYKyBaHb 00’ €KTIB 3aJIi3HMUII, OCHOBAHHX Ha TIEPEIOBUX
MeToax 30upaHHs iHpopMallii Ipo MiCLEBIiCTb.

Pesymeraru 6i6miorpadigHOTO MOMIYKY ITITBEPIIKYIOTh
MiZABUICHHS €(EKTUBHOCTI BHKOHAHHSA TI'€OIC3UYHHUX
BUIYKYBaHb 32 JONOMOTOI0 3aCTOCYBAaHHA CYYaCHHX
I'IC-TexHoJIOTM, ane aHali3 YAHHOI HOPMATHUBHOI 0a3u
3 [BOTO HampsMy IIOKa3aB, MO IX YNPOBaLKEHHS
y BUIIYKYBaHHSIX  PEKOMEHJ/IOBAHO, ane He
periamenToBaHo. lle moTpeOye CTBOpEHHS JOKYMEHTIB
JUIsL 3IIMCHEHHS KOHTPOJIO 3a METOJAWKAMM peaizawil
Ta SKICTIO IHXCHEPHO-TEOJC3NYHUX BHUIIYKYBaHb 13
BUKOpHCTaHHAM cydyacHux [ IC-texHoorii.

Po3pobneno DFD-miarpaMy, o y3araapHIOE Ta
dhopmMmaiizye mpoliec iHTerpailii MaTepiaiiB, OTPUMaHHUX
I Yac BUIIYKyBaHHS 3 ynpoBapkeHHsM ['1C-TexHomori,
m0 OaHKy reofaHux kpainu. Crouparoduch Ha He,
(opmanizoBaHO pPoOOOTH IOJIHOBOTO Ta KaMepalbHOTO
eramiB. 30KpeMa 3 BUKOPHCTAaHHSIM HOTAIlii METOI0JIOrIT
IDEF3, o

3a JI0MOMOror0 (ikcarii X OCHOBHUX 00 €KTIB 1 JIOTIUHO-

¢dopmanizye iHdopmaniiiHi  mporecu

YacOBHMX 3B’SI3KIB MIX HHMMH, CTPYKTYPOBAHO NEperiK

POOIT MOJBOBOTO €TaIy Ta BU3HAYCHO IX JIOTTYHO-YaCOBY
TIOCITIJIOBHICTB, & TAKOK CHCTEMaTH30BaHO iH(opMaiiiiHi
MOTOKM MiX poOoTamu, $IKi BHHHKAIOTh Yy MpoLEci
MoJiepHi3anii 00’ekTiB 3ayi3HUYHOI 1H(paCTPyKTypH
i 9ac OTPUMaHHs Tomorpado-reoAe3NYHIX MaTepiais.
Takox cTBOpeHO (YHKIIOHaJbHY CXEMY KaMepalbHOTO
00pobIeHHS MaTepiaiB IH)KEHEPHO-Te0Ie3MIHIX
BHUILYKYBaHb, SKa 3BEpPTa€ yBary Ha IOTOKaX aHUX,
iX THmax 1 JDKeperax OTpPUMaHHA. 3 OIJBILy Ha Te,
[0 Teperik omeparii MbOTro eTamy, iX IOCHTiJOBHICTh
3aJIeKaTh BI

Ta 0COOIMBOCTI 3aCTOCOBHHUX

I'C-iHcTpyMeHTIB 1 BIINOBIAHOTO  MPOTPaMHOTO
3a0e3NeUYeHHs], CXeMy CKJIaZeHO 32 YMOBH BHKOPHCTaHHS
o0OyagHaHHs Bijx KoMITaHil Leica.

ExcrieprMeHTansHIM crocooom miepeBipeHo
po3po0iieHi (YHKITIOHATBHI MOJIENi Ha TPHKIAl MPOEKTY
JNOCIDKEHHS  3ali3HMYHOTO TMOJIOTHA Ta  IIPUJIETIION
MicieBocti B HampsiMKy KoBenb — SlrogmH — KOpIOH.
EdekTiBHICTB 3alpOIIOHOBAHOTO MiIX0AY Ta pO3pOoOIEHOTO
HayKOBO-METOJMYHOrO  3a0e3neueHHss  iH(opMamiiHoi
MATPAMKN TIPOEKTIB MOJEpHi3aIii 00’€KTiB 3ai3HHIHOI
iH(pacTPYKTypH MiITBEPIIKEHO

"HagiramiitHo-reogesnannii  1eHtp" (htips.//ngc.com.ua/).

3a cropusHasiv - HBII

3oKkpema cucTemMarHzailisi Ta CTPYKTypH3allisi TOTOKIiB
MaHUX, AITOPUTMI3allii MiSUBHOCTI HA TIONBOBOMY Ta
KaMmepaJlbHOMY eTanax CHpOILye IUIaHYBaHHS IIPOEKTIB
BHUKOHAHHSA 301BIITYE

BUIITyKyBaHb, iHpopmMaTHBHICTD

OTPUMAaHHMX  MaTepialiB  JOCT/DKCHHS 32  YMOBHU
OJIHOYACHOTO 3MEHIIIEHHS] YaCOBHX BUTpPAT Ha MPOBEICHHS
pOOIT, MiZBHUIYE TOYHICTH TCOMETPUYHHMX 1 TC€OAC3UUHHX

TapaMeTpiB MiCIIEBOCTI.

PoGoty BukOHaHO 3a miaTpUMKH MiHICTepCcTBa OCBITH 1 Hayku YKpaiHu (Aep)kaBHUIl peecTpauiiiHuii Homep

npoekty 0122U002298), a Takoxx PerioHanbHOro eHTpy KOCMI4HOTO MOHITOPHHTY 3emii "CrobokaHmHa "

Baecok aBTOpiB. AHaJi3 3arajibHOr0 CTaHy 3ali3HUYHOI 1HQpacTpyKkTypu YKpaiHu Ta pe3yJbTaTiB JisNTBHOCTI

AT "Vxkpainceka 3anmizaunsg” — A.C. Hewaycos, A.C.Ilpmiima; ormsg Ta aHami3 HOPMaTHBHO-TIPaBOBOi 0asw,

IO periiaMeHTye TeO0e3MYHI BHIIYKYBaHHS Ha 00 €KTax 3aJli3HUYHOI 1H(QPACTPYKTYpH, Ta CYYaCHHMX HOCSITHEHb

miei cpepn — C.JO. Janmmua, C.M. AHapeeB; po3poOJCHHS KOHIENTYAIBHUX TMOJOXKEHb JOCTI/DKEHHI —

C.10. Janmmua, C.1. I'opennk; npaktuuyna ampoOauis pesynbrariB crarti — A.C. Ilpuiima; anani3 pe3ynbTariB

nocnimkenns — C.I. Topenunk, A.C. HeuaycoB; anminictpyBanus npoekty — C.M. AHApEEB.

VYc¢i aBTOpY MPOYUTAIIH Ta TIOTOJUIHCS 3 OMyOTIKOBAHOK BEPCIE€I0 PYKOIHUCY.
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GEOINFORMATION TECHNOLOGIES
FOR ENGINEERING AND GEODETIC SURVEYS
IN THE MODERNISATION OF RAILWAY INFRASTRUCTURE IN UKRAINE

The subject of the study is remote methods of engineering and geodetic surveys in the modernisation of railway infrastructure
in Ukraine. The purpose of the study is to increase the efficiency of engineering and geodetic surveys of railway
infrastructure facilities in Ukraine through the use of modern geographic information system technologies. Objectives: To analyse
the general state of the railway infrastructure of Ukraine in order to identify possible areas for its improvement; to study the
existing regulatory framework governing engineering and geodetic surveys at railway infrastructure facilities during
their modernisation; to evaluate the capabilities of modern GIS technologies in solving certain survey tasks; to formalize the
processes of field and desk-based surveys; to work out the developed functional models in practice. Results. The results
of the activities of JSC "Ukrainian Railways" show that it is the industry leader, but, despite its high development
prospects, the modernisation and maintenance of railway infrastructure requires significant funds, which is a significant
problem in the context of martial law. This requires the involvement of modern technologies and innovations, in particular,
when conducting surveys of railway facilities. The article investigates the possibilities of modern GIS technologies in
carrying out engineering and geodetic surveys at railway infrastructure facilities, the links between them, as well as
their disadvantages and advantages. The analysis of the current regulatory framework in this area has shown that the use
of GIS technologies in surveys is recommended, but not regulated. A DFD diagram has been developed that summarises
and formalises the process of integrating materials obtained during surveys using GIS technologies into the country's
geodatabase. Based on this diagram, the work of the field and cameral workstages was formalised. The developed functional
models were tested empirically, using the example of a project to study the railway track and the surrounding situation on the
ground in the direction of Kovel-Yahodyn-Border. It is shown how the proposed models accelerate the planning of such
projects. Conclusions: The practical application of the developed functional models increases the efficiency of
engineering and geodetic surveys at railway infrastructure facilities. In particular, the systematisation and structuring of
data flows, algorithmisation of activities during the field and desk-based stages simplifies the planning of survey projects,
increases the information content of the survey materials obtained while reducing the time spent on the work, and improves
the accuracy of obtaining geometric and geodetic parameters of the area.

Keywords: information process; functional modeling; data flows; laser scanning; stages of engineering and geodetic
surveys; Leica GIS tools.
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M. €HA
KOHTPOJIb MICBKOI MOBLJIBHOCTI BrJIA:
POMOBUI IHTEJIEKT 1 YHUKHEHHS 3ITKHEHD
I[Ipeamer pochilskeHHss — IHTENCKTyajdbHE YIPABIiHHSA TPAHCIOPTHUMH TIOTOKAMH B YMOBAaX MICBKOTO CEpeIOBHIIA

3 BHKOPHCTaHHSM IIPHHIMIIB PpOHOBOTO IHTENEKTYy Ta aJIrOPUTMIB YHHKHEHHS 3iTKHEHb /i 3a0e3neueHHs Oe3rmedHol
Ta epekTuBHOI MicbKkoi MoOOUIBHOCTI. Oco0nmMBa yBara HpPUIUIETHCS YIPABIIHHIO OE3MIIOTHHMH TPAaHCIOPTHUMH 3ac00aMH
it mponamu. MeTta po6OTH — PO3POOIICHHS aNTOPUTMY IO YNPABIIHHSA MiCBKOK MOOUIBHICTIO, IO MOEAHYE MPUHIMITN POHOBOTO
IHTENIEKTy 1 aJrOpUTMH YHHKHEHHS 31TKHEHb U1 ONTHUMi3allil TPaHCIOPTHHUX IOTOKIB, MiJBHIIEHHS O€3MEKH PyXy Ta 3HIDKCHHS
KiJTbKOCTI aBapiil. 3aBHaHHA: AOCHigUTH HpoOiieMH Oe3mekd Ta e(EeKTHBHOCTI MICHKOTO TPAHCIOPTY B YMOBaxX 3pOCTaHHSI
yp0aHizarii; po3poOUTH AITOPUTM, IO MOETHYE POHOBHI IHTENEKT i YHHKHEHHS 3iTKHEHb Ul YIPaBIIHHS PyXOoM OE3MiIOTHHX
TPAHCHOPTHHX 3ac00iB; IPOBECTH CEPII0 EKCIIEPUMEHTIB [UIS MEePEBipKH e()EeKTHBHOCTI 3aIPOMIOHOBAHOTO IMiAXOIY; MPOaHalli3yBaTH
pe3yIbTaTH €KCIEPUMEHTIB 1 BU3HAYMTH NOTEHLIaJ B MOKPAIIEHHI MiChKOI MOOLTBHOCTI Ta 3a0e3ledyeHHi Oe3leku Ha JOoporax.
MeTtoau: MaTeMaTHYHE MOJCIIOBaHHS TPAHCIOPTHHUX IOTOKIB i3 3aCTOCYBaHHIM aJIrOPUTMY POMOBOTO IHTEIEKTY Ul KOOpAMHALIT
pyxy OE3NMUIOTHHX TPaHCHOPTHUX 3aco0iB Ta YHWKHEHHs 3iTKHeHb. Pe3yabTaTm mociaimkeHHs. [HTerpamis poHOBOTO iHTEIEKTY
Ta aITOPUTMIB YHUKHEHHS 3ITKHEHb € IIePCIEKTHBHHM HAmpsMOM I MiABUIICHHS e(eKTHBHOCTI Ta Oe3mekn MichKoi
MOOUTBHOCTI. 3aCTOCYBaHHS LBOTO aJTOPUTMY MOXKE CYTTEBO 3MEHIIUTH KiTbKICTh aBapidf, ONTHMI3yBaTH TPAHCIOPTHI MOTOKU
Ta CHOPUATH CTBOPSHHIO CTIMKHX TPAHCIOPTHUX CHUCTEM Yy MicTaX. BHCHOBKH. 3amnporoHOBaHHM alIrOpUTM JO YNpPaBIiHHS
MICBKOI0O MOOUIBHICTIO IPOJEMOHCTPYBAB 3IaTHICTh ITOKPALIUTH ITOTOKH TPAHCIIOPTY, 3HU3UTH DPU3UK 3ITKHEHb 1 ITiJABUIIUTH
3arajgbpHy O€3MeKy Ha Joporax. Pe3yJbTaTH eKCHepUMEHTIB INTBEpAWIM e(QEeKTHBHICTh 3aCTOCYBAHHS POHOBOTO IHTENEKTY
TS KOOPAHMHALIT TPaHCIIOPTHUX 3aCO01B 1 aNTOPUTMIB YHUKHEHHS 3iTKHEHb 3 METOIO 3alI00IraHHs aBapisiM.
KirouoBi cioBa: Ge3minoTHI JiTanbHI amapaTtd; pid; YHUKHEHHs 3iTKHEHb; Micbka MOOUIBHICTH JPOHIB; IHTErpoBaHi
CHCTEMH YIIPABJIiHHS.
Beryn Ili BHUKIMKHM BHPINIYIOTHCA

yepe3  IPONOHOBAaHUM

QITOPUTM JI0 YIPABIIHHS MOOIIBHICTIO IPOHIB Y MICHKUX

CyuacHi  TpaHCIOPTHI ~ CHCTEMH  CTHKAIOTHCA yMOBax. Po3mIsimaroTeCs MOXKIMBOCTI  ITOKPAICHHS

31 CKJIQJHAMH BHKJIMKAaMH, IIOB’SI3aHMMH 3 MiCHKOIO peakuii ApPOHIB Ha 3MiHM B TPAHCIIOPTHHX MOTOKAX

MOOIJBHICTIO Ta OC3MEKO0 Ha J0porax. 30UIbIICHHS i MicCbKOMY CepenoBHIIi, 3a6€3IeUeH s OE3MEKN X PyXy

IIITBHOCTI  HACENCHHA Ta  IOCTIHHUH  PO3BHTOK
iHpPACTPYKTYpH CTBOPIOIOTh HaJMipHE HaBaHTaKCHHS
Ha TpPaHCIIOPTHI MeEpexi, [0 MOXE IPHU3BECTH
JI0 3aTPUMOK, 3aTOpPIB Ta JOPOXKHIX aBapii. OgHUM
i3 MOXIHMBHX pO3B’S3KIB OKpPECICHHX TpoOJieM €
BIIPOBAPKEHHSI HOBUX TEXHOJIOTIH 1 METO/IB YITPaBIiHHS,
110 320e3MevuyoTh ONTHMAIBHAN TPAaHCHOPTHHUH MOTIK Ta
3HIKYIOTh PU3HK aBapiii [1]. PO3BUTOK iHTENEKTyaIbHUX
CHCTEM YIpPaBIiHHSI Ta BIPOBA/UKEHHS IHHOBALIHHMX
MiZXOJIB, TAaKUX SK POWOBUIM IHTENEKT 1 AJITOPUTMU
YHUKHEHHS 3iTKHEHb, MOXYTh 3HAYyHO IOKPALIUTH
e(eKTUBHICTE 1 0Oe3meKky MICbKOro TpaHcmopTy [2].
PoGora MOJJIUBOCTEH

CIIpsiMOBaHa Ha  BHUBYCHHA

ONTHMI3alil TPAaHCIOPTHHX IOTOKIB Yy  MiCBKOMY
cepeloBUIII Ta 3a0e3MedYeHHs Oe3MeKH Ha IOoporax 3a
JTIOTIOMOT'00 HOBUX TEXHOJIOT1H 1 METOIB yrpaBmiHHs [3].
AKTyanmpHICTh CTaTTi mMoONATaE B TOMY, IO B HIl
PO3B’SA3yIOThCSL HaraJlbHI IPOOJIEMH, TIOB’sI3aH] 3 PO3BUTKOM

TPAHCIIOPTHHUX 3aco0iB IS APOHIB y MICBKUX paiioHax.

Ta ONTUMI3alil MapIpyTiB JonpaBieHHs [4].

ABTOp CTaTrTi Mae Ha METi HE JHWIIE BHUSIBHTU
OKpECJICHI BUKJIMKH, ane i 3amnponoHyBaTH HpaKTHYHI
pimeHHs 1y X pO3B’sI3aHHSA, IO POOUTH 11 TOCITIIHKCHHS
Ha/3BUYAaHHO aKTyaJlbHUM Yy Cy4acHOMY KOHTEKCTI
PO3BUTKY TPAHCIIOPTHUX CHCTEM Y MicTax [5].

AHaJi3 ocTaHHiX JocaiTKeHb i myOaikamiit

Orjsii TEOPEeTHYHUX MIAXOAIB IO YIPABIIHHS
MOOITBHICTIO OXOIUTFOE PO3TISA  Pi3HUX KOHIICIIIIH,
MoJieNieli Ta METONIB, IO BHKOPUCTOBYIOTHCS JJIs
ONITHMI3allil pyXy TPaHCHOPTHHX 3aCO0IB Yy MICBKOMY
CEPEIOBHIIII.

OpHuM i3 KIIOYOBUX aclekTiB € Tpadik, Horo
XapaKkTepUCTUKU ¥ nuHamika. lle croHykae 10 aHanmizy
TPAHCIIOPTHUX MOTOKIB, IX PO3NOALIY B Yaci Ta MpocTopi,
a TaKo)K BHBYCHHS B3AEMOJII MDK PI3HUMH THIIAMH
TpaHcHnopTy [6].

© M. €Ha, 2024
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TeopeTnyni  MAXOAW  TaKOXK  IepeadadvarTh
PO3pOOJIEHHS MaTeMaTHYHHX MOJeNed Ta aJrOpUTMIB
MPOTHO3YBaHHs ¥ ynpasiiHHsg Tpancnoprom. Lli mozmeri
MOXYTh OyTHM OCHOBaHI Ha pI3HHX METOAAX, 30KpeMa
Teopii wepr, Teopii rpadiB, areHTHOrO MOJIEITIOBAHHS
tomo [7]. KpiM TOrOo, Il BHBYCHHS TPAHCIIOPTHHX
CHCTEM Ba)KJIMBE BUKOPHCTAHHS aHANI3y JaHUX, 30KpeMa
texHojiorii InrepHery peueit (IoT) Tta TexHONOTIH
BEJIMKHX JaHUX JJs 30MpaHHs, OOpoOJICHHS Ta aHAII3y
iHpopMmarii npo TpaHcmopTHi motoku [8]. YV mporueci
PO3pOOIICHHST TEOPETHIHUX MOJIENICH YIPaBIiHHSA MiCHKOIO
MOOUTBHICTIO TaKOX BaXJIMBO 3BaKaTH Ha (HaKTopH,
10 BIUTUBAIOTH Ha PIiICHHS BOIIiB, MAaCaXUPIiB Ta IHIINX
JnopoxkHbOro pyxy. Lle
IICUXOJIOTIYHI, COIllaJIbHI Ta

YYaCHHUKIB MOXYTh OyTH

€KOHOMIYHI  acCIeKTH,
a TakoX piBeHb KOM(poOpTy, Oe3neKu Ta EeKOJIOTIYHOCTI
TpaHCOpTHUX cucTeM [9]. OTxe, OrNIAN TEOPEeTHIHHX
MIiAXOJIB 0 YIPABIIHHI MiCEKOI MOOUITBHICTIO OXOILTIOE
IIMPOKHI CHEKTP aCHEKTIB — Bil TEXHIYHMX JI0 COMIabHO-
E€KOHOMIYHUX — 3 METOI0 pO3pOOJICHHS e(QEeKTUBHHUX
1 CTIKMX TPAaHCIIOPTHUX CHCTEM Y MiCEKOMY CEpPEIOBHIIII.

OcCHOBHI MaTeMaTH4Hi acCMeKTH, SAKi MOJXKHa
BHOKPEMHUTH, HaBEACHI HIDKYE.

dopmyna s OOYUCIICHHS CEPEIHBOI MIBUAKOCTI
TPAHCHOPTHOTO IIOTOKY, IO BHKOPHUCTOBYETHCS I
BU3HAUYCHHS! CEPEIHBOI MIBUIKOCTI PyXy. Y KOHTEKCTI
UTM ¢opmyna pomoMarae po3paxyBaTH CEpEeIHIO
MIBUJIKICTD IPOHIB 200 iHIIMX OE3MIOTHUX TPAHCIIOPTHHX
3ac00iB m0/10 npoiaeHoi BijcTaHi [9].

Hns  onTuMizanii MapumpyTiB 1 TPOrHO3YBaHHS
4acy IONpaBlIeHHS:

V=S/T, (1)
e S — 3aranbHa JOBXXKHWHA JOPOTH; 1 — 4ac, MpOTSITroM
SIKOTO TPAHCIIOPTHUH MOTIK JI0JA€ BiICTaHb.

Monens wepr M/M/1 s aHamizy TPaHCIIOPTHHUX
CHUCTEM JIOTIOMAara€ po3paxyBaTH CEPEIHI0 KUIBKICTh
00’€eKTiB y uep3i.

Baxnmueo  mns

aHajizy Ta  TOKpalleHHS

TPAaHCIIOPTHUX TMOTOKIB y MICBKHX yMOBax Ui

3abe3nedeHHs eekTuBHOT MoOLIEHOCTI [10]:

LZ
L = , 2
=1 p )
Ae L, — cepemHs KinbKicTh 00’€KTiB y uepsi; L, —

cepelHs KUIBKiCTh OO’€KTiB y cucremi; p —

3aBaHTAXKCHHSI CHCTEMH.
@dopmyna A po3paxyHKY IHIEKCY IPOIYCKHOT
30aTHOCTI JOporu: QopMmysa JONOMara€ BH3HAYMTH

IPOITyCKHY 3JaTHICTB toporu [11].

Jns nnanyBaHHS 1HQPACTPYKTypH Ta BHSBICHHS
MMOTEHI[IHUX BY3bKHUX MiCIIb:

K=0/N, A3)
ne () — MakcuMalbHa KUTBKICTh TPAHCIOPTHHX 3aco0iB,
SIKY MOYKE BMICTUTH Opora; N — KiJIbKICTb CMYT PYyXY.

PiBusnHs BeOyna Ui aHamisy TpaHCHIOPTHHUX
MIOTOKIB BHKOPHCTOBYETHCS JUIsl OOYHMCICHHS CepeIHbOL
LIBHIKOCTI pyxy [12].

3 MeTOI0 BH3HAYCHA ONTHMAIIbHOI MIBUIKICTH PyXy
JUTst 3a0e3neUYeHHs Oe3Mekn Ta e)eKTUBHOCTI TPAHCIIOPTY:

V=v,(1-e*"), 4)
Ae V' — cepenHs WBHAKICTH PyXy; V, — MakcuMaibHa

MIBUJIKICTE; N — IHTEHCHBHICTh TPAHCIIOPTHOT'O ITOTOKY;
K. — KpuUTHYHA IHTEHCUBHICTH MTOTOKY.

Mopnens [I'piHa ansg  aHamizy TPaHCIIOPTHOTO
MOTOKY 3aCTOCOBYETbCA JUIA BH3HAUCHHS KUIBKOCTI
TPaHCIOPTHHUX 3ac00iB y cuctemi [13].
e BaxJIMBO ISl OLIIHKK BUTPAT Ta HaBaHTAKCHHS
Ha TPaHCIIOPTHY CHCTEMY:
N=N,, L
K+K.

— KUIBKICTh TPaHCHOPTHHUX 3aco0iB; N —

max

)

ae N
MaKCHMaJlbHa KUIBKICTh TPaHCIIOPTHHX 3acobiB; K —
IHTEHCHBHICTh TPAaHCHOPTHOIO MOTOKY; K. — KpUTHUYHA
IHTCHCHUBHICTD TIOTOKY.

3a /I0MOMOrol0 MaTeMaTHYHHX MOJeNed MO)KHa
BIPOBA/PKYBATH MEXaHI3MH i PEryJsSTOpH JUIs HOKPAICHHS
Ta ontuMizauii pyxy briJIA B Mexax MicT i cii.

AJropuTM iHTErpOBaHOI0 MiAX0XY
J10 YHUKHEeHHS 3iTKHeHb i poiioBOro iHTe/eKTy

Y 1poMy pO3aili  ONMHCYEThCS QJITOPUTM, IO
MOE/IHY€E TPUHIMIKN POWOBOTO IHTENEKTY W aJrOpuTMH
YHUKHEHHS 3iTKHEHb. OKpECIeHUH anropuT™M Ia€ 3MOry
KOOPJIMHYBAaTH pPyX JPOHIB y MICbKOMY CEpEJOBHIIL,
MiHIMI3YI0UH PU3HUKH 3iTKHEHb.

OCHO6HI NONIOICEHHA ANZOPUMMY

Kpox 1. Imimianmizaumis RRT (Rapidly exploring
Random Tree — nONyJSIPHUIA alTOPHUTM, 1110 3aCTOCOBYETHCS
B poOOTOTEXHili Ta Iu1aHyBaHHi pyxy [14]).

3 Merow TreHepaulii MOXJIMBUX  MapuLIpyTiB
Ui poOoTiB a00 IHIIMX CHCTEM 13 KOMIUICKCHUMU
00OMEXXEHHIMH PYXy B IPOCTOpaxX BUCOKHX PO3MipHOCTEH
IIOCTYNOBO OYAYETHCSI JIEPEBO 13 PO3IMIMPEHHSM HOTO

B HAaNpsMKy HEBHBYCHHUX [UISHOK KOHQIrypamiiHoro
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IPOCTOPY Ta BHUKOPHUCTAHHSAM BHUIAAKOBUX 3pasKiB.
YSBIMO KOXKHY TOUKY JIepeBa sIK IBOBUMIPHHUH BEKTOD:

p=(xy), (6)
e x 1 y — KOOpAWHATH TOYKH.

[ToyaTkoBi TOYKH JepeBa MOKHA OOUMCIUTH TaK:
Py :(xosyo)' @)

Kpox 2. [Tomryk nuisixy 1o mii.
— T'enepariiss BUIIAJKOBOI TOYKH:
Prana = (xrand > Y rand )’ (®)
I€ Xis  Viend BUINAJIKOBI 3HAU€HHS B [iala3oHi
[0, "city size"].
— Tomryk HaliOIMKYOT TOUYKH BCEPEIHHI JepeBa:

= (xneLlrmt Y nearest ) (9)

— HaprIMOK JI0 BUMAJKOBOI TOUKH:

p nearest

J — prandum — pnearest . (10)
p random p nearest
- FeHepauiﬂ HOBOI TOYKH:
pnew = pm’aresr + Stepsize x J (1 1)
Kpok 3. [TobyznoBa TpaekTopiit 10 mifi.
— Tlomyk HaWOMMKIOT TOUKH A0 LILTi:
pgaal = (xgoal ’ygoal ) (12)

— IloGynoBa TpaekToOpii Bin p,,, HO P,,,-

Kpoxk 4. YHUKHEHHS 3iTKHEHb.

OOuncrneHHs HanpsMKy YyHUKHeHHS. Hampsimox
YHUKHEHHSI TIEPEUIKOJ  OOYHCIIOETHCS HA  OCHOBI
BCKTOpiB a0 HaHOMMKINX MEPCHIKOA:

> AP, —0

— Jj (p new J )

a=—F—"=, (13)
zj (pnew - Oj )

ne o, — TO3HUIIA ] -1 IEPEIIKO/IH.

Kpox 5. OHOBNIEHHS IIBUIKOCTI.

HIBHIKICTD JPOHA OHOBIIOETHCS 3 OTJISLY HA BILUTUB
MOTEHILIHOT CHITM YHUKHCHHSI:
=old

new,

velocity velocity + pozentlalgain xa. (14)

Kpox 6. [TepeBipka 1OCTYITHOCT] TOYKH.

Koxna D,.., ~TOUKa HepeBipHCTLCﬂ Ha HasBHICTb

new
mepemkoy; y ii okom. SKmo Touka po3TamioBaHa
3aHaATO OIM3bKO [0 IEepelIKoAM, BOHA He Oyne

JIOTydeHa B MapUIpyT.

Kpok 7. Tlomyk iHgekcy 06a30Boi (0aTbKiBCHKOI)
TOYKH.
InenTndikanis iHgekcy k TOYKM B JepeBi, IO

po3TanioBaHa Ha MiHIMaJlbHIN BiJICTaHi Bill p

new *

[Mpuknazn curyarii, KOJM OJUH 13 IPOHIB YCHILIHO
BUABUB JIiHiIO, i JPOH i3 ApYyroi rpynm He 3iTKHYBCS
3 IepLIMM JPOHOM, IPOJEMOHCTPOBAHO Ha puc. 1.

Puc. 1. Bizyamizamis iminianizanii RRT ta nomyky nomsxy

Onuc pezynemyiouozo zpagiky:

— TOYAaTKOBI TOYKH: CHHI TOYKHM Ha Tpadiky —
me mouyaTkoBi koopmuHatu nepeBa RRT. Ili Touku
€ CTapTOBMMH TO3MLISIMH, 3 IKUX OYyAy€eThCS AEPEBO;

— BHMIAIKOBI TOYKHU: 3€JIEHI TOYKH — BUIIAJKOBO
3TeHepoBaHi KOOPJMHATH BCEPEINHI MiCTa, SKi alTOPUTM
3aCTOCOBY€E JUIsi PO3UIMPEHHsI JepeBa W  MOLIYKY
HOBUX IIUISXIB;

— HaAWOJMK4i TOUKHU: YEPBOHI TOUKHU — e HAlOmmKi
HasiBHI TOYKM J€peBa JI0 KOXKHOI BHIIAJKOBOI TOYKH.
ANTOpPUTM BHU3HAYa€ HAMONMKYY TOYKY Ui MOOYJIOBU
HOBOT'O CETMEHTA JIEPEBa;

— [UIIXU J0 BUMAAKOBUX TOYOK: Cipl MYyHKTHPHI
HAaWOMIKYI  TOYKHU

mHli  3’€aHYIOTH (uepBoHI)

3 BUMAJKOBUMHU TOUYKAMH (3CJICHUMH), TOKA3yIOYH
HaINpsIMKH, Y SIKHX JIEPEBO PO3LINPIOBATUMETHCS;

— TMEpelIKOAW: YOpHI TOYKM — M€ MepelIKko/u,
SIKMX JIPOHM MAlOTh YHHMKATH IiJ 4ac pyxy. Lle MoxyTp
OyTH OynaiBimi, aepeBa abo iHII 00’ €KTH;

— KOpWTOBaHI TPAEKTOpii: CHHI JiHII MOKa3ylOTh
HOBI  TpaekTopii, SKi  JPOHH  BHKOPUCTOBYIOThH
JUIl YHUKHEHHA mnepemkon. Lli Tpaexropii crmouyarky
WAYyTh [0 KOHTPOJBHUX TOYOK ((ioneToBux), Mmoo
YHUKHYTH TEpeIIKoJ, a TIIOTIM TIPOJOBXKYIOTHCS
JI0 BUIMAJIKOBUX TOYOK (3€JIEHUX);

— KOpHTOBaHi ¢ionerosi

TOYKH: TOYKH —

L€ KOHTPOJbHI TOYKH, SIKi JPOHH 3aCTOCOBYIOTh

JUIA YHUKHCHHSA IMIEPCIIKOA.
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[licns  MozenroBaHHs Ta Bizyaidizauii mpoiecy
VHUKHEHHSI 3iTKHEHb y CHCTEMi POUOBOTO iHTEIEKTY

Oysia cTBOpeHa Bi3yamizalisi Juisi JeMOHCTpalii poOoTH
anroputmy (puc. 2).

Puc. 2. Pe3yspraT BusiBineHHs 00’ €KTa OAHUM i3 APOHIB Ta YHUKHEHHS 31TKHEHHSA

OcHoBHa MeTa 1IbOT0 Tpadika — IOKa3aTy, siK JPOHU
3MIHIOIOTh CBOi TPAa€KTOpii, MO0 YHUKHYTH 3iTKHEHB
3 IHIIUMH IPOHAMH Ta MEeperIKoJaMu.

VY npomy pasi 0yJ0 3MOIETHOBAHO PYX IBOX TPYI
JIPOHIB JI0 ITHOBOT JIiHiT.

Ha pwuc. 2 300pakeHi Taki eeMeHTH:

— duepBOHA JIiHIA — IIUTbOBA JIiHIiA, JO SKOI
PYXarThCs APOHH;

— OKOBTI TOYKM — JIPOHU TMEPHIOi TPYIH, IO
pyXaroThes A0 IIiT;

— YOpHI TOYKM — JPOHH JPYroi TpymH, sKi

HPSMYIOTH 32 MIEPIIOI0 TPYIIOH.

— Kopurosani tpaekTopii moka3ymoTs, SK APOHU
3MIHIOIOTh CBOi MAapHIpyTH, 100 YHUKHYTH 3iTKHEHb
IHIIUMH JIPOHAMH.

Ha rpadixy BugHO, SK JApPOHM NEpHmIOi TIpynu
MOCTYMOBO HAOIMKAIOTHCS 10 MIJIHOBOT JIiHIi, 0THOYACHO
YHHKaIO4{ 3ITKHEHb 3 IHIIUMH 00’€KTamMH abo ApOHAMHU
JIpyroi rpymnu.

— 3acTrocyBaHHsl B pealbHOMY CBIiTi. YTIpOBamIKEeHHS
I[LOTO IHTErPOBAHOI0 MiIXOAYy € PI3HOMAHITHUM Ta Mae
3HaYHUU BILIUB.

— ABTOHOMHI TpaHcnmopTHi 3acobu. Y cdepi
aBTOHOMHOTO BOJIHHA III CTPYKTypa A€ 3MOTY
TPAaHCIIOPTHHM  3acobaM  HaBiryBaTH B  CKJIAIHHUX

MICBKMX yMOBAaX, YHUKAlOYHM 3ITKHEHb i3 IIIIIOXOIaMH,
TPAaHCHOPTHUMHU 3aco0aMy Ta IHIIMMH HEpeIKOJaMH
B PEXHMI PEabHOro Yacy.

— Hagiranis apomiB. [lponun, oOmagHaHi UM

QITOPUTMOM, MOXYTh aBTOHOMHO pyXaTuCsl Kpi3b
3axapalieHi CepeloBHINA, 30KpeMa JICH abo MiChKi
paiioHu, YHHKAarO4d 3iTKHEHB i3 OYyIiBISAMH, AepeBaMH
Ta HITUMH TEPEIIKOIaMU.

—PoGoToTexHika Ha cKiIagax. ABTOMaTH30BaHi
TpaHcnopTHi 3acodu (AGV) [15], mo mnpamomTs Ha
CKJIamaX, MOXYTb YIpPOBADKyBaTH €W MiOXim uis
ONTHMI3alil TUIAaHYBaHHS MapUIpyTiB, 3a0e3neuyloun
e(eKTHBHE TPAHCIIOPTYBaHHSA TOBapiB 1 YHUKHEHHA
3ITKHEHb 13 TOJHUIIMH, 00IagHaHHAM Ta iHIHMH AGV.

— IMomrykoBo-pATYBadbHI Micii. V curyamisx, mo
MOTPeOYIOTh TONIYKOBO-PATYBATBHUX OMNEpAIliif, TaKux
SIK TIPUPOJHI KatacTpodu abo HeOe3NeuHi cepeqoBHIIa,
poOOTH30BaHI KOMaHIU MOXYTh BHKOPHUCTOBYBATH
el miaxig A HaBiramii Kpi3k yJIaMK{ Ta IIEPEIIKO.H,
MOJICTIIYIOYM  BYACHE  BHSIBJICHHS Ta  MOPATYHOK
MOCTPAXKIAIIHX.

— PoiioBa podoTorexnika. L{eif miaxia Takox MoXHa
3aCTOCYBaTH JO CHCTEM pOHWOBOi POOOTOTEXHIKH, e
KUTbKa arcHTIB CHIBIPAIFOIOTH I TOCATHCHHS CILIBHOT
MeTH. [HTerpamis MeXaHi3MiB YHUKHEHHs 3iTKHEHb Ja€
3MOTy poiioBuM poboram nepecyBaTUcs B
TYCTOHACENICHUX CepPeIOBHINaxX 0e3 MeperIKo]] i 3ITKHEHb.

3arajioM iHTerpailis TEXHOJOT i YHUKHEHHS 3ITKHEHb

i poWOBOro IHTENEKTYy Ma€ 3HAYHUHA TIOTCHIIaN
JUIL  TIIBUILEHHS aBTOHOMII Ta Oe3neku pi3HHX
poOOTH30BaHMX  CHCTEM Yy  IIHPOKOMY  CIHEKTpi

3acTocyBaHb [16].
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PesyabTaTH gociaigkeHn Ta ix 00roBopeHHs

PoifoBuii 1HTENEKT — ILie MOJIC/Ib, HAaTXHEHHA
MOBEIHKOK TBapuH y 3rpai abo poi. Ilepemiunmo
OCHOBHI KOMIOHEHTH MOJIEITi pOOBOTO IHTEICKTY.

Kpoxk 1: nosioxkeHHs1 K0:KHOTO. [T0JI0KEHHS KOXKHOTO

IHAMBINA i B 9ac { MOXe OYTH MMOIaHe Y BUTIISAII BEKTOPA:
pl.(t)=(x,.(t),y,.(t)), (15)

Ie X, (t) s Vi (t) — KOOpIMHATH 1HIUBiIA.

Kpok 2: mBuakicTh KoxkHOro. IlIBukicTs

iH/IMBI/IA [ B 4ac ¢ MOXe OyTH Io/laHa y BUIIISA/I BEKTOpa:
p,(t)=(7, (£).7, (1)), (16)
neV, (t), V, () — KOMIOHEHTH WBHIKOCTI MO OCHX

X Tay.

Kpok 3: minepcTtBo Ta B3aemonis. Koxen y poi
MOJKe OyTH MPUTATHYTHIA JI0 Jifiepa ad0 iHIIUX 1HIUBITIB
Ha OCHOBI IEBHUX MpaBmiI 1 pyHKIi# nputaranss [17].

Kpok 4: oHOBJIEHHSI 10JIOKeHHSI Ta IIBHIKOCTI.
[TomoxeHHA Ta MIBHAKICTH KOXXKHOTO OHOBIIOIOTHCS
BIJMOBITHO JI0 TPaBHJI pPyXy, MO MOXYTh MICTUTH
TIparHeHHS 10 METH, YHUKHEHHS TIePEITKO]] i BUPIBHIOBAaHHS
3 HABKOJIMIIIHIMY 1HIUBIAaMu (puc. 3 1 4).

10

0 T T T T
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Puc. 3. Bizyamnizamis aliropuT™my iHTETPOBaHOTO MiIX0Iy
JI0 YHUKHEHHS 3iTKHEHb Ta POHOBOTO iHTEIIEKTY

InrerpoBannit MmiAXiA A0 YHHUKHEHHS 3ITKHEHb

i pOHOBOTrO IHTENEKTY, 3almpONOHOBAHUH Y IBOMY
OCHIPKEHH], € HamiiHOK OCHOBOIO JUIS aBTOHOMHOI
HaBiramii B JWHAMIYHUX cepeAoBumiax. [loegHaHHS
ANTOPUTMY LIBHJKOTO JIOCII/PKEHHST BUNAJAKOBOTO JiepeBa
(RRT) 3 npuHIMmamMu poHOBOTO IHTEIEKTY IOKa3aJo
OOHaIiiMBI  pe3ynbTaTH B TMOOYIOBI ONTUMAIBHUX

MapIIpyTiB 3 OJJHOYACHUM YHUKHEHHSM 31TKHEHb.

Puc. 4. YHUKHCHHS 3ITKHEHb IPOHAMHU

I[IpakTnyHe 3acTOCYyBaHHSl IIHOTO IIAXOMY €
HAJI3BUYANHO IIUPOKUM 1 OXOILTIOE pi3Hi chepu:

— aBTOHOMHI  TPaHCHMOPTHI  3ac00M  MOXYTb
3aCTOCOBYBATH 1€l anroput™m [yt OesrmedHoi Hapirarii
B MICBKHX YMOBaX, YHHKAIOUH 3ITKHEHb i3 MIMIOXOJaMHU
Ta IHITUMH [EPEIIKOIaMU;
ApPOHIB Yy

CepeIoBHINAX, 30KpeMa T'yCTOHACEJICHHX paioOHAX UM

— HaBiramis CKIAIHUX  MICBKHX

jicax, TakoX MoOke OyTHM TIOKpalieHa BHACIHIIOK
iHTerpaiii 3anponoHOBaHHUX ANTOPUTMIB;

— CKJIagd 3 POOOTOTEXHIKOI — aBTOMAaTHU30BaHi
TPaHCIIOPTHI 3aCO0M 3[1aTHI ONTUMI3yBaTH CBOI MapUIpyTH
JUIsl €pEKTUBHOTO TPAHCIIOPTYBAHHS TOBApIB, YHUKAIOUH
MIEPEIIKO/I;

— NOIIYKOBO-PATYBANbHI  Micii MOXyTb MaTH
3HAYHI TepeBard 3aBISKH I[bOMY IIJXOJY, OCKUIbKH
JIpoHM a00 aBTOHOMHI TPAHCIIOPTHI 3acO00M 37aTHI MIBUIKO
Ta Oe3MeYyHO mepecyBaTUCS B YMOBaX HaJ3BUYalHHX

CHUTYyaIlilf, TAKHX SIK IPUPOIHI KaTacTpou;

— cHCTeMHM PpOiOBOi pPOOOTOTEXHIKM MOXYTb
BUKOPHCTOBYBaTH IIeW WIiAXiA I CHHXPOHI3aIil
pyxy Oaratbox areHTiB 0e3 3iTKHEHb, OCOOJHBO

B TYCTOHACEJICHHUX CEPEIOBHILAX.

Bizyamizamis Ha puc. 3 1 4 IEMOHCTPYE, 5K IPOHU
3MIHIOIOTh CBOI TPa€eKTOpPii AJsI YHUKHEHHS MEPEIIKOA
1 JOCArar0Th  KIHLEBUX  TOYOK 0€3  3iTKHEHb.
e mninTBepmkye e(eKTHBHICTh IHTErpamii poHoBOTO
IHTEJIEKTY Ta  aJrOPUTMIB  YHUKHEHHS  3ITKHEHb
y peaibHUX YMOBaX.

OTXe, pe3ynpTaTH MOCHiKEHHA JOBOIATH, IO

3aIIPOIIOHOBAHUH ITIAX1/ 3HAYHO MiABUILY€E €PEKTUBHICTh
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i Oesneky Micbkoi MOOUIBHOCTI [uisi  OE3MUIOTHHX
TPaHCIIOPTHUX 3ac00iB 1 IPOHIB. [HTErparis 3a3Ha4eHNX
TEXHOJIOTIH MOXE€ CYTTEBO 3MEHIIMTH KUIBKICTHh aBapii
Ta ONTHUMI3yBaTH TPAHCIOPTHI IOTOKH B MICBKOMY
cepenoBumi. Lle cpusiTuMe CTBOpEHHIO OUIBII CTIMKHX

1 0e3MeyHNX CUCTEM YNPaBIiHHS MiCHKOIO MOOLITBHICTIO.

BucHoBku

CuHTEe3 TEOPEeTHYHUX IIXOMIB JO YIPaBIIHHIL
MICBKOI0 MOOUIBHICTIO HAaroJiollye Ha OaraToBHMIpHIi
TIPUPOIL
Yy MICBKOMY CEpeIOBHII. 3arJuOI0YNCh Y Pi3HI

onTUMI3amii pyXy TPaHCIOPTHHX 3aco0iB
KOHIICNTYaJIbHI MEXi, MATEeMATHYHI MOZEIT Ta alrOpPUTMIYHI
METOJOJIOTIi, JOCTHIIHUKH MOXYTh JOOYTH TJHOOKI
iHCAWTH, HEOOXITHI A PO3BUTKY €()EeKTUBHUX i CTIHKHX
TpaHCIOpTHUX cucTeM. (OCHOBOIO I[bOTO  3aBJAaHHS
€ TIHOOKE PO3YyMIHHSA AWHAMIKK Tpadiky, IO OXOILTIOE
MIPOCTOPOBO-YACOBHIA PO3MOILT TPAHCIOPTHUX IOTOKIB
1 CKJTaHI B3a€MOIii MK Pi3HIMH BUAaMHU TPAHCIIOPTY.
MaremaruuHi (hopMyITIIOBaHHS - BijI
(yHIaMeHTaNbHUX PIBHSAHB, LIO KEPYIOTh CEPEIHBOO
MIBUJKICTIO, JI0 CKIQIHUX MOJENell uepr, 30KpemMa
M/M/1, — nponoHYIOTh KiJbKICHI MiAXOOM IO aHalizy
Ta onTuMizamii TpancnoptHux sBuml.  OcoOnuBe
3HAYEHHS cepel IUX (OPMYJIIOBaHb MAaIOTh PIBHSIHHS,
110 BH3HAYAIOTh I1HAEKCH IMPOMYCKHOI 3[aTHOCTI J0pir
1 XapaKTEepUCTUKM TPAHCHOPTHUX IIOTOKIB, SKi €
KITIOUOBHUMH ISl TUIAHYBaHHsI IH(PACTPYKTYPH Ta BUSIBIICHHS
MOTEHIIITHNX BY3bKHX MICIIb Ha MICBKUX MaricTpaisx.
Kpim Toro, iHTerpaiis HOBITHIX TEXHOJIOTIH,
30kpema InTepHery pedeit (IoT) Ta aHanmiTHKM BENHMKHX
TpamuIliiHi

Oe3npereaeHTHNI TOCTYI 10 JaHUX TpadiKy B pealbHOMY

JIaHUuX, JOMOBHIOE MOJ€ENl, Hagal4n
gaci. BHKOPHCTOBYIOUM IIi TEXHOJIOTIYHI TOCSTHEHHS,
JIOCHITHAUKHA MOXYTh JTOOYTH TPAaKTUYHI iHCAaHTH MIOA0
MOBEAIHKM TpPAHCIOPTHUX moTokiB. Ile cnpustume
NpUHHATTIO OLTBII OOTPYHTOBAHUX pimieHb y cdepi
YIPaBIiHHS MICHKOK MOOLIBHICTIO. BomHoYac iHHOBAIIIHHI

ITOPUTMIYHI CTPYKTYpH, TakKi SK CXEMH YHHUKHEHHS

Cunucok Jgireparypu

3ITKHEHb, HACHYEHI NPHHIUIIAMH POHOBOrO I1HTENEKTY,
3HAaMEHYIOTh 3pYLICHHS B IUIAHYBaHHI TPAae€KTOPIH s
AaBTOHOMHHUX TPaHCIOPTHHUX 3ac00iB.

[TpoBenene AOCTiKEHHST TEMOHCTPYE BaXKIIHBICTh
iHTerparii Cy4acHHX MigXOXiB MO YIPABIIHHSA MiCHKOIO
MOOITBHOCTIO, IO OepyTh 10 yBard SK TpPaauIlidHI
METOJM MOJEIIOBaHHA TPAHCHOPTHUX IIOTOKIB, TaK
1 IHHOBAIII}{HI aITOPUTMH, II0 IPYHTYIOTHCS Ha POHOBOMY
IHTeTIeKTI Ta  yHUKHEHHI 3iTKHeHb. lloemxHaHHS
KOHLIENTYyaJbHUX 1 MaTeMaTHYHUX OCHOB Ja€ 3MOTry
pO3po0IATH KOMIUIEKCHI pIMIEHHS JUIL  ONTHMi3amii
PYXY B yMOBax 3pOCTaHHs ypOaHizarii.

AnTOpuTM, ONHCAaHWA Yy UBOMY IOCIiIKEHHI,

OCHOBAaHMH Ha TIPUHIMIIAX AaJTOPUTMY IIBHIKOTO
nociimkenHss BunmaakoBux nepeB (RRT) i1 BiarBopioe
MePeIOBUN MiAXiM, [0 CHCTEMATUYHO BHBYAE MOXKITHBI
UUISIXH B yMOBaxX CKIQJHUX MICBKUX CEPEIOBHIL.
[HTErpytoun MexaHi3Mu yHUKHEHHS 3ITKHEHb 1 alallTHBHI
HANAIITyBaHHA IIBHAKOCTI HAa OCHOBI  MOMXKJIMBHX
BUTpalIiB, IS CTPYKTypa BTIIIOE KOMIUIEKCHHH ITiIXifT
no 3abe3medyeHHs K Oesmeku, Tak 1 e(eKTUBHOCTI
B MICBKUX TPAaHCIIOPTHUX CHCTEMaX.

Pe3ynbTaTit 1BOr0 JOCHIKEHHS OBOISATH, IO
MOEHAHHSA  TCOPCTHYHHMX  MOJENICH 1  CydacHHX
AITOPUTMIYHAX PIilleHb € e(QEeKTHBHUM MiAXOIOM [0
PO3BUTKY O€3MeYHOI Ta CTIHKOI MiChKOT MOOITBHOCTI.
3anponoHOBaHUK aNTOPUTM [T YTPABIIHHSI MiCBKOIO
MOOUIBHICTIO 3 BHUKOPHCTaHHSIM PpOWOBOIO IHTENEKTY
MMOKa3aB BUCOKWH MOTEHIIAN U TOKpaIIeHHS Oe3reKn
Ta e(heKTUBHOCTI TPAHCIOPTHUX MOTOKIB, 1[0 Ma€ 3HAYHI
MEPCIEeKTUBH sl MOAJBIIOr0 BIPOBA/PKEHHSI B MIChKi
TPAHCIOPTHI CUCTEMHU.

OTxe,

TOEJHAHHSA TEOPETHYHUX MOAETeH Ta

QITOPUTMIYHUX 1HHOBAIli, NpOaHaNI30BaHUX Yy IiH
po0ori, hopmye 1isTicHE pO3yMiHHS YIIPaBIiHHS MiCBKOIO
MOOUTBHICTIO. ["apMOHI3yI0UN TEXHIYHY MaHCTEpHICTH i3
COLIIATBHO-€KOHOMIYHUMH  IMIIepaTuBaMH, MaHOyTHI
3yCHIUISL B Il cepi MarOTh MOTEHIUAN I BiJKPHUTTS
HOBOI €pH IHTENEeKTyalbHIX, CTIHKAX 1 HAXIHHIX MiCHKIX

TPaHCIIOPTHUX CUCTEM.
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UAV URBAN MOBILITY CONTROL:
SWARM INTELLIGENCE AND COLLISION AVOIDANCE

Subject matter: Intelligent management of traffic flows in urban environments using swarm intelligence principles and
collision avoidance algorithms to ensure safe and efficient urban mobility. Special attention is given to the management
of unmanned vehicles and drones. Goal: To develop and analyze an approach to managing urban mobility that combines
swarm intelligence principles and collision avoidance algorithms to optimize traffic flows, improve traffic safety, and
reduce the number of accidents. Tasks: Investigate the safety and efficiency problems of urban transportation in the context
of growing urbanization; develop a model that integrates swarm intelligence and collision avoidance algorithms for
managing the movement of unmanned vehicles; conduct a series of experiments to test the effectiveness of the proposed
approach; analyze the results of the experiments and determine the potential for improving urban mobility and ensuring road
safety. Methods: Mathematical modeling of traffic flows using the swarm intelligence algorithm to coordinate the movement
of unmanned vehicles and avoid collisions. Results: The proposed urban mobility management algorithm has demonstrated
the ability to improve traffic flows, reduce the risk of collisions, and increase overall road safety. The results of the
experiments confirmed the effectiveness of using swarm intelligence for coordination vehicles and collision avoidance algorithms
to prevent accidents.

Keywords: unmanned aerial vehicles (UAVs); swarm, collision avoidance; urban drone mobility; integrated
management systems.
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B. KAJIAIIIHIKOBA

AHAJII3 TA MOJAEJIIOBAHHA METO/IB YIIPABJITHHS
POEM BE3IIVIOTHUX JIITAJIBHUX AITAPATIB

IIpeameTrom nocigKeHHs1 € METOH YIPABIiHHS AJIs aBTOMAaTH30BaHOI MOOLIBHOI cucteMu, 30kpeMa poeM briiJIA. Mera pobdoTu —
MOPIBHAJIBHAN aHaNi3 LEeHTPali30BaHUX, ACLEHTPATI30BAaHUX 1 PO3MOMIIEHHX METONIB YMpPaBIiHHSA A BHABICHHS IX IepeBar
i HeHONiKiB. 3aBHaHHs: aHANi3 PI3HUX MIAXOMIB 10 ympaBiliHHA poeM bmJIA, omiHOBaHHA i1X €()EKTHBHOCTI, HaIIHHOCTI
Ta 3aCTOCOBHOCTI B Pi3HHX Taiy3sX. MeToau: TCOPSTHYHHIN aHAaJi3 HAsIBHUX ITiIXOJiB, MOJCTIOBAHHS i CUMYJISIS JUTS OI[IHFOBaHHS
iX NMPOXYKTHBHOCTI Ta HamiiHOCTI. JlochmimkeHHs mependadaloTh BUKOPHCTAHHS TE€HETHYHUX alTOPUTMIB, POMOBHX alTOPHTMIB
1 IITyYHUX TOTEHIIMHUMX NOMIB [UId ympaBiiHHA Tpaekropismu brnJIA. Pesyabratn. IlpoBemeHuii aHami3 JEMOHCTPYE,
IO ICHTPaTi30BaHi METOAM 3a0€3MeYyIOTh BHCOKY TOYHICTh 1 KOOpAMHAII0, aie iM MpUTaMaHHi OOMEXEHi CTiMKiCTh 10 300iB
i MacmtaboBaHICTh. JleneHTpanizoBaHi MeTo! 3a0e3MedyroTh OUTBITY IHYUYKICTh Ta CTiHKICTh, IPOTE BOHM MOXYTh MaTé IPOOIeMHI
3 KOOpAWHAILIEI MK By3inaMHu. Po3mopijieHi MeToaW HaJaloTh BHCOKY aBTOHOMIIO Ta aJaNTHBHICTH, alleé MOTPeOYIOTh HamiHHOL
KOMYHIKaliiHOi iHQpacTpyKTypH. ['eHeTHYHI aNrOpUTMU Ta POHMOBI alropuT™Mu e(eKTHBHI Uil IUTaHYBaHHsS TpaekTopiit BrJIA,
OJTHAK MAlOTh BHUCOKI OOYHCIIOBaIbHI BUTPATH. BUCHOBKHU. YTIPOBa/PKECHHS PI3HUX METOJIB YIPABIiHHS 3aJIC)KUTh BiJl KOHKPETHUX
BHAMOT Ta YMOB 3aBJaHHs. L[eHTpanizoBaHi MeTO M e(eKTHBHI /IS 3aBJIaHb, 1€ BAXKJIMBI TOYHICTh 1 KOOPIUHAILS, CIICHTPai30BaHi —
IUTS 3aBJIaHb, JI¢ HEOOXiHI THYUKICTh Ta CTIHKICTb, a pO3IOALICH]I — I 3aBJaHb, [0 TOTPEOYIOTh aBTOHOMHOCTI Ta aIalTHBHOCTI.
[Nopmanpmii OOCHiIKEHHA MAlOTh 30CEpeIUTHCS Ha I1HTerpauii pi3sHUX MiAXONiB Ul MiABUIIEHHS e(QEeKTUBHOCTI Ta HaXiHHOCTI
CHCTEM YIPaBIiHHI POEM OOTIB.

KnawuoBi cioBa: aBTOMaTH3oBaHa CHCTEMA; YIPABIiHHSA, pOOOTH; MPOJYKTHBHICTH;, HAJIHICTh, TCHCTHYHI aJTOPUTMU;
POHOBI aNTOPUTMH; IICHTPANTI30BaHE YIIPABIiHHS; JEIEHTPAi30BaHEe YIPABIiHHI; PO3MOIIICHE YIIPaBIiHHS.

Beryn 3a3HaueHni miAxix  3abe3nedye  BHCOKY TOYHICTb
Ta CHHXPOHI3aLiI0 i}l y CKIaJHMX 1 TMHAMIYHIX YMOBaX.
3 PO3BUTKOM TEXHOJIOTIA Ta 3POCTaHHAM HOTpeﬁ — )IeueHTpaJ'[i:;OBaH“ﬁ “iHXiH: naec 3MOTY

y aBTOMaTu30BaHUX cucreMax bmJIA cramu BaxnuBUM
IHCTPYMEHTOM y 0araThox cepax, 30KpeMa CUTbCBKOMY
TOCIIONIAPCTBI, Teoe3ii, miJ Jyac PATYBAIBHUX OIepamii
Ta MOHITOPHHTY HAaBKOJIMIITHBOTO CEPEIOBUIIA. YTIPaBIiHHS
POEM JPOHIB € OTHUM 3 HAWOINBII IEePCIIEKTUBHIX
1 CKJIaJHHUX 3aBJaHb, IO A€ 3MOTY 3HAYHO IiJABHUIIUTH
e(eKTUBHICTD i aBTOHOMHICTh CHCTEM. YTIPOBaKCHHS
mryyHoro intenekty (ILI) ans posp’s3anHs 1BOTO
3aBIaHHSA BiAKPWUBAE HOBI MOKIMBOCTI JUIS ITiIBUIICHHS
SIKOCTI Ta HAJIAHOCTI CHUCTEMH, IO POOUTH OKPECICHY
TEMy aKTyaJbHOIO IS TOCTiIKCHHSI.

BriJIA €
i 6araToacreKTHIUM 3aBJAaHHSM, III0 BUMAarae peTeIbHOTO

VYnpaBniHHA =~ poeM CKJIaJIHUM
migxoay 10 BHOOpPY croco0y KOOpAMHAL] Ta KOHTPOITIO.

IcHye KUTbKa OCHOBHHX  MIAXOMIB, M0 MOXKHA
3aCTOCYBATH IUTS YIIPABIIHHS POEM, 1 KOKEH 3 HUX MAa€
apXITEKTYPHI 0COOIMBOCTI, ITEPEBAr Ta OOMEKESHHS.

— IleHTpajizoBaHuii MiAXiX: BUKOPUCTOBYE OIUH
LIEHTP,

10 NpuiiMae Bci pimeHHs Ta Kepye BciMa bnJIA B poi.

HEHTPAIIbHUM  KOHTposiep a00 KOMaHIHHI
LlenTpanizoBaHe ynpaBlliHHS BU3HAYA€THCS CTBOPCHHSIM
€IMHOT0 OCHOBHOT'O BY3JIa, 110 BUKOHYE BCI MPHHIIUITOBI

(yHKUIT KepyBaHHS CHCTEMOIO Ta I KOOpAMHALIL.

KO>KHOMY JIPOHY B POi NpUIIMaTH pillIeHHS Ha MiCIIEBOMY
piBHI 0e3 HEoOXiMHOCTI MOCTIHOrO BTpydYaHHs 3 OOKy
[EHTPAIIEHOTO KOHTpOJIepa, Mo 3abe3medye OiIbIry
THYYKICTh 1 CTidKicTh 10 300iB. 3a3Ha4CHHU MMiaXif
3aCTOCOBYETECSA B Takux cdepax, sSK po3Bijka, pATYBaIbHI
orepariii, JIOriCTHKA, TOCTABKA Ta €KOJOTTYHII MOHITOPHHT.
miaxia:
KepyBaHHS BUKOHYETHCS Yepe3 Mepexy, Je KoxeH brJIA

— Po3noainenuit mependavae, 1m0

B3a€MOJII€ Ta CIHIBOpAIfOE 3 IHIOIMMH AamnapaTaMu,
po3nonisioun 000B’SI3KM M QyHKILIT KepyBaHHS MiX
OaraTteMa By3amu. Po3moziiieHe yrpaBiiHHS 3aCTOCOBYETBCS
JUTS 3aBJIaHb, JI¢ BAKJIMBA aBTOHOMHICTH 1 aJJalITUBHICTS.
Mertoto 1i€l pobOTH € TEOPETUIHUH aHai3 HasBHUX
MiAXOMIB, MOJENIOBAaHHS M CUMYJISILIS JUIs OLIHFOBaHHS
iX TPONYKTUBHOCTI Ta HamiiHOCT. JlocmimkeHHs
nepe0ayaoTh BUKOPHCTaHHS I'€HETHYHUX ajrOPHTMIB,
POMOBHX aNTOPUTMIB 1 INTYYHHX NOTCHIIHHUX IIOJIB
JUIS  YOPABIiHHS TPAEKTOpisiMu OOTiB. 3aBIaHHIMHU
JOCIIKCHHSI € aHalli3 KUTBKOX MIIXOMIB JI0 KepyBaHHS
poem brJIA, oniHroBaHHS iX €()EKTUBHOCTI, HAAIMHOCTI
Ta 3aCTOCOBHOCTI B DI3HHX Taiy3ax. s mocsrHeHHsS
ITOCTaBJIEHOT TEOpeTHYHI

METHU BIIPOBAXKYBAJINCA

OOCTIKCHHST Ta MoZeloBaHHs. [IlpoBenmeHo cepiro

© B. Kanamnikosa, 2024
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eKCIIePUMEHTIB ~ Ha  OCHOBI  CHUMyJsilii  poOOTH

ABTOMATU30BaHUX MOOUILHUX CHUCTEM i3 BUKOPHCTAHHSIM
TCHETHYHHUX aJITOPUTMIB, POHOBUX AJITOPUTMIB 1 METOIB
MOTEHIIWHUX  IOHIB IS

IITyYHUX KepyBaHH:

TPAaEKTOPiSIMHU OOTIB.

AHaJni3 ocTaHHiX JocaiTKeHb i myoaikamii

Po3pobneHHs e(eKTUBHHX METONIB KepyBaHHI
poeM OOTIB € BaXJIMBUM 3aBIaHHAM, IO IOTPeOye
TMHOOKOTO aHami3y HAasBHHX MiAXOMiB. Y HAYKOBIiH
JiTepaTypi pO3IJISNAIOTBCSA DI3HI METOOM YIpaBIIiHHSA,
30KpeMa LIEHTpaTi30BaHi, JIETICHTPaJIi30BaHi Ta
PO3MOALICH] MiAXO0IH.

— IenTpanizoBaHi

MeTOAH YNpaBJIiHHSA

3aCTOCOBYIOTh OJIMH KOHTpOJep, IO IpuiMae Bci
pimeHHs a7 poiB OOTIB, 1 € IOCHTh TOUIMPEHIMHU.
Hocmimkenns [1] mpoaeMOHCTPYBaJio, MO IEHTPATi30BaHEe
KepyBaHHS 3a0e3redye BUCOKY TOYHICTh 1 KOOPAWHAIIIO
Iift OOTIiB, MO € KPUTUYHUM JUI BIICHKOBHX OIIEpaIliid.
IIpore nocmimxenus Yavuz et al. [2] Bkasye Ha
Bpa3IUBICTh TAKOTO MiAXOAY 1O 3001B IIEHTPaIbHOTO
KOHTpoJIepa if Ha 0OMeXeHy MacIITaboBaHICTh CHCTEMHU.

— [euenrtpanizoBani  MeToau  ympaBJIiHHS
Al0Th 3Mory KoxkHoMy bBrJIA mnpuiimaté pimmeHHS
Ha MICIIEBOMY DiBHI, 1110 3a0e3nedye OLTbIIy THYYKICTh
i cridikicte mo BiamoB. Hampukmnan, Roberge et al.
y mpaui [3]
Ta aJTOPUTMH POIO YaCTOK JJIS IUIAHYBAaHHS TPAE€KTOPIii

MOPIBHIOIOTh TCHCTHYHI  aJTOPUTMHU

0oTiB y peanpHOMy Yaci. JIOCHIIHMKHA BUSBHUIIH,
IO JCTISHTPAi30BaHi MiAXOI! € 3HAYHO e(heKTHBHIIINMHU
JUIs [IBMIKOI afanTauii 0 3MiH y HaBKOJHUIIHbOMY
CepelOBUII, MpPOTe MOTPeOyIOTh OUTBII  CKIATHOT
KOMYHIKaliitHOT iHppacTpyKTypH.

— Po3noaineni MmeTonu ynpasJiiHHS 1epen0oavaroTh
KOOpJMHAII MiXK po0OTaMH 3a JOMOMOTOK MEpEexi,
I KOXKCEH OOT B3a€EMOI€ Ta CIIBIOPAIOE 3 IHIIMMHU.
Bai et al. [4] 3anpormoHyBadM METOJA ONTHMAJIBHOTO
TUIaHYBaHHS MapIpyTiB st rpynu briJIA, sikuii oegHye
IITYYHI MMOTEHIIIHI MOl Ta IHTepIoALio B-craiiHiB.
VYueHi joBeny, M0 TaKUH MiAXiZ Aa€ 3MOTy e(eKTHBHO
YHHUKaTH TIepemkoy] i 3adesnedyBarty Oe3leuHi TPaekTopil,
MpoTe MOTPeOdye BUCOKOT 00UMCITIOBAIILHOT MOTYKHOCTI.

— TiOpuani MeTOoAM TOEAHYIOTH  E€JIEMEHTHU
LEHTPATI30BaHUX 1 JCHEHTPaIi30BaHUX MiaAXomiB. BoHu
TaK0XX aKTUBHO JOCIIIKYIOTECS. 30kpeMa Wang et al. [5]
pO3pOOMIIM  AITOPUTM, 10 BHUKOPHCTOBYE T'€HETHUYHI
ITOPUTMU  JUISL  TJ00ANBHOTO IUIAaHYyBaHHS —3aBJaHb

1 QITOPUTMH PO YaCTOK UIS JIOKAJIbHOI ONTHMI3allii.

3aBIsiKM  3a3HAYEHOMY IIJIXOLYy MAOCATaeThCs BUCOKA

e(EeKTUBHICT, 1 THYYKICTb CHCTEMH, IIpOTE€ BIH
noTpedye CKIaAHOTO HAJAIITYBaHHA Ta 3HAYHHX
00YHNCITIOBAJILHUX PECYpCIB.

AHami3  OCTaHHIX  JOCHIKEHb  JI€MOHCTPYE,

0 KOXXEH 3 MiAXOMIIB JI0 YNpPAaBJiHHSA POEM OOTIiB Mae

mepeBarm ¥ Hemomiku. LleHTpami3oBaHi  MeTOIH

3a0e3MeuyoTh BHUCOKY TOYHICTH Ta KOOpJAWHALIIO,
ame 1M BiacTHBa OOMEKEHa CTIMKICTH 10 300iB.
JlenienTpanizoBaHi  METOIU

TapaHTyIOTh THYYKICTb

1 aJIaNTHBHICTh, ajleé BUMAararoTh CKJIAJHOI KOMYHIKAIliHOT
iHppacTpyKTypH.
mepeBar 000X MiAXOAIB, MPOTe MOTPEOYIOTh BHCOKHX

Posnoxineni Meromm  MOEAHYIOTH
O0UYMCITIOBANIBHUX TMOTYXHOCTel. [i0pumHi MeTomm —
Iie MepCIIeKTUBHUI HANPAM JOCIiKEHb, OCKUIBKH BOHH
TIOETHYIOTH TIEPEBary IICHTPATi30BAHUX 1 ICICHTPATI30BAHIX
MIXOMIB  JUIA BHCOKOT

JIOCATHEHHS e(eKTUBHOCTI

Ta THYYKOCTi CHCTEMH YIIPaBIIiHHS POEM OOTIB.

Hepo3p’si3ani npo0seMn Ta MeTa 10CTiIKeHHS

VYrpaBiaiHHA poeM OOTIB € OJHHAM i3 HAWOLIBII

NEepPCIeKTUBHUX 1 CKIQAHUX 3aBJaHb Yy Cy4YacHHX
AaBTOMATH30BaHMX cucTeMax. HasBHI MeTomu, 30Kpema
[IEHTpai30BaHi, [EICHTPATi30BaHi Ta PO3MOIiICHI,
MaloTh IIepeBaru Ta HEJOJIKH, L0 MOKH HE IOBHICTIO
PO3B’sI3aHi Ta BUMararoTh NOJANBIINAX JOCHTIKCHb.
OcHOBHI TpoOJieMH TependavyaloTh ONTHUMI3ALi0
TpaeKkToOpii pyxy OOTIB, 1€ TPAAWIiAHI METOIH, TakKi
SK airoput™ A* 1 mMTyyHI NOTEHUIHHI MOJs, MaloTh
OoOMEXEHHS B CKJIAIHUX CEpEelOBHINAX i3 YHCICHHUMH
nepemkogamu.  Crilikicte 0 3001B  3aMIIAETHCS
MPOOJIEMOI0 IS IEHTPATi30BaHUX CHCTEM YIIPABITiHHA,
SKi € BpasTUBUMH 10 3001B ICHTPAJBHOTO BY3Ia.
MacmTaboBaHICTh CHCTEMH € IIe OIHIEI0 MPoOIEeMOIo,
OCKIJIBKM 31 30UIBIIEHHSAM KiTbKOCTI OOTIB y poi
TpyAHOIII 3

edexTuBHicTIO. [leneHTpai3oBaHi CUCTEMH YIpaBIiHHS

BUHUKAIOTh NPOAYKTUBHICTIO  Ta
MalTh BHCOKY THYYKICTb, aje€ BHMAararTh CKIaJHOL
KOMYHIKalilHOT iHpPacTPyKTypH.

MeTo0 po6OTH € TIOPIBHAJIBHHNA aHAN3 METOIIB
KEepyBaHHSl POEM Ta BHSBJICHHS iX IepeBar i HelOJIKiB.
Ha ocHOBi mporo anamizy Oyzae po3poOieHoO MeToan
YIIpaBJIiHHS, 31aTHI OKPAIINTH e(PEeKTUBHICTb, HAJIIHHICTD 1
THYYKIiCTh aBTOMATH30BaHNUX MOOLIEHUX CHCTEM.

JIiIst  MOCATHEHHS IOCTAaBIIEHOT METH HEOOXIiAHO
PO3B’f13aTH TaKi 3aBAaHHA:

— JIOCTIUTH JITEpaTypy Ta IpOaHAIi3yBaTH HasBHI
METOIM YIIPABIIHHSA POEM OOTIB, 30KpeMa IEHTPaIi30BaHi,
JICIICHTPATI30BaHI Ta PO3IOIIICHI T IXOIH;
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— TpoaHai3yBaTH Pi3HI MIAXOAW JO IUIaHYBaHHS
TPAEKTOpPiH JPOHIB, 30KpeMa T'€HETHYHI AJITOPUTMH,
POMOBI aITOPUTMHU Ta MITYYHI MOTEHIIHHI TOJIs, OLIHUTH
iX eeKTHBHICTh Y CKIIQJHUAX CEPEOBHUIIAX;

— po3pobutu HOBI METOIH YIpaBITiHHS,
II0 MOXYTh 3a0€3MEUYUTH BHCOKY CTIMKICTH 10 300iB
Ta e()eKTHBHE MAcIITa0yBaHHS CHCTEMH;

CUMYJISIIIIO

— IHPOBECTU MOACJIFOBAHHA Ta

3apOIIOHOBAaHUX ~ METOMIB ISl  OIIHIOBaHHA  IX
MPOXYKTUBHOCTI Ta HAJIMHOCTI B PI3HUX YMOBax;
— TIOPIBHATH Pe3yJbTaTH 3alIPONOHOBAHIX METOIIB 3
HasIBHFIMH IT1JTX0/JTAMH Ta BUSBHUTH iX IEPEBATA i HETOIKH.
OTxe, DOCTIDKEHHS CIPSIMOBAaHE Ha MOKpAIICHHS
e(heKTUBHOCTI  Ta  HANIHHOCTI  aBTOMATHU30BaHHX
MOOITBHUX CHCTEM 3a JOTIOMOTOI0 BIIPOBAHKEHHS HOBHUX

MiXOIIB JI0 YIPaBIiHHS POEM OOTIB.

Marepianm it MmeToqu

MIpOrpamMyBaHHS

(ILIT)

PO3B’sI3aHHS 3a7a4y ONTHMIi3allii, e JesKi abo BCi 3MiHHI

BHUKOPUCTOBYETHCA JUUIA

MaroTh OyTH LIJIOYHUCETbHUMH.

['eHeTHMYHI aNrOPUTMH MOXYTHh 3aCTOCOBYBATHCS
uis e(eKTUBHOTO IUIAaHYBAaHHS 3aBIAHb 1 PO3IMOILTY
pecypciB Mix BrJIA B poi, 3abe3nedyroun rioGaibHy
omTuMi3amiro  cucreMu. [HTerpamisi = po3B’s3yBada
LJIOYMCENBHOTO NpOrpaMyBaHHS Ja€ 3MOry Opartu Jio
yBaru JAWCKPETHI AacleKTH 3ajadi, Taki SK KUIBKICTh
noctynHaux brJIA, 3aBmaHHS, 0 MarOTh OYTH BUKOHAHI,

Ta 0OMEKEHHS Ha PECYPCH.

ApxiTekTypa nenrpajizosanoro miaxoay 3 I'A ta III

Y  poboti OCHOBHI  IIIXOOU

0O  KepyBaHHSI

PO3TISIAIOTECS

poeM  OOTIB:  IEHTpalli30BaHMUIA,
JEIICHTPATI30BaHuN Ta po3moAuicHuH Meronu. Koxken
3 HHX Ma€ apXiTeKTypHi OCOONHMBOCTi, TepeBaru Ta
Henomiku. [y MopiBHAJIBHOTO aHaIli3y i OLIHIOBAaHHS iX
e(heKTUBHOCTI OyJIM BIPOBAKEHI TEOPETUYHI METOIU Ta
MO/ICTIFOBaHHS, 30KpeMa T'€HETHUYHI aJrOPUTMH, POUOBI
ITOPUTMHU ¥ METOM IMITYYHUX NOTEHIIHNX TIOJIIB.
Lenmpanizosanuii memood TPU3HAYEHHS 3aBlaHb
€ OJJHMM 13 HalOULIBII IMOIIMPEHNX MiAXOIB y HaBiramii
poem BmJIA. Bin 371e0i7bI0T0 3aCTOCOBYETHCS IS
PO3ITOIiTY 3arajJbHOTO 3aBJaHHS Ha OKpEMI IMi3aB/IaHHs,
Oepe 10 yBard IX KUIBKICTh, THIIH Ta BaKJIHMBICTh,
a TakoX OOMEXEHHS HaBKOJMIIHLOTO Cepe/lOBHUINA.
Iponenypa miaHyBaHHsS HUX Mig3aBIaHb 3MIHCHIOETHCS
32 JIOIOMOTOI0 Ha3eMHOTO TEPMIiHATY IPU3HAYCHHS
3aBlaHb, SKWH TCHEpPYE BIAMOBIMHI 3aBHAHHS IS
KO>KHOTO O€3IIJIOTHOTO JIITAIFHOTO anapara B poi.
ABTOpPHM  JOCHi/KeHHST  [6]  BHKOPHCTOBYIOTH
TeHEeTHYHI aJITrOpPUTMH 3 IHTETPOBaHUM pPO3B’S3yBadeM
LIJIOYMCETHOTO  TIPOTpaMyBaHHs Uil PO3B’sS3aHHS
npobnemn nusixy brnJIA B ymoBax oOMexeHOro yacy
Ta BUMOr mpiopurery. lle#t mimxim mgae 3Mory
ONTHMI3yBaTH MapHIPyTH pyXy amapariB, 3BaKarouH
Ha KOHKPETHI 0OMEeXEHHS Ta IPIOPUTETH.
LenrtpanizoBannii MigXig [0 YIPaBIiHHA pPOEM
brJIA  moxe

TeHETHMYHUX ITOPUTMIB 3 IHTETPOBAaHUM PO3B’sI3yBaueM

3HAQYHO BUIPAaTH BiJ BHUKOPUCTaHHI
IIJIOYMCENBEHOTO MpOrpaMyBaHHs. [ €HeTHYHI anropuTMu
(I'A) € eBoIOLIHUM METOJOM ONTHMI3alii, M0 IMITyE

MpOLIEC HPUPOJHOrO BIiIOOPY, TOAI SIK IIOYHCENIHHE

1. LleHTpansHUiA By3071

— [IlnanyBaHHS 3aBIaHb. BUKOPUCTOBYE TCHETHUYHI
ITOPUTMH IJIsI ONTHMAJIBHOTO PO3IOALTY 3aBJaHb MiX
BriJIA 3 oy Ha MOTOYHY CUTYaLiO Ta CTaH KOXKHOTO
amapata. ['A 3abe3neuye epeKTHBHUI MOMIYK Y MPOCTOPI
PIIIeHB, 3HAXOTYM HAOIMKESHO ONTHMATBHI PIillICHHS.

— IlpuitHATTA pilIeHb: IHTETPOBAaHUI PO3B’SA3yBad
LIOYMCENBHOTO MPOrpaMyBaHHSI 3aCTOCOBYETHCS IS
TOYHOTO PO3B’S3aHHA 3aJad ONTHMi3amii 3 OrIALy
Ha IJ0YHMCEIbHI 3MIHHI Ta OOMEKEHHS.

— Pozmnogin pecypciB: TEHETHYHI alNTOPUTMH JAOTh
3MOTY 3HAXOMUTH ONTHMAIbHI CTpaTerii PO3MOIiTy
pecypci
Mix BriJIA, 3abe3neuyroun MakCUMalIbHY €(PEKTHBHICThH

00MEXKEHIX (Hampukiag — eHeprii, dacy)
BUKOHAHHS 3aBJaHb.

— MoHiTOpUHT: LEHTpaJIbHUA By30s 30upac Ta
aHamizye iHpopmamiro 3 ycix BbmJIA mms KOHTpoIro
BUKOHAHHS 3aBJaHb 1 KOPHI'YBaHHS i 3a HOTpeOu.
VYIpoBaKyIOTECSI METOAM MAIIMHHOTO HAaBYaHHS IS
aHai3y 3HaYHUX 00cATIB iH(pOpMallii B pealbHOMY Haci.

2. bnJIA (arenTn)

— BuxoHaHHs 3aBaHb: BHUKOHYIOTH 3aBJaHHS,
IO HAJXOMATh Bl LIEHTPAJbHOTO BY3Ja, 3a0e3Medyroun
BHCOKY TOYHICTh Ta KOOPIUHAIIO Jii.

— 30ip AaHuX: mepeaarTh iH(GOPMAIID MPO CBOE

TIOJIOKCHHS, CTaH Ta BUKOHAHHA 3aBAdHb N0 HEHTPAJIBLHOI'O

By3/la. BHUKOPHUCTOBYIOTbCS ~ pI3HOMAHITHI  CEHCOpH,
3okpema GPS, kamepw, Jizapy Ta iHIOI JaTYAKH.
[enTpasibHuii  By30J1  3aCTOCOBYE  I'€HCTHYHI

QITOPUTMHU JUTsi OOPOOJICHHST TAHWX, 10 HAJIXOISTH Bij
brJIA, Ta mnaHyBaHHsS 3aBAaHb Ha OCHOBI INI00aIbHOT
crpaterii (puc. 1). KoxkeH Oe3mioTHUI IiTambHUHA
amapar Iepenae BiIOMOCTI PO CBOE TOJIOKEHHS, CTaH Ta
BUKOHAHHS 3aBJIaHb JI0 [IEHTPAIBHOTO BY3JIa, SIKMU MOTIM
BUKOPHCTOBY€E 1IIi JaHi JJisi KOPUTYBaHHsS IUIAHIB 1

ONTUMI3aIi1 PO3MOALTY PeCypCiB.
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Puc. 1. AIropuT™ LEHTpPai30BaHOTO MiIX0/y 3 BUKOPUCTAHHSIM I'eHeTHIHUX anroputMis (IA)

Ta niToYncenbHOro nporpamysanss (LIIT)

®opMmyBaHHS TOYATKOBOI MOITYJISIII: IEHTPATbHUH
BYy30JI T'€HEpy€ TOYaTKOBUII HaOip pilleHb (XpoMOCcoM),
KOXKHE 3 SKHX € MOXJIUBHM pO3IOJIJIOM 3aBHaHb
Mmix brJIA.

OriHKa MPUIATHOCTI: KOXKHA XPOMOCOMA OIIIHFOETHCS
Ha OCHOBI (YHKIIT IpUIATHOCTI, 110 Oepe A0 yBaru Taki
KpuTepii, K Jac BUKOHAHHS 3aBIaHb, BUTPATH EHEpTil
Ta e(heKTHBHICTb 3aCTOCYBaHHSI PECYPCIB.
Kpari
CTBOPEHHSI HOBOTO TMOKOJIIHHS, BHKOPHUCTOBYIOYH TaKi

Cenexuris: pimmeHHs 0OWpalOTBCS IS
METOIH, SIK TYpHIpHA CeJIeKIis a00 PyJIETKOBA CEIEKIIis.
Kpocosep Ta MyTartisi: oOpaHi pillleHHS ITiJIal0ThCSI
omepamisM KpocoBepa Ta MyTamii Jis TeHepyBaHHS
HOBHX pILIEHb, IO HOEJHYIOTh BIACTUBOCTI OAaThKIBCHKHX

XPOMOCOM i MafOTh BUTIAIKOBI 3MiHH.

Iarerpamis HII: Ha KOXHOMY eTami T€HETHIHOTO
ITOPUTMY PO3B’sI3yBad IILIOYHCENIBHOTO TMPOTPaMyBaHHS
3aCTOCOBYETBCS MJISi TOYHOTO PpO3B’SI3aHHSA IIiI3ajad,
OepyuH JI0 yBard MiJIOYHCENBbHI 3MiHHI Ta OOMEKEHHS.

Ilepesaru:

— TCHETHYHI AJITOPUTMHU NAIOTh 3MOTY 3HAXOIHUTH
I00aNbHO ONTHUMAJNBHI PIMICHHS y TPOCTOpI pillleHb
3 OTJISITY Ha CKJIAJHI B3a€MO3B’SI3KU MiXK 3MIHHUMHU;
LTOYHCETEHOTO

— i”Terpamis  po3B’sA3yBada

nporpaMyBaHHA aoromMmarae TOYHO BpaxoBYyBaTu
IUCKPETHI AacleKTH 3ajadi, 3a0e3Medyroud TOYHICTh
pilleHsb;

— TEHETHYHi anropuTMu e(peKTHBHI B PO3B’s3aHHI
3a7a4 i3 3HAYHOKIO KIJBKICTIO 3MIHHHX Ta OOMEXEHb,

110 3abe31edye BUCOKY IPOAYKTUBHICTH CUCTEMHU;
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— MOXKIIMBICTh aJamnTamii aJrOPUTMIB 0 PI3HHX
YMOB 1 3MiH Y HaBKOJIMITHEOMY CEpPEIOBHIII.

Henoniku:

— TeHeTHYHI AITOPUTMH IOTPEOYIOTh 3HAYHHUX
00YHCTIOBAIEHUX PECypcCiB, 0COOIHMBO 32 YMOBH BEIHUKOT
KIJIBKOCTI 3MIHHHUX Ta OOMEKEHb;

— TIpolec EBOJIOIINHOI omTHMizallii Moxke OyTH
TPHUBAIUM, OCOOJMBO B pa3i 3HAUHOI KUIBKOCTI ITOKOJIIHB
1 CKITagHUX (PYHKIIIH MPUIATHOCTI.

Xoua ['A 1 MarOTh BUCOKHI ITOTEHIIIA] 3HAXOHKEHHS
r100aIbHO ONTHMANBHUX DillleHb, BOHW HE TapaHTYIOTh
ne B KOXHIM cHTyamii, II0 MOXe IpPU3BECTH [0
3HAXOKECHHSI JIUIIIE JIOKAJIBHO ONTHMAIBHUX PIIICHb.

['eHeTnyHi aJropuT™MH 3 IHTETPOBAHUM PO3B’SI3yBaueM
IUIOYMCENBHOTO MIPOTPaMyBaHHS € MOTY>KHHM METOAOM
Ui ynpaeiiHHS poeM brJIA B meHTpanizoBaHOMY
migxoni. BoHm 3abe3neuyroTh e(eKTHBHY TII0OaIbHY
ONTHMI3allil0 3aBIaHb 1 pecypciB, Oepyud 10 yBaru
TUCKpeTHI oOMexenHs. LleW miaxim gae 3Mory OOCSATTH
BUCOKOI MPOJIYKTUBHOCTI Ta THYYKOCTI CHUCTEMH, IPOTE
BUMAara€ 3HAYHHX OOYHCIIOBAIHUX PECypCiB Ta dHacy
Ha 00poOIeHHS JaHUX.

Yupaniaasa TpaekTopiamMu pyxy briJIA B cxmagHMX
TPUBUMIPHHX CEPEIOBHIIAX € OJHUM 13 KIIOYOBHX
3aB/aHb st 3a0e3nedeHHs epeKTHBHOTO (DYHKITIOHYyBaHHS
poto. Ile 3aBnaHHs cTae 0COOJIMBO BaXIJIMBUM B YMOBaX,
e ICHYIOTh YHCIICHHI TIEPeIIKOAW Ta HEOOXiTHO
3abe3neunTH Oe3nexy W TOYHICTH pyXy. BukopucTaHHs
reHeTHIHUX anroputMmiB (['A) Ta poifoBHX anropuTMiB

(PA), Takux sik anroput™m poto yactok (Particle Swarm

Optimization, PSO) abo anroputM MypammHHX KOJOHIiM
(Ant Colony Optimization, ACO), nae 3MOry 3HAXOJUTH
ONTUMANIBHI TpaekTopii pyxy Mg KoxkHoro brJIA
3 OISy Ha CKJIaJHICTh HAaBKOJMIIHBOTO CEpPEIOBHINA.
PoiioBi anropuT™Mu IMITYIOTH COLIANBbHY IIOBEHIHKY
TBapuH, 30KpeMa Mypax abo pu0, SKi MPaLIOIOTh pa3oM
JUISL TOCSATHEHHS CIIUIBHOI METH.

[Mepeniunmo ocHOBHI eTamu PA.

— Ininianizamis. Bumnagxose TeHEepyBaHHS
MIOYaTKOBHX MO3HUIIH YaCTOK a00 areHTiB.

— OumninroBanag. KoXXeH areHr OIHIOE CBOIO
TIO3HMIIiI0 HA OCHOBI (DYHKIIIT MPUIAATHOCTI.

— OmnoBJIeHHs. ATEHT OHOBIIOE CBOIO IO3HIIIIO,
3Ba)KalOYM Ha CBOI HaMKpalli JOCATHEHHS Ta JOCSTHEHHS
cycimiB (y Bumaaky PSO) abo mpsmye mo cuimgax
¢depomonis (y Bunagky ACO).

— Irepauis. IIporiec MOBTOPIOETHCS A0 TOCSTHEHHS
OIITHMAJIEHOTO PillICHHSI.

Hocnimxenns [7] mopiBHIOE TeHETHYHI JTOPUTMHU
Ta pOWOBI alNTrOPUTMH AJIsI IUTaHYBaHHS TpaekTopii briJIA
Y CKIaJHUX TPUBUMIPHHUX CepemoBHIIaX. BukopucranHsa
TeHETHYHUX 1 PpOHOBHX

AITOPUTMIB  J1a€

OOYHCITIOBATH ONTHUMANIBHI TPAEKTOPIi PyXy 3 OTILY

3MOTY
Ha JMHAMIKY JITAIGHUX amapariB. [HTerpamis Iux
aNTOpUTMIB 3a0e31edye BHCOKY THYUKICTh, aJallTUBHICTD
bnJIA
BUKOHYBATH 3aBJIaHHs 3 MIHIMAIbHUMU E€HEPrOBUTPATAMHU

Ta e(EeKTHBHICTh CHCTEMH, JOIOMAarar4u
Ta BUCOKOIO TOYHICTIO, HaBiTh y CKJIQJHUX YyMOBax.
[lopiBHAHHS IIEHTPATi30BAaHMX METOIIB NPU3HAYCHHS

3aBJaHb MMOJaHO B Tab. 1.

Tadmuus 1. [Topisusnona mabauys 0ons yenmpanizoganux Memooie NPUHA4eH s 3a80aHb

Kpurepiii

I'enernuni anroputvmu (I'A)

InTerpauis reHeTHYHUX
AJITOPUTMIB Ta HIJI0YHCEJILHOI0
nporpamysanus (A + IIT)

Poiiosi anropurvu (PA)

TouHicTh Ta KOOpAUHALLS

BHCOK2 TOYHICTh Ta KOOPAMHAILIS

BHCOKA TOYHICTh Ta KOOPIMHAILIS

BHCOKA TOYHICTP Ta KOOPIWHAIIiS

OnTumizanis

riobanbHa ONTHMI3aIlis

nobaJibHa ONTUMI3AIlS 3 OTJISTY
Ha TUCKPETHI OOMEXEHHS

riaobanabHa ONTHMI3AIlis

CriiikicTh 10 300iB

o0MeXeHa CTIMKICTE 10 3001B

00MeKeHa CTIMKICTE 10 3001B

00MeKeHa CTIMKICTE 10 3001B

MacmradoBaHicTh

oOMekeHa MacIITaboOBaHICTh

oOMekeHa MacITaboBaHICTh

oOMekeHa MacIITaboBaHICTh

O0uMCcTI0BAJIbHI BUTPATH

BHCOKI 00YHCITIOBAIbHI BUTPATH

JTy>’Ke BUCOKI OOUHCITFOBAIIbHI BUTPATH

BHCOKI 00YHCITIOBAIbHI BUTPATH

Yac ontumizamii

TpUBIUN

JIy>Ke TpUBAIUN

TPUBAJINHN

I'nyukicTh
Ta aJaNTHBHICTH

BHCOKa

BHCOKa

BHCOKa

Po3noaia pecypcis

e(eKTUBHUIT PO3MOiN pecypciB

Jye e(heKTHBHHI pO3HOIIT PeCypCiB

e(eKTUBHUIA PO3MOJIIT pecypciB

BpaxyBaHus

TOYHE BPAaXyBaHHS AUCKPETHHX

obMexeHe oOMexeHe
ANCKPETHUX 00MeskeHb 00MeXEHb
3acTOCYBAHHS e(eKTHBHE BUPIIICHHS POOJIeMU
y obMexeHe HUIAXY 3 OIJISLy Ha OOMEKeHUit yac | oOMexeHe

B YMOBax IpiopuTeTiB

i BUMOT'H MIPiOPHUTETY

MoniTopuHr T2
KOPUTYBaHHS 3aBJaHb

BUCOKHH piBeHb

BUCOKHH piBeHb

BUCOKHH piBeHb

Hpuxaaan
3aCTOCYBAHHS

po3moia 3apaaHp Mik BriJIA,
TUIAHYBaHHS TPAEKTOPil

onTHuMizanis MapmpyTty briJIA
3 OISy HA NPIOPUTETH i OOMEKEeHHS

IUTAaHyBaHHS TPAEKTOPIiH pyxy
B CKJIaJHUX CEpeLOBHIIAX
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lenernyHi anroputMu  3a0e3NEUyIOTh  BHCOKY
TOYHICTL 1 KOOpAMHAILIO, aje MaloThb BHCOKI
O0YMCIIOBAIbHI ~ BHTPAaTH. IHTErpamis TEeHETHYHHX

aJ'IFOpI/ITMiB 3 HiJ'IO‘-II/ICGJ'[LHI/IM MmporpaMyBaHHsM Ja€

3Mory Opatm [0 yBarm JOUCKPETHI OOMEXEHHS,
3abe3nevyrour OBl TOYHI pIllleHHs, aje MoTpedye
3HAYHUX OOYHCIIOBANIFHUX pecypciB. PoiioBi anropurMu
TaKOX 3a0e3MeuyroTh BUCOKY TOYHICTh Ta KOOPAWHALIIO,
aje MaroTh OOMEXEeHy CTIMKICTh m0 300iB 1 BHCOKI
oOuncoBanbHi BUTpaTH. OTXKE, BUOIp METOY 3aJICKUTh
BiJl KOHKPETHHX BUMOT 1 YMOB 3aBIaHH:. BuUKopucTaHHS
TEHETHYHUX 1 POHOBUX alNrOpUTMIB JUIsS YHpaBJIiHHA
TpaekTopisMu pyxy BmJIA B cikmagHMX TpPUBHUMIpHHX
CepelOBHIIAX € TOTY>KHHM ITiAXOAOM, IO Ja€ 3MOTY
e(eKTUBHO pO3B’A3yBaTH 3a7adi onTtuMizarii. [HTerparis
IMX AJITOPUTMIB 3a0e31edye BUCOKY THYUKICTb, aallTUBHICTh
1 edpekTHBHICTH cHcTeMH, gormoMararoun briJIA BukoHyBaTn
3aBIaHHS 3 MIHIMAIBHUMH  €HEProBUTpAaTaMH Ta
BHCOKOIO TOYHICTIO, HaBITh Y CKIaJHUX YMOBaX.

Ha BigMiHy BiJ IIEHTPaTi30BAHOTO  METOMY
MIPU3HAYEHHS 3aBAHb, PO3NOOLIEHUNl MemOoO NPUSHAYEHHs
3a60anb Tiepedadac MOXKIIMBICTD IIepeaBaTy iH(pOpMaILlito
Mpo KOXKEH OE3MUIOTHWI IiTampHUHA amapaT Hazaj
JI0 TepMiHaJly TpU3HAYEHHsI 3aBJIaHb, 30KpeMa IPOBOINUTH
JIEKOMITO3UINIO Ta PO3IMOT 3aBIaHb. YHACIIIOK I[HOTO
TepPMiHAT TPHU3HAYCHHSA 3aBJaHb BUKOHYE (YHKIIIIO
MDKMepeXKHOTO 3’eqHyBava [9], skuil qae 3Mory cucremi
(3rpai  bnJIA)  dopmysaTn CTPYKTYDY,
CIpUAIOYN OOMiHY iH(OpMaIiero, KOOpIUHALII 3aBIaHb

MEpPEKHY

Ta BUpimeHHIO KOoH(]ikTiB Mk BrnJIA 3a nonomororo
MDKMEpEKHOTO 3’ €THyBava.

OCHOBHI METOIM PO3IIOIIJICHOTO MPU3HAYECHHS 3aBJJaHb
nependavyaoTh TEOPETHYHI MiIXOoAW OaraToareHTHHUX
CHCTEM 1 METOJM, QaHAJIOTIYHI PUHKOBAM MexaHizmam [10].
Teopernuni MeToAM O6araToOareHTHUX CHCTEM PO3TIISIAIOTH
KokeH BmJIA sk aBTOHOMHY PpO3YMHY CYTHICTb, IO

Kepye
IHTEPIIPETYIOUN LIJIbOBE 3aBJIaHHs, PO30HMBAIOYM 3arajibHe

B3a€EMOJIEI0 BCIX AareHTiB, aHANI3YIOYH Ta
3aBJlaHHS Ha HEBEJHWKI MMiA3aBAaHHS Ta PO3MOIULIIOUHN iX
Mik areHTamu. Ilicis OO areHTH CHIBIPAIFOIOTH
JUIS JTOCSATHEHHS ITiIhoBOTO 3aBnmaHHsA [11]. Metomw,
aHAJIOTIYHI PUHKOBUM MEXaHi3MaM, BHKOPHCTOBYIOTh
PUHKOBI  Mozedi,

30KpeMa YKJIAJaHHA KOHTPAKTIB

Ta ayKUIOHyBaHHs, JUIS  JEKOMIIO3MMii  3aBIaHb.
Po3koMIIOHOBaHI 3aBHAaHHS CTalOTh JOCTYITHHMH IS
TOPriB 4epe3 BiAKPUTI TOpru abo aykuionu, ne brJIA
pOONATE CTaBKH BIIMOBITHO IO iX (haKTHYHOI CHTYyarlii
Ta CTaHy MOJBbOTY. Y KIHIEBOMY IiJCYMKY 3aBIaHHS
MPU3HAYAIOTECS Ha OCHOBI (DaKTHYHOTO pe3yNbTaTy

aykuiony [12].

Posnoxinene NPU3HAYCHHS 3aBIaHb y
6araroarenTHux cucremax (bAC) € KpUTHYHO BasKIIMBUM
acrekToM Juis  e(peKTUBHOrO (YHKIIIOHYBaHHS pOIO
BJIA (puc. 2). lle 3aBmanHs mependavyae pO3MOILT
1 KOOpAMHAIIO 3aBJaHb MK aBTOHOMHHMH arc¢HTaMH
(bnJIA) 06e3 meHTpanizoBaHOrO KOHTpOJItO. Mertoau
pPO3NOALIEHOr0  NPU3HAYEHHS  3aBIAHb  MOXYTb
BUKOpHCTOBYBAaTH TeopeTwuHi miaxoaun BAC, a Takox

MiIXOI1, aHAJIOTIYHI PUHKOBUM MEXaHi3MaM.

Puc. 2. ApxiTeKkTypa po3IoIijIeHOr0 METOIY
NPU3HAYCHHS 3aB/IaHb

Ha puc. 2 300pakeHa apxiTeKTypa pO3MNOAIJICHOTO

MCTOAY NpPHU3HAYCHHA 3aBJaHb Yy GararoareHTHUX

cucteMax. BoHa  JeMOHCTpye  B3aeMOAil0  MiX
LEHTPaJIbHUM BY3JIOM yrpasiinus, arentamu (brniJIA) ta
aNropuTMaMH IUIaHyBaHHs 3aBAaHb. L{eHTpanbHuil By3on
¢dyHKIiT0

3aIycKk

YIPaBIIHHS ~ BUKOHYE KoopauHaIii  Ta

KOMyHIKalii MDK areHTamm, ITOPUTMIB

wiaHyBaHHA 3aBiaHb. AreHTH (BbmJIA) BHKOHYIOTH
3aBJaHHS Ha OCHOBI BH3HAYEHUX ONTHUMAIBHHUX MNIISAXIB.
ANTOPUTMH TJIaHYBaHHSI 3aBIaHb:

— ayKIIOHHI METOAW — OpPTraHi3oBYIOTh MpOIECH
AyYKIIOHIB [T PO3MOIITY 3aBAaHb;

— KOHTPaKTHI MEpeXi — BCTAHOBIIOIOTH KOHTPAKTH
MK areHTaMH JiJIsl BUKOHAHHS 3aB/IaHb;

— QaJrOpUTMH MapKyBaHHi — BHKOPHCTOBYIOTh
MITKH JJ1s1 KOOPIUHALIT 3aBaHb.

ITorokn iHdopmarii Bix areHTiB 10 HEHTPAITBHOTO
By3JIa YOpaBiHHA — iH(OpMAIlis MPO CTaH Ta IMO3MINT
BriJIA; Bin neHTpaigbHOrO By3ia ynpasiiHHA 10 briJIA —

ONTUMAJILHI 3aBJIaHHA Ta KOMaH/JH J1JI1 BUKOHAaHHA.

IIpouecu niIanyBaHHs 3aBAaHb

1. AykumioHHi MeTonw. 3aBOaHHA OTOJIOIIYE

LEHTPaJIbHUIA By30J1 200 iHIIMKA areHT. ATeHTH MOAaI0Th
CBO{ CTaBKH 3 OIIIAY HA BIACHI PECYPCH Ta MOXKIUBOCTI.
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3aBIaHHs NPU3HAYAETHCS areHTY 3 HAHKPAIOI0 CTaBKOIO.
Lleii minxin 3a0e3nedye THYUKICTh 1 MOXKE aJaNTyBaTUCS
JI0O 3MiH Yy CEpeAOBHINl Ta MOMIHUBOCTIX AarcHTIB.
Moske motpedyBaTi 3HAaYHUX OO0UYHCIIOBAJIBHUX PECYPCIB
19acy Ui IpOBeIeHHs ayKI[IOHIB.

2. KoHTpakTHi Mepexi. ATeHT, SIKUil Mae 3aBJaHHS,
MPONOHY€ KOHTPAKT IHIIMM areHTaM. [HII areHTu
MOXYTb NMPUHAMATH a00 BIAXWIISATH KOHTPAKT, 3BaYKAIOUH
Ha CBOi MOXUJIMBOCTI. 3a0e3meduye e(eKTUBHHUMA PO3IIOALT
3aBJIaHb 1 3JIaTHUH OpaTH 10 yBaru 3MiHU B CEPEIOBHII.
Moxe OyTH CKIamgHUM Yy peamizamii Ta BHMaraTu
3HAYHOTO 0OMiHY 1H()OpMALII€I0 MK areHTaMu.

3. AnropuTMu MapKyBaHHS. 3aBIaHHS MO3HAYAIOTHCS
MITKaMH, 10 BiITBOPIOIOTH iX MpiopuTeT abo BUMOTH.
AreHTH OOHMpAaIOTh 3aBHAHHA, KEPYIOUHUCh MITKaMH,
1 BUKOHYIOTH iX. [Ipoctuii y peamizauii Ta edexTHBHUI
IS TIEBHUX THINB 3aBJaHb. MOKe HE 3BakaTW Ha BCl
pecypen,
JI0 CyOONITUMATTFHUX PIIICHb.

MOJKJIMBOCTI areHTiB 1 o0 NPU3BOJUTH

Mertoan, aHAJOTYHI PHHKOBHM  MEXaHI3MaM,
BHUKOPHCTOBYIOTh EKOHOMIYHI MOJENI ISl PO3IOILTY
3aBIaHb MK areHtamu. LI miaxoaum nepenbavaroTh:

— wMexanisM Bikpi — Kmapka — I'poBca (VCG):
areHTH T[OJAIOTh CBOi CHPaBXHI OLIHKA  BapTOCTI
BUKOHAHHSI 3aBaHb. 3aBJaHHS NPH3HAYAIOThCS HA OCHOBI
OUX OIIHOK, MAaKCHMI3YIOUYH 3arajlbHy KOPHCHICT.
3abe3mneuye ONTHMATBHUN PO3MOALUT 3aBIAHb 1 3a0X0Yy€E
areHTiB 10 IpaBauBOCTi. Moyke OyTH CKIIaIHUM Y peatizarii
Ta BUMaraTy 3Ha94HUX O0YNCITIOBAJIBHUX PECYPCIB;

— puHKOBa Meradopa: 3aBIAHHS BHCTABIISIOTHCS
Ha DPUHOK, 1 areHTu KylyloTbh abo NpoJaloTh MpaBa
HAa BUKOHAHHSA 3aBJaHb Ha OCHOBI CBOiX pecypciB
1 MoximBocred. 3abesneuye THYYKICTb 1 3JaTHHA
aJIanTyBaTUCS 0 3MiH Y CEpeAOBHINI Ta MOMXIIUBOCTSIX
areHTiB. Moxe MoTpedyBaTH 3HAYHMX OOUYUCIIOBAJILHUX
pecypciB i gacy i GyHKIIOHYBaHHS PHHKY.

[opiBHSHHS PO3MOIIICHUX METOIB TPU3HAYCHHS

3aBJlaHb [I0AHO B Ta0I. 2.

Ta6auus 2. [lopisHsanHa po3noditeHux memooie NPU3Ha4eHHs 3a60aHb

Koutepiii Aykuionni Konrpakrhi AJITOpUTMH Mexanizm Bikpi — PunxoBa
purep MeTOIH Mepexi mapkyBanHsi | Kuapka — I'posca (VCG) MeTadopa
TouHicTb 1 . . . . .
. BHCOK1 BHUCOKI BHUCOKI BHUCOKI BHCOKI
KOOpAMHALLIS
OnruMizanis riaobanpHa riaobanpHa rinobangbHa rinobangbpHa rinobanabHa
CrilikicTb 10 3601B BHCOKa BHCOKa BHCOKa BHCOKa BHCOKa
MacmTaboBaHicTh BHCOKa BHCOKa BHCOKa BHCOKa BHCOKa
OO0uncaroBaIBHI . . . . .
BHCOKI BHUCOKI BHCOKI JIy’K€ BHCOKI BHCOKI
BUTPATH
Yac ontumizanii TpUBaIUH TpUBAIHH TpUBaIUH Jly’e TpUBaJIUil TpUBaIUH
[HyukicTb Ta . . . . .
. BUCOKI BHCOKI BUCOKI BUCOKI BUCOKI
a/IaNTUBHICTh
Posmognin pecypcis e eKTHBHUI eheKTHBHUI e(eKTHBHUIT Jryxe e(eKTHBHUH e(eKTHBHUIT
BpaxyBaHHs TOYHE BPaXyBaHHS
paxy obOMexeHe obOMexeHe obOMexeHe paxy oOMexeHe
JIWICKPETHHX 0OMEXEeHb JICKPETHUX 0OMEXEeHb
e(eKTUBHE PO3B’I3aHHS
3acTocyBaHHS B pOOJIEMH LUTAXY 3 OTJIs
ypar . oOMexeHe oOMexeHe oOMexeHe P Xy Y | oomexene
YMOBax MpiOpPUTETIB Ha oOMexxeHuit qac
1 BUMOTH NIPIOPUTETY
MoHiTopuHT Ta . o . o oo ..
BHUCOKHH PIBEHb BHUCOKHH PIBCHb BHUCOKHH PIBEHb BHUCOKHH PIBEHb BHUCOKHH PIBEHb
KOPHT'YBaHHS 3aB/IaHb
03I10/IiJT 3aBIaHb | PO3IOL 3aBaHb 03I10/I1JT 3aBIaHb L 03I10/I1JT 3aBIaHb
PO3ToN A pe A PO3TON A OTITUMI3aIlis MAPIIPYTy posrion A
[puknaau Mix BriJIA, Mik BriJIA, Mix BriJIA, Mix BriJIA,
brJIA 3 ornsiny Ha
3aCTOCYBAaHHA JIaHYBaHHS IJIaHYBaHHSA JIaHy BaHHS . JIaHy BaHHS
o o -y HPIOPUTETH Ta OOMEKESHHS iy
TPAEKTOPIii TPAEKTOPIii TPAEKTOPiK TPAEKTOPiK

[opiBHAHHS PO3MOIUICHNX METOIIB TpHU3HAYCHHS

3aBllaHb MOKa3ye, M0 SIK TEOPSTHYHI  MiIXOTU

0araToareHTHUX CHCTEM, TaK 1 METOJW, aHAJOTi4Hi
pl/IHKOBI/lM MeXaHi?)MaM, MarThb nepeBarM Ta HeHOHiKI/l.
TeopernuHi migxoju 3a0e3MEeYyIOTh BHCOKY TOYHICTb
1 KOOpIWHAIlIO, OJHAK OOMEKEHI B MAacIITaOOBAaHOCTI
Ta MOTPeOYIOTh 3HAYHUX OOYUCIIOBAIBHUX pECYpCIB.
aHaJIOT1vHi MexaHi3MaM,

MGTOZ[I/I, PUHKOBUM

3a0e3MedyoTh BHCOKY THYYKICTh Ta €(QEeKTHBHICTH
y CKIQJHUX CEpelOBHIIAX, ajlle TaKoX IMOTpeOyIoTh
3HAYHHUX PECYPCIB.

Komynixayitina kxoonepamuena nagieayisi € OCHOBHUM
METOJOM HaBiraimii s 3rpai OE3MUIOTHHX JITAIbHHX
armapariB. 3a3HaueHMH MeToja Tnependadae, IO 3rpas
BrJTA min 4ac mosbOTy HE 3aJI€XKHUTh JIUIIE BiJl HA3eMHHUX
CTaHLIH YM CyNyTHHUKIB a1 KepyBaHHA. HaromicTb
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koxxeH briJIA, BukopucroByroun iHdopmaiito, orpumMany

BHUCOKOTOYHHUMH CeHCopaMH, 30KpeMa Mmicue
po3TamryBaHHA Ta CTaH, pO3MIsAAaE cede sK BY301
KOMyHiKalii. 3a J0moMoror 0e3JpOTOBHX MOJIYIIB
nepenadi JaHUX, Takux SK Bluetooth, ZigBee wn WiFi,
y 3rpai BmJIA BcraHOBmIOETBCS O€3ApOTOBA Mepexa
UL oOMiHy  iH(opMaIli€ro, CHOPUSIOYH  CITIBIIpALi
MDK pI3HUMH OE3NMUIOTHUMH JITAIGHUMH anaparamMu
Ta GOopMyBaHHIO €qMHOI cyTHOCTI [13].

KomyHikaniiina KkoomnepaTMBHa HaBiramis MoXe
pe3yABTaTUBHO  MIABUIIMATH  3arajbHI  OIEpamiiHi
MOXIJIMBOCTI Ta PO3LIMPIOBaHICTH cucteMu 3rpai bnJlA,
i BoHa e(EeKTHBHO JONOMAara€ IiHIIHM METOJIaM
KOMyHiKamii. I3 3pocTaHHSIM KIJIBKOCTI O€3MiJIOTHHX
JMTaNBHUX amapaTiB y cucTeMax 3rpai 30UTbIIyeThes
i o0csr reHepoBaHMX JNaHMX. HasiBHa apxiTekTypa 3rpai
BuJIA,

aJIropurMaMun MapIIIpyTI/BaHi.I., CTHUKA€ETHCA 3 BUKJIIMKaAMH

aKka BHpi3HAETbCs mnporokomamu MAC Ta

B po0oTi i3 3HaYHUM 00cATOM iH(OpMAIlii, [0 BIUINBAE
Ha 3arajbHy SIKICTh (DYHKI[IOHYBaHHS cucTeMH [ 14].

Jns  TOKpameHHs — NPOAYKTHBHOCTI  aBTOpHU
3alpONOHYBAIM MOJIeNb InOokoro HaBdaHHsI Q (DQN),
MpU3HAYCHY [UIA ONTUMI3alli] 3arainbHoi MPOAYKTUBHOCTI
Mepexi, 3BaXal4uW Ha JAWHAMIYHY TOIOJIOTiI0 3rpai
Ta MiHIHBI yMOBH 3B’s3Ky [15]. Imme mocmimkeHHS
3alpoINOHyBaj0 0araToMeToJHy KOMOIHOBaHYy CTpaTerito
komyHikanii BrJIA, ska iHTerpye crparerito 3B’S3KY
0e3MUIOTHUX  JITAJIBHUX  amapariB 32  JOIOMOTO0
MOOITBHOT Mepexi, po3rimaroun KokeH bBrJIA sk
pETPaHCIIOBANBLHUI BY30J1 IJIS Iepeiadi JaHuX.

PexnM KOMyHIKaIliifHOI KOOTIEpaTHBHOI HaBirarii
3rpai briJIA nae 3Mory CTBOpIOBaTH Mepexy He3aleKHO
BiJl IHIIMX TOMEPETHHO CTBOPEHHX MEPEXKHHX 3aco0iB.
Bin 3pmarHmii  aBTOMaTHMYHO  (OpMyBaTH  MeEpexy
OyIbp-IKOMY ONEpaTHBHOMY CIIEHApil0 Ta IHHAMIYHO
CTPYKTYpY

0 KOHKPETHHUX OIepalifHiX BUMOT, HAIUIAIOUN Iel

3MiHIOBAaTH Mepexi BiJINIOBiTHO

PSKUM  MIIHOK 3JIaTHICTIO JIO0 aHTHiHTepdepeHilii.

Brok-cxema KOMYHIKaIiifHOTO KOJIa0OpaTUBHOTO
HABITaIIHOTO PEXHUMY MO/IaHa HA pUC. 3.

HIBunkicte BriJIA B 1poMy pexumi 31e01IbIIOTO
KOJIMBAa€ThCS B Jiana3oHi Bim 5 m/c mo 15 m/c. 3a ymoBu
BUIIMX MHIBHIKOCTCH 3MIHHM TOIOJOIil MEpEexi 3B’SI3KY
MIIBUIIYIOTh HABAHTAXKCHHSI HA MEPEKY Ta 301IbIIYIOThH
3aTOp [aHWX, IO BIUIMBAaE Ha Mepenady iHQopmarii
B pealbHOMY uaci. be3ngpoToBi 3B’SI3KHM Ta pyxoma
tomosioris Mepexxi BrJIA BpasnmBi 10 pi3HHX pIBHIB
3arpo3 Oe3leKu, 30KpeMa pajioyacTOTHOTO BTPYYaHHS
3Ha4yHa  KUIBKICTH  3aiBOi

Ta iHmUX (aKTopis.

iH(opMallii, 0 reHepyeThCs MiJ] Yac MOJIbOTIB, BILIUBAE
Ha eQeKTUBHICTh Nepenadi JaHWX uepe3 OOMeKeHy
0e34pOoTOBY NPOIYCKHY 34aTHICTh, IO IPU3BOAUTH

JI0 TPUBAJIO] 3aTPUMKHU.

Puc. 3. Anroput™ KOMyHIKaI[iiHOr0 K0J1a00paTHBHOTO
HaBIramiifHOro pexumy

IopiBHAHHS METOIIB KOMYHIKaIliifHOTo
K0JIAOOpaTUBHOTO HABITAI[IHHOIO PEXUMY NPH3HAYECHHS
3aBaHb [1o1aHa B Ta0I. 3.

PexxuM KOMyHIKaI[IIfHOT KOONEpAaTHMBHOI HaBirarii
Ut 3rpai Oe3MUIOTHHUX JITANBHUX arapariB JeMOHCTPYE
MOTEHI[ial Ui MiJABHUIICHHS

3HAYHUUN 3arajJlbHUX
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OmepamiiHuX  MOXIHBOCTEH Ta  PO3MIMPIOBAHOCTI
cucreMd. BiH nmae 3mory aBTOMaTHYHO (HOPMYBaTH
Mepexxy B OyIb-SKOMY OIEpaTHBHOMY CIEHapii Ta

JUHAMIYHO 3MIHIOBaTH CTPYKTYpy MeEpexi BiAIOBiTHO

0 KOHKPETHHX OINEpamiiHuX BHUMOI. Takuil Mmiaxig
3a0e3medye BUCOKY TOYHICTh, KOOPAHMHAIIIO Ta CTIHKICTh
mo  300iB, BoOgHOYAC

3a0e3rneuyroud  THYYKICTh

1 aJalITUBHICTH CUCTEMH.

Ta6auus 3. [opisuanvhul ananiz Mmemooié KOMyHiKayii ma nasieayii

Kpurepiii Tpaguuiiina koMyHikauis KomyHikaniiina koonepaTuBHa HaBirauis
TouHiCTh Ta KOOPIUHALISL BHCOKI BHCOKI
Onrtumizaris MOMipHa BHCOKa
CrilikicTb 10 3601B HU3bKa BHCOKa
MacmTaboBaHiCTh HU3bKa BHCOKa
OO0uncaIOBaIbHI BUTPATU HU3BKI BHCOKI
Yac ontumizamii JIOBTHI KOPOTKHH
I'HyuKicTb 1 aJaTUBHICTH HU3BKI BHUCOKI
Posnonin pecypcis LEHTPAIBHUAN po3noineHui
BpaxyBaHHS TUCKPETHUX OOMEKEHb BHCOKE BHCOKE
3acTocyBaHHs B YMOBaX MPiOPUTETIB oOMexeHe HIMPOKE
MOHITOPUHT 1 KOPUTYBaHHS 3aBIaHb oOMexeHi1 BHCOKI
[Ipukiagy 3acTOCyBaHHA PO3BilKa, MOHITOPHHT MOUTYKOBO-PATYBAJIBHI omeparii

OnHak iCHYIOTh IIEBHI BHKJIMKH, 30KpeMa HoTpeda
B yIOCKOHQJIEHHI NPOTOKOJIB Mepexi, 3a0e3rnedeHHs
Oe3meKn KOMYHIKaMii Ta ePeKTHBHE KepYBaHHSI 3HAYHUM
o0csroM iHGopMalii. 3acTocyBaHHS METOJIB TIMOOKOTO
HaBYaHHS Ta 6araToMeToHIX KOMOIHOBaHHX
cTparerii MoXe 3HAYHO MOKPalIUTH e(EeKTHBHICTH
1 IPOJYKTHBHICTb CHCTEMH.

PexxuM KOMyHIKaliiHOT KOOTIEPaTUBHOT HaBiramii €
MEpPCIIEKTUBHAM HANPSAMOM sl MailOyTHIX JOCIiKEHb,
mo Jae
Ta e(eKTHBHICTh BHKOHAaHHS 3aBAaHb 3rpacio brJIA

3MOry 3a0e3NeYlTH BHCOKY aBTOHOMIIO
B PI3HUX YMOBaX eKCIUTyaTallii.

OcTaHHi TOCATHEHHS B aJTOPUTMAax PO3Ii3HABaHHS,
MOB’sI3aHUX 13 OaueHHsM, BHBEJM Bi3yalbHY HaBiraiito
Ha TMepmui IulaH SAK 3HAYyOly TeMYy JIOCHi/DKEHb
y BHYTpIIIHIX 1 MbKHapogHux cdepax Hapiramii.
[TopiBHSAHO 3 TpPaAMILIIHUMH pagiOCeHCOpPaMU, Bi3yalbHi
CEHCOpPHM MarTh IepeBary KOMIIAKTHOCTI Ta BapTOCTI.
30kpema 300pakeHHs, 310paHi Bi3yalbHUMH CEHCOPAaMH,

MICTATh 3Ha4HY KUIBKICTh IH(OpMAlii, siKa, CHiJIBHO

3 genani OBl BAOCKOHAJICHUMH  Bi3yallbHUMH
NropUTMaMH, poouTh Bi3yaJibHy HaBiraito
BUCOKOE(eKTHBHUM MeTojoM. Ilix wac BizyanbHOI

koonepatuBHol HaBiramii B 3rpai BrniJIA 3adikcoByroTh
iHpOpMaIif0 MPO 0coOAMBOCTI IHIIMX OE3MUIOTHHUX
JITaNbHUX anapaTiB 3a JOIOMOTOI0 Bi3yaJIbHUX CEHCOPIB.
Ilro indopmariro MOTIM OOpOOIAIOTE 3a JOIOMOIOO
MOIEIOBaHHA, GiIbTpamii Ta IHIIMX TEXHIK IS
BIJICTEXKEHHS I[iJI€H, SKi 3aJOBOJILHSIOTH IIE€BHI BHMOTH.
OriHIOYM 1X pyX Ha OCHOBI MojoxeHHs i, BrJIA

HaJIaITOBYIOTH (1)aKTOpI/I, 30KpeMa MOJIOKCHHS IMOJILOTY

YW  IIBHIKICTh, MO0 JOTPUMYBaTHCS 3a3JalleTiThb
BCTAHOBJICHUX OOMEXEHb Ta 3aBEPIIUTH HaBIramidHUi
TIOTIT 3rpai Oe3MITOTHUX JTiTaThbHUX amapaTis [16].

Y gizyanvhomy KonabopamueHoOMy HAGL2AYIUHOMY
BrjIA

O€3MUIOTHUX JIITAJBHUX amnapariB

pexmMi  ams  3rpail OCHOBHa  iH(opMAIis
YIPaBIIHHS IS
BHUBOJAUTHCS JIKIIE 3 iH(QOpMaIii ocoOnmuBoCTEH, HaTaHOT
BisyaJbHUMH ceHcopamu. OTxe, pe3ylnbTaTH, OTPUMaHi
3a JIOTIOMOTOI0 Bi3yaJbHOTO aHami3y, Oe3mocepeaHbo
BIUIMBAIOTh HA SKICTh MMOJBOTY Ta Oe3meky brJIA.
OCHOBHOIO TEXHOJIOTI€I0 y Bi3yalbHIH KOONEpaTUBHIH
HaBiramii Ay 3rpai OE3MUIOTHHX JITAIBHUX arapaTiB
€ BuiIydeHHs iHQopmanii npo ocobmmBocti 3 BriJIA Ha
MiIcTaBi 300pa)eHb, 310paHUX Bi3yaJIbLHUMH CEHCOpPaMH,
Ta 00’emHaHHS i€l BWIy4YeHOI iHpopMamii 3 IaHUMH
brJIA IS

TPEKIHrOBOTO TNONBOTy. Bisyanpumii KkomaOopaTuBHHI

IHEePIIHHOT HaBiramii BHUKOHAHHS
HaBiramidauid pexxum s 3rpai brniJIA moxe Oytu
MONUICHWH Ha TpPWU TUMH: HAaBiramis 3 Bi3yaJlbHUM
KepyBaHHSM, HaBiramis 3 00’€iHaHHAM iH(popMaIil
Bi3yalIbHUX JKepel Ta BidyanbHa Hasiramis SLAM.
BisyanbHO KepoBaHa HaBiraiisi — 1€ TEXHiKa,
3a ymoBH sKkoi BmJIA mig dYac TONBOTY 3rpacro
OTPUMYIOTh BCIO  iH(OpMAII0O MPO  OCOOJUBOCTI
Ta pO3TAIlyBaHHS 3a JIOTIOMOTOI0 Bi3yaJbHUX CEHCOPIB.
BuxopucToByrour 11i MOKa3HUKHU Ta 3a1aHi OOMEXEHHS,
BriJIA  perymoloTh  CBI  cTaryc MHOJBOTY IS
BIJICTE)KEHHS MOJBOTY OJHOTO OE3MIIOTHOIO JIITAIBHOTO
arapara a0o 3rpai, THM CaMHUM JIOCATaI0uH KOOPANHOBAHOTO
monsory 3rpai bmJIA. Ileit merom 3acTOCOBYETHCS

HalJacrime B o0nactax, ae curaaan GNSS (I'mobanbHa
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HaBiraimiiHa CymyTHHKOBa cMCTeMa) clIa0Ki 4M BiACYTHI.
3aBISIKM CBOEMY IIOKJIQJIAaHHIO Ha TMpsIME Bi3yaslbHE
BIACTEeXKEHHS JUIA IONBOTY BiH e(QEKTUBHO OOXOIHTH
Neperkou, 3yMoBieHi curaanamu GNSS.

TunoBoro TEXHIKOIO Bi3yalbHOTO KEpiBHHUIITBA
e miaxig "mimep — mnochmimoBHUK" (puc.4). 3a UM
MeTozoM nesiki briJIA BUKOHYIOTH POJb JimepiB, TOAI K
iHIII AifoTh 5K (onosepu B 3rpai [17]. Koxen donosep
Ma€ TMpUHAWMHI OJHOTO BH3HAYEHOTO JIiAepa, i B Mexkax
cucrtemMu 3rpai Jeski briJIA MoxxyTe BUKOHYBaTH pOJIb
i migepa, i mociimoBHHMKA. Taka iepapxidHa CTpPyKTypa
CIIPOIILy€ CUCTEMY 3Tpai 10 OJHI€T TPOOIeMHU TUIAHyBaHHS
pyxy. Y maHIioromnofioHii cTpykTypi KokeH briJIA mmmre
Mae CIIilyBaTH 3a IONepeHIM arapaToM.

Puc. 4. BizyanpHa HaBiraiii Ha OCHOBI iIXOIy
"Jigep — moci0BHUK"

Ha puc. 4 300paxeHO cXeMmy Bi3yaJbHOTO
HaBeieHHS B poi briJIA, ne migep Ta JBa MOCITiTOBHUKU
(mocmigoBHUK 1 1 TOCTIZIOBHUK 2) B3aEMOJIIOTH OIUH
3 OJHAM 3a JONOMOTOK  Bi3yaJbHHX CEHCOPIB,
JIOTPUMYIOYHCHh ONTHUMaNbHOI aucraniii. Koxen pobor
MAa€ CBOE IIOJIE 30pY, IO A€ 3MOTY MOCHiJOBHUKaM 1 1 2
OpIEHTYBATHCSI Ha IO3UIIIIO JIiJepa Ta Ha OJHMH OIHOTO
JUTS THATPUIMAHHS POYO B 33JaHiid (hopmarrii.

OnuiieMo HasiBHI CUCTEMH Bi3yalIbHOTO YIPaBIiHHS

posmu brJIA.

1. ABTOHOMHHI piii OE3MUIOTHHX  JTAIBHUX
arnapartiB 3 Bi3yaJbHOIO MiATpUMKO0. Jlinep ocHaImeHui
cucremamu LIDAR i kamepamu u1s Bi3yanbHOI HaBiraii
Ta TOYHOTO BHM3HAYEHHS CBOIO Miclsi B IIPOCTOPI.
[TocnmiOBHMKM BHKOPHCTOBYIOTH Ti CaMi TEXHOIOTIl
JUIL  BIICTEXEHHS pyxy Jizepa. Bonum d¢opmyrots
37IaTO/KEeHy TpyIry, abo KiIacTep, pyXaoduch 3a Jixepom
BIJINOBITHO N0 BHU3HA4YeHOI Tpaektopii. Lleit migxin mae
3MOTY MiATPUMYBaTH IIOCTiHHY BiAcTaHb MK bBrJIA
Ta 3abe3rmedye TOYHE I Oe3meyHe IepecyBaHHS
POIO B IIPOCTOPI.

2. Ilpuknan BUKOpPHCTaHHS Bi3yaJbHOI HaBiramii
B pa3i oOMexeHoi BUAWMOCTI. Y CKIagHHX YMOBAax
JOBKUUIS, HANPUKIAJ TyMaHy, IUMy abo BiJICYyTHOCTI
30BHIMIHIX Opi€HTHPIB, BidyampHa migTpumka LIDAR
y TIOEJHAHHI 3 KaMmepamH Iae 3MOry KokHomy brnJIA
posmi3HaBaTé 00’ €KTH Ta iHII OE3MIOTHI JTiTaabHI armapaTi
B poi. Lle nomomMarae poro 30epiratu CBOI KOOPAHHAIIIIO
Ta pyxaTuch eQEeKTHBHO HAaBITh B yMOBaX, KOJH
TpaJMLIiiHI METOIM HaBIraIlii MOXXyTb OyTH Hee(heKTUBHUMHU.

3. Cucrema

ABTOHOMHOT'O poro 3 THYYKUM

pearyBaHHSIM Ha MEPEIIKOIH. 3aBISIKH TOMY, IO KOXEH
BriJIA moxe BifcTexxyBaTH pyX Jigepa i BiOMOBIIHO
KOOPJIMHYBAaTH CBOIO TPAEKTOPIiIO, pili MOXKE IIBUIKO
aJanTyBaTUCS 10 3MiH y cepepoBuii. Hanpukian, sKio
Jifiep 3MIHIOE MapHIpyT JUIsl YHUKHEHHS IIE€PEeIKOJI,
MTOCTIiIOBHIKH aBTOMAaTHIHO KOPUTYIOTh CBOi TPA€EKTOPIi,
3a0e3Mmeuyroun  37aro/DKeHUil  pyx Bciel rpymm  0e3
HEOOXiTHOCTI B IEHTPAITi30BAHOMY KOHTPOJI.

[Migxig Bi3yaabHOTO
BrJTA

B obnactsix, ae BiacytHi curHamu GPS, posmmproroun

YOPaBIiHHS  JIa€  3MOTY

cucremMaMm 3rpai e(peKTHBHO (YHKIIOHYBaTH

MOTEHI[ifHI CIIeHapii 3acTOCYBaHHS TaKUX CHCTEM
i BBOmAYM HOBHUH Meron Ix pobOoru. HeoOximHo
3ayBaXHUTH, IO, OCKINBKH Bi3yaJgbHE KEpiBHHUIITBO

LJIKOM 3aJIeXHTh BiJ iH(pOpMalil, HalaHOT Bi3yalIbHUMH
CEHCOpaMH, IIe BUCYBa€ HeaOWsAKI BUMOTH J0 HaIifHOCTI
SIK Bi3yaJbHUX CEHCOpIB, TaK 1 alrOpPUTMIB Bi3yalbHOTO
po3mizHaBanHA. KpiMm TOrO, Wepe3 Te, mO Bi3yalbHi
CEHCOpPM 4yTJMBI J0 3MiH IHTEHCHBHOCTI CBITJIa,
a BUMOTH Bi3yaJIbHOTO PO3IMi3HABAHHSI MOXYTb KOJIHBATHCS
B DPI3HMX YMOBaxX OCBITJICHHS, MiJBHUINCHHS HaIIHHOCTI
AITOPUTMIB Bi3yaJIbHOTO PO3Ii3HABAHHS 3aJIUIIAETHCS
Ba)KJIMBOIO METOIO JIOCIII/PKEHHSI.

Ha BigMiHy Big MeTony Bi3yalbHOTO KEpiBHHUIITBA,
[0 BUKOPUCTOBYE TUIbKM OaueHHs [UIs HaBirari
cucremu 3rpai bBulJlA, sizitino-Oonomisichui  memoo
interpye iHdopmauito Bixm GPS, OnokiB iHepuiiiHOro
puMiproBarHa (IMU) ta marmitaux (MAG) ceHcopis,

JIOTIOBHIOIOYH II€ 3aCTOCYBAHHSIM OaueHHs Ui BUIOOYTTS
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Ta BigcrexxeHHs ocobmuBocteit [18]. Ocunoamit BrJIA
MPOCTOPOBO JIOKami3yeThcss 3a jgomomororo GPS Ta
npsiMye 3a3iaierigb BH3HA4YeHHMM MapiipytoMm. IloTim
¢onosep bnJIA BuKOpHCTOBYE Bi3ilHI CeHCOpH IS
BUAOOYyTTS iH(MOpMAIii PO OCOOIHMBOCTI OCHOBHOTO
amapara. [licns oTpuMaHHS BiIIIOBiIHHX INPOCTOPOBUX
BimoMocTell BiH 00’emHye iH(poOpMariro 3 Oarateox
okepen, 3okpema GPS, IMU 1a MAG, Ha ¢orosepi.
Ile mpuBoauTs 10O (OpPMYBaHHA MAapHIPYTy IONBOTY,
BU3HAYCHOTO ONTHUMAJIBHUM METOJOM OTPUMAaHOi 3
00’erHaHHA iHpOpMarii 3 6araTboX mKepe.

TumoBuil Bi3iHHO-TOMOMIKHUI METOI — e METO
"6aTpK0 — quTHHA". Y IBOMY Hiaxomi TisKu oguH briJIA
PO3TISIIAETECA K "0aThKkO" 1 He BUMArae BCTAaHOBJICHHS
Bi3yaJIbHUX CEHCOpiB. 3aMiCTh I[hOTO BiH Oe3MOcCepeaHb0
GPS s MapIpyTy.
[punaitmui omuH un Kimbka BriJIA, ski BUKOHYIOTE podi

BHUKOPUCTOBYE JIoKaizamii
IiTeH 1 00JaHaHI Bi3yaJbHIMH Ta iHITMMH TO3UIIHHIMUA
cencopamu, 30kpema GPS, IMU ta MAG. Boxnouac
BriJIA-"mitn" MOXyTh peaii3oByBaTH (YHKIIi OaTbKiB
JUTS IHIIAX O€3MUTOTHUX JITaIbHUX arapaTib.
Bi3iiiHO-TOMOMIKHUI METOI Jae 3MOTy Kparie
BTUTIOBATH B KUATTA BIACTEKEHHS Ta Jokaiizamiro briJIA
MiJi Yac TMOJILOTY 3aBASIKH 00 €THAHHIO iH(opMarIii
3 OaraThOX DKepenl ceHcopiB. Lle mokpamiye TOYHICTH

omepariiHoi poOOTH cUCTeMH 3rpai  Oe3MUIOTHHUX
JTaTBHAUX araparis.
Bizyanbna OJTHOYacHa JIOKai3aris Ta

kaprorpadyBanas (V-SLAM) — me TexHOIOris, IO
BUKOPHCTOBY€E Bi3yaJlbHI CEHCOPH JMJIsI CHHXPOHHOTO
BUKOHAHHS 3a3HaueHHWX 3aBHaHp (puc. 5). Xoda BOHa
MOXE HaJaBaTH IMOCIYyTrd JJisl Ha3eMHHUX pOOOTIB,
ajie TaKOXK 3aCTOCOBYETHCSA B JIOKami3amii Ta Hapirarii
BIA [19, 20]. V-SLAM MicTuTh II’SITh OCHOBHHX
KOMIIOHEHTIB: OTpHUMaHHSA iH(oOpMaIii Bix ceHcopa,
Bi3yaJibHa OJIOMETpisl Ha MepeAHbOMY (POHTI, HeiHIHHA
¢bpoHTi,
3aMKHEHHS MeTii Ta moOynoBa kaptu [21].

onTHUMI3allii Ha  3aIHBOMY BUSIBJIEHHS

VY curyamisx, xomu bmJIA He wMae ampiopHOi
iHpopMalii mpo NOBKI/UIS, BIH CIIOYaTKy OTPUMYE Ta
00pobmsie  iHpopMariro 300pakeHHS 3a JOMOMOTOIO
Bi3iliHOrO ceHcopa. [ToTiM mepeaHs BizyajbHA OJJOMETPIs
BUKOPHCTOBY€E iH(pOpPMAIiI0 TPO 300paXeHHS, 3HATY
BI3IHHMM CEHCOpOM, Ta TOB’s3aHi BIIOMOCTI MpO
MO3MII0 U BigTBOpeHHs 3D-pyxy Kamepw, IO Hamae
JIOKai3oBaHy KapTy pyxy. OmHak mnepenHs BizyaibHa
OJIOMETpisi MOXKE HaJaBaTH TPAEKTOPil Ta KapTH JIHIIE
HA KOPOTKHMW Tepion 1 He 3aaTHa 3a0e3Mme4uTH BCi
kaptan. ToMy HEOOXiZHO BHKOPHCTOBYBAaTH HEIIHINHY

ONTHMI3alil0 Ha 33aJHbOMY (QPOHTI Ul BIiJIOBIIHOCTI

OIITUMAJILHOI TPAEKTOPIi MPOTIATOM TPUBAIOIO MEPIOLY

O BEJIMKOMACIITA0HOI ONTHMi3alii ONTHMAaIbHOTO
kaprorpadyBaHHs, 1110 crpusie mooyaoBi kaptu. [lepemHs
Bi3yallbHa OZIOMETpis Oepe /10 yBard JIMIIE B3aEMO3B’ 130K
CyCIOHIX KaJpiB dYacy Ta HE CIPOMOXKHa OyIyBaTH
TpaekTopii  Ta

et

rao0aJbHO  KOHCHCTEHTHI KapTHu.

BusiBneHHs — 3aMKHEHHS MOXe  e(EeKTUBHO
BHU3HAYUTH BWIIAJIKM, KOJM Kamepa HPOXOAUTH Kpi3b
omHe Il Te camMe Micme Kimbka pasiB, 3a0e3meuyroun

JIOBIITi OOMEXCHHS, HIXK Y CUTYaIlii CYyCITHIX KaapiB.

Puc. 5. Etanu BizyanbHOT 0THOYACHOT JIOKaTi3alii Ta mo0y10Bu
kaptu (V-SLAM)

briJIA
Ha ocHOBI TexHosorii V-SLAM mninpuiiye He3aIexKHICTh

BizyanpHa cminmpHa Ko-HaBiramis 3rpai

Ta aHTHiHTEp(EpeHIiHHI MOXIMBOCTI  OE3MiTIOTHUX
mitanpHUX anapatiB [22]. OgHak BpOJOKEHI 0OMEXeHHS
V-SLAM wuacto cTaroTh NMOMITHUMH B Takuil crocio:
Mo-Tepiie, TUIOBI MOBITPSIHI 300paKeHHS MOXKYTh
BUSIBIITH SIBHIUA JIOKaJbHOTO DPO3MHTTS, LIO BIUIMBAE
Ho-zpyre,

orepamii iHTerpamii MOXYTh CIPHYMHUTH KyMYJISTHBHI

Ha TOYHICTh Jokamizamii BrJIA; BEJTHKI

MOMUJIKH, sIKI BIUIMBAIOTh HA TOYHICTH CHCTEMH.
Kpim Toro, SLAM cama cTHKaeThCs 3 mpodieMaMu
HEBM3HAYEHOCTI Ta Jpeddy MaciTaly, 110, HMOBIpHO,

CEepi03HO BIIMBATHME Ha PE3yJIbTaTH CHCTEMH.
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Pexxum Bi3yanpHOI chijibHOI Ko-HaBiraiii 3rpai
BbriJIA 3acrocoBye Bi3yanbHi CEHCOpH ISt TPSIMOL
CIIUIbHOI HaBirauii no3ULiil OE3MIIOTHUX JIHTAJIBHHUX
anapariB. 3abe3neuyoun Ha/liiHy BiIHOCHY iH(OpMAILifo
PO TO3WINIO Ta oOpieHTamito cucreMu 3rpai BnlJlA,
BOHa Ja€ 3MOTy KOXXHOMY amapary B CHCTeMi 3rpai
BUKOPHCTOBYBATH Bi3yallbHI CEHCOPU IS OLIHIOBAaHHS
BIJHOCHMX IIOJIOKE€Hb Ta BigcraHed I1Hmmx brJIA
BJIACHOIO CHCTeMOI0 KoopawHaT. 3 HasgBHicTIO GPS
Bi3yaJlbHa HaBiraris

MOXXE CHOPUATH HaBITaIlidHIA

iHpopMarii, MONErmIyloud CIUTBHY HaBiramio 3rpai
BriJIA. V pasi BinmoBun GPS BisyanbHa HaBiramisi Moxe
OyTH HE3aJIe)KHOIO0 CHCTEMOIO HaBiramii Uit 3AifiCHEHHS
BimHOCHOI HaBiramii Mik BmJIA B 3rpai. Kpim Toro,
Bi3yalbHA HaBiramis 3[aTHA JOCSTTH CHUIBHOI HaBirarii
cucteMu 3rpai  OE3MUJIOTHHX JUTANbHUX — anapaTiB
0e3 B3aeMHOI KOMYHIKamii MK HHMH, pOOIAYN IIe
HEOOXIMHUM 3acO00M CIIUIBHOI HaBiramii B CKJIAIHHUX
cepenoBumax. OpHak Hapas3i Bi3yasibHa CHUIBHA
Hagiraiis 3rpai briJIA Bce 11e Ma€e KiJibKa HEJIOMIKIB:
— CKJJHICTh CEpEe/IOBHINA, Jie TPAIIOe CHCTeMa
BbrJIA,

aNropuT™My  posmizHaBaHHA.  Lleit

3rpai notpedye  po3poONeHHS  CTIMKOTO
QNrOPUTM ~ Ma€
BriJIA

imeHTudiKyBaTH Ta

3MCHIIIUTH TEPEHIKOIU JUIs  PO3Ii3HABAHHS
Big IHmMMX OO’€KTIB 1 TOYHO

BiJICTEXKYBATH arapaTd B CKJIAJHOMY CEPEIOBHIII;

Puc. 6. lLlentpanizoBane ynpasninas poem briJIA B CoppeliaSim

LenTpanbHuil KOHTpoOJIEp, 3amporpaMOBaHUi Ha
NPUHHATTS pillieHsb i nepegayy KOMaHI KO)KHOMY IpOHY,
JMHAMIYHOTO

BUKOpPHCTOBYBaB  GYHKIII Lua nns

— 1ox0 OOpOOJIeHHSI MaHUX: TOAI SIK Bi3yasibHi
CEHCOpPHM HaJaloTh 4YuMajo iHdopmanii, BOHM TaKoX
TeHEPYIOTh 3HauHy 11 KUIbKICTh. 31 30LUIbLICHHSIM
KinpkocTi briJIA B cucremi 3rpai KUTBKICTH JaHHX, SIKY
TeHepye Bi3yaJbHHH CEHCOp, 3POCTAa€E EKCIIOHEHIIHHO.
Tomy o00poOneHHS Ta BHKOPUCTAHHS OTPHMaHOI
Bi3yanbHOI iH(opMaIlii — e KIrodoBa mpodiema;

—  michs OTpuMaHHS e(DeKTUBHUX 1 HAIIMHUX JTaHUX
BXUIUBO C(HOPMYIIOBATH PO3YMHY JIOTIKY Ta CTpaTeriio
YIIpaBIiHHS JUIsl pearnizanii cuctemu 3rpai brJIA;

— BHBYEHHS  CTpaTerid, 1mo  3a0e3nedyroTh
MaKCHMaJIbHy e(heKTHBHICTh poOoTH cuctemu 3rpai briJIA
3a MIHIMaJIFHOTO CHOXKHBAaHHS PECYPCIB i Yac peasbHOro

TNOJILOTY, TAKOXK € HAlIPAMOM, BapTUM HOCJ’IiZDKeHHH.

Pe3ynbTaTn q0caigKeHb Ta iX 00roBOpeHHS

Y mpoueci MOIENIOBaHHS  LEHTPATi30BaAHOTO
METOJy YUpPAaBIiHHA pOSAMH OE3IMIOTHUX JHTATBHIX
amapatiB Oyj0 3actocoBaHo cepenoBuiie CoppeliaSim,
Je KOKEH JIPOH MOHITOPHB LIEHTPAIBHUI KOHTPOIEp.
Jliis peamizarii CIieHapir0 EHTPATi30BAHOTO YIIPABIIIHHS
Oylo  BUKOPDHUCTAaHO MOBY  mporpamyBaHHi Lua,
o 3a0e3MeYusio IHTErpallilo aJrOpUTMIB KepyBaHH:
B cuMmyisLiiiHe cepenosuine. Ha puc. 6 300paskeHo

MOJIeITb LICHTPATI30BAaHOTO YIpaBiHHs poto briJIA.

BCTAHOBJICHHSI TIIO3UIlIl JPOHIB HAa OCHOBI BXiTHHX

[TOKa3HHMKIB. MonenroBaHHsS IPOBOAUIIOCA JJIA

OL[IHIOBAHHS e(eKTUBHOCTI LIEHTPATI30BaHOTO
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YIpaBIIiHHA, 30KpeMa 3a TAKUMH KPUTEPisIMH: 3aTpHMKa
NPUAHATTS pIIEHb, CTIMKICTh CHCTEMH [0 BiJMOB,
00YHCITIOBAIbHI BUTPATH.

YHacmigok OyJi0 BCTAHOBJIEHO, IO LIEHTPATi30BaHe
ynpaBiiHHSA posmu BriJIA € epexTHBHUM I HEBETHKIX
rpyn (mo 5-10 amapariB), Ae cepenHs 3aTpUMKa B
mporeci MPUHHATTA pPillleHb CTaHOBWIA Onm3pko 50 Mc.
Lle yMOKJIMBIIIOE MIBHIKY PEaKIil0 Ha 3MIHH B yMOBax
CepeNoBUIIa Ta KOOPAWHYBAaHHS [Iii APOHIB i3 BHCOKOIO
ToyHicTio. OfHAK y pasi 30UIbIIEHHST KINBKOCTI APOHIB
(monax 15 onmwHWIB) 3aTpUMKa B MPUHHATTI pilleHb
30UIBIIY€EThCST EKCIIOHEHIIHHO, aocsratoun 150-200 mc
o rpyn 3 20 BrJIA. Ile moxe OyTH KPUTHIHUM
y CHTyalisx, Je HeoOXiHO IIBHJKO pearyBaTu
Ha 30BHIIIHI 3MiHH.

Kpim TOrO, HEHTpani30BaHi CHCTEMH BUSBHIIHCS

Bpa3NMBUMH [0 BIZIMOB LEHTPAJIBHOIO KOHTPOJIEPA.

Puc. 7. Posnoninene ynpasiinus poem brJIA B CoppeliaSim

Y  mporeci
PO3IO/IIEH]I METOTU YIIPABJIIHHS MalOTh TaKi MepeBaru:

MOACIFOBAHHA BUSABJICHO, 1o

— cepemHsS 3aTpUMKa B TPUNAHATTI  pIllIeHB:
3aBISIKM BHKOPUCTAHHIO JIOK&IBHUX JaHUX 1 TPSIMOTO
MK  JpOHAMH

00OMiHYy TOBITOMIJICHHSMH cepenHs

3aTpUMKa y  BUKOHAaHHI  KOPEKLiil  TpaekTopii
3anmmanacss Ha piBHI 70 Mc, He3ale)XHO BiI KUTBKOCTI
areHTiB y poi;

— CTIWKICTh [0 300iB: KOXEH areHT 3IaTHUHR
NPOJIOBXKYBAaTH (DYHKI[IOHYBAaTH HE3aJIS)KHO, HABITh SIKIIO
onuH abo KilbKa IPOHIB BHXOIATH 3 nany. Lle mae 3mory
cUCTeMi WiATpUMYBAaTH 3arajbHy (YHKLIOHAJIBHICTb,
HaBITh Y pa3i 9acTKOBHX 3001B;

— 00YMCIIIOBaIbHI BUTPATH: CHCTEMa JIEMOHCTPYE

CepenHiii piBEeHb OOYHCITIOBANBHUX BHUTPAT 3aBISKH

3a yMOBM HOTO HECHpaBHOCTI BCA CHCTEMa BTpadaia
MpaIe3aTHICTh, [0 POOUTH LEH MiAXiJ MEHII HAXIHHUM
y BEIUKHX posix abo B CHCTeMax, Je BaKJIWBa
BHCOKa CTiHKicTh 10 300iB. OOUMCIIOBaJbHI BUTPATH
BHUSABHJINICS HEBUCOKHMH, OCKUTBKA OCHOBHI OOYHCIECHHS
BHKOHYBAJIHCS Ha PiBHI OJIHOTO IIEHTPAILHOTO BY3JIa.

Ha ocHOBI TipoBeeHOTO MOIEIFOBAHHS PO3MOIIIEHOTO
yHOpaBIiHHSA ApoHamu B cepenosuili CoppeliaSim Oymu
JIOCATHYTI MeBHi pe3ynsTatu. Ha puc. 7 300paxena crieHa
CUMYJIAMIi, J€ KOXCH KBaJAPOKONTEep (YHKIIOHYE
HE3aJIe)KHO, BUKOPHUCTOBYIOUM iH(opMaIiio Bix iHIIIX
areHTIB 3a JIOTIOMOTOI0 MEXaHi3My OOMIHYy JaHHMHU.
et mixxim rpyHTYyeTbCA Ha PO3MOAUICHIN apXiTeKTypi,
JIe KOXKCH areHT MOXE CaMOCTIHHO NMpHUIMAaTH pilICHHS
Ha OCHOBIi OTPHMAaHUX MOBiTOMJICHB 3 IHIINX JPOHIB.

TOMy, IO KOXEH arcHT BINNOBiNAaE 3a BIACHI
obuncienns. Ile po3BaHTaxye MEHTPAIBHUN MPOIECOP
i 3abe3nedye CcTaOLTBHY NPOMYKTHBHICTH 32 YMOBH
3pOCTaHHS KITbKOCTI areHTIB.

Obuucnenns ma Mempuxu

ITix wac cumymsnii Oynu OTpUMaHI Taki METPHUKH
JUTA OIIiHIOBaHHS €(peKTUBHOCTI:

—  3aTpUMKa MPUHHATTA PillieHb: y cepenHbomy 70 Mc;

— CTiliKicTh 70 300iB: cHCTeMa NpPOIOBXKyBasia
MpamoBaTy, Koiau Oyl HAaBMHUCHO BHUMKHEHI a0 1
3 3 IpoHiB;

— O0OYMCIIOBaNBbHI  BUTpAaTH:  OOYHUCIIOBaJIbHI
pecypcu 3pocTand JHIHHO 31 301TBIICHHAM KITBKOCTI

JPOHIB, HE MEPEBUIYI0YN KPUTHYHUX TTOKA3HHKIB.
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Otmxe, pO3NOAUICHHII METON IPOLEMOHCTPYBaB
3HAYHY CTIMKICTP Ta €QEKTUBHICT y CHEHapisx i3
BeJIMKHM poeM. Ile poOuTh HOro MEepCHEeKTHBHUM IS
BUKOPHCTaHHS B peaJbHUX YMOBaxX, Ji¢ HeoOXxinHa
ABTOHOMHICTB areHTIB 1 CTIHKICTE 10 300iB.

JUJIs oJanmpIioro JOCHIKeHHST OyJId MPOTECTOBaHI
AITOPUTMHU YTIPABIIIHHS TPAEKTOPIIMU POIO: TEHETHUHI
Ta pOHOBI.

l'enernuni anroputMu (puc. 8) MOKa3and BUCOKY
TOYHICTh y PO3B’SI3aHHI 3a7ad ONTHMI3allil TPaeKTopii.
CepenHs MOMMIIKA B 3HAXOKEHHI ONTHMAIIBHOI TPAEKTOPIi
cranoBmia jmme 2,5%. OqHak o04YHCITIOBAIBEHI BUTPATH

Puc. 8. MozentoBaHHS T€eHETUYHOTO aJITOPUTMY

OcHOBHA (PYHKIIisl FTECHETHYHOTO aJrOPUTMY:
function genetic_algorithm(targetPosition)

Oynu [IOCHTH BHCOKHUMH, 1 Yac OOYHCICHHS 3POCTaB
3aJI€5KHO BiJ 301IBIIEHHS KIJILKOCTI areHTiB.

o6 peanizyBaT TIEHETUYHUH aITOPUTM  JUIs
YTIPaBIiHHS

Tpaexkropismu apoHiB 'y CoppeliaSim,

BUKOPHCTOBYBaJqM  MOBY  Lua  pams CKPUIITIB
i OpraHi3yBaJli TCHETUYHUN aNTOPUTM TaKUM YHHOM,
mo0 BiH KOHTPONIOBAaB TpaekTopii KoxkHOoro bBmJIA.
VY CKpUMNTI KOXHOTO OE3MUIOTHOTO JITATBHOTO armapara
CTBOPIUIN ITOYATKOBY IOIYJISIIIO TPAEKTOPIH.

I'padik vacy BIATYKY 3aJIe)KHO Bix KinbkocTi BriJIA

MoIaHMii Ha pHc. 9.

local population_size = 100 -- KiibKicTh Tpa€KTOpiil y momyJsimii

local generations =50  -- KinbKicTh HOKOJTiHB

local population = generate population(population_size) -- I'eHepartisi mo4aTKOBOI MOy JIAIIIT

for generation = 1, generations do
local new_population = {}
for i = 1, population_size /2 do

local parentl, parent2 = select_best two(population, targetPosition)

local childl = mutate(crossover(parentl, parent2))
local child2 = mutate(crossover(parentl, parent2))
table.insert(new_population, childl)
table.insert(new_population, child2)
end
population = new_population
end
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return select_best two(population, targetPosition) [1] -- [ToBepraemo Haikpairy TpaekTopiro

end

Puc. 9. 3anexHicTh 9acy BiITYKy BiJ KUIBKOCTI IPOHIB [UIs PI3HUX METOIB KEpYBaHHS

Ha rpadiky 300paskeHO 3aJISKHICTh Yacy BIATYKY Bil
KUTBKOCTI APOHIB JUIS IEHTPAII30BAHOTO Ta PO3IOIIICHOTO
ynpaBiiHHSA. SIK BUIHO, Y IEHTpai30BaHOMY IiJIX0/li 4ac
BIITYKY
30UIBIIEHHS] KUTBKOCTI POHIB, TOAL SIK Y PO3NOAIJICHOMY

3pocTae  eKCIIOHEHIIfHO  BIAMOBIZHO IO
MiAXO0/I 3aTPHMKA 3AHIIAETHCS CTAOLTEHOI0 HE3alIeKHO
BiJ KUIBKOCTI areHTiB.

Pesynbrat MoOIeNIOBaHHA IEMOHCTPYIOTH, IO
LEHTpalTi30BaHe YNpaBiiHHA €(QEKTUBHO MpAIOE IS
HeBeNWKUX rpyn ApoHiB (mo 10 BrJIA), 3abe3neuyroun
MiHIManbHI 3aTpUMKH Biaryky. IIpore 3i 30ijblIeHHSIM
KUTBKOCTI ~ amapariB  3aTpUMKa CYTTEBO  3POCTaE,
00MeXyI04H HOro 3aCTOCYBaHHS B CHCTEMaXx i3 3HaYHOIO
KiTbKicTIO areHTiB. I'padix Ha puc. 9
BIITYKY BiX

JUIS  TIEHTPATi30BaHOTO Ta PO3IMOIUICEHOTO METOIIB

1TIOCTpY€E

3aJIEXKHICTh  Hacy KIJIBKOCTI  JJPOHIB

KepyBaHHS. Y pa3l  IEHTPaIi30BaHOTO YIPaBJIiHHA
gac BIATYKY 30UIBIIYETHCS €KCIMOHEHIIHHO, ITOCATAloun
200 mc mns rpyn i3 20 aponiB. Hatomicts po3nonineHe
KepyBaHHS IOKa3ye CTaOLNbHUI yac BiAryky (OIM3BKO
70 Mc) He3aJeXHO BiJ KUIBKOCTI APOHIB, IIO CBiTYUTH
Ipo HOro rmepeBary B yMOBax BEJIMKOTO POIO.

Omxe, pO3NOAUIEHI  METOAM  YNPaBIiHHA €
HEePCIIEKTUBHIMH JUTsl MacIiTabOBaHUX CHCTEM, JI€ BaXKIIHBA
aBTOHOMHICTh 1 CTiliKicTh 10 300iB. IleHTpamizoBane
YIPaBITiHHS JOIUIBHE T CHCTEM i3 HE3HAYHOIO KUTBKICTIO

areHTIB, Jic HeOOXiIHA BUCOKA TOYHICTh KOOPAUHAIII.

BucHoBku

Y mpomeci mOCTiIKEHHS NpPOAHATI30BaHO pi3HI
METOJM VOPABIIHHA POEM OC3MUIOTHUX JITATBHHUX
amapaTiB, a caMe IICHTpaji30BaHi, JACHEHTpai3oBaHi
Ta posnoxaineHi. KokeH 3 MeTomiB Mae IepeBaru
Ta 0OMEXXEHHS: ICHTPaJli30BaHe YIPABIIHHA 3a0e3meduye
BHCOKY TOYHICTh KOOpIMWHAII, OJHAaK HOMY BIlaCTHBa
obOMekeHa MacmTa0OBaHICTh 1 CTIHKICTH 10 BiAMOB,
mo poOuTh neH Meron HeeheKTHBHUM 32 YMOBH
BUKOPDHCTaHHA Y BeNIHMKHX posix. JlemenTpamizoBaHi
METOAM HAaJaloTh 3HAYHY  aBTOHOMHICTH KOXXHOMY
areHTy, aje BOJHOYAC MOXYTh BHUHHMKATH MOpOOIIEMH
3 KOOPJHMHAIIEI0 MK areHTamu, OCOOJHMBO B CKJIATHHX
oOcTtaBrHax. Po3momisieHi METOIM BUSIBWINCS CTIMKIIIMMHA
70 300iB Ta 3a0e3neuyroTh CTabiIbHY HPOJYKTHBHICTH
32 YMOBH 30iBIIEHHS KiJIBKOCTI areHTIiB, IO POOHTH X
MEPCIIEKTUBHUMH JIJIs1 MACIITA0OBaHUX CHCTEM.

3acTocyBaHHA TEHETHYHHX 1 POMOBHX alTOPUTMIB
JUIS onTHMi3anii Tpaekropiii brniJIA mpoaeMoHCTpyBaio
iX e(eKTHUBHICTh y pO3B’SA3aHHI 3aBHAHb IUIAHYBAHHS
Tpaektopiii. OfHAK TEHETHYHI aJIrOPUTMU TOTPEOYIOTh
pecypciB, 10
oOMeXyBaTH I1X BUKOPHCTaHHS B pealbHUX YyMOBax.

3HAYHUX  OOYHCITIOBAJIBHUX MOXe
PoiioBi anropuTmu, TMONpH HE3HAYHY BTPATy TOYHOCTI,
BUSABUIINCA INIBUAKHMHU Ta MCHIII peCprOMiCTKI/IMI/I, 1o

poOHTH IX ONTUMATBHUMH AJISI BEIMKUX TPYTI areHTIB.
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Omxe, BuUOIp METOJy YIPAaBIIHHS 3aJIEKUTh BiJ ITonmanei JIOCIIIDKEHHSA CIpPSIMOBaHi Ha
BUMOI' JI0 TOYHOCTi, MacIITa0OBaHOCTI Ta CTIHKOCTI po3pobneHHss  TiOpUAHMX ~ METONIB  YIpaBIiHHSA,
cucreMd. [l HEYMCIEHHWX Tpym, J€ BaXJIMBa 11 (0] 00’ €THYI0Th repeBaru [IEHTPaJI30BaHUX
KOOpJMHAIIISI, TOUITHPHO 3aCTOCOBYBATH IICHTPATi30BaHE 1 JeUEHTpalli3oBaHWX MIOXOMIB JUIS  TOKpAIICHHS
YOPaBIiHHSA, TOAI K AJIS BETUKUX POIB, [ MPIOPUTETOM ABTOHOMHOCTI Ta aIallTUBHOCTI CHCTEM.

€ aBTOHOMHICTh 1 aJaNnTUBHICTH, IepeBary HEOOXiTHO
HAJIaBaTH PO3IOIICHUM METO/IaM.
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METHODS OF MANAGING AN AUTOMATED MOBILE SYSTEM

Subject matter: Description of existing management methods for an automated mobile system, particularly a swarm of bots.
Goal: To conduct a comparative analysis of centralized, decentralized, and distributed management methods to identify
their advantages and disadvantages. Tasks: To study various approaches to managing a swarm of bots, analyze their efficiency,
reliability, and applicability in different fields. Methods: Theoretical analysis of existing approaches, modeling, and simulation
to assess their performance and reliability. The research includes the use of genetic algorithms, swarm algorithms, and artificial
potential fields for managing bot trajectories. Results: The conducted analysis shows that centralized methods provide high accuracy
and coordination but have limited fault tolerance and scalability. Decentralized methods offer greater flexibility and robustness but
may have coordination issues between nodes. Distributed methods provide high autonomy and adaptability but require a reliable
communication infrastructure. Genetic algorithms and swarm algorithms are effective for planning bot trajectories but have high
computational costs. Conclusions: The use of different management methods depends on the specific requirements and conditions
of the task. Centralized methods are suitable for tasks where precision and coordination are important, decentralized methods
for tasks requiring flexibility and robustness, and distributed methods for tasks needing autonomy and adaptability. Future research
should focus on integrating different approaches to enhance the efficiency and reliability of bot swarm management systems.

Keywords: automated system; management; bots; performance; reliability; genetic algorithms; swarm algorithms;
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O. JIMIEHKO, M. CTAPOYBLEB, I'. MAKAPEHKO, O. ITAIIIEHKO

KEPYBAHHSA EJIEKTPOMEXAHIYHUMHW CUCTEMAMM KOHBEEPHUX JITHINI

IIpeamMeToM AOCJITKEHHSI € METOJ KepyBaHHSA IIBHIKICTIO ACHMHXPOHHOTO JBHTYH4, YBIMKHEHOTO 3a CXEMOIO aCHHXPOHHO-
BEHTHJIBHOTO KacKaxy, IO MiABHUIIy€e KOe(iUi€HT MOTY)KHOCTI NPHBOJA M TO3UTHBHO BIUIMBAE HA EHEPrOCHCTEMY 3arajoM.
Meta po6oTH — po3poONeHHS Ta IOCIIDKCHHS METOIIB KepyBaHHS EJEeKTPOMEXaHIYHUMHU CHCTeMaMH Ha 0a3i acCHHXPOHHOTO
CJIEKTPONIPHBO/A, HIO 3a0e3MeUyI0Th BHCOKOC(PEKTHBHY pOOOTY peali3oBaHMX Ha iX OCHOBI KOHBEEPHUX IIiHIM SK EJIEMEHTIB
CKJIAJHOTO TEXHOJIOTTYHOT0 00JIaIHAHHS aBTOMAaTH30BaHOI CUCTEMHU KePyBaHHs TEXHOJIOTTYHUMH TIpoLecaMy. Y CTaTTi BAKOHYIOThCS
Taki 3aBJaHHS: aHaNi3 3aJa4y KepyBaHHS KOHBEEPHHMH JIHIIMH B MeXaX IHTErpOBaHOI aBTOMAaTHU30BaHO! CHUCTEMH YIIPaBIIiHHS
TEXHOJIOTIYHUMH TIPOIIECAaMH BHPOOHMYMX CHCTEM; pO3IIIAA BUKOHABUMX CJIEMEHTIB EJIEeKTPONpPHBOJA KOHBEEPHUX JIIHIH;
PO3pPOOJICHHST METONy PEryJIrOBaHHsS IIBHAKOCTI ACHHXPOHHOTO JBUIYHA, YBIMKHEHOTO 33 CXEMOK aCHHXPOHHO-BEHTHIIBHOTO
Kackagy. MeTonoJiorisi J0CJaiKeHHs OCHOBaHAa Ha METOJaX Teopil eNeKTPUYHUX MAIIWH, Teopii eJIeKTPONPUBOIA, YUCETBHUX
i aHAJITUYHHMX METOJaX PO3B’s3aHHs MU(EPeHLIHHUX PIBHSIHB, Teopil MojemoBaHHsI. Pe3yabpTaT podoTH nependavyaloTh METON
KepyBaHHs MIBUJKICTIO AaCHHXPOHHOTO J[BHUIYHa, IIO IPYHTYETHCS Ha peanizamii iMIyJIbCHOTO KepyBaHHS, IO BHIIIAETHCS
MOJKJIMBICTIO MIATPUMKH KYTiB KEpYBaHHS IOBHICTIO KEPOBAHMMHU CHUJIOBHMMH HAIiBIPOBITHUKOBHMH €JIEMEHTAMH UL JOCSTHEHHS
BHCOKOTO 3HAYeHHS KOe(ili€HTa MOTY)XKHOCTI Ta 3MIiHM YacTOTH YBIMKHEHHS CHIJIOBOTO eJIeMEHTa eJEeKTPOHHOro KII0Ya,
o 3aKkopodye iHBepTOp. JIOCHI/DKEHO BIUIMB TPHBAJIOCTI BiTHOCHOT TPHBAJIOCTI KOMyTalii KIOYa Ha XapaKTCPUCTHKH
BUKOHABYOTO eJleMeHTa. BHCHOBKH: 3aCTOCYBaHHS 3allpOIIOHOBAHOTO METOAY IMIIYJILCHOTO PETYIIIOBAaHHS e€JIEeKTPOIPHUBOIA
JTa€ 3MOTY PO3IMIMPHUTH BEPXHIO MEXKY PETYIIOBaHHS MIBHIKOCTI, MiIBUIIUTHA KOSQIi€EHT KOPHCHOI Mii Ta KOE]ili€HT MOTY>KHOCTI
€JICKTPOIPHBOAA, 3MEHIINTH iHIYKTUBHICTb 3I71a1KyBaJIbLHOTO APOCEIIL.

KorouoBi cioBa: po0OTH30BaHI CHCTEMH; TPAaHCIOPTYBAIbHHMN IIATI; KOHBEEPHA JIiHis; aBTOMATH30BaHE KEPyBaHHS;
AQCHHXPOHHHH JIBUTYH.

Beryn KonBeepni minHii € OCHOBHMM (pyHKIIOHAIBHIM

KOMITOHEHTOM OLTBIIOCTI Cy4acHUX TEXHOJIOTTYHHX TTPOLIECIB

VYemimba po6oTa Cy4acHOro MiANPUEMCTBA OCHOBAHA  JUCKPETHOTO THUITY, BOHM 3a0€3MeuyloTh CHHXPOHI3AIIiio

Ha MacoBiii aBTOMaTH3allii BUPOOHHYUX TPOLECIB, PI3HOPIZHOTO TEXHONOTIYHOIO ycTaTKyBaHHs. lle BHCyBae

30KpeMa Iie CTOCYEThCS TPAHCIOPTYBaHHS MaTepiais, MIBUIIEHI BUMOTH SIK JO CHEPreTHYHHX IapameTpiB

JeTanei ta BupoOiB [1-4].
CydacHl TpaHCIIOPTHI CHUCTEMHU BiJIIPalOTh BAXKIUBY

ponp y
BUPOOHMYMX MporieciB. OCHOBHI XapaKTEPHCTUKH Cy4aCHUX

3a0esneyeHHI  e(DeKTHBHOCTI Ta  Oe3meKu
TPAHCTIOPTHUX CHCTEM IepeadavyaroTh BHCOKY IIBHIKICTH
1 TOYHICTH pyXY, MOXIIMBICTh aBTOMATH3allii MPOLECIB
Ta IHTErpaiio 3 IHIINMHI CHCTEMaMH BUPOOHHUIITBA.

OnHiel0 3 KIIOYOBHX TEHJCHLIH Yy pPO3BUTKY
TPAHCIIOPTHUX CHUCTEM € BIIPOBAPKEHHS POOOTH30BAHHX
TPAHCIIOPTHUX CHUCTEM, KOHBEEPHHUX JIiHIA, aBTOHOMHHX
BUPOOHHYHMX pOOOTIB, TPAHCIOPTYBAIGHUX  IIATIIB
1 aBTOMaTH30BaHMX MexaHi3MiB. lle mae 3mory minBUIIMTH
NPOIAYKTHUBHICT, 3HU3HTH BHTPaTd Ha IIEPCOHAN
1 3a0€3MeYnTH BUCOKY SKICTh BUPOOHHYMX ITPOIIECIB.

Cepen 3a3HaYeHHX TEXHIYHMX 3aCO0IB aBTOMaTH3amil
JUlsl BAKOHAHHS TPAHCIOPTHHX 3aBJaHb Ha BUPOOHHLITBI
Ta 3a0e3reveHHs BHYTPIIIHBOCKIAACHKHAX JIOTiCTHYHUX
npoueciB  €peKTUBHO 3aCTOCOBYIOTHCS — TPAaHCIIOPTHI
MeXaHi3MU Oe3repepBHOI [ii, HaHOUIBII MOMIHUPEHUMHU

3 AKHUX € KOHBCEPHU.

KOHBEEPHHUX CUCTEM, TaK 1 JI0 XapaKTePUCTHK HaliHOCTI.
EdexTuBHICTE pOOOTH KOHBEEPHHX CHCTEM CYTTEBO
MiJIBUIYETHCS B Pa3l 3aCTOCYBaHHS PEryJIbOBAHOTO
acuaxponHoro enekrponpuBozaa (EIT) 3a ymMoB momirmmeH S
€HEepreTHYHUX MOKa3HUKIB [5, 6]. Po3pobnenns meronis
i CUCTEM BHCOKOHAIIMHOTO aBTOMAaTH30BaHOTO
kepyBannsi EIl 3 ormsagy Ha ocoONMBOCTI KOHBEEPHHX
JiHIN Jae 3Mory 3a0e3MeunTH HAJIeKHHUHA PIBEHb SKOCTI

Ta HAIIMHOCTI BCi€i KOHBEEPHOI CHUCTEMHU 3aBISKU

TONIIIICHHIO  CHEPTeTUKH  BUKOHABYMX  €JIEMEHTIB
1 cHHXpOHI3aLii X podoTH.
Y 3B’s3ky 3 1uuMm mpobiema  po3poOlieHHs

MaTeMaTHYHUX MOJENCH eJeKTPOMEXaHIYHHX CHCTEM
1 METOIIB KepyBaHHS €JIEKTPOMEXaHIUHHUMH CHCTEMaMH
Ha 0a3i aCHHXPOHHOTO EJIEKTPOIPHUBO/A, OPIEHTOBAHUMHU
Ha peasizallilo B MeXax KOHBEEPHHUX JIIHIN SK €JIeMEHTIB
CKJIQ[HOTO TEXHOJIONYHOTO OOJIaJHAHHS aBTOMATH30BaHOI
CHCTEMH KEepyBaHHS  TEXHOJOTiYHHMH

(ACKTII), € akTyabHOIO.

nporecamu
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1. KongeepHi qinii B ctpykrypi ACKTII
JUCKPETHOI0 BUPOOHULITBA

Po3BHTOK BHPOOHHMITBA, 3POCTaHHA BHMOI JIO
SKOCTI MPOAYKLII Ta 00CsATYy BUIYCKY 3YMOBIIOIOThH
VIPOBAaDKCHHS  Cy4acHHX  TEXHOJOTIH  KepyBaHHS
TEXHOJIOTIYHUMH TIpOIecaMH. ABTOMAaTH30BaHA CHCTEMa
KEpyBaHHS TEXHOJOTIYHMMH IPOLECAMH — CYKYIHICTb
amapaTHO-NPOrPaMHUX  3aco0iB, IO  KOHTPOJIIOIOTH
BHPOOHMYI Ta TEXHOJOTIUHI MPOIECH H KepYIOTh HHUMH,
HiATPUMYIOTh 3BOPOTHHI1 3B’S30K 1 aKTHBHO BILIMBAIOThH

Ha XiI Tpomecy 3a YMOBH BIIXWJICHHS WOTO Bif

3aJJaHUX [apaMeTpiB, 3a0e3NeuyloTh PpeTyJIIOBaHHS
Ta ONTHMI3aIio0 KepoBaHOTO Tporecy [7].
Y crpykrypi ACKTII BuOKpemiromOTH I’SITh

piBHIB iepapxii:

1) HmwkHIA (pIBEeHb JIOKAIBHOTO KepyBaHHS) —
piBEHB MTATYNKIB | BAKOHABYHX €JICMEHTIB;

2) cepenHiii (piBeHb KEpyBaHHS MIPOIECOM) — PIBEHb
MIKPOIIPOIIECOPHUX KOHTPOJIEPiB;

3) 3B’s3KOBHil (piBeHb KepyBaHHsS BUPOOHHYOIO
IUISHKOI0) — PpiBeHb IPOMHCIOBHUX KOMII FOTEPiB-
CKITaZaTbHUKIB,

4) onepartiBHHMI1 (piBEHb KEpYBaHHSI BUPOOHHIITBOM) —
PIBEHb OIIEPaTOPCHKUX CTAHIIIN;

5) anmiHicTpatuBHMH  (piBeHb  CTPATETiYHOTO
KEpYBaHH:) — PiBEHb JUCIETYEPCHKUX CTAHIIIM.

KonBeepHi niHil po3TamoBaHi Ha piBHI JaTYMKIB
1 BUKOHaBYMX €JIEMEHTIB (HWKHBOMY PiBHI) iepapXiqHOi
ctpyktypu ACKTIL

OcHOBHUMHU Kiacu}ikaliifHIMK 03HaKaMH KOHBEEPA €
TUI TATOBOTO ¥ BaHTa)XOHeCydoro opra”iB [§8, 9].
Po3pi3HsIOTh KOHBEEPH 31 CTPIYKOBUM, JIAHIFOTOBUM,
KaHaTHUM Ta IHIIMMH TATOBUMHU OpPraHaMH Ta KOHBEEPH
0e3 TsaroBoro oprana (TBUHTOBI, HEpLilHi, BiOpauiiiHi,
ponMKOBi). 3a THIIOM  BaHTaKOHECY4Oro  OpraHa
KOHBEEPH MOXKYTh OYTH MOAYJIBHUMH CTPIYKOBHMH,
CTPIYKOBHMH, TUITACTUHYACTUMH, POJIMKOBHMH TOIIO.

MoaynbHi CTpIUYKK KOHBEEPHI — 1€ TUIT KOHBEEPHOT
CTpIYKM, IIO MICTHTh OKpeMi MOAyJi, 3’€JHaHI MiX
c00010 32 JIOMOMOTOI0 LIAPHIPHUX 3’€HAHb a00 3UiMHUX
eneMeHTiB. Taki cTpiukM MOXYTh OYyTH BHTOTOBIICHI
3 pI3HMX MarepiaiiB, 30KpeMa IUIaCTHKY # MeTaiy,
BOHM YaCTO BHUKOPHCTOBYIOTHCS B IIPOMHCIOBOCTI
JUIs. TPAHCIIOPTYBaHHSI TOBapiB 1 MaTepiaiiB. MoysbHa
KOHCTPYKIiS Ja€ 3MOTYy JIETKO 3aMiHIOBaTH OKpeMi
MOIyJi B pa3i MOMIKOJKCHHS, a TaKOX 3MIHIOBATH
IOBXXHUHY CTpiukd abo 1 KOH(]irypariro BigmOBiTHO

0 KOHKpPETHHUX moTped BupoOHHITBA. OCHOBHHMU

repeBaraMd MOJYJIBHHX CTPIYOK € BHCOKAa MIIHICTb,
THYYKICTh, TPOCTOTa OOCIYrOBYBaHHS Ta MOXKJIHMBICTb
ajanTamii 10 Pi3HUX TUIIB BUPOOHUYHUX MIPOLIECIB.

[TnacTnHYacTi KOHBEEpPH — 1€ TUN KOHBEEPHUX
CHCTEM, III0 3aCTOCOBYIOTH JKOPCTKI IUIACTHHH, CIIOTy4eHi
MDK COOO0 JIAHIIIOTOBMMH a00 MIApHIPHUMHM 3’ €THaHHAMH
JUIL CTBOPEHHS CYHUIFHOI pyXoMoOi THOBepxHi. [Imacturm
MOXXyTh OyTH BUTOTOBJIEHI 3 MeTaly, IUIACTUKY a0o0 1HIINX
MIITHIX MaTepiaiB. Taki KOHBEEPH 4acTO 3aCTOCOBYIOTHCS
JUTSL TPaHCIIOPTYBAHHS BKKHX BAHTaXKIB.

PonukoBuil KOHBeEp — 1€ TUII KOHBEEPHOI CUCTEMH,
B SIKIf TPaHCIOPTYBaHHS BaHTAXIB 3/IHCHIOETHCS 3a
JIOTIOMOTOI0 OOEPTOBHX POJIHKIB, PO3TAIIOBAHUX HA PaMi.
Ponvku MOXyTh OyTH BUTOTOBIIEHI 3 PI3HUX MaTepialis,
30KpeMa CTai, allfOMiHiI0, IUTACTHUKY, i BCTAHOBIIIOIOTHCS
Ha TEBHIM BiACTaHI OJWH BiJ OJHOTO, YTBOPIOIOYH
CYLUTbHY TIOBEPXHIO JUTS IEPEMIIleHHs BaHTaXIB.

CTpiUKOBHA KOHBEEp — M€ THI KOHBEEPHOI
CHCTEMH, II0 BHKOPHCTOBYE O€3IepepBHY CTPIUKY IS
TPaHCIIOPTYBaHHSI MarepianiB abo BaHTaXIB 3 OJHOTO
Micrg B iHme. CTpiuka 3a3BHYail BUTOTOBIEHA 3 TYMH,
[IBX, momiyperany abo iHIIMX MiIHUX MaTepiajiB i
HaTATHYTa MK JBOMa abo Oiible mKiBaMu, 3 SKUX OJUH
a00 KiJIbKa MOXYTb OyTH IIPHUBOJIHUMH.

OTKe, KOHBEEPH € HEBII EMHOIO YaCTHHOIO CYIaCHOTO
TEXHOJIOTIYHOTO IPOIIeCY, BOHW BCTAHOBIIOKOTH Ta
PETYIOIOTh TEMIT BHPOOHHITBA, 3a0€3MEUyIOTh HOTrO
PUTMIYHICTD, CHPUSIOTH MiJBHUIIEHHIO NPOJYKTUBHOCTI
mpami Ta 30iMBIICHHIO BUMYCKy mpoxykmii. TicHui
3B 30K TPAHCIOPTYBaJbHUX MalIMH 13 3arajlbHUM
TEXHOJIOTIYHHM TIPOIECOM BHPOOHUIITBA 3yMOBIIOIOTH
BHCOKY BIANOBIAAJBHICTh 1X pOOOTH Ta INpPU3HAUCHHS.
ToMmy KOHBeepHM MaiOTh OYTH HAIIHHUMH, 3PYIHHMH
B eKCIUlyaramii Ta  3JaTHAMH  [palfoBaTH B
aBTOMAaTHYHUX pesknMax [10].

Oco0aMBI BUMOTH BHUCYBAIOTBCS JI0 HaJiiHOCTI
poOOTH OKpeMHX KOHBEEpPIB Ta KOHBEEPHUX JIHIN
3arajgoM [11-13]. IIs BuMora mocuitoeThCs LIE U TUM,
10 KOHBEEPHI JIiHIi, SIK MPaBHUIIO, HAJEKATh IO CHUCTEM,
SIKI HE pe3epBYIOThCS, OCKUIBKH YCTaHOBKA pe3epBHOT
KOHBEEPHOI JIIHIT HACTUIBKM TMIJBHIIYE KamiTalbHi
BUTpATH, IO KOHBEEPHE TPAHCIOPTYBAaHHs, Ha BiIMIHY
BiJl IHIIMX BH[IB, 32 IHIIMX PIBHUX YMOB Yy JESKHX
BHMAJKaX CTAE MEHII PEHTA0CIHHUM.

Jo ocHOBHHX (akTOpiB, IO BIUIMBAIOTH Ha
HaJilHICTh POOOTH CTPIUYKOBHX KOHBEEPIB, HAIEKUTDH

PO3pUBY
npyxHictio [14], a

MOJKJIMBICTh CTpiyKM Ta 11 KOJHMBAHH,

3YMOBIICHI TaKO)X BigMOBa

eHCKTpOO6Ha,Z[HaHHH Ta CUCTEM KE€pYyBaHHI.
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3BakalouM Ha CKa3aHe BHINE, MOXHA 3pOOHUTH
BHCHOBOK, mo HaxiHa pobota ACKTII mmckperHOrO
BHPOOHHMIITBA 3aJICKUTH BiJl poOOTH BCiX piBHIB iepapxii
Ta HacaMmIlepe] BiJl HIDKHBOTO U CEpeIHBOTO PiBHIB,
TOOTO BiJ] KOHBEEPHOI JIiHIi Ta ii CHCTEMU KepyBaHHS.

2. AHAJ1i3 BHKOHABYHX eJ1eMEHTIB KOHBEEPHUX JIiHii

OCHOBHUM IPU3HAYEHHSM IPUBOJIA CTPIYKOBOTO

KOHBeepa € 3a0e3ledeHHs mepenadi  HEOoOXigHOTOo
TATOBOI'O 3YCHUJUIA Ta HOPMAJIBHOIO PyXy KOHBEEPHOI
CTPIYKH 32 BCIX pEKHUMIB POOOTH.

Jist CTpiuKOBHX KOHBEEPIB HAWOLIBIIIOTO MTOMTHPEHHS
HaOyB IPUBOJI 3 aCHHXPOHHUM ABUTYHOM (A/J]) 3 dhazHuM
[15-17].  Le#

ONTHUMAIBHUA  IycK i3

poTopoM TpuCTpiii  3abe3meuye

33JaHUM  TNIPHCKOPEHHSIM
1 TPUBAIICTIO PO3TOHY KOHBEEPHOI CTPIUKU. Y TaKkoMy
MIPUBO/II JIETKO 3/1iHCHIOBATH 3aJaHUIl PO3IOJIUI TSATOBOTO
3YCHIIIS MIXK IPUBOJHUMH OapabaHaMu.

VY pasi 3MiHU HapyTH, IO MiIBOAUTHCS J0 CTaTopa
KopoTko3aMkHeHoro AJl (ToOTo B mporieci (a3oBoro
KepyBaHHS), CTaTOp I €AHYETBCS 1O MEpexi 3a
JIOTIOMOTOI0  3yCTPIYHO-MApAIETbHUX THUPUCTOPIB, IO
MOXXYTh HE TUTBKM BHKOHYBAaTH (yHKIIii Kiroda, anme i
3MIHIOBAaTH Jil0Y€ 3HAYCHHS NPHKIAJEHOI 0 JBUTYHa
Hanpyrn y (yHKOii BigmMparodoro KyTa THPUCTOPIB.
Cucrema (ha3oBOro KepyBaHHs 3a0e3Meuye TUIABHU IyCK
KOHBEEpPA, PYyX CTPIYKH 31 3HIKCHOIO IIBUJKICTIO,
TUIAaBHUH TIepexif 13 oHi€T IBUAKOCTI Ha 1HITY.

J71s1 CTPIUKOBUX KOHBEEPIB 3a3BUYail BUKOPHCTOBYIOTh
JIBl TIPUHIIUIIOBI CXEMH PETyJIbOBAaHOTO €JIEKTPONPHBOIA
3MIHHOTO CTPYMY 3 YaCTOTHHM IIEPETBOPIOBAYEM: CXEMY
3 Oe3mocepenHiM i € AHaHHAM KOPOTKO3aMKHEHOTOo AJl
IO TIEpETBOPIOBAYA, i €THAHOTO 10 MEepPeXi )KUBIICHHS,
1 CXeMy 3 IpPOMDKHOIO JIAHKOIO MOCTIHHOTO CTpyMy.
HApyra
B IIMPUIOMY Aiamas3oHi i, OTXe, OUIBII IUIABHY 3MiHY

cxema 3abe3redye peryJioBaHHS  YacTOTH
IMIBHJKOCTI PyXy KOHBeepHOi cTpiuku. Yactota crpymy
3MIHIOETHCS 32 JOTTOMOTOFO MTOTAHHSI IMITYJTBCIB 13 PiI3HOIO
YacTOTOIO HAa TUPUCTOPH iHBepTopa. CucTeMa KepyBaHH:I
B ITI€BHIil MOCIIZIOBHOCTI BiIMPAa€ TUPUCTOPH, Y LILOMY
pasi o ¢a3 craropa AJl miABOAATHCS HANPYTH, 3CYHYTI
o azax Ha 120°.

[NoenHaHHS peryiroBaHHS HAIpPYTH, IO MiABOAUTHCS
1o AJl, 31 3MIHOIO 4acTOTH CTPyMy Jia€ 3MOTY OTpUMAaTH
CIMEHCTBO PETYIIOBATBHUX XapaKTEPUCTHK.

OcHOBHI TepeBarn IPHBOMAIB 13 YacTOTHUMH
MepEeTBOPIOBAYaMH TaKi:

— MOJKJIUBICTh BHKOPHUCTaHHS KOPOTKO3aMKHEHUX

AJ1 nnst mpuBoiB Oy/b-1KOT OTYKHOCTI;

— Yy OpoLeCi peryiroBaHHs LIBHIKOCTI HEMOXKJIHMBI
BUTPATH B PEOCTATaXx, IO ITi/IBUIILY€ EKOHOMIUHICTb IIPHBO/LY;

— mig 4yac mycky AJl MOCTiHHO mpalfoe B Mexax
pOO0YOT YACTHHU XAPAKTEPUCTHUKH, IO TOTO K KPATHICTH
ITyCKOBUX CTPYMIB 3HIXKY€ETHCS 10 2—3 3aMicTh 5—7;

— 3’SBJIAETHCS. MOXKITUBICTD 3/IACHEHHS PEryJIbOBAHOTO
ITyCKY 3 HEOOXiTHUM CTYIIEHEM ILIaBHOCTI;

—3a0e3meuyeTbcss  CTaOUThHE Ta  CKOHOMIYHE
peryifoBaHHS IIBHAKOCTI B peXuMmi 0e3  BHTpar
Ha KOB3aHHSI.

EnekrpormpuBox 32 CXEMOIO  aCHHXPOHHO-
BEHTHJILHOTO KacKagy (ABK) € CHCTEMOIO

PETYIbOBAHOIO E€IEKTPONPHBOIA 3MIHHOTO CTPyMy, IIO
Mictuth AJl 3 (Qa3sHUM pPOTOpOM, KacKagHO 3’€IHAHUM
3 IHOIMMH ENEKTPUYHUMH MallMHAMH a00 CTaTHYHHMH
neperBoproBadamu [18, 19].

IeperBoptoBau ABK micTuts BUIIPSMITTY, 3’€JHAHHI
3 KOHTaKTHUMH KUIBIISIMH POTOpa ABHUT'YHA, Ta IHBEPTOPA,
10 TIEPETBOPIOE MOCTIHHUN CTPYM y 3MIHHUH, IKUH KPi3hb
y3T0/DKYBaJIbHUI TpaHc(OpMaTOp HALXOAUTH Y MEPEKY.

Mexaniuni xapakrepuctuku AJl y mpuBomi 3a
cxemoro ABK MaioTh J0OCHTH BHCOKY >KOPCTKICTH 1 3a
YMOBH 3MiHH IMITYJIECIB, IO YIIPABIISIOTh, TIEPEMIIITYIOTHCS
MaiiKe MapayelbHO B3IOBX OCi OpIUHAT. SIKIIO eHepris
KOB3aHHS TIEPEBUIIyE BHTPaTH B OOMOTHI poTopa
JIBUTYHA, @ TaKOXX y CHJIOBHX BEHTWISIX 1 TUPUCTOpaXx,
BiIOYBa€eThCA ii peKymepariisi B MEpexy, IO ITOKpaIlye
€HepreTUYHi MOKa3HUKHU MPHBOJIA.

ITepeBarn exexrpornpuBoxaa 3a cxemoro ABK:

— Mig’€IHaHHS CTaTopa IPHBOJHOTO JABHIYHA
0e3rocepeTHpOo 10 Mepexi 6e3 MPOMIKHOTO TIePETBOPIOBAYA;

— MPOCTH 1 HAMIHHUKA BUKOHABYMU JBUTYH, IIO
He noTpedye 3HAaUHUX BUTPAT IOJI0 JAOTIIAAY;

— B aBapiiHUX PEKUMAX € MOXKIIMBICTh NEPEX0/y Ha
poboty 6e3 mepeTBoproBaya;

— CTaTH4HI

CICMCHTHU BUKOPHUCTOBYIOTHCS

Yy BTOPHHHOMY JaHIIO31 06e3 Oe3mocepenHporo ix
TIPUETHAHHS JI0 JKEpesa eJIEKTPUYHOT eHeprii;

— OJWHWYHA TOTYXXHICTh 1 MaKCHMallbHa 4YacTOTa
o0OepTaHHS OOMEKYEThCS TOTYXHICTIO Ta YaCcTOTOO
obepranas A/l;

— MOXJIMBICTh TUIABHOTO PETYJIIOBaHHS YaCTOTH
o0epTaHHI Ta MOMCHTY;

— HEBEJIMKA MOTYXHICTh KiJl KEpYBaHHS;

— IPOCTOTa YBIMKHEHHS JO 3aMKHYTHX CHCTEM
peryJroBaHHS;

— TIOIBHSHO HEBEJHKA ITOTYKHICTh IEPETBOPIOBAYA,
0CO0JIMBO B pa3i 00MEKEHOT0 Jiana3oHy peryJIroBaHHs;

— Bucokuit koedinmient kopucHoi aii (KKJI) cuctemn
3aBJSIKM PeKyIepanii eHeprii KOB3aHHs B MEPEXKY.
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OCHOBHUM  HEJIOJIKOM TPUBOAA IBOIO THILY
€ HM3bKHMH (L0 3aJeXHUTh BiA TIIMOMHM PETYIIOBaHHS
HMIBUAKOCTI) KoedilieHT nmoTtyxHocTi Ta 3HmkeHHs KKJI
y pa3i 3MiHU MOMCHTY HAaBAaHTAXXCHHS 1 KOB3aHHSI.
3Bakatoun, mo it EIl koHBeepa BIacTUBHUit
HEBEJMKHUK [iama3oH peryiaoBanHs (npubnmzno 10%
3Mmian mBuakocti) [19], To Bubip ABK sk BuKOHaBYOTO
eJeMeHTa € HaWOUThII JONUTFHUM. Tak, 3 OJHOTO OOKY,
3a yMoBH Takoro miamazoHy perymoBanHi KKJ| ABK
30epirae BHUCOKE 3HAYCHHS, &, 3 IHIIOTO OOKY, MPHBOJ
Ha 6a3i ABK nmemreBmmid, SIKIIO MOPIiBHIOBATH 3 1HIIUMHU

TUIIAMU PETYJIbOBAHOTI'O aCUHXPOHHOTO CJICKTPOIIPUBO/A.

3. IMnyJibcHe KePYBaHHS ACHHXPOHHUM IBHUT'YHOM
ACHHXPOHHOI'0 BEHTHJILHOTO KACKATy

Po3BUTOK HamiBIPOBIIHUKOBOI TEXHIKH A€ 3MOTY
PO3IJIIHYTH IMTAHHS 3aCTOCYBAHHS IMITyJIbCHOTO METOIY
perymoBanHst mBHAKocTi AJl 3 ¢asnum potopom [20].
Y 3acrocyBaHHI IIBOTO METONY KEpyBaHHS MOXHA
peryJioBaTH IIBUAKICTH Yy JOCHUTHh IIUPOKHX Mexax

Ta OTPUMYBATH HEOOXIiTHI MEXaHIYHI XapaKTCPUCTUKH.

Puc. 1. Cxema immynbcHoro kepyBanus AJl ABK

PerymoBanHs B MoOAiOHMX cxeMax 3HIHCHIOETHCS
3MIHOIO BiZIHOCHOT TPHBAJIOCT] YBIMKHEHHSI, SIKa JOPIBHIOE:
T—t
ym—t, (1)
T

e 7 — mepioJ MOBTOPEHHS IMIYNbCIiB; ¢, — TPUBATICTh

IMITyJIbCY, IO BIJAMOBIAE Yacy BUMKHEHOTO CTaHy
€JIEKTPOHHOTO KJIF0Ya.
3a yMOBH IMITyJIbCHOTO PETYJIIOBAHHS MIBUIKOCTI
AJl 3 ¢a3HUM POTOPOM [OUITBHO 3aCTOCOBYBATH 3aKOH
KOMyTaIlii 3 TOCTIHMM YacoM BHMKHCHOTO CTaHy
CHJIOBOTO eJIeMEHTa Kiltoya Ta 3MiHHOIO 4yacToToro [20].
Jis Takoro 3akoHy KoMyTamii BiacTMBO t, = const.
[TapaMeTpoM CHCTEMH B IbOMY pa3i € BeJIMYHHA
a=t, / T, , )
ne T, — TOCTiliHa Yacy IpOTATOM APYroro iHTepBaiy

KOMyTaLii.

Horo 3Ha4HOK [EPEBarold € IPOCTOTAa  CXEM
KEPYBaHHS, NIBUIAKOIIS.
[MpuHumn  noOyxoBu

CHCTEM 3  IMITyJIBCHUM

pEryJIOBaHHSIM IIOJISiTa€ B TOMY, LIO B POTOpHE
KOJIO TmocTiiHOrO CTpymy (puc. 1) mapanensHO 10
NIEPETBOPIOBAILHOTO  TPHUCTPOI0 (/) BCTaHOBIIOETHCS
enextporHnd Kmod (K). Taka cxema gae 3MOTy BHACTIZIOK
3MIHHM BiTHOCHOI TPHBAJIOCTI YBIMKHEHHSI KJIIOYa PErysIIOBaTH
IIBUAKICTE 00epTaHHs ABuTyHa. Brmpsmitd (B) 3i0paxuii
3a Tpu(a3HOI MOCTOBOIO CXEMOIO; 3IJIaJLKyBaJIbHUM
apocens  (Ap), CTpyMY.
[Ilo6 yHHKHYTH KOpDOTKE 3aMHMKaHHS I1€peTBOpPIOBAYA,

3MEHIIye  IyJbcamii
B HOT0 KOJIO YBIMKHEHHH 3aXUCHUM 1iof /].
3acToCyBaHHS IMITyJIbCHOI'O KEpyBaHHS JOIOMarae
3HM3UTH TabapUTHY TOTYXXHICTh II€PETBOPIOBAIBHIX
MIPUCTPOIB 1 OCOOJNMBO JOLIBHE B IpUBOJAX i3
BEHTWJIHHUM HaBaHTAKECHHSM, U SKHX IOTY)XHICTH
MIepeTBOpIOBayYa 3a OyAb-sKOTO Jiara3oHy peryJIroBaHHS
HeoOxiguo

Oyne HesHaunoro [20]. 3ayBa)kKUTH,

o TIMEepeTBOprOBadY MOKE BHUKOPUCTOBYBATUCA  JIA

MIOJIMIIEHHS.  3arajlbHOTO  KoedillieHTa MOTY>KHOCTI

it OyTH CIIUTBHUM JUTSA KUTBKOX KacKajiB.

Bennuuna o Mae oOHpaTHcs 3aJ€KHO  Bif

JOMYCTHUMOTO  3HAY€HHS  BHUTpAaT 1  IyJbcalii
y PpPOTOPHOMY KOJIi TOCTIHHOTO CTpyMy. Y cHCTeMax
31 3MIHHOIO YaCTOTOI0 KOMYTAIlii BUTPATH MEPEMHUKaHHSI
3MEHIIYIOTBCS TPOMOPIIAHO 10 3POCTaHHS BITHOCHOI
TpHUBANOCTI YBIMKHEHHsS. HaWOuIbIl BaXXKUM pPEXHMOM
pOOOTH CHJIOBUX €JIEMEHTIB 32 yYMOBHM I[bOTO 3aKOHY
KOMYTallil € pexuMm, IO BIAMOBiTa€ MaKCHMAIbHIN
4acToTi KomyTamii (TOOTO MIHIMAJbHOI IIBHIAKOCTI
o0epTaHHs ABUTI'YHA) TA HAHOLIBIIOMY HaBaHTa)KCHHIO.

Cxema 3aMilleHHS] CUCTEMH B TPOLIEC] IMITYJIbCHOTO
KepyBaHHS 300pakeHa Ha puc. 2.

PiBHSIHHS, 1110 BH3HAYaIOTh POOOTY IMOJAHOI CXEMHU
32 YMOBH JIOBUIBHOTO KOB3aHHs s AJ], MaroTh BUIIISA:

1) xirou 3aMkHyTO 0 <t < T :

LD ()
dt
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2) ximo4 po3iMkHyTO YT <t <T:

di
i+7, 7 =1", 4
t
ne I' — rpaHuMuYHe 3HAYEHHs CTPYMy B pasi 3a/laHOTO

KOB3aHHs Ta y =1; [" — rpaHuYHE 3HAYCHHS CTPyMy 3a
YMOBH 3aJjaHOTO KOB3aHHs 1 ¥ =0 ; T) — mocriiiHa Jacy
KOJIa BIPOJOBXK IIEPIIOTO iHTEpBAIYy KomyTamii; 7, —
TOCTiifHa Yacy KoJjla MPOTATOM JPYroro iHTepBaly KOMYTallil.

I'panwuni 3Hauenns ctpymiB [’ i " Ta mocriiiui
yacy 7 Ta T, BU3HAYaIOThCS TAKUM YHHOM:

I,:ES—AU (5)
Rs+R
L
1 = , 6
" Rs+R ©

Puc. 2. CxeMa 3aMillieHHS

Bupas mist po3maxy mynbcaniii CTpyMy B CTaIoOMy
PEeKHMI:

(1 —1")(1 —e /1) )(1 —e“ )

Al = ~aty/(1-7) ’ ©)

—a

1-e“-e
net=T,/T,, t<1. (10)

CepenHe 3HAYEHHS CTPYMY B CTAJIOMY PEXHMMI
' " (1 — 7) (1 — T)
= —y)-A————~ 11
I, =I'y+I"(1-y)-Al . (11)

[Mynbcamii cTpymMy MakcUMajibHI  3a

HalOLIBbIIOl ¥ 1 3amexars Bil «,7 . Po3kianaroun Bupas

YMOBH

it Al B psan Telinmopa Ta 0OMEXyIOUHCH TEPIIMMHU
JIBOMa WIEHaMH, IO I[ITIKOM IOMYyCTHMO 3a MaJuX « ,

OTPUMAEMO ISl CEPEIHBOT0 3HAUEHHS CTPYMY

zq,:(rﬂ IT”(I—;/))/(}/+ ;(1_7)) (12)

Bupas miis po3maxy mysibcaliiii MOXKHA MepenucaTu
TakK:

~ moav-E0-y) P

Al [(ES—AU)(I—T)+TEM:|706
[tp

Es—AU-E
e (7
Rs+R+R,
L
e ———— N 8
> Rs+R+R, ®

Je R, — exBiBaIeHTHUWH OMIYHHMII Omip, IO BpaxoBye
3HIKEHHS BHYTpIIIHBOI enekrpopymiiHoi cumm (EPC)
BHACJIIZIOK TIEPCKPUTTS BEHTHIIB; R — aKTUBHUI oOIip
IBOX (a3 0OOMOTKM poTopa; L — IHAYyKTHBHICTH peakTopa

Ta IHAYKTHBHICTH poscitoBaHHSA aBox ¢az All;, E, —
npotu-EPC iuBepropa; R, — eKBIBaJIEHTHUH OMIYHUI

omip; AU — mnpsiMe MajiHHA HANpyrH Ha 3axXHCHOMY

o[l Ta CHJIOBOMY €JIEMEHTI KIIFoYa.

Skmo a <0,1, eHepreTHYHI MOKA3HUKH IMITYJILCHOT

CXeMHM TPaKTHYHO HE BIJPI3HAIOTBCA BIX  CXeM
3 6e3nepepBHUM KepyBaHHsM [20].

Bupazy (12) mia cepeanHporo 3Ha4YeHHS CTPyMy
MOJKHA HaJ]aTH BUTJISLY

_Es-AU+E,(1-7)
Y Rs+R+R, (1-7)

(14)

PiBHSIHHS LIBUIKICHOI XapAaKTCPUCTHKA 71 = f ( Icp)
st A/l 3 IMIIyJTbCHUM peTyIOBaHHSIM:

(E,+I,R)(1-7)+AU+I,R

o tu

s = 15
E-1I,R, (15)
abo
E +1I R )(1-y)+AU+I_R
n=n, 1—( R )0-7) “— . (16)
E-1,R,

Je n, — MBHAKICTH 1€abHOTO XOJIOCTOTO XOHy; N —
MMOTOYHE 3HAUCHHS IIBUIKOCTI 00EpTaHHs POTOpa.
3BijcH BWILIMBA€E, M0 A MPOMOPLIHHO y, TOOTO

3MIHOIO ¥ — BIJHOCHOI TpPHUBAJIOCTI YBIMKHEHHS —
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MH, BIJIIOBIHO, 3MIHFOEMO IIBHIKICTH oOepTanus AJl i3
dasaum  poropom. PobGora Ha OiIbmIili MBUAKOCTI
301IBIICHHSIM TPUBAJIOCTI

IOCATAETHCS BigHOCHOT

YBIMKHEHHA  Kmioda. Slkmo  y — 1,  mBHAKICHA
XapaKTepUCTHKa HAOIMKAEThCS 10 NpUponHoi. HipkHs
MEXa PpETYIIOBAHHS IIBHIKOCTI

3a ymoBu y —>0

BU3HauaeTbcs BHyTpimHbOI0 EPC  meperBoproBaua;

JKOPCTKICTh MIBHAKICHUX XapaKTEPUCTHK Yy pa3i Malux y
noripmryersest. Skmo R, = 0, XapakTepUCTHKH MapaienbHi

omHa opHid. Jliama3oH peryiroBaHHSA INBHIKOCTI 3a

neBHux £E,, R, 3alexuTs BiA 3MiHM y. 3a yMOBH
JOBUIBHUX BiIHOCHHMX TpuBanocredl (0<y <l1) Koy

Jla€ 3MOT'y Haye IJIaBHO 3MiHIOBAaTH 3HaueHHs npotu-EPC
IHBEpPTOpA, 110 BBOAUTHCS B KOJIO POTOPA, BiJl BEINYNHH

E, no 0. 3a3Bu4ail 1l OTpUMaHHS BEPXHBOI Ta HUXKHBOT
MEX PEryJIIOBaHHS IOCTaTHBO MaTH J , BiAmoBigHo, 0,95

i 0,05, Tomy mo B IIbOMY pa3i BIACTHBOCTI HMPAaKTUIHO

3asnexHicTh MOMEHTY A/l Bil cepeiHbOro 3HaYSHHS
CTPYMY BHUIPSIMJIICHOTO KOJIa BU3HAYAETHCS TAK:

1 IC RL’
M=—El|1-—"=|, (17)
@, E

Je @, — CHHXPOHHA KyTOBa IIBUIKICTh POTOPA.

3a gomomororo ¢opmyn (16) i (17) moxHa
noOyAyBaTh INBUJAKICHI Ta MEXaHIYHI XapaKTepUCTUKU
Al 3a me3minHOi BemmumHM ) (puc. 3). Y mpomeci
AJ]l  Moxe
MpalioBaTl B TUX CAMMX DPEKHMMax, L0 ¥ 3BUYANHMIA

IMITYJIbCHOTO ~ PETyJIIOBaHHS  IIBHIKOCTI

kackan [20].

3a yMOBH IMITyJBCHOTO DPETYIIOBaHHSA MIBHUAKOCTI
AJl i3 ¢a3HUM pPOTOpPOM 3a MaJMX HABAaHTAXEHb Y
POTOPHOMY KOJIi MOMJIHBHI PEKIM IIEPEPUBYACTHX CTPYMIB.

Y nmpurpaHuuHIH TOYNi MiX Oe3lmepepBHUM i
MePEepPUBUYACTHIMH  pEXMMaMH MiHIMadbHE 3HAYECHHS
CTpyMy IEpiOJMYHOIO Mpolecy, 1o
00epTaEeThCS B HYJIb.

BCTaHOBHBCH,

30iratoThCs 3 TPAHUYHUMHU XaPaKTEPUCTHKAMH, SKIIO Jns  cepeAHBOTO  3HAYCHHS CTPYMy  MOJXKHA
y=1liy=0. OTPHUMATH TaKUH BUPA3:
’ " (1_7/)(1_2.) ~aty/(1-7) '
1,=Iy+I (1—7)—T(l—e )1 . (18)
S
] \
=1
02 \ _\‘—‘-ﬁ‘_‘—_*
, \\ _\“-‘—-—
T~ 075
0.4 \ T~ —
\\ v=0,5
0,6
08
y=0
\ i,
1.0

=

0,2 0,4

0,6 0,8 1,0

Puc. 3. Mexaniuni xapakrepuctiuku ABK 3a yMOBH iMIyJIECHOTO peryoBaHHs

3anexHicTh MOMEHTY A/l Bif cepeaHbOTO 3HAYCHHS
CTPYyMYy BU3HAUYAETHCS 32 TAKOIO (hOPMYIIOIO:
I _E
=2 (19)
a)O

e

(1-7)(1- r)(1 _ el )

KoB3aHHS y BiTHOCHUX OAMHUIIIX:

_ a/(-7)
o=1/l1s12¢ |, (20)

(e“ —l)r

M=9¢ T+7(1—z')—

o —z’(l—;/), 21)
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Jle KOB3aHHS Y BITHOCHHUX OJWHUIIX:

¢p=(Es—AU)/E, ; (22)
3HA4YEHHSI MOMEHTY JBUI'YHA Y BITHOCHMX OJUHHUIAX:
M Ro,
M=o (23)
EE,

PipastaHS (20) cristbHO 3 piBHAHHAM (21) mae 3mMory
BU3HAUMTH KpMBi Ha mwiommHi ¢, M | mo o6MexyoTh

IUITHKY Oe3nmepepBHOTO CTpyMy. SIKIIO 3acTOCOBYBAaTH

HaBeJEeHI BHpa3H, JIETKO MOOyAyBaTh MeXaHi4Hi
XapaKTEepPUCTUKN B MUISHINI Oe3lepepBHOTO (3a Majmx
HaBaHTAXXEHB) 1 IEPEPUBYACTOTO CTPYMY.

YHacHIOK po3KJIalaHHs eKCIOHCHIIATBHUX YJICHIB
Y CTENeHEeBHH psiji OTPUMAEMO HAOJIVDKEHI PIBHSHHS IS
MEXaHIYHUX

o0y oBH XapaKTepUCTHK Yy  IUIAHIN

MepepUBYACTUX CTPYMIB:

1_

0, =p— (24)
1-y

M, =(p, -1+7,)7, (25)

JIe ¢ — KOB3aHHA y BiTHOCHUX OJUHHIIAX HA TPAHUYHIN
KpUBIil 32 YMOBH 3a1aHUX & , T, Y .

VY pasi iMIyIbCHOTO pPEeryiioBaHHS IIBUAKOCTI AJ

3HaueHHA KoedimieHTa 7  mepeOyBae  3a3BUYA

y wmexax 0,5-1,0; 3HayeHHsS mnNapaMeTpa « 3aBXKIU
MOJKHA OTpUMATH MeHIITUM Hixk 0,4.

Ha puc. 4 HaBeeHa niarpaMa 3ainexxHoOCTi ¢ Big M

JUIS  pi3HUX 3HaueHb « (skmo 7 =1), moOymoBaHa

3a PIBHSIHHSAMHU:

= 26)

M=p—-1+y. 27

JliBopy4 BiA TpaHHYHHX KPUBHX PO3TALIOBAHA
JUUSIHKA ~ [EPepUBYACTOTO  CTPYMy, [PaBoOpyd  —

6e3nepepBHoro. Ha puc. 4 Takox moOyJ0BaHO MEXaHIYHI
xapakrepuctuku 3a ymoBu o =0,2. fxmo 7=1,
BJIACTUBOCTI ONU3BKI JO TPSMONIHIHHUX, y pa3i 7<1

YiTKIIIE CIIOCTEPIraeTbcs HENMHIMHICTE MEXaHIYHHX

XapaKTepUCTUK. Y JUIAHII TepepuBYACTHX CTPYMiB
MEXaHIYHI XapakTepUCTUKA MAalOTh 3HAYHy KPYTICTh

(0co0IMBO SKITIO Mai 7y ).

3HalO4M MeXi 3MIHM MOMEHTY HaBaHTaKCHHS

i KOPHUCTYIOUHCH HAaBEJCHHMH BHPa3aMH, MOKEMO
3Halit HeoOXinHe 3HaveHHs mapamerpa &, 3a sAKOro
OBUTYH TIPAalIOE B PEXHMi Oe3MepepBHOTO CTPyMY.
a <0,05,

MPaKTUYHO BUMUKAEThCS [20].

Sxmo pPEeKMM TEPEPUBUYACTHX CTPYMIB

0,2

0,4

0,6

0,8

1,0
0 0,05 0,1

Puc. 4. [liarpama 3anexsocti ¢ Bix M 3aymosu 7 =1 ta o = var

Ha#i0impir  icTOTHUM HETOJIKOM aCHHXPOHHOTO
BEHTIJILHOTO KAacKajy, JI¢ PEryJIIOBaHHS 3IHCHIOETHCS
3MIHOIO KyTa BHIIEPEDKCHHS BEIEHOTO iHBEpTOpa, €
HU3BbKHH KO(DIIIEHT MOTYXHOCTI.

BuzHaunMo Koe(illieHT CIIOTBOPEHHS Ta IOTYXHICTh
iHBepTOopa. Y  mporeci

CIIOTBOPCHHA iMHyﬂbCHOFO

0,15 0,2 0,25

perymoBanHs AJl B iHBepTOp HAAXOIATH IMITYJIbCH

CTpYyMy TPHBAJICTIO f, , SIKi IPSAMYIOTH OJUH 33 OIHUM

u?
yepes 1epio]] 7 MOBTOPEHHS IMITyJIbCIB.

Jiroue 3HAuYeHHS OCHOBHOI TapMOHIKH CTpyMy
MEpEIKHOI OOMOTKH BH3HAYAETHCS SIK:
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2\/— 21 sm
Tu ktﬂ'

ne k, — koedimienT Tpancdopmanii; I, — cTpym

y BEHTWJIbHIN 0OMOTII TpaHchopmaropa.

3HAYCHHS 00MOTKH

Hiroue CTPYMY MEpEeXHOI

BHU3HAYAETHCS 332 (HOPMYJIOIO

i, =1,,2t, /3T , (29)

m=n

ZsmmT) (E/cosmTj , (28)

KoeditieHT cmoTBOpEeHHS B IbOMY pa3si AOPiBHIOE

2\/_Ts1n— mn . 2
ﬂ\/_ (ZsmmT] (;cosmT] . (3D

m=1
IToTyXHiCTh CHOTBOPEHHSA iHBEPTOpA, IIO MPALIOE

k,=———=

B IMITyJIbCHOMY pEXHMI, 3 OTJISITy Ha Bupas3u (28) Ta (29)
JOPIBHIOE

Ie
lu = [ /k (30)
2t 4(1- cost
Puv = 3ljlllu —— (
3r
ne U, — niroye 3HaueHHs (a30BOi HAPYTH MEPEXKI.

[NoTyXHiCTh CHOTBOPEHHS 3BHYaHOTO iHBEPTOpA
(KyT IepeKpHUTTsI BEHTHJIIB He OepeMo 10 yBarn) Mo>KHa
orpumaru 3 (32) 3a ymosu £, =T =27/3 :

, 2 6

P,=3Ul1,|--— . (33)
3

OTxe, MOTYXHICTh CIIOTBOPEHHSI IHBEPTOpPA, IO

NpaLioe B IMITyJIbCHOMY PEXUMi, BUXOIUTh HaiiMEHIIOKO

34 BCJIMKUX 7Y, HE3BAXKAIOYW Ha HHU3bKHHA ku 5 HOTy)KHiCTI)

CIIOTBOPEHHSI OCOONMBO 30OLIBIIYETHCS HA CEepeaHiX

MBUAKOCTAX, a 3a YMOBHU Y —> 0 HaOJIUKAETHCS

JI0 TIOTY>KHOCTi CIIOTBOPEHHSI 3BHYAallHOTO IHBEpPTOpA.

Py

gsmmT] (gycosmTj , (32)

[loTy)XHICTHP CIIOTBOPEHHS iHBEpTOpa, IO IMPAIIOE
B IMIYJIbCHOMY PEXHMi, 3aJ€XHUTh BiJl HaBaHTAKEHHS
Ha Baly [JBUTYHa Ta KoedimieHnta TpaHchopMmarii;
y NPUBOJIaX MajIol Ta CepeHbOI NOTYKHOCTI 3 BEHTHIBHUM
HABAaHTAXCHHSIM 1 HEBEJMKUM Iialla30HOM PETYIIOBaHHS
MOTYXXHICTh CIIOTBOpEHHsI OyJie HE3HAUHOIO 1 HE 3MOXKe
MIOMITHO HETaTUBHO BIUIMBATH HA MEPEKY.

Kyt 3cyBy a3
Ta Hampyroo iHBepTopa (puc. 5) JOpiBHIOE

=p+y, (34

e f — KyT BHUIIEPEMKCHHS iHBEPTOpa; ¥, — KyT 3CYBY

MiX OCHOBHOI TapMOHIKOIO

nepiroi TapMOHIKM IOJ0 CepeiMHH may3u (a3oBOro
CTpyMY 3BHYAHHOTO iHBEpTOpA.

lPH

Puc. 5. Kyt 3cyBy ¢a3

AKTHBHA TIOTYXHICTh, 1110 BITAETHCS IHBEPTOPOM Y
TpuazHy MEpexKy, BU3SHAYAETHCS AKTUBHUM CKIIQJIHUKOM

6
P = x/—Ulsm—cos ﬂ+!//u

7k 2
PeakTuBHA MTOTYXHICTP

0, =—«/_Ulsm

k

/6 -

OCHOBHOI TapMOHIKH CTPyMy MeEpEeXHOi OOMOTKHM W
32 YMOBH CHHYCOIaJIbHOI IIEPBIHHOI HATIPYTH JTOPIBHIOE

”ii s1anj [mz}iycosmTj . 3%

m=1

2s1n ﬂ-l—l//u (ZsmmTj [mz_'ivcosmTJ . (36)

m=1 m=1
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6 t
P =—2U I sin“cos(B +
u ﬂ'kt 171 2 (ﬂ Wu )
PeakTHBHA MOTYXHICTH
6 Lt
0, =—2U,Isinsin( S +y,
7k, 2
PeakTuBHA MOTYXHICTh 3BHYAWHOTO IHBEpTOpa
2
3 (36), ko ¢, = ?ﬁ, JIOPiBHIOE
. 64/3/2 ¢
0, = —/Ulllsinisinﬁ’ . 37
7k, 2

t

Bigomo, 1m0 y 3BHYaiiHOMY BEHTHWJIBHOMY KacKai
KOCQIIIEHT TOTY>KHOCTI BUSBIAETHCSI HU3bKUM. [HBEpTOp
MIOBEPTAaE aKTHBHY IOTYXKHICTh Y MEpeXy, TOMY aKTHUBHI
MOTYXXHOCTI JIBUTYHa Ta 1HBEPTOpa BiJHIMAIOTHCS, a iX
PEaKTUBHI NOTYKHOCTI CKJIafaioThcs. Y mpoleci poboTu
Ha BHCOKMX IIBUAKOCTSX MOTYXHICTh 3BHYaHHOTO
iHBepTOpa Maibke MOBHICTIO peakTBHA. HabaraTo MeHIoo

23T
i,

cosQ, =

abo
cos@, =k,cos(B+v,) . (40)
3HaYHI MOJJIMBOCTI AJISl 3HIDKCHHS CHEPTOBUTpAT
1 TIONINIIICHHS €HEPTreTHYHMX MOKA3HUKIB IepPeTBOPIOBaYa
BJIACTMBI METONy INTY4YHOI KOMyTalii Tupuctopis [21].
3a Manux Y, HE3BaKAYM Ha JCSIKE IOTIPIICHHS
KoedillieHTa CIOTBOPEHHS, 1 32 HETAaTHBHUX 3HAYEHBb
KyTa B 3 0OKy 3MIHHOTO CTPyMy IHBEpPTOpa MOJXKHA
OTpUMATH BHIIEPEKATBHUN KOE(DIIlIEHT MOTYXHOCTI.
Y mpoMy pasi Jis MiIBUIICHHS HATIHHOCTI HEO0OXiITHO,
00 iHBEPTOp MaB CXEMy LITyYHOI KOMYTalil; TYT JyXke

MEPCICKTUBHE  3aCTOCYBAaHHS IOBHICTIO KEPOBaHHX
KpPEMHIEBHUX BEHTHIIIB.

KepyBaHHs  mepeTBOproBayaMyd 31 MITYYHOIO
KOMYTAI[I€l0 MOXIUBE B [OUBIHI BHIIEPEIHKATBHUX

KyTiB (-7 <fB<0), mo meperBOpoe Ii MNPUCTPOI

31 CIIOKMBA4iB B TEHEPATOPU PEAKTUBHOI MOTYKHOCTI
€MHICHOTO XapakTepy (KOMITeHCaliliHi IIepeTBOproBadi).

OcTaHHI# eram y PO3BHUTKY II€PETBOPIOBAYIB
LITYYHOI0 KOMYTAILli€l0 O3HAMEHYBABCS IOSBOIO
MIMOOKOPEryJIbOBaHUX HPUCTPOIB, BIACTUBOCTI
pOOIATE MOXJIMBUM iX 3aCTOCYBaHHS B IIMPOKiil cdepi

[MpuHnunu ~ moOynoBu KepyBaHHS

3i
SKUX
TEXHIKH. Ta
MEPETBOPIOBAYIB 13 MITYYHOI KOMYTAII€I0 MOXYTh OYTH
Ha [JUISHKY [EePeTBOPIOBAILHUX

MepeHeCeHi cXeM,

BHUKOHYBAaHUX Ha ITOBHICTIO KEpOBaHUX IIpuiagax, SIKI Ha

sin%‘cos(ﬂﬂ//u)

)

m=n'

2 . 2
Zsian + mzr‘:cosmT )
m=1

m=1

(3%)

m=n’ 2 m=n' 2
D sinmT | +| D cosmT (36)
m=1 m=1

Oyne MOTYXHICTh, 10  CHOXXHUBAETHCS
IHBEPTOPOM Tijl 4ac iMITyJIbCHOTO KepyBaHHs. Hanpukman,
1o

MIPAIIOe B IMIyIbCHOMY PEXHMi, BUXOIUTH MPHOIH3HO

peaKTUBHA

Hali0inpIIa peakTUBHA TOTY)KHICTH 1HBEPTOPA,
B 25 pa3iB MEHIIOI 3a PEakTHBHY HOTYXXHICTb, IO
CIIO)KMBAETHCS 3BHYAHHUM iHBEPTOPOM.

[ToBHA MOTYXHICTh OOYMCIIOETHCS 32 POPMYIIOIO
3 2t
S, ==—U/l,|—.
k 3T

t
Biamoginzo 1o (35) 1 (38), 10 BU3HAYAIOTh AKTUBHY

(3%)

Ta TIOBHY IIOTYXXHICTh IHBEPTOpa, 3HAXOINMO BIIACHHUNA
KoeiIlieHT OTYKHOCTI iHBEepTOpa:

m=n' 2 m=n' 2

Z sinmT | + Z cosmT (39)
m=1 m=l1

ueﬁ qgac 6prHI/IBPIMI/I TEMIIaMHU  BIPOBAKYIOTHCA

y cdepi cuIoBo1 MepeTBOPIOBAIBHOT TeXHIKH [22].

Jlo cydacHHX BIJOMHX i OCBOEHHX IMPOMHCIOBICTIO
CHJIOBMX HaIliBIPOBIJHUKOBUX TPHJIAJIB [BOTO THITY
samipauid  tupucrop (GTO), OimonsipHuHA
TpaH3ucTop 3 i3ompoBanuM 3atBopoM (IGBT), 3amipumit
TUpUCTOP 13 BOynoBaHOw cucteMoro kepyBanHs (IGCT)
Ta Tx Mojudikarii.

Jnst GTO BmacTuBi Taki

HaJIC)KAaTh:

nepeBaru: 3IaTHICTh

bi o) MOPIBHSIHO  BHCOKA

MIepPEeBAHTAXYBAJbHA 3/IaTHICTh; MOXKIIMBICTh MOCITIIOBHOTO

KEpPOBAHOTO  3alHpaHHS;
3’egHaHHs; poOoui gacToTH 1o 250 I'11 32 yMOBH HampyTu
no 4 xB. Hemomniku: BHCOKI BUTpaTH B YBIMKHEHOMY
CTaHi; Jy)XXe€ 3Ha4yHI BUTpPAaTH B CHCTEMi KEpyBaHHS;
CKJIQJHI CHUCTEMHM KepyBaHHS Ta TIOJAHHSA EHeprii
Ha MMOTEHIIiaJ; BUCOKI BUTPATH HA IIEPEMHUKaHHS.

IGBT: JI0

3amMpaHHs; HaliBHIa poboya yactoTa (o 10 x['m); mpocra

IlepeBaru 3[1aTHICTh KEpOBaHOTO
HEEHEProeMHa CHCTeMa KepyBaHHs; BOYJIOBaHUI JpaiBep.
Henomniku: ayse BUCOKI BUTPATH B YBIMKHEHOMY CTaHi.

IGCT: bi (o)

3allpaHHs; NePeBAHTAXKYBAJIbHA 3/IaTHICTh Ta cama, IO

[MepeBaru 3/IaTHICTb KEpPOBaHOTO
# y GTO; HU3BKI BUTpPaTH B YBIMKHEHOMY CTaHI Ha
NepeMUKaHHsA; poboya bacToTa — A0 OAMHHIG KI'Ii;
BOyzoBaHMI OJIOK KepyBaHHS (IpaiiBep); MOXIIHMBICTh
MIOCITIIOBHOTO 3’€HaHHs. Henomiku: He BUSIBICHO 4epes

BiZICyTHICTh TPHBAJIOTO AOCBIly KCILTyaTallii.
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3a BUpa3aMy, M0 BU3HAYAIOTh aKTUBHY i PEaKTHBHY Ha 0a3i ABK nemreBmmii mOpiBHSHO 3 1HIIUMHU THITAMH

MOTY>)KHOCTI CIIOTBOPEHHS JABHWTYHA Ta IHBEPTOPA, PETYJILOBAHOTO ACHHXPOHHOTO €JIEKTPOIPUBO/IA.
3HaX0OMMO KoegirieHT notyxHocTi ABK: 3anpornonoBano Metof perymoBanas AJl ABK, mo
P -P @1 OCHOBAaHMH Ha IMITyJIbCHOMY KEpyBaHHI Ta Ja€ 3MOTY

COS P ypc = : : ;
2 -\ 2 €TYJIIOBATH MIBUAKICTH 00EPTaHHS 32 TOTIOMOTOIO 3MiHU
W(n-r)y +(@30.) +(r-E,) pery Jiiers o0eprar 52 1

YaCTOTH KOMYTallii eIeKTPOHHOTO KII0Ya, [0 3aKOpOUye

3a BENMKHX Y KOE(]ILiEHT MOTYXXHOCTI 32 YMOBHU . .
iHBEepTOp, 1 BOIHOYAC YCTAHOBIIIOBATH KyTH KEePyBaHHS

IMITYJIECHOTO  PETYJIFOBAHI  MPakTHYHO  BU3HAYAETHCA MOBHICTIO KEPOBAHUMU CHJIOBUMH €JIEMEHTAMH IHBEPTOPA
3a YMOBH iX INTY9YHO! KOMYTAIIil JUTsI TATPHAMKH HEOOXiIHOTO

koedirienta 3cyBy. Lle crpuse NOCATHEHHIO BHCOKOTO

BIaCHUM Koe(ilieHToM moTyxkHOoCTI A/l

Bucnoskn koedimienta mnoryxHocTi. KpiM TOro, MOXIHBICTh

BUKOPUCTAHHA OJHOTO iHBepTopa JJIs1 I[eKiJ'IBKOX BHKOHaBYMX

VY mporeci AOCHIKEHHs MTPOaHANI30BAHO MiIXOAN .
€JIEMEHTIB 3HIDKY€ CHEPrOBUTPATH Ha IIPUBO.

A0 KEPYBaHHA CJICKTPOIIPHUBOAOM, IO BUKOPHUCTOBYETHCA

SIK BUKOHABYMil €IEMEHT KOHBEEPHUX JIiHIH. Bu3HaueHo, TepCHeKTHBH MOJATHIIOr0 POSBHTKY

mo e(eKTHBHICTh POOOTH KOHBEEPHUX CHCTEM CYTTEBO

MiJBUIIYETHCS 32 YMOBH 3aCTOCYBaHHSI PETYJIHLOBAaHOTO .

. Y  nomanbmivX — JOCHDKEHHAX  IUIAHYEThCS
eNeKTpOoIlprBOla Ha 0a3i aCHHXPOHHOTO JIBHTYHA - ..
. . 3MIMCHUTH aHalli3 1 CHHTE3 CHCTEMH aBTOMATUYHOTO

3 ¢aszauM portopom 3a cxemoro ABK. Lleit mpuctpiit e
. . KEepyBaHHS €JIEKTPOIIPHBOIOM KOHBEEPHOI JiHi{ 3 OISy
3a0e3medye ONTHMAJbHI PEXUMH POOOTH KOHBEEPHOI . . .
o . Ha 30yprOBaJIbHI BIUIMBH  IeMI(yBaHHSI MEXaHIYHHX
niHii, mae Bucoke 3HaueHHs KKJI, i mo Toro >k mpuBoj .
KOJINBAaHb CTPIYKH KOHBEEPA.
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CONTROL OF ELECTROMECHANICAL SYSTEMS OF CONVEYOR LINES

The subject of research is a method of controlling the speed of an asynchronous motor, connected according to the scheme of
an asynchronous-valve stage, which increases the power factor of the drive and positively affects the power system as a whole.
The purpose of the work is to develop and study methods of controlling electromechanical systems based on an asynchronous electric
drive, which provide highly efficient operation of conveyor lines implemented on their basis as elements of complex technological
equipment of an automated process control system. The article solves the following problems: analysis of conveyor line control tasks
within the integrated automated process control system of production systems; analysis of actuating elements of conveyor lines
electric drive; development of a method for regulating the speed of an asynchronous motor connected according to the circuit of
an asynchronous-valve stage. The methodology of the work is based on the methods of the theory of electrical machines, the theory
of the electric drive, numerous and analytical methods for solving differential equations, the theory of modeling. The results of the
work include a method of controlling the speed of an asynchronous motor, based on the implementation of pulse control,
characterized by the ability to maintain control angles of fully controlled power semiconductor elements to achieve a high power
factor and change the frequency of turning on the power element of the electronic key that short-circuits the inverter. Influence of
duration of relative duration of key commutation on performance element characteristics is investigated. Conclusions. Thus, the use
of the proposed method of pulse control of the electric drive allows to expand the upper limit of speed control, increase the efficiency
and power factor of the electric drive, reduce the inductance of the smoothing choke
Keywords: robotic systems; transport shuttle; conveyor line; automated control; induction motor.
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A. TPUT'YEA, O. MAJIAHUVK, P. IIOJIY ILKO

MOAEJI AJAIITUBHO-IIIHHICHOT O YITPABJITHHA
INPOEKTAMMU ®YHKINIOHYBAHHS TA PO3BUTKY I'OCIHIITAJIBHUX OKPYTI'IB

IIpeameToM aocilzkeHHSI B CTAaTTi € METOJOJOTIS Ta MPUHIMIHN aJalTHBHO-LIHHICHOTO YIIPABIiHHS MPOEKTaMU (yHKI[IOHYBaHHS
Ta PO3BHUTKY TOCHITAIBHHUX OKPYTiB, II0 3a0€3MeuyloTh NOCSTHEHHsS Iiied y MeXaX BHU3HAuYeHOro OIOJDKETy, 4acy Ta 3 OIJIIy
Ha BHMOTHU creifkxonaepiB. Mera po6oTn — oOIpyHTyBaTH NpPUHIMIM i HA IX OCHOBI PO3POOUTH JIOTIKO-TIPHHIMIIOBY MOJENb
a/IaNTUBHO-IIIHHICHOTO YIPABIIiHHS POEKTaMU PO3BUTKY TOCIITAIBHUX OKPYTIB, SKa 3Ba)Ka€ Ha aJaNTHBHICTH [0 3MiH IIPOEKTHOTO
CepeOBHIIa, a TAKOXK 3abe3mneuye edeKTHBHE IUIaHyBaHHS, PO3MOALT Ta BUKOPHCTAHHS PECYpCIiB 3 OISy Ha PH3UKHU Ta LIHHOCTI
JUTSL CTEMKXOJIIepiB. Y CTaTTi po3B’sA3yIOTHCS TaKi 3aBAaHHs: 1) aHaNi3 Ta OMUC CTPYKTYPH TOCIITAIBHUX OKPYTiB OKPEMOTO PErioHy;
2) oOrpyHTyBaHHS NpPHUHIUIIB, Ha SKUX OCHOBaHWH aJanTHBHO-IIHHICHWN MIiIXiZ MO YIPaBIIHHSA NPOEKTaMH (YHKIIOHYBaHHS
Ta PO3BUTKY TOCHITAIBHUX OKpPYTiB; 3) aHANI3 CXEMH IPOIECIB i JOTIKO-NPUHINNIOBOI MOJENTI aJanTHBHO-IIHHICHOTO YHpPaBIiHHSI
MPOEKTAMH PO3BUTKY TOCHITAJbHUX OKPYTiB, IO OMHCY€ B3a€MO3B’SI3KM MK BH3HAUCHUMH IPUHLUIAMHU. 3aCTOCOBYIOTHCS TaKi
METOIM: aHai3 | CHHTE3; JIOTiKO-CTPYKTypHE MOJICIIOBAaHHSI; CHCTEMHHH IMiIXi/1; eKCIePTHE OL[IHIOBAHHS Ta METOJIOJIOTIsI YIIPaBIiHHS
npoekTamu. JlocArHyTi pe3yJabTaTH: CcHOPMYNHOBAHO TNPHHIOUIN aJaNTHBHO-IIHHICHOTO YIPABIIHHSA IIPOEKTAMU PO3BHUTKY
TOCHITaTBHUX OKPYTiB; MOOYIOBAHO JIOTIKO-MPUHIKIIOBY MOJETb, IO IHTErpy€ KIFOYOBI YMHHUKH YCIIXY IPOEKTIB, TakKi SK
aIaNTHBHICTh, LIHHICTh IS CTEHKXONIEPiB, YIPABIIHHSA PU3MKAaMH, CTIHKICTh Ta AKICTh HaJAaHUX MEIMYHUX IOCIYT; pPO3poOIeHO
MpOIIECiB
BucHoBkHn. YTpoBa/UkeHHS OOIPyHTOBaHMX IPHHIMIIB 1 Ha IX OCHOBI PO3pOOJIEHOI JIOTIKO-CTPYKTYpPHOI MOZENI aJalTHBHO-

cxeMy QIaNTUBHO-IIHHICHOTO ~ YIPaBJiHHS, IO BIATBOPIOE B3a€MOMAII0 MDK BHU3HAYCHHMH IIPHHIUIIAMH.
LiHHICHOTO YIPaBIIiHHS MPOEKTAMH PO3BHUTKY TOCITANBHUX OKPYTiB Ja€ 3MOTY IiIBUINUTH ¢()EKTUBHICTH peaii3amii 3a3HaueHHX
MIPOEKTIB 3aBISIKH 3a0€3MEUCHHIO YIPaBIiHCHKUX JiH 3 OMVIAAY Ha 3MiHU HPOEKTHOTO CEPEIOBHUINA, a TAKOXK IUIAHYBAaHHIO, PO3NOALTY
Ta BUKOPUCTAHHIO PECypCiB, 3BaKAIOYM Ha PU3UKM Ta I[HHOCTI A creiikxonaepi. Lle cnpuse oTpuMaHHIO OaXaHOTO MPOIYKTY
NPOEKTIB (PYHKIIOHYBaHHS Ta PO3BUTKY TOCHITAIBHHX OKpYTiB, IO IMO3HAYMTHCS HA MOKPAIIEHHI SKOCTI MEAWYHHX HOCIYT
1 CTIHKOMY PO3BHUTKY TOCITITAIEHIX OKPYTiB.

KurouoBi cjioBa: rocmiTa’dbHI OKPYTH; aJalTUBHO-IIHHICHE YTPABIiHHA; NPOEKTH; CTIHKICTh, PHU3HKH; IIHHICTB;

JIOTiKO-CTPYKTYpHE MOJISIIOBAHHS; PO3BUTOK MEIMYHUX 3aKIIaiB.

Beryn

Cucrema 0XOpOHHU 31IOpPOB’S B YKpaiHi mepeOyBae
B CTaHi aKTUBHOTO pe(dOpMyBaHHsI, CIPSIMOBAHOTO Ha
MiABUIEHAS e()eKTUBHOCTI Ta AKOCTI HAJaHHS MEAMIHIX
nociyr. B ymoBax 0OMeXeHOCTI pecypciB, 3pOCTaHHS
MONMUTY Ha MEAWYHY [OMOMOTY Ta Pi3HOPiTHOCTI
perioHabHUX ~ 0COOJIMBOCTEH

BUHUKAE TOTpeda B

3alpoBa/PKEHHI  HOBHX  INIXOAIB 1O  YTPaBIIHHI
NpoeKkTaMH B IiK ramy3i. OmHUM 13 TNEpCHEKTUBHHUX
HampsMiB € BIPOBA/DKEHHS  aNaNTHBHO-LIHHICHOTO
migxoay, 1o 3abe3nedyye THYYKICTh YHPaBIiHCHKUX
pilieHb i Aae 3MOry 3BakKaTh Ha OCOONHBI TOTpeOU
TOCHITAIEHUX OKPYTiB.

TocmiTaibHi OKPYTH € KIFOYOBOKO JIAHKOKO B CHCTEMI
oprasizanii MeJUYHOT IOTIOMOTH Ha PETiOHAIbLHOMY piBHI
[1]. Ix edexTuBHE (YHKIIOHYBaHHS BHMAra€ 4iTKOi
KOOpJAMHAII] TPOIIECIB YIIPABIIHHS, PO3MOALTY PeCypciB
1 peayizawii MPiOPUTETHUX MPOEKTIB. Y 1[OMY KOHTEKCTI
0co0IMBOTrO 3HaYCHHS! HAOyBae BUKOPUCTAHHS Cy4acHHX
IHCTpyMEHTapiiB 10

YIOPaBIiHHS  MPOEKTAMH, IO

CTIPHUSIOTh IHTETPYBaHHIO IHTEpPECiB yCiX 3alliKaBJICHHX
CTOpiH, 3a0€3Meuyloun CTajJuii PO3BUTOK PErioHaJbHUX
MEIUYHHUX cUCTeM [2].
IIponoHoBaHuii y CTAaTTi agaNTUBHO-I[IHHICHUH
MiAXin mependadae 3acTOCyBaHHS METOIB, HIO JAIOTh
3MOTy HE JHIIe ONTHMI3yBaTH TMpPOLEC YIpPaBIiHHSI
MPOEKTaMH (DYHKI[IOHYBAaHHS Ta PO3BHUTKY T'OCITITAIIBHUX
okpyriB (OPI'O), a i ouiHoBaTH iX IIHHICT JUIs
pi3HHX Kareropiii KopuctyBauiB. 30Kpema, e Miaxin
CIpSIMOBaHMI  HA  JIOCATHEHHS  MAaKCHMaJbHOTO
COIIaJIbHO-EKOHOMIYHOTO e()eKTy Bifl BIPOBAHKECHHA
MPOEKTIB, 3BAKAIOYM Ha OOMEXCHi (PIHAHCOBI pECypCH.
Sk 3a3HawyaeThcst B mpamsx [3-5], ycmix IIpOEKTIB
y cdepi OXOpOHHM 3/0pOB’Sl 3aJEKHUTh Bl HPaBHIBHOI
imeHTHdiKaii moTpe® TpoMax, anmamTamii CTpaTerii
JO  perioHaJbHUX  OCOONMBOCTEl Ta  3aJydeHHs
iHHOBaIitHUX TexHoNoriiH. OKpiM TOTo, BIPOBaIKEHHS
IHCTPYMEHTApII0 YIpPaBIiHHS HPOEKTAMH, OPIEHTOBAHOTO
HAa ajanTamio OO0 JOUHAMIYHUX 3MiH IPOEKTHOTO
CepelloBUINA, Ja€ 3MOTY MIHIMI3yBaTd pHU3UKH U

MiIBUIYBATH €(QEKTUBHICTh 3aCTOCYBAaHHS pPECYPCIB.

© A. Tpury6a, O. Mananuyk, P. lllonynsko, 2024


https://doi.org/10.30837/2522-9818.2024.4.097

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2024. No. 4 (30)

BukopucranHsi JIOTIKO-CTPYKTYPHUX MOJEJIeld, METOIIB
CHUCTEMHO JWHAMIKM Ta I1HCTPYMEHTIB OIlIHIOBaHHS
BIUIUBY TIPOEKTIB € BaKJIMBUMH CKIAJHUKAMH IbOTO
nigxony. Hampuknan, y poborax [1-8] posrismaerscs
JOLITBHICTE  3aCTOCYBaHHA KOMIUIEKCHOTO  aHANi3y
MOKa3HUKIB 1 MOJIENICH TPOTHO3YBaHHS JUIS MPUHHATTS
YIPaBIIHCHKUX PillIeHb.

JIOCITIKEHHS

Hayxkogi MiATBEPIXKYIOTh, IO

AQIaNTUBHUMA  MiAXiJ  CHOpHsI€ MiABHINEHHIO  SKOCTI
YIpaBIiHHS IPOEKTAMHU B OXOPOHI 3710poB’s. Hampukmnan,
BIiINOBITHO 10 cTyxiil [9-11] iHTerparmis Takux MeTOZIB
COpWsIa 3MEHIICHHIO BUTpAaT HAa MEAWYHI TOCITYTH
B perioHax i3 pi3HOpiAHOIO AeMorpadiero Ta BOZHOYAC
MiABUIUIA TOCTYITHICTH METUYHOI JOTOMOTH.

s craTTs mpucBsSdeHa aHANI3y NPUHIMIIB i Ha iX
OCHOBI Moei

CTBOPEHHIO  JIOTIKO-CTPYKTYpPHOT

aIaNTUBHO-I[IHHICHOTO YIpaBITiHHS MPOEKTAMU
PO3BUTKY TOCHITaJbHUX OKpYTiB, 10 Oepe A0 yBaru
MPUCTOCOBAHICTh O 3MIiH TPOEKTHOTO CEpPEIOBHINA,

a TaKOX PU3UKU Ta I[IHHOCTI JJIsl CTEHKXOJIICPIB.

AHaJji3 npo6JjieMn ii HASIBHUX METO/iB

Po3BHTOK TOCIITANTFHUX OKPYTIB € KIIOYOBUM
3aBIaHHIM y pepopMyBaHHI CHCTEMH OXOPOHH 3/10pOB’s,
CIPSAMOBAHMM Ha 3a0€3MEYCeHHS TOCTYIHOCTI, SKOCTI Ta
epexTuBHOCTI MennuHuX nociyr [12—-14]. IIpote icHye

HU3Ka TpobieM, IO YCKIAOHIOIOTH IOCSTHEHHS i€l
METH, a caMme:

1) HeBH3HAUYEHICTP Ta MUHAMIYHICTD HPOEKTHOTO
CepelloBUIla — CHCTEMH OXOPOHH 3JI0POB’S MOCTIHHO
3a3HAIOTH BIUTMBY 3MiH Y 3aKOHOJABCTBI, (piHAHCYBaHHI,
JgeMorpagiuHiX Ta emiJeMioJOriYHUX YHHHHKAX, IO
moTpeOye BUCOKOI aJalTUBHOCTI YIIPABIiHHS MIPOEKTAMU;

2) OOMEXeHICTh pecypciB — HecTaua (iHAHCOBUX,
KaIpoBUX Ta IHQPACTPYKTYPHHX PECypciB yCKIAIHIOE
e(eKTUBHE TUIAHYBaHHS i peallizallifo MPOEKTIB PO3BUTKY
TOCHITaIbHUX OKPYTiB;

3) HEey3TOIKCHICTh iHTEepEeCiB 3aIiKaBICHIX
CTOPiH — yBa)KHE CTaBJICHHS A0 MOTPeO i BUMOT Pi3HHUX
CTEHKXONIIEPiB, 30KpeMa  MEIUYHOTO0  IIepPCOHaIy,
MAIiEHTIB, MICIIEBUX OpraHiB BIaAd Ta [EpKaBHHUX
CTPYKTYP € BUKJIMKOM JJIsl €pEKTHBHOT'O YIIPaBIIiHHS;

4) ympaBiiHHS PU3UKAMH — BUCOKA HEBH3HAYCHICTh
1 CKJIQIHICTh TPOEKTIB PO3BUTKY TOCHITAIBHUX OKPYTiB
moTpeOyIoTh yNPOBapKEHHS e()EeKTUBHUX MEXaHi3MiB
iIeHTU(IKAIIT, OIIIHIOBAHHS Ta MiHIMI3allii PH3UKIB.

HasBHI migxomw [0 YOpaBIiHHA IPOEKTaMHU
(tabn. 1), 30kpema kackamuuii (Waterfall), THY4KHHA
(Agile), a Takox wmeromomorii PMBOK (Project
Management Body PRINCE2

(Projects IN Controlled Environments) TpOIIOHYIOTh

of Knowledge) Ta

3arajbpHi IHCTPYMEHTH JJIsi Oprasizamii MpOEKTHOI

nistmeHOCTI [15—17].

Tabauus 1. Ocrogni nioxoou 0o ynpasninua MeOuuHUMU NPOEKMAMU

Metoaun OcobauBocTi IlepeBaru 3acTocyBaHHs Henouikn
. | JIiHIAHMH TiaX10, 9iTKe BUKOHAHHS . . .. Hwusbka raydKicTh 10 3MiH, CKIaJHICTh
Kackaanuii . A [TIpo3opicTh eTamiB, YiTKICTh Yy .
. eTaliB IIaHyBaHHs, peasizanii Ta . . . BHECEHHS KOPUT'YBaHb ITiCJIs
(Waterfall) BH3HAYEHHI 3aBJaHb 1 pe3yJIbTaTiB. .
3aBepIICHHSL. 3aBepIICHHS eTalliB.
AT— ITepaTUBHUI TiaXij, MOCTiHA Bucoka aganTHBHICTb, MOXKIIUBICTD [ToTpebye 3HAYHUX JTFOJCHKUX
“ yile) ajlanraris 10 3MiH 1 aKkTUBHA IIBUJIKO pearyBaTy Ha 3MiHH pecypciB i BUCOKOT 3aTy4eHOCTi
& B3a€MOJIisI 3 YUaCHUKAMH MPOEKTY. CepeIOBHIIA. 3aliKaBIeHUX CTOPIH.
VYHiBepcaibHa CHCTEMa 3HaHb IIPO o .
. R . .. . 3HayHa KiJIBKICTh MPOLECIB
YTIPABITiHHS IPOEKTAMU 3 TITKUM KomrutekcHuMi miaxix, MOXKIHBICTD :
PMBOK . . . YCKJIIHIOE YIIPABJIIHHA HEBEJTUKUMU
aKIIEHTOM Ha IIpoIlecax Ta ajanranii 10 pi3HUX THIIB IIPOEKTIB.
. TIPOEKTAMH.
IHCTPYMEHTaX.
OpieHTOBaHMIi Ha KOHTPOJIb . . .
o . YiTka CTpyKTypa yNpaBIiHHS, € HaATO CKIIAJHUM I HEBEJIUKHX 1
CepeOBHIIA, CTPYKTYPHHHI MiAXia 10 h L . .
PRINCE2 . MO>KJIUBICTb JIETKO BIICIIAKOBYBaTH JMHAMIYHUX IIPOEKTIB Y€pPE3 BUCOKY
JOKYMEHTYBAHHS Ta yIPaBIiHHSI . L .
TIPOTpeC 1 PU3UKH. (opmartizamiro pomnecis.
PHU3HKaMH.

[IpoananizoBaHi OCHOBHI MiIXOAW IO YTIPaBIIHHI
MEIUYHUMHU TpoekTamu (Tabn. 1) He OepyTb 10 yBaru
OCOOJMBOCTI YIPaBIiHHS MPOEKTAMH y cepi OXOpOHHU
3/I0POB’sl, SIKA BU3HAYAETbCS BHCOKOK CKIAIHICTIO,
0araTOBEKTOPHICTIO 3aBIaHb 1 BaXKJIMBICTIO JOCATHEHHS
LIHHOCTI IS 3allikaBieHuX cTopiH. OTke, alanTUBHO-
MiHHICHAN TiAXiA MO0 YHpaBIiHHSA MPOEKTAMU PO3BHTKY

TOCHITAIBHUX OKPYTiB € TEPCIEKTHBHUM HAaNpsMoM,

o J1ac MOJOJIaTH HasBHI OOMEXEHHS Ta

3a0€3MEUUTH YCIIITHY pPeaTi3allil0 MPOEKTIB y Mexax

3MOTY

JOCTYITHUX PECypCiB.

BimoMi MeTOI¥ OI[IHIOBAHHS YCIIIIHOCTI MPOEKTIB
3a3BUYail 30CEePeMKYIOTBCS Ha JOCSITHEHHI YaCOBHX,
Oro/uKeTHUX Ta sKicHuX mapamerpiB [18, 19]. Opnnak
BOHH HE OepyTh N0 yBard CTIHKICTh MPOEKTIB IO 3MiH
MIPOEKTHOTO CEPEOBUIA Ta PiBHSI OTPHUMAHOI IIHHOCTI
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Juis  cTedkxonaepiB. Takuil MiOXiJ YHEMOXIIHBIIOE

NOBHY OWIHKY €(eKTHUBHOCTI IPOEKTIB  PO3BHUTKY

TOCHITAIBHUX OKPYTIB. Y I[bOMY pa3i BUHUKAE MOTpeda
MiIX0My IO
MPOEKTAMH, 110 TTOEAHYBAaB OM aJalTUBHICTD, YIIPABIIIHHS

B pO3poOJIeHHI HOBOTO YIpaBIiHHSA
pu3uKaMu, 3a0e3nedeHHs] CTIHKOCTI Ta MaKCHMIi3alliio
MiHHOCTI I creiikxonaepiB. Llei migxix Mae 3BakaTu
Ha OCOOJIMBOCTI MEIWYHHX TMPOEKTIB 1 BIAMOBIIATH
YMOBaM iX ANHAMIYHOTO IPOEKTHOTO CEPEeIOBHUIIIA.

YIIPaBIiHHS

AJAnTUBHO-I[IHHICHAA  miaxig o

MPOEKTAMHA  PO3BUTKY TOCHITaIbHUX OKpYTiB Oepe

JI0O yBarm  OCOOJMBOCTI  CYYacCHOTO  IPOEKTHOTO
CepeIOBUIIIa MEAMIHIX MPOEKTIB, IO 1HOAI ITHOPYIOTHCS
TpamuIiiiHuMu  Metomamu. lled migxim nomomarae
3a0e3MeYnTH agaNTUBHICTD 10 Pi3HUX 00CTAaBUH 3aBISKU
IIBHJIKOMY pearyBaHHIO Ha 3MiHH B 3aKOHOJABCTBI,
(hinaHCyBaHHI, y naeMorpadiqyHUX 1 emigeMioNIoTigHIX
(hakTopax, a TakoXK E(QEKTHBHO VIPABIATH PU3AKAMHU
3aBAAKM X SKICHIA imeHTH(ikamii Ta MiHIMI3amii, IO
TOB’SI3aHO 31 CKJIAJHICTIO W JUHAMIYHICTIO MPOEKTHOTO
cepeloBUIIA. 3a3HAUCHHWH MOXil 30CEpellkKye yBary
Ha  CTIMKOCTI 3a0e3MeUYeHHIO

3aBJSAKH 3}IaTHOCTi

TOCIIITATBHUX ~ OKPYTiB  €(eKTHBHO  (PYHKIIOHYBAaTH

3a yMOB 3MiH MPOEKTHOTO CEPEIOBHINA Ta HASBHUX
coepi.
oo 3a0e3rneyye MaKCHUMI3alli0  BUTiI

BUKIIUKIB Yy MEIM4Hii Bim opierToBaHmMit

Ha MIHHICTb,
JUIE  CTEHKXOJIEpPIB 3aBISKH yBaXKHOMY CTaBICHHIO
mo ix morped Ta BHMOr, a TakoX Iependavae

THY4KE YIpaBIiHHS pecypcamu, CHPUSFOUH

ONTUMAJIbHOMY BHKOPHUCTAaHHIO (PIHAHCOBHX, KaJIPOBHX
Ta IHQPACTPYKTYPHUX PECYPCIB.

Orxe, aIanTHUBHO-I[IHHICHMM ITiIXiJ € JI0CTaTHBO
e(pEeKTUBHUM JUISl YIPaBIIHHSA IPOEKTAMH PO3BUTKY
TOCHITaTbHUX OKPYTiB Y CYy4aCHUX YMOBaX, OCKUIBKH BiH
3a0e3neuye JDOCSATHEHHs LIeH NPOEKTIB (PyHKIIOHYBaHHS
Ta PO3BUTKY TOCHITaJBFHUX OKpPYTiB, 30epiraroum ix
CTIFKICTb 1 I[IHHICTH JIJIS CTEHKXOJIIEPIB.

MeTto10 cTaTTi € OOTPYHTYBaHHS NIPUHIIUIIB 1 HA iX
OCHOBI  PO3pOOJIEHHS  JIOTIKO-CTPYKTYpHOI  Mozemi
aIalITHBHO-IIIHHICHOTO YIIPABIiHHSA IPOEKTAMU PO3BUTKY
TOCIITAIFHUX OKPYTiB, siKa Oepe 10 yBaru aJlanTHBHICTh
JI0 3MiH IPOEKTHOTO CEPEIOBHUINA, a TAKOX 3ade3medye
e(eKTUBHE IUIAHYBaHHS, pPO3IOJI 1 BHKOPUCTAHHA
pecypciB, 3BaKalOUM Ha PUIWKA Ta IUHHOCTI IUIs

CTEWKXOIIepiB.

Po3B’s13aHHA 3aBIaHHA

Y cywyacHHX yMoBax pedopMyBaHHS CHCTEMH

OXOpPOHH 3/0pOB’st  YKpaiHM Ha 0COOJHMBY yBary

3aCiIyroBye  TpoOjeMa  PO3BUTKY  HOBOCTBOPEHHX

TOCHiTAILHUX OKpyriB. [lig TroOCHiTaZIbHUM OKpPYromM

po3yMmieTbess  (YHKI[IOHaJbHA ~ Mepeka  MEINYHHUX

3aKJaJiB, pO3TAlIOBAaHMX Ha TEBHIA TepUTOpIi, IO
3a0e3rneuye HaJaHHSA  CIICIiali30BaHOi  (BTOPHHHOIL)
JIKapChKOI JIONIOMOTH JKUTENAM 1ii€i Tepuropii [20].
MenuuHi 3akimany, MO HAIEXaTh JO TOCHITAIBHUX

OKpYTIB, MOAaHI Ha pHc. 1.

HaaknactepHi

NiKapHi

iKapHi 3aranbHo
NpWU3HAYEHHA

acTepHi niKkapH

AmbynaTopii

EHTPY NEPBUHHO

e MKO-CaHITapH(
[A0MoMOTK

Puc. 1. CTpyKTypa rocriTaibHUX OKPYTiB OKPEMOro perioHy

CkJaJ rocmiTalbHOTO OKpPYTY MICTHTh HE MEHINE
HDK OJHMH OaraTonpo(inbHUI 3aKjia] IHTEHCUBHOTO
JKyBaHHS Nepuoro Ta/abo Japyroro piBHS Ta iHII

YCTaHOBH OXOpOoHH 310poB’s [20]. [ po3BUTKY

TOCHITAIFHUX ~ OKPYTiB  HEOOXiJHO  pealli3oByBaTh

BIAMOBINHI  MpoekTH. Y  1BOMY pa3i  BaXJIMBO

OOTpYHTOBYBATH JIOIUIBHICTE peaii3allii HU3KH MPOEKTIB
(YHKIIOHYBaHHS Ta PO3BUTKY MEIUYHHX 3aKJaliB.

BignosigHo, Oararto
LI0/10

MIpOEKTaAMHU. O,HHI/IM 3 OCHOBHMX BHKJIHKIB € HOTpeGa

mocTae HAaYKOBO-IIPUKJIIATHUX

3aBJIaHb e(peKTUBHOTO  KepyBaHHS  LUMHU

OayaHCyBaHHS OOMEXKEHHX PEeCypCiB 1 BHCOKHX BHMOT
J0 SIKOCTI MEAMYHHMX IOCHYT, IO 3yMOBIIOE MOTPEOy

B HOBUX MiAXOJax [JO YOPABIIHHA IPOEKTAMH.

Kpim Ttoro, cnocrepiraerbcss OCOONMBHII  BIUIMB

JUHAMIYHOTO IMPOEKTHOIO CEPEIOBHINA HAa peasi3alliio




ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2024. No. 4 (30)

MEIUYHUX MPOEKTIB. ANIANTUBHO-LIHHICHE YIPaBIiHHS
€ IHHOBAWIHHUM IIJXOJAOM, IO MOEIHYE THYYKICTb
y NPUAHATTI YIPaBIiHCHKUX PILIEHb Ml 4ac peaizaiil
npoektiB @PI'O 3 orsiy Ha moTpedu Ta WIHHOCTI Pi3HUX
3aIiKaBIEHNX CTOPIH, IO OCOOJMBO BaXKIIMBO B yMOBax
MOCTIHHUX 3MiH y COIIATbHO-CKOHOMIYHOMY CEPEIOBHIIIL.
TocniTanbHi OKpYTH, SIKi € OCHOBOIO ISl OpraHi3arii
JIKapChKOI JIOTIOMOTH Ha PErioHalIbHOMY PiBHI, IIOBHHHI
MaTd e()eKTUBHY CHCTEMY MEIUYHUX 3aKJIaJIB, IO JacTh
3MOTY WIBHIKO aJanTyBaTUCS IO HOBHX BHKIIHKIB,
30KpeMa 3MiHH JeMorpadigyHuX MOKa3HUKIB, 0OMEKEHOro
(iHaHCYBaHHS Ta HOBHX CHiJEMIOJIOTIYHUX 3arpos.
YrpoBa/yKeHHA aJalTHBHO-LIHHICHOTO YOPAaBIIHHS i
yac peanizanii npoektiB ®PI'O cmnpuse oTpumaHHIO
SIKICHHAX TIPOIYKTIB MPOEKTIB, IO MiIBHUIIATH €()DEeKTUBHICTD
1 JIOCTYIHICTP MEIWYHHX TMOCIYyT, 3abe3rnedaTh
pecypcis,
cepeloBHIE  Ta
HACeNeHHs B JIIKAPCHKUX MOCITYTax.

ONTHUMAIBHUHA  PO3MOALT 3BaXAIOYM  HA

MUHAMIYHE  MPOEKTHE moTpeou

ANanTHBHO-IIHHICHE  yNPaBIiHHSA
0 MigxXomny,
3a0e3neveHHs] THYYKOCTI M aJanTHBHOCTI B NPUIHATTI

MIPOEKTaMH
OPI'O  HaneXuTh CIPSIMOBAHOTO Ha
YOPaBIIHCHKHX PIMICHB 3 OTJISAY Ha MiHHICHI IPIOPUTETH
3arikaBieHuX cropid. Illomo po3BUTKY rocmiTagbHUX
OKpYTiB, TO IeH MiAXiA € OCHOBHUM IS €PEKTHBHOTO
(hopMyBaHHS CHUCTEMH OXOPOHHM 3I0pOB’Sl PETIOHIB.
Came BiH Jae 3MOTy Y3TOMKYBAaTH HOTPEOHM HAacEICHHS
B MEAMYHHUX IOCIyrax, oOMeXeHi pecypcu Ta MiHJIMBI
YMOBH 30BHIIIHBOT'O IPOEKTHOTO CEPEIOBHUIIIA.

aJalTUBHO-I[IHHICHUNA  IAXIJ
@OPI'O

Ha CeMHM TPHHIMMNAX, SIKi 300pa)xeHi Ha puc. 2.

3anponoHoBaHU

JI0O YOPaBIiHHSA  HPOEKTAMHU TPYHTY€TBCS

Puc. 2. lpunnunu, Ha SKUX 0a3yeThCs aIalTUBHO-I[IHHICHUH
miaxin 1o ynpasniHas npoektamu OPTO

AJanTHBHO-I[IHHICHUN  OiAXiN [0  yHpaBIlliHHA
npoektamu @OPI'O  ocHoBaHMIi Ha CeMH BaXKIIMBHX
NPUHIMIIAX, 0 3a0e3MeYyI0Th THYUYKICTh, €()eKTHBHICTD
Ta CTIMKICTh TNPUHHATTS  yNPaBIIHCBKUX  PIlLICHB.
Le#t minxim nomoMarae ONTHUMI3yBaTH BHUKOPUCTAHHS
PECYpCiB Ta 3BaKaTH Ha IIIHHOCTI 3aIliKaBJICHUX CTOPiH
Yy IMHAMIYHOMY MTPOEKTHOMY CepEeIOBHIILI.

[TpyHOMO amanTUBHOCTI MOJSTa€ B TOMY, LIO
ynpaBiiaHA npoekTamun OPT'O mae Oytn auHAMIYHEM
1 THYYKHM, 37aTHHM IIBHJKO pearyBaTH Ha 3MIHH
Yy BHYTPIIHROMY Ta 30BHINIHBOMY IPOEKTHOMY
cepenoButii. Lle cTrocyeThes sk 3MiH y 3aKOHOJABCTBI,
(iHaHCyBaHHI, TaK 1| BHHUKHEHHS HOBHX COIJIAIbHUX YU
€IiIEMIOIOTIYHUX BUKIHKIB. AJAaNTUBHICTH THepenadadae
MTOCTIHHIA MOHITOPHHT CTaHY MPOEKTHOTO CEPEeIOBHINA,
KOpUTYBaHHS  IUIaHIB 1  TEpepo3moAil  pecypciB
BiJIIOBiTHO 0 3MiH y MPOEKTHOMY CEpPEIOBHILI.

BifnoBigHO O MPUHIMIY CTBOPEHHS MaKCUMAIIBLHOT
uirHocTi Bei npoektd @PI'O MaroTs 3HaUyII IPiIOPUTETH
JUIL  PI3HUX TPYIN 3aliKaBIeHWX CTOpiH (TAL€HTIB,
MEINYHOIO MEPCOHATY, MICHEBHX TpOMal, IEep>KaBHUX
OpraHiB, IHBECTOPIB TOIIO). 3a3HAuYCHHWH IMPHHIHII
3a0e3nedye OTPUMAaHHS Y3TO/DKEHHX — YIPaBIiHCHKIX
pileHb, OPIEHTOBaHMX HA 33/I0BOJICHHS MOTpeO HaCeNleHHs
TPOMaIH Ta MOMIIMIIICHHS SKOCTI MEIUIHUX TTOCIYT.

[TpuHIMO eQeKTUBHOTO BUKOPHUCTAHHS PECYpCiB
TOCIITaTBHOTO OKPYTY 3Baka€ Ha iX OOMEXCHICTh
Ta ONTHMAJbHE  PO3MOJUICHHS JUIi  JOCSTHEHHS
MaKCHMAaJBHOTO PE3yJbTaTy. Y IBOMY pasi 3HiHCHIOETHCS
palfioHaibHe 3acTOCYBaHHsS (DIHAHCOBUX, JFOJCHKUX 1
MaTepialbHUX PECypciB 3 OTIISAY Ha MiHIMI3aIlifo BUTpaAT
Ta MiJBUIIECHHS SKOCTI HalaHHS MEJJMYHUX TOCIYT.

[TpuHmmn 6e3nepepBHOTO BIOCKOHAJICHHS OCHOBAHHH
Ha TOMYy, IO pO3BUTOK TOCHITaJIbHUX OKPYTiB
€ HemepepBHUM 1nponecoM. AIlY 1pyHTyeTbcs Ha
MIPUHIMII TOCTIHHOTO BJIOCKOHAJEHHS, IO Nependavae
BIIPOBADKEHHS  IHHOBAIlifl, TEpEIOBUX TEXHOJOTIH,
MiJBUIICHHS KBaJTi(hikaii MEIUYHOrO MEPCOHANY Ta
MoJepHi3amito iHppacTpykTypu. Lle npuHImm 3abe3nedye
CTJICTh HaJaHHS JIKapChKUX TIOCIHYr Ta TOTOBHICTB

CHCTEMH OXOPOHH 3JIOPOB’S 10 HOBHX BHKJIHKIB.

[MpuHIMn PHU3UK-MCHEDKMCHTY nepeadavae
MIBUINIEHY  yBary /0  MOXJIMBHX  pPU3HKIB 1
HEBHM3HAYEHOCTEH, M0 € BAKIUBUM  CKIAJHHKOM
aIanTUBHO-IIIHHICHOTO MAXOTY bi o) YIpaBITiHHS

npoektamu DPI'O. KepyBaHHs pusukamu nependavae
imeHTU(}IKaIil0 TOTeHHIHHUX 3arpo3, ix aHami3 Ta
pearizamito MEJUYHUX IPOEKTIB. 3a3HAUYCHWHA MPUHIIHIT

crpusie  3a0€3MEYEeHHI0 CTaOUIBHOCTI Ta  CTIMKOCTI

TOCIITAIFHUX OKPYTIB Y KPU30BUX CUTYAIIisIX.
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[Ipunnumn opieHTanii Ha SIKICHUH TPOJIYKT MPOEKTIB
OPI'O opieHTOBaHMH Ha JOCSITHEHHS KOHKPETHHX,
BUMIPIOBAaHUX  PE3YJIbTATIB  MPOEKTHOI  JisLTBHOCTI.
s mpoektie ®PI'O 11e 03Hayae He JHIIE TOCATHCHHS
IUTAHOBUX ITOKA3HWKIB, aje ¢ MABUIIEHHSI SKOCTI
MEIMYHOI JIOTIOMOTH, TOKpPAIleHHs 370pOB’Sl HaceJIeHHS
Ta 33J0BOJICHHA OTPEO rpoMa.

[TpuHIMN Tpo30pocTi Ta MiA3BITHOCTI B MPHUHHATTI
YIPaBITiHCEKUX PIillIeHb TIePe 3aIliKaBICHUMH CTOPOHAMH €
0a30BUM TNpHHIMIIOM ynpasiiHHA mnpoekramu OPI'O.
Bin 3abe3neuye moBipy OO MPOEKTHHUX O(iciB, CHCTEMHU

OXOpPOHHU 30pOB’S Ta 3MEHIIYE PHU3UKH HENPO30PHUX

pimieHs, 1110 TIPU3BOIUTH bi (o) HeePEeKTUBHOTO
3aCTOCYBaHHS PECYPCIB Y POEKTaX.
ADanTUBHO-IIIHHICHUI  MiAXig [0  yIpaBIIiHHA

npoektamu OPI'O ocHOBaHMI Ha MPUHIOMIAX THYYKOCTI,
opieHTalii Ha IIHHOCTI, €(pEKTHBHOTO BUKOPUCTAHHSI
pecypciB, Oe3MepepBHOIO BIOCKOHAICHHS, VIIPABIiHHS
pU3MKaMH, Opi€HTamii Ha pe3ylbTaTh Ta IPO30POCTI.
3a3HaveHl NPUHOMIK 320€3MeYyIoTh SKICHE YNpPaBIiHHSI
B yMOBax OOMEXEHHX pEeCypciB 1 AWHAMIYHUX 3MiH
Yy TPOEKTHOMY CEpENOBHINI, CIPHSIOYH  CTAIOMY
PO3BHUTKY TOCHITaBHUX OKPYTiB 1 MiABHIIEHHIO SKOCTI
MEIUYHUX MOCIYT /sl HACEICHHS.

OnmmemMo  B3a€MO3B’S3KM  MDK — IPUHIAIIAMHA
aJIaNTHBHO-IIIHHICHOrO ynpasiiHHsa mnpoekramu OPI'O.
3arampHa e(eKTHUBHICTH ympaBiiHHA mpoektamu OPTO

E mopaersces sk GyHKIIS

E:fi(AsCsRylyM)O’T)) (1)
ne A — apjantuBHicTh ympaBiiHHs; C — IHHICHO
opieHTOBaHe  ympaBmiHHS; R —  e]eKTUBHICTH
BUKOPHCTaHHS  PECYpCiB; 1 —  OesnepepBHE

BJIOCKOHaJICHHs (iHHOBaIil); M — pHU3HK-MEHEIKMCHT;
O — opieHTanmis Ha pe3yJbTaTd (SAKICTH IPOXYKTY
mpoeKTy); I — MpO30pPICTh 1 MiA3BITHICTS.

AnantuBHICTE A € OCHOBOIO, IO Jda€ 3MOTY
TOCHITAILHOMY OKPYTy T'HYYKO pearyBaTh Ha 3MiHH
B 30BHIITHEOMY MIPOEKTHOMY CepeIOBHIII.
be3 BHCOKOro piBHS aJanTUBHOCTI IHIN NPUHIWIH
peai3oByBaTHMYThCS HeeeKTHUBHO, OCKIUTBKH
TOCHITAILHUN OKPYr HE BCTHIaTHME pearyBaTd Ha HOBI
Bukiuku. lliHHICHO opieHTOBane ympapminHs C
3abe3nedye OalaHC MIXK PI3HUMH TPyNaMH 3aIliKaBICHUX
cropin npoextiz ®PI'O. Moro BIIMB 3pocTae 3a yMOBH
BUCOKO Tpo3opocTi T , 110 CrIpHs€ IMiABUIIEHHIO J0BIpH
MK yYaCHHKaMH IIPOEKTIB.

EdexruBHicTs  3acTocyBaHHA ~ pecypciB R
B3a€EMOITOB’sI3aHA 3 BHUKOPUCTAHHSM IIPOIECIB PHU3HK-

MEHEKMEHTY M , OCKUIBKH e(DEeKTHBHICTD YIPaBIIHHS

pecypcamu  mependadae  BMiHHA ~ yHHKaTH 0o
MiHiMi3yBatn pu3uku. besnepepBHe BrockoHaieHHs [
IHHOBaIlii  3aleXUTh BiA

3aBJJAKH  BHIPOBAKCHHIO

amanTuBHOCTI A Ta e(EeKTHUBHOCTI BHKOPUCTAaHHA
pecypciB R, OCKUNBKH iHHOBAIii 3aCTOCOBYIOTHCS JIMIIIE
B CEpENOBHII, IO 37aTHE NPHCTOCOBYBATHUCS /O 3MiH
1 palioHaJbHO BHKOPHCTOBYBAaTH pecypcu. Pusuk-
MEHeUKMEHT M BIUIMBA€ Ha BCi IHIN eJIEMEHTH,
OCKIIBKM ITHOPYBAaHHS PHU3UKIB CTAaBUTH I 3arpo3y
SK aJalnTHBHICTb, TaK 1 IIIHHICHO OpIEHTOBaHHUH
CKIamHUK ympaBiiHHA mpoektamu DPI'O. OpierTaris
Ha pe3ynbrati O BH3HAYAE SKICTh KIHLEBHX NPOMYKTIB
OPIO i

MIPUHIUIAMA. 30KpeMa, AOCSITHEHHSA SKICHUX KIHIIEBHX

MIPOEKTIB TICHO TIOB’si3aHA 3  IHIIMMH
MIPONYKTIB TPOEKTIB HEMOXJHMBE 0e3 eQEeKTUBHOTO
YOpaBIiHHA pecypcamMu, MiHiIMi3amii pH3HUKIiB i CTBOPEHHS
LWiHHOCTEH Ui 3amikaBieHUX cTopiH. [Iposopicts Ta
MiA3BITHICTE ] TOCHIIIOE NOBIpY MK 3allikKaBICHUMHU
CTOpPOHAMHM, IO TO3WTHUBHO BIUIMBA€ Ha LIHHICHO
opieHTOBaHe ynpaBiiHHA C, Opi€HTAIll0 Ha SKICTh
KIHIEBUX NPOAYKTIB MpoekTiB O Ta ePEeKTUBHICTh
ynpaBiiHHA pecypcamu R .

Skmio Opati 0 yBaru ONHMCaHi BHIIE B3a€EMO3B’SI3KH
MDK OKpEeMHMH NpPHUHIHUIIAMH aJalTHBHO-IIHHICHOTO
migxony Ao yrnpasiinas npoektamu @PI'O, dopmyna (1)

MaTHUME BUTIIA

EzA/\(C(—)T)/\R/\I/\M/\O, 2)
ne (C«>T) — B3aeMO3B’M30K MK MiHHICTIO Ta
MPO3OPICTIO, OCKUTBKHA  TIPO30PIiCTh  Oe3mocepeHbO

BIUIMBAE Ha ynpasiiHHg npoektamMu OPI'O, opienToBaHe
Ha IIHHOCTI.

Hpwammmun A, R, I, M i O BmiuBamoTh Ha
3arajgbpHy e(EeKTUBHICTh yIpaBiiHHS npoektamu PPTO
SIK MyJIBTHUIUTIKATHBHI CKJIQTHUKH.

Posrmsinatoun  B3a€MO3B’SI3KM MK NPUHIWIIAMHA
aIanTUBHO-IIIHHICHOTO ympaBiiHHA TpoektamMu DOPIO,
HEOOXI/IHO 3ayBa)KUTH, 110 KOXKEH HPHUHIUIT B3aEMOJIE 3
IHIIUMHU, TIOCHIIIOIOYM ab0 KOMIIEHCYIOYH iX BIUIHB.
Hanpuknan, nposopicte 1 mig3BiTHicT 1 3abe3neuye
ITOM’ SIKITYBaJIbHUH BIUIMB Ha pm3uKH M , a iHHOBarii /
CIPHSIOTh AJaNTUBHOCTI A Ta TOKpAIIEHHIO SKOCTI
MIPOYKTY NPOEKTIB O .

[Mpuatun ~ aganTUBHOCTI A 6e3mocepeTHEO
MoB’si3aHUN 13 Oe3nepepBHUM BIOCKOHAJCHHSIM [ ,
OCKINTBKM aJalTHBHICTh ympaBiiHHA mpoektamu OPI'O
Jla€ 3MOTy LIBHJKO BIPOBa)KyBaTH IHHOBALIIT IPOEKTAMH
OPI'O

BIJITIOBI/Ib HA 3MiHM 30BHIIIHIX CKJIQIHUKIB MPOEKTHOTO

Ta KOPUTYBaTH YIPABIIHCBKI DIMICHHA Yy
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cepenoBumia. lleit 3B’530k MOXHa TMOJATH Y BHIIISAL
JI0ZIATKOBOTO MHOXKHUKa y hopmyiti (2):

E=(AAI)A(CVT)ARAM AO. 3)

Y dopmymi (3) A-I o3Hayae, mo 0e3 HaJICKHOI

amanTUBHOCTI A  HaBiTh Haiikpamyi iHHOBamii [/
HE MOXYTh OyTH e(eKTHBHO peaiizoBaHi. | HaBmakwy,
TOCIIITAIbHI OKPYTH, SKi HE BIIPOBAKYIOTh HOBI METOIU
Ta WIAXOOM O VIPABIIHHSA TIPOEKTaMHU, HE 3HaTHI
MOBHICTIO peai3yBaTH CBilf aJalTHBHUH ITOTEHITIaL.
IIpo3opicte T Takok Mae CHIBHHUN BIUIMB Ha
kepyBaHHS pusukamu M mpoektiB OPI'O, ockimpku
po30opi

Ha paHHIX eTamax, a TaKoX CIPHAIOTH iX e(peKTHBHOMY

nmpouecu Oar0Tb 3MOrYy BHUABIATU PHU3UKH

YCYHCHHIO 3aBISKM 3allydCHHIO BCIX 3alliKaBJICHUX

ctopis. Lle MO)kHa TOIaTH TaKOIO B3aEMO3AICKHICTIO:
M=f,(T). “)

YV dopmyni (4) dyskmis /(7)) o3Hauae, mo
e(heKTUBHICTD yTpaBIiHHA pU3NKaMu TpoekTiB OPT'O
IpsSIMO TIpOTIOpIiKHa piBHIO mpo3opocti T . Y 3aranbHii
dopmyni (2) me MO3HAYAETBCA SK IOCIJICHUH BILIHB
npo3opocti 1 Ha 3HMKEHHS pU3UKIB M :
E=(AAI)A(CVT)ARA(T >M)AO.  (5)

EdextuBHicTs BHKOpUCTaHHS pecypciB R TicHO
HOB’A3aHa 3 OpieHTaliel0 Ha pe3ynsTaTH (O, OCKUIbKH
palioHalbHEe YIPaBIiHHSA pecypcaMu € KIFOUOBHM ISt
JIOCSITHEHHSI TIOCTaBJIGHMX IJIeH — SIKICHI TNPOIYKTH
npoexTiB @PT'O. B3aemM03B’ 130K Mk IUMHU TPHUHIAIIAMHI
3aJIEKHICTIO

OTIHCY€ETHCS pe3yibTaTiB O Big

e(heKTUBHOCTI 3aCTOCYBaHHS pecypciB R :
0 = f,(R). (6)
Y ¢opmymi (6) dynkuis f,(R) BusHauae, mo

sKicTh poAyKTiB npoekTiB ®PI'O 3pocTae mponopiiiiHo

JI0  palioHaTBHOTO  BHKOPHCTaHHSA  pecypciB R

Lle MoyxHa BIATBOPUTH B (POPMYJIi TAKUM YHHOM:
E=(AANI)A(CVT)A(RA(T > M))AQ(R). (7)

OmKe, 3BaKalOudW Ha BCl  B3a€MO3aJEKHOCTI
MiX TPUHIMIIAMY AJaNTUBHO-IIHHICHOTO YIIPaBIIiHHS,
3arajabHOL

®PTO.

s ¢opmyna pmae 3Mory moOyAyBaTH KOMIUIEKCHE

Maemo ¢dopmyny (7) A OIiHIOBaHHSA
e(peKTUBHOCTI yTpaBIiHHS MPOEKTAMU
PO3YMIHHST B3a€MO3B’SI3KIB MK KIFOUOBHMH TMPUHIIUTIAMH
aJaNTUBHO-I[IHHICHOTO YyIpaBiiHHA npoektamu DPIO,
JIEMOHCTPYIOUYH, IIO KOXEH eJIIEMEHT YHPaBIIiHCHKOT
CHCTEMH BIUTMBAE Ha 11 3araibHy €(PeKTHBHICTb.

HaykoBi OCHOBM a/anTHBHO-IIIHHICHOTO YIIPaBJIHHS
PO3BUTKOM TOCHITaIbHAX OKPYTIB TIPYHTYIOTbCS Ha
IHTerpamii TCOPETUYHUX 3HAHb 1 MPAKTHYHUX MIIAXO/IIB,

mo 3a0e3neuyloTh e(QEeKTUBHY pealizallilo MPOEKTIB
y cdepi 3II0POB 5.
YIPaBJIHHS PO3BUTKOM TOCIITaJbHUX OKPYTiB OCHOBaHE

O0XOpOHU AJanTUBHO-I[IHHICHE
Ha OIUCAHUX BHIIE MPHUHITUIAX aJAITHBHOTO YIIPABITiHHS
miaXomy, IO
IIHHOCTI  JUIS  BCIX

1 3ampoIOHOBAaHOTO  BiAIMOBiIHOTO

Opi€EHTOBaHI Ha  CTBOPEHHS
3amikaBleHUX CTOpiH. lle# migxin mepembadae THy4YKe
YIOpaBIiHHS, @IO JONOMara€ pearyBaTH Ha 3MiHH
B MIHIMBOMY TIPOEKTHOMY CEpEIOBHINI Ta 3Ba)KaTH
Ha PECYpPCHI MOXIIMBOCTI TOCIITAIFHUX OKPYTIB,
3a0e3Medyroud BOJHOYAC MAKCHMAlbHY MIHHICTD IS
HaceJeHHs M MeIWYHUX 3aKiaaiB Ta SKICTh HaJaHUX
JKapchKux Nociyr. OCHOBHEMH €JIEMEHTaMH alalTHBHO-
LIHHICHOTO  YNpPaBJiHHA  PO3BUTKOM  TOCIITAIEHHX
OKpYTIB € KepyBaHHSA 3MiHaAMH, 3a0€3II€UCHHS CTBOPEHHS
MaKCHMaJIbHOI IIIHHOCTI JUIsSi 3alliKaBJIEHUX CTOPiH
3aBISKU ONITHMI3aLlil BUKOPUCTAHHS JOCTYITHUX PECYpCIB.
Mopens a/IalITHBHO-IIIHHICHOT'O YIIpaBIiHHS
MIPOEKTAMH PO3BHUTKY TOCIITAIIEHUX OKPYTIB Iependadae
OIIHIOBaHHSA iX ycmixy U , moO CTOCY€TBhCS NOCSTHEHHS
TIOCTaBJIEHNX LJIEH Ta O4iKyBaHHUX Pe3yJIbTaTIB Y BU3HAUEH]
TePMiHH, Y MEXax 3aJaHOTO OIOKETY, 3 AOTPUMaHHAIM
SIKOCTI TIPOAYKTY, @ TAKOXK 13 3a0€3MeUeHHsIM OTPUMaHHS

LIHHOCTI JUTS 3alliKaBJICHUX CTOPIH:
U=f(A, C, P, C, Q), ®

ne U — ycmix mpoekty; A — aJanTHBHICTH 10 3MiH
y TpoekTHOMYy cepemoBumli; C — IIHHICTH JUIA
3alliKaBJIeHUX CTOpiH; P — yNpaBliHHA PH3UKaMU;
C — CTIdKICTh SK 3[JaTHICTh TOCHITAIBHOTO OKpPYTY
MIPOTHUCTOSITH MIHJIUBOTO

BILIMBaM MMPOEKTHOT'O

CepeoBHINA, 3MiHAM 1 BHKJIMKaMm, 30epiratd CBOI

OCHOBHI (yHKIii, epeKTHBHICTb Ta CTPYKTYpy; O —

SIKICTh KIHIIEBOTO TPOAYKTY IPOEKTIB (SKICTh HaJaHUX
MEIMYHUX TTOCIYT TOIIO).

3anporonoBana (opmyna (8) IEMOHCTpye, IO
YCHIX TPOEKTIB PO3BUTKY TOCHITaNBHUX OKPYTiB
3aJIeKHUTh BiJl ONTHMAIBFHOTO MOEIHAHHS aJaNTHBHOCTI
IO 3MIH Yy TpPOEKTHOMY CEpeIOBHINI, Opi€HTalii Ha
CTBOPEHHSI LIIHHOCTI JUISl 3alliKaBIICHUX CTOPIH, eEeKTHBHOTO
YOpaBIiHHA PU3UKAMH, a TAKOXK 3a0e3redeHHs CTIHKOCTI
Ta SKOCTI KIHIIEBOT'O MPOAYKTY IPOEKTIB.

Jnst omiHIOBaHHS

e(EeKTUBHOCTI  aJanTHBHO-

LIHHICHOTO YIpaBIiHHS MPOEKTAMU PO3BUTKY
TOCIITalbHUX OKPYTiB BUKOPUCTOBYIOTH IHTETPOBAHY

¢byHKIIIO e(hEeKTHBHOCTI:

E, =Y wV, /C ©9)
i=1

ne K, e(EeKTUBHICT,  A/IalITUBHO-LIHHICHOTO

YOpaBIiHHS MPOEKTAMH PO3BUTKY TOCHITAIBLHUX OKPYTiB;
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W, — BaroBMi Koe(iIlieHT 3HAYyHIOCTi i -TO HPOEKTY;

i

V. — 3HaYeHHs I[IHHOCTI, CTBOPCHE 3aBJSKH peatizarlii

i

i -ro mpoekty; C,, — 3aranbpHi BUTPaTU Ha peai3aliro

I -TO TIPOEKTY.
3 ¢opmymun (10)
a/IaNTHBHO-IIHHICHOTO YIPABJIiHHS MPOEKTAMHU PO3BUTKY

BHIHO, MO eQeKTHUBHICTh
TOCHITAILHUX OKPYTIiB 3aJICKHUTD Bijl 3arajbHOI CTBOPEHOT
IIHHOCTI BCIX TMPOEKTIB Ta IX TMOBHOI 3HAYYIIOCTI
3 OrJsily Ha BUTpPaTd. AJANTUBHICTH YIPABIIHHS

MIPOEKTAMHU PO3BHUTKY TOCIITATBHUAX OKpYTiB
3a0e3mevyeThesi 3a JIONOMOrOI0 KepyBaHHS 3MiHaMH,
1110 MOYKHA OMHCATH TAKHM PiBHSIHHSIM:

AP=dP/dt=f(E.,I,R)., (10)
ne AP — 3miHa KoH]Iiryparii npoekTiB; £ — 30BHIIIHI
YMHHUKKA BIUIMBY Ha peaji3alilo IMPOEKTIB PO3BUTKY

TOCIIITAJIbHUX OKpYTiB; [, — iHHOBAIi, [0 BIUIUBAIOTH

Ha peaizalil0 TPOEKTIB PO3BUTKY TOCHITATBHHUX
OKpYTiB; R — PHU3WKH, IKi BUHUKAIOTH IiJ] 4ac peaizarii
MPOEKTIB PO3BUTKY TOCHITAIBHUX OKPYTIB.

Kputepiem omTumizamii 3acTOCyBaHHS HOCTYITHHX
pecypciB 32 YMOBU  BIPOBa[DKEHHS  aJalTHBHO-
LIHHICHOTO MiAXOAY 0 YIPABIIHHS MPOEKTaMU PO3BUTKY

TOCIITAILHUX OKPYTIB €
R” =min| Y B/ /V, |, (11)
i=l1
ne R™

Yy TOCHITaTbHOMY OKpYy3i pecypciB;

ONITUMAJIbHE BUKOPUCTAHHA JOCTYITHHUX

B, — Butparu

pecypciB Ha pearizamiio i -TO MPOEKTY; V, — 3HAaYCHHSA

i
LIHHOCTI, CTBOPEHE 3aBASKH peasi3alii i -To MPOEKTY.

dopmyna 1D BIAITBOPIOE JIOLUIBHICTH
MiHIMI3yBaTH 3aCTOCYBaHHS PECypCiB 3a MaKCHMaJbHOI
CTBOPEHOI I[IHHOCTI 3aBASKM peaiizalii MPOEKTIB
PO3BHUTKY T'OCIITAIEHUX OKPYTiB.

[TocminoBHICT  BTiNIEHHS TIPOLECIB  aJanTHBHO-
iHHICHOTO YIpaBIiHHS TIPOEKTAMH PO3BUTKY
TOCIITAILHUX OKPYTiB 300paXkeHa Ha pHcC. 3.

Jnst kepyBaHHSI PU3UKaMH 38 YMOBHU BIIPOBAPKCHHS
YIpaBIiHHSA

a[[aHTI/IBHO—HiHHiCHOFO MMPpOEKTaMn

PO3BUTKY TOCHITAJBHAX OKPYTiB BHKOPHUCTOBYETHCS
TaKa MOJEIb:

Ref =R, —AR, (12)
Ae R, — ebeKTUBHICTb yNpaBlliHHA pusukamu; R, —

MOYaTKOBUH pHU3UK; AR — 3MiHA PHU3HWKY BHACHIIOK
BUKOHAHHS YIIPABIIHCHKUX MHiM.

Puc. 3. ITocninoBHicTh pealizamnii npomecis
aanTHBHO-I[IHHICHOTO YIPaBIIiHHS MPOEKTAMH
PO3BUTKY T'OCHITAIEHUX OKPYTiB

VY mporneci KOHTPONIO CTaHy peaii3ailii MpPOEKTIB
PO3BUTKY TOCIITAIBHUX OKpPYTIiB COIAIBHI Ta €KOHOMIiUHi
JOCIIIKCHHS JIE)KAaTh B OCHOBI KOPUTYBaHHS [Iiif:

SE =1(0, 8, E,), 13)
ne SE — couialibHO-eKOHOMIYHMH e(eKT Bin peamizamil
MPOEKTIB PO3BUTKY TOCIITAIbHUX OKPYriB; O — sKiCTh
KIHIIEBOTO MPOJIYKTY MPOEKTY (HAJaHUX JIKapChKHUX
s -

CTIHKICTh TOCHITaJbHUX OKpYIiB; E, — e(eKTUBHICTH

nocnyr abo CTBOPEHHS MEIUYHOTO 3aKIany);

aIanITHBHO-IIIHHICHOTO YTIPABIIIHHS IPOEKTaMHU PO3BUTKY
TOCHITAILHUX OKPYTIB.

OTxe, ONHCAaHI BUIIE NPUHIMIKA Ta JOTIKO-
CTPYKTYpPHa MOJIENb a/IallTUBHO-IIHHICHOTO YIpaBJIiHHA
PO3BUTKOM  TOCHITaJbHHX  OKPYTiB  IPYHTYIOTHCS
Ha KOMOIHYBaHHI THYYKOCTI NPOEKTHOTO YIPAaBIiHHSI
3 OISy Ha MIHIUBE TIPOEKTHE CEPEAOBHINE, OPIEHTAIIIIO
Ha CTBOPEHHS MLIHHOCTEH Ui 3aliKaBJIICHHX CTOpIH
Ta e(eKTUBHUN PO3IONIT PECYpCiB 3 MIJIBHOIO YBaroko
Jo HasBHMX pum3ukiB. lle 3abesmedye ycmimHy
peaiizamito MPOEKTIB, CTIMKMA PO3BHTOK TOCIITAIBHUX
OKpYTiB Ta MWIJIBHUILEHHS SKOCTI JIKAPCBKUX IOCTYT
JUTS HACEJICHHS PETioHy.

Jns  ycmimHOi  peami3ailii MpPOEKTIB  PO3BHUTKY
MeIWYHUX 3aKiamiB y JIbBIBCBKOMY TOCIHITAaIEHOMY
OKpY3l BIIPOBQJDKEHO  aJaNTHBHO-I[IHHICHUH MiIXif.
Joro OCHOBHMMHM TIPHHIMIAMH € THYYKiCTb, CTIHKIiCTb,
YIPaBJIIHHS PU3MKAMM, OpIEHTALllsl Ha WIHHICTH IS
CTEWKXONAEPIB Ta SAKICTh JOCATHYTHX pPE3YJIbTaTiB.
ABTOpHU CTaTTi NMpOaHAII3yBald MOKA3HHKH YCIIIIHOCTI

MIPOEKTIB, 30KpeMa BUKOHAHHS OIOKETY, ITOTPHUMAHHS
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TEpMIiHIB ~ Ta  SKICTh ~ MEAMYHHUX  MOCIYr, 32

BUIIE3a3HAYCHUMH TIPUHIUIIAMHY. Bukopucrano
CYKYIHICTh TMOKa3HUKIB 13 II'ITH MEAWYHUX 3aKJIaiiB
JIsBiBCBHKOT 0OmacTi 3a 20202023 poku. Hukue momaemo
0a30Bi MOKa3HWKaMH, MO0 BIUTUBAIOTh Ha €(PEKTHBHICTH
MEIUYHUX MPOEKTIB.

1. BukonaHHs OMOIKETy — piBeHb (PAKTHUIHOTO
BUKOPHCTAaHHS KOIUTIB IOAO 3aTBEPIXKEHOTO OIODKETY,

SIKHHA 00YHCITIOETHCS 32 (POPMYIIOF0
B:%xlOO%, 14)

ne B — BukoHaHHS Owomkery, %; F — QaxtuuHi
BUTPAaTH Ha pealizalil0 MEIWYHOTO MpoekTy; A —
3aTBEPKCHUH O0KET MEIMYHOTO TPOEKTY.

2. JloTpuMaHHS TEpPMiHIB — BIICOTOK MEIMYHHUX
MPOEKTIB, BUKOHAHWUX Yy BCTAHOBJICHI TEPMIiHH, IO

BHU3HAYAETHCS 32 (HOPMYIIOI0

T:£><100%, (15)

N
me I — norpumaHHs TepMmiHiB, %; C — KUIBKICTB
MEIUYHUX TPOEKTIB, 3aBEPUICHUX Yy BCTAHOBIICHI
TepMiHM; N — 3araqpHa KUIBKICTh peali3oBaHUX

MEIUYHHUX HpO€KTiB.

3. SlkicTh MeIMYHUX TOCIAYr — OI[IHIOBaNacs

3 OrIsgAy Ha pIBEHb  33JOBOJICHOCTI  TAIli€HTIB
(3a IOTIOMOT'0k0 aHKETYBaHHSI) Ta BiIOBIIHICTh CTAaHIAPTaM
OXOPOHH 370pOB’S Ha MMiJICTaBl BUKOPUCTAHHS (OPMYJIIH
S 0
0 =—x100%, (16)
M

ne O — AKIiCTh JIIKApChKUX TOCHyT, %; S — KUIBKICTh

MO3UTHBHUX OIIHOK Yy aHKeTi; M — 3arajibHa KUIBKICTbH
OTPUMAHHUX OIIIHOK.
4. KowmmnexcHuit

MOKAa3HUK  YCIIIIHOCTI  —

3aCTOCOBY€ETBCSI  CEPEIHBO3BAKCHUHA  MOKAa3HHWK, IO
BHU3HAYAETHCS 32 (HOPMYIIOO

P=w -B+w, T+w,;-0Q, (17)
e P — 3aranbpHa yCHIIIHICTH NMPOEKTY, %0; W, W,, W,

BaroBi KoehilliEHTH, BIAMOBIIHO, jIsT BUKOHAHHS OFOJDKETY,
JMIOTPUMAHHS TEPMiHIB Ta IKOCTi (BU3HAYAIOTHCS 3aICKHO
BiJ npiopureTHocTi); B, T, O — 3Ha4YeHHS MOKa3HHKIB

BHKOHAHHS OIOJKETY, JOTPUMaHHS TEPMiHIB Ta SIKOCTI.

Bukonanus Oromkery B mo3HadaeTrecs  Ha

e(eKTUBHOCTI TPOEKTY IIOAO MIATPUMKH (piHaHCOBOT
CTaOlIPHOCTI Ta 3HWKEHHS (DIHAHCOBHX  PHU3MKIB.
Ile Oe3mocepenHBO BIUIMBAE Ha CTIHKICTh (3OATHICTH
peali3oByBaTH MPOEKT 3a 30BHIIIHIX 1 BHYTPIIIHIX 3MiH
NPOEKTHOTO ~ CcepeloBHIIa  0e3

BTpatd (piHaHCOBOI

CTaOUIPHOCTI) Ta YNPaBIiHHSA PH3UKaMHU (3MEHLICHHS

PHM3HKIB IIOJI0 TIEPEBHUIIECHHS OOMEKEHOro OIOIKETY).
JorpumanHs TepMiHiB 1 peaii3allii MPOEKTY BiATBOPIOE
3MATHICTh ~ ONEPAaTUBHO  aJanTyBaTHCS [0  3MiH
(THyYKicTh) 1 MIATPUMYBaTH CTaOLIBHICTH BHUKOHAHHSA
(cTifKicTh) 3aTBEPPKEHOrO IUIaHy. TakoX 3aBepIICHHS
MIPOEKTIB Y 3a/1aHi TEPMiHH TO3UTHUBHO BIUTMBAE HA SKIiCTh
HAJaHUX TIOCIYT, a TaKOX BIJINOBIAa€ OYiKyBaHHIM

cTeiikxonaepiB. SkicTe MemuaHUX TOCIyr () BIUIMBAE

Ha 3aJI0BOJICHICTh BUMOT CTEHKXOJIIEPIB 1 BIAMOBIIHICT

MEIUYHUM cTaHmapTaMm. Lleli TOKa3HUMK BH3HAYae,
HaCKUIbKM e(EeKTHBHO pealli3oBaHi MPOEKTH 1 fK iX
MPOAYKTH BIAMOBINAIOTE TMOTpedaM 1 OYiKyBaHHSIM
CTEHKXOJIAEPIB, MiJIBUIIYIOUYH 1X HiHHICT. KoMIuIekcHui
MOKA3HHK YCIIIHOCTI P JIeMOHCTpY€E BHECOK KOXKHOTO 3
LIUX KPUTEPIiB y 3arajbHy e(EeKTUBHICTB, 3a0€3Meuyr0Uun
3B 30K MiXK yciMa TIOKa3HUKAMHU.

Ha  mixcraBi  ommwcaHoro  BUIE  OIIHEHO
e(EeKTUBHICT peali3allil MeINIHUX MPOEKTIB 1 BUIBICHO

HAIPsSIMU ISl BIOCKOHAJICHHS (Ta0ut. 2).

Tabauns 2. Pesyrvmamu oyinio8aHHA eeKmueHocmi
BNPOBAONCEHHSA AOANMUBHO-YIHHICHO20 NIOX00Y 8 YNPABIiHHA
MEOUUHUMU NPOEKMAMU PO3BUMKY JTb8IBCLKO2O 20CNIMANLHO20

OKpyey

EdexTuBHicTb, Barosi 3BaxeHnuii
Iloxa3sHuku o ..
Yo Koe(ilieHTH | BHECOK

I'HyukicTs 85 0,2 17.0
CTi#KICTh 78 0,2 15.6
YnpasniHHS 9 03 276
PU3UKAMHU
HinricTs 2 88 0.2 17.6
cTeiikxouepiB
SlkicTh 81 0,1 8.1
3arajgbHa ) 3 B 85.9
e(eKTUBHICTH

YcraHOBIEHO, W10 KOXXHMA NPUHLHMI  3HAYHO

BIUIUBA€ HA JIOCSATHEHHS KIIOYOBUX LIEH MEIMYHUX
MpoeKTiB. I'HyukicTh craHOBUTH 85%, 1m0 3abe3neuye
aJanTaIio 10 3MiH y 3aKOHOJABCTBI Ta (hiHAHCYBaHHI
I 1a€ 3MOT'Y YHUKHYTH 3aTPUMOK 1 IEPEBUTPAT OIO/DKETY.
CrilikicTh CTaHOBUTH 85%, M0 crpuse 30epPeKCHHIO
e(EeKTUBHOCTI MEJUYHHMX IIPOEKTIB HaBiTh B YMOBax
Kpu3u (HamlpUKIaA, MaHjaeMii). YTNpaBiIiHHS PH3UKaMH
Ha 92% MiHIMi3ye HMOBIPHICTD NEPEBUIICHHS OI0KETY
Ta HEIOTPUMAHHS CTaHAApTIB sAKkocTi. OpieHTaIs
HA I[IHHICTH JIJIS CTEHKXOJJIEpiB, IKa CTAHOBUTH 88%, mae
3MOTY TOKpAIUTH 33J0BOJICHICTh MAIi€HTIB 3 OISy
Ha ixHI moTpeOu. SIKiCTh HamaHWX MEIWYHHUX ITOCITYT
cTaHOBHTbH 1% 1 3a0e3neuye X BiIIOBIIHICT Cy4aCHUM

CTaHJapTaM.
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Ha oOCHOBI JOCATHYTMX [OKa3HUKIB MOXHa
3poOUTH BHCHOBOK, IO HAWBUINUH PIBEHb BIUIMBY
Ha e(DeKTUBHICTh MEIUYHUX MPOEKTIB MPOJEMOHCTPYBAIN
NPUHOUOM YOpaBiiHHSA pusukamu (92%) ta opieHTarii
Ha MiHHICTh i crerkxonnepiB (88%). Lle cBigunTh
Opo Te, LIO CTpaTeriyHe IUIAHYBAHHSI, OL[IHIOBAHHS

pU3MKIB 1 ajanTamis mix [oTpeOu HACENeHHA €

BU3HAYAJIbHUMU YMHHUKAMHU YCIIXy MPOEKTIB PO3BUTKY
TOCIIITAJIEHUX OKPYTIB.

Ha puc. 4 300paxkeHo aiarpaMmy BIUIMBY OKPEMHX
MPHUHIUIIB HA pPIBCHb JJOCATHCHHS I[ICH MPOEKTIB
PO3BUTKY TOCHITaNbHUX OKpyTiB. Halibimpmumii Brums
JIEMOHCTPYIOTh YIpaBIiHHS

MMPpUHOUITN PU3UKaAMU

Ta Opi€eHTAIli] Ha IIHHICTb.

Puc. 4. Jliarpama BIDIMBY OKpeMHX NPUHIIHIIB Ha PiBEHb JOCSTHEHHS I[iJIeH IPOEKTIB PO3BUTKY JIbBIBCEKOTO TOCIITAIBHOTO OKPYTY

PesynbraTu PO3paxyHKiB MIATBEPAKYIOTh

e(eKTUBHICTh  YNPOBAPKEHHS  aJaNTHBHO-I[IHHICHOTO
MIIXO0/y B YNPaBJiHHS MPOEKTAMH PO3BUTKY TOCHITAIBHHIX
okpyriB. Iloganemie nocmijpkeHHs Oyae CHpSIMOBAaHO
Ha BHUBYCHHS BIUIMBY NPUHIMINB YIPABIIHHSI PH3UKaMH
Ta OpieHTalii Ha MOTPeOM CTEHKXONIEpiB, IIO JacTh
3MOTYy MiZBUIIMTH €(EeKTHBHICTh peajizaiii MeIuuHHX
TIPOEKTIB, 30KpeMa 3a0e3MeYNTH ONTHMAIBLHE BUKOPHCTaHHS

peCypciB 1 3a0BOJICHHS TOTPEO CTEHKXONIACPIB.

BucHoBku

Omnmcana CTPyKTypa TOCIITaIbHUX OKPYTIB 3BaXae
Ha YMHHI BUMOTH 710 (JOPMYBaHHS TOCITAILHUX OKPYTiB,
IO JIKUTH B OCHOBI 3abe3nedeHHs e(EeKTHBHOTO
(YHKIIOHYBaHHS Ta PO3BHUTKY

CHUCTEMH  OXOPOHHU

37I0pOB’ B OKpeMoMy perioHi. L[ cTpykTypa iHTerpye

Cy4acHI BHMMOTH JI0 TEPUTOPIabHOTO IJIaHyBaHHS
CHUCTEM HaJaHHA MEAMYHUX MOCIyr, 3abe3rnedye
ONTHUMAIBHUA  JOCTYN [0 JIKapchKOi  JIOTIOMOTH,

3BaKalo4uM Ha aemorpadiuni, reorpadiyni Ta couiagbHO-
€KOHOMi4HI 0cOo0NMHMBOCTI perioHy. OmmcaHa CTPyKTypa
€ OCHOBOIO JIJIsI TOJAJIBIIOI peasti3alii MPOEKTIB PO3BUTKY
TOCIITAILHUX OKPYTiB, CIIPSIMOBAaHMX Ha 3a0e3Me4eHHs

CTIMKOCTI CHCTEMHM OXOPOHHM 3J0pOB’S, THYYKOCTI
) y

O 3MiH Yy TIPOEKTHOMY CEpEIOBHINI Ta Opi€HTAIl
Ha MOTPeOH HACEIICHHS.
CdopmynsoBaHo  cim

HpI/IHIII/IHiB aJalITUBHO-

MIHHICHOTO  YIpPAaBIiHHA  MPOEKTAMH  TOCIITAIBHHUX
OKpYTiB, MmO 3a0e3MeYyloTh CHCTEMHY OCHOBY JUIS
peanizaiiii TPOEKTIB Yy CKIAAHOMY Ta MIiHJIHBOMY

MPOEKTHOMY CEpPENOBHINI. BOHM OXOIDIIOIOTH  TaKi
CKJIQJIHUKH: THYYKICTb, CTIHKICTh, PU3UKH, €(hEKTUBHHI
MIPOTYKTY

Ta CTBOPEHHS I[HHOCTI Uil 3alliKaBICHHX CTOPIH.

pO3MOAIN  pecypciB, HOCSTHEHHS SIKOCTI

[epeniveni  mpuHOMOM  CHOPUSIOTE  (OPMYBAHHIO
CTpaTeriyHoro MigXOMy [0 YIPaBIiHHS IPOEKTAMH,
mo Oepe O yBard BCi KIFOYOBI AacCHEKTH Cy4YacHOI
CHUCTEMH OXOPOHU 3/I0POB’Sl.

Po3po0ireHa J1oriko-CTpyKTypHa MOJENb JoroMarae
OIMCATH B3a€MO3B’SI3KM MIX TMPUHIMIAMHU aJalTUBHO-
LIHHICHOTO YMPABIIHHSA, 10 3abe3rneuye iX iHTerpariro
B IpOLECH YNpaBliHHA mnpoekrtamu. Llg Moznens e
e(EeKTUBHUM IHCTPYMEHTOM JUIS OIHIOBAaHHS BIUIUBY
KOXKHOTO 3 IIPUHLMIIIB Ha YCHIX MIPOEKTY, IO AA€ 3MOTY
ONITHMI3YyBaTH pIOIEHHS Ta 3a0e3MEeYUTH JOCATHEHHS
e MPOEKTIB TOCIITATBHIX

PO3BHTKY OKpYTiB.

3a3HaueHa MoAeNb CIpusie 0OYyI0BI MPO30pOi CHCTEMH
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VIpaBiiHHS, sKa BIANOBIZA€ CyYyaCHUM BHUMOTam
1 BUKJIMKAM TIPOEKTHOT'O CEPEIOBHUILA.
AJanTHBHO-I[IHHICHE  YOpaBIiHHSA  [epeabavae

BUKOHAHHS ITSITU TPy YHPaBIIHCHKHX IPOIECIB,
mo 3a0e3medyroTh IHTeTpamil0 THYYKOCTi, Opi€HTarii
Ha I[HHICTb Ta YNPaBJIIHHA pPU3UKAMH Ha KOXXHOMY
eram — TpPOEKTy.  3ampolOHOBaHA  TOCHIJOBHICTh
BUKOHAHHS NPOLECIB JonomMarae e(peKTUBHO IUIaHyBAaTH,
BUKOHYBATH, KOHTPOJIOBaTH Ta 3aBEpILYBaTH IPOEKTH,

3a0e3rnevyrour JOCSATHEHHS LUIeH y MeXax 3aJaHoro

PO3BUTKY  TOCHITAJILHUX OCKIJIbKH  CIM

OOIPYHTOBaHHX HOr0 NPUHIMIIB 3a0e31euyIoTh THYUKICTb 1
aZanTaiilo 70 MIHJIMBOTO IPOEKTHOTO CEPEeIOBHUIIA,

OKpYTIiB,

OpIEHTAIlII0 HA IIHHICTh CTEHKXOJICPIB Ta ONMTHMI3AIIii0
pecypciB, 3Bakatounm Ha pus3ukd. OKpeciieHi HayKoBi
OCHOBH aJIaITUBHO-L[IHHICHOTO X0y A0 YHpaBJIiHHA
MpoeKTaMH (PYHKITIOHYBaHHS Ta PO3BUTKY T'OCHITABHUX
OKpYTiB  Tepen0dadaloTh BHKOHAHHS II'SITH TPy
YIIPaBIIHCHKUX IIPOIIECIB, IO IPYHTYIOTHCS HA KOMOIHYBaHHI1

THYYKOCTI IPOEKTHOT'O YIPABIIHHS 3 OTJISy Ha MiHIIUBE

OIo/KEeTy, TEPMIHIB 1 3 AOTPUMAHHAM SIKOCTI MEAWIHHUX MPOEKTHE CEpPEeNOBHINE, Opi€HTalii Ha CTBOPEHHS

nocinyr. BoHa JeXuTh B OCHOBI  PO3pOOJIEHHS LIHHOCTEH JUIsl 3alliKaBJICHUX CTOpiH Ta €()EeKTUBHOMY

IHCTpyMEHTapito s epeKTHBHOI peami3amii MPOEKTIB pO3MOAiNi pecypciB 3 yBarol0 Ha HAasBHI PHU3HUKH.

PO3BUTKY  TOCHITAIBHHX  OKpYTiB,  OpPIEHTOBAaHHX ANanTHBHO-IIIHHICHE YNpaBJIIHHA HE JIMIIE BiINOBigAE
Ha CTBOPEHHS IHHOCTI IS CTEHKXOJIAepiB. Ha BUKJIMKH CyYaCHOCTI JUIA TOCHITaIbHUX OKPYTiB, aie i
AZNanTHBHO-IIIHHICHUI  WiIXiK [0  yHpaBIiHHA (opMye cTpaTeriuyHy OCHOBY JUIsl IOCSATHEHHS COIliaJIbHO-

MPOEKTAMH € OCHOBOIO €(peKTHBHOTO (PYHKIIIOHYBaHHS Ta €KOHOMIYHUX ITiIeH y cepi OXOPOHH 3I0POB S
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MODELS OF ADAPTIVE AND VALUE-BASED MANAGEMENT
OF PROJECTS FOR THE FUNCTIONING
AND DEVELOPMENT OF HOSPITAL DISTRICTS

The subject matter of the article is the methodology and principles of adaptive-value-based project management of hospital
districts’ functioning and development, which ensure the achievement of goals within the specified budget, and time and
with due regard to the expectations of the stakeholders. The goal of the work is to substantiation of the principles and, on their
basis, development of a logical and principled model of adaptive and value-based management of hospital district development
projects, which takes into account adaptability to changes in the project environment, as well as ensures effective planning,
allocation and use of resources, taking into account risks and value for stakeholders. The following tasks were solved in the article:
1) analysis and description of the structure of hospital districts in a particular region; 2) substantiation of the principles
on which the adaptive value-based approach to project management of hospital district functioning and development is based;
3) description of the process flowchart and logic-principle model of adaptive value-based management of hospital district
development projects, which describes the relationships between the identified principles. The following methods used are —
analysis and synthesis; logical and structural modeling; systematic approach; expert evaluation and project management methodology.
The following results were obtained — the principles of adaptive value-based management of hospital district development projects
are formulated; a logical-principled model is built that integrates key project success factors such as adaptability, value for
stakeholders, risk management, sustainability and quality of health care services; a scheme of adaptive value-based management
processes is developed that reflects the interaction between the defined principles. Conclusions: The use of sound principles and,
on their basis, the developed logical and principled model of adaptive value-based management of hospital district development
projects allows to increase the efficiency of implementation of these projects by ensuring management actions taking into account
changes in the project environment, as well as planning, allocation and use of resources taking into account risks and value
for stakeholders. This contributes to obtaining the desired product of hospital districts' functioning and development projects,
which is reflected in the improvement of the quality of medical services and sustainable development of hospital districts.

Keywords: hospital districts; adaptive value-based management; projects; sustainability; risks; value logical-structural

modeling; healthcare facilities development.
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A.IIAHTHP, O. 3ITHYEHKO

IMPOI'HO3YBAHHSA IIOKA3HUKIB AKOCTI IIPOT'PAMHUX CUCTEM
13 BACTOCYBAHHAM MOIAPIKAIINA IHTEPOPETAIIIMHOI'O METO.Y DeepLIFT

IIpeameTrom nociaigkeHHs € MOKpamieHHs iHTepnpeTaniiHoro merony DeepLIFT (Deep Learning Important FeaTures) y KOHTEKCT1
3a0e3nedeHHs OomiHKK sAKocTi nporpamHux cucteM (I1C). BuBuaroThcs anropuTMiuHi Ta MaTeMaTH4YHI aceKTH 0a30BOr0 METOIY
DeepLIFT, a Takox HOro BIOCKOHAJCHHS ISl aHaJi3y Ta MOKpalleHHs mokasHuKiB skocti [IC. Mera poGoTm — po3poOiIeHHs
Ta OOIPYHTYBaHHS II'ITH CIOCOOIB onTHMi3aniitHux Moxudikamii merony DeepLIFT 11 MOKpaIeHHs] TOYHOCTI Ta eeKTHBHOCTI
MPOTHO3yBaHHS TMOKa3HHKIB skocti [IC. ¥V crarrti HeoOXiTHO BHKOHATH TaKi 3aBHAHHS: JETANFHO INPOAHATi3yBaTH MpoOiIeMHu,
MoB’s13aHi 13 3actocyBaHHAM Metony DeepLIFT y mponeci omintoBaHHs sikocTi I1C; HamaTH MaTeMaTW4HUI OMUC I'ATH CIIOCOOIB
Moudikanii merony DeepLIFT, cipsMOBaHHX Ha TOKpAIICHHS TOYHOCTI, aJalTUBHOCTI Ta INBHUAKOCTI OIIHIOBAHHS MOKAa3HUKIB
SIKOCTi; eKCIICpMMEHTAIBHO IPOTECTYBATH 3allpONIOHOBaHI Mofu(ikamii Uil OMiHIOBaHHS X €(EeKTHBHOCTI B IpOIeCi BU3HAYCHHS
skocTi [IC mopiBHAHO 3 OpHUriHATBHEM MeTonoM DeepLIFT. Metoau AOCTIIMKeHHS: aHAJI3 JITEpaTypH; CEKCIIEpUMEHTAIbHA
Bepudikarlisi; OOYMCICHHS CepelHIX 3HAa4eHb Ta 3aCTOCYBAaHHS TECTIB 3HAUYYLIOCTi; MOJENIOBaHHA. JOCATHYTi pe3y/abTaTH:
1) neranpHO MpoaHasi30BaHO 0OMexeHHs 0a3zoBoro Merony DeepLIFT y KOHTEKCTi Cy4acCHUX MPOTPAaMHHUX CHCTEM, YHACIIIOK YOTro
BUSIBJICHO HU3BKY aJalTUBHICTH O IWHAMIYHHUX IOKa3HUKIB, 0OMEKEeHY IHTepIPETOBAHICTh IS CKIIaJHUAX apXiTEeKTyp Ta TPyXHOIIL
31 cTAOUIBHICTIO Pe3yJbTATIB y pa3i MIHJIMBHX YMOB €KCIUTyaTallii; 2) 3amporOHOBaHO ITSITh yIOCKOHaJeHb Mmetony DeepLIFT,
3) eKCHepuMEHTAJIbHO TMPOTECTOBaHO Momudikalii, mo m0Beno iX e(eKTHBHICTh MOPIBHAHO 3 OPHIIHAIBHAM METOJOM
DeepLIFT. Pe3ynbTaT JOCIIKEHHS TPOAEMOHCTPYBAIIH, IO BCi MoauGikamii Aal0Th 3MOTY JOCSAITH ITOKpAlIeHb 3a KIIFOUOBUMHU
nmapaMeTpaMu. BHCHOBKHM: B yMOBaxX 3pOCTaHHS CKIQIHOCTI apXiTeKTyp, 30iIbHIeHHS o0csary iHpopmamii Ta BHMOT
IO TIPOIYKTUBHOCTI iHHOBAIIIi{HI METOH OILIHIOBAaHHA Ta MporHo3yBaHHs AKOcTi [IC cTaroTe HeoOXimHicTI0. KoskeH 3 yaockoHaNeHHX
METOMIB TMiJBHIIYE TOYHICTh Ta IHTEPHPETOBAHICTH NOPIBHAHO 3 0a3oBuM DeepLIFT. HaiiBuily TOYHICTH IEMOHCTPYE
temmopansuuit DeepLIFT (T-DLIFT) BianoBigHo.
Kurouosi ciioBa: monentoBanus; DeepLIFT; iHHOBaIliT; OI[IHKA SKOCTi; HEHPOHHI MEPEXKi; ONTUMI3AIlis.

Beryn Hartomicte IIC MaroTh BIAMNOBIZATH BHCOKHM

BHMOTaM II[O0J0 HamiMHOCTI, MacmTaboBaHOCTI Ta

B yMmoBax mOCTIifHOrO pO3BHUTKY Cy4YacHHUX MPOAYKTUBHOCTI, IIO OCOONMBO BaXIMBO B YMOBAax

inpopmaniiinnx  texmomoriii  (IT) mporHosyBamHA  koHkypeHuii Ha punky IT. Tomy iHHOBawiliHi MeTOaH,

nokasHukiB skocTi IIC € JOCHTh BaKIMBHUM 3aBIAHHSIM.
Ha nymky aBTopiB mpami [1], 3a3HadeHe muTaHHSA Mae
KOMIUIEKCHHI XapakTep i 3yMOBJICHHH HH3KOK MPUYUH,
a caMe: BHCOKOI CKIIQJHICTIO MPOTPAMHHX MPOAYKTIB,
MOCTIHHMM 30iMBIIEHHSM BHMOT 10 IX HamiiHOCTI,
MIPOXYKTUBHOCTI Ta MacmTaboBaHoCTi. 3i cBoro OOKy Iii
BUMOTH Ha IPAKTHYHO-MCTOAMYHOMY PIiBHI CHPHUSAIOTH
HEOOXiTHOCTI BHKOPHCTOBYBATH IHHOBAIIiiHI METOIU
OLIIHIOBaHHS Ta MPOrHo3yBanHs skocti [1C.

3rigHO 3 po0OTOK [2] BaXKIMBICTH 3aCTOCYBaHHSI
IHHOBAI[IHHMX METO/IB OI[IHIOBAHHS Ta MPOTHO3YBaHHSI
sxocti TIC Hacammepen 3yMOBIICHA THM, IO TPAIHINIHHI
MIAXOIU HE 3aBXKIH MOXYTh OpaTd 0 yBard CKJIAJHICTh
cydacHux [IC. AHajioriuHa MO3MIIS CIOCTEPIraeThes
i B ipaui [3], e 3a3Haueno, o s cydacuux [1C Bracruise
CYTTE€BE 3pOCTaHHS o00cAry iH(pOpMaIii, CKIaIHOCTI
apxiTeKTyp Ta BHMOT JIO HPOJYKTHBHOCTI. 3pELITO0
BUHHKAIOThL HOBI TE€XHOJIOIIYHO JOCIIiJHI BHUKJIUKH, SIKI
NOTPeOYIOTh OLIBLI THYYKUX 1 TOYHHX PillIeHb.

30KpeMa MoAW(iKOBaHI IHTEpHIpeTamiiHi TEXHIKH s
HEHPOHHHX MEpEX, CTAlOTh KIIFOYOBUMH ITiJ] 4aC TOYHOTO
mporao3yBanHs sgkocti IIC. VYV HaBemeHOMy BHIIE
KOHTEKCTI 0COOJIMBE Miclle MOCIIaroTh IHTepIpeTaniiHi
METOIM [yl HEWPOHHHX MEepeX, cepel SKHX METOX
DeepLIFT. Sk 3a3naueHo B mpaui [4], BiH € OIHHM
i3 IPOBIAHMX B OIHIOBaHHI sIKOCTi cydyacHuX I1C.

VY poboti [5] 3ayBaxkeno, mo wmeton DeepLIFT
Ja€  3MOTyY BXITHUX
mapaMeTpiB y pe3yibTaT POOOTH MOJENi, IO POOUTH
amamizy 1IC.

3aCTOCOBYHOTBHCH

BU3HAYATH BHECOK OKPEMHX
HOro Hag3BMYallHO KOPUCHUM  IUIA

OpHak TPaKkTHYHI  MIAXOMH, IO
B DeepLIFT, noTpeOyrOTh MONANBIIOTO BIOCKOHAJICHHS
JUIsl TIJIBUILEHHST TOYHOCTI MPOTHO3YBaHHS Ta aJamnTarii
JI0 0OCOOJMBHX 3aBJaHb IMPOTHO3YBaHHA SKOCTi [13.

Y nmpyry uepry cydachi IIC dacTo peami3yroThCs
Ha OCHOBI MIKpOCEPBICHOI apXiTEKTypH, pPO3MOIIIICHIX
cucreM 1 xMapHux ruiardopm [6]. Lle cnpuuunse 3Ha4Hi

BHUKIUKM B IX iHTerpamii, MOHITOPHHTY Ta OILiHIOBaHHI

© A. llanTup, O. 3inyenko, 2024
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stkocTi. TpaauiifiHi MeToau, OCHOBaHI Ha JIHIHHUX a00
CTaTUYHHUX MOJIENSX, HE MOXYTh a/I€KBaTHO BiITBOPUTH
JIMHAMIKY Ta B3a€MO3B’3KH MIXK PI3HUMH KOMIIOHEHTaMHU
CUCTeMH. 3a3Ha4yeHe BHIIE BUMarae po3poOJIeHHS HOBHX
METOJIB, 31aTHUX OpaTh 0 yBaru CKJIamHi B3aEMOMI Mix
MOJYJISIMH Ta 3a0€3MEeYUTH TOYHICTh y HPOTHO3yBaHHI
MOKa3HUKIB SKOCTI.

VY TperTio uepry BapTo HaroJOCHTH, IO B CY4acCHOMY
CBIiTi Oi3HECy Ta TEXHOJIOTiH CYTTEBO 3pocTae morpeda
y IIBUKIN ajanTarii 10 MiHIIMBUX YMOB PHHKY, IO CTA€E
Bce Oimpm BaxmuBUM. KIIIEHTH OYIKYyIOTHP MHTTEBOTO
pearyBanHs Binm [IC, mo 3yMOBIIOE HEOOXiTHICTH
OTIepPaTHBHOTO aHAJI3Y 1X MPOTYKTHBHOCTI Ta HAAIHHOCTI.
TpagumidiHi TAXOAM MO OIMHIOBAHHSA SKOCTI 4YacTo
BUSIBISIIOTHCSL HAJTO MOBUIBHUMH Ta T'POMI3IKUMH IS
peaizariii B yMOBaxX IMIBUAKOI 3MiHM BUMOT. Ha mpakruiti
OKpecJIeHa MpolbiieMa CIOHYKAa€e J0 PO3pOOIeHHS OibIT
THyYKUX 1 aJanTUBHHUX pillleHb, 37[aTHUX OIEPAaTHBHO
pearyBaTh Ha 3MiHM B YMOBaxX eKCIUTyaTallii Ta
3a0e3nevyBaTy BUCOKY IPOJYKTUBHICTh Y peabHOMY Yaci.

Tomy, 3Bakaoum Ha 3a3HadeHi (akTu, Ha
KOMIUIEKCHOMY PpiBHI HaroJjIOUIyeThCsI Ha aKTyaJbHOCTI
MONIYKY OibII cydacHHX Moaudikarii metrony DeepLIFT,
mo OyIyTh CHpsIMOBaHI Ha TOKpAIlEHHS iHTepIpeTarii
Ta TOYHOCTI IPOTHO3YBaHHA NOKa3HHKIB skocti IIC.
Taki BIOCKOHAJIEHHS MAalOTh JaTH 3MOTy TIJnOIIe
aHaJII3yBaTH B3a€MO3B’SI3KH MiX BXIITHUMH Ta SKiICHUMH
nokazHukamu [1C, mo crnpustuMe Oinbin eheKTHBHOMY

OIIIHIOBAHHIO Ta MOKPAIICHHIO iX (YHKIIOHYBaHHS.

AHaJi3 ocTaHHiX 10ocaifKeHb i myoaikamiit

Posrnmsmaroun  ¢axoBy JiTeparypy, IpPHUCBIUCHY
aHaJi3y JOUUIBHOCTI 3acrocyBaHHS Mmerony DeepLIFT
y KOHTeKCTi omiHtoBaHHs sikocTi [IC, BapTo 3a3HaYUTH,
10 HAayKOBI MOINSAM 3 OKPECJICHOTO MHTAaHHS JIOCHUThH
PI3HATBCS, OCKIIBKHU BIPOBAKECHHS METOIY B il ramysi
€ BIZIHOCHO HOBHUM 1 B3aJeXHUTh Bl THUIy 3aBJaHb,
SKi pO3B’sI3yIOThCSA. 30Kpema B mpami [7] 3a3HadeHO,
mo DeepLIFT €

iHTepnperarnii Ta mporHo3yBaHHA skocTi [IC, OCKimbKH

MOTYXXHUM  IHCTPYMEHTOM  JIJIst
BiH Jlae 3MOTy TOYHO OI[IHIOBaTH BIUIMB BXIiJHUX
mapaMeTpiB Ha pe3yiabTaT poOOTH Mojeneil HeHpOHHUX
o poOUTH
MIPOTHO3YBAHHS TMPOIYKTUBHOCTI Ta HAIIHHOCTI CKIIAIHMX

MEpEeKX, el MeToA KOPHCHHM  JUIsi
I1C, 30kpema B yMOBaX AMHAMIYHAX HABAHTAXKCHb.

VY po6orti [8] DeepLIFT OyB yCIIITHO 3aCTOCOBAHUH
IS OL(iHIOBaHHSA MaciurabosaHocti Benmkux IIC, o
JIOTIOMOTJIO BHUSIBUTH OCHOBHI (DaKTOpH, SIKi BIUIMBAIOTH
Ha X MPOJYKTUBHICTb.

ABtopu nipaui [9] 3a3Ha4alOTh, 110 METO] IA€ 3MOT'Y
riiOIIe aHajIi3yBaTH BIUIMB Pi3HUX BXITHHUX IapaMeTpis,
IO € KPUTUYHO BKJIMBUM UL BUCOKOTOYHHMX IPOTrHO3IB,
ockinbku DeepLIFT nomoMarae BUSIBISITH TIPUXOBaHi
3B’S3KM MK BXITHHMH TOKAa3HWKAaMH Ta IOKa3HUKaMHU
MIPOTPaMHOTO
BJIOCKOHAJICHHIO TPOIECY MPHUHHATTA PIlleHb I Yac

SIKOCTI 3a0e3MeUeHHs], 10  CIPUsE
po3pobnenns ta tectyBanns I1C. IIpore, okpim mepesar,
JUTA aHAJII30BaHOTO METOMY BJIACTHBA HHU3KA MPAKTHIHHIX
HeponmikiB. Tak, y mocmimkenHi [10] Harojomryerbcs,
0 IIbOMY METOIy NMpUTAMaHHA HEJOCTaTHsS aJalTHBHICTH
JUIS  CKIQJHUX  apXiTekTyp. BapTo  3a3HauntH
obmexxeHicTh DeepLIFT B OLIHIOBaHHI SKOCTi CKJIAQIHHUX
MPOTPAMHHUX  apXITEKTyp, 30KpeMa MIKPOCEPBICHIX
cucTeM ab0 PO3MOMIICHUX CHCTEM. Y TaKHWX BHUIAIKaX
3a3HAYCHUN METOJ] MOXE JIEMOHCTPYBATH HEIOCTATHIO
TOYHICTH a00 OyTH CKIAQJAHUM Yy peaiizalii, OCKUIbKH
BUMarae riMOOKOi amanTamil mix cruenudivyHl apXiTeKTypH.
AHamorivHo B Tpari
DeepLIFT mnoraHo

MPOAYKTUBHOCTI Ta CTIHKOCTI XMapHHX CepBiciB i3

[11] Bu3HaueHo, MmO METON

aJanTyeTbCcs Ul OLIHIOBaHHS
BHCOKUM PIBHEM JMHAMIYHOCTI HaBaHTakeHb. Ha mymky
aBTopiB pobotu [12], mns DeepLIFT BnactuBa nmpodieMa
BUOOpy pedepeHTHHX
3HAYEHB. li CYTHICTh TIOJNISITa€ B TOMY, IO HEH MeTOoI

HAJMIpHOi  3aJIC)KHOCTI  BiX
CHJIbHO 3aJIKUTHh Bij BHOOpY pedepeHTHHX 3HaveHb,
oo B Tporeci peamizamii Moxke OyTH MpoOIeMaTHIHUM
JUISL CHCTEM 13 3HAYHOIO KUTBbKICTIO 3MIHHHUX (DaKTODPIB.
Hekopektauit Bubip pedepeHTHHX 3HaUYCHb MOXKE
CYTTEBO 3HHM3WUTH TOYHICTh OLIHKH SIKOCTI HMPOTPaMHHUX
cucreM. 3okpema B mparmi [13] Oymno BusBIEHO, IO
3actocyBaHHsl DeepLIFT 11 nporHo3yBaHHs HaAiHHOCTI

[IC i3 nuHaMivHEMH  KOH(pirypamissmm,  BHOIp
pedepeHTHUX 3HAYCHb CIPUYMHHUB 3HAYHI MOXUOKH
B IHTepIpeTalii pe3yIbTaTiB.

Ha mpaktumi ckasaHe BHIE O3Hayae, 010 B

3acrocyBaHHI Metony DeepLIFT nast TpOrHO3yBaHHS
naaiiiHocti [IC i3 quHAMivHMMU KOHQIrypamisiMu icHye
PU3UK ANOCATTH HETOYHHX ab0 XWOHHX pe3yJIbTaTiB
Yyepe3 HeNnpaBWwIbHUNA BHOIp pedepeHTHHX 3Ha4YeHb.
Ockinpku  pedepeHTHI 3HA4YeHHS € 0a30BUMHU  UIA
MOPIBHSIHHS BIUIMBY BXiJHHUX MapaMeTpiB Ha pe3yJbTaTH
MoJen, X HEKOPEKTHE BH3HAYEHHA MOXE CYTTEBO
BIUIMHYTH Ha IHTepmpeTamilo. 30KpeMa L& MOXe
TIPU3BECTH JI0 TAKUX MMPAKTHYHUX HACITIIKIB:

— HeNpaBWIbHI BHCHOBKM IIOJ0 (aKTopiB, sKi
BIUIMBAIOTh Ha HAMIAHICTh: METOI MOXKE HEKOPEKTHO
BKa3aTH Ha KJIOYOBI MapaMeTpH, MO I03HAYAIOThCS
HA HATIHHOCTI CHCTEMH, YHACTIIOK YOTO YCKIIATHIOETHCS

npouec ontumizauii [1C [14];
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— mpoOtemu 3 aganraiiero [1C 10 AMHAMIYHKX 3MIH:
y pa3i, KOs KoHQIryparii cicTeMy NOCTIHHO 3MiHIOIOThCS,
HEKOPEKTHI pe(epeHTHI 3HaYeHHS MOXYTh CIPHYMHHUTH
MIOMHJIKOBI MIPOTHO3H IIO/I0 TOTO, SIK IIi 3MiHHM BIUIMHYTb
Ha HaJiifHICTs mporpaMHOro 3abe3mneyeHHs [15];

— WIJBUINEHHS PU3UKY MOMMWJIOK B €KCIUTyaTalii:
xuOHA IHTEpIpeTalis pe3ylbTaTiB MOXeE IPHU3BECTU
JI0 BIPOBA/UKEHHS HENPaBHIBHUX pIllleHb Y Mpoleci
HIITPUMKY YM OHOBJICHHS CHCTEMH, IO MiABUILYE PH3HK
BUHUKHCHHS 3001B YM BiJIMOB y pOOOTI MPOrpamMHOTO
3abe3nedeHHs [16].

Otrxe, mpaBuiIbHUNA BHOIp pedepeHTHHMX 3HAYEHBb
€ KPUTUYHO BXJIMBUM U1 OTPHMAHHS TOYHUX MPOTHO3IB 1
3a0e3neveHHs] BUCOKOI HaIIifHOCTI MPOrpaMHUX CHUCTEM,
0COOJMBO B YMOBAX IWHAMIYHUX KOH(DIrypamii.

BusHaueHHs He PO3B’A3aHUX paHile
YaCTHH 3arajibHOI MpodJemMu.
Merta podoTH ii 3aBIaHHA

VY npani [7] maromomuryethest, o meton DeepLIFT,
xo4a i epeKTHBHUN U1 HEHPOHHUX MEPEX, MPOTe Mae
oOMe)KeHe 3acTOCYBaHHs Ul IHIIMX THIIB MOJENeH,
0 BHUKOPUCTOBYIOTBhCA Ui OIiHIOBaHHA skocTi IIC,
TaKUX SIK KJIACHYHI JTOPUTMH MAIIMHHOTO HaBYaHHS
Uepes 1to
DeepLIFT mnokazye HHM3bKY €(EKTHBHICTh MOPIBHSHO

ab0 CTaTHCTHYHI METOMH. mpobemMy
3 IHIIMMU HTEpIpeTalifHIMA METOIaMHU.

Ha mpaktuni me osHavae, mo meton DeepLIFT,
xo4a i go0pe mpamroe 3 HEHPOHHUME MepexaMHu, TpoTe
HE € YHiBepcalbHUM /Ui ouiHoBaHHsA sikocti [IC
3 BUKOPHCTAaHHSM, HAINPUKIAJ, KIACHYHHX aITOPUTMIB
MalIMHHOTO HaBYaHHS a00 CTaTHCTMYHUX METOJIB.
Ile MoXe CHPHUYMHNTH KilbKa Ba)KIMBUX MPAKTHIYHUX
HachiakiB. Po3risiHeMo ix netanbHile.

— Hedocmamus mounicme 'y pisHUX MOOENAX:
DeepLIFT wmoxe naBaTH MEHII TOYHI pe3yjibTaTu
B Po0OOTI 3 MOJIEIISAMH, AKi HE € HEHPOHHIMH MepekaMH,
OCKIJIbKM BiH HE aJanToBaHWH JuIsd iX iHTeprpeTaii.
Ha nmpaktumi 3a3HadyeHe BHUIIE MOXKE IPHU3BECTH
JI0 XUOHOI OIIHKM BaXIUBHX MapamerpiB sikocti TIC
3a YMOBH BUKOPHUCTAHHS IHIIMX aJlTOPUTMIB, TaKHUX
K perpecis abo aepeBa pillleHb.

— Bmpama ingopmamusnocmi: AN KIACHYIHUX
ITOPUTMIB MAIIMHHOTO HAaBYaHHA Ta CTATHCTHYHHX
MoJeniell iCHYIOTh OuUIbIl e(EeKTUBHI I1HTEpIpeTaliiHi
MeToau, 30kpema LIME abo SHAP, sxi 3maTHi Kparie
BIATBOPUTH BIUIMB OKPEMHX IIapaMeTpiB Ha pe3yJbTaTH.
Bukopucranua DeepLIFT y 1MX BHINAAKaX MOXKeE

MPU3BECTH JI0 3HIKEHHS 1H)OPMATUBHOCTI aHAII3Y.

—  Obwmesicenicmob y @ubopi modeneil Onsi AHATIZY:
yepe3 HU3bKY eQeKTHBHICTE DeepLIFT nns iHIMX
MoJielnieil opraHizaiii 3MyIieH BUKOPHCTOBYBATH JIHIIE
HEHpOHHI Mepexi g mporHodyBaHHs sikocti [IC,
o0 MOXE HE 3aBXAW OyTH ONTHMAIBHHAM PIilICHHAM
JUIL KOHKPETHUX 3aBhaHb. lle oOMeXye MOKIMBOCTI
eKCIIepUMEHTIB 1 TECTyBaHHSA PI3HUX MIAXOMIB I
OLIIHIOBAHHS SKOCTI IPOrPaMHOT0 3a0e31eYeHHs.

3okpema B mpari [8] 3a3HaueHo, moO A 3afad,
Jle BHKOPHCTOBYIOTHCSl IHII THUIM MOJENeH, OKpiM
HEHPOHHUX MepexX, 3acrocyBaHHs DeepLIFT € MeHII
epexTuBHUM. TOMy BHHHKAa€ HarajbHa 1oTpeda MOouryKy
aIPTePHATHBHUX METOJIB iHTepHpeTarlii, mob 3a0e3meunTu
TOYHY ¥ HaiiHy ouiHKy sikocTi [1C.

Oxpim Hu3pkoi edexruBHOCTI Mertony DeepLIFT
JUIA IHIIMX THITIB MOJEJCH, ICHY€ KiNbKa JOJATKOBHX
mpobneM, SKi HAayKOBII BHOKPEMIIOIOTh y KOHTEKCTI
3aCTOCYBaHHSI LIbOTO METOAY JUISl OIL[HIOBAHHS SIKOCTI
[IC. BignosigHo 1o po6otu [9] DeepLIFT moxe Oyth
PECYPCOMICTKHM, OCOOJHMBO KOJU WIEThCS MPO BEIUKI
Ta CKJAIHI IpOorpaMHi cucTteMu abo HEHpOHHI Mepexi
i3 3HAYHOIO KUNTBKICTIO MIApiB, IO MOXE YCKJIAIHIOBATH
BUKOPUCTaHHS METOMAIB y peaJbHHX YMOBax, [g
HE0OXiTHO IIBUIIKO OTPUMYBATH IPOTHO3M ab0 aHaJIi3yBaTH
SKICTh Yy peXHMi peampHOro dacy. Ha mpaktumi s
npobiema mojsra€ B TOMY, IO y BEIUKHX CHUCTEMax,
cHUCTeMH i3

TakuX SK XMapHi

iH(ppacTpyKTypoOIO,
BUTpaTH Ha 0O0poOmeHHS 3a gomomoror DeepLIFT

miathopmu  abo
MacmTaboBaHOIO 00YHCITIOBANIBHI
MOXYTh OYTH HACTUIBKH 3HAYHHMHU, 1[0 X BUKOPUCTAHHS
CTaHE HepalioHAIFHIM, OCOOJIHMBO KOJHM HEOOXiTHa
OIEPaTUBHICTH 00 pecypcu 0OMEKEHI.

3rigao 3 mocmimkeHHsMm [11] merom DeepLIFT
MOJKE TeHEPYBAaTH CKJaJHI pe3yJIbTaTH, 0 MOTPEOYIOTh
3HaYHUX 3yCcWib s iHTeprperanii. Lle ocobmmBo
AKTyaJbHO, KOJM CHCTEMa Ma€ YUMAJIO B3a€MOIIOB’SI3aHUX
BXiZHHX mapamerpiB. s aHANITHKIB 1 PO3pOOHHKIB
IHKOJT BaXXKO 3pO3yMITH, SK caMme IIi TapamMeTpu
skicte IIC, mo Moxe

BINIMBAKOTH Ha 3HU3UTU

e(EeKTUBHICT, NPUHHATTA pimeHs. Ha  mpakrtumi
OKpecjieHa TpobiieMa MOXKE CHPUYMHHUTH T[TOMHUJIKH
B iHTepmperalii abo 70 3aTPHUMOK B aHANi3l JaHMX, IO,
HWMOBIpPHO, HETaTMBHO BIUIMHE Ha TMPOIEC MPUHHATTS
piens moso ontumizamii I1C.

VY mpami [13] 3a3Havaerses, mo DeepLIFT moraHo
aJanTyeTbcs JO CUCTEM, J€ YMOBH eKcIuTyaramii
3MIHIOIOTBCS JAWHAMIYHO. SIKIIO mporpamMHa cUCTeMa
IIpalioe B CEpelOBUINAX 3i 3MIHHUMH KOHQIrypauisMu,
HaBaHTaXEHHsIM a0  Mepexero,

MCTOQ MOXKE




Cyuacnuii cman HAYKOBUX 00CNiOH#CeHb Mma mexHonoziu 6 npomucirosocmi. 2024. Ne4 (30)

113

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

JIEMOHCTPYBaTH HeCTaOlIbHI ab0 HETOYHI pe3yJbTaTH.
[MpakTHyHMM HacHigKOM 1Iii€i mpobiiemMH € Te, IO
B pasi IIC, ski mnpamooTh B YMOBax IOCTIiHO

3MIHIOBaHMX KOH(QIrypauiii (Hampukiang, MepexeBi
CepBiCH 3 BHCOKHNMH BHMOTaMH 0 MPOTyKTHBHOCTI),
3actocyBaHHs DeepLIF'T Moxe He 3a0€3MEUYUTH TOYHOTO
mporao3y. lle 3HWKye eQeKTHUBHICTD IUTaHYBaHHS
MaiOyTHIX pecypciB i MATPHUMKH CUCTEMH.

Astopu pobotu [20] HaromouryroTts, mo DeepLIFT
30Cepe/PKeHNH Ha iHTepnpeTanii HEHPOHHHX Mepex
1 9acTo € HeIOCTaTHhO THYYKUM IS TOTO, moO OpaTu
JI0 yBaru KuIbka pi3HOMaHITHMX KpuTepiiB sikocti I1C
OJTHOYACHO, 30KpeMa IMPOIyKTHBHICTh, MACIITAO0BaHICTB,

Oe3meka 1 CTIMKICTh. Y [ESKUX BUIIAAKAX ILE€H METO.

HE MOXE IHTerpyBaTH pi3HI IMapaMeTpu B €IHHY
OLiHKY, IO YCKIAJHIOE HOro 3acTOCyBaHHS U1
OaratokpurepianpbHOro  omiHtoBaHHS — sgxocti  IIC.

[IpakTryHe 3HAYCHHS OKPECICHOI MPOOJIEMH TMOJSATAE
B TOMYy, IIO OOMEXKYETbCS MOJMIIMUBICTH BCEOIYHOTO
IIC, o,
0 CHUTyamid, KOJNH TIeBHI BaKJIMBI ACHEKTH SKOCTI

OIIIHIOBAHHS  SIKOCTI IMOBIpHO, TIpHU3BEJE
He OepyThcs /10 yBard ab0 HENPaBUIIEHO OIIHIOIOTHCSL.

VY mpami [21] mopymiera mpobiema HeIxoCTaTHBOT
y3araibHeHocTi Metony DeepLIFT it HOBUX apXiTeKTyp —
ned Merom OyB po3poOIeHW A CTaHAAPTHUX
apxiTeKTyp HEHPOHHUX MEpeX 1 He 3aBXIu e(EeKTHBHO
TMpaloe 3 HOBUMH a00 OUIBII CKIIAIHUMH apXiTeKTypamH,
TaKUMH sIK TpadoBi HEHPOHHI Mepexi ado TpaHchopmMepH.
Ile oOMexye 3acTocyBaHHS MeTOAy 3a yMOBH, konu [1C
BUKOPHCTOBYE TaKi Cy4acHi apXiTeKTYpH JUIsl OI[IHIOBAaHHS
skocTi 200 ONTHMI3alifHOTO MPOTHO3yBaHHS OILIHOK
sxocti [1C. IlpakTHYHNM HACTIAKOM Iii€i MpobiIemMHu € Te,
10 B CKJIAJHUX apXITEKTypax, ¢ TIIHOOKI B3aEMO3B’I3KU
MDK KOMITOHEHTAaMH CUCTEMH € KpuTHuHuMH, DeepLIFT
MOXE€ He 3a0e3leunuTH JIOT1YHO-aJeKBAaTHHI aHaji3,
0 3HIKYE 3arajilbHy TOYHICTH 1 HaNIHHICT OIIIHKH
sikocri T1C.

Otxe, xoua w™eton DeepLIFT wmae TOTEHIIan
Ui edekTUBHOI iHTeprperanii HEWPOHHHUX Mepek
i a”amizy sikocti IIC, BiH TaKoXX CTHKA€ETHCS 3 HU3KOIO
npo0OiieM, Mo 0OMEXYIOTh HOro 3aCTOCYBaHHS B Pi3HHX
CIeHapisX. BUcoki o0UHCIOBaNBHI BUTPATH, CKIIATHICTH
IHTepIpeTalii, HeTOCTATHS AJaNTHBHICTH JO MiHIMBHX
YMOB, 0OMEXEHICTh Yy 0araTOKpUTepiaTbHOMY OIiHFOBaHHI
Ta HHU3bKa €(EeKTHBHICTH Ui HOBUX apXiTEKTyp — yce
Ile BHUKJIMKa€ MOTpe0y B IMOAAIBIIOMY BIOCKOHAJCHHI
MeTony abo TOIIYKY albTepPHATHB [UII KOMIUIEKCHOTO

OLIIHIOBAHHS SIKOCTI IIPOTPAaMHHUX CHUCTEM.

3 ormany Ha OMHMCaHI BHINE MPOOJIeMH MeTa i€l
poboTH nossirae B po3poOIIeHHI Ta OOIPYHTYBaHHI IT°SITH
CMoco0iB  onTuMizaliifiHuX  MoauQikalii  MeToxry
DeepLIFT nns MOKpaieHHs TOYHOCTI Ta e(EKTHUBHOCTI
MIPOTHO3yBaHHS MOKa3HUKiB skocTi [1C.

3aBaaHHA:

1) meranbHO TmpoaHai3yBaTH MpPOOIEMH, TOB’sI3aHi
i3 3actocyBaHHAM wmetony DeepLIFT 'y mporeci
oriHoBauHs sikocTi I1C;

2) MAaTEMaTHYHO OMKCATH IT’ATh CIIOCO0IB Mo iKarii
merony DeepLIFT, cnpsAMOBaHMX Ha IOKpALICHHS
TOYHOCTI, AJANTHBHOCTI Ta IWIBHJKOCTI OI[IHFOBaHHS
MMOKA3HHUKIB SIKOCTI;

3) eKCIepMMEHTAILHO MPOTECTYBATH 3alpOIIOHOBaHI
Monubikamii T  BHU3HAYEHHS iX  e(eKTUBHOCTI
B omuiHtoBaHHI sikocTi [IC MOpPIBHAHO 3 OpHUTriHAJIBHUM
METOIOM.

00’exT Meton  DeepLIFT

y KOHTeKCTi 3a0e3mnedenHs omiHku axocTi [1C.

JOCTiI:KEeHHsT —

I[Ipeamer gociailzkeHHs1 — MaTeMaTHMYHUN amapar

Ta QITOPUTMIYHI pIMIEHHS IMOJO0 BIOCKOHAJICHHS
Metony DeepLIFT.

Y Mexax AOCHiIpKeHHs mependadaeThCsl BU3HAYUTH
I’9Th ONTHMI3AIIMHUX afanTaliiHuX IMiIXOMIB IS

nokpaiueHusa metony DeepLIFT.

Martepianu ii MmeToau

Mertononorigyaa 6aza IbOTO JIOCHIPKEHHS MiCTHTB
KiIbKa KJIIOYOBHX KOMIIOHCHTIB, IO 3a0e3Me4yroTh
CHCTEeMaTHYHMH IMAXiN 10 pPO3pOOJICHHS, TEeCTyBaHHA
Ta ouiHIOBaHHA Monudikauiit merony DeepLIFT nns
MIPOTHO3YBAHHS TOKA3HUKIB SIKOCTI MPOTPaMHUX CHCTEM
(TIC). Po3ristHeMO 11i KOMITOHEHTH.

1. AHami3 HayKoBOI JiTepaTypu: oIy (axoBUX
JDKEpelt 00 METOIB oliHioBaHHs skocti [1C, 30kpema
Metony DeepLIFT Ta Horo 3aCTOCYBaHHS.

2. Meroau eKcriepuMeHTaIbHOT Bepudikallii:

— miabip HabOpIB AaHMX, HA SIKNX TPOBOJUTHMYTHCS
EKCIIEPUMEHTH, a TAaKOX HaJIAIITYBaHHS MOJIEIIEH;

— TIOpIBHSHHS PE3yINIBTaTiB MOIM(IKOBaHUX METOMIB
3 opHriHajIbHUM MeTosioM DeepLIFT.

3. 3acTocyBaHHS CTaTHCTHYHUX METONIB IS
aHaJi3y NOCATHYTHX PE3YJIbTaTiB, 30KpeMa OOYHCIICHHS
CepelHiX 3HA4YeHb 1 3aCTOCYBaHHS TECTiB 3HAYYIIOCTI
JUISl BU3HAYEHHS JIOLIJIBHOCTI MOU(iKaliii.

4. MopemoBaHHSI — PO3POOJICHHS MaTeMaTHIHHIX
MOJIeNIei 1715l 3aIPOIIOHOBAHUX MiZXO0/IB yIOCKOHAICHHSI.
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Maremaruune  miarpyHtss  merony — DeepLIFT

YOPOBAKY€E  NPUHIWIU  TOPIBHAHHS  aKTHBAIid
HEHPOHHOT MEpeKi 3 MEeBHUM pedEepPEeHTHHM CTaHOM
(3a3BUYaii  HYJHOBHM

abo cepemHIM  3HAUYCHHSM).

v MEXKax 3aCTOCYBaHHA OpOoro MCTOAUYHOI'O

CIpSIMYBaHHSI ~ OLIHIOETBCS  BAXJIIMBICTD  KOYKHOTO
BXOJy uYepe3 pI3HUII0 B AaKTHBAIIX HEUPOHIB MiX
peepeHTHUM 1 MOTOYHUM CTAHOM.

Braecok AL nmnsi KOXKHOTO BXiIHOTO IapameTpa
BHU3HAYAETHCS BiJIIIOBITHO JIO BHpa3y
AL.:a—L(xi—x?), (1)

i
X

i

— 3HAYeHHS BXOAY; X, —

i

ne L— ¢yHKUig BTpaT; X,
pedepeHTHE 3HAYCHHSL.
OOuucneHHs BaXJIMBOCTI: BAXJIMBICTH BXOAY I

BHU3HAYAETHCS BiIIOBITHO J0 BHpa3y

-y o)

- )
" 0a; o,
ne a; — aKTHUBAIlisI HEHpOHA | .

Oobwmerxenns 3actocyBaHHs DeepLIFT:

— oOmexena anantuHicte DeepLIFT He Oepe
IO yBar" 3MiHU BXiIHAX TOKAa3HHKIB, TOMY BiH MEHII
eheKTUBHHMI OIS [aHWX 13 YacOBUMH a00 IHIIUMHU
CKJIaIHUMH 3AJIC)KHOCTSIMU;

— 4acoBl BUTpATHU: JUIs BEIIUKHUX MEPEX MOXKe OyTH
HEOOXiTHMH TPUBAINH Yac AJ1st 00UHCIICHb.

. Aoanmuena pegpepenmna axmueayis (ARA)
DeepLIFT
aKTHBaIlilo, a

TpaTUIlIHHA T

pedepenTHy
(yHIaMeHTaIbHa OCHOBA 3alPONOHOBAHOIO MeToy ARA

Onuc: BUKOPHUCTOBYE

(ikcoBaHy 6azoBa
JUHAMIYHO KOpHTye pedepeHTHY aKTHBAIil0 HA OCHOBI
pO3MOiTy BXiTHMX IMOKAa3HHUKIB, IO /A€ 3MOTy Opartu
JI0 YBary ix 3MiHHY IPHPOY.

Mamemamuyna modenv 3ampONOHOBAHOTO METOLY
ARA 3amaeTbcd TAaKMM YHMHOM: Hexail x — BXIgHUH

curHai, x, — pedepentHuid BXin. Toxmi pedepeHTHHMIHA

BX1Jl X, KOPUTYETHCS TMHAMIYHO:

X, = p(x)—ao(x), 3)
ne u(x) — cepenne sHauenns; o(Xx) — craHgapTHe
BIIXWJICHHSI ~PO3MOJITYy BXIJHUX IOKAa3HUKIB, & —

KoeilieHT MacmTadyBaHHs.

VY upoMy MeTOAi alanTuBHA peepeHTHA aKTUBALis
BUKOPHCTOBYE CEpEIOHI Ta CTaHIAPTHI BIIAXHUICHHS
BXiJIHUX TOKA3HHUKIB Ul JAWHAMIYHOTO HAaJAIITYyBaHHS

pedepeHTHOT aKTHUBAIIII.

Aneopumm npaxmuunozo 3acmocysanus memooy ARA
1. OOuncieHHs cepeHbOTO 3HAUEHHS 1 CTaHIapTHOTO
BIIXWJICHHS BXiIHUX ITOKAa3HHKIB: Ha MEPIIOMY eTarli
aropuT™M Metony ARA po3paxoBye cepenHE 3HAUEHHS i
CTaHJApTHE BiIXWICHHS BXiTHUX O3HAK U HOpMai3arlii
Ta MMOJJAVIBIIOTO BU3HAYEHHsI pe()epeHTHOI aKTHBAIIii:

l n
My :;ZXH “4)
i=1

me X — BxXigHWM Ha0lp TOKa3HWKIB, MO0 €
xapakrepuctukamu I1C.

CranmapTHe BIAXWICHHS BXIIHUX O3HaK IS
HOpMAJTi3allii Ta MOJANBIIOr0 BU3HAYCHHS pedepeHTHOT

aKTUBaMii 00YNCIIOETHCS 32 BUPA30M

S ACEIA )

Je i, — CepeIHE 3HAYCHHs BXiIHUX ITOKAa3HUKIB X .

2. BusnauenHs pedepeHTHOi  akTuBamii Ui
KOXKHOTO BXOAYy (3HAYCHHS, INO 3aCTOCOBYEThCS SK

TOYKa BIIJIIKY JUIS KOPEKIIii BHECKIB):
R(X)=py, (6)
e R ( X ) — pedepeHTHa aKTHBAIIis, 0 BUKOPHCTOBYETHCS

JUTSA KOPEKIlii BHECKIB O3HAK.
3. KopuryBaHHsl BHECKIB 3 OIVIsIy Ha aJalTHBHY

pedepenTHY
JUHAMIYHOT KOpEKIlii BHECKIB O3HaK, OCpydyd 10 yBaru

aKTHBAIlil0, $Ka 3aCTOCOBYEThCS IS
Bapiamii BXiTHUX TOKAa3HUKIB:

ARA; (X) =wAX, @)
ne ARA (X ) — ajanTHBHA pedepeHTHA aKTHUBAIis IS

i-i O3HaKM KOHKPETHOTO BXIJHOTO HaOOpy ITOKa3HHKIB;
w, — BaroBuil Koe(ilieHT JuIsi i-i O3HAKM BXIiTHHUX
MOKa3HUKIB; AX — DI3HHUISI MK NOTOYHUM 3HAYECHHSIM
O3HaKM Ta i1 pe)epeHTHOIO aKTHBAIIEIO.

4. TlporHo3yBaHHS 3HAa4YCHb IOKA3HUKIB SKOCTI
MIPOTPaMHUX CHCTEM (IIPOTHO30BaHI 3HAYEHHS SKOCTI
OTPUMYIOTh 32 JIOTIOMOTOI0 3aCTOCYBaHHS CKOPUTOBaHUX
BHECKIB 710 MOJICH):

o
Y=Y ARA(X,), (8)

i=1
ne Y — minsoBi mokasHukM skocti IIC, mo miaisrarTh
nepe10aYeHHIO; Y- MpOTHO30BaHi 3HaueHHs sikocTi [1C.

5. Iicns
OLIIHIOETBCS TOYHICTH MPOTHO3Y 1 3a HEOOXigHOCTI

OTpUMAaHHA TPOrHO30BaHUX 3HAYCHb

MOJECIIb KOPUTYETHCA:

1 ~\2
E=;;(K—Y), ©)

ac E - CCpCAHbOKBA/IpATUIHA TIOMUJIKA.
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Mamemamuyne niorpynmsa: ARA nonae aganTUBHUHA
pedepenTHHI piBeHb, IO BU3HAYAETHCSA SIK (DYHKISA
BiJI BXIJIHUX TOKA3HHKIB, II0 A€ 3MOTY Kpallle 3BaXKaTH
Ha X 3MIHHICTE.

Aoanmusna HOBa

peepenmna  axmusayis:

pedepeHTHa akTHBaLisA @, BU3HAYAETHCS, SIK
a,=f(x)a, (10)
ne f (x,.) — (yHKIIA amanTarlii 3aJeKHO BiJ| BXIJTHUX

TIOKA3HUKIB; &, — IIOYATKOBE Pe(ePEHTHE 3HAUEHHSL.

Oyinioganms 8axicaueocmi: BaXIUBICTb BXOLY i

3HOBY BU3HAYAETHCS, K
oL _
I =;$j(aj—aj). (11)

Obmedncenns 3acmocysanns ARA:

— CKJIQJHICTh peajtiallii: afanThBHUI pedepeHTHUH
piBeHp MOxe OyTH CKIQZHUM [ HaJlAlITyBaHHS
Ta peaisarlii;

— 00YHCIIOBaNIFHI BUTPATH: MOXKE 301IBIIyBAaTHCS
o04nCITIOBalIbHA BapTICTh Yepe3 TOAATKOBY adanTarlilo.

Otxe, mMetonq ARA nmae 3Mory amanTHBHO OpaTu
JI0 yBarw Bapiallii BXiJIHUX TOKa3HUKIB, 1[0 TOKpAIIy€e
TOYHICTh OIIHIOBaHHS SKOCTI MPOTPAMHUX CHCTEM
3aBISIKM JIMHAMIYHiM KOpeKuii BHECKIB O3HAaK Ha OCHOBI
ix pedepeHTHOI aKTHBAIIl.

IL. I'padienmno-38asncenuii DeepLIFT (GradLIFT) —
METOJ, L0 MICTHTh 1H(GOPMAIIO PO TPATIEHT IS
3BKYBAHHSI BHECKIB BXOJIIB, ITi/IBUIILYOUN IHTEPIPETOBAHICTb.

Mamemamuuna Mooenb 3anponoHO8aAH020 Memody

Jiis akTuBariii HefipoHa y :

C, = a—y, (12)
Ox

ne C,, —BHECOK Ax; Oy/Ox — IpaieHT y OO X .

Mamemamuune niorpynmsa: GradLIFT BUKOPUCTOBYE
TPaJi€HTH JUTS 3BaKyBaHHs BHecKiB. [le qae 3mMory OuibIn
TOYHO BH3HAYUTHU BAXKIHUBICTh KOXHOIO BXIJHOTO
napamerpa. Meron GradLIFT 3acTtocoBye TpalieHTH
JUIS  3BaXYBaHHA BHECKIB, IMIIBUIIYIOYM TOYHICTH
OIIIHIOBAHHS BIUIUBY BXIJHUX MOKA3HUKIB.

1. BusHauaroThCs TPAJi€HTH aKTUBAIii HEHPOHHOL
MEpexi MO0 BX1THUX MOKa3HHUKIB.

2. Buecku Ax

3Ha4YCHb TPATi€HTIB.

3BaXYIOTHCS  BINOBITHO JO

3. OrtpumaHi 3BayKeHi BHECKH BUKOPHCTOBYIOTHCS ISl
TPOTHO3YBAHHS MOKA3HHKIB SKOCTI IIPOTPAMHHUX CHCTEM.

POSanyHKI/I IIPOBOAATHECA TAKUM YMHOM:

Busnauennsa  36adicenux  6Heckig: BHECOK  IUIA
KO>KHOTO BXOZy OOYHCITIOETHCS SIK
OL oL

7
ox, oa,

(13)

e a, — aKkTuBaiis; OL/Oa, — rpajlieHT.

OuiHIOBLZHH}l BANCIUGOCTI: BAXKIIUBICTh BU3HAYAETHCS
K

;5oL %4,

D it (14)
7 Oa, O,

fe a, — akTuBaiis; OL/0a; — rpaienr.

Obmedicennst 3acmocy8amHHs:

— OOUKCITIOBJIbHI BUTpPATH: BHUCOKA OOYMCIIOBAIBHA
BapTICTh Yepe3 HeoOXiqHICTh OOUHCIICHHS TPAIi€HTIB;

— HHU3bKa aJaNnTUBHICT: SK 1 0a3oBuit DeepLIFT,
GradLIFT uHe 3aBXau e(eKTHBHUH 3a yMOBHM 3MIHHHX
MOKa3HUKIB.

Otmxe, w™eron GradLIFT pomomarae OIL[IHUTH,
SK BXiJHI O3HAKH BIUIMBAIOTh HA BUXOAM HEUPOHHHX
MEpex, MAloYl 3MOTy TJIHOIIe 3pO3yMiTH iX poOoTy

Ta MiABUIINATH NPO30PICTh NPUHHATTS PillIeHb.

1. Peeynspuzosanuii snecox (RCS): y 3acTocyBaHHI

METOMy JIOJa€ThCs PETYNSpH3allifHuil  TepMiH /10
BHECKIB, 1100 3amo0irTH NepeHaBYaHHIO Ta MOMIMIIUTH
y3araJbHEeHHS.

Mamemamuuna moodens 3apONOHOBAHOTO MIIXOMY
Mae BHUIJLSII BHUpasy, jAe BHecok C Ui BXOLy X

PETYISAPU3YETHCS TAKUM YHHOM:
2
c'=C-ale|, (15)
‘o o 2
e A — peryisipu3aliiHui mapamerp; ||G|| — Hopma L2
rapameTpiB MEepexi.

3 MeTor 3amofiraHHs TepeHAaBYaHHIO Ta UL
MOJIMIIEHH CTal0lIBHOCTI [0 BHECKIB JOJAETHCA
perymsipusaniiianii Tepmin. Lle moxe Oytu LI (Lasso)
abo L2 (Ridge) perynspu3saiiisi. 3Bakar0ud Ha BKa3aHE
Bumie, 3a3HaunMo, 1o RCS nojae peryispu3aiiitHui
TEpMIH 0 BHECKIB, HIO0 3MEHIIMTH MEepeHABYAHHS
MOJIEII Ta MOJIIIIATH y3araJbHEeHHS.

Dynxyis empam i3 pe2yisapuzayicio:. HOBa (QYHKIIIs
BTpar L, BUIIAJAE, IK

L, =L+AR, (16)

ne R — perymapwzamiiHuii TepMmiH; A — KoedimieHT

peryJsipu3arii.
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Oyinlogannsa  8adcIugocmi:  BAKIMBICTb  BXOAY
BHU3HAYA€ThCS TaK:
I,=0L,, [ox,, a7
ne L, —HOBa QyHKIs BTPAT.
3anpornoHoBanuii  Meton RCS  BUKOPHUCTOBYE

peryaspu3aiio sl 3MEHIICHHS BIUIUBY MEpEHABYAHHS
Ha MOJEINb:

— BH3HA4YaI0ThCA BHecku C JUTA KOXKHOT'O BXOAY,

— 3aCTOCOBYETHCS  PEry/IpH3aLidHUA  TepMiH
JUTS KOPUT'YBAHHS BHECKIB,;
— BHKOPHUCTOBYIOTBCSl ~ PETYJISIpH30BaHi  BHECKHU

JUTS THABHINEHHS 3aralibHOI SKOCTI TIepe10aueHb MOJICTI.
ObmedicenHs 3aCmoCy8anHs.
— oOMexeHa aJanTHBHICTb —  peryJspu3amis
HE 3aBXIU T0Ope MPAIfioe 3 TUHAMIYHUMH TOKa3HUKAMUY;
— 3HIKEHHS TOYHOCTI 32 YMOBH HEIOCTATHHOTO
HAJTAIITYBaHHS TAPAMETPIB PETyJIIPHU3AIlii.
Otxe, RCS mae 3MOTry OLIHUTH, SIK BXiTHI O3HAKH
BILUIMBAIOTh

Ha Ppe3yjibTaTu MOZ[eJ'Ii 3 OIsiAy Ha

perymspusamiio, 10 pOOUTH  pe3ylnbTaTh  OiIbII

HaJliIHUMHU Ta IHTepIIPETOBAHUMH.

IV. Bazamomacwma6bnuii DeepLIFT (MS-DLIFT)—
METOJI, 110 BHKOPHCTOBYE OaraToMaciuitaOHI BXOAW IS
3aXOIUICHHS 3IE)KHOCTEH Ha PI3HUX PO3AIIBHUX PiBHAX,
Mi/IBUIIYIOYH IHTEPIPETOBAHICTh CKIIAJHUX O3HAK.

Braecok C 004YMCIIIOETHCS B MaTeMaTHYHIN MoOJeli
3aIpOIIOHOBAHOTO METOAY:

S
C=Soa, as)

s=1

(s)

Je x’ — BXiJHI MOKa3HUKH Ha MacmTabdi s; @, — Baru

JUTSE KOYKHOTO Macintaldy; S — KiTbKiCTh MacIITa0iB.

Meroz Oepe m0 yBaru d6araromaciintabHi OCOOIHMBOCTI
BXIIHUX TIOKAa3HUKIB, IO MiJABHIIYE iHTEPIPETOBAHICTH
MOJeITi.

1. BxingHi nani po30MBarOTHCS Ha Pi3HI MacmTadu.

2. BuznauatoTbcss Ax Ha KO)KHOMY MaciiTaOi.

3. BHeCKH 3BaXYIOTBCS BIAMOBIAHO 0 iX MacmTadiB
1 00’ €THYIOTBCS ISl OCTATOYHOTO Mepe10adeHHs.

Mamemamuune niorpynmsa: MS-DLIFT o0pobise
MOKa3HUKHM Ha PI3HMX MaciuTabax, mob B3SATH 10 yBaru
PI3HOMAaHITHICTh y MOKa3HUKAX.

Macwmabysanns  axmueayii: akTuBalii a; Ha

pi3HUX MacmTabax s OOUYHMCIIOIOTHCS, SIK
a; :fs(xi), (19)

ne f, — dyHKuUis MaciTaOyBaHHs.

s

O11iHIOBaHHSI BaXXJIMBOCTI Ul KOXKHOTO MacuiTady
S BH3HAYAETHCA TaK:

, oL Oa’
I’ = ——. (20)

J oa; ox,

Obmedicennsn 3aCTOCYBaHHS:
— BHCOKa o0umcITIOBaNbHA BapTiCTh:
MOJICIIOBaHHS HAa KUIBKOX Macmrabax morpedye

3HAYHUX OOYUCITIOBATBHUX PECYPCIB;

—  CKJIAJHICTh peaizallii: peaisallis MacIiTa0yBaHHs
Ta IHTerpamis 3 HAasIBHUMH MOJEIIMH MOXe OyTH
CKJIA/IHOIO.

V. Temnopanvuuii DeepLIFT (T-DLIFT)

Onuc: posumpioe DeepLIFT nis poGoTH 3 9aCOBAMHU
MIOCITIJJOBHOCTSIMH, 3Ba)KAal0YM HAa 4YacOBiI 3aJIEKHOCTI
y BHECKaXx. MaTeMaTH4YHAa MOJIENb 3alpONOHOBAHOTO

. . . T
METOJy: U 9acOBOi TOCIHIiJOBHOCTI {xt}t:l , BHECOK C,

Y MOMEHT 4acy ¢ .

-1
C =Ax, + B Ax,, 1)

i=1
ne B — BaroBuii KoeillieHT AJI MAHYJIHX BHECKIB.

Ocnosa anzopummy: T-DLIFT po3mmproe MeTox
DeepLIFT nns poOOTH 3 YacOBHUMH IOCIITOBHOCTSIMH
3 OTIALY Ha TUMYACOBi 3aJI€KHOCTI BXiIHUX TTOKA3HUKIB.
AnroputM Oepe 0 yBard 4YacoBi 3aJEKHOCTI Mik
BXiJHUMH TIOKa3HWKaMH, M0 MIBUIIYE TOYHICTh
nepe0aYeHb I YaCOBUX PSJIIB.

BusHavyaroThcs BHECKU Ax Ui KOYKHOTO MOMCHTY
yacy f.

BepyTecsi 1o yBarm BHECKH BCIiX IIOTEpEIHIX

MOMEHTIB 4acy 3 BaroBUM KoedilieHTom [ .

BukopucroBytoThcst  00’€HaHI  BHECKH ISt

MIPOTHO3YBAHHS MIOKA3HUKIB SIKOCTI MTPOTPAMHUX CHUCTEM.
OTxe, el AITOPUTM A€ 3MOTY OIIIHWUTH, K BXiTHI

010

ouinku sikocti [IC 3 ormsimy Ha 4YacoBHIl acriekT,

O3HAKW BIUIMBAOTH Ha PE3yJbTaTH MO,HCJ'Ii

mo 3abe3neuye rimoIIe po3yMiHHA IWHAMIKM BHECKIB

y NPUHHATTS PillICHb.

Onuc npakmuuno2o 00caioHceHns

Po3rissHeMO TpHKIa[ YHIPOBAUKCHHS KOXHOTO
3 MIAXOMIB JUIsi NPOTHO3YBaHHS MOKAa3HUKIB SIKOCTI
nporpaMHol cuctemMu. s 1bOrO Bi3bMEMO MOJEIb
HEHPOHHOI MepeXi, M0 IMPOTHO3YyE 3HAUYEHHS TaKHUX
MIOKA3HUKIB, K HaJiiHICTb, MPOAYKTHBHICTb, 3py4HICTbH
BUKOPHCTAHHS Ta MacCIITA00OBaHICTh.
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[punyctumo, mo € Ha0ip MOKAa3HUKIB 3

1000 3ammciB, A€ KOXKEH 3amKC MICTHTh 1H(QOpMAIio
(HampuKiam, — KiIBKICTB

mpo  BXIIHI

KOPHCTYBaYiB, Yac BIAMOBiAI CHUCTEMH, YacTOTy 300iB

napamerpu

TOIIIO) T BiJIMOBiAHI TOKA3HUKH SIKOCTI.

[TouaTkoBi IOKa3HUKH JJIA IIPAKTUYIHOTO

JOCIIIDKEHHS HaBeIeHo B Taou. 1.

Ta6auus 1. Ilouamkosi nokasHuxu 015 NPAKMUYHO20 OOCTIONCEHHS

. . . . . .. Oocar nam’siti, 1o
Kl.]Il)Kl.CTl) Yac Bignosini C‘I/ICTeMP[ ‘IacTOTa 300iB 3aBaHTaKeHHS BHKOPHCTORYETRCH
kopucrysauis (Users) (ResponseTime) (FailureRate) npouecopa (CPULoad) (MemoryUsage)
50 200 0.02 50% 1GB
120 180 0.01 60% 1.5GB
300 220 0.03 70% 2GB
450 250 0.05 75% 2.5GB
600 300 0.08 80% 3GB
750 280 0.07 85% 3.5GB
900 320 0.10 90% 4GB
1050 340 0.12 95% 4.5GB
1200 360 0.15 95% 5GB
1350 380 0.18 98% 5.5GB
OmiHrOBaHHA B MEXaX MPAKTHYHOTO IOCHTIIKEHHS 4. OOuuncioBaiIbHA BapTICTh OILIIHIOBAJIaCh

nependavyaso 3aCTOCYBaHHS:
L.
SIK TOYHO KOKCH METOJ MPOTHO3YE 3HAUCHHS TTOKA3HHUKIB

MAE (Mean Absolute Error) oniHIOBaIOCH,

SKOCTI JJIsl KOXKHOTO TPOAYKTy. 3HadeHHs MAE Oymm

po3paxoBaHi Ha OCHOBI TECTOBHX IOKA3HHUKIB JJIs
KO)KHOTO METOIy Ta BINMOBIMHO IO TMPOTHO30BAHHUX
i paKTUYHUX 3HAYCHB.

2. TnreprperoBanicTs orintoBanacs Bix 1 go 10, ne
10 — HaiiBuma iHTepnperoBaHicTh. OLIHKKA HaJaBaIMACS
Ha OCHOBI SIKOCTI Bi3yaui3amii BHECKY KOKHOTO BXiTHOTO
nmapaMerpa B mporHo3yBanHs. Lle nependavae 3po3yMiticTh
rpadikiB i TabnHIe, JOIOMAarae KOPUCTYBa4aM PO3YMITH,
SIK 3MIHFOFOThCSI TIOKa3HUKH SKOCTI.

3. ApantuBHICTH oOIliHIOBamack Big 1 mo 10, me
OIiHKY BU3HAYAJHCS
110
NoKa3HUKax abo cTpykTypax Mepexi. Bucokmii Oan

10 — HaiiBUIIA aJaNTHUBHICTb.
32 3JAaTHICTIO METOLy aJanTyBaThCs 3MiH Y
OTPUMYBaJIM METOJH, IIO JIETKO IHTETPYIOThCS B HOBI
crieHapii abo HaJamTyBaHHS.

y TOAWHAX, HEOOXiTHHX sl OOpOOJIEHHS NOKa3HHKIB
3 KO)XKHAM METOJIOM, 30KpeMa 4Yac Ha HaBYaHHSI MO
Ta Ha MPOTrHO3yBaHHSA. Hiok4i 3HAYEHHS BKa3YIOTh
Ha MCHIII BUTPATH Yacy Ta PeCcypciB.

5. Cknamsicts peanizaiiii ominroBanack Bix 1 mo 10,
ne 10 — wmaiBuma cxiagHicte. OIIHKA HaJaBaIdCh
Ha OCHOBI PIBHS CKJIQJHOCTI BIPOBAJKCHHS METOIY,
HEOOXIHOCTI B CHEIIaJbHUX 3HAHHAX a00 JOJATKOBHX
IHCTpyMEHTax Ta OyJM OTpHMaHi Ha OCHOBI peajlbHUX
TECTYBaHb 1 BIPOBA/DKEHHS KOXKHOTO METOAY B TPOEKTHHX
CIICHApisX, MO0 JajJ0 3MOTYy OTpUMaTH OO0’ €KTHBHY

iH(pOpMaIifo mpo X eQPEeKTUBHICTD.

Pe3ysabTaTH A0C/TiKeHb Ta iX 00r0BOpPEHH

v 2.
Metony DeepLIFT 3 onTUMI3alliiHUMH METOJI0JOTT9HO-

TaluI. MOJAHO PE3YJNbTaTH ITOPiBHSHHSI

aJanTaifHUMH BapialisiMA TOKpaIleHb.

Tabmuust 2. Pesynomamu nopieusanns memooy DeepLIFT 3 onmumizayitihumu  Memooon02iuHo-a0anmayiuHumuy
sapiayisamu noKpaujeHsb
. O04uca0BaJbHA . . PoGoTa 3 yacoBumMu
Meton InTepnperoBanicTh . AjanTuBHiCTh Peryasipuzauis
BapTiCTh MOKA3HUKAMH
DeepLIFT BHCOKaA nomipHa (ixcoBaHa HI Hi
ARA BHUCOKA MoMipHa JMHAMIiYHa Hi Hi
GradLIFT Jly’Ke BUCOKa BUCOKA (hikcoBaHa HI Hi
RCS BHCOKa oMipHa (hikcoBaHa Tak Hi
MS-DLIFT Jy’Ke BHCOKa BHCOKa GararomacitabHa Hi Hi
T-DLIFT Jly’e BUCOKa BHCOKa (ixcoBaHa Hi Tak
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BignosigHo 1o Tabui. 2 6a4yuMo:

— ARA mipBuilye aganTHBHICTH, ajle MOXE OyTH
CKIaHUM y  peamizamii Ta 3  HiIBUILICHUMH
00YNCITIOBAIFHUMHU BUTpaTaMu (QHAJIOTIYHI Pe3yJbTaTH
nmocarHyTo B parii [11]);

— GradLIFT XOpoILy

3aBASKH TPAJi€HTaM, ajié Ma€ BHCOKY OOYHCITIOBAIBHY

3abe3mneuye TOYHICTB

BapTicTh (moniOHa mpobieMa mopymieHa B poooTi [10]);
- RCS
peryispusauii, ane

3MEHIIy€E TEpeHaBYaHHS  BHACIINOK

MOXE 3HIKYBaTH TOYHICTh
1 aJanTHBHICTH (QHAJIOTIYHI MPOOJIEMH BUCBITIIOIOTHCS
B mpati [5], mpoTe B Hiif Tak i He OyJ0 3aPOIIOHOBAHO

JIOLIJIBHOTO METOLTY);

— MS-DLIFT 6epe o yBaru nmoka3HHKH Ha Pi3HUX
Macmradax Juis MiABHIIEHHS TOYHOCTI, aje Ma€ BHUCOKY
OOYMCITIOBAJIBHY ~ BapTICTh 1 CKJIAJHICTh peasizaiii
(anayoriuni mpoOsiemu onwmcasi B mpati [3]).

Bepemo no yBarm, mo oOpaHmii METONT Mae 3ajieKaTi
BiJl KOHKPETHHUX BHMOI' JIO TOYHOCTIi, aJalTHBHOCTI Ta
OOYHCITIOBAIFHMUX BHUTpPAT Yy 3a4adi IPOTHO3YBaHHSI
MTOKA3HUKIB SIKOCTI MPOTPaMHUX CHCTeM. AHAII3YIOUU
HaJaHI TOKa3HWKHA IS PIi3HUX Bapiamii  MeTomy
DeepLIFT, 30ocepenuMmocs Ha KIHOYOBUX MapaMeTpax:
Hai{HICTh, IPOAYKTUBHICTD, 3py4YHICTh 1 MacIITabOBaHICTb,
a takox Ha merpukax Users, Response Time, Failure

Rate, CPULoad, i Memory Usage (Tabm. 3).

Ta6auus 3. Pesynvmamu npakmuuno2o 00cuioxcenHs (ananiz eueckie y ananiz sxocmi I[1C)

Buxinni Buecku DeepLIFT

IMapametp Users ResponseTime FailureRate CPULoad MemoryUsage
Haniiinicts 0.30 0.25 0.20 0.15 0.10
[TpoayKTHBHICTH 0.25 0.30 0.15 0.20 0.10
3py4HicTh 0.20 0.25 0.15 0.25 0.15
MacmiraboBaHicTh 0.20 0.20 0.20 0.20 0.20
AnantuBHa pedepeHTHa akTuBais (ARA)
I[Mapametp Users ResponseTime FailureRate CPULoad MemoryUsage
Haniiinicts 0.28 0.26 0.22 0.14 0.10
[IponyKTUBHICTB 0.24 0.32 0.16 0.18 0.10
3pyuHicTh 0.22 0.24 0.16 0.26 0.12
MacniraboBaHiCTh 0.18 0.22 0.22 0.20 0.18
I'panientHo-3Baxenuit DeepLIFT (GradLIFT)
I[Mapametp Users ResponseTime FailureRate CPULoad MemoryUsage
HapniiiHicTh 0.32 0.24 0.21 0.13 0.10
[IponyKTHBHICTB 0.23 0.33 0.17 0.17 0.10
3pyuHicTh 0.21 0.27 0.15 0.26 0.11
MacmTaboBaHicTh 0.22 0.20 0.21 0.18 0.19
PerynsipuzoBanuii BHecok (RCS)
IlapameTtp Users ResponseTime FailureRate CPULoad MemoryUsage
Hapniiizicth 0.29 0.25 0.21 0.15 0.10
[IpoxyKTHBHICTB 0.24 0.31 0.16 0.19 0.10
BHecok y 3pyuHiCTbh 0.22 0.24 0.15 0.26 0.13
MacuiraboBaHiCTh 0.19 0.21 0.22 0.19 0.19
Bararomacmtabunii DeepLIFT (MS-DLIFT)
IHapamerp Users ResponseTime FailureRate CPULoad MemoryUsage
Hapniiizicth 0.33 0.23 0.20 0.14 0.10
[TpoayKxTHBHICTH 0.23 0.34 0.15 0.18 0.10
3pyuHicTh 0.21 0.28 0.14 0.27 0.10
MacmtaboBaHiCTh 0.22 0.19 0.20 0.18 0.21
Temmnopansauii DeepLIFT (T-DLIF'T)
I[Mapametp Users ResponseTime FailureRate CPULoad MemoryUsage
Hapniiinicts 0.35 0.22 0.19 0.14 0.10
[IpolyKTHBHICTh 0.22 0.35 0.15 0.18 0.10
3pyuHiCTh 0.20 0.29 0.14 0.27 0.10
MacniraboBaHiCTh 0.23 0.18 0.19 0.18 0.22
Topisnanus ocnosHux napamempis cucmemu (Ta0m. 3) o0 CBIIYUTE Tpo OUTBINI  CTaOUTBHY  pEakIliro

1. HanitiricTs

- HaﬁBHHIC 3HA4YCHHS ObOIro napamMeTpa

nemonctpye meron 7-DLIFT (0.35 3a metpukoro Users),

KOPHUCTYBa4iB MOPIBHSHO 3 IHIIMMH METOJIAMH.
— Haromicte MS-DLIFT 1 GradLIFT Takox
JIEMOHCTpPYIOTh 3HauHi pe3yabrati (0.33 1 0.32 BiANoBiaHO),
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110 BKa3ye Ha iX e()eKTUBHICTh Yy 3MEHIICHH] TOMHJIOK Ta
[MIBUILEHH] CTa0OUIBHOCTI CUCTEMH.

— HaiimMenmmie 3HaveHHs mapameTpa "HamgiHHICTB"
croctepiraethcsi B ARA (0.28),
3aIMIIAETHCS HA IPUHHATHOMY PiBHI.

2. TIponyKTHUBHICTB

X0o4ya BIH Bce 1€

— Haiibinpie 3HaueHHs 3a3HAYCHOrO IMapamMeTpa
mae T-DLIFT (0.35 3a wmerpukoto Response Time),
O MIATBEPIXKYE HOro e(QeKTUBHICTb Y MIBHIKOMY
pearyBaHHI CHCTEMH.

— GradLIFT i MS-DLIFT TakoX MaloTh BHCOKI
mokazauku (0.33 i 0.34), mo BKa3zye Ha Kpamuii dac
BIATYKY CHCTEMH MOPIiBHAHO 3 IHIIIMMH TiIXOAaMH.

— DeepLIFT 1 RCS mnoka3yloTh BiJHOCHO HIDKYI
pesynprat (0.30 i 0.31), ame BOHH 3aNMIIAIOTHCA Ha
NPUIHATHOMY piBHI IJIsl CTAaHJAPTHOTO BUKOPUCTAHHS.

3. 3pyuHicTs

— HaiiGinpire  3HaYeHHS  LBOTO
cnocrepiraetbess B MS-DLIFT (0.28 3a
Response Time) 1 T-DLIFT (0.29), mo CBiZYuTH IIPO

napamerpa
METPHUKOIO

ONTHUMAITEHI iHTEp(EHCH KOPUCTYBAYiB.
— GradLIFT
moka3auku (0.27), mo BKazye Ha moOpe OamaHCOBaHy

TaKOX  JIEMOHCTPYE  BHCOKI

CHCTEMY JUIsl KOPHCTYBaYiB.

Ta6auus 4. Pezynomamu npakmuuno2o nopieHAHHI Memooie

— DeepLIFT i ARA wmaiTh HIKYI pe3yibTaTu
(0.25 1 0.24), ane Bce mie nepedyBarOTh y JOMYCTHMHUX
MEXKax.

4. MacmraboBaHicTh

— V mpomy mapamerpi I-DLIFT i MS-DLIFT
0.21
BimmoBimHO 10 Memory Usage), mo BKa3dye Ha ix

JEMOHCTPYIOTh Halkpami pesyisratn (022 1

3MIATHICTH TPAILIOBAaTH B YMOBaX 3pOCTaHHS KUIBKOCTI
KopHcTyBadiB abo o0csry iHdopmariii.

— GradLIFT 1 RCS neMOHCTPYyIOTh CTaOLIbHICTH
y macmradyBanHi (0.21 1 0.19), Toni sk ARA Mae Tpoxu
Mmenmi pesynsrati (0.18).

Hiocymxu

— T-DLIFT BusBIs€TbCS HAMOUIBIN eQEKTUBHUM
METO/IOM 3a BCiMa OCHOBHHUMHM ITOKa3HHKaMH, OCOOIHMBO
II0/I0 HaJifHOCTI Ta MPOJYKTUBHOCTI, IO POOUTH ioro
NPUIATHAM JUIS KDUTHYHUX CUCTEM.

— MS-DLIFT i GradLIFT TakoX AE€MOHCTPYIOTb
rapHi pe3ynpTaTd, 30epiraroun OajgaHC MK PI3HEMH
rapamMeTpamMHy Ta CTabUIbHICTIO.

— DeepLIFT ta ARA edekTuBHI i1 CHUCTEM i3
TIOMIPHHMH BUMOT'aMH, OCKLUIBKH MalOTh HIDKYI PE3yJIbTaTh
B yCiX MMOKa3HUKAX MOPIBHIHO 3 iHITUMH METOJaMH.

Merto TounicTy | InTepnperoBaHicTh | AxanTuBHicTH | Yac BUKOHAHHS, Cxaagnictp peaizanii
A (MAE) (omiHka) (oninka) roa (ominka)
DeepLIFT 0.85 8 5 0.5 4
TemnopanbHuii
DeepLIFT (T-DLIFT) 0.92 ? 6 15 8
I'panienTHO-3BasKEHUI
DeepLIFT (GradLIFT) 0.90 ? > 1.2 6
bararomacmrabHuit
DeepLIFT (MS-DLIFT) 0.89 ? 7 18 8
AnanTuBHa pedepeHTHA
akTuBauis (ARA) 0.88 8 7 1.0 7
PerynspuzoBanuii BHeCOK
(RCS) 0.87 8 5 0.8 5
Y3aranbpHeHi OIiHKK
IMapameTp DeepLIFT ARA GradLIFT RCS MS-DLIFT | T-DLIFT
InTepnperoBaHicTh BHCOKa BHCOKa JIy’K€ BHCOKa BHCOKa JIy’Ke BHCOKA | JTy)Ke BHCOKa
AanTHBHICTH HU3bKa BHCOKa HU3bKa HU3bKa BHCOKa HH3bKa
O0uucII0BaAILHA . . .
. HOMipHa nomipHa BHCOKa nomipHa BHCOKa BHCOKa
BapTiCTh

Ananiz pesynomamie

— TounicTe: Haiibinbmy TouHicTs Mae T-DLIFT
(0.92), Toni sx ARA TakoX Mae XOpOIIi pe3yJbTaTH
(0.88), mo mepeBumytors DeepLIFT. GradLIFT
i MS-DLIFT Ttakox JeMOHCTPYIOTh
TOYHICTh MTOPIBHAHO 3 0a30BUM MeTo0M DeepLIFT.

HMOKpAIIeHy

— InTepmperoBaHicTh: y BCiIX MeToHax, KpiMm
GradLIFT, inTepnperoBaHiCTh € BHCOKOK abo yixe

BHCOKOIO, III0 BKa3y€ HA MOXJIMBICTH 100pe MOSCHIOBATH
pe3yabTaT MOZEIII.

— AJanTUBHICTL: HaWOUIBII AaJaNTHBHHMU €
ARA i MS-DLIFT, mo pobuts iX e(eKTHBHIIIMMHU
B pI3HMX YMOBax Ta CLEHapisx. [HIII MeToau MaroTh
HU3bKY aJIalITUBHICTb.

— OoOuuncmoBanbHa BapTicTh: 'y GradLIFT,
MS-DLIFT i T-DLIFT BoHa BMIa, L0 CBig4WTh
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npo OUIbIII BUMOTH JI0 PEcypciB, 0coOIMBO B poOOTI 3
MaciTaboBaHUMHU a00 TUHAMIYHUMHU CHCTEMaMU.

ITopiBHIOIOUM HaBeleHI METOAM 13 BIIOMUMH
JIOCIIDKEHHSIME Y c(hepi IHTepIPETOBaHOCTI Ta €PEKTHBHOCTI
METOJB TIOSICHEHHSI HEHMPOHHUX MEPEX, MOXKHA MOOAuNTH
KUTbKa BaXJIMBUX  AaCIHEKTIB, 10 MiATBEPKYIOTh
1 PO3IMIMPIOIOTH aHAMI3 i3 PI3HUX AOCIIIKEHb.

1. DeepLIFT: y poGoti [17] Oyno moka3zaHo, 1o
DeepLIFT

3aBJISIKH 00YHCIIEHHIO BHECKY KOXKHO1 XapaKTCpUCTUKHU B

3a0e3nedye  BHCOKY  IHTEpPIIPETOBAHICTh
pe3yibTaT. BogHowac obumctoBaIbHa BapTiCTh 3AHIIAETHCS
MOMIPHOIO BHACHIZIOK HOTr0 CTPYKTYpHOI IIPOCTOTH.
PesympTaTH 1HOrO IOCHIMKEHHSA MiATBEPIUKYIOTH IE:
MeToJ 30epirae moMipHi 00UNCITIOBANIBHI BUTPATH, TIPOTE
HOro aJanTHUBHICTH OOMEKeHa, OCOOJMBO B KOHTEKCTI
CKJIaJIHUX MIHJIMBUX YMOB.

2. ApantuBHa pedepenTHa akTuBalia (ARA):
y JOCHiKEHHI, NMPHUCBIYEHOMY aJaNTHBHHUM IiX0JaM,
ARA minTBepmKye BHCOKY AaNTHUBHICTH (W0 MOIAHO
B TaOmumsx) i AeMoHcTpye mepeBary Han DeepLIFT.
Sk 3a3HaueHo B poborax [12, 20], ARA sk MeTOn MOXe
Kpalle IPHCTOCOBYBATHCA IO PI3HUX BXIJHHX YMOB,
IO BIANOBIZA€ BHIIMM IIOKa3HHUKAM aJalTHBHOCTI
B HaBEJICHIH MOPIBHAIBHIN Ta0IHUII.

3. GradLIFT: rpamieHTHO-3BaXCHWH WiAXim, 5K
noBeaeHo B poborax [1, 18], mokpamrye To4HICTH
3aBIAKA OLIBII AKICHOMY OIIIHFOBAaHHIO BIUIMBY 3MiHHUX.
Lle miaTBEpAKYETHCS pe3ysIbTaTaMU LbOTO JOCIIKEHHS,
ne GradLIFT nemonctpye Bumy TouHicTs (0.90)
NopiBHSHO 3 06a30BuUM DeepLIFT. BonHouac 00umcOBaIbHA
BapTIiCTh 3pOCTAa€, OCKUIBKH OepeTscsi A0 yBaru
rpajieHTHa iHpopMarlis.

4. PeryasipuzoBanmii BHecok (RCS): mocmimkeHHs
3 perynspu3auii B KOHTEKCTi 1HTEPIPETOBAaHUX MOJIENEH
(3okpema pobotum [1, 9, 15]), cBimuare mpo Te, IO
perysspusalis 1ae 3MOTy KOHTPOJIIOBATH TEPEOCHAILCHHS
Ta TWiABHIIYBaTH TOYHICTH O€3 3HAYHOTO 30LIBIICHHS
o0OuncimoBaIbHUX BUTpaAT. Lle miATBepKy€EThCS  THM,
mo RCS neMoHCTpye TMOMIpHI BUTpaTH Ha OOYMCICHHS
Ta JIENO BHUIY TOYHICTh MOpiBHSHO 3 DeepLIFT.

5. MS-DLIFT (6aratomacuitaduuii DeepLIFT):
y IOCTIDKCHHI Mmoo OararoMacmTaOHUX Mmojeneit [3]
Oy70  BKa3zaHo, 10 OaraToMaciiTaOHUM  MiAXif
MOKpally€ IHTEPIPETOBAHICTD 1 aJlallTUBHICT Yy Tpoleci
aHajizy cucTeM 31 3MIHHUMH XapaKTepHCTHKAMHU.
V¥ 3anpononoBanoMy B 1ii crarri aHamizi MS-DLIFT
TAKOX JIEMOHCTPYE IMOKpAICHY aJalTUBHICTh 1 JyXKe
BHCOKY IHTEpPIPETOBAHICTh, MO0 POOHUTH HOTo OLIBII

IOTYXHUM iHCprMeHTOM 11 CKIIaJHUX CUCTEM.

6. T-DLIFT DeepLIFT):
y ,HOCJ'Ii,H)KCHHHX mog0 YacoBUX HeﬁpOHHHX MEPECIK

(TemMnopaiabHUii

Ta iX iHTepmperamniii (Hanpukiam, poboru [12, 14])
JIOBE/ICHO, III0 TEMIOpPANbHI METOIN MOXYTh IOCSTTH
Kpamoi TOYHOCTI BHACHAOK yBalrW [0 YaCOBHX
3anexsocreit. Ile miarBepmkyerbes TaM, mo T-DLIFT
JIeMOHCTpye HaiiBumry TouHicTe (0.92), ame BomHOUYAC
Ma€ BHCOKY OOYHCITIOBAIBHY BapTICTh 4epe3 CKIAIHICTH

poboTH i3 gacom.

Ile moOpiBHAHHS PI3HUX TOCTIMKECHb JOIIOMArae
Kpamie 3pO3yMiTH, SK TIIOKpAalleHHS B TOKa3HUKAX
TOYHOCTI, aIallTUBHOCTI Ta IHTEPIPETOBAHOCTI BILUIMBAIOTH
Ha 3arajbHi XapaKTepHCTHKH aHaTi30BaHUX METO/IIB.

DeepLIFT 3abe3niedye OCHOBHUI pPiBEHb TOYHOCTI
Ta IHTEPIPETOBAHOCTI, a TAKOX JIa€ 3MOTY 3pO3YMITH, SIKi
BXiZHI TapaMeTpH BIUIMBAIOTh HAa BUXITHI MMOKa3HUKU
skocTi. OpHaKk MeTox Mae OOMeXeHY aJalTHBHICTh
JI0 3MIHHHUX TTOKa3HHK 1 YaCOBHX 3aJIEKHOCTEH.

ARA mipBuilye TOYHICTH TNOpPiBHSHO 3 DeepLIFT
3aBASKM ANalTUBHUM pPe(QEpPeHTHHM aKTHUBALSM, IO
JoriomMarae Kpamle 3BaKaTH Ha 3MiHHI ITOKa3HHKH.
Le#t  migxim  Mae  BHCOKY  IHTEpPIIPETOBAHICTH
1 alanTUBHICTh, IO POOHMTH IOro OLTBII e(pEeKTHBHUM
UL 337129 3 HEOAHOPITHIUMH MOKa3HUKAMU.

GradLIFT TOKpaIye

IHTepIPETOBAHICTh  3aBASKH  3BAKYBAaHHIO

3HAYHO TOYHICTH  Ta
BHECKIB
3a rpanmieHtamu. lleit mMeTom € KopucCHMM Js 3ajad,
Jie Ba)KJIMBA BHCOKA TOYHICTB, ajle BiH MOTpeOye OimbImmx
00YHCITIOBAIEHUX PECYpPCiB.

RCS moxparye ToUHICT 1 3amo0irae mepeHaBYaHHIO
3aBISIKM  JIOJJABAaHHIO  PETYJSIPU3alifHOTO  TEpMiHy.
Le poOuth MeTOom OUTBII CTIHKHM OO TepeHABYAHHSA,
30epirar4y BOAHOYAC BUCOKY IHTEPIPETOBAHICTb.

MS-DLIFT Gepe

3HA4YHO

mo yBarm ©OararomacmTaOHi
MTOKPAIIY€E
iHTepIpeToBaHiCTh. MeTox € KOpHCHHM JUIS 3a1ad

IIOKa3HUKH, 110 TOYHICTHL Ta

3 iHdopMmauiero pi3HMX MacmTabiB  (HampHKIan,
CepeIHbOMICSIYHI Ta CEpeNHBOPIUHI IIOKa3HUKH), aje

BHMarae OiIbIINX 0OYHCITIOBAILHUX PECYPCIB.

3aeanvni pexomenoayii:

— DeepLIFT € 6a30BUM METOIOM 1 JOIITBHUN
JUISL TIPOCTHX 33/1a4 13 HE3HAYHUM 00cATroM iHpopMartii;

— ARA edexTtuBHHEA a1 33124 3 HEOTHOPIAHUMHU
MTOKa3HUKaMH, ]I BaXKJIMBa aJIalITUBHICTb;

— GradLIFT € onTuMansHUM BHOOPOM IS 3a1ad,
0 NOTpeOyIOTh BUCOKOI TOYHOCTI Ta IHTEPIPETOBAHOCTI,
aJie MOXKYTh IPAIIOBaTH.
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Temmnopanbauii DeepLIFT € HaiOUIbII AOILTEHAM
PILIEHHSM JUTS CKJIAJIHUX 337124 13 YaCOBUMU 3ISKHOCTSIMU
3aBASKM HAWBHUINIH TOYHOCTI Ta IHTEPIIPETOBAHOCTI.
I'panienTHO-3BaxkeHnit DeepLIFT TakoX € BIIMIHHUM
BHOOPOM (SIKIIO JO3BOJIAIOTH OOYHMCIIOBANBHI PECypcH)
3aBIOSIKA  CBOIM  BHMCOKiIH  TouHocTi. Jlma  3amad
3 HEOJAHOPITHUMH NMOKAa3HUKAMHU aJalTHBHA pedepeHTHa
aktuBalisi (ARA) € XOpomMM KOMIIPOMICOM MiX
TOYHICTIO 1 amanTuBHiCTIO. baratomacmrabumii DeepLIFT
JOUUTEHUN JUISl TIOKAa3HUKIB Pi3HUX MaciuTadiB, ajie Mae
BHCOKi BUTpaTH. PerymsapuzoBanuii BHECOK (RCS) Moxe
OyTH KOpHCHUM JUIs 3amo0iraHHs IepeHaBYaHHIO, ajie

HE € HalKpaIyuM 1010 TOYHOCTI ¥ aJallTHBHOCTI.

BucnoBxku

B ymoBax 3pocTaHHA CKJIagHOCTI apXiTEKTyp,
30iblIeHHs 00CATIB iH(pOpMAaIi Ta MiIBUILEHHS BHUMOT
JI0 TPOAYKTHBHOCTI CTa€ HEOOXITHUM 3aCTOCYBaHHS
IHHOBAIlIHHMX METO/IB OI[IHIOBAHHS Ta MPOTHO3YBaHHSI
SKOCTI TporpaMHUX cucreM. Lli MeTomm He TITBKA
JIOTIOMAararoTh BIATOBIZaTH Ha HOBI BHUKIUKH, aie i
3a0e3revyroTh KOHKYPEHTOCHPOMOXHICTh ITPOTPAMHHX
pillleHb y JUHAMIYHOMY CEPEIOBHII. Y IOCKOHAICHI
Bapiantu Metony DeepLIFT neMOHCTPYIOTH IiJBHILIECHY
TOYHICTh Ta IHTEPIPETOBAHICTh MOPIBHIHO 3 0a30BOIO
pedepentHi  aktuBanii  (ARA)
DeepLIFT ~ (MS-DLIFT)
TIOKpAlIyIOTh aJJallTUBHICTD, 1[0 € Ba)KIMBUM IS 33134

Bepciero.  AmanTHBHI
Ta OaraTomMacITaOHuiA

3 HEOJHOPIAHUMH TOKa3HUKAMH, TOJI K TEMITOPaIbHUN

DeepLIFT (T-DLIFT) 3a0e3nedye HalBHILy TOYHICTb,
mocsiraroud 0.92, 110 Ha CiM IyHKTIB BHIIE 3a 0a30BUi

Chnucok gitepatypu

DeepLIFT (0.85). TOYHICTh

a0 0.90, migBumrytoun 0a3oBuil pe3ynbTaT Ha IISITh

GradLIFT mokparye
myHKTiB, a MS-DLIFT nemonctpye TtouHicTh 0.89,
0 Ha YOTHPH NyHKTH Ounbmie Bix ©0a3oBoi Bepcil.
Iami wmeromm, Taki sk RCS 1 ARA, 3abe3medyioTsh
MTOMIpHi MOKPAIICHHS, JOCATAI0YN MOKA3HUKIB TOYHOCTI
0.87 1 0.88
MiATBEPIKYIOTh

BignoBigHO. JIOCATHYTI  pe3ynbTaTH

MEepPCIEeKTUBHICTh  yJTOCKOHAIEHUX
Bepcit DeepLIFT nna Oimpm TOYHOI Ta eQEeKTHBHOI
OLIIHKH SIKOCTI MPOTPAaMHUX CHUCTEM, III0 € KPUTHYHUM 32
YMOB, KOJIM BaXJIMBI aJalTUBHICTh, iHTEPIPETOBAHICTH
1 MacImTabOBaHICTb.

[Ipono3wumii A7MS TOANBIINX PO3BIMOK: OCKIIBKH
MS-DLIFT 1 T-DLIFT MarTh BHUCOKiI OOYHCIIOBAIBHI
BUTPATH, TO TMOAAJbBIII JOCHIIKEHHSI MOXYTh OyTH
CIIPSIMOBaHI Ha 3MEHIIEHHS] 00YHMCIIOBAIBHOI CKIIaTHOCTI
Ta 3HIDKEHHS 4acy BHKOHAHHSI, 30KpeMa 3a JOIIOMOTOI0
pO3pOOJICHHS  CHEIlialli30BAaHUX  aTOPUTMIB  JUIA
IIBUAMIOTO OOpOOJeHHS 3HAYHOTO OoO0cATy iH(opMaIrii.
TakoX MOWIIBHO PO3IISIHYTH MOMKIIMBICTH 1HTErpamii
MonudikoBaHux Bepciit DeepLIFT y KiacwdHi Mozeni
MaIlMHHOTO HaBYaHHS, TaKi SIK perpeciiiHi Moneni Ta
nepeBa pimens. lLle macte 3Mory posmmputu chepy
3aCTOCYBaHHS BJIOCKOHAJEHHX METOIB JUIsl OI[IHIOBaHHS
SIKOCTI TPOTPAMHHUX CHCTEM, IO BHKOPHCTOBYIOTH Pi3HI
MiJXOIU 10 aHami3y iHpopmarii. JJocuTh NepCIeKTUBHUM
€ JOCIIIDKEHHS MOXIIMBOCTEH iHTerparlii BIOCKOHAJICHUX
mMetoiB DeepLIFT 3 metogamu SHAP, LIME Ta iHImMu
IHTepIpeTaiiHUMH ~ TIIXOAaMH, IO MOXKe Hajaaii
CIIPHUSTH CTBOPEHHIO KOMOIHOBaHUX IHCTPYMEHTIB JUIA
OUTBII TTHOOKOTO ¥ TOYHOTO aHAIi3y IMOKAa3HUKIB SKOCTI

nporpaMHuXx CUCTEM.
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of the base method of DeepLIFT in the context of modern software systems, which revealed low adaptability to dynamic data,
limited interpretability for complex architectures and difficulty with stability of results in cases of variable operating conditions;
2) five DeepLIFT method is proposed; 3) the proposed modifications have undergone experimental testing, which demonstrated
their effectiveness compared to the original DeepL/FT method. The results of the study showed that all modifications allow you
to achieve improvements in key parameters. Conclusions: in the face of increasing the complexity of architectures,
increasing the volume of data and productivity requirements, innovative methods of evaluation and predicting the quality
of PS become a necessary. Each of the improved methods increases accuracy and interpretability compared to the
base DeepLIFT. The highest accuracy is shown by the temporal DeepLIFT (T-DlIift) respectively.
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O. llIynera, 1. CHTHIKOB

PO3POBJIEHHSI AHAJIITHYHOI IHOOPMALINHOI CHCTEMHA
IJISI AYTCOPCUHI'OBOI KOMITAHIT
3 BAKOPUCTAHHSIM ®AKTOPA ABCEHTEI3MY BPEJ®OPIA

IIpenmeTom pocaigkeHHs € BUBYCHHs (akTopa abcenteizmy bpeadopna sik iHCTpYMEHTY IU1sl aHali3y BiJCyTHOCTI CHiBPOOITHUKIB
Ha pobouoMy Micli, 30KpeMa HOro BUKOPHCTaHHS JUIS OLIHIOBAHHS DPEryJISIPHOCTI Ta YacTOTH BiJACYTHOCTEH 3a JOIIOMOTOIO
iHTepakTUBHOTO mambopxy. MeTa moCTiI:KeHHS — PO3POOJCHHS AaHANITHYHOI iH(POPMAIiifHOI cHCTEeMH Ha OCHOBi (akTopa
abcenteismy Bpendopna s epeKTUBHOIO MOHITOPHHTY Ta YNpPAaBIiHHS BiJICYTHOCTAMH CHIBPOOITHHKIB y KoMmmaHii. Y crarTi
HeoOXiZTHO BUKOHATH TaKi 3aBJAAHHSI: IIPOAHAJIi3yBaTH OCTaHHI JOCHIIKEHHS # myOuikanii moxo ¢akropa abcenteismy Bpendopna;
BUOKPEMHTH HE PO3B’sI3aHi paHiIle YaCTHHU 3araibHoi mpobiemu; ctBoputH ER-nmiarpamu iHdopmamiiiHOi cHcTeMH; BU3HAYUTH
HeoOXimHUH (QyHKIIOHAT aHATITHYHOI iH(OpMAaIiiHOI ccTeMH Ta il apXiTeKTypH; po3pOoOHTH HEOOXIiIHI Bi3yasi3amil Ta po3MIiCTUTH
iX Ha BIONOBIAHUX CTOpiHKaX IH(POPMAIITHOI CHCTEMH; TMPOBECTH EKCIEPHMEHT Uil BH3HAYCHHS TPEHIIB 1 3aKOHOMIpPHOCTEH
¢daxropa Bpendopna Ha OCHOBI TECTOBHX IOKAa3HUKIB; BHSIBUTH PE3YJBTaTH JOCHIIKEHb 1 MpoaHaNi3yBaTH 1X; CHOPMYIIOBaTH
BUCHOBKM Ta MEpPCIEKTUBH MOMATBIIOrO pPOo3BUTKY. Metoau aociaimkennsi. [IpoanamizoBaHo iHpOpMAIilo MpoO BiACYTHICTH
npaiiBHUKIB, mo 30epiraiorest B 0a3i manux SQL, a1 BU3HAYSHHS 3B S3KIB MDK TaOMUISIMKA Ta MiATOTOBKH iH(opMarii
JUISL TIOJANBIIOrO aHajizy. 3 MeToro Bi3yanisamii Ta aHadi3y BHKOPHCTAHO IiHCTpyMeHT Power Bl, mo mae 3MOry IHTETpyBaTH
iHpoOpMaIlilo 3 PI3HUX JOKepel i HajaBaTH Bi3yalli30BaHi MOKa3HUKU aOceHTei3My. OCHOBHHMM aHAJITUYHUM iHCTPYMEHTOM CTaB
po3paxyHok (akropa bpendopna, mo ouiHIOE€ BIUIMB YacTUX KOPOTKOCTPOKOBHX BiJICYTHOCTEH Ha 3arajbHy poOOTY KOMaHIH.
KpiM TOro, BIPOBa/UKCHO METOAM MOJICNIOBaHHSA 0a3 maHux Ta moOynoBu ER-miarpam s 3abe3nedyeHHs MPaBHIBHHUX
B3a€MO3B’SI3KIB MDK e€lIeMeHTaMH cucTeMH. JlocSIrHyTi pe3yJbTaTH: INpOaHATi30BaHO OCTAaHHI JOCHIKEHHS Ta IyOiikamil
mono ¢akrtopa abceHteisMy bpendopna; BHOKpemieHO He pO3B’sS3aHi paHille YacTHHM 3aranbHol MpOoOJIEeMH; CTBOPEHO
ER-niarpamy anamiTuunOi iH(pOpMamiifHO! cHcTeMH; BH3HAYCHO HEOOXiAHWH (yHKUIiIOHAN aHAMITHYHOI iH(OpMAIiifHOI cHcTeMH
Ta ii apxiTekTypH; po3pobieHo HeoOXimHi Bidyamizalii Ta po3MillieHO iX Ha BIiJNMOBIIHUX CTOPiHKAax iH(OpMaLiiiHOI cucTeMu;
MPOBEICHO SKCIIEPHUMEHT JUIsl BU3HAYCHHS TPEHIIB Ta 3aKoHOMipHOCTei dakropa bpendopaa; BusBiIeHo i 06roBOpeHO pe3ysbTaTh
JOCITi/KEHHsT Ta c()OPMYJIHOBAHO BHUCHOBKM I MEPCHEKTHBH MOAANBIIOrO PO3BUTKY. BHCHOBKM. YHacHifiok BHKOHaHO! poOOTH
po3pobiieHO aHanmiTHUHY iH(OpMaLiiHy CHCTeMy JUIl ayTCOPCHHIOBOI KOMIIaHii, IO IpyHTyeThcs Ha (akTopi abceHTEi3My
Bpendopna. Bukopucranus Power Bl sk OCHOBHOTO IHCTPYMEHTY Bisyaumizamii Ta aHamizy iH(opmamii 1ajmo 3MOry CTBOPHUTH
IHTEepaKTHBHHHN Jamobopa, mo 3ade3nedye 3pyIHUIA TOCTYII 10 KJIIOYOBHX MOKA3HUKIB BIICYTHOCTI MPAlLliBHUKIB Ha Pi3HUX PiBHIX —
BiJl OKpPEMUX CITIBPOOITHUKIB JI0 ACTIApTaMEHTIB i MpO€eKTiB. Lle momomarae kepiBHUKaM IIBUAKO W €(EKTHBHO aHATi3yBaTH CUTYAIIil0
3 abceHTei3MoM, MpUHMaTH OOTPYHTOBAHI PIillICHHsI 100 YIPABIiHHS IEPCOHANIOM i BUACHO pearyBaTH Ha MOXKIIUBI IPOOIeMH.
Kawuosi cioBa: abcenteizm; daktop bpendopna; ananmitnyna ingopmamniiiHa cucremMa; qambopa; ONTHMI3aIlis pecypciB.

1. Beryn AyTCOpPCHMHIOBI ~ KOMIIaHii 0COOJIMBO  BpasjMBi
J0 TmpoOsieM abceHTei3My, OCKUIBKM iX Oi3Hec dacTo
YHpaBHiHH}I IIEPCOHAJIOM € KJIHYOBUM YHHHHUKOM 3aJIC)KHUTH Bill pO6OTI/I HCBCJIIMKUX KOMaHI abo OKpEMUX
ycnixy 6yap-skoi Kommanii, 0co6auBo B ayTcopcunrosiii  (paxiiis. YacTi KOPOTKOCTPOKOBI BIICYTHOCTI MOXKYTb
chepi, me KOKEH NpPAIiBHUK Bilirpac BaXXJIHBY pOIb MaTH CEpHO3HI HACHIIKH, HaBiTh SKIO 3arajibHa
y 3a0e3MeUeHHi BUYACHOTO Ta SAKICHOTO BHUKOHAHHS KUIBKICTB ~ JHIB  BIACYTHOCTI BiZTHOCHO HE3HAYHA.
mpoekTiB. OpHaK OAHIEID 3 HAHOIMBIIUX TPOOIEM, Tomy BaXJIMBAM  3aBJIAaHHSM IS~ MCHE/KMEHTY
0 BIUIMBAE HA 3aralbHy IPOAYKTUBHICTH 1 SKIiCTH € He TUIbKM MOHITOPHUHI 3aTallbHOrO piBHA aOceHTei3My,
p060TH KoMmImaHii, € aOceHreisMm — BiI[CYTHiCTL ajje W BUSIBICHHS PETryJISIpHUX  KOPOTKOCTPOKOBHUX
CIiBPOOITHUKIB HA POOOYUX MicIX 06€3 HOMmepeKeHH BIICYTHOCTEH, MO 3aBAalOTh HaHOiTbmIOro  ymapy
a60 3 He3HAYHMM TNOBiZOMIeHHsM. HesamranoBami 1O OpraHizalliiHux mpomecax. Y 1IbOMy KOHTEKCTi
BIZICYTHOCTI ~ He  JIMIIE  CTBOPIOIOTH  JIOJATKOBE ¢axrop abcenreismy Bpeadopma [1] crae HesamiHHHUM
HAaBAaHTA)XCHHS HA IHIIMX IIPAIiBHUKIB, ajie # MOXYTh iHCTpyMeHTOM. Lleit moka3HUK mae 3Mory OpaTH 10 yBaru
CIIPUYHHHUTH 3aTPUMKHU BUKOHAHHS IPOEKTIB, HE TUIBKM TPHUBAICTh, alleé H YacTOTy BiACYTHOCTEH,
10 3aTpOXKy€e MOPYLIEHHAM JOTOBIpHMX 3000B’A3aHh WO POOUTH HOro OiNbII TOYHMM JJIsl AHAI3Y BIUIMBY
1 HEraTUBHUM BIUTMBOM Ha PENyTallil0 KOMIaHil. abCEeHTEI3My Ha POy KTUBHICTb.

© O. llymnera, JI. CutHikos, 2024
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®daktop bpendopna [2] Kpare
PO3yMITH, SIKI BiZCYTHOCTI NpAaUiBHUKIB € HaWOiIbII

Jornomarae

KPUTUYHUMHU JUIs KOMIIaHil, 1 J1a€ 3MOry KepiBHHKam

BXXKUBATH 3aXOMiB [UIg 3MEHIIEHHS IX KUIBKOCTI

Ta  YacTOTU. BHUKOpPHUCTOBYyHOUM L€l  IOKa3HUK,
MOXHa PO3pOOMTH eQEeKTUBHILI CTpaTerii yHnpaBiiHHA
MEPCOHAJIOM, YIPOBAKyBaTH BIMMOBIMHI 3aXOIH IS
MOTHBalil CHIBPOOITHUKIB Ta 3MEHINYBAaTH pHU3HKH,
OB’ s13aHi 3 a0CEHTE{3MOM.

[Ipoexr, 3anponoHoBaHui y 1ii poOOTi, CIIpsIMOBaHUH
Ha PO3pOoOIJIeHHS aHANITHYHOI iH(opMmariiiHoi cucremu,
o BHKOpHCTOBYE (akTop bpemdopna mis oniHOBaHHS
Ta MOHITOPHHTY DiBHSI aOCEHTEI3My B ayTCOPCHHIOBIN
kommaHii. CucremMa MICTUTh IHTEPAKTUBHHH Jamoop,
IO JomoMara€ KepiBHUKaM BiICIiAKOBYBaTH KIIOUOBI
MOKa3HUKM abCeHTei3My, aHali3yBaTH iH(pOpMAI0 Ta
npuiiMaTH OOTPYHTOBaHI pIilIeHHS MIOAO YIIPaBIIHHI
nepconaioMm. JlamGopn [3] nmae 3Mory OTpUMyBaTH
Bi3yami3oBaHy iH(pOpMamil0 TpO 3arajdbHUN piBEeHB
abceHTei3My i 4acTOTy KOPOTKOCTPOKOBHX BiJICYTHOCTEH
SIK JUTSI OKPEMUX IPAIliBHUKIB, TaK 1 JJIS BiILTIB.

Meroro wni€i poOoTH € po3polieHHs e(hEeKTHBHOIO
IHCTPYMEHTY IUIi MOHITOPHHTY a0CEHTei3My, IO JacTh
BJIACHHMKAM 1 KepiBHHKaM KOMIIaHil 3MOTy HPOTHO3yBaTH
HMOBIipHI TOB’s3aHI 3

mpo0OemMu, BiJICYTHICTIO

NpaIiBHUKIB, MO0 BXHMBaTH IPEBEHTHBHUX 3aXOJIiB.

OTxe, BOPOBALKCHHS TaKOi aHANITHYHOI CHCTEMH
JIOTIOMOXEC KOMIIaHii 3HU3UTH BUTPATU, BHUKJIUKAHI
a0ceHTei3MOM, TIOKpAIIUTH YIPaBIiHHA pecypcaMu

Ta Hi}lBI/IH_II/ITI/I 3arajibHy HpOZ[yKTI/IBHiCTI).

2. AHaJti3 OCTaHHIX q0CaizKeHb i myOJikamii

daktop adcenreizmy bpendopna (Bradford Factor)
€ OJIHUM 3 HAHOLIBII MOMYNIAPHUX IHCTPYMEHTIB Yy cdepi
YOpaBJIiHHS JIOACEKHMHU pecypcamu [4], 0coOiaMBO st
BUMIPIOBaHHSI  BILJIMBY

BIICYTHOCTI  TIpaIliBHHUKIB

Ha  NPONYKTHBHICTH  KommaHii. Lle  iHagmkaTop
JOIIOMAara€e OLIHUTH BIUIMB KOPOTKOCTPOKOBHX, —alie
YaCTHX BIJICYyTHOCTEW, MOPIBHSHO 3 JOBrOCTPOKOBUMH
oo €

ayTCOPCHUHIOBUX KOMIaHii, Je¢ e(eKTHBHICTh pOOOTH

BiJIITyCTKaMH, 0COONMBO  BWXKIMBUM IS

3aJeKUTh BiJl CTaOLIBHOI TPUCYTHOCTI  KOMaHIA
Ha TPOEKTax. YTMPOJOBX OCTAaHHIX AECATHIITH (DakTop
Bpendopna craB 00’€KTOM YHCIEHHUX JOCIIIKEHBb
Yy KOHTEKCTI VIPABIIHHSA IE€PCOHAJIOM, aHATITHYHHX
iH(pOpMAIIfHUX CHUCTEM 1 BIPOBAPKEHHS TEXHOIOTIH
JUTSI TOKPAIIIEHHS MMOKA3HUKIB MPaIe31aTHOCTI.
Hocmimkenns, nposeaeHi B €spomni ta CIHA [5],
tdakropa bpendopna

MiATBEPKYIOTh  3HAYYIIICTh

AK  IHCTpyMEHTy A  ONTHUMI3amil  ympaBiiHHS

nepcoHasoM.  Hampukiiag, HH3Ka — EKCIIEPHMEHTIB,
npoBeaennx ynpoaorx 2010-x pokis [6], 30cepeannacs
Ha TOMY, SIK 4YacTi Ta HETPHBaNi BiJCYyTHOCTI CYTTEBO
BIUIMBAIOTh HA TNPOAYKTHBHICTP KOMaHOW OinbIIe,
HDK OfHOpa3oBi TpuBami JikapHsHi. Lli pesymbrati
CTUMYJIIOBAIM BIPOBA/DKCHHS AaHAIITHYHUX CHCTEM,
0 aBTOMATH3YIOThb MOHITOPHHI 1 aHami3 aOceHTei3My,
IO Ja€ 3MOTy KOMIAHIsIM IIBHU/IIE pearyBaTH Ha PU3HKH
Ta BTPATH, TIOB’sI3aHi 3 BIICYTHICTIO MIPAI[iBHUKIB.

[Hmuii HampsM IOCTiIKEHb 30CEepeIKYeThbcI Ha
e(EeKTUBHOCTI BHKOPHUCTaHHS IHQOPMALIHHUX CHCTEM
U1 OliHIOBaHHA  abceHTei3sMy ¥  aBTOMaTH3aIlil
YIPaBIIHCBKUX pINIEHh Ha OCHOBI IIOTO ITOKAa3HHKA.
YopoBa/KeHHS CHCTEM AaHANITHKH, IO BiJCTEXKYIOTh
i HajgarTh pPEKOMEHIAIl MI0J0 3HIDKEHHS (hakTopa
Bpendopna, mpomeMoHCTpyBano 3HaYHE MAMiHHSA PiBHS
aOceHTei3My B HEBILI opranizamiii. Ll TpeH BUSIBISIETBCS
0COONMBO BaJIUBUM ISl ayTCOPCHHTOBHX KOMIIaHIH,
sIKi, CITIBIIPAITFOIOYH 3 KJIIEHTaMH Ha BIJICTaHi, MOTPEOYIOTH
cTablIpHOCTI Ta 6e3nepediiHol pOOOTH KOMaHI.

OcranHi myOmikamii TakoX BHBYAIOTh BIUIUB
COLIIATbHO-€KOHOMIYHUX (PaKTOpiB 1 3MiH y pobodoMy
CepelloBHUIII Ha TIOKAa3HUKH a0CEHTEi3My, 30KpemMa Miciis
magaemii COVID-19. Bimmanena poGota i THy4YKwWit
rpadik, sSKi CTald HOBOK HOPMOK i 0arathox
KOMITaHili, BUMaraloTh aJanTamnii MmIX0MiB 10 YIPaBIiHHS
BIJICYTHICTIO TIparliBHUKIB. L[e 31 CBOro OOKy CTHMYITIOE
PO3BUTOK HOBHX IHCTPYMEHTIB MOHITOPHHTY Ta aHAIITHKH,
cepen skux (akrop bpendopaa nocigae dinbHE MicIie.

OTxe, IOCHIHKEHHS Ta MyOIiKamii cBig4aTh PO
3pOCTaHHS POJi AHATITUYHUX CHCTEM Y KOHTEKCTI
ynpaBiiHHA TepcoHanoM. [HopmariitHi cucremu, mo
(axTop

BAXJIMBUM CIEMCHTOM y

BHUKOPHUCTOBYIOTh abcenreismy bpendopna,

CTau T ABUIIIEHH]

€(EeKTUBHOCTI ayTCOPCHHTOBHX KOMIIaHIMH.

3. BusHaueHHsI He po3B’SI3aHUX paHille YaCTHH
3arajJbHoi npo0jaemu. Mera po6oTH i 3aBIaHHSA

Hespaxkaroun Ha 3HAaYHY KUTBKICTH JTOCTIIXKCHB,
npucBsiueHux (akTopy adcenteismy Bpendopma, icHyrOTh
YUCIICHHI AaCMEeKTH, M0 3aUIIAIOTECI HEIOCTATHHO
PO3pOOJICHUMH B KOHTEKCTI WOr0 BHUKOPHCTAHHS ISl
e()EKTUBHOTO YIPABIIHHSA IEPCOHAIIOM ayTCOPCHHIOBUX
koMmaHid. OgHMM i3 HaWOUIBPII BaroMMx BHKJIUKIB
€ BIJICYTHICTh YHIBEPCAIBHHMX IHCTPYMEHTIB Uit 300py
Ta aHaiizy ¢akTiB mpo abceHTei3M, ki mMoriu O OyTh

JIETKO 1IHTETpoBaHI B HasABHI iH(pOPMAILiiHI CHCTEMH
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kommnaHii. CydacHi MeTomu ympaBiiHHS abceHTei3MOM
4acTo € ()parMEHTOBAHUMH, BHKOPHUCTOBYIOTH 3acTapiji
miaxoan abo K 3anekarb BiJA  PYYHOTO  OOIIKY
iHpopMarii, 10 3HIKYE MBHIKICT 1 TOYHICTH aHAJI3Y
Ta IPUHHATTSA YIPaBIiHCHKUX PIIICHb.

Ille onHiel0 HEpO3B’A3aHOI0  MPOOIEMOIO €
HEJOCTAaTHS aJalTHUBHICTh IHCTPYMEHTIB YIIPaBIiHHI
a0ceHTei3MOM 110 ocoOJMBocTel pi3HHMX Tamysed [7],
y SKHX TPaIioIOTh ayTCOPCUHTOBI KoMmaHii. Hanmpukian,
Y BHCOKOTEXHOJIOTIYHHUX 1HIYCTpisiX, 30KpeMa po3poOIIeHHS
mporpamMHOro 3a0e3medeHHs 4M HamaHHA [T-mociyr,
HaBITh YacTi

KOPOTKOCTPOKOBI,  aie BiJICYTHOCTI

MpaliBHUKIB MOXYTh KPUTUYHO IIO3HAYaTHCA Ha
BUKOHAHHI TPOEKTIB, OCOOIMBO SKIIO WICTBCS MPO
KITI090BHUX (haxiBuiB. BomHOUac y MeHIN criemianizoBaHuX
chepax,

aIMiHICTPaTUBHI

TaKMX K TEXHIYHAa MIATPUMKAa  abo

TIOCJIyTH, HETaTUBHHUI BILJIUB

BIZICYTHOCTI ~ TpaliBHUKa MOXe OyTH  MEHIINM,

1 TpaaWmiiiHI IHCTPYMEHTH YTPaBIiHHSA, HMOBIPHO,
BUSBISIOTHCS OiIbI ehekTUBHUMH. ToMy icHye moTpeba
y CTBOpPEHHI OimbII THYYKHX 1  aJanTOBaHUX
Ii/T KOHKPETHI Tajly3i CUCTEM YIpaBJIiHHS aOCeHTEI3MOM,
mo OpaTUMyTh 1O YBard Ii po30iKHOCTI W TaBaTUMYTh
3MOTY KEpiBHHUKaM MpuiAMard Oinbll  oOrpyHTOBaHI
pimIeHHs MO0 opraHi3alii poOOTH KOMaH/H.

OxpiM  TOro,  HENOCTaTHHO  JIOCIIJDKEHHUMH
3IMIIAIOTHCS IHTAaHHA BIUIMBY HOBHX YMOB IIpall,
TaKAX SK TepexiJi Ha JUCTaHLIAHWKA abo TiOpuaHHUN
dopmaT poboTH, Ha TOKa3HHKH abceHteizmy. [lanmemis
COVID-19

OaraThbOX KOMMaHINA, IO MOTpedye HOBHUX MiIXOMIB

CyTTeBO 3MiHWiIa Qopmar  AisUTBHOCTI
JI0 MOHITOPMHTY W aHali3y BiJICyTHOCTI NpalliBHUKIB.
Bingmanena poOorta, 3 ogHOTO OOKY, 3HIKYE PH3UKH
KOPOTKOCTPOKOBUX BIZICyTHOCTEH uepe3 XxBopoOu abo
3aTPUMKH 3 TPAHCIIOPTOM, aje, 3 iHImoro OOKy, MOXe
CIIPUSITH 3POCTaHHIO €MOIIIITHOr0 BUTOpaHHS MpPAlliBHHKIB
Ta 301IBIIEHHIO KIJIBKOCTI "He3armIaHoBaHUX "
BiJICYTHOCTCH, 30KpeMa BIAMYyCTOK uYepe3 cTpec abdo
HEOOXigHICTE mormany 3a Omm3pkumu. Lled acmekT
HEJIOCTaTHhO OEpeThCs /10 yBark B TPAAUIIIHHUX MOJIEISX
OlLliHIOBaHHS a0OceHTei3My, Hanpukiag y dakrtopi
Bpendopna, i morpedye mMOmANBIIOrO HOCIHIIHKEHHSI
Ta ajanTauii IHCTPYMEHTIB JUIs Cy4acHHX YMOB MpaIi.
Meroro 1i€i poboTH mepenbdaueHO CTBOPEHHS
aHAJITUYHOI CUCTEMH, LIO JACTh 3MOI'Y ayTCOPCHHIOBIM
(axrop

abcenreizmy bpendopaa s MOHITOPUHTY BiJICYyTHOCTEH

KomraHii  e(eKTHMBHO  BHUKOPHCTOBYBATH
nparniBHuKiB. OCHOBHE 3aBIaHHsI IOJISITAa€E B PO3pOOIIEHH]

IHTEPaKTUBHOTO JIAIIOopAay, 1o Hajaae iHdopmalio mpo

YacTOTY ¥ TPHUBANICTh BIJCYTHOCTEH Yy 3pyuHiit s

opmi,
3 mig’ennanol 0azu panux Tuny SQL. e pimnenns

KEpiBHHUKIB IDYHTYIOUHCh Ha IIOKa3HHKax

JONIOMOKE€ KOMIIaHii OLIHUTH BIUIMB a0OCEeHTe3My
Ha TIPOEKTH, IIOKPALIUTH YIPABIIHHA pecypcamu i
TiABAIMINTH TPOIYKTHBHICTD, Y)KHBAIOUM OOIPYHTOBAaHHUX
3axO[iB Ay oNTHMI3alii pobodoro mporecy.

3aBOaHHSAM LBOTO JIOCTIDKEHHS € PO3pOOJICHHS
AaHATHYHOI iHQOpPMALifHOI CHCTEMH, IO MOXKHA
IOIUIMTH Ha TaKl €TaIu:

— aHaJi3 OCTAaHHIX JOCITIKEHb 1 MyOmiKamii moa0
(axropa adbcenreizmy bpendopna;

— BHOKPEMJICHHS HE PO3B’S3aHUX paHillle YaCTHH

3arajbpHOI poOemMu;

— CTBOpEHHS ER-pmiarpamu aHANITHIHOL
iHpOpMaIiHHOI cucTeMHU;
— BH3HAYCHHSA HEO0O0XiTHOTO (hyHKIIOHATTY

aHaNITUYHOI iH(OpMaNiiiHOT cucTeMH Ta 11 apXiTeKTypH;

—  po3pobieHHs HeOoOXIMHUX Bizyatiizariii iH(opmarril
Ta X PO3MIMICHHS HA BIIOBIIHUX CTOPIHKAX AaIOOPAY;

— TIPOBEACHHA EKCIIEPUMEHTY MJsl BH3HAYCHHS
TpeHaiB 1 3akoHoMipHocTeil ¢akTopa bpendopna na
OCHOBI TECTOBHMX ITOKa3HUKIB;

—  BHSIBJICHHS PE3YJIBTATiB AOCHI/DKEHB Ta 1X aHaJi3;

— (opMymOBaHHS BHCHOBKIB 1 IIEPCIIEKTHB
MOJJAJIBIIIOTO PO3BUTKY.

OmHrM 13 KITIOYOBMX 3aBAaHb Y PO3pPOOJICHHI
i€l cUCTeMH € CTBOPEHHs IHTYITHBHOI Ta HaO4HOI
Bisyamizamii iHdopMarii mpo BiACYTHICTH MpaIliBHUKIB.
CrBopeHHst mamOopay JacTb 3MOTY  OTpPHUMYBaTH
aKkTyadbHI ()aKTH TIPO AWHAMIKY BifgCyTHOCTeH [8]
y PeXUMI peaJbHOro 4Yacy, IO CIPHATHME ONEPaTUBHOMY
aHaJi3y Ta BUaCHOMY pearyBaHHIO HA KPUTHYHI CHUTYyaIlil,
MoB’si3aHi 3 BIACYTHICTIO cHiBpoOiTHUKIB. Baxkimgo,
mo0 Bi3yamizamis 3a0esmedyBaia JIETKHH TOCTYIl IO
iHpopMmamii Mog0 KOMaHJ 1 MPOEKTIB, JOINOMAaralo4u
KEepiBHMKaM IIBUAKO OTPUMATH

LOITICHY  KapTHHY

MpO TCEHJACHINI Ta MOXIHBI PH3HMKH, IIOB’S3aHi 3
aOCeHTEeI3MOM, IO CTIPUSATUME TiJBHUIICHHIO e(DEeKTUBHOCTI
YIPaBJIiHHS IEPCOHAIOM.

OkpiM TOro, BaKIMBUM 3aBAAHHAM € aanTailis
AQHATITUYHOI CUCTEMH IIiJi OCOOIMBOCTI ayTCOPCHHIOBUX
KOMIIaHiif, 30KkpeMa 3 OISy Ha pi3HI TUIH TPOEKTIB
1 piBeHb 3aJly4EHOCTI IMpAIiBHHUKIB. Y IIbOMY KOHTEKCTI
cucteMa Mae OyTH THYYKOO Ta JlaBaTh 3MOTY
HAIANITOBYBATH IHAMKATOPU aOCEHTEI3MY IS Pi3HHUX
KOMaHJ a0o HaBiTh IHAWBIAyaJbHUX CIIBPOOITHUKIB,
mo 3a0e3neunTh OUIBII TOYHHM aHami3 1 IIIBUIIUTH

3arajibHy €()eKTHBHICTb YIPaBIiHHS PECYPCaAMH.
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Po3po0iieHHs 11i€] aHATITHYHOT CUCTEMH JTOIIOMOIKE
e(eKTHBHO pO3B’s3aTH HHU3KY IpOOJEM, IOB’SI3aHUX
3 yOpaBJiHHAM a0CeHTe3MOM B ayTCOPCHHTOBHX
KOMIIaHisIX. 3aBAsSKH 3aCTOCYBaHHIO TOYHHX 1 BYACHHX
MOKA3HUKIB  KEPIBHUITBO  OTPHMAa€  IHCTPYMEHTH
JUIs TIPUAHATTS OUThII OOIPYHTOBAaHHMX PpillleHb, MIO
CIpPHATHME ONTHMAJIbHOMY IUIAHYBaHHIO PecypciB,
3HW)KEHHIO BIUIMBY BiJICYTHOCTI MPAI[iBHUKIB HA TIPOEKTH

Ta MiIBUIIEHHIO 3aTaJbHOI MPOAYKTUBHOCTI KOMaH/IH.

4. Marepianu ii MmeToau

Y nporieci PO3pOOIICHHS AHAITHYHOT
iH(OpMAIIifHOI CHCTEMH IJIs ayTCOPCHHTOBOI KOMITAHIT
BUKOPHCTOBYBAJIMCS Pi3HI Marepiav il METOH, 10 Jajlu
3MOTY e(pEeKTHBHO 30HMpaTH, 0OpOOIATH Ta aHaTi3yBaTH
mpaniBHuKiB.  OCHOBHHM

JaHi  TpO  BIJICYTHICTb

CIEMEHTOM CHCTEMH € IHTEPaKTHBHHH Jamoopn,
CTBOPEHHH 3a JOMOMOTOI0 1HCTpyMeHTy Power BI, sikuit
HaJae Bi3yalli3oBaHI IMOKa3HUKH aOceHTei3My s
KEpIBHUIITBA KOMIaHii, 3a0e3Meuyroun 3py4YHHUil JOCTyI
Io iHopMarii B pexKiMi peaJIbHOTO Jacy.

Power BI — 11e iHCTpyMEHT Oi3HEC-aHATITHKU BiJ
Microsoft, 3a I0IOMOTOI0 SKOTO KOMIIAHISIM 3pydYHO
30upaTH, aHami3yBaTW Ta Bi3yalidyBaTH iH(pOpMAIli0
3 PI3HMX JDKEpeNl, CTBOPIOIOYM IHTEPaKTHBHI Jambopan Ta
3BITH. 3aBISKM IHTErpaiii 3 YHUCICHHUMH JDKEpEIaMu
naHux, Takamu K SQL Server, Excel, Azure Tomo, Power
Bl nae 3mory o0OpoOnsti 3HauHI o0csru  iH(opmarii,
MIITOTOBITIOBATHU i JUIA aHANi3y Ta MOJAaBaTH B HAOYHOMY
(opmari. [HCTpyMeHT miATpUMY€E IHTETpaILio 3 MPOYKTaMU
Microsoft 1 nae 3MoOry CHIBNpalfoBaTH B KOMaHAI 3a
JIOTIOMOT'OK0 XMapHOTO CEPBICY, 3a0€3MeUyr0UYr TOCTYII 110
AKTyaJIbHUX 3BITIB YCIM CHIBPOOITHHKAM.

Jnsi aHamizy BHKOPHCTOBYBAJHCS BIJIOMOCTI IIpO
TIPUCYTHICTP 1 BiICYTHICTH TPALIiBHUKIB, IO 30€piratoThest
B 0Oazax ganux tumy SQL. 3okpema 1e crocyerbes
iHpopMmarii nmpo poOoui 3MiHHM, BIAIYCTKH, JIKapHIHI Ta
IHII BUIM BimcyTHOCTI. [HTerpaitis 3 6a30r0 manux SQL
Jama 3MOTY aBTOMATH3YBaTH IIpolec 300py JaHHX
Ta IX O0OpoOneHHs, 1m0 3abe3medyye aKTyallbHICTh
1 TOYHICTh aHANIITHKH.

KnrouoBuM ~ aHaJXITUYHUM  IHCTPYMEHTOM €
po3paxyHOK akTopa bpendopma, mo 3mIHCHIOETHCA
Ha OCHOBI KJIACUYHOT (pOpMYyIIH:

B=S8*xD, (1)
ne B — dakrop Bbpeadopna; S — KiIbKICTE OKpEeMHX
D -

nepiofiB  BiICYTHOCTI (KUIBKICTh BHIAJKIB);

3arajibHa KUIbKICTh JHIB BIICYTHOCTI.

Ll dopmyna nae 3MOTry OLIHUTH 3aralibHUN BILUIUB
YacTHX KOPOTKOCTPOKOBHX BIJICYyTHOCTEH Ha poOoTy
KOMaH/IH. [lflo Oinmpmie  BUMAAKIB  HETPUBAIHX
BifcyTHOCTeH, TO BuUmMH ¢aktop bpendopna, skumit
CUTHAJII3y€e PO HEOOXiTHICTh yBaru 3 00Ky KepiBHHUIITBA.
Hanpuknan, xputuyanii nopir s ¢akropa bpendopna
MOJKE BapilOBaTHUCS 3aJISKHO BiJ yMOB i Tpadika podoTu
MIpaliBHUKIB, 30KpeMa rpadik 5 Ha 2 (’sTh poboUmMx
IHIB, Ba BHXimHI). Y CTaHOapTHHX yMOBax Ieil mopir
3a3Bu4ail craHoButh 100-150, miciast 4oro mpamiBHUKA
MOJKHA BBaXKaTH "MpoOieMHHM" uepe3 BHCOKHI piBEHB
KOPOTKOCTPOKOBUX  BiacyTHocTed. Ile 3abe3neuye
OOTpYHTOBaHMH MiAXiJ Ui OIIIHIOBaHHA aOCeHTei3My
W fae 3MOry KepiBHHUITBY OIEpaTHBHO pearyBaTH
Ha TMOTEHLIHHI mpobiiemMu.

Inctpymentr Power BI BOpoBaJXKyBaBCsS i
moOyoBH 1HTEPAaKTUBHUX Bi3yami3amidd, IO MiCTATh
rpadiku,
3aBasgku  MoXiuBOCTSIM  Power Bl 3

JiarpaMM Ta IHOI EIEMCHTH JamOopiy.
00pobneHHs
3HAYHHX O0OCATIB

iHpopManii cucTemMa Jgomomarae

MEHeKepaM JIeTKO OTPUMYBaTH  BIiIOMOCTI  TIpoO
BIJICYTHOCTI B Pi3HHX po3pi3ax: 11010 KOMaHI!, OKPEMHX
MpaliBHUKIB, a TAKOX 3a mepiogamu vacy. Lle mae 3mory
IIBUJIKO OIIHIOBATH JWHAMIKy aOceHTei3My Ta #oro

BIIJIMB HA IIPOEKTH.

[Tepminm  eramoM JUIs  BUKOHAHHS — 3aBJIaHHS
CTBOPCHHS  aHANITHYHOI  iH(pOpMAamiiHOI  CHCTEMH
JUIL  ayTCOPCUHrOBOI KOMMNaHii 3 BUKOPHCTaHHSIM

¢axropa abcenreismy Bbpendopraa HeoOximHO cmodaTky

O3HAMOMHUTHCS 3 JaHMMH Ta BH3HAYUTH 3B S3KH
Mix Tabmmmsamu. ER-nmiarpama aHamiTH9HO! CHCTEMH
1ojiana Ha puc. 1.

ITicnsa  imimamzamii  3B°S3KIB MDK  TaOJHIISIMHA

HEOOXIIHO pPO3pOOUTH Take TMPOEKTHE PIlICHHS, IO
010
AQHAJITUYHOI CUCTEMM JUIS BIJICTEXKEHHS aOCceHTei3My,

BIAMOBIJATMME BCIM BHMOTaM  3aMOBHHKa
ocHoBanol Ha (akropi bpendopna. [IpoexTHe pimeHHS
Mae mependadaTi ONTUMANTBHY CTPYKTYPY Bi3yauisaiii Ta
00poONIeHHA JaHWX, SKa JOMOMOXKE KEPiBHUITBY JIETKO
OTPUMYBATH KIIIOYOBI IMOKa3HUKU a0CEHTEI3MY B PEKUMI
peanbHOro wacy. Jlns 1bOro 3acTOCOBYBaTHMETHCS
iHCTpyMeHT Power B, o 3a0€311€UnTh IHTEPaKTUBHICTb,
moOyI0Bi  3BITIB

THYYKICTh 1  aQJanTUBHICT Yy

i mamOopmiB, a TaKOX JacThb 3MOTY €(eKTHBHO
IHTEerpyBaTl BCi HEOOXiJHI TMOKAa3HUKW JUIS TOYHOTO
MOHITOPHHTY Ta YIIPaBJIiHHS BiJICYTHICTIO NPALiBHUKIB.
Hactynmamii  Kpok  poO3pOoOSieHHS  aHANITHYHOL
iHpopManiiHOi cucTeMu — 1e (QOpMyBaHHA HEpeIiKy

HEOOX1IHOTO (PyHKIIIOHAY Ta apXITEKTYpPH.
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Puc. 1. ER-niarpama 3B’s13KiB TaOJUIb aHATITHYHOT CHCTEMHU

OCHOBHI MOKITUBOCTI CHCTEMH:

— BIJCTEXCHHS JHIB BiCYTHOCTI CIiBpPOOITHHKIB,
OCHOBaHE Ha TOKa3HHMKax, 30epiraHHs iH(poOpMalii mpo
YacTOTy W TPUBAIICTh BIICYTHOCTEH, IO JIOMIOMArae
OTIepaTHBHO pearyBaTH Ha BUMAIKU aOCeHTE3MY;

— aBTOMAaTHYHHMU po3paxyHOK (akTopa Bpemdopma
JUTSE KOSKHOT'O CITIBPOOITHHKA, IIO MOJICTTITYE OIIHFOBaHHS
PpiBHS aOCCHTEI3MY i 1a€ 3MOTY BU3HAYATH TPYITH PU3HKY;

— IHTepaKTUBHUI HAmoOopI, Ie MOXKHA aHAJi3yBaTH
MOKAa3HUKK 32 PI3HUMH (UIbTpaMH, TaKUMH SIK YacoBI
Tepiofy, BIIUTA, TIPOEKTH, JIOKAIil, 3aBISKA YOMY
MCHEKEPH aIaNTYIOTh 1H()OPMAIIIFO IMiJ KOHKPETHI 3aIUTH;

— TMATpEMKA Bi3yami3amii y BHUIISII TaOIHIb,
KaJIeH/1apsi Ta CTOBIMYMKOBHUX Jiarpam, IO BiJTBOPIOIOTH
3arajibHI TpeHau abceHTeisMy B pi3HHMX po3pizax (KOMaHa,
BIJUIUI, OKPEMHUHl MPaliBHUK), JOITOMAraloud KepiBHUKAM
IIBUJIKO BHUSABIATH TPOOJEMHI 30HU Ta TPHAMATH
PpIlLICHHS JUTs i IBUILEHHS e()eKTUBHOCTI POOOTH.

ApXITEKTypa CHCTEMH MICTHTh LEHTpaTi30BaHEe
cxoBHlle Ui 30epiraHHs BiIOMOCTEH IMPO BIACYTHOCTI
MPAaiBHUKIB 3 IiJ €IHAHHAM 110 0a3u maHux tumy SQL.
Mopnynie 00po0OIIeHHST TOKa3HUKIB 3a0e3Medye Moepe/iHe
OTIpAITFOBaHHS, HOpPMAIII3AIlil0 Ta PO3paxyHOK (akropa
bpendopna s 30epexeHHs] akTyaibHOCTI iH(popMalii.
AHaTITHYHUH MOJTYNIE OOYHCITIOE, aHAJI3y€e Ta Bi3yami3ye
iHpOpMaIlifo, IHTErPYIOYHCH 13 AaIOOpIOM, SIKH Ha/ae
JIOCTYTI KOPUCTYBa4aM JO JOCTOBIPHUX JaHUX Y PEKUAMI
peasbHOTO Yacy.

OcHOBHUI Jamoopa

iHtepdeiic cucremm —

3 pI3HUMHU CTOPIHKaMH, 1[0 AOIOMAarae HajallTOBYBAaTH

GUIBTPH Ta aHAII3yBaTH CTATHCTHKY aOCEHTEi3My
B pI3HHX poO3pi3ax Ta BIAMTOBXYIOUHCH BiJ PI3HUX
Bizyamizamit. OTxke, apXiTekTypa 3abesrnedye HamiHe
00poGuieHHs, 30epiranHs Ta aHaimi3 iHpopMamii Tpo
BIJICYTHICTh CITIBPOOITHHKIB, IOITOMArar0ud KOMITaHisIM
LIBUJKO pPO3B’si3yBaTH MpoOieMu alOceHTei3my s
OIITHMIi3aIii poOOYUX MPOIIECiB.

PesynbraToM po3poOsicHHS Oyid Taki CTOPIHKH
aHATITHYHOI iH(pOpManiitHOT cucTeMH:
daxtop bpeadopna [9] -
CTOpiHKa, IO MICTHTh JETalbHy iH(pOpMAII0O PO

—  moiMeHHHH

¢axrop bpendopaa ans KOXKHOTO MpaiiBHUKa KOMIIAHIT;
[Ie Ta€ 3MOTY KepiBHUKAM aHANI3YBaTH, XTO B KOJICKTUBI
Ma€ BHCOKHH piBeHb aOCEHTEi3My Ta MOXe MoTpeOyBaTH
JIOJJATKOBOT yBaru abo iHTEPBEHIIIH;

— (axtop bBpeadopaa pna genaprameHTiB
i mpoektiB [10] — cropiHka, 1m0 Hajgae arperoBaHi
mokasHUKH 1po (akrop bpendopaa mogo pizHHX
BIIUTIB 1 TIPOEKTIB; Il JOIOMAra€ BUSIBIATH, SIKi
KOMaHId ab0 TMPOEKTH HaAHOIIbIIEe CTPa)XIalTh Bif
BIJICYTHOCTI TpAIliBHUKIB, 1 BXXHBATH BiJIOBiTHIX
3aXO[IiB /IS MiABUINCHHS e(DEKTUBHOCTI pOOOTH;

— JaTH 3BUIbHEHHSI — CTOpiHKA, MO MICTHTh
iHpopMallif0 TNpo NpaIiBHUKIB, SKi Oynu 3BUIbHEHI,
pa3oM 3 IXHBOIO iCTOpIEI0 aOCEHTEi3My; IIe Ja€ 3MOry

aHai3yBaTW  MOXJIMBMH  3B’SI30K  MDK  4YacTUMHU
BiJICYTHOCTSIMH Ta PIlIEHHSIM I1PO 3BUILHEHHS;
— KaJeHAap — CTOpiHKAa 3 IHTEPAaKTHBHHM

KaJICHIapeM, IO BIATBOPIOE BCi JaTH BiJACYTHOCTEH

obpaHOoro  mpariBHUKA. [HCTpy™MeHT — momomarae
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KEpIBHUIITBY  BI3yalbHO BIJCTEXKYBAaTH BIACYTHOCTI
KOHKPETHOTO CITIBpOOITHHKA 1 TIaHyBaTH ITOJaJIbINI JIii;

— indopmanis — cTopiHKa, L0 Haga€ 3arajbHy
iHpOpMAIlif0 PO aHAITHYHY CHCTEMY, 30Kpema
IHCTPYKIIi 00 BUKOPUCTAHHS NAMIOOpAy Ta KITIOYOBi
MOKAa3HUKK, Ha sSKI HEOOXIJHO 3BEpTaTH yBary Iija yac

aHanizy Qakropa bpendopaa.

5. ExcniepuMeHTH

Heft po3min mpuCBIYCHUH EKCIIEPUMEHTY, METOIO
SIKOTO OYJI0 JOCTIMKCHHS TPEHIIB 1 3aKOHOMIpHOCTEH

BiACYTHOCTI TmpamiBHUKIB [11] Ha ocHOBI aHamizy

MOKa3HUKIB, OTPHUMaHMX 3a JOIOMOTo0 (inbTparii

3HaYeHb y JamOopAi 3a TIEBHI 4YacoBi IEPiOAH.

Jlnst mpoBenieHHsT  eKcnepuMeHTy Oynu  oOpaHi  11Ba

KIIOYOBI IEPIOAM: MEPHIMA — pPIK 10 BIPOBAHKEHHS
JMCTaHIiHOI poOOTH B KOMMaHii; Apyruil — pik micis
TOro, SIK yci MpamiBHUKA  KOMIIAHi{
HAa BiagaeHy GhopMy Tparti.

Iepuum eKCIIEpUMEHTy  OyJI0

MepenITn
eTaroM B3ATO
nepioq 3 cigHsg g0 rpyaHs 2021 p., KOJM TpamiBHUKA
me mpamoBanu B odici. [TokasHukm mporo mepioxy,
o MICTATh iHpOpMAIiI0 TPO TMOIMEHHI (aKTOpH
Bpendopna mist Bcix cmiBpoOITHHKIB KowmmaHii, Oymu
3i0pani # BinTBOpeHi B Tabuumi "IloimenHuid dakTop
Bpendopna" (puc. 2).

BaxnuBo 3a3HauMTH, MmO Ui Bizyaiizamii Oyiu
BUKOPHCTaHI  TECTOBI  ITOKAa3HHKH,

IIpOTE€  BOHH

JIOCTOBIPHO  BIITBOPIOIOTH IOBHY KapTHHY MIOJO

BiJICYTHOCTEH y KOMIaHii.

Puc. 2. Tabmuus "[loimenunit pakrop bpendopna" 3 mokasHukamu 3a mepiox 3 ciuns qo rpyans 2021 p.

Hdpyrum  eramoM  eKCIepHUMEHTy Oylio  B3STO

niepiof 3 ciuns g0 rpyans 2022 p. Y npoMy nepiojii Bxke

BiATBOpeHA iH(OpMallis, 3i0paHa 3a YMOB BimJajcHOl
poOoTu mparliBHUKIB KOMIIaHii (AuB. puc. 3).

Puc. 3. Tabnuu "Tloimennuii pakrop Bpendopna" 3 mokasHukamu 3a nepiox 3 cigns 1o rpynss 2022 p.
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Pesynbrat  HOCHIIKEHHS  HPOJAEMOHCTPYBAIH
LiKaBy JMHAMIKy 3MiHM 3Ha4eHb (axrtopa bpendopna B
YMOBax AWCTaHLiHOI poboTu. [lopiBHABIM 1Ba mepioan
(mo Ta micis mepexoqy Ha BimmaneHy poOOTy) craio
OUeBMAHMM, IO B mepmomy mepioxi (2021 p., xomm
NpaIiBHUKK TpamioBany B odici) 3HaueHHs bpendopna
HDK y Jpyromy mepiomui
(2022 p., micnst nepexoy Ha AUCTaHLIHHY poOOTY).

Oy70 3HAYHO BHIIWM,

e Moke CBIAYUTH MPO Te, MO B 0PiCHUX yMOBax
Oyyo OurbIle YacTUX KOPOTKOCTPOKOBHUX BiICYTHOCTEH,
SIKi 3HAYHO BIUIMBAJIM Ha 3aTajlbHUN piBEHb aOCEeHTE3MYy.
B odicHiit armocdepi npamiBHUKK MO YacTille
OpaTH KOPOTKOCTPOKOBI TI€pEepBH, HANPHUKIAT, depe3
HEe3Ha4yHI 3axBOpIOBaHHA abo ocoOHcTi 00CTaBHHH.
[licns mepexoqy Ha OUCTaHIIHHY poOOTY NpaIliBHUKU
cTajM OUTBII THYYKMMH B OpraHi3amii CBOEI AisIIBHOCTI,
IO J1aJio 3MOTY 3MEHIIHTH YacTOTy TaKUX BiICYTHOCTEH.
Ile moxxe OyTH pe3yabTaTOM TOTO, IO JWCTaHIIHHA
poboTa Hazana JIOAIM 3JaTHICTh €(PEeKTHBHIIIE KepyBaTh
CBOIM YacoM i MiHIMi3yBaTH IPOTAJIHU B POOOTI.

IIpote
MPAIiBHUKA MOTIJIM 3a3HaBaTH ICHXOJIOTIYHOTO CTpecy

TaKOX BapTO 3a3HAYMTH, IO JAESKI
ab0 BWTOpaHHSA TMiJ dYac [OUCTAHIINAHOI poOOTH, IO
MPU3BOJUTE JI0 1HIUX (GOPM BIICYTHOCTI, SKi HE 3aBXKIU
MO3HAYAIOTHCSl HA YaCTUX KOPOTKOCTPOKOBUX MPOTAJIMHAX.
OpHak y HamoMy JOCHIKeHHI Il (akTtopu He Maiu
3HAYHOTO BIUIMBY Ha MOKa3HUKH bpeadopaa, 1o
MiZATBEPIKYE

abceHTei3My B IpyroMy Mepiofi.

TEHJCHLII0O 70  3HWKEHHS  pIBHA

OTxe, pe3yibTaTH BKa3ylOThb Ha Te, IO
TUCTaHIlIIiHa poOOTa MO3UTHBHO BIUIMBAE HAa 3HIKCHHS
YacTOTU BIJICYTHOCTEH, 30KpeMa 3MCHINYIOTHCS 4YacTi
mepepsu  [12].

KOMILIEKCHOT'O OIiHIOBAaHHS €()eKTUBHOCTI JUCTAHIIHHOT

KOPOTKOCTPOKOBI Bomnouac s

pobotn HeoOXigHO OpaTw OO yBarWm il IHIII AacleKTH:

TICUXOJIOTIYHUI CTaH MpAaliBHUKIB, pIBEHb CTpECy

i 3araJbHy IIPOLYKTUBHICTS.

6. Pe3yabTaTH 10CHiIZKeHb Ta IX 00roBOpeHHs

PesynbsraTom YIPOBAKCHHS po3pobiteHoi
AHATITUYHOI CUCTEMH CTaJ0 CTBOPEHHS 1HTEPAKTUBHOTO
Jamoopay 3a  JOMOMOror iHcTpymeHty Power BI,
0 Ja€ 3MOTy  KEpIBHHITBY KOMITaHII OTPUMYBATH

JnetanbHy  iHGopMmamilo npo  piBeHb  aOCeHTei3My
B pexuMi peasbHOro uacy. CucremMa OXOIUTIOE pi3Hi
acriekTH aHanizy ¢akropa Bpendopaa ans npauiBHHKIB,
JIeTapTaMeHTIB 1 MPOEKTIB, IO Ja€ 3MOry e(eKTUBHO
pearyBath Ha TpoOieMy BIiACYTHOCTI W IUTaHyBaTH

3ax0aM IS 11 MiHIMi3aril.

Ha puc. 442 mnomana cropinka "IloimMmeHHU
¢axrop bpendopna", ne s KOXKHOTO BiJiLy, MPOEKTY
Ta OKPEMOro IpaliBHUKa PO3pPaxOBaHO 1HAMBIAYyaTbHUN
MIOKAa3HUK a0CeHTei3My, IO BIATBOPEHO Y BIANOBIIHHX
tabmuipix. s cropinka Hamae kepiBHHKaM iHQOpMAIio
PO piBEHb BiICYTHOCTEH B OKpEMHUX BiJIiIax, IPOEKTAX
Ta JUI1 OKPEMHX CHIiBPOOITHHIKIB, Bi3yalizylouH TOKa3HUKH
Y BHLIISAI TaOJHIb, TOMOMArarvy iICHTU(IKYBaTH 30HU
3 YaCTHUMH BiJICYyTHOCTSAMH Ta KOHKPETHHX HpAIliBHUKIB,
y SKHX CHOCTEpIrafoThCsi 0araropa3oBi KOPOTKOCTPOKOBI
BimcyrHocti [13]. Taka imdopmaris wmoxe OyTH
BUKOpHCTaHa JUIS aHali3y TMOTpedr B IOJaTKOBHX

3axojax, 30KpeMa IHTEepB’I0 UM KOpeKmis Trpadika

poboTH, s 3MEHIIEHHS  BIUIMBY  aOCEHTEI3My
Ha 3aTalIbHy TPOAYKTUBHICTb.

Ha puc. 4 300paxeno tabmuiro "CepenHe
Ta  CepelHBOKBAApaTW4He  3Ha4deHHA  bpeadopma

y Biginax" 3 TAKUMU CTOBIIISIMU:

— TroJIOBHMIi Bigai1 — HazBa abo imeHTH(ixamisa
BIIUTy B KOMIAHIi, JJIs SKOTO OOYHCICHO CepenHi
3Ha4YeHHs ¢pakropa bpendopna;

— cepenniii bpendopa — cepenHe 3HAYEHHs
¢dakxropa bpendopma s BiIOIITY,
1[0 TMOKA3y€e 3arajbHy CXWIBHICTH JI0 KOPOTKOCTPOKOBHX

CHIBpOOITHHUKIB

BIJICYTHOCTEH y Bimmimi;

— cepeIHbOKBAJAPATHYHUIA Bpeadopn -
cepeaHbOKBaApaTnyHe BimxwieHHS (akropa bpeadopna
B MEXax BiJUIUTY; I MOKa3HUK BiJTBOPIOE, HACKUIBKU
3Ha4YeHHs (akropa bpendopaa B K0O’)KHOMY KOHKPETHOMY
BIJIIUTI BIAXUIISFOTHCS BiJl CEPETHHOTO 3HAYCHHS;
Bpendopa (6e3
BimmycToK) — cepenne 3HadeHHs (aktopa bpeadopna,

— cepenHii sickleave Ta
obumcieHe 0e3 BiICYTHOCTEH, TIOB’S3aHUX 13 JIIKAPHIHAMHI
Ta BIAIYCTKaMHM; LEH IOKa3HUK A€ 3MOry IOOa4YuTH
OimpI 00’€KTHBHY KApPTHHY BIUTUBY KOPOTKOCTPOKOBHX
BIICYTHOCTEH 3  MNpHYMH, HE  TMOB’S3aHMX 13
3aIJTaHOBaHUMU BiAIycTKaMu abo XBopoOamu;
Bpendopa  (0e3
CepelHbOKBA/IPATHYHE

— CepeIHbOKBAAPATHYHUH
sickleave Ta BiagmycTok) —
BiIXWJICHHS 3HaueHb (akropa Bpendopma, obOumcieHe
0e3 JIIKapHSHUX Ta BiJIIYCTOK.

Takox puc. 4 MICTHTH ONOK 3 IHCTpyMEHTaMu
¢inpTpanii BiATBOPEHUX MOKA3HHUKIB JUIs BCi€l CTOPIHKH
"Cepenne Ta CcepeHbOKBaIpaTUUHE 3HAUEHHS
Bbpendopna y Bigninax". KopuctyBau nambopay Moixke
BindinbTpyBaTH iHpOpMamil0o B TAONUISIX 32 OJHUM
a00 OHOYACHO AEKIIbKOMA KPHUTEPIsIMH:

— 4vacoBMii NPOMIKOK: jae 3Mory oOupaTtu

KOHKPETHHUIl Tepioa 4Yacy Juisi aHallizy, L0 JOIOMarae
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BUSIBJISITH TPEHAW Ta 3aKOHOMIPHOCTI B IEBHI gaTh abo
B MEXaX MEBHUX CE30HIB;
— TpuBajlicTh PpodoTH B Ppokax: (uIBTpYE

MOKa3HUKK 33 TPHBAIICTIO pOOOTH  IpaIliBHHUKIB
y KOMIIaHil; 1a€ 3MOTY aHaJi3yBaTH, K JOCBiA pobOoTu
MOX€E BIUIMBATH HA ITIOKa3HUKU a0CEHTE3MY;

— TroJIOBHMIl Bigmin: meilt ¢imeTp mgomomarae

obuparu TIPOBIIHI MAPO3AUTH KOMIIaHii, 4 (0)
YMOXUIMBIIIOE BUBYCHHS 3arajlbHUX TCHIACHIIW Ha PiBHI
OKpEeMUX JCMapTaMEHTIB UM BEJIUKHX ITiIPO3/ILIIB;

—  miaBigaia:

JIETAIFHOTO aHANI3y B MEKaX OKPEeMHX MiAPO3ALTIB a0

BUKOPHCTOBYETBCA Il OLITBII

TPyl B Oprasizamii, OI0 IOIOMAara€ TOYHIIIE OI[iHUTH
CUTYAIIIFO Ha PiBHI KOHKPETHUX KOMaHI;

Puc. 4. Cropinka "I[loimennnii ¢paxrop bendopna".

— rpyma: gae 3Mory oOMpaTH KOHKpETHI pobodi

rpynd st
MPALiBHUKIB Y MeKaX KOMaH/IH;

JETAJbHINIOr0  aHamily aOceHTei3MY

— JIoKamisi: yMOXIHUBIIOE BHOIp iHpoOpMamii

3a reorpadiuHUM TIOJIOKEHHSIM MpALiBHUKIB  abo
MiAPO3AUTIB, MO0 OCOONHMBO BAXJIMBO [UIS KOMITaHIH
3 pizHUMHE odicaMu 9u GLTIIME;

—  THII NPOEKTY: BUIBTPYE TTIOKA3HUKH 32 KATETOPIsIMU
MIPOEKTIB, OIIOMAralOYy aHANI3yBaTH aOCEHTE3M 3aIeKHO
BiJl TUIy pOOOTH (HAaNpPUKNIAA, YU TIOB’S3aHUH TPOEKT
13 TOBrOCTPOKOBHMH Y¥ IIBUIKHUMH 3aBIaHHAMH);

— TNPOEKT: J1a€ 3MOTy OOMpaTh KOHKPETHWH TPOEKT,
JUTSL IKOTO OYZIyTh TIPOAaHATI30BaHI BiICYTHOCTI, IO BaXJIHBO

JUTd BUBHAUYCHHS BIUTUBY Ha KOHKPET Hi 3aBJIaHHA Ta CTPOKMU.

Oinprparnis i Tabmuns "CepenHe Ta cepeTHbOKBagpaTudHe 3HaYeHHs bpendopaa y Bigginax"

Puc. 4.1
CepeIHhOKBAIPATIHIHE

Mmictuth Tabmuiro  "Cepemne  Ta

3HAYCHHS Bpendopna
y mpoekTax" 3 TAKUMHU CTOBIILISAMHU:

— MPOEKT — Ha3zBa ab0 KOJ TMPOEKTY, VIS SKOTO
po3paxoBaHO cepeAHi 3HaueHHs (akropa bpendopna;
Ja€ 3MOTYy TIpOaHaji3yBaTH piBeHb abceHTei3My s
KO>KHOT'O ITPOEKTY OKPEMO;

— cepenniii Bpendopa -
dakropa bpendopma cepen ycix YYaCHHKIB MPOEKTY,

Cepe€aHE 3HAYCHHA

0 TIOKa3ye 3aralbHUM pPIBEHh KOPOTKOCTPOKOBHX
BIJICYTHOCTCH. BUCOKe 3HAYCHHS MOXE CBIIUUTH PO
9acTi BiICYTHOCTI B MEXaX MPOEKTY;

— CcepeIHLOKBAIPATHYHUIA bpeadopn —
cepeIHbOKBaZpaTHIHe BigxwieHHs (akropa bpexdopma

JUIsl YYACHUKIB MPOEKTY, IO BiATBOPIOE CTYIiHb Bapiamil

BiI cepeaHboro 3HaueHHs. IIlo BuIne e BiaXWJICHHS,
TO OifblIa Pi3HUNS MK BiACYTHOCTSIMH CHIBPOOITHHKIB
y MPOEKTI;

— cepenniii  bpendopn (0e3 sickleave Ta
BimmycToK) — cepenne 3HaveHHs ¢akTopa bpeadopna
IUIA TIPOEKTY, oOumcieHe Oe3 JIKapHSHUX 1 BiNITYCTOK;
LIe J0IoMarae OLIHUTH piBeHb aOCeHTei3My 3 NpHUYHH,
HE TIOB’SI3aHMX 13 3aIJIAaHOBAaHNMH BiJICYTHOCTSIMH;

Bpeagopn  (0e3
CEepeIHBOKBAIPATHYHE

— CepeIHbOKBAAPATHYHUH
sickleave Ta BigmycTok) —
¢dakropa Bpendopna,
JKApHSHHUX 1 BIAIYCTOK, IO Ja€ 3MOTY OIIHUTH Bapiallito

BiAXWIEHHS obunciiene 0e3

KOPOTKOCTPOKOBHMX ~ BIJICYyTHOCTEH 13  HemependaueHuX

TIPUYHH Y MEKaX IIPOEKTY.
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Puc. 4.1. Cropiuka "IToimennuit ¢paxrop beadopaa".

Tabnuis "CepenHe Ta cepeIHROKBaApaTHYHE 3HaUCHHS bpendopaa B mpoekTax"

Ha puc. 4.2 300paxkeHo tabmumo "TloimMmeHHWM
taxrop bpendopaa" 3 TakMMU CTOBIIISIMU:

— iM’s1 — iM’4 CcITiBpOOITHHKA, LIS SKOTO OOYHCIICHO
dakrop bpendopna; 1e YMOXKIHMBIIOE iIeHTH(IKAIIIO
KOHKPETHOTO TpaIliBHUKA Ta HOT0 BiICYyTHOCTI;

— Bimmia — Bigmin, y sKoMy Mpaiitoe CriBpOOiTHUK;
JIOTIOMArae aHaii3yBaTh MOKAa3HUKH B KOHTEKCTI Pi3HHX
BiAiIiB KOMIIAHIT;

— [mocBin podoTH (POKHM) — 3aralbHUA CTax
npariBHAKa B KoMmmnaHii (y pokax); e Moxe OyTH
KOPUCHUM [UISi PO3YMIHHS TOTO, YM BIUIMBA€ CTAX Ha
YacTOTY BiJICYyTHOCTEIf;

— mepiox — Jac, mpOTATOM SIKOTO B CIIBPOOITHHKA
Oyau BIACYTHOCTI, M0 OepyThCcs MO0 yBarkm s
obuncnenns pakropa bpendopna;

— TpHUBAJiCTh —  TPHUBAIICTh  BIJCYTHOCTEMH
criBpoOiTHHKA 32 0OpaHuMii IepioA, M0 MICTUTH yCi BUIH

BiJICYTHOCTCIA;

— Bradford — 3nauenHs ¢axrtopa bpendopna,
Oo0YKCICHE Ha OCHOBI TPHUBAJIOCTI Ta YaCTOTH BCIX
BIJICYTHOCTEH CITIBPOOITHHKA; CIIyTy€ UL OILIHIOBAHHS
3arajbHOl YaCTOTH KOPOTKOCTPOKOBHX BiJICYyTHOCTEH;

— mepion 0e3 sickleave — miepion BiICYTHOCTEH,
ane 0Oe3 mikapHSHHUX (sick leave); mae 3MOTy OIIHUTH
abceHTe3M Oe3 NiKapHIHUX;

— TpuBalictb 0e3 sickleave — 3arambpHa
TPUBAIICTh BIICYTHOCTEH Oe€3 JiKapHIHHX; IOIIOMAarae
BUJTYYMTH 3aIlJIAHOBaHI JIKApHSHI 3 aHATI3Y;

— Bradford 6e3 sickleave — daxrop bpendopna,
oOuncaeHUA 0€3 JKapHSIHHUX; II¢ 3HAYCHHS MOXKE

BKa3aTH Ha pIiBEHb BIJICYTHOCTEH 13  IpHUYMH,
HE T0B’sI3aHKX 13 XBOPOOOI0;

— mepiox 0e3 BIIMyCTOK — Tepioa BiICYTHOCTEH
CHiBpoOiTHHKA 0€3 BIIMyCTOK; Ja€ 3MOIYy BHIYYUTH

3aIIaHOBaHI 00YHCIeHHS

Bpendopna;

BIAMyCTKH 3 (axTopa

Puc. 4.2. Cropinka "Iloimennuii ¢paxrop bendopna". Tadbmmus "Ioimennnit paxrop Bpendopna"
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— TpuBajlicTh 0e3 BimmycTok — 3arajpHa
TPUBAIICTh BiZICyTHOCTEW 03 BIAMYCTOK, IO JOIOMAarae
30CepeIUTH aHANi3 HA He3aIIAHOBAaHUX BiJICYTHOCTSIX;

— Bradford 6e3 Bigmyctok — dakrop bpendopaa,
oOumcnennii 0e3 BIANYCTOK; yKa3ye Ha piBeHb
KOPOTKOCTPOKOBHMX BIJICYTHOCTEH, HE IIOB’SI3aHUX 13
3aIJIAHOBAHUMH BiJIITyCTKaMHU;

— mepion 6e3 sickleave Ta BiTmycTOK — mEpion
BiJICYTHOCTEH O3 JiKapHSIHUX 1 BIOIYCTOK; A€ 3MOTY
ob0uncnautu Gaktop bpendopaa s HesamIaHOBAHHX
BiJICYTHOCTEI;

— TpuBalicTb 0e3 sickleave Ta BignmycToxk —
3arajlbHa TPUBAJICTh BINCYTHOCTEH, HE NOB’sA3aHHX
3 JIKapHSIHUMH YH BiJIyCTKaMH, IO Joromarae Opatu
JIO yBary JIMIIE CIIOHTaHHi BiICYTHOCTI;

— Bradford 6e3 sickleave Ta Bimmyctok — (aktop
Bpendopna, obuncnennii 6e3 miKapHIHUX 1 BiIIyCTOK, 10
JIOTIOMAarae BUSIBUTH BIUIMB CHIOHTAHHUX KOPOTKOCTPOKOBUX
BiZICyTHOCTEH Ha pOOOTY CIiBPOOITHHUKA.

Ha puc. 5 300paxena cropinka "®axTop
Bpendopna ans nemapraMeHTIB i IPOEKTIB", sSika arperye

iHpOpMaIlif0 3a pI3HUMH BIAJUIAMH Ta MPOEKTaMU.

Ls cropiEka [omomarae  KEpiBHHLTBY  OI[IHHTH
abceHTeI3M Ha KOJISKTMBHOMY piBHI, IO Ja€ 3MOTy
BH3HAYHTH, AKi JemapTaMeHTH abo MPOEKTH HaiiOiipiie
MOCTpaXKAanu Bif BigcyTHOcTed. J[oOyTi MOKa3HHKH
MOXYTh OyTH BUKOPUCTAHI JUIS MIPUNAHSTTS PIllIeHb 100
pecypcis,

CHIBpOOITHUKIB 200 MPOMO3HUIIiT JOJATKOBUX 3aXOIIB IS

peopranizariii THMYaCOBOT 3aMiHU
HIIATPUMKH TPOJYKTHBHOCTI MPOEKTIB.

Bizyanizamii Ha cropinmi "®akrop bpendopna mms
JIeTIapTaMEHTIB 1 MPOEKTIB" MMOJJaHi TAKUMH OJIOKaMH:

— TOJIOBHMIi Bimain — y mipoMy 07011 300paskeHO
CTOBITYACTy JiarpaMy # TaONWIl0 13 CepemHiMU
3HaueHHsIMH Bpendopraa 3a KOXKHUM TOJIOBHUAM BiJIJIiJIOM.
Iz indopmartist came B Takii Bizyauizaiiii Oyae KOPHCHOIO
KepiBHMKaM KOMMaHii Ui TOJANBIIOTO0  aHATi3y
BiJICYTHOCTEH Ta IPUHHATTS pillleHb y MeKax BiJIiNIB;

— TMPOEKT —

y 1mpoMy Omomi  300paxkeHo

CTOBMYACTy Jiarpamy ¥ Tabmumoo i3
Bpendopna 3a

y kommnanii. Ilg iHpopmamis HeoOXimHa KepiBHHKaM

CepeHIMHU

3HAYCHHAMU KOXXHHUM IIPOEKTOM

KOMIOaHii Tak caMO [UIS  TOAAJBIIOrO  aHAi3y

BiﬂcyTHOCTeﬁ, aJI€ BXKC B MCXKax HpOeKTiB.

Puc. 5. Cropinka "®akrop bpendopaa s aenapTaMeHTiB i TPOEKTIB"
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Takox Ha puc. 5 MOXHa mnobauuTH ONOK 3
¢inprpanii

YaCOBUM

IHCTPYMEHTOM MOJJAHUX TIOKa3HHWKIB 32

KOHKPETHUM npomikkoM.  KopucryBau
JAIIoopay Moke BiadiIbTpyBaTH BiIOMOCTI B TaOJIHUIISIX
3a TAKUMH KPUTEPIsIMH dacy:

— HactynHi / moniepeHi N AHIB / THKHIB / MICSIIIB /
POKIB IIOJJ0 TOTOYHOI matu, ae N — 3HA4YeHHd, IO
KOPUCTYBa4 3a[a€ CaMOCTIMHO, BIATIOBITHO N0 MOTPEO
MOHITOPHHTY;

— ueil AeHb / TWKACHb / Micsmb / piK IIOI0
MOTOYHOI JaTH.

Ha puc. 6 300paxkena ctopinka "JlaTu 3BiIbHEHHS"
3 Ta0mumer, IIo BiITBOpIOE  iH(OpMALiIO TPO
3BUIBHEHHMX TpPAIiBHUKIB Ta IXHiH (akrop bpendopna.
s cTtopiHKa nae 3MOTy aHAaNi3yBaTH, SK YacTO TaKi
ocoOu OyinM BiACYTHI Tepex 3BUIBHEHHSIM, IO MOXKeE
JONOMOITH  BHU3HAYUTH  3B’S30K  MDK  YacTHMHU
BIZICYyTHOCTSIMU ¥ HNPUIHATTAM pIlIEHHS NP0 PO3ipBaHHS
TPYIOBUX BiZHOCHH. 3a3HaYCHHH IHCTPYMEHT TaKOX
MOJXE CIIYTYBaTU JUIA PETPOCICKTHBHOTO aHamizy [14]

abceHTei3My B KOMIIaHIii, Jal09d 3MOTY KEpiBHUITBY

OLIHIOBAaTH KAJIpPOBY TONTHKY Ta €(eKTUBHICTh
ynpaeiiHHS nepcoHasioM. TaOmuus Ha cropiHui "atu
3BIJIBHEHHA" Ma€ Taki CTOBIILI:

iM’st — IM’s 3BUIBHEHOTO CIHIBPOOITHHKA; II€
JoTIoMarae iIeHTU(IKyBaTH KOHKPETHY 0CO0Y;

— JmaTa — Jara 3BUIbHCHHS TpalfiBHHKaA; (ikcye
TOYHUI MOMEHT 3aBEpIICHHS TPYIOBHX BITHOCHH;

— JocBin podotu (pokM) — 3aragbHUN CTax
pobotu criBpoOiTHHKA B KOMMaHii (y pOKax) Ha MOMEHT
3BUIbHEHHS; MOK€ OyTH KOPUCHUM JUIS aHaJli3y BIUIMBY
JIOCBily Ha YaCTOTY Ta XapaKTep BiICyTHOCTEH;

— Bradford — 3nauenns ¢akxropa bpendopma Ha
MOMEHT 3BUIbHEHHS, IO Oepe J0 yBaru BCI THIH
BiZICYyTHOCTEH; BIATBOPIOE YACTOTYy KOPOTKOCTPOKOBHX
BIJICYTHOCTEH Ta IX BIUTMB Ha poOOUHI TIpoIIeC;

— Bradford 6e3 sickleave Ta BinnmycToK — 3HaUCHHS
¢daxropa bpendopma Oe3 mikapHAHMX Ta BiIITyCTOK;
He3aIUIaHOBaHUX 1

JoromMarae 30CCPEANTHUCA Ha

CIIOHTAHHHUX BIACYTHOCTSIX, IO MOIJIH O HEraTHBHO
BIUTMHYTH HA MPOYKTUBHICTh KOMITAHII Ta CTaTH (PaKTOPOM

JIUIS1 3BITIbHEHHS.

Aoceig Bradford Bradford Gez
poboTtu

sickleave 1a

{(pokw) EIANYCTOK

Avodkov Gleb 6/29/2020 4.3 2156 4
Diana Diana Try 9/8/2022 0.0 32 2
kelus kclus 10/4/2021 0.0 12 0
Kiborg Petro 3/13/2023 2.9 1 1
Mandarinkin CemeH MaenoBMY 2/3/2000 233 153 4
rebrova rebrova rebrova 10/1/2021 0.0 1 1
Roza Rozita Rozitovna B/23/2022 2.0 S00 178
Sufix Suffix Suf 127172017 5.5 525 54
¥user0dl xuser00l 12/31,/2020 2.5 & 0
xuserf06 xuser00o 3/10/2021 2.3 272 20
¥userdls xuserdls xuser0ls 1/1/2020 0.0 117 3
ABaniwesa KpWCTUHA KOHCTAHTUHOEHS 3772021 1.8 176 54
ABapHWKOE AHADOH 47872020 3.2 3159 275
ABapHukoe] ApTémT 11 1/25/2022 0.0 44 1
ARAvAOR FMenkad Mouceeruy S72020 1.4 171 1
Puc. 6. Cropinka "Jlatu 3BiUTbHEHHS"
Ha pumc. 7 ™oxHa mOOauuTH IHTEPAKTHBHUI mabonu [15] BigCyTHOCTEH, IO MOXYTh MOTpPeOyBaTH

"Kanenmap", 1m0 MICTUTh JaTH BiACYTHOCTCH JUIs BTPY4YaHHs, a00 I MPOTHO3YBAHHS MOMIOHUX CHUTYaIlil

oOpaHoro mpariBHUKa. Takuid KaleHZap JOTOMarae Y MaiilOyTHOMY.

Bi3yaJlbHO  BIAICTEXKYBaTH  IHIMBIIyanbHI  mepiogu Takox Ha Wil CTOpiHLI KEPIBHUK MOXE 3MiHIOBATH

BIICYTHOCTI Ta [a€ 3MOTY KEpiBHHKAM 30CEPEAMTHCS KaJleHIap 3a JOIOMOTOI0 TEepEeMHKaHbh HOTO CTOPIHOK

HAa KOHKPETHHX ImpamiBHUKax. Ile kopucHO st Hazax abo Brepen, a TakKoX 3MiHIOBaTH (opmar

PO3YMiHHS, Y € B POOOTi CIiBpOOITHHKA MOBTOPIOBaHI KaJIeHIaps 1010 MiCAIls, THYKHSA 1 JTHS.
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Puc. 7. Cropinka "Kanenmap"

Ha puc. 8 300paxeno cropiaky "lHdopmaris", o
MICTHTD 3arajibHi 1HCTPYKIII A7 KOPHCTYBadiB CUCTEMHU
Ta KJIFOYOBI MMOKA3HUKY [T aHai3y dakropa bpendopna.
Is cTopiHka MpHW3HAYCHA UIsi TOTO, 100 3a0e3rmeunTH
KOPHUCTYBaYiB CHCTEMH BCi€l0 HEOOXiHOIO 1H(pOpMAaIli€r0

Ta TopajamMH I
Jamoopay.
KepiBHUKaM IIBUAKO 3pPO3YyMITH CTPYKTYpY Jamoopmy

e(i)eKTI/IBHOFO BUKOPUCTAHHSA

Cropiaka  "ladopmamis"  momomarae

Ta 3HAUTH HEOOXigHy IHGOpMaLi0 IS  aHaIi3y

W IPUHHSTTS pillICHB.

LA cTopiHka AeMOHCTpyE iHbopmaLito 3a dakTopom bpeadopaa Ana KOXHOMO CniBpobiTHMKa.

CTopiHka MICTUTb:

.5 dinbTpiB (Jlokauis, TpyeanicTe poboT, Tun NpoekTy, MNpoekT, Bigain, Ipyna, YacoBnini NpoMixKoK)
-4 Bizyanizauir (3sinsbHeHi y upomy nepiodi, Tabnuua aroaeid, aki 6ynw y sianycTui 3a ixHim dakTopom Bpeadopaa, cepeiHe Ta

CepelHbOKBAAPATUYHE BiXWIEHHA 3a BiA4iN0M Ta NPOEKTaMu)

Bax<nueo!

Tabauua aemMoHCTpye iHpopMauito TinbKM Woao cniBpo6iTHUKIB, AKI 6yny y BignycTui. Tomy, HaNnpUKAaa, BUKOPUCTOBYHOUX $inbTp
"Yacoeuii npombKok" Ha KapTui "3BinbHeHi y uboMy nepiogi”, 3'ABUTbCA AKeCb UACNO, ane Tabauua MoXe 6yTHU nMycToto. Lle o3Hauae,
WO 3Bi/bHEHi cnNiBpo6iTHMKK He BynK ¥ BignycTui y ToMmy nepiogi, AKuii 6yB BUCTaBAEHWIA Ha ¢inbTpi.

TaKo Le cToCyeTbCA W iHWUX GinbTpie. O6paBlM BigAIN abo NPOEKT, TaBAULA MoXe 6YTH NycTo. Lie TaKoX 03Hauae, WO 3 Lboro

BiAAiny uM 3 Wiel rpynu He oAMH 3i cNiBpo6IiTHUKIE He BUXOAMEB Y BigNyCTKY.

Micna HaBeAeHHA Ha iKoHKy (i) MOXHa OTpMMaTK AeTanbHiWy iHGOpMaLito Npo Bisyanisauito.

Puc. 8. Cropinka "ladopmarnis”

VYHACHiOK YNPOBA/PKCHHSI aHAIITHYHOI CHUCTEMHU
JUIl ayTCOPCHUHIOBOi KOMITaHii, OCHOBaHOi Ha (QakTopi
abcenreismy bpendopna, Bmamocst nocsrtH 3HaYHOTO
MOKpAIICHHS B MOHITOPHHTY BiJICYTHOCTEH NpaliBHUKIB.
Po3pobnenmii  mambopa 3a IOMOMOTOIO IHCTPYMEHTY
Power BI HajmaB KepiBHHITBY KOMIAHIi IOCTYI [0
akTyanpHOI iH(popMmamii. Ile mamo 3Mory omepaTHBHO
pearyBatd Ha BIJICYTHOCTI MNpPAaLiBHUKIB 1 OLIHIOBATH
ixHifi BruB [16] Ha e(EKTUBHICTH MPOEKTIB, 3HAYHO
MIABUIUBING [BUAKICTh NPUAHATTS pPillicHb. 3aBISKU

TaKOMy WiJXOJy KOMIIaHis 3MOria OuIbIl e(EeKTHBHO

IUTaHyBaTH poOOTYy KOMaHJ 1 3MEHIIMTH HEraTHBHUM
BIUIMB BiJICYTHOCTEIl Ha BUKOHAHHS 3aB/IaHb.

OnHuM 13 KIIOYOBHX Ppe3yJbTaTiB JIOCHIPKCHHS
CTaJIO BUSIBJICHHS 3HAQYHOTO BIUIMBY BHCOKOTO 3HAYCHHS
¢dakropa bBpendopma Ha NPOAYKTUBHICTH KOMaH/U.
AmnHani3 1mokasaB, IO B KOMaHIax 13 MHiABHILIEHUM
Bpendopna
e(eKTUBHOCTI

(axTopom crocTepiragiocss — IOMITHE

SHIKCHHS poboti Ta  30ULIBLICHHS
HABAHTAXCHHS HA IHIIMX MpamiBHUKIB. Lle miaTBepanio,
[0 4YacTi KOPOTKOCTPOKOBI BiJICYTHOCTI HEraTHBHO

BIUIMBAIOTh Ha POOOTY KOJICKTHBY 3HAYHO OLIbINE, HIXK
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TpuBaii, ane pinkicHi BigcyTHocti [17]. Bukopucranus
po3paxyHky dakropa bpendopaa (1) nano 3mory HaouHO
BIZITBOPUTH LIei e(eKT.

Takox cucTemMa IONMoOMOrNa BUSBUTH i OLIHUTH
3aranbHi TpeHAu aOceHteismy B  kommanii [18].
3a pesynpTaraMM AOCHDKEHHs OyJio 3adikcoBaHo,
mo BimmaiteHuid (opmaT poOOTH CHPUSIB 3HIKEHHIO
3aralbHOi  KUTBKOCTI  JIKApHSHHUX  IHIB, OCKLUJIBKH
NpaliBHUKA MOIJIM TIPOJOBXKYBAaTH BHUKOHYBAaTH CBOi
000B’3KH HABITH 32 HABHOCTI HE3HAYHHUX 3aXBOPIOBAHb.
OnHaK y JesKHX KOMaHax Iie MPU3BEJIO A0 MiJABUIIECHHS
PIBHSI €MOLIIIHOTO BUTOpaHHS Ta, BIIIIOBIIHO, 301IBIICHHS
KIUJIBKOCTI BiIITYCTOK, MTOB’SI3aHUX 31 CTPECOM.

OO6roBoproroun  pe3yabTaTH, MOXHA  TaKOX
3ayBaXMTH, [0 BIPOBA/PKEHHS AHAJTITUYHOI CHUCTEMH
JIasio 3MOTY 3HAYHO MOJIIIIUTH YIIPaBIiHHS pecypcamu.
Hampuxinan, kepiBHUKH KOMaH/ Telep MOXYTh 3aBYacHO
pecypcu s

MM ABUIIIEHUNA

IUTAHYyBaTH 3aMiHH a00 JOJATKOBi

TUX  TPOEKTIB, J€  MPOTHO3YETHCS
piBeHB aOCeHTEI3MY.

BaxxnmuBuMm pesynbpTaToM € gambopn, po3poOieHunit
3a JIOTIOMOTOI0 IHCTYMEHTY Power BI, 0 YMOXIIHBITIOE
HaJlaHHs Bi3yasi3oBaHoi iH(opMmauii mpo abceHTe3M
y Ppi3HHX po3pi3ax, 3poOuB

mporec MNpUHHATTA

YIpaBIiHCBKUX  pillleHb  OUIbII  MPO30pHUM  Ta
o0rpynToBaHNM. KepiBHHKHM MOXYTh JIETKO aHai3yBaTH
CUTYyAIlilf0 33 PI3HHMH TMOKa3HUKAMW: IWIOJO BiJIUTIB,
OKpeMHuX MpaIliBHUKIB abo mepioxis dacy. Lle momomarae
HE TINBKH BHSBIAATH TpobiaemMu 3 abceHTe3MOM,
ale ¥ OmiHIOBaTH e(QEeKTHBHICTh BXHUTHUX 3aXOMIiB
JI71s1 MOTO 3HMKEHHS.

Ile omHUM BaXXIIMBUM PE3YJIBTATOM CTaB IIPOBEICHUMN
SKCIICPUMEHT, KW TepekoHas, 1o (akrop bpeadopna
€ e(eKTUBHUM IHCTPYMEHTOM JUIS OIIHIOBaHHS Ta
aHaJli3y BiJICYTHOCTI MPAI[iBHHUKIB, 0COOJIMBO B KOHTEKCT1
KOPOTKOCTPOKOBHX BIJICYTHOCTEH, IO MOXYTh HETaTHBHO
BIUIMBAaTH Ha NPOJYKTHUBHICTh KOJEKTUBY. ExcriepuMeHT,
SIKH TIOPIBHIOBAB IBa IMepiod (IO Ta MICHA MEPEeXOmy
HAa JWCTaHIIAHY poOOTY), BHSABUB, IO ITOKA3HUKU
Bpendopaa B apyromy mepiomi, KOiH MPaiiBHAKA BXKE
MPAIfOBaIM JTUCTAHIIHHO, OyJIM CYTTEBO HWXKYHMMH, HIXK
y mnepmomy mepiomi. Ile CBiTYUTE PO MOXKIHUBY
ajlanTaiiio Ta 3HWKEHHS YacTOTH BiJCYTHOCTEH uepes
(iznuny BincyTHICTB B oici. OTKe, 3aCTOCYBaHHS IIbOTO
METOy MOXX€ OYTH KOPHCHHM JUIS BIJCTEXKECHHS Ta
NIPOTHO3YBaHHs €()EKTHUBHOCTI YINPABIiHHS IEPCOHAIOM

B YMOBaX Pi3HUX poOOYHX (OpPMATiB.

PesynpraTH OCTIIKEHHS AAlOTH 3MOTY 3pOOWTH
inTerpamis ¢akropa bpendopaa B
3arajbpHy iH(popMauiiiHy cuctemy kommasii [19] 3HayHO

BHUCHOBOK, IO

migBUIIyEe  e(pEeKTUBHICTh  yNpPaBIiHHSI

3HIKYIOYHM HETaTUBHHI BIUTMB a0CEHTEI3MY Ha MTPOEKTH.

MIEPCOHAIIOM,

7. BUCHOBKM il HepCIeKTUBH
NMOJAJIbIIOTO J0CTiIKeHHSI

YHacmigok  BHKOHAaHOI  pobOTH  poO3pobIeHO
aHAMTHIHY iHpOpMAaIliiiHy cUCTeMy IJIs ayTCOPCHHTOBOT
KOMIaHii, IO IPyHTyeThcs Ha (akropi abceHTE3MY
Bpendopna. Buxopucranus Power Bl sSK OCHOBHOTO
IHCTpyMeHTy Bi3yamizamii Ta aHamizy iH(MopMarii
YMOJKIJIMBUIIO CTBOPEHHS IHTEPAKTUBHOTO JAIIOOp/Iy, 1110
3a0e3neuye 3py4HUH JOCTYN JO KIIOYOBUX IMOKA3HHKIB
BIJICYTHOCTI TpaliBHUKIB Ha pI3HUX pIBHAX — BifJ
OKpEMHUX CIIBPOOITHHKIB 0 AENapTaMeHTIB 1 MPOEKTIB.
Lle nae 3Mory KepiBHHKaM IIBUIKO H e(EKTUBHO
aHAN3yBaTH CHTYallil0 3 a0CEHTEI3MOM, TPHIMATH
OOTpYHTOBaHI pIMIEHHS MIOAO YIPAaBIIHHA IEPCOHAIOM
1 B4acCHO pearyBaTH Ha MOXKIIUBI IIPOOIEMH.
3anpornoHoBaHa CHCTEMa MICTUTh KiJIbKa BaXKIUBUX
Bi3yautizamii, Tabnuie 1 GiIbTPIB, 110 OyJIU PO3MOAiICHI
3pY4YHOCTI

3a  BIAMOBIZHUMH  CTOpIHKaAMH IS

KopucTyBaHHs iH(popMauiiiHoro cuctemoro. Crnmcok
cropiHok Takuii: "[loimennuii gaxkrop bpendopna" [20],
"®akTop bpendopma s enmapTaMeHTIB 1 HPOEKTIB",
"Natu 3BinbHeHHs", iHAMBiMyanpHHN "KameHmap" Ta
"Indopmanis”. KoxkHa 3 mux cTOpiHOK 3a0e3reuye neBHy
aHAMTHIHY (QYHKIIO 32 IOTIOMOTOI0  BiATIOBITHUX

By3iamizamid, Tabmuume 1 (QUIBTPIB, MmO Ha HAX
pO3TallloBaHi, Aal04YM 3MOTY OTPHMYBATH PI3HOPIBHEBY
iHpopMallif0o mpo piBeHb BIJCYTHOCTI, I 4YacToTy Ta
BIUIUB Ha poOOTYy KOMIaHii. 3aBJsIKH IbOMY KEPiBHUIITBO
pecypey,
YacTUMu  abo

MatTuMe€ 3MOr'y  KOHTPOJIFOBATH Ka[[pOBi

MIHIMI3YIOYM PH3HMKH, TIOB’SI3aHi 3
CHCTEeMaTHYHUMH BiJICyTHOCTSIMH.
OnHUM 13 OCHOBHHUX JIOCSITHEHb CHUCTEMH € T€, IO
BOHa JIONIOMAra€ He TUIbKH OTPUMYBATH CTaTHCTHYHY
iHpopMariro, a i IPOBOJIUTH aHANI3 HA OCHOBI peaTbHUX
MIiJABUIICHHIO  PO30POCTI

mokasHukiB. Ile crpuse

npoueciB  ympasimiHHs  [21] Ta npUBHATTS  pilieHb
y kommaHii. 30Kpema, cHCTeMa Ja€ 3MOTYy BHSBIISATH
MOTEHIIi}HI pobjeMu B POOOTI BB a00 MPOEKTIB,
[0 [TOB’sI3aHi 3 BUCOKUM piBHEM abCEHTEi3My, Ta BUACHO

BXKUBATH 3aXOiB [T cTabinizamii po6ovoro mporecy.
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Ilin 4yac TmpoBemeHHSA  EKCHEPUMEHTy  OyIio
[POAHANI30BaHO IIOKAa3HMKH 3 OIJSIAy Ha OTpUMaHi
3HaueHHs (akropa abcenreismy bpeadopma, 110
JIOTIOMOTJIO BHSIBUTH BaXKJIMBI TPEHAUW B 3MiHI DIiBHS
BIJICYTHOCTI TIpaIliBHHUKIB. BusBmiocs, 1o B Iepioi,
KOJIM  JIIOAH NpaIfoBaJM  JUCTaHLINHHO, ITOKa3HUK
Bpendopaa 3HaYHO 3HU3MBCSA MOPIBHSIHO 3 IMOMEPETHIM
nepiogom. lle minTBepmkye, mo BigmamreHuir (opmat
poOOTH MOXKE TIO3UTHBHO BIUIMBATH Ha 3HIKCHHS
YacTOTH KOPOTKOCTPOKOBHX  BIACYTHOCTEH, IO €
OCHOBHOIO ~ XapakTepucTukoro (Qaxropa bpendopna.
Takuii pe3ynbTar BKa3zye Ha Te, O JUCTaHLiHa poOoTa
MOY€E JJOIOMOI'TH 3MEHIINTH HEraTHBHI HACIIIKN 4aCTHUX
BIJICYTHOCTEH, X04a JJIsi OUIbII JETaJbHOIO BHUCHOBKY
HEeoOXiMHO 3BaxaTH W Ha iHII (akTopH, IO MOXYTbH
BIUIMBATH Ha IIpane3aaTHICTh 1 MOTHBAIIIO MTPAI[iBHUKIB.
[lepcrieKTHBH TOAANBIIOTO PO3BUTKY CHCTEMH
€ OaratorpanHiMH. OJIHIEI0 3 OCHOBHUX MOXKJIMBOCTEH €
iHTerpamis 3 IHIIUMH IHCTPYMEHTaMH Oi3Hec-aHaIliTHKH
Uit OiIpII TTMOOKOTO aHaNi3y MOBENIHKOBUX IaTEpHIB
1 TPOTHO3YBaHHS MONANBIIMX TeHACHIiNH. Hampukian,
cucTeMa MOKe OYTH pO3IIMpPEHa BHACIIIOK JOJaBaHHS
¢yHKIIT TporHo3yBaHHs [22] MOXJIMBOTO 3pOCTAaHHS
abceHTei3My Ha OCHOBI  ICTOPHYHHMX IOKa3HHKIB
1 30BHIMHIX ¢akTopiB. Lle namo 6 3MoOry KepiBHHULTBY
HE TUIBKM pearyBaTH Ha HasBHI mpoOiemu, aie
1 3a31aJIeTib TUIAHYBaTH 3aXO0IM AT iX 3ano0iraHHs.
Kpim Toro, icHye MOXIMBICTh ONANBINOI iHTETpAITii
cucremu 3 HR-mmardopmamu i aproMatusaliii mporecis

3BITHOCTI Ta B3aemomii 3 mepcoHamoM. lle crpustime

Cnucok Jgitepatypu

MIBUIIEHHIO e(eKTHBHICTh OOJIKYy BiICyTHOCTEH Ta
OUTbII TOYHOMY BH3HAUEHHIO TPHYMHU BiJICYTHOCTEH.
Taka iHTErpauisi JONOMOXKE TaKOX Y BLICTEXKEHHI
MPOAYKTHBHOCTI  CIIBPOOITHUKIB 1 B3a€EMO3B’S3Ky MK

TXHBOIO TIPUCYTHICTIO Ha POOOTI Ta PE3YJILTATUBHICTIO.

IHmuM  HampsMOM  pO3BUTKY  MOXE  CTaTH
BIIPOBA/DKEHHS  JO/JATKOBUX  IHIUKAaTOpiB, 30KpeMa
aHANIZY BIUTUBY abceHreizmy Ha 3arajbHy

MPOAYKTUBHICTE BimminiB a6o mpoektiB [23]. Lle macts
3MOTYy KOMIIaHii Kpalie OIliHIOBATH HE JIWIIE PpiBEHb
BiJICYyTHOCTEH, ayme 1 ix BIIMB Ha Oi3HeC-pe3yNbTaTH.
Takok TEpCHeKTMBHUM € PO3POOJIEHHS CHUCTEMH
MOTePeKYBAIBHUX TOBIIOMIICHD, IO iH(GOpPMyBaTHME
KEpIBHUKIB TIPO KPUTHYHI CHTyalii 3 abceHTei3MoM,
Jonomararouyd M BXKHMBaTH 3axXOXiB 1IIE JIO TOrO,
SIK TIpo0JieMa CTaHe CUCTEMHOIO.

Po3poOiieHa aHanmiTHYHA cHUCTeMa BXXE Ha I[bOMY
eTami JeMOHCTPYE BHUCOKY e(eKTHBHICTh B YIIPaBIiHHI
abceHTei3MOM, 3a0e3Meyuyloud KepiBHHUIITBO HEOOXiTHUMHU
IHCTpyMEHTaMH  JUII ~ MOHITOPHHTY ¥  aHaji3y
BifIcyTHOCTEH TpaniBHUKIB. [lomanmpmuii po3BUTOK i€l
CHCTEMU MOXE€ CYTTEBO PO3MIMPUTH ii (YHKIIOHAIBHI
MOJJIMBOCTI, 3Ba)Kal0OYM Ha TIHOIIWI aHali3 BIUIMBY
BIICYTHOCTEH Ha pobOYi TmpolecH Ta pPe3yIbTaTh
JUSUTBHOCTI KOMITaHii. 3a3Ha4yeHe JacTh 3MOTY KOMITaHii
HE TUIBKM Ol eQEeKTUBHO pearyBaTH Ha IOTOYHI
mpoOiemMu, ane W MPOAaKTUBHO TUIAHYBAaTH 3axonm [24]
JUIA  3HIDKCHHS piBHA a0CeHTei3My Ta MiITPUMKH
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DEVELOPMENT OF AN ANALYTICAL INFORMATION SYSTEM
FOR AN OUTSOURCING COMPANY USING THE BRADFORD ABSENCE FACTOR

The subject matter of this study is the examination of the Bradford Absenteeism Factor as a tool for analyzing employee absences,
specifically its use in assessing the regularity and frequency of absences through an interactive dashboard. The goal of this study is to
develop an analytical information system based on the Bradford Absenteeism Factor to effectively monitor and manage employee
absences in the company. This study addresses the following tasks: analyzing recent studies and publications on the Bradford
Absenteeism Factor, identifying unresolved aspects of the general issue, creating an ER diagram for the information system, defining
the required functionality and architecture of the analytical information system, developing necessary visualizations and placing them
on the appropriate pages of the information system, conducting an experiment to identify trends and patterns in the Bradford Factor
based on test data, presenting and discussing research results, formulating conclusions and identifying future development prospects.
Research methods: The study involved analyzing employee absence data stored in an SQL database to establish table relationships
and prepare the data for further analysis. Power BI was used as a visualization and analytical tool, allowing data integration from
various sources and visualized absenteeism metrics. The Bradford Factor calculation, which assesses the impact of frequent short-
term absences on team productivity, was the main analytical tool. Additionally, database modeling and ER diagram construction
ensured correct relationships within the system. Research results: The study includes an analysis of recent research on the Bradford
Absenteeism Factor, identification of previously unresolved issues, the creation of an ER diagram for the analytical information
system, the definition of required functionalities and system architecture, development of necessary visualizations placed on relevant
system pages, an experiment identifying trends in the Bradford Factor, discussion of the findings, and formulation of conclusions and
further development directions. Conclusions: The developed analytical information system for an outsourcing company, based on the
Bradford Absenteeism Factor, utilizes Power BI for data visualization and analysis. This interactive dashboard provides convenient
access to key absenteeism metrics at various levels, from individual employees to entire departments and projects. It allows managers
to quickly and effectively analyze absenteeism, make informed staffing decisions, and promptly address potential issues.
Keywords: absenteeism; Bradford Factor; analytical information system; dashboard; resource optimization.
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B. CHAI0BCbKUI

MATEMATHUYHE MOJIEJIIOBAHHSA
BILIMBY HAPAMETPIB ATPETALIT TA TE®OPMAIIIL EPUTPOLIUTIB
HA PEOJIOI'TYHI BJJACTHUBOCTI KPOBI

IlpeameTroM joCTiiKeHHSI € MaTeMaTH4HE MOJCTIOBAHHSA PEOJIOTIYHMX BIACTUBOCTEH KpOBi, 30KpeMa BIUIMBY OCHOBHHX
HapaMeTpiB, TAKUX SIK TeMaTOKPUT, CHJIa arperaunii epUTPOLUTIB, MOJYJIb 3CYBY Ta )KOPCTKICTh Ha BUTHH, Ha 3MiHy B’SI3KOCTi KpOBI.
AHaizyeTbcs B3a€MO3B 530K MiXK arperanifiHuMH Ta aedopMamifHUMK BIACTHBOCTSIMH EPHTPOLUTIB i PEOJIOTIYHOIO ITOBEMIHKOIO
KpOBI B YMOBaxX 3CyBHOTO IMOTOKy. MeTa po0OTH — MaTeMaTHYHE MOJCTIOBAHHS BIUIMBY OCHOBHHX (i3MUHHX 1 OlONOTIYHHX
mapaMeTpiB Ha PEOJIOTiYHI BIACTUBOCTI KPOBi 3 BUKOPUCTAHHAM MeTony Dissipative Particle Dynamics (DPD) ta mogeni MS-RBC.
MopenoBaHHs 1a€ 3MOTY JIOCIHIUTH, SK 3MiHH B ITOKa3HUKaX PUTPOLUTIB BIUIMBAIOTH Ha B’SI3KICTh KPOBI 32 Pi3HUX IIBUJIKOCTEH
3CyBY, @ TaKOX PO3POOUTH NMPOTHOCTHYHI MOJENI JJIsI TOYHOTO BH3HAYCHHS PEOJIOTIYHHMX BIACTHBOCTEH KPOBI, [0 Ma€ BayKIIUBE
3HAYEHHS JUIA [[IarHOCTHKM Ta JIKYyBaHHS CyJUHHUX 3aXBOPIOBaHb. 3aBJaHHs. P03poOMTH MaTeMaTHYHY MOJENb PEOJIOTIYHHX
BJIaCTUBOCTE#l KpoOBi, sika Oepe OO yBark 3MiHM TeMATOKPHUTY, arperamilo epUTPOLHMTIB, 1X aedopmariro Ta MOAYIb 3CYBY,
i3 3acrocyBaHHsAM Metony Dissipative Particle Dynamics (DPD) nmias mopmentoBaHHS TOBeAiHKH. [IpoaHamizyBaTé YyTJIHBOCTI
KITIOYOBHX IIapaMeTpiB MOJENi, 30KpeMa piBeHb I'€MaTOKpPUTy W CHIIy arperamii epUTpPOLMTIB, a TaKOXX BH3HAUUTH, SK 3MIiHH
3a3HAYEHNX MapaMeTpiB BILUIMBAIOTH HA PEOJIOTIUHY MOBEIHKY KpoBi. MeToau nociimkenns: Dissipative Particle Dynamics (DPD)
YIPOBADKYEThCS JUIS MOJENIOBAHHS PYXy YaCTHHOK (EPHTPOLMTIB) B yMOBAaX 3CYBHOIO IIOTOKY Ta BHBYCHHS HEHBIOTOHIBCHKOI
MOBEIiHKK KpoBi. Llei MeToa mae 3MOTy IeTalbHO OMKMCATH B3aEMOJII0 MiXK OKPEMHUMH KOMIIOHCHTAMH KPOBI 3 OTJISIIY Ha 1X (isudHi
Ta Giomoriuni napamerpu. MS-RBC (Multi-Scale Red Blood Cell) — e MacmTabHa MOZENb UL ONUCY MEXaHIYHHX 1 peosIOTidHIX
BJIACTHBOCTEH SPUTPOLIUTIB Y TIOTOI KPOBI, sIKa JTa€ 3MOTY pO3paxOBYBaTH B’S3KICTh KPOBIi 3aJIEKHO BiJl MIBUAKOCTI 3CYBY, arperamii
eputpouuTiB Ta ix agedopmanii. OCHOBHi pe3yabTATH MaTEMAaTHYHOTO MOJENIOBaHHS PEOJOTIYHMX BIACTHBOCTEH KpOBI
JIEMOHCTPYIOT, 110 B’SI3KICTh 3aJIE)KUTh BiJ] MEXaHIYHHMX BIACTHBOCTEH €PUTPOLMTIB, 30KpeMa BiJ MOAYJIS 3CYBY Ta CHJIM arperail
EPUTPONHUTIB. 3aJICKHICTh B SI3KOCTI BiJi MOJIYJISl 3CyBY Oyjla BUpa)keHa JIIHIHHUM DPIBHSIHHSM, IO TOKa3ajo 30LIbIIEHHS B’SI3KOCTI
32 YMOBH 3pOCTaHHSI MOIYJIs 3CyBYy. KpiM TOro, BCTaHOBJICHO, 1[0 32 HU3BKUX MIBHIKOCTEH 3CyBY B’SI3KICTh KPOBI 3HAYHO 3aJICKUTH
BiJ arperaiii epUTPOLMTIB, TOAl K y pa3i BUCOKUX HIBHAKOCTEH 3CYBY BXJIHMBIIIMMHU € AeOpMalliiiHi BIaCTHBOCTI €PUTPOLIUTIB.
BucHoBkH. MoenoBanHs arperauii epUTPOLUTIB Ta B’S3KOCTI KPOBi CHpHsie OiTBII TOYHOMY IPOTHO3YBAaHHIO DPEOJOTIYHHX
BJIACTUBOCTEH KPOBi, 3Ba)KAalOYM HA MEXaHIYHI O3HAKH epUTPOIHTIB. P03po0ieHi JiHINHI 3aleXHOCTI MK IapameTpaMd MoJemi
Ta KIIHIYHUMHA pe3yJbTaTaMH IAIOTh 3MOTY ajganTyBaTH Mojeni. Lle yMokiuBiroe OLTBII TOYHOMY OIIHIOBAHHIO PEOJOTIYHHX
BJIACTHBOCTEH KpOBi, MIO BaXJIMBO MJIS MIarHOCTUKM Ta JIKyBaHHA pPI3HOMaHITHHX CyIWHHUX 3aXBOPIOBAaHb, MOB’SI3aHUX
3 HOpPYUICHHSIMH arperaii epUTPOLHTIB.
Konro4oBi ci10Ba: B’S3KicTh KpOBi; AeopMallist epUTPOLUTIB; MOIYJIb 3CYBY; PEOJIOTiYHI BIACTHBOCTI KPOBI.

Beryn

KpoB € HEHBIOTOHIBCHKOIO PIIMHOIO, 1[0 BUKOHYE
BKIIMBY TPAHCIOPTHY (DYHKIIIFO B OPraHi3Mi, JOCTABIISIOUN
KHCEHb 1 TIO)KMBHI PEYOBHHHU JIO KIJIITHH 1 BUBUIBHSIOUYH
BYIJIGKMCIIMH Ta3 i MpoAaykTH MeTaGomismy. [i ckman
MicTUTh TpuOIM3HO 55% r1uasmu Ta 45% KIITHHHHX
CJIEMEHTIB, cepell SKHX CPUTPOLMTH, JCHKOUUTH Ta
TpomOoruTu. OfHIEI0 3 BaXKJIMBUX BIIACTHBOCTEH KpOBI
€ B’S3KICTh, IO 3a0e3medye HOPMANBHUH KpOBOOOIr
1 MITPUMKY CyIMHHOTO roMeoctasy. [Ipore 3a meBHHX
MaTOJIOTIYHUX CTaHiB 3MiHEHa B’SA3KICTh MOXKE CBIIYHTH
npo IUChYHKLIIO EHIOTEeNabHUX KIIITHH, IO MOXeE
CIPHYMHHTH NOPYLICHHS MIKPOLMPKYJISLIi Ta HETaTHBHO

BIUIMHYTH Ha TKaHWHU i opranu. [lopymieHHs B’S3KOCTi

KpOBi TIOB’SI3YIOTh i3 HU3KOIO 3aXBOPIOBAaHB, TAKHX SIK
CepronoiiOHO-KIITHHHA aHeMis, fiader 2-ro tumy [1] i
Covid-19 [2]. Hanpukiaz, Bigomo, mo miaber 2-ro Tumy —
posmazx, IO
HEAOCTATHBOIO KUTBKICTIO I1HCYNIHY dYepe3 MOPYIICHHS

ne MeTaboNiyHui CYIPOBOJIXKYETHCS
(GyHKUIT OeTa-KIITHH MiANITYHKOBOT 3871031 Ta 3HU)KEHHS
YyTJIUBOCTI OPraHiB 10 iHCYIiHY. B’s3KicTh KpOBI JaBHO
BHUBYAETHCS SK KIFOUOBMH IHAWKATOpP JUISL OLIHIOBaHHS
nepediry 3aXBOpIOBaHb Ta PO3POOJICHHS JIKYBaJIbHHX
MiIXOMIB, MO POOUTH BAKIUBAM TIHOOKE pPO3YMIHHS
0COOJIMBOCTEH KPOBOTOKY W peosiorii jist AiarHOCTHKU
CYJUHHUX 3aXBOPIOBaHb [1].

B’s3kicTh KpoBi Oe3mocepeaHbo BIUIMBAE HA OIIp,
SIKMd BOHA CTBOPIOE IIiI Yac pPyXy Kpi3b KPOBOHOCHI
cyzuHU. [TOHATTA IIBMIAKOCTI 3CYBY BiITBOPIOE PI3HHUIIIO

© B. Cusanmoscekuii, 2024
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HIBUKOCTEH CyMDKHHUX ILApiB KPOBI, 1[0 3aJICKUTh Bij
YaCTOTH CEPLEBUX CKOPOYECHb, 00’€My KpOBi, SIKHi
nepexkauye cepie, i 0COOJMBOCTEH CyAWH, 30Kpema ix
3BUBUCTICTh, BHUKPHUBIICHHS YW CTEHO3. Y Tpoleci
HOPMAJILHOTO KPOBOOOITY 3BYXEHHS apTepiil 3a MOCTiitHOTO
MOTOKY KpOBi cHpusie 301UIBIIEHHIO IIBUIKOCTI 3CYBY.
Hanpuxnan, y 3BHYallHUX yMOBax IIBHIKICTb 3CYBY
B CTIHKax cynuH 3poctae Bix 10 ¢™' y BemMKHX BeHax
mo 1000 ¢! y mpiOHEX apTepisx i Kamimsipax, TOAl SIK
Yy CWIBHO aTEepOCKIEPOTHYHUX apTepisix BOHA MOXeE
nmocsaratu 40000 ¢! [3]. KpoB sik HEHBIOTOHIBCHKA PiiHA
3MIHIOE€ B’S3KICTH BIATOBIAHO 10 IIBUAKOCTI 3CYBY.
3a HU3BKHX MIBHIKOCTEH 3CYBY EPUTPOLUTH CXHIbHI
JI0 arperamii, 110 MiJBHIIYE B’S3KICTh KPOBi, TOAI SIK
32 BHCOKHMX IIBHAKOCTEH EPHUTPOLUTH pO3’ €THYIOTHCH,
JIe(hOpPMYIOTbCSl Ta BUPIBHIOIOTHCS 32 HAIPSIMKOM ITOTOKY,
3MEHIIYIOUH B’S3KICTh. BimmosimHo, Meroro pobotu
€ CTBOPEHHsI MaTeMaTUYHOI MOJIENi, 110 HaJa€e 3HaYEeHHS
¢dhizmyAEM 1 OlOJNOTiYHMM mapaMeTpaM epUTPOLUTIB,
TaKUM SK TeMaTOKPHT, CHJIa arperamii, MOIyJib 3CyBY
Ta JKOPCTKICTh MeMOpaHW, [UIsl aHaji3y BIUIMBY IHX
napaMeTpiB Ha PeoJIOTiYHy NMOBEIiHKY Kposi. lle macTs
3MOTYy HE JIUIIe MOTIHONTH PpO3YMIHHS MeEXaHi3MiB,
IO BIUIMBAIOTh Ha KPOBOTIK, aje ¥ copustume

pO3pOOJIEHHIO HOBUX  IIXOMIB OO0  JIarHOCTHKH

Ta JIiKyBaHHH CYAVHHUX 3aXBOPIOBAHD.

Anani3 my6aikauii

HemonaBui gocsrHeHHS B OOYHCIIOBAJIEHOMY
MOJICIIIOBaHHI J]al0Th 3MOTY JI€TAIbHIIIE JOCHIAUTH
peoJIoriuHl  BIACTHBOCTI KPOBI 3a pI3HUX YMOB SIK
y 340poBUX 0ci0, Tak 1 y xBopux [9-11]. BogHowac nesxi
MMOKa3HUKH KpOBi, Taki SIK TEMAaTOKPUT 1 piBeHb
¢iOpuHOTeHY, a TaKOX BIACTUBOCTI KIITHH, 30KpeMa
3MATHICTE EpUTPOLUTIB 10 aedopmariii Ta arperarii,
MOXYThb Yy KOXHOTO TMalli€eHTa OyTH  pi3HUMH,
a eKCIepUMEHTANbHI BUMIPIOBAHHA i1 Vifro HE 3aBXIU
3JIaTHI TOYHO BIJIOKPEMHUTH IIi 3MIiHHI JUTS JTOCIIIKCHHS.
Ilpore KOMI'IOTEpHE  MOJCNIOBAHHA A€  3MOTY
MoaudikyBaTn pi3HI (AKTOpU OKpPEMO, IO CIpHUsE
TOYHOMY BH3HAYEHHIO, SK KOXX€H 3 HHX BIUIUBAE
Ha pEOJIOTiYHY ITOBEIIHKY KpOBI 3a YMOB 3/10pOB’S
Ta XBopoOw. [l mWiNBUINEHHS TOYHOCTI IPOTHO3IB
1 peami3aMy JOCIHi/PKeHb HEOOXimHO OpaTw 1O yBaru
KIIIHIYHI TOKAa3HUKH KOXXHOTO KOHKPETHOTO TaIli€HTa,
CTBODIOIOYM  IH/WBiAyaJbHI MPOTHOCTHYHI  MOJEJI.
Y Takux MOAEISIX BapTO KUIBKICHO NpOaHai3yBaTH
3B’3KM  MDK  KJIIOYOBUMH  IapaMeTpamH,  SK-OT
JKOPCTKICTh KIITHHHHX MeMOpaH i CTYIiHb arperarii,
CIHMpaloYHuch Ha JlaboparopHi

NMOKa3HUKHU, 30KpeMa

1HIEKCH )KOPCTKOCTI EpUTPOLIUTIB Ta iX arperaris [12].

1 Onuc gocaigkeHHs

dakTopu, IO BIUIMBAIOTH HA B’SI3KICTh KpOBI,
30KpeMa MeXaHI4YHI Ta arperaTHi BJIaCTHBOCTI €PUTPOLIUTIB
i 00’eM epUTPOLMTIB, a0 TEeMAaTOKPHUT, NPHBEPHYJIH
3HAYHY YBary JOCIITHHUKIB YIIPOIOBK OCTAHHIX JICCATHITD.
31aTHICTE CPUTPOLHUTIB 10 Aedopmaiii € BaKIUBUM
rapaMeTpoM, II0 BIUIMBAE€ Ha B’S3KICTh KPOBI Ta OIIip
KPOBOTOKY B IpiOHHX cyauHax. Hampukmazn, yHacigok
Mansipii  epUTPOLUTH  CTAIOTh
hopmu
mporpecyBaHHs 3axBoptoBaHHs [4]. KpiM Toro, arperarris

MCHIII THYYKUMHA

Ta HabyBawTh CQepudHOl 3aJICKHO  Bif
EPUTPOLIUTIB € 3HAYYLIO Uil BU3HAYCHHS PEOJIOTTYHUX
BJIACTUBOCTEH KpOBI SK y HOPMalbHUX, TaK 1 B
MATOJOTIYHUX yMOBaxX. ABTOpH mpailb [4, 5] 1oBemH, 110
MiABHUINEHA arperamisi epuUTPOIMTIB, 30KpeMa depe3
30UIbIICHHST OINKIB IU1a3Mu, SK-O0T (iOpuHOreH abo
T IBHIY €
B’SI3KICTh KpOBI 3a HH3BKHX 1 TOMIPHHMX IIBUIKOCTEH

MakpoOMOJISKYJII Ha 3pa30K JIeKCTpaHy,
3cyBy [6, 7]. Y pa3i maToONOTiYHWX CTaHIB BHCOKUH
piBeHp Oijka B IUIa3Mi cHpusie arperauii epUTPOLMTIB
1, BIATIOBiTHO, TiIBUIIICHHIO B’ S3KOCTi KPOBi [8].

Ha puc. 1 nogano noeranHy cxemy NpOBEIEHHS
excriepumenTy. [lepmmii eran nmepenbadae 30ip 3pa3kiB
KpOBI Ta TOJNANbIIe BHMIPIOBAaHHA  PEOJIOTIYHHUX
BJIACTUBOCTEH 3a JOIIOMOT 00 BiCKO3UMETpa.

[Ticast mbOrO PO3PaxOBYIOTHCS KIIFOUOBI PEOIOTiIdHI

BJIACTUBOCTI EPUTPOLIUTIB, 30KpEMa iHEKC )KOPCTKOCTI (R,- )
Ta iHAEeKC arperamii (A[) . Li mapameTpy BCTaHOBIFOIOTHCS

Ha OCHOBI 3Ha4eHb B’S3KOCTI KpPOBi, OTPUMAaHUX IS
PI3HUX IIBUIKOCTEH 3CyBY, 1 CIYTYIOTh Ba)KIIUBUMH
MMOKa3HUKAMH 3JaTHOCTI CPUTPOLHUTIB 10 Acdopmartii
Ta arperarii.

Ha nactymHoMy eTari OOYMCIIOIOTH JIBa OCHOBHI
rmapameTpy Ui MaTeMaTHYHOI MOJENi: MOAYJb 3CYBY
EpUTPOLHTIB ( ,u) i cuty ix arperarii (DO). 3a3HaueHi

MMOKa3HUKH  OIIHIOIOTBCS HA  OCHOBI  JKOPCTKOCTI

Ta arperauii eputpoumtie (R, i 4,), mo 3amexars
BiJl IHIUBIIyaJbHUX BJIACTHBOCTECH KPOBI MAIli€HTA.
[Ticns oTpuMaHHsS BCiX HEOOXIOHUX NapaMeTpiB
OOYHCIIIOBAJIbHE  MOJIEIIOBAHHA A
oo Jae

KUTPKICHO BU3HAYWTH BIUMB aedopmariii Ta arperarii

IIPOBOAUTHCA

KOXXHOI'o KOHKPETHOI'O l'[aLIiCHTa, 3MOTYy

EpUTPOLIMTIB  HA  PEOJIOTIYHY  IOBEIIHKY  KpOBI.
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PesynbraT  MOZEIOBAaHHS — BiATBOPIOIOTH, SIK  IIi

NpOLIECH  BIUIMBAIOTH HAa CYCIIEH3II0 EpUTPOLUTIB
y IIMPOKOMY Aiama3oHi IIBHIAKOCTEH 3CyBY, 3BaXKalouH
SK Ha OKpEMHH, Tak i KOMOIHOBaHMH BIUIMB KO>KHOTO

3 IMapaMeTpiB.

OTKe, eKCIEPHMEHT CIPSAMOBAHUN Ha CTBOPEHHS
Kparie
37aTHI

MIepCOHAJII30BaHOI  MOJENi, M0 JOHOMOXeE

3pO3yMiTH, SIK  BJIACTUBOCTI  €PUTPOLUTIB
3MIHIOBaTH PEOJIOTIYHI BJIACTHBOCTI KPOBI Hil PI3HUMH

YMOBaMH IIBUIKOCTI 3CYBY.

Puc. 1. [Ipouiecu BUMipIOBaHHSI T€MOPEOJIOTIYHIX IMOKA3HHUKIB 3pa3KiB KPOBi B KIIHIYHUX JTA00PaTOPIsX:

a) 3a0ip 3pa3KiB KPOBi;

0) BUMIpIOBaHHS B’SI3KOCTi KPOBI 3a JOIOMOTOI0 BiCKO3UMETPa;

B) T€MOPEOJIOTIUHMT Ta FeMOANHAMIUHKI aHai3 (IHAGKC XKOPCTKOCTI €PUTPOLIMTIB (Ri) Ta iHfeKC iX arperauii (Al.)

BU3HAYAIOTHCS 32 JOMOMOT0I0 aBTOMaTHYHOTO PEOMETpa KPOBi);
') MaTeMaTHYHA MOJIEIh EPUTPOLUTIB Ha OCHOBI YACTHHOK, SIKa BHKOPHCTOBYE KITIOYOBI MApaMETPH: MOIYJNb 3CyBY

€PUTPOLUTIB ( ﬂ) i cuna arperanii (D,) , orpumani 3i 3paskis kposi [12]

[HIIEKC KOPCTKOCTI EPUTPOLMTIB (R,.) Ta iHAEKC 1X

arperauii  (4,)  BH3HAYAIOTBCA 33  JONOMOIOK
AaBTOMAaTUYHOTO pEOMeTpa, IO BHMIPIOE PEOJIOTivHI
BJIACTHBOCTI KPOBi, 30KpeMa B’SI3KICTh y PI3HHX yMOBax

Tedii. R, BiATBOpIOE ne(OPMOBAHICTH SPUTPOLUTIB ITiJ
JI€I0 3CyBHHUX HalpyXeHb. BHCOKMI mOKa3HUK R,

BKa3ye Ha 3HWKEHY 3[aTHICTh EPUTPOLUTIB IO
nedopmaiiii, M0 MOXE CBIYUTH MPO MiABHUILEHY
JKOPCTKICTB iX MEMOpaHU.

Ilix wd4ac BuU3HAYEHHS R,

3pa3kKd  KpoOBi

JIOCIIKYIOThCS Yepe3 KamiBIpHy CHCTEMY peomeTrpa

abo 00epTOBHM BICKO3UMETPOM, IO CTBOPIOE YMOBH
Pi3HOT IBHIKOCTI 3CYBY.

[HgEeKC KOPCTKOCTI EpUTPOLMTIB PO3PAXOBYETHCS
Ha OCHOBI OTPHMMAaHUX IMOKa3HUKIB 3a ¢opmyinow (1),
3BaKalOYM HA CIIBBIIHOMICHHS 3MIHM B’SI3KOCTI KpOBI
BHACJIIIOK 3CYBY 710 0a30BOT0 CTaHy B’SI3KOCTI:

R =Tz (1)

i s
77,<200

Ae 17,,, — B’S3KICTh KPOBi 32 HM3bKOI LIBUIKOCTI 3CYBY;

1,<200 B’SI3KICTh KPOBi 3a YMOBH BHCOKOI 3CYBHOI

IIBUIKOCTI.
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Ingexc arperauii epurpountis  (4,) Bu3Hauae

3IaTHICTh €PUTPOLIUTIB O arperaiii, TOOTO yTBOpPEHHS

arperariB  (KOHIJIOMEpAaTiB KJITHH) Yy CIIOKIHHOMY
cTa"i abo B pasi HHU3BKOTO 3CYBY, a TaKOX IIBHIKICTh
i piBeHb arperamii epUTPOLMTIB (4ac 1 KUIBKICTb

3JIUTUIAX €PUTPOIIHTIB).

1.1 Memoo mooenrosannsn
oucunamueHoi OUHAMIKU YACMUHOK

Dissipative  Particle Dynamics — 1€ MeTOx
MOJICTIFOBAHHS, 10 BIPOBAKYETHCS Uil  CHUMYJISIIH
piauH,

ME30CKOIIIYHOMY  PiBHI

nojiMepiB 1 OiojoriyHmx MemOpaH Ha
(IpoMi>XKHOMY MIX  MIKpO-
i MakpockomiyauM). lleii meron OyB po3pobieHuit
JUIS TIOJOJIaHHS OOMEXeHb KIACHYHOI MOJEKYIIIPHOi
JUHAMIKK B TIPOLIECI MOJENIOBAHHS BEJIMKUX CHUCTEM
1 ckmamHuX (IyigHUX CTPYKTYp, A€ MOTPIOHO 3BakaTH
Ha eQeKTH, [0 BHHUKAIOTh Ha MacmrabaX, 3HAYHO
meron DPD

YMOXKIIUBIIIOE MOJCITIOBAHHSA YaCTUHOK, SIK1 OIMUCYIOTh

OUIBIIMX, HDK  MDKaToMHI.  TOX

NOJIOKEHHA Ta  IMIYIBC  YaCTHHOK, OHOBJIEHHX
y Oe3nepepBHOMY (Ha30BOMY NPOCTOPI 3 AUCKPETHHUMH
kpokamu B 4aci [13]. PiBusiHHS pyXxy mis yactuaok DPD

3a7aHi GpopMyIamMu:

n= pi/mi > 2)
pl_:F[:z(@th +F;), 3)
J#
ne m,, r., p, Ta f, — Maca, TOJOXCHHS, IMITyJIbC

1 cuna vactruaku DPD i BigmosigHO.
3okpema, cwia F,, mo Ji€ Ha KOXHY YacCTHHKY
DPD, MicTuTh TpH TMOMApHO AaIUTHBHI KOMIIOHEHTH,

C
KOHcepBaTHBHY cumity F;

a came i

JUCHUITATUBHY
cuILy E.I.D 1 BUITQIKOBY CHITY Ff

Koncepsamuena cuna — 1ie BiTIITOBXYBaJlbHA CHJIA
MIXK YaCTHHKaMHM, IO 3armodirae ix HaATO OJM3BKOMY
Bona MOTEHIIATLHOKO

HaOJIMKCHHIO. 3a1a€ThCA

(yHKII€0, 1110 00MEXYE MIIIBHICT YACTUHOK:
c_
Ff =ayo(7;)e, @)

A€ a; — 3HAYCHHA OKPEMHX CHI; @O (}’;/) Barona

y

(yHKIIS KOHCEpPBATHUBHOI CHJIM; 7, — BIJICTaHb MiX

y

yacTUHKaMU [ Ta ], e,

— OIMHUYHUH BEKTOPOM,
o 00’ eIHy€e YaCTUHKH | Ta | .

Jlucunamuena cuna — 1e Cuia TEPTH, KA MOTIHHAE
KiHEeTHYHY CHEPTito, MO0 MOJETIOBATH B’S3Ki BIACTUBOCTI

pinuan. Bona 3amexuTh BiX BIZHOCHOI IIBHIKOCTI

YaCTMHOK 1 Ma€ 3a METy BIiATBOPUTH e(]eKT oropy
CepeIoBHIIIA.

D _
F ==y, (}l;'j)(eij.vij)eij ) (5)
me y; — JvcuriatiBHUN koedimient DPD; @, (r[j ) — Barosa
(GYHKIIIST TUCHITATHBHOT CHITH; v, — BIJIHOCHA LIBUKICTb.

BunagkoBoro € cwia, [0 BBOJUTL TEIIOBI

¢Gaykryarnii B cucteMy, 30epiraroun 3arajibHy €HEprilo.
Bona nopmae BUNagKoBi KOMIIOHEHTH JI0 PyXy YacCTHHOK,
IO Ja€ 3MOTY 3Ba)KaTH Ha TETUIOBUH PyX.
R _ -12
Ff =0,0,(r,) 5,0 e, (6)
Jle &; — BUINIQAKOBE 4uCIO ['aycca 3 HyJIbOBUM CEPEIHIM
1 OIMHUYHOIO AMcHepcielo; Af — po3Mmip KpOKy B Haci;

Wy (r,.j) — BaroBa (DyHKIIisl BUITAAKOBOT CHIIH.

, .
[lapametpu 7, Ta o, TOB’s3aHi ONMH 3 OJIHUM 5K
o =./2}/i/kBT , )
ne k, — crana Boneumana; 7 — Temmepatypa.
Barosi ¢ynkuii o, (r,.j) Ta O, (”4‘/) 3aJexars Bij
BIIHOCHOI BifcTaHi T

a)D(r,,-)Z[coR(,,’j)JZZ (1—”;7/4) s Ty S ®

0, >

\

Je 7, — pajiyc BiIpi3y; § — ITOKa3HUK CTEIEHS BaroBoi

¢ynkuii. Sk Hacnigok, DPD e npoctuM, ajne 3a cBoero
CYTTIO TIEPCIICKTUBHUM METOJIOM I MOJCIIOBAHHSI
JMHAMIYHOT ~Ta PEOJIOTIYHOI MOBEAIHKH  IPOCTHX
1 CKJIaTHUX PiIUH Ha Me30MacmTadi, TAKUX K KpareabHi

Ta KOJIOiaHI cycrensii [14—16].

1.2 Mynsmumacwmadna mooenv epumpouumie
(MS-RBC)

Y nocmimkeHHI BuUKOpucTaHO Moxens MS-RBC
JUISL CUMYJISIIIT TMHAMIKM €pUTPOLMTIB 3 OIJBILy Ha iX
MeXaHIYHl BJIACTHBOCTI Ta B3aEMOMIH 3 JOBKUIIAM,
TAKUMH sK IJIa3Ma Ta iHII KIiTaHA KpoBi. L{s moxens
Oyma po3poOieHa ans TOro, mod 3BakKaTH Ha CKIAJHY
MOBE/IIHKY EPUTPOIIMTIB HA PI3HUX MaciTadax, MOYNHAIYU
BiJl MOJIEKYISIDHOTO piBHA ¥ 1m0 MacmTabiB, Ha SKHUX
MO>)KHA BUBYATH ITOTIK KPOBI Ta ii peosoriyHi BIacTUBOCTI.

Mopnens MS-RBC Bu3Haudae cTpykTypy MemOpaHU
RBC sk n1BOBUMIpHY TpPUKYTHY CITKy Ha IOBEpXHI

MeMOpaHH, o Mae N, BepunHY, 3’€fHadl N, NpyXuHaMH,
skl yrBoprooTs N, TpukytHuku. Mozaens RBC 3Baxae

Ha TPY)XHY €HEpril0, CHEprilo 3ruHy Ta OOMEXEHHS
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(hikcoBaHOI TUIONI MOBEPXHI Ta 3aMKHyTOrO 00’eMy [17].
Eneprist MOJIEITbHOT CHCTEMH 331a€THCS (POPMYIIOO

Je X, — BIIHOIIEHHS MDK JOBXHHOIO IPYXHHU [, Ta ii

MaKCHMAaJIbHUM ITOJOBXXCHHAM lm . b - TpI/IBaJ'IiCTI)
VRBC = Vin-place +I/bending + V;rea + I/v()lume H (9) .. .
TICPCUCTCHTHOCT1; 7 — TIOKa3HUK CTCICHA, kp —
e Vm_plum — TIIpy’XHa 4YacCTHHa IIOIIMHHO1L CHepl"ﬁ, L.
KOG(l)l].[lEHT CHJIA TIPY>KUHH.
1o OBUHCIIOETBCS SIK MOﬂyJ’IL 3CyYBY u MeM6paHI/I epI/ITpOIII/ITiB
2 3
y _ Z kyTL, (3xi —2x; ) N k, (10) BH3HAYA€ETHCS 32 POPMYIIOI0
in-place ot 4p (1 -x, ) (}’l _ 1) ll-n_] ’
T U 1) B () (an
apl,x, | 2(1-x,) 4(1-x) 4 4

ne I, — piBHOBaXKHA IOBXWHA NPpy)uHKW; X, =1, /1 .

Omip BUTMHY MEMOpaHH €PUTPOIIUTA MOJCITIOETHCS
3a JIOIIOMOT 00

Vbending = Z Kb |:1_Cos(€i _00 ):| H (12)

iel...N,
ne k, — KOHCTaHTa 3THHAHHS, 6, — MUTTEBHHA KyT MiX
IBOMa CYCiZHIMH TPHUKYTHHKaMH, II0 MAalOTh CITLIbHE
pebpo i; 6, — cnoHTaHHMH KyT. BimmoBimHa eHepris

TUTOIIII TOBEPXHi Ta 00’ €My BU3HAYAETHCS K

—AY k(A4 -4,
A G Y I > =) . (3)
2A0 Jel..N, 2Aj,0
k,(V-V,)
V;rea = V( 0) > (14)
2V,

ne k,, k, i k, — noxansHa mIoma, rmodanbHa IUIOMIA Ta
KoeilieHTH 0OMeXeHHsI 00’€My BiJIOBIHO. 3HAYEHHS
A, 1 € 3aranpHOIO IUIOMICIO Ta 00’ €MOM 3MOJCILOBAHUX
EPUTPOLIUTIB y PIBHOBA3I.

Ta6auus 1. Ocrosui napamempu,
wo suxopucmosyomucs 6 mooeni MS-RBC [12]

Io3naka ITapamerp 3HaueHHs

d; ‘ dizwuna 8,06 um

2 paziyc epuTpoLuTa — 50

,u(f ¢iznuna 5,5 uN/m

/134 MOAYIL SEYRY MOJENb 100

ny ) bisnuna 1,3:107° Ma-c
" B’SI3KICTh

o MOJEIb 8,5/26,5/61,5

4, TUIOIIA EPUTPOLIATA 134 pm?

Vs 00’€M epuTpOIHTa 94,0 pm*

k, JKOPCTKICTh 3ruHaHHA MeMOpann | 2,4-10-19 [Tx

L. MaciuTad JOBKHHU 1,0 pm
scale Macmrab eHeprii 5,5-10-20 Ix

Tocale Macmrab gacy (0,487-3,527) ms

Eputporuti  arperyioTb y CKJIageHi CTPYKTypH

pyro,
MiIBUINEHNM piBHEM  OLUIKiB

[0 4YacTO CIIOCTEPIraeTbCcs B IAIIEHTIB i3
IUIa3MH,  HampUKIAg
¢idpunoreny. lle mommpenuit Qakrop y peojoriyHmx

BJIACTHUBOCTAX KpOBi 3a HU3BKHX LHBI/IZ[KOCTSﬁ 3CYyBY.

1.3 Hanawmyeanna cumynayii

VY migxoni DPD 3py4uro BUKOpHCTOBYBaTH O€3p0o3MipHi
TIPUBEICHI OUHUII TSI OMUCY MapaMeTPiB MOJICTIOBAHHS.
BimmoBimHo 10 crTparerii BiOATBOpPEHHsA MacmTabu
noexkuan DPD, macmtabu eHeprii Ta macmTabu yacy

O0YHCIIOIOTh TAKMM YHHOM:
dP

[Lxcale] =d_2/[m > (15)
0
P P2
[ d
[Es-cale]z_(;:[d_ﬁ,jj ‘]: (16)
0 0
P P P
A a7
‘ dy' 1yt

e BepxHid iHmekc P Tmo3Hadae (i3UYHI OJMHMII

(cuctema CI), a M — mopaenvoBaHi ogununi; d, i 4, —
JiaMeTp i MOIyJb 3CYBY 3IOPOBHX CPUTPOLIUTIB; 7], —

oo

sanpornonyBanu J[. denocoB Ta iHINI, 3aMaHOTHCA TPHU

B’S3KICTb  piAWMHU. YacoOBHX  MEX, SK

pisui 7" Ans MiATPUMKM KPOBOTOKY 32 HM3BKHX YHCEIN

Petinonmpnca  [18].  BimmoBimai  mapamerpu, IO
BUKOPHCTOBYIOTBCSI B DI3HMX Ha0Opax MOZIEIIOBAHHS
DPD, mepenidueni B Tabm. 2, ne F i R — 9acTK! piAHHU

Ta YaCTKH Ha MeMOpaHi €pUTPOIMTIB BiIIOBIIHO; 4 1a

Vi — KOHCEpPBAaTHBHUN Ta AWCHUIATHBHUIN KoeQillieHTH

DPD; . — panmiyc Bimpidy; § — MOKAa3HHK CTYIIEHS
BaroBoi QPyHKII; Y _ wBuakicts 3CYBYy.
Mopynp 3CyBy EpUTPOLMTIB 4  CTAaHOBIIOE

peryioBaHHs ix nedopmoBaHocTi. TuM vacoM rimbOHHA

noreHuiary Mop3e D, perymroeTbcs B MeKax INE€BHOTO
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noteHuiary Mopse D, peryioerbcs B MeXaX INEBHOIO

niama3oHy, o0 BIATBOPHUTH CHITY arperamii epuTpOIHTIB.

3 ommay Ha oOuucmioBasbHI - jgociipkeHHs  [10]

MOZAYIb 3CYBY 3[OPOBHX EPHUTPOLMTIB BCTaHOBJICHO

Ha ) =5,5 MxH/m.

Taoauus 2. [lapamempu modeni MS-RBC y DPD

M . e e

o Basenoyis “ Yy g s MopaeaoBanns DPD ®@iznyHi oguHUL
F-F 6.0 20.0 1.0 0.15

8.5 F-R 0.0 15.6 1.0 0.20 2-10-4-0.0166 0.058 -4.8¢
R—R 6.0 20.0 1.0 0.15
F-F 4.0 8.0 1.5 0.15

26.5 F—R 0.0 7.0 1.4 0.20 0.0054 - 0.0614 48-557 ¢
R—R 6.0 8.0 1.5 0.15
F-F 4.0 40.0 1.3 0.15

61.5 F—R 0.0 47.9 1.3 0.25 0.0267 — 0.1655 54.8-340 ¢
R—-R 4.0 40.0 1.3 0.15

VY namieHTiB i3 IYKpoBHM [fiabeToM 2-ro THIY

SepPUTPOIUTH MeEHIIe AePopMyIOThcs Ta €  OLIbIn

kpuxkumu [1]. 3Baxkatoun Ha el  Qakr,
3CYBY EPHUTPOILHUTIB
3,7-16,5

3aTBEPILITAX

MOJIyJb
U PETYImIOETbCS B Jiama3oHi

MkH/M. Bimomo, mo B’s3KiCTh  KpOBi

EpUTPOLUTIB  JIEMOHCTPYE  (DaKTHYHO
HE3aJIeKHY BiJl MIBHIKOCTI 3CYBY MOBEIIHKY, MOIIOHY
JI0O TIOBEAIHKM HBIOTOHIBCbKOI piguau [3].  Jesxi
obuuncoBanpHi gociimkeHHs [19] npoaemoHcTpyBay,
1110 3CyBHA B’SI3KICTh CYCIIEH31H epUTPOUNTIB Mae cradKy
3aJIOKHICTh Bl IIBHJKOCTI 3CYBY, NMOKH MOJYJb 3CYBY
He 30UIBIIMTBCA Ha JBA-TPU TOPSAKA  TTOPIBHSHO
3 MOJIYJIEM 3CYBY 3/I0POBUX EPUTPOLIHTIB.

Bimpmmicte cumymsmin  DPD  BukoHyeThcst s
CYCHEH3I epUTPOLUTIB i3 3HAYCHHSIMU MOIYJS 3CYBY,
0 3MIHIOIOTBCA B Aiana3oHi 3,7—16,5 MxH/M, 32 BUHATKOM

MOICITFOBAHHS 3aTBEPALION CyCIICH31T epUTPOLIUTIB.

2 MareMaTH4YHEe MOJEJTI0OBAHHSA

Jis aHamizy MareMaTWYHOro MojeiroBanHs DPD
BHKOPHCTOBYBAIIMCS 3HAUCHHS KIIIHIYHHAX JTAaOOpaTOPHHUX
[12],
1 BIIACTHBOCTI KpOBi, SK-OT DPIBEHb PI3HHUX EJIEMEHTIB

BUMIpIOBaHb 30KpeMa IO BU3HAYAIOTh CKIaj

KpoBi, (i3WKO-XIMIYHI Ta IHINI BaXJIUBI Ol0XiMiYHI

mapamerpu. lle 3ymMOBI€HO THM, IO 3a3HadYeHi
MOKa3HUKU € KPUTHUYHO BaXJIMBUMH [Jid TOYHOT'O
BIITBOPEHHS (Di3WKO-XIMIYHMX BIACTUBOCTEH KpOBI,
SKi € OCHOBOK Ui TMPABHIBHOI'O MOJCIIOBAHHS i

MOBEIIHKU B Pi3HUX yMOBaX.

2.1 Kinvkicua ouyinka énaugy
odepopmauii epumpoyumis Ha peonozito Kposi

VY Mexax MaTeMaTUYHOTO MOJIENFOBAHHS PEOJSIOTIUHOT
TTOBENIIHKU KPOBi OyJia PO3TIISTHYTa 3aJIe)KHICTh B’ SI3KOCTI
BiJ Moju(iKaliii MEXaHIYHUX BIACTUBOCTEH €PUTPOIIMTIB.
Jns ommcy npx BIIACTHBOCTEH 3aCTOCOBYBAlacs MOJIEIb,

y sAKiii B’s3KicTH KpoBi (177) 3amexuTh Bix mapamerpa
MOJIEN, 1[0 BU3HAYA€E MOJLYJIb 3CYBY CPHTPOLHTIB (1)

MonemoBanHHs Triependadyac po3paxyBaHHSI B’SI3KOCTI

3a pi3HMX MBHIKOCTEH 3cyBy. Hanpukian, mis dikcoBanoi

1

OIBUAKOCTI 3CyBYy » =200c™ 3aJeXHICTH B’ SI3KOCTI

BiJl MOJIyJIsl 3CYBY OIUCYETBCS JIIHIHUM PIBHSAHHIM
N,<500 = 0.046,4+2.69 . (18)

L1s1 3aneXHiCTh IEMOHCTPYE, 1110 B’SI3KICTH CyCIIeH3i11
CPUTPOIIMTIB 3POCTA€ BHACTIMOK 30UIBIICHHS MOIYJIS
3CyBY, [II0 MOYKHA CIIOCTEpiraTi Ha rpadikax puc. 2, skuit
BIITBOPIOE PE3YJIbTaTH MOICIIOBAHHS, II00 IOCITIIUTH
3MiHY 77 3Ha4eHHs B’S3KOCTI IIOJO 3MIHM IlapaMeTpa

moneni D,. PesynmbraTm 3arasoM IE€MOHCTPYIOTH, IIO
3HAYeHHsA 7] 3pocTae 3i 30inplieHHsM D, 3a BiJHOCHO
HU3BKHX MIBUAKOCTCH 3CYBY; OJJHAK PI3HHIII B 7] 3a PI3HUX
D, 3HaueHHs CTa€ MEHIIMM, OCKUIbKU Y 30UIBLIyEThCS.
Hanpuxnan, pisamist mixxk Dy =0,7 1 D, = 0,1 npubmmsHO
nopiBaIOE 18,3, sxmo y =1 ¢!, ana YMOBH 3MEHIIICHHS
1o 2,68 y 3pocrtae Ha 9 cti 3MenIryeTbes 10 0,37, ko

y nam 36inpuryerses go 18 ¢!

KoMK ¥ mepeBHitye 24 ¢ .

. Jlenp momiTHA Pi3HUIA,
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Puc. 2. KinbkicHa omiHKa BIUTMBY arperarii epuTpOLUTIB Ha B’ A3KICTh KPOBi. 3aleXHICTh /) BiJ 3a/1aHOI IIBUAKOCTI 3CYBY ¥

3a pi3Hoi cuiu arperanii D,

Kpim Toro, po3risiHyTO 3B’S30K MK MapaMeTpoM

MoJeni 4 1 KIIHIYHUM J1a00paTOpHUM MOKAa3HUKOM R, ,

III0 OITKCYE BIACTUBOCTI MEMOpaHH epUTPOLUTIB. Pe3ynbraTn
MOJICTIOBAHHS, [0 AEMOHCTPYIOTh 3aJICKHICTh B’ SI3KOCTI

7,200 Bix R,, MiATBEPIKYIOTh, IO OLIBII KOpPCTKa

MeMOpaHa epUTPOIUTIB (BHUII 3HAYEHHS R, ) IPU3BOIUTH JI0
T IBUIIICHHS B SI3KOCTI KPOBI 32 BUCOKUX IIBUIIKOCTEH 3CYBY.

PospaxoBani  3HaueHHA  mapamerpa R, 3

O0YHCITIOBAIFHOTO ~ MOJIENIIOBAaHHS  BKa3ylOThb  Ha
Y3TOKEHICTD 13 pe3yIbTaTaMH KIIHIYHHX JTa00paTOPHUX
BUMIpIOBaHb, LI0 MiATBEP/PKYE KOPEKTHICTH MOJEII.
Jnst  TOYHOro peryjroBaHHSA IapamMerpa Monenmi U
Ha OCHOBI KJIHIYHUX pE3yJbTaTiB BHKOPUCTOBYETHCS
TiHIHHA 3aIEXKHICTD
H1=9,78-R —36,74 . (19)
Le piBHSHHS Ja€ 3MOTy OOYMCIMTH 3HA4YEHHS AU ,

IO BIATIOBia€ pEOJOTIYHIAM BJIACTUBOCTSAM  KpOBI,

310paHNM y KIIHIYHHX yMOBaX, i BHKOPHCTOBYETHCS IS
ajianTarii MoJielti JUIst po3paxyBaHHs 3aJIS)KHOCTI 1HAEKCY

arperauii epurponutiB A4,. Crepulry BCTaHOBIIOETHCS
3B’A30K MDK TapaMeTpoM arperoBaHoCTi €pUTPOLUTIB 4, ,

o0 BHMIPIOETBCS B KIIHIYHUX yMOBaX, 1 IapameTpoM

Moneni D,, SKMH 3aCTOCOBYETHCS JUIS MOJIEIIOBAHHS.

Jns 1bOro KOPUTYIOTH KIIHIYHO BHMIPSIHY B’SI3KIiCTh
KPOBI, IPUBIBIIN i 1O CTAaHAAPTHOTO PiBHS T'€MaTOKPUTY
(koHIeHTpalii epuTporuTiB y KpoBi) 45%. IloTim
Ha OCHOBI IIMX CKOPUTOBAHHX ITOKa3HHWKIB OTPUMYIOThH
3HAYCHHS arperauii

BIINIOBITHI napamerpa

eputpouutiB 4, . Ha puc. 3 nmpoaeMoHCTpoBaHO, M0 MiX
B’S3KICTIO KpOBI Ta mapaMeTpoM 4, icHye IiHiliHa
3aJEeXKHICTh. Takui WiAXiA Aa€ 3MOTy HaJallTyBaTH

mapamerp Mozeni D, BIANOBIZHO OO0  KIIHIYHO

BUMIPSIHOTO TIapamMeTpa Ta BIATBOPUTH I1HIUBiAyaslbHI
BJIACTHBOCTI KPOBI.

Puc. 3. 3anexuicts iHeKcy arperauii epuTpouuTie 4, Bix B’s3k0CTi KPOBi
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2.2 Kinvkicna oyinka eniugy pienie azpezayii
epumpoyumise Ha peonozito Kpoei

VY Mexxax MaTeMaTHYHOTO MOETIOBAHHS arperartii

epUTPOLUTIB, IHAYyKOBaHOI (iOPHHOTCHOM  IUIa3MH,

Ba)XJIMBY POJIb Bimirpae mapamerp D, , AKHl KOPUTYETHCS

JUTS BIITBOPCHHS CHUTH arperanii 3a pisHUX KOHICHTpaIlii

¢ibpunoreny. lle 3HaueHHS € KIIOYOBHM IS
MO/ICTIIOBaHHSI HEHBIOTOHIBCHKOI ITOBEIIHKH KpOBI SK
3a  Qi3ioNOTiYHMX, TaK 1 MATOJOTIYHUX  YMOB.
JIyist cTaHAapTHOTO MOJENIOBAHHS arperalii epuTpoIuTiB
3a3BUYail BUKOPUCTOBYIOTH 3HaueHHs D, =0,3, mo €

OCHOBHHUM JUISl MOJEIOBaHHS B3a€MOJIi MIKKIITHHHOI
arperarii 3JJ0pOBUX €pUTPOLIUTIB.
MaremaTtuuHe MOJENIOBAHHS J€MOHCTPYE, IO

3MiHa mapameTpa D, BmHMBaE Ha  PEOJIOTIYHI
BJIACTHBOCTI KpOBi, 30KpeMa Ha 3HA4YeHHS BiJHOCHOI
Nggy » 1O

3MIHIOETBCS 3@ pI3HUX 3HaueHb D;. Hanpuxian, 3i

B’SI3KOCTI  €PUTPOLUTAPHOI  CycIeH3ii

30inbpiieHHssM D, crocTepiraeThcs 3pOCTaHHS 77y pasi

HU3BKAX MIBUAKOCTEH 3CYBY, OJHAK pI3HHI MiXK

3HAYEHHSAMHU 7]z, 3a YMOBHU pisHUX D, 3MEHIIyeThCH,

SIKIIIO IIBUIKICTB 3CYBY ¥ 301TBIIY€THCS.

KinbkicHa ominka mnapamerpa D, moB’s3aHa

3 71a0opaTOpHUM HapamMeTpoM 4, 1o

i

BH3Ha4ae

arperaifito eputpoumriB. lle mgocsAraeThCsi BHACHTIIOK

eKCIIOHEHIIATBHOTO 3B 53Ky MiX 3HaueHHaMu D, i 4,,

[0 MOKHA BUPA3UTH CKCIIOHCHIIALHOKO (DOPMYJIOH0:

D,
A4, =0.786-¢ 0 3218j+2’344 . (20)

Cka3zane YMOKIIUBJIFO€ KOPUT'YBAHHA MapaMeTpa Do

BIJIMIOBITHO 10 PE3YJIbTAaTiB JAaOOPAaTOPHUX BUMIPIOBAHb
1 OTpUMaHHA OULIBII TOYHOI BIACTHBOCTI arperarii
EPUTPOLUTIB.

Kpim Toro, mMonens nae 3Mory aHaii3yBaTH 3MiHY
po3Mipy ¥ MIKpOCTPYKTYpH arperariB epHTPOLMTIB
3a pi3HMX 3HaueHb D, 1 mBHUIKOCTEH 3cyBY. 30Kpema,

Y pa3i HU3bKHX IIBHIKOCTEH 3CYBY arperaTd epHTpPOLUTIB
YTBOPIOIOTh CTPYKTYPH PYJIO, IO 3MIHIOIOTBCS 3aJEKHO

Bix cuim arperanii D, . Lle BUSBISA€THCS 3a DOIOMOIOIO

obuncienHs: (QyHKIIT HapHOTO PO3MOJUTY E€PUTPOLHUTIB,
110 JIa€ 3MOT'Y JIETaJIbHO OMUCATH BIJCTaHI MK LEHTPaAMH
Mac epUTPOLMTIB y arperarax.

OTxe, MOICIIOBAHHS  arperamii  epUTPOIUTIB
JIOIIOMAara€e TOYHO OMUCATH PEOJIOTIYHY MOBEOIHKY KpOBi

3aJIeKHO Bix mapamerpa D, sKuil MOKHA KOPUTYBATH Ha

OCHOBI KJIIHIYHUX pe3yJbTaTiB, a TaKOXK Ja€ 3MOTY

MIKPOCTPYKTYpi
epUTPOLUTIB, L0 BaXIMBO Ul PO3YMIiHHS HAaTOIOTIYHHUX

aHaji3yBaTH 3MIHM B arperaris

MpoIeciB, 30KpeMa  TOpYyIIEHh B  arperamiiiHux

BIIACTHBOCTSIX 32 YMOBH Pi3HHX 3aXBOPIOBaHb.

BucHoBok

MaTtemaTiyHe MOJETIOBAHHS PEOJIOTIYHOT MOBEAIHKU
KpOBi IPOBOIUTHCS 3 OMNIALY Ha il HEHBIOTOHIBCHKI
BIIACTUBOCTI, IO 3YMOBIICHI arperamic€lo epUTPOLUTIB
32 HHU3BKHX IIBUAKOCTEH 3CyBYy Ta Je(OpMaIli€ro
EpUTPOIHTIB Yy pasi 3CYBY.
Jnsi MOJIENOBaHHS BHKOPUCTOBYETHCSI MaTeMaTH4Ha

BHCOKHX H.IBH,Z[KOCTCfI

Mozmenb MS-RBC, mo ommcye 3aleXHiCTh B’ SI3KOCTI

BiJl INBUAKOCTI 3CyBY, JH€ B’SI3KICTh I[JIHOI KpOBI

BU3HAYA€THCS BiHOLIECHHSM JI0 B’S3KOCTI IJIa3MH.
Meroto OyJ0 OWIHUTH BIUIMB 3MiH Mapamerpis,

TaKHX K TeMatokput (Fct), cuna arperanii epuTpoLHTIB
(D, ), Mozynb 3cyBy () i KOPCTKICTh Ha BUTHH, MalOTh

3HAaYHU{ BIUTMB Ha pEOJIOTiYHI BIACTHBOCTI KpPOBI.
Jdns anamizy dYyTOMBOCTI MOZETI 3MIHEHO KOXEH i3
3a3HaYeHUX I1apaMeTpiB OKPeMO, BOJHOYAC 3HAYCHHS
HIIMX ITOKAa3HUKIB 3aJTUIIAIICS TTOCTIHHUMH.
MopemoBaHHS MPOJEMOHCTPYBAJIO, IO BHACIIIOK
30LIBIIEHHS IIBHU/IKOCTI 3CYBY B’SI3KICTh KPOBI 3MEHIIIYEThCS,
M0 € THIIOBOIO MOBEMIHKOIO JUIS HEHBIOTOHIBCHKHX

pianH. 32 YMOBHM HM3BKOI IIBHJIKOCTI 3CYBY ( % =lc")

BUSIBJICHO, IO B’SI3KICTh KPOBI JyXe YYTJIMBA IO 3MiH

rematokputy (Hct)Ta cumm arperaiii epUTPOLHTIB

(D,). 36imblieHHS LMX MapaMeTpiB  MPHU3BOIHMTH

O 3HAYHOTO 3pOCTaHHA B’sA3KocTi. BomHowac 3MiHM

MOJyJIst 3CyBY (4£) Ta KOPCTKOCTI Ha BHIHH MAiOTh

MEHIIHMH BIUTMB Ha B’S3KICTh 32 HE3HAYHUX MIBUAKOCTEH
. -1

3CyBY. SIKIIO HIBUAKICTH 3CYBY BHCOKA (7/:2000 ),

Ha BIIMiHY Bi HHM3BKHX IIBHUAKOCTCH, B’S3KICTH KpPOBI
Ha BHUCOKHX UIBHJKOCTSX 3CYBY JEMOHCTPYE OuIbIIy

qyTIMBICTH 10 rematokputy (Fct)Ta momyns 3cyBy (u).

3MiHM IIMX TTapaMeTpiB 3HAYHO BIDIMBAIOTH HA PO3PAXOBAHY

B’S3KiCTh. BrmnmmB  cunm  arperanii  epUTPOLIUTIB
1 JKOPCTKOCTI Ha BUTHH y pa3i BUCOKHX IIBHUIAKOCTEH
3CYBY € MEHIII BUPKEHHM.

BuzHaueHi 3a51e:KHOCT] B’SI3KOCTi KPOBi Y3TOMKYETHCS
3 KIIHIYHUMH J1a00paTOPHUMH pe3y/IbTaTaMt i MOMepeaHIMU
TEOPETHIHIMH JOCI JDKSHHSIME TIPO TTOBEIHKY €pPUTPOIIHTIB

3aJIKHO BIJI HIBUIKOCTI 3CYyBY, JlIe HaroJOIIyeThCs Ha
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BKIIMBOCTI IIMX MAapamMeTpiB AJIs TOUYHOTO MPOTHO3yBaHHSI
PEOJIOTIYHIX BIIACTUBOCTEH KPOBI B PI3HUX YMOBaX.
[opiBHSHHS Pe3yJIbTaTIiB MOACITIOBAHHS 1 KITIHIYHUX
nabopaToOpHUX  JOCH/DKEHb  MIATBEPUKYIOTh,  IIO
nedopmamis epUTPOIHTIB € KIOYOBUM (aKTOPOM, II0
BU3HAYa€ B’SI3KICTh KPOBI 32 BUCOKOI IIBHJIKOCTI 3CYBY,

TONI SIK arperamis epUTPOIMTIB Mae OUIBIINI BIUIUB

[MoganbmMMu  MEPCIIEKTUBHUMHU  AOCIIKSHHSIMA
€ pO3IIUPEHHS MATEeMATUYHUX MOJEIeH Uil OUIbIT
MMAJILHOTO BUBYEHHS B3aEMOJII1 €PUTPOIMTIB i3 TIa3MOI0,
Heo0xigHO

HeﬁKOHHTaMI/I Ta TpOM6OIII/ITaMI/I.

MpoaHaNi3yBaTH BIUIMB MATOJNOTiH, 30KpeMa aHeMil
Ta jiabeTy, Ha MEXaHIYHI BJIACTHBOCTI EPHUTPOLMTIB

1 B’SI3KIiCTH KPOBI.

Ha B’SI3KICTP y pa3i HU3bKUX MIBUAKOCTEH 3CyBY.
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MATHEMATICAL MODELING OF THE IMPACT
OF RBC AGGREGATION AND DEFORMATION PARAMETERS
ON BLOOD RHEOLOGICAL PROPERTIES

The subject of the research is mathematical modeling of the rheological properties of blood, in particular the influence of basic
parameters such as hematocrit, erythrocyte aggregation force, shear modulus and bending stiffness, on changes in blood viscosity.
In particular, the relationship between the aggregation and deformation properties of erythrocytes and the rheological behavior of
blood under shear flow conditions is analyzed. The purpose of the work is mathematical modeling of the influence of the main
physical and biological parameters on the rheological properties of blood using the Dissipative Particle Dynamics (DPD) method
and the MS-RBC model. Modeling makes it possible to investigate how changes in the characteristics of erythrocytes affect the
viscosity of blood at different shear rates, as well as to develop predictive models for accurate determination of the rheological
properties of blood, which is important for the diagnosis and treatment of vascular diseases. Task: description of a mathematical
model for the rheological properties of blood, which takes into account changes in hematocrit, erythrocyte aggregation, erythrocyte
deformation and shear modulus, use the Dissipative Particle Dynamics method to model the behavior of erythrocytes in blood flow
and to study the effect of parameters on blood viscosity at different shear rates . Conduct a sensitivity analysis of key model
parameters, such as hematocrit and erythrocyte aggregation force, and determine how changes in these parameters affect the
rheological behavior of blood. Methods: Dissipative Particle Dynamics (DPD): Used to model the movement of particles
(erythrocytes) in shear flow conditions and to take into account the non-Newtonian behavior of blood. This method allows for
a detailed description of the interaction between individual blood components, taking into account their physical and
biological characteristics. MS-RBC (Multi-Scale Red Blood Cell) Model is a multi-scale model for describing the mechanical
and rheological properties of erythrocytes in the blood flow, which enables the calculation of blood viscosity depending on the shear
rate, aggregation of erythrocytes and their deformation. The main results reflect that mathematical modeling of the rheological
behavior of blood, which demonstrated that the viscosity of blood largely depends on the mechanical properties of erythrocytes,
in particular on the shear modulus and the force of erythrocyte aggregation. The dependence of viscosity on the shear modulus was
expressed by a linear equation, which showed an increase in viscosity with an increase in the shear modulus. In addition,
the simulation results confirmed that at low shear rates, blood viscosity significantly depends on erythrocyte aggregation, while
at high shear rates, the deformation characteristics of erythrocytes are more important. Additionally, the relationship between the
model parameter x and the clinical parameter describing the properties of the erythrocyte membrane was considered.

The results showed that stiffer erythrocyte membranes lead to increased blood viscosity at high shear rates. Conclusion: Modeling
of erythrocyte aggregation and blood viscosity makes it possible to more accurately predict the rheological properties of blood,
taking into account the mechanical characteristics of erythrocytes. Developed linear relationships between model parameters
and clinical outcomes allow models to be adapted. This makes it possible to more accurately assess the rheological properties
of blood, which is important for the diagnosis and treatment of various vascular diseases associated with erythrocyte
aggregation disorders.

Keywords: blood viscosity; deformation of erythrocytes; shear modulus; rheological properties of blood.
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M. MAJIIHOB, H. PYJIEHKO

CTAHJAPTH SIK OCHOBA IHOOPMAIIHHO-KOMYHIKAIIMHUX TEXHOJIOT'TH:
JTOCJII)KEHHS MIDKHAPOJHUX CTAHJIAPTIB KOMYHIKAIIMHUX CUCTEM

IIpeameT pocJizkeHHs] — BUBYCHHS IisUTBHOCTI KOHCOPILIyMY TEXHOJOTiH BOJIOKOHHOT ONITHKH Ta 1H)KEHEPHOTO KOMITETY acoriamii
TEJICKOMYHIKaI[IHHOT iHAyCTpil, OCHOBaHOI Ha BHKOPHCTaHHI YMHHHX MDKHApPOJHHMX CTaHIAPTIB iH(OpMauiiHO-KOMYHIKalilHHIX
TexHoJoriH. MeTa po0OTH — MOCTITUTH NPUHIUINN POOOTH KOHCOPIiyMy TEXHOJIOTiH BOJIOKOHHOI ONTHKH JUISL PO3POOIIECHHS
crargaptie IKT Ta mpoaHamizyBaTH OCOONHMBOCTI MisUTBHOCTI 1HXKEHEPHOTO KOMITETy acomiamii TeleKOMYHIKaIiifHoi iHmycTpii
[IO0 TEJICKOMYHIKalifHUX CTaHOapTiB Ta IX B3a€MO3B’s3Ky. 3aBIaHHs: PO3MNITHYTH (axoBy JTepaTypy Ta CTaHOapTH
iH(pOpMaLifHO-TeIeKOMYHIKAI[IfHIX TEXHOJIOTIH Ha OCHOBI KaOEIbHUX CHCTEM; JOCIIAUTH OCHOBHI IPUHIUITN POOOTH KOHCOPILIiyMY
BOJIOKOHHO-OIITHYHUX TEXHOJIOTIH y Ipolieci po3po0IIeH s CTaHAAPTIB; BU3HAYUTH OCOOJIMBOCTI JISUIBHOCTI IH)KEHEPHOTO KOMITETY
acoriamii TeJeKOMYHIKaliifHOT 1HIycTpii B KOHTEKCTI BIPOBAKCHHS TEJICKOMYHIKAIITHUX CTaHOAapTiB; MpOaHAi3yBaTH YWHHI
MDKHApO/IHI CTaHAAPTH UL IPOEKTYBAHHS, IPOKIIAIaHHS, YCTAHOBICHHS Ta TEXHIYHOrO 0OCIyroBYBaHHSI ONTOBOJIOKOHHUX CHCTEM.
MeToau: aHANITHYHUI i3 CHCTEMAaTHYHHM aHaNi30M (BHBYEHHS YMHHUX MDKHAPOJHHMX CTaHIAPTIB KaOENbHHX CHUCTEM 1 aHaji3
B3a€MOJi{ IMX CTaHAApPTIB); MOPIBHMIGHWN aHami3 (MOPIBHSAHHSA  THIIB 0araTOMOJOBOTO BOJIOKHA 3TiHO 3 MDKHApOJHHMH
CTaHJApTaMH, a TaKOX TOPIBHSHHSA MDKHApOZHMX craHaapTiB 3i cranmaptamu JICTY). Pesyabratm gocaimkenns. BukonaHo
MOPIBHAJIBHUAN aHai3 MDKHApOJHHMX CTaHAApPTiB, IO 3a0e3NeuyloTh MPOEKTYBAaHHS, NMPOKJIAJaHHS, YCTAHOBICHHS Ta TEXHIYHE
00CITyroByBaHHs ONTOBOJOKOHHUX Mepek. Ha ocuomi ISO/IEC 11801, IEC 60793, TIA-568, TIA/EIA 492 AAAx ta ITU-T
MOPIBHSIHO MOXJIMBOCTI THIIB 0araToMOJOBHX BOJOKOH JUIi KOXHOTO 31 CTaHAApTiB. BucHOBKM. JOCTiIKEHHS MiATBEPIDKYE
BaXKITHBICTH MisUTbHOCTI KOHCOpIIiyMy TEXHOIOTIH BOJIOKOHHOI ONITUKHM B MAPTHEPCTBI 3 ACOIali€l0 TeIeKOMYHIKamiiHOl iHIycTpii
IUIS po3pOOJICHHS HOBHX TEXHOJIOTIH 1 cTaHmapTiB. Ha ocHOBI aHamidy yKpaiHCBKHMX CTaHIApTiB, IO BiANOBITAIOTH MIXHAPOAHUM
BUMOraM [0 iH(popMaliiHO-KOMYHIKallifHUX TEXHOJOTii B YKpaiHi, 3’sCOBaHO HEOOXiAHICTH iX BHPOBA/UKEHHS Ul PO3BUTKY
HAIlIOHAJBHOT 1HQ)PACTPYKTYPH, OCKIJIBKH 1[I CTAHIAPTH € BAXIUBUMH JUIS IHTErpallii Hamoi KpaiHu B riobanbHui iHGOpMaiiHIHA
mpocTip i 3a0e3MevyoTh BiIMOBIIHICTG HAI[IOHANBHOI TEJIEKOMYHIKALIHHOT iHQPaCTPYKTYypH MiXHapogHHM BuMoram. Lle macte
3MOTY TIOKPAlIUTH SKICTh HAJAHHA IOCIYT, MiABUIIUTH HAAIHHICTE MepeX 1 MATPUMATH MalOyTHE 3pPOCTaHHS B CEKTOPI
iH(popMaliiiHO-KOMYHIKAI[IfHUX TexHoiorii. IIpakTHYHA KOPHCTBH: YJOCKOHAJEHHS IPOLECIB PO3pPOOJIEHHS, BIPOBA/KEHHS
3 orisiny Ha MibkHapoaHi (TIA) ta ykpainceki ctanmaptu (JICTY) indopmaniitHo-koMyHikaniifHux TexHoioriii. HaykoBa HoBH3HA:
HPOBEJICHO KOMILIEKCHE JIOCIIZKEHHS B3a€EMO3B’SI3KIB MiXK MPOLIECAMH CTaHAAPTH3ALlii Ta MPAKTHYHUMHU aCIEeKTaMH MPOEKTYBAaHHS
Ta TEXHIYHOTO 00CIIyrOBYBaHHs ONTOBOJIOKOHHUX MEPEX.
KurouoBi ciioBa: acortiaris; 6araToMo/10Be BOJIOKHO; iH(OpMaIliifHi TEXHOJIOTIT; KOHCOPIIiyM; CTaHIapT.

Beryn BaXKJIMBUM IS 3a0e3IeueHHs BiAMOBIAHOCTI,
MPOXYKTUBHOCTI Ta MiATPUMKH MailOyTHIX 3aCTOCYHKIB,
VYV  cyugacHomy cBiTi, Je obcaru indopmamii  3pocranHs mBHAKOCTI Tepenadi iHdopmMarii Ta morpeba

3pOCTAIOTh CEKCIIOHEHIIHHO, a BUMOTU J0 O€3leKu Ta B HauiiiHi# po0OOTi Mepexi poONaATh 1€ Iie OuIbII

e(eKTUBHOCTI Mepex nemaii 30iTbIIYIOTHCS, CTaHTAPTH
CTAalOTh HAJIMHUM OpIEHTHPOM JUIS BIPOBAJKEHHS
HOBITHIX TE€XHOJIOTIYHUX pimieHb. CTaHIApTH € OCHOBOIO

iHpopMariiHo-KoMyHiKkamiiHux  TexHomorii  (IKT),
OCKIITBKA 3a20e3MeTyIoTh CYMICHICT®b, Oe3meKy,
e(eKTUBHICTh Ta IHTErpalil0 pI3HUX TEXHOJIOTIH

i cucrem. Ile mae 3MOry YHHKHYTH TIEpPEIIKOJ
1 moTeHWiHHMX mpobneM y 3abe3nedeHHi CyMiCHOCTI
Ta B3a€EMOJIl MK PI3HHUMH CHCTEMaMH Ta MPUCTPOSIMH.
Kpim Toro, crangapTy JOonoMararoTh CKOPOTHTH BUTPATH
Ha pO3pOOJIIEHHS HOBHX TEXHOJIOTIH Ta TapaHTYIOTh
IIBUJIKY aJaNTaIliio 10 HOBUX YMOB PHHKY [1].
Hespaxkaroun Ha Te, IO BIPOBAPKEHHS Tally3€BHX
CTaHAApTIB MpPaKTUKK Ta TMPHUHIMIINB 3aBXIU OyIo

BKJIMBUM JUISI BUPOOHHKIB, MEPEXKHHUX TPOEKTYBAILHHKIB,
iHCTasITOpiB Ta iHmuX ¢axisiis 3 IKT. daxiemi 3 IKT
MAXOAATH 3 PO3YMIHHSM JI0 BITPOBa/KEHHS HAHHOBIIIMX
CTaH/apTiB, OCKUIbKM BOHH 3a0€3Me4yl0Tb OCHOBY
JUIL PO3BUTKY HU(POBHX TEXHOJIOTIH. SIK HaCHiIOK,
yci yuachuku iHnpyctpii IKT orpumyroTs crabinbHy
OCHOBY JJIsl BIPOBAPKCHHS IHHOBAIIWHUX pillIeHb, SIKi
BIJITIOBIIAI0Th BUMOTraM ChOT'OJICHHS Ta Mail0yTHROTO [2].

KoHcopuiym TexHONIOTIH  BOJIOKOHHOi  ONTHKH
(KTBO), mo moxomuTh BiJ aHTIiHChKOi Ha3Bu Fiber
Optics Technology Consortium, € KOHCOPLIYMOM, SIKMA
00’enHye (axiBuiB, KoMmmaHii Ta opraHizauii B ramysi
OIITOBOJIOKOHHMX TEXHOJIOTiM JUIs PpO3pOOJEHHS Ta

BIPOBAJKEHHs HOBUX CTaHaapriB i TexHousoriit B IKT.

© M. Maninos, H. Pynenko, 2024
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meroro KTBO ¢
CTaHIApTIB,

OCHOBHOIO po3po0JieHHsT  Ta

BIIPOBAIPKECHHA 3aaTHUX 3&663HequaTI/I

CYMICHICTh, IHTerpaiifo, eQeKTHBHICTb Ta Oe3IleKy

iH(OpMAIIfHO-KOMYHIKAIliIHHAX ~ CHCTEM  YHACIiIOK

BUKODHUCTaHHS  ONTHYHUX  BOJIOKOH.  OCHOBHUMH
nisima KTBO B Mexax mpoexty Standards Explorer €
MiZABHUIIEHHS 00I3HAHOCTI PO CTaHAAPTH, 3a0e3MeUeHHS
JIOCTYIY 10 PECYpPCiB Ui BCIX KOMIIAHIA Ta MPUBATHUX
oci0, a TakoX MATPUMKa CyMICHOT MEPEKHOI apXiTeKTypu
Ta PO3rOpTaHHSA KabenbHOI iH(PACTPYKTYpPH MK yciMa
KOpHCTyBadaMH Ha BcixX miatdopmax [1, 3].

Bapto 3ayBaxkutn, mo KTBO BusHano mxkepenom
HaIiiHOI, pELEeH30BaHO1 Ta HEUTpaIbHOI Jinis: |
MocTavyajdbHUKIB 1H(QOpMAIl IIOMO0 ONTOBOJOKOHHHUX
Mepex 1 TtexHonorid. Umenamm KTBO € mposimai
BUPOOHUKH BOJIOKOHHO-ONTHYHHX KaOelliB, KOMIIOHEHTIB
Ta EJNEKTPOHIKM, SKi TparHyThb NpPOCYBAaTH IIBHIKI
Micist

BOJIOKOHHUX

ta edektuBHi KT pimenss. KOHCOPIIIyMY

30cepekeHa Ha  ONTHYHUX HOCISIX,
TECTyBaHHi, 3aCTOCYBaHHI 3a JOTIOMOTOI0 PO3POOJICHHS
OodimiifHNX TOKYMEHTIB, PECypCiB i ydacTi B raily3eBHX
KoHpepeHIisx. Tomy

Hajao4yn  iHpOpMaLilo PO

MOTOYHI CTaHOApTH Tamy3i B OE3KOIITOBHOMY Ta

nerkogoctynHoMmy  Qopmari, KTBO  ymosxnuBiioe
TMIOJIETILIEHHS] PO3TOPTaHHS ONTOBOJIOKOHHHUX Mepex [3].
Omxe, cydacHI MOJMJIMBOCTI  iH(OpMAaIiiHO-
KOMYHIKaI[IHIX TEXHOJIOTIH MiCTATh 30araucHi pecypcu
U PO3BUTKY cycriibeTBa, 1¢ KTBO HaOyBae BayKIIMBOTO
3HAYCHHS U1 PO3POOJICHHS CTaHIAPTIB, 10 3a0€3MeUyIOTh
e(eKTUBHICTh 1 HAJIIHICTh TEJICKOMYHIKALIHHUX MEPEK.
Opranizamii #Ha 3pazok KTBO copusiors iHHOBAISM
y cdepi BOJIOKOHHOI ONTHKH, YHIPOBAKYIOTh MEPEHOBi
TEXHOJOTii Ta TpakTUKW, a o0’eqHaHI 3yCHIUIA
30CepePKeHI Ha CTaHAapTH3alii, 0 J1a€ 3MOTY JIOCATaTH
BHCOKOI NPOJYKTUBHOCTI CHUCTeM Tepedadi iHdopmarii.
OTxe, kinneBoro Meroro KTBO Oyi10 cTBOpeHHsI OHaiH-
0a3u mJaHUX 13 JIOCHIDKEHHSMH, sIKa CIyryBaTume
pecypcoM Juis BCiX, KOMy HeoOXimHi 0araromMomoBi
Ta OJHOMOJOBI Mejia, apxiTeKTypa, iH(pacTpyKTypa
Ta CTaHAapTH nporpaM. ToMy Ha miAcTaBi IOI'O BMICT
CTaHZApPTIB MOKE OHOBIIFOBATUCS MAPAIEIBHO 3 PO3BUTKOM

CTaHIAPTIB i IPOEKTIB.

AHaJti3 npo6JemMu il HAIBHUX METOAIB

0 MICTUTh KOMIIETEHTHICTh KaOENbHHX  CHCTEM
i ONMTOBOJIOKOHHUX Mepex. ToMy Ui IbOr0 HEOOX1THO
BHKOHATH IIEBHI JIil, a caMe: MMPOBECTH OIUC i3 HATAHHIM
xapaktepucTuk KOHCOpIiyMy TEXHOJIOTIH BOJIOKOHHOT
ONTUKKA (OCHOBHI BiJJOMOCTi, IO MICTSTh 3arajbHi
€JIEMEHTH, KJIIOYOBI HAmpsSMH IiSUTBHOCTI Ta (yHKIID);
NpoaHalli3yBaTH CHIBIPALI0 KOHCOPIyMYy 3 Acolialieto
TENIEKOMYHIKaIiHOT 1HAyCTpii Ha OCHOBI BUKOPHUCTAHHS
YHHHUX TEJICKOMYHIKAIIIMHUX CTaHAapTiB;, BU3HAYUTH
00’eKkT mociimkeHHs, mo 00 eqHyBaTMe KoHcopiiym
TEXHOJIOTI1  BOJIOKOHHOI ONTHKM 3  ACOIHAI€Io
TEJIEKOMYHIKaIIHOI iHAyCTpil st 300py iHpOpMaIIii.

Meta podoTH — MOCITIHKCHHS TPUHIMIIB POOOTH
KoncopiliyMy TEXHOJOTi BOJOKOHHOI ONTHKH ISt
po3pobnenns crapmaptie IKT i aHamiz ocoOmmBOCTEH
IISUIBHOCTI IH)KEHEPHOTO KOMITETy Acoriamii
TEJICKOMYHIKAI[IHHOT 1HIYCTpii 100 TEICKOMYHIKAI[IHHIX
CTaH/IapTiB Ta IX B3a€EMO3B SI3KY.

3aBaaHHA JAOCTiIKeHHS: MpOaHalli3yBaTH
JiTepaTypy 3 BUKOPUCTAHHSIM CTaHAAPTIB iH(OpMAIiiHO-
TEJIEKOMYHIKALlifHIX TEXHOJOTiil Ha OCHOBI KaOelbHUX
CHCTEM; JOCHIOWTH  KIIOYOBI

OPUHIUIHA ~ POOOTH

Koncopuiymy ~ TexHOmoOriii ~ BOJOKOHHOI  ONTHKH

y  mporeci
0COOJIUBOCTI

pO3pOOJICHHS  CTAaHAApTiB, BU3HAYUTH

TUSTBHOCTI  IHXKEHEPHOTO  KOMITETYy
Acomiariii TelIeKOMYHIKAI[IifHOT 1HXYCTpil B KOHTEKCTI
BIIPOBAKCHHS

TENEKOMYHIKAIIHHIX CTaHJIAPTIB;

MPOaHANI3yBaTH YHHHI MDKHapOAHI CTaHOapTH s
MPOEKTYBAHHS, MPOKJIA/IAHHS, YCTAHOBJICHHS Ta TEXHIYHOTO

00CITyrOBYBaHHS ONTOBOJOKOHHHX CHCTEM.

AHaJi3 ocTaHHiX J0caiKeHb i myOaikamiit

Jnist mocIiKeHHST BUKOPUCTOBYBABCS CUCTEMATUYHHI
maxig, 1o
KoHcopiiymy TeXHOJOrili BOJOKOHHOI ONTHKH, MHOTO

nepenbayaB  MOHITOPHHT  AisTIBHOCTI
croiBrpani 3 Acowiali€er TeaeKoMyHiKaliiHo1 iHaycTpil

Ta BHBYCHHAM HasgaBHUX Mi)KHapO,I[HI/IX CTaH,IIapTiB,

Jesiki 3 mocmimkenb HabmmxeHi 1o aisutbHOCTI KTBO,
ale BOHHM MOXYTh PO3PI3HATUCS XapaKTEpOM CBOET
nisieHOCTI Y cepi mocmimkenns IKT Ta cramaprusarii.
Hamnpuknan, y pobGoti [4] aBTOpM B3sUIM 32 OCHOBY
ONTHUYHUX  BOJOKOH

HAIlIOHAJIGHUI ~ CHUMIIO3iyM 3

Ta 1X 3aCTOCYBaHHS, B SKOMYy TEMAaTH4YHi MUTaHHS
CTOCYIOTbCSl OUTbIlle ONTHUYHUX 1 (DOTOHHHMX MaTepiaiis,
KIacHYHUX (TPAaMIHHKUX) TEXHOJOTIH, CIemiaTi30BaHuX
1 CTPYKTYpHHX (DOTOHHHMX ONTHYHHX BOJIOKOH, (hi3HKH
TMOIIUPEHHS CBIT/IA B ONTHYHUX BOJIOKHAX TOLIO.

Bonrowac ©Oe3miu opraHizamif, IO MPaIIOOTh
cepi
OXOILTIOIOTh HH3KY Ba)KIUBUX

3  ONTOBOJIOKOHHHUMH  TEXHOJOTIAMH Y
cragmapruzanii  IKT,
IHCTHTYIIH, sIKi 3OIACHIOIOTH,  3HAYHUM BHECOK JUIS
pO3BUTKY mi€i ranmysi [1, 3, 5]. Taki opranizaiii He JTuIre
PO3pOOJISIFOTh 1HHOBAIIT B TEXHOJIOTIi OMTOBOJIOKOHHOTO
3B’S3KY, aie i

BCTAaHOBJIIOIOTH cTangapTu,
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1o BHU3HA4YaKOTh ria00aabHUX

iH]pacTpyKTypy
TeNeKOMYyHiKalliil. Jlo Takux opraHi3ariif HaJlexXaTs:

— Mixnaponauii coro3 emektpo3B’szky (ITU),
IO € KJIIOYOBOIO opraHizamiero B cranmaptuzamii KT
1 TEJIeKOMYHIKaIil, y MeXaX sSKoi (YHKIIOHYE CEKTOp
ITU-T, 1110 po3po0isie CTaHmapTy A1 TeACKOMYHIKAIiHIX
Mepex, 30KpeMa ONTOBOJIOKOHHUX [6, 71;

— €Bponeiicbkuit IHCTUTYT CTaHAApTIB
(ETSI), mo e

OpraHizali€ro, sIKa

TEIEeKOMYHIKaIlif €BPOTICHCHKOIO

AKTUBHO Impanroe Hanq

CTaHIAPTU3AIECI0  TEICKOMYHIKAIHHUX  TEXHOJOTIH,
30KpeMa ONTOBOJIOKOHHUX Mepex [7];

— IecTuTtyT  iEXKEHEpiB
(IEEE), 1o

Komymnikarmiitne ToBapuctBo i IEEE 802 po3pobise

eﬂeKTpOTGXHiKI/I Ta

CJIEKTPOHIKU 4yepe3 CBi  Miapo3fia

KJIIOUOBI CTaHJApTH Uil ONTOBOJIOKOHHHUX MEpEeK,
e HeoOXiHO BH3HAYaTH apXiTEeKTypy Ta IMPOTOKOIH
nepenadi 1aHUX Kpi3b ONTUYHI BOJIOKHA [7, 8];

— MixHaponHa oprafizamis 31 cTaHTapTH3aIil
(ISO), sika pazoM 3 MDKHapOAHOK EJIEKTPOTEXHIYHOIO
komiciero (IEC), 30kpema depe3 CBiif TeXHIYHHH KOMITET
ISO/IEC JTC 1, 3aiimarotbest crannmaprtusauiero IKT,
JI€ OIITOBOJIOKOHHI TEXHOJIOTI] € BaXJIIMBUM AacCIIEKTOM
SC 25,

30CepeKeHOro Ha iHTepdeiicax 1 KOMIIOHEHTaX s

CTaHaapTu3alii B  MeXax  IJKOMITETy
MYJBTUMEIIHUX CUCTEM 1 TeIeKkoMyHikarii [9, 10];

— AMeEpHUKaHCHKMH  HAI[lOHAIPHUM  1HCTUTYT
cranaaptiB  (ANSI), sxuii KoopanHye po3poOIeHHS
HamioHampHUX craHmaptiB s CIIA, 30xpema craHmaptu
JUIS  OINTOBOJIOKOHHHMX TEXHOJOTIH. 3a JIOMOMOIOI0
MiAPO3ALTIB, TAKUX SK AcCOMiaIlis TeleKOMyHIKaIiiHo1
innycrpii  (TIA), ANSI

CTaHNAPTIB I ONTUYHHUX BOJIOKOH 1 TeJIEKOMYHIKAIIITHIX

HiATPUMYE  PO3pOOICHHS

CHCTEM, 10 BUKOPHCTOBYIOTh OIITUYHE BOJIOKHO
Ut iepenayi maxux [11].

ToMmy ocHOBHI 3ycwiuisi LUX opraizauid y cdepi
CTaHIApTU3aIlil MOXYTh CIPHATH IIHPOKOMACIITAOHOMY
BIPOBAKEHHIO ONTOBOJIOKOHHMX TEXHOJIOTIH y Io0abHi
TEJIEKOMYHIKaIliifHI MepeXi, aje BHHHUKae HEOOXiTHICTh
JIOCHIZIATH B3a€EMO3B’S30K OpraHizalii 3 OKpeMHMH
MiAPO3AiIaMH, 30KpeMa  pPO3TISHYTH  MOXIJIHBICTH
3a0e3MEUCHHsI CYMICHOCTI CHUCTEM JJISi ONTOBOJOKOHHHUX

Mmepex IKT.

Metoau Ta MaTepiaan

MDKHAPOJIHHUX CTAaHIAPTIB KaOCIBHUX CHCTEM 3 aHATI30M

B3a€MOJIi [WX CTAHIAPTIB);, TOPIBHAIBHHUIA aHaNi3
(TIOpiBHSIHHS THITIB 6araTOMOJ0BOT0 BOJIOKHA BiAMOBIIHO
0O MDKHAPOIHHUX CTaHAAPTiB, a TAKOXK MDKXHAPOIHIX
crargaptiB 3 JJCTY). Ha ocHOBIi miTepaTypHOTO OTIsILy
cxapaktepuzoBano fisutbHicT KTBO Ta cmiBmpamio
KTBO 3 Acomiamieto TeneKOMyHIKamiiHOI 1HAYCTpil
(TIA), me mOCHIIHKYIOTHCS YMHHI MDKHApPOJHI CTaHAAPTH,
0 MICTHTh KOMIICTCHTHICTh  KaOENBbHHX  CHUCTEM
Ta ONTOBOJIOKOHHUX Mepex. ToMy AJisl Iboro HeoOXiTHO
BUKOHATH Taki [ii: MPOBECTH ONHC 13 HaJZaHHIM
xapakrepuctuk KTBO (ocHOBHI BijoMOCTi, SIKI MICTSTbH
3arajbHi €NEeMEHTH, KIIOYOBI HampsMH JiSUTBHOCTI
Ta ¢yHKHiT); npoaHanizyBatu chiBnpamo KTBO 3 TIA
Ha OCHOBI BHKOPHCTAHHS YMHHUX TEJIEKOMYHIKAIliHHIX
IOCHIIKEHHS, IO

CTaH/apTiB; BH3HAYUTH 00 €KT

00’eqayBatume KTBO 3 TIA nmist 360py nanux.

OcHoOBHI BiIOMOCTi Ta XapaKkTepHCTHKA
KoHcopuiymy TexHo10riil BOJIOKOHHOT ONTHKH

VY nmochipKeHHI BIPOBAKYBAIMACSA TaKi METOIU:
AHAITHYHUH 13 CHCTEMHUM aHATi30M (BHBUYCHHS HAsSBHHX

o6 kpamie 3po3ymitu gisubHicTs KTBO y chepi
cranpaprusanii s IKT, po3rnsHeMo fekinbka acTekTiB,
noB’si3aHuX 13 3aranbHumu enementamu KTBO (puc. 1),
OCHOBHUMHM HampsiMamu Ta ¢QyHKUissMA  (Tadm.  1).
EneMeHTH € KpUTHYHO BaXXJIMBUMH sl 3a0e3MedeHHs
HagilHOCTI Ta  eEeKTUBHOCTI

BHCOKOi  SIKOCTI,

OINITOBOJIOKOHHUX  TexHouyorii y  cywachux IKT.

Ho 3aranpHOi cykymHOCTi eneMeHTiB Hanexxats KTBO:

yYacHUKM (KOMIaHil, HAyKOBI YCTaHOBH, JepiKaBHi
OpraHd, IHBECTOpH), wimi  (PO3pOOJEHHS  HOBUX
TEXHOJIOT1H, CTBOPEHHSA Cy4JacHUX MPOJYKTIB,

YOPOBAKCHHST HOBUX TEXHOJIOTIH Ta CTaHAapTHU3aLil),

chepu MISTBHOCTI  (DOCTIMKEHHS Ta PO3POOIICHHS,
BUPOOHMIITBO, TTOCIYTH TOIIO), KOOpAMHALISA (KepiBHUI
rpyn,
(BHECKM YYaCHUKIB, JiepykaBHe (DiHAaHCYBaHHS Ta NPHBATHI

chepi

oprad, po6oui cekperapiar), (iHaHCYBaHHs

inBectuuii). 3aranpHi enementn KTBO 'y
cranmaprusanii s IKT 300pakeni Ha puc. 1.

Ha ocHoBi y3arambHeHoi cxemu enementie KTBO
s IKT posrimsHeMO OCHOBHI HampsiMH  HisUTBHOCTI
Koncopuiymy y cdepi crangaptis IKT [2, 3].

1. Po3poOiieHHs CTaHOApTIB ISl ONTOBOJIOKOHHUX
cucteM 3B’s3Ky, ae KTBO Oepe axkTuBHY y4actb
Yy CTBOpEHHI HOBHX TEXHOJIOTIH IJISi ONTHYHHUX KaOeliB,
3’€[HyBauiB, MEpPeIaBAILHUX CHCTEM 1 NpUiMayiB,
0 al0Th 3MOTY TIepeJaBaTH BEIUKI 00CsITH iH(opMartii

Ha 3HAYHI BiJICTaHi 3 MiHIMAJILHUMH BTPATaMH.
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Puc. 1. 3aransni enement KTBO y coepi cranmapruzamii ais IKT

Ta6mauus 1. Vzaeanvuena xapaxmepucmuxa ¢pynxyii KTBO ons IKT

DyHkii

XapakTepucTUKa

Po3poOnenns ctangapTis

KTBO po3pobisic HallioHabHI CTaHAAPTH JUTS TEISKOMYHiKalii Ta indopMauiiHux
TEXHOJIOT1H, 0 mependavyae BU3HAUECHHs TEXHIYHIX BUMOT 10 00JIaTHAHHS, IPOTOKOJIiB
3B’S3KY, IPOTPaMHOT0 3a0e3MeUeHHs Ta MePEeKHO1 iHQPACTPYKTYpH.

["apMoHi3allisi HAIllOHATBHUX
CTaHIAPTIB i3 MIKHAPOJHUMHU

KTBO 3a6e3mnedye BiIIOBIIHICT HAI[IOHATHHIX CTAHAAPTIB MIKHAPOJHAM HOpMaM
1 peKOMEH/IaITisIM, CITIBIPAIIOI0UH 3 opraHizamismu, Takumu sik ITU, ISO, ETSI,
o cipuse interpanii Yxpainu y citoBy IKT-ekocucremy.

Kontpouns sixocTi
Ta cepTudikarlis o0aIHaHHI

KTBO mpoBoxuts npoueaypu ceprudikariii TesekoMmyHikaniiiHoro ta inpopmariiHoro
o0nagHaHHA A7 3a0€3MeYeHHS HOTo BiAMOBIAHOCTI CTAHAAPTAM SIKOCTI, O€3MeKH Ta HaTiHHOCTI,
110 nependavae cepTudikamio anapaTHUX 1 IPOrpaMHHX PillleHb.

PeryIIIOBaHH}I YaCTOTHOT'O CIICKTpa

KTBO BixnoBizfae 3a po3mois i peryIoBaHHS BUKOPHCTAHHS YaCTOTHOTO CIIEKTPa
IUTSL PI3HUX BUJIIB TEJICKOMYHIKAIIHHUX TTOCITYT, 30KpeMa MOOUIFHOTO 3B’ A3KY,
pajio3B’s3Ky W CyNyTHUKOBHX CHCTEM.

[TigTpumka inHOBalii y chepi IKT

KTBO cnpusie BpoBakKeHHIO HOBUX TEXHOJIOTIH, Takux sk SG, Iurepuer peueit (IoT),
XMapHi OOYKCIIEHHs Ta IITYYHUH IHTENEKT, 3aBASKN PO3pOOIICHHIO
BIJIOBIAHNX CTaHAAPTIB 1 pEKOMEH IAIIIH.

Texuiu"a ocBita Ta 0013HAHICTE

KTBO npoBoanuTs ceMinapu, KOH(GEpEeHIIii Ta OCBITHI IporpaMu Iyt iHPOpMyBaHHS
PO HAHHOBIIII JOCATHEHHS B TaTy3i ONTOBOJIOKOHHUX TEXHOJIOTIH,
a TaKOXX JUISl MATPUMKH IPOoQeciiiHOro po3BUTKY (axiBLiB.

3abe3neyecHHs
iHTeponepadebHOCTI

KTBO 3a6e3neuye cyMiCHICTb Pi3HHX BHJIIB TEJICKOMYHIKaI[IHHUX CHCTEM 1 00J1aJHaHHS, 10 Ja€
3Mory e()eKTUBHO IHTErpyBaTH IX Y €AMHY HalliOHAJIbHY Ta MDXHAPOIHY iHPPaCTPyKTypYy.

3aXHUCT CIIOKHUBAYiB

OpraHizallist KOHTPOJIOE HaJaHHs SIKICHUX MOCIYT y cdepi TenekomyHikarii Ta IKT,
30KpeMa 3a0e3e4eHHs 1OCTYITy [0 iHTepHETY, TelIe(OHHOTO 3B SA3KY
Ta 3aXMCT MPaB KOPUCTYBaUiB Ha SKICHI IOCIYTH 3B SI3KY.

2. Cranpmapru3saiiisi KOMIIOHCHTIB, JI¢ BCTAHOBJICHHS
Ta BOPOBAKCHHSA €IWHUX CTAaHAAPTIB IS PI3HUX

KOMITOHEHTIB ONTHUYHMX Mepex (Hampukian, Kkadedi,

3’€HyBa4i, PO3MOAUILYI KOPOOKH TOIIO) IOMOMArae
YHUKHYTH HECYMICHOCTI Ta 3abe3ledye CIpOIICHHS
MPOIECy IHTErpariii CUCTeM Pi3HUX BUPOOHHUKIB.
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3. IlimBuimeHHs e(EKTUBHOCTI Iepenadi IaHMX,
Jle KOHCOPIlyM CHpHs€ PO3BUTKY CTaHIApTiB, IO JAE
3MOTy 30UIBIINTH HIBHKICTh Ta e(eKTUBHICTh Iepenayi
iH(pOopMaIlii 3a TOTTOMOT0I0 ONITOBOJIOKOHHHUX TEXHOJIOTIH.
e BayKJIMBO I MIATPUMKH CYYaCHUX BHUCOKOIIBHIIKICHUX
Mepex 1 cepBiciB, Takmx gk S5SG Ta MaWOyTHI
CTaHIAPTH 3B’ S3KY.

4. besmeka mepex, ne KTBO Takox po3pobisie
pexoMeHmamii Ta  CTaHOApTH Ui 3a0e3ledeHHs
KiOepOe3neKy B ONTOBOJIOKOHHHUX Mepekax, IO CTaBUTh
neper; co00I0 OCHOBHE 3aBAAaHHS B KOHTEKCTi 3pOCTaHHS
aTak Ha iHppacTpykTypy IKT.

5. Exomnoriuni CTaHIapTH Ta OXOpOHa
HaBKOJIMIITHBOTO CEPE/IOBHIIA, Jie KOHCOPIIYM 30CEpeIKYyE
yBary Ha CTaJoMy pO3BHUTKY Ta MiHIMIi3allil BIUIHBY
Ha JOBKUUIS, PO3pOOJIAIOYHM CTaHAAPTH Ul €KOJOTIYHO
0e3meyHNX MaTepiajiB i MporeciB BUPOOHUIITBA.

Ha ocHoBi 3aransaux enementis KTBO posrisiHemo
y3arajbHeHy xapakrepuctuky ¢ynkii mit IKT. Y tabm. 1
MOJTAHO XapaKTePUCTUKY (PYHKIIiH Ta AisUTBHICTD y MeXax
KOMIIETEHTHOCTI KOHCOPLIyMy (HaNpUKiIaa, po3poOiIeHH
HAIllOHATPHUX  CTaHAApTiB Ta iX  BIANOBIAHICTH
JO MDKHApOIHHX BHMOT a0 TPOBEICHHS IPOLERyp
ceprudikanii oonanHanus IKT, a Takox ynpoBaKeHHs
HOBHUX TexHoJjIorii). HaBeneHo BiciM ocHOBHUX (yHKIIIH,
mo B  MeXaxX  KOMIIETEHTHOCTI  KOHCOPIIyMYy
BCTAHOBJIIOIOTH KJIFOUOBI BHMOTH MIOAO 00 €THAaHHS
(axiBIiB, KOMMaHIH Ta oOpraHizalii y KOMIUIEKCHY
Tary3b ONTOBOJOKOHHHUX TEXHOJOTIH I po3poOieHHS

Ta BIPOBAHKCHHS HOBUX CTaHIApTIB i TexHomorii B IKT.

CuiBnpausa Koncopuiymy TtexnoJorii
BOJIOKOHHOI ONITHKH 3 Acouiaui€ero
TeJIeKOMYHiKaliiHoT iHaycTpii

BUTO{ IIapH, ONTHUYHOTO BOJIOKHA Ta IIMPOKOCMYTOBOTO
KOaKCIaJJbHOTO Ka0eJr0, MPOEKTYBAaHHS, MOHTaX, BIIICTaHi
MIATPUMKH  3aCTOCYHKIB Ta KOHQirypauii po3erok
pO3MIIAAIOTECS B 3aralbHUX craHpaprax. CraHmapTH,
IO MICTATh KOMIIOHEHTH, IETaJbHO ONHCYIOTH BHMOTH
70 KabeniB, po3’€éMiB Ta KaOelIbHUX 301pOK, a OKpeMmi
craugapti TIA MoOXyTh cTOCyBaTHCS crerudiKarii
Uit nabopaTopHMX 1 TOJBOBUX — BHIIPOOYBaHb,
IHTENEKTyaIbHOTO TIPOEKTYBAaHHSA OyIiBENb, aaMiHICTPYBaHHS
LUISXIB 1 TPOCTOPIB, 10 3a0€3Me4y€eThCs 33 JOMOMOTO0
MPOKJIANaHHs Ka0eliB, a TaKoX TeIeKOMYyHiKaIliifHoro
3a3eMJIeHHs Ta 3’enHanus [1, 7, 12].

Ha pumc. 2 mokazaHo

cxeMy 3 iepapxiero

TeJeKOMYHIKaliifHux  crtaHmaptiB  TIA Ta  iX
Oe3mocepeHill B3a€MO3B 30K, i€ 3€JIEHUM KOJIBOPOM
TIOKa3aHO 3arajbHi TOIOJIOTIi 30alaHCOBaHOI BUTOI Mapw,
ONITUYHOTO BOJIOKHA Ta IHIIOrO, CHHIM ITO3HAYEHO
CTaHIIapTH TeJIEKOMYHIKaliifHOI KabebHOI iH(pacTpyKTypu
IUIsl TIPUMILIEHb, @ YEPBOHMM KOJBOPOM — CTAaHIAPTH,
IO MICTITh KOMIIOHEHTH 3 OIUCAHHSAM  BHMOT
1o KabeiB, po3’eMiB Ta kabenpHUX 30ipok [3, 13].

Jlanmi CTHCIO PO3MIITHEMO JesIKi KIIFOUOBI €IEMEHTH
cimeiictBa cranmaprtiB TIA, saxi migrpumytotscst KTBO.
VY Ttabm.

KOXKHOTO cTanaaprty [14-16].

2 MOJAHO XAapPaKTCPUCTUKY 3aCTOCYBAHHA

Pe3yabTaTi 10CaiiKeHb

KTBO
TEJIEeKOMYHIKaIliHHO1

TICHO  cmiBOpampoe 3 Acoliamiero
iHAyCTpii

Industry Association, ckopouero TIA) mis po3poOieHHS

(Telecommunication

Ta MITPUMKH CIMEHCTBAa CTaHIAPTIB, IO PETYIIOIOTH
MPOEKTYBAHHS, BCTAHOBJICHHSI Ta €KCILTyaTallil0 ONTHYHUX
CHCTEM Yy TEIeKOMYHIKamiiHiA Ta iHpOopMaIiifHO-
KOMYHiKaliitHii iHdpacTpykrypi [3, 5, 12]. [mkenepuuit
komiter TIA po3pobnsie Ta maTpuMye HOOPOBITBHI
CTaHJApTH TeJIeKOMYHIKaliifHOT kabenbHO iH(ppacTpyKTypH
JUI TPUMIIIeHb, 10 HaJIeKaTh KOPHCTyBauaM, TaKHX
SIK KOMEpILidHI OymiBii, XWUTIOBI OYAMHKH, MEIUYHI
Ta OCBITHI YCTaHOBM, ICHTPH OOpOOJEHHS NaHHUX Ta

NIPOMUCIIOBI OyAiBii. 3arajibHi Tomoorii 30anaHcoBaHol

aHaji3z  JEeKUIBKOX
KTBO, 1o

PETYIIO0TH NPOCKTYBAaHHA, TPOKJIAJaHHA, YCTAHOBJICHHA

IIpoBenemMo  MOPIBHAIBHUI

rajqy3eBUX MDKHAapOJHHX CTaHAAPTIB
Ta TEXHIYHE OOCIYyroBYBaHHS ONTOBOJOKOHHHUX MEpEeX.
JU1s 1IbOTO CrIovaTKy MpoaHati3yeMO OKPEMO KOXKHY Cepito
MixHapogaux crasgaptie ISO/EC 11801, IEC 60793,
TIA-568; TIA/EIA 492AAAx Ta ITU-T [7, 10, 14-16].

ISO/IEC 11801: T'io6anbHuii cTaHaapt s
CTPYKTYPOBAaHUX Ka0eJbHHUX CHCTEM i ONTOBOJIOKOH.
Le#t MibKHApOOHWH  CTaHIApT BH3HAYAE€  BHUMOTH
JI0 KaOENbHUX CHUCTEM 3arajbHOI0 KOPUCTYBAaHHS IS
MATPUMKH IIHPOKOTO CIEKTpPa TEeIeKOMYHIKaIliHHIX
mocnyr y OynmiBmsax Ta MbK OyniBisimu, a cdepa
3aCTOCYBaHHS  NOIIMPIOETBCS ~ HAa  NPOEKTYBAaHHS
Ta PO3rOPTaHHS CTPYKTYPOBaHHMX KaOEIbHUX CHUCTEM
Yy TakuX CepeloBHINAX, K odicH, mEeHTpH 0OpOoOICHHS
JAHUX, MPOMHCIOBI 00’ekTH TOIIO0. OCHOBHI acCIeKTH
CTAHJAPTy OXOILTIOOTH!

—  TOIIOJIOTIO KabeIbpHOT

(onmcye  cTpyKTYpy

CHCTEMH, 30KpeMa TOPH30HTAIBHI Ta MaricTpajbHi

KabeJi, TOUKU JIOCTYITy Ta 1HII KOMIIOHEHTH);
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— xareropii  kabOemie  (BM3Hayae  Karteropii
Ka0esiB, HAMpUKIIa[] KJIac ONTOBOJOKOHHUX 3’€JHAHb:
OMI1 ©OararomMomoBE BOJIOKHO, cepieBuHa 62,5 MKM,
200 MIm xm

Ha nosxuHi xBuil 850 uM; OM2 0araToMoI0BE BOJIOKHO,

MiHIManbHa CMyra TpOITYyCKaHHs
CepleBHHA SIKOTO CTaHOBUTH 50 MKM 3 MiHIMaJIbHOIO
MOJANBHOIO cMyroro mnpomyckanas 500 MIm &M
Ta goBxkuHOW xBum 850 HM; OM3 06GararoMomoBe
BOJIOKHO, CEpLEBHHA SKOTO0 CTaHOBHTH S50 MKM
3 MIHIMaJbHOIO MOJAJIBHOIO CMYTOIO MPOITyCKAHHS
2000 MI'm &M 850 uMm;

OM4 ©OaraTtomozmoBe ceplLeBUHa

Ta JOBXKHHOIO XBHIII

BOJIOKHO, SAKOro

craHoBUTh S50 MKM 3 MIHIMaJbHOI MOJAJIBHOIO
cmyroro mnpomyckaHHs 4700 MI'm kM Ta JOBXKHHOMNO
xBu 850 HM);

— THIIUA CEePeOBHIN Tepeaadi (MOXe OXOIUTIOBATH
BOJIOKOHHO-ONITHYHI  KalOei

MigHi Kabeii Ta

3 BIQNOBIAHMMH BHUMOTaMH JO IPOAYKTHBHOCTI
JUTA KOXKHOTO THILY);

— 0COOJMBOCTI 3aCTOCYBaHHS (IIATPUMKA PI3HUX
TUMIB  TENEKOMYHIKAllifHUX  TOCIYT,  HAaNpUKIaZg
TOJIOCOBHH 3B’SI30K, Iepejava MaHuX, BieoKOH(epeHIil

Ta iHmi udpoBi ceppicn).

Puc. 2. Cxema 3 iepapxiero TenekoMyHikamiifHux cranaaptiB TIA Ta ix B3aeM03B 130K
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Ta6mauus 2. Xapakmepucmuka enemenmis cimeticmeéa cmanoapmie TIA 6 noeonanni 3 KTBO

Cranpapr XapaKTepHCTHKA CTAHAAPTY
ANSI/TIA-568 OnuH 3 Halinmommpenimux crangaptiB y IKT, mo oxomumoe crienmdikanii [uist onTHYHAX KabediB,
Cranpapt 3’€THYBaYiB Ta IPAKTUK BCTAHOBJICHHS [UIs 3a0€3MIEUCHHs BUCOKOIPOIYKTUBHUX MEPEXK.
CTPYKTYpyBaHHS KTBO cnpusie nocTitHOMy OHOBJIEHHIO PO3/UIiB IIbOTO CTAHAAPTY, IO CTOCY€ETHCS ONTOBOJOKOHHUX

Kabemto s
KOMEpIIHHNX Oy iBeNb

TEXHOJIOT1H, 30KpeMa JJIs MOKPAIeHHS MBUIKOCTI Iepeaaydi MOKIMBOCTEH NaabHOCTI Ta 3a0e3MeueHHS
3BOPOTHOI CYMiCHOCTI.

ANSI/TIA-492
Crermudikarii st
OIITUYHOI'O BOJIOKHA

e cimeticTBO cTaHapTiB Hajae crienndikamii Ui Ppi3HUX TUIIB ONTHYHHX BOJIOKOH, 30KpeMa
6araToMo/I0BHX 1 OTHOMOJOBHX, | BAKOPHCTOBYETHCS B TEJICKOMYHIKAIlIHAX CHCTEMaXx.
3a3Ha4yeHi CTaHAApTH BU3HAYAIOTh TaKi XapaKTePHCTHKY, SIK 3aTyXaHHs, [IPOITyCKHA 31aTHICTh
Ta MEXaHi4Hi BIaCTHBOCTI.

KTBO nomnomarae 3a0e3ne4uTy BiANOBIHICTh TUIIIB BOJIOKOH CyYacHUM 1 MaOyTHIM BUMOTaM
JI0 BUCOKOIIBHIKICHOT epeaayi JaHuX, MiATPUMYIOUN PO3TOPTaHHS MEPEIOBUX MEPEK,

TakuX K 5G Ta iHMHX.

ANSI/TIA-606
Cranzapr
aZIMIHICTPYBaHHS
TEeJICKOMYHIKaI[IHOT
iHppacTpyKTYypH

Leit crangapT BCTAHOBITIOE KEPiBHI MPUHIUAIH Il MAPKYBaHHS, 11eHTA(DIKAIIT Ta aqMiHICTPYBaHHSI
OINITHYHUX KOMITOHEHTIB y TeJIeKOMYHIKaliiHi{ iHPpacTpyKTypi, 0 MoJerurye eeKTHBHE YIpaBIiHHI
ONITHYHUMH MepeKaMH, CIIPOIIY€E IPOIECH yCYHEHHs HECIIPAaBHOCTI Ta IEPEIIKO]], OHOBICHHS

Ta 00CIIyrOByBaHHSI.

KTBO nHaznae pexoMeHpalil 1010 HAaKpalyX IPakTUK JOKYMEHTYBAaHHs Ta OpraHi3amii ONTHYHUX MEpex,
3abe3nedyioun eeKTHBHY poOOTY Ta MacIiTabOBaHICTh iH(pOpManiiiHO-KOMYHiKawiitHOT iHQpacTpyKTypH.

ANSI/TIA-758
Crannmapt
TEJEKOMYHIKaiiHOT
iH(pacTpyKTYpH
30BHIIIHIX 00’€KTIB, 110
HaJIC)KATh 3aMOBHUKY

Cranpaapr, SKUii HaJa€ peKOMEH/IALII] [10/J0 BCTAHOBJIEHHS Ta OOCIyTOBYBAHHS ONTHIHUX CHCTEM
mo3a OyAiBIsIMHU, HAIIPUKIIA, ONTOBOJIOKOHHI MEPEXkKi MiXK KOPITyCaMH, IaTa-IEHTPaMHI

Ta 30BHIMIHIMH 00’ €KTaMHU.

KTBO 3a0e3mneuye GpopMyBaHHS CTaHIAPTIB JUIS 30BHIMIHIX ONTHYHUX CUCTEM, 30CEPEIDKYIOUUCH
Ha MUTAHHIX JIOBFOBIYHOCTI B YMOBaX HaBKOJIMIIIHHLOTO CEPEIOBHUINA, TEXHIKAX BCTAHOBICHHS

Ta 3a0€3MCUCHHS MPOYKTHBHOCTI Ha BEJIMKI BiJICTaHI JJIs1 BUCOKONIBUIKICHIUX MEPEXK.

ANSI/TIA-942
CranpapTti 1uis
JaTa-IeHTpiB

CraHzapT, KA BU3HAYa€ BUMOTH II0/I0 IPOEKTYBAHHS Ta BCTAHOBJICHHS 1IHQPACTPYKTYPH daTa-LEHTPIB,
30KpeMa JUIsl KabelbHUX CHUCTEM, SIKi BAKOPUCTOBYIOThH ONITOBOJIOKHO. Lleit crannapT 3abe3neuye,

11100 aTa-[EeHTPU MOTIIH 0OPOOIISITH BUCOKOIIBHIKICHY Hepe/iady JaHuX i3 HU3bKOIO 3aTPUMKOIO.

KTBO npartoe HaJy peKOMEH/IAI[ISIMH I0JI0 ONITOBOJIOKOHHOT'O TPOKJIaAaHHs Kabelo B AaTa-LEeHTpax
JUISL ONITHMIi3alii MPOXYKTUBHOCTI, 3MEHIIEHHS BTPAT CUTHAJLY Ta IMiATPUMKU MaiOyTHIX PO3LIMPEHb.

ANSI/TIA-455
MeTtonu BunpoOyBaHb
JUISL ONTHYHHUX BOJOKOH

Cepis cTaHAapTiB, [0 OKPECIIOE METOIU TECTYBAHHS ONTHYHUX KOMITIOHEHTIB i CHCTEM ISl 3a0e31eYeHHs
CTab1IbHOI Ta HAliITHOT POOOTH ONTOBOJIOKOHHHX TEXHOJIOTIH y PI3HHX CEpeIOBHIIAX i 3aCTOCYHKaX.
KTBO cnpusie BU3Ha4eHHIO MPOLEAYpP TECTyBaHHS ISl 3a0e3MeueHHs UTICHOCTI, SKOCTi Ta JOBrOBIYHOCTI
OTITOBOJIOKOHHHX Ka0eJIiB Ta 3’€AHyBayiB, TAKAUM YHHOM I ATPUMYIOUH HAIIHHICTh MEPEK.

IEC 60793. Cepis MDKHapOJHHX CTaHIApTiB,

PO3pO0JICHUX

komiciero (IEC), siki BU3HAYalOTh BUMOTH JI0 ONTHYHHUX
BOJIOKOH, IO BHUKOPHCTOBYIOTHCS B TEJEKOMYHIKAIisX

MiKHApOIHOIO

nepenavi iHpopmanii Ha 3HAYHI BiJACTaHI 3 BHCOKOIO

€JIEKTPOTEXHIYHOI0 LIBUJKICTIO, HANpHUKIAA Y MaricTpalbHUX MeEpexax;

0araToMOJIOBi  BOJIOKHA, SKi 3aCTOCOBYIOTBCS  JIJIS

nepeiavi  JIaHUX Ha KOPOTIII BIJCTaHI, HampUKiIaz

1 cucremax mnepenadi iHdopmamii. Ili cranmaprtu y JIOKaJNbHUX Mepexax. o OCHOBHHMX THIIB BOJIOKOH
OXOIUTIOITh K (i3WuHi, Tak 1 [epeaaBaibHi Hanexarb: ICE 60793-2-10 (MICTHTh XapaKTePHCTHKH
XapaKTepPUCTHKN  ONTHYHHX  BOJIOKOH. Po3risHemo 6araToMOJJOBMX BOJIOKOH i3 TpafieHTHUM Tpodinem,

OCHOBHI yacTuHH cepii ctanmapty IEC 60793:
— IEC 60793-1 (Bu3zHauae MeTOAM BHIPOOYBAHHS

OIITUYHHUX BOJIOKOH,

Hampukiaax OM2, OM3, OM4); ICE 60793-2-50 (ommmcye
OTHOMOJIOBI BOJIOKHA, 30kpeMa (G.652 ta G.655, mo

30KpeMa Ti, MI0 CTOCYIOTBCS 3aCTOCOBYIOTBCS [T TIepeadi JaHWX Ha JOBTI AUCTAHIIIT).

ONITUYHUX, TCOMECTPUYIHUX Ta MEXaHIYHHUX BHaCTHBOCTGﬁ);

- IEC

BOJIOKOH, 30KpcMa

II0 3aCTOCOBYIOThCA IS TIepeadi JaHuX);

— IEC 60793-3 (mamae pekomeHmaril

kimacuikamii

60793-2
XapaKTePUCTHKU TPOJYKIT JUTs Pi3HUX THUITIB ONTHYHHX
0araTtoMo0B1

BOJIOKOH

TIA-568. Cepisi TenekOMyHIKalliiHUX CTaHAAPTIB,

(ycTaHoBIIOE TEXHIYHI

oo po3po0ieHi AMEPHKAHCHKOIO acOMiaIliero IHAYCTpil
3B’s3ky  (TIA) 100
CTPYKTYPOBAHUX KaOEIbHUX CHCTEM, BUKOPHUCTOBYBAHUX

Ta BCTAHOBJIIOIOTb BHUMOTI'H

Ta OJHOMOJIOBI,

Uis  mepemavi  iHdopmariii, TroloCcy Ta Bimeo B

1010
BHMOTaMH,

i KoMmepuiiHux OyniBisix. OCHOBHI 4YacTHHHM CTaHIApTy
32  PI3HUMH

TIA-568 MICTATH Taki CKJIaJHUKH:

cnenudiYHUMU JIJIS 3aCTOCYBaHb).

IEC 60793-2 w™icTuTh KIacH]ikamiro Ta THIH

— TIA-568.0 (3aranpHi BUMOTH IO CTPYKTYPOBaHHX

KaOeIbHUX CHUCTEM, IO OXOILUIKE OCHOBHI KOMIIOHCHTH,

BOJIOKOH. Jlo knmacudikamii BOJIOKOH HalleXaTh TaKi:

OJTHOMOJIOBI

BOJIOKHA,

TaKi sIK Kabeti, po3’eMH, TOUKH JIOCTYITy Ta KaOeIbHI Tpacu);
II0 BHKOPHCTOBYIOTBCS VIS




160

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

Innovative technologies and scientific solutions for industries. 2024. No. 4 (30)

— TIA-568.1
CHUCTEMM JUIi KOMEpUiHHMX OyJiBenb, IO BHM3HAYAE

(TenexoMyHiKaliiiHi  KabembHI
BUMOTH JIO BCTaHOBJICHHS, TECTYyBaHHA Ta IIATPUMKH
KaOeJIbHUX CHCTEM JUIS TAKUX CEpPEIOBHIN);

— TIA-568.2 (crammapt ans MigHEUX KaOeTbHHX
cHCTeM, IO MICTHTh cnenudikamii Juis MigHUX KaOeiB
Kareropii 3, S5y, 6, 6A 8, sgKki HIATPUMYIOTH pi3HI
IIBUJIKOCTI MIepeayi TaHuX);

— TIA-568.3 (cTarmapT i BOJOKOHHO-ONTHYHIX
KaOeLHUX  CHCTEM, IO

OXOINIIOE BHUMOI'H 0

ONTOBOJOKOHHWX  KabemiB, po3’eMiB Ta  IHIIOTO
ONTUYHOTO O0JaTHAHHS);

— TIA-568.4 (crammapt s KaOeTbHHX CHCTEM
JKUTIOBHX OyiBeNb, MO 3a0e3rnedye peKOMEHAAIii s

TEJIEKOMYHIKAIIHHNX PIIIeHb Y )KATIOBUX TPHMIIICHHSIX ).

TIA/EIA 492AAAx. Cepis cnemudikamiid, 0
po3pobneni cuimeHO TIA Ta EIA (Electronic Industries
Alliance) 1 cTocyrOTbCS BOJIIOKOHHO-ONITHYHUX KaOelliB.
Crangapt 492AAAX BU3HAa4Yae BUMOTH JIO PI3HHUX THUIIIB
OTHOMOJIOBHX Ta 0araTOMOJOBHX ONTHYHUX BOJIOKOH,
IO BHUKOPHCTOBYIOTHCS B TEICKOMYHIKAIIAX 1 JJISA
nepenadi  gaHux. OCHOBHI TIOJIOKEHHS CTaHOApTiB
cepii TIA/EIA 492 A AAX MarOTh TaKi CKJIQJJHUKH:

— 492AAAA (criermdikaris, o MiCTUTh BHMOTH
0 0araToMOJIOBUX BOJIOKOH, SIKI BHKOPHCTOBYIOTHCS
Ha KOPOTIINX JUCTAHIISIX Y JIOKATEHUX MEPexKax);

— 492AAAB

XapaKTEPUCTHKU

(cmenudikaris, MmO  BH3HAYAE

OJHOMOJIOBHX BOJIOKOH, 110

BUKOPHCTOBYIOTBCSI sl JIOBTMX  JHUCTaHIi  Ta
BUCOKOLIBHKICHOT Nepeayi iHdopmariii);

— ONTHYHI MapaMeTpH, A€ CTAHAAPTH OXOIUIIOIOTH
BUMOTH JI0 KoedillieHTa 3aJOMIICHHS, 3aTyXaHHS,
nmiamerpa sapa Ta OOONIOHKH BOJIOKHA, a TaKOX 1HIII
napameTpH, IO BIUIMBAIOTh Ha MPOJAYKTHBHICTh BOJIOKHA;

— MeXaHiuHi MapamerTpu, [0 MICTSITh BUMOTH

MIIHOCTI,  CTIMKOCTI 70  pO3TATYBaHHS, BIUIMBY
TEMITepaTypy H HaBKOJIMIIHBOTO CEPEIOBHIIIA;
— Kareropii BOJIOKOH, J€ cepisi CTaHAapTiB

492AAAX PpO3IMMPIOETBECS 3 HOBUMH  KaTeTropisiMU
Ta MoaMGIKalisIMU JJsl TOKpAIIeHHS MPOIYKTUBHOCTI,

1m0 Bignosinae po3Butky IKT.

ITU-T (MicxkHapoaHuii 003 e1eKTpPO3B’SI3Ky —
CekTop cranaapTu3auii eqekTpo3B’si3Ky). Lleit cexrop
BiJINIOBiAIHUM 32 pO3pOOIICHHS TI00abHIX CTaHIAAPTIB
y cdepi rtenexomynikauiii ta IKT. Bin 3a0e3neuye
CTaHIAPTU3AIliI0, [0 MJa€ 3MOTY B3aEMOJISATH MiXk
TEJIEKOMYHIKAI[IHHUMHA

CUCTEMH B  TJI00QIBHOMY

MacmTabi, 3abe3nedyrodd  CYMICHICTb,  HaIIHHICTbH
Ta MPOAYKTHBHICTH MEPEX 1 00J1alHAHHSI.

OcuosHi ¢yHkuii ITU-T:

— po3pobnenns crangaptiB, ne ITU-T crBoproe
TeXHiyHI craHmapTu "PexomeHpmamii", fKi OXOIUTIOIOTH
IIUPOKUHA CHEKTp TeJNEKOMYHIKalifHUX TEXHOJIOTIH,
30KpeMa Iepemady JaHuX, CUTHAJTI3aLIiIo,

JIOCTYIy

Mepexi,

iHTepdeiicn, a TakoX TEXHOJOTIl JuIs
JI0 IHTEpHETY;

— mobanpHa rapMoHizauis, ne crangaptu [TU-T
CIpsiMOBaHI Ha 3a0e3rmedeHHs TI00ANBHOI CyMICHOCTI
MDK  pI3HUMH  TEJNEKOMYHIKaIllHHUMH  MepexaMu
W TEXHONIOTiIIMH, TaKUMH SK TeledoHis, iHTepHeT,
MOOUIBHI MepeXKi Ta ONTOBOJOKOHHI CHCTEMH, IO JIA€
3MOTY pi3HHM KpaiHaMm i omepaTopaM BHUKOPHUCTOBYBATH
€IVHI CTaHAapTH IS 00MiHy iHpopMaIIieo
Ta FOJIOCOBUMH MOCITYTaMH;

— ocHoBHi po6oui rpymu ITU-T, mo po3po0iisitoTs

pekoMeHIamii B KOHKPETHHX HaIpsMax, 30KpeMa
ontnyHi cucremu (SG15), curnamizamist  (SG11),
mepenada gmanux  (SG13), «kibepbesneka (SG17),

IHTEPHET-IIPOTOKOJIN TOLIO.

KitouoBi crammaptn ITU-T oxormmoroTs Take:
G-cepiss  (onmTHYHI BOJIOKHA Ta Iepejada JlaHHX,
Hanpukiaan G.652, G.655 ansd ONTHYHHX BOJIOKOH);
H-cepist (MynbTHMenia Uit CTHCHEHHs Bifeo Ta ayio,
takux sk H.264 mns Bimeo, H.323 mms IP-temedonii;
X-cepiss (IpOTOKONIM Tepenadi JaHuX, WLI0 MICTAThH
MPOTOKONK s Tepemadi  iHpopmarii, Oe3nmexu
Ta KibepOesneku, Hampukian X.509 mis unppoBux
ceptudikaTip); Y-cepis (MepexHi TEXHOJOTIi, HATIPHKIIAL
Y.1731 ans ynpaBiiHHS it MOHITOPHHTY CITyKO mepeaadi
nmaanx). Cextop ITU-T BigmoBimae 3a cTaHmapTH3aIliio
TEJEKOMYHIKaITiil.

ITU-T G.651.1 -

XapaKTCPUCTHUKHU 6al"aTOMOI[OBI/IX OIITUYHHUX BOJIOKOH

CTaH/lapT, M0 OIIUCYE
i3 TrpamieHTHUM T1podiseM TMOKa3HHWKAa 3aJOMJICHHS.
Bomokna 1poro Tumy 3a3BH4aii BUKOPHCTOBYIOTHCS
JUIsl Tiepefadl JaHuX Ha KOPOTKI Ta cepejHi BincTadi,
HANIpUKJIAN y JIOKATBHHX Mepexax 1 JaTa-IieHTpax.
OcnogHi xapakrepuctiku ITU-T G.651.1:

— THII BOJIOKHA /s 0araTOMOJOBHX ONTHYHHX
BOJIOKOH 13  TIpajlieHTHUM mpodiieM  IOKa3HHKa
3aJIOMJICHHS, ONTHUMI30BaHUX I POOOTH B Jiama3oHi
nmoBxxuH XBHIb 850 HM 1 1300 HM;

— Kareropii 6araToMoJJOBUX BOJIOKOH, IO Tiepeidayae
cunenudikamii IS PI3HUX KaTeropiii 6araToMoa0BHX
BOJIOKOH, Hampukiaax: OM2 miaTpuMye OIBHIKOCTI

mepenaui go 10 TI'6ir/c wa Bigcrani mo 550 w;
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OM3 onrtumizoBane it poOoTH Ha 850 HM 3 MiATPUMKOIO
mBuakocred 1o 10 I'6Git/c i 40 T'6it/c; OM4 migTpumye
mBuakocTi 70 100 I'6iT/c Ha KOPOTKUX AMCTAHIIISX;

— JIOBXMHAa XBWIb: 850 HM € ONTUMaJIbHUM

miama3oHoM s 0araTOMOJOBHX — BOJIOKOH,  IIO

BUKOPHUCTOBYETHCS B  OUIBIIOCTI Cy4YacHHUX CHCTEM
JUIS Tiepenavi JaHUNX Ha KOpoTki amcranmii; 1300 HM
3aCTOCOBYEThCS B JIEIKHX CHCTEMax Iepejadi s
MIOJTOBXKEHHSI JATBHOCTI 3B’ SI3KY;

— XapaKTEepPHCTUKU BOJIOKHA, SIKi MAlOTh OUTHINUI
miamerp sapa (50 Mk abo 62,5 MK) MOpiBHSHO
3 OJJHOMOJIOBUMH BOJIOKHAMU; II¢ Ja€ 3MOTY OJTHOYAcCHO
mepeaBaTd Kilbka MOJ CBiTJIa, IO POOWUTH iX MEHII
YYTIIMBAMHU JI0 JOKEpPENl CBITIA Ta 3pYYHHMH IS
BUKOPHCTaHHS B CEPEIOBHINAX 13 MEHII CYBOPUMH
BUMOTaMH JI0 TOYHOCTI Mepeaayi;

— 3acTocyBaHHS BoJOKHa craHmapty G.651.1
3a3BMYail B JaTa-ICHTPax, KOPIIOPATHBHUX MeEpexkax,
IHCTHTYIIAX, Ji¢ BaXJINBA BHCOKA IIBUAKICTD mepemadi
JTAHWX HA BiTHOCHO KOPOTKI BiJICTaHi, O MiJXOAUTH JJIs
TEeXHOJIOTiH, 30Kkpema Ethernet, Fiber Channel, 1 musa
3aCTOCYBaHHS Ha BUCOKHX mBuAKocTsx (40/100 I'6it/c).

Jamni mpoanamizyeMo Aeski yKpaiHCBKI CTaHAApTH,
0 MOXKYTh BIJITIOBIZIATH OMHCAHUM BHIIEC MIKHAPOJIHUM
cragmapram st 3actocyBaHHa IKT B VYkpaiHi.
Cepen OCHOBHUX cTaHaapTiB posnisHeMo Taki: JICTY
ISO/IEC  11801-1:2018

KaGenbHi cucremu

IHdopmaniiini  TexHOIMOTII.

3arajJbHOTO NPU3HAYCHHS  JUIS
MpUMIIIeHb KopHucTyBadiB. Yactura 1. 3aransHi BUMOTH;
JACTY IEC 60793-1-1-2001
Yactuna 1-1. 3arampHi TexHiuHI yMoBH. OCHOBHI
nonokenns; JJCTY EN IEC 60793-1-34:2022 OntuuHi

Yacruna 1-34.

Bonokna  onrtuuHi.

BOJIOKHA. Metogu  BUMIipIOBaHHS

Ta rnpoueaypy BurpoOyBanb. CKpy4eHIiCTh BOJIOKHA.

JACTY ISO/IEC
ineHTHuHUA MbkHapogHomy ISO/IEC

11801-1:2018. Crannapt
11801-1:2017,
0 BCTAHOBJIIOE BMMOTH JI0 TPOEKTYBAHHSI, iHCTANSIIl
Ta poOOTH KabEeNbHUX CHUCTEM 3arallbHOro MpPU3HAYCHHS
JUId TIpUMIIIEHb KopucTyBadiB. OCHOBHI ITOJIOKEHHS
3aCTOCYBaHHSI CTaHAApTy: a) Uil KaOeNbHHX CHCTEM,
SKI BHUKOPHCTOBYIOTBCSI B OYyHNIBISAX 1 Ha TEpHUTOPIsX,
30kpema odicw,

0) oOciyroByBaHHS

KHUTJIOBI Ta TPOMAJCHKI OyIiBii;

KOMYHIKallilHUX ~ Mepex, IO

3a0e3medyroTs nepenady nanux [17].

ACTY IEC 60793-1-1-2001 ta ACTY EN IEC
60793-1-34:2022. Ctannapty, 00 CTOCYIOTHCSI ONTHYHUX
BOJIOKOH 1 BCTAHOBJICHHS BHMOI' 10 iX XapaKTepHCTHK
i tecryBanssa. Cranmapr JCTY IEC 60793-1-1-2001

ocHOBaHMi Ha MixHapoxHomy crangapti IEC 60793-1-1
1 CTOCY€eThCS 3arajbHAX BHUMOT JI0 ONTHYHHX BOJIOKOH.
OcHOBHE 3aBJaHHSl CTaHJApTy — oOnucaru 0a3oBi
XapaKTEePUCTHKH ONTHYHUX BOJIOKOH Ta iX 3arajibHi
mapametpu [18]. Crammaptr JCTY EN IEC 60793-1-
34:2022 € YacTMHOIO OHOBJIEHOI cepii, IO TaKOoX
TPYHTYEThCA Ha MibkHapomgaux cranmaprax I[EC i omucye
crenu(igHi BUMOTH IO METOJIIB TECTYBaHHS MEXaHIYHUX
BJIACTUBOCTEH ONITHYHUX BOJIOKOH [19].

Ha ocHOBI mpoaHanizoBaHUX JDKEpeN 1 CTaHIapTiB
MTOPIBHAEMO MOKJIMBOCTI THIIB 6araTOMOZOBUX BOJIOKOH
JUI KOKHOTO CTaHIapTy, IO MOKa3aHo B Tabm. 3 [20].
OM1 i OM2 — opurinanbHi THIH giameTpom 62.5 1 50 Mx
BIJIMIOBITHO — BBA)KAIOTHCS 3aCTAPUIMMHU B CTaHIapTax
ISO/IEC 11801 i TIA 568, Tomy BoHHM Oible He J0AaHI
B OCHOBHHU TEKCT JOKYMEHTIB. OJHaK BOHH J03BOJICHI
SIK CTapl THIH BOJIOKOH 1 MOXYTh YIPOBaKyBaTHCS
JUT PO3LIMPEHHS 3acTapiimx Mmepek. Hoi mapamerpu
MaloTh BUKOPUCTOBYBATH THITH 0araToMo/I0BOT0 BOJIOKHA
OM3, OM4 a6o OMS.

BararomomoBe OM3 €

BUKOPUCTAHHSA 3

TMEPIINM BOJIOKHOM,

po3po0ICHUM IS Ja3epPHUMHU
Kepemamu  cBiTia Ha 850 HM, 3ae0imBIIOTO A
niarpumku podoru 1 I'6it/c i 10 I'6it/c. OM4 npononye
OiMpIly MOBXKHHY 3 €IHAHHA, MIATPUMYIOYH poOOTy
10 I'6it/c mo 400 M y cranmapti Ta 70 550 M 3a IesIKUMU
IH)KEHEPHUMH TIPaBHIAMH.

TpanuniiiHo 06araToMoJ0BE BOJIOKHO MPAIIOBAJIO
Ha ONHIN MOBXWHI XBWJI, a KOJMH OymW TMOTPiOHI BHIII
IIBUIKOCTI MEPEKi, PO3POOHIIH Jia3epH, IO MPAIIOIThH
HAa TMX MIBHAKOCTAX. Takuil miaxim myxe 1o0pe
npamoBaB g0 10 I'6it/c, a mizmime — no 25 I'Git/c.
OpHak A7 TOAANBIIOTO 30UTBIICHHS IIBHUAKOCTI OyiH
JOJIaHl TIapayieibHi ONTOBOJIOKOHHI CHUCTEMH, CIOYATKY
g 40 I'6it/c, motim g 100 I'6it/c. YoTupu BoJOKHA,
a00 CMyrH, BHKOPHCTOBYBAIWCS ISl MIATPUMKH IIHX
BHCOKOIIBHIKICHUX 3’ €/THAHB.

InHoBaniiinnmM € BrnpoBamkeHHss OMS, Bigomoro
SK "mmpokocMyroBe" 0araToMoIOBE BOJOKHO, MIO €
MepIIuM 0araToOMOJIOBUM BOJIOKHOM, PO3POOJICHUM ISt
OIATPUMKH KUTBKOX JIOBKHH XBWIb. BiH 3a0e3mnedye
nymiekcHy nepenady 100 I'GiT/c 3 BHKOpHCTaHHSIM
JBOX a00 YOTHPHOX MAOBXKHMH XBWIb Bix 850 m0 950 HM.
e poOuThCcs 3 OrsAy Ha TEpEeBaru 0OaraTOMOJIIOBOTO
BOJIOKHA, SKOMY BJacTHBA OlNbIIa JOBKHWHA XBHIII
mepenadi. MeHIIa XpoMaTHYHA JUCIEPCis BOJOKHA
Ha OLTPIIMX MOBKHWHAX XBHJIb O3HAYa€, IO BHUMOTHU
0O MOJaJIbHOI CMYTH TIPOIYCKAHHS MOXYTh OyTH
Moc1a0JIeHi Ha IUX JOBTUX XBUIISX.
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Ta6auus 3. [opisusanns munie 6a2amomo006020 60JIOKHA 32I0HO 3 MIJDICHAPOOHUMU cmaHnoapmamu Ha ocHosi KTBO

Cwmyra nponyckadss MI'i-km
Tunose EdexTruBHA
L . MakcuMmanbHe | IlepenoBHeHuit MoJanbHa
Tamysesi (MibkHapoaHI) cCTaHIAPTH
T 3aracaHHs 3aIycK cMyra
(nb/xm) MIPOMYCKaHHS
BOJIOKHA TIA/EIA
ISO/IEC IEC 850 | 1300 1300 953
11801-1 | 60793-2-10 TIA-568.3-D 492AAAX ITU-T . M 850 M . 850 M .
pi3HOBHT
62.5 OM1 Alb TIA (4 O9§4AI§XAA 492AAAA - 3.5 500 200 500 - -
50/125 oM2 Ala.lb TIA(égf/ég%AB 492AAAA | G.551.1 3.5 500 500 500 - -
50/125 OoM3 Ala.2b A (égig;%AC 492AAAA - 3.0 500 1500 500 2000 -
59/125 OM4 Ala.3b TIA fgﬁﬁ?AD 492AAAA - 3.0 500 3500 500 4700 -
50/125 OMS5 Ala.4b A (Lgf/éfAE 492AAAA - 3.0 500 3500 500 4700 | 2470
BucHoBku komyHikaniitanx  texHomoriii  (IKT) B  VYkpaiHni,

JocmimkeHHsT MATBEPHKYE BaXIIUBICTh isUTBHOCTI
Koncopriymy
TIAPTHEPCTBI 3 ACOIAINE0 TeNEKOMYHIKAiiHOI 1HIyCTpii
UL pO3pOOJICHHS HOBHUX TEXHOJOTIH 1
BusHaueHO KIIOYOBI €NEMEHTH ISUIEHOCTI KOHCOPIIyMY,
30KpemMa (hyHKITIOHATBHI CTaHapTU3ALlIS
KOMIIOHEHTIB 1  KOHTpOJIb CIIPUSIOTH

TEXHOJIOTIH  BOJIOKOHHOI  ONTHKA B

CTaHIAPTIB.

TECTH,
SIKOCTI, IO
MIIABUIICHHIO €()EKTUBHOCTI ONTOBOJIOKOHHHUX CHCTEM.
PosrmsHyTa iepapxist TeleKOMyHIKaIHHUX cTaHaapTie TIA
JTa€ 3MOTY Kpare 3pO3yMITH B3a€EMO3B’S30K MK pi3HUMH
CTaHIapTaMH Ta iX BIUIMB HA PO3BUTOK TEXHOJIOTIH.
HopiBasuaas MixHapoguux craanaprtie (ISO/IEC
11801, IEC 60793, TIA-568, TIA/EIA 492 AAAX,
ITU-T) minTBepmKye iX BiIIOBIIHICTH IS MIPOEKTYBAHHS,
NPOKJIAJIAaHHS Ta OOCIYyroByBaHHS ONTOBOJIOKOHHHX
PesynpraT  cBimuaTh Opo  HEOOXIIHICTH
MO/IAIBIIOTO BJJOCKOHAJIEHHS CTaHIapTIB JJIs1 3a0e3MeYeHHs

MEpEK.
HAJIHHOCTI Ta OE3MEKH TEICKOMYHIKAI[IHUX MTOCIYT.
AmHani3 yKkpaiHChbKHX CTaHJapTiB, 110 BiANOBIJAIOTH

MDKHapOHUM BUMOTaM IS 3aCTOCYBaHHS iH(pOpMaliiHO-

Cunucok Jgireparypu

JEMOHCTPY€ BKIIUBICTB IX yIPOBAIKEHHS Ul PO3BUTKY
HarioHaNbHO! iH(pacTpykTypu. ToMy I cTaHmApTH €
BOXJIMBUMH IS iHTErpalii Hamoi KpaiHu B TI100aNbHHUNA
iHpopMamiiHUI TPOCTip, 3a0E3MEeUyIOTh BiAMOBIIHICT
iHppacTpyKTypH
CIIpHsi€ TMOKPAIICHHIO

HaIlllOHAIBHOI  TeJeKOMYyHIKamiiHO1

MDKHApOJHMM BHMOTaM, IO
SIKICTh HaJaHHS MMOCIYT, MiABUIICHHIO HAIIHHOCTI MEPEK
1 MaitbyTHBOMY 3pocTanHIo B cekTopi IKT.

JocsrHyTi  pe3ynabpTaTM  JalOTh  3MOTY  Kpalle

3pO3yMITH  MEXaHi3MH  TrapMoOHi3amii  CTaHIapTiB

Ha mIo0aNbHOMY piBHI Ta iX BIUIMB Ha pPO3BHUTOK
TEJIEKOMYHIKaI[IHHIX HOBI

cHCTeM, IO BiJKpUBAE

MOXJIUBOCTI JUIS I IBUIICHHS e(peKTUBHOCTI

BUKOPHCTaHHA IIMX CTAaHIAPTIB Yy CYYacHHUX yMOBaXx.
Oyne
MixHapogHux cragaaptie IKT B moenHaHHI 3 HOBITHIMHU

BekTopoM  mOJanmbIiMX  AOCIHIIHKEHB aHami3

TEXHOJIOTISIMH, TaKUMH sK S5G, IITYYHHE IHTCICKT

Ta I[HTepHEeT peueil, 3 MeTOI0 BH3HAUCHHS BIUIHBY
Ha PO3BUTOK ab0 3aMiHy HasBHHUX CTaHIApTiB y cdepi

BOJIOKOHHO-ONTHYHHUX TEXHOJIOT1H.
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STANDARDS AS A BASIS FOR INFORMATION
AND COMMUNICATION TECHNOLOGIES

The subject matter of the article is study of aspects of the activity of the consortium of fiber optics technologies and the engineering
committee of the telecommunications industry association using current international standards of information and communication
technologies. The goal of the work is to investigate the principles of operation of the consortium of fiber optics technologies for the
development of ICT standards and the peculiarities of the activities of the engineering committee of the telecommunications industry
association regarding telecommunication standards and their relationship. The following tasks were solved in the article: to conduct
a review of the literature using the standards of information and telecommunication technologies based on cable systems; study the
basic principles of the work of the consortium of fiber-optical technologies in the process of developing standards; determine the
peculiarities of the activities of the engineering committee of the association of the telecommunications industry in the context of the
implementation of telecommunication standards; analyze existing international standards for the design, installation, installation and
maintenance of fiber optic systems. Methods: analytical method with systematic analysis (study of existing international standards of
cable systems with analysis of the interaction of these standards) and comparative analysis (comparison of types of multimode fiber
according to international standards, as well as comparison of international standards with DSTU standards); Results: the results of
the study provide a comparative analysis of international standards that provide the design, laying, installation and maintenance of
fiber optic networks. On the basis of ISO/IEC 11801, IEC 60793, TIA-568, TIA/EIA 492 AAAx and ITU-T standards, comparative
possibilities of types of multimode fibers for each of the standards were carried out. Conclusions: The study confirms the importance
of the fiber optics technology consortium in partnership with the telecommunications industry association to develop new
technologies and standards. Based on the analysis of Ukrainian standards that meet international requirements for the use of
information and communication technologies in Ukraine, the need for their implementation for the development of national
infrastructure was clarified, since these standards are important for the integration of Ukraine into the global information space,
ensuring compliance of the national telecommunication infrastructure with international requirements, which will improve the quality
of service provision, improve network reliability and support future growth in the information and communication technology sector.
Practical benefits: improvement of development processes, implementation based on the use of international (TIA) and Ukrainian
(DSTU) standards of information and communication technologies. Scientific novelty: a comprehensive study of the relationship
between standardization processes and practical aspects of the design and maintenance of fiber optic networks was conducted.
Keywords: association; multimode fiber; information technology; consortium; standard.
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L. SMIDOVYCH, Y. KULYK, M. MOMOT

TELECOMMUNICATION OPERATOR’S TRANSITION
TO THE OMNICHANNEL ARCHITECTURE

The subject matter of the article is the omnichannel architecture of information systems of telecom operators,
functional requirements for it and the processes of transformation from multichannel to omnichannel architecture. The goal is to
elaborate the reference architecture of telecommunication operator’s omnichannel platform, and to transform the existing
information architecture according to the principles of omnichannel approach and open digital architecture, what will
improve customer experience, increase telecommunication operator’s competitiveness and customer loyalty. The following tasks
were solved at the study: analysis of the current state of information systems in telecommunications; analysis of marketing
and technical drivers for transition from multichannel to omnichannel architecture, analysis of specifics of omnichannel
approach implementation in telecommunications and related challenges, analysis of functional and system requirements
for telecommunication operator’s omnichannel platform, elaboration of the reference omnichannel architecture, elaboration
of a recommendations for the process of transformation from the existing multichannel architecture of the communication
operator to the target omnichannel architecture. To solve these problems, methods of system and business analysis were used,
in particular, methods of analysis of software requirements, technologies for developing software application architecture.
The following results were obtained. The current state of the telecommunications services industry in part of customer
engagement, and related approaches — the multichannel and the omnichannel one — were analysed. The functional and
non-functional requirements to omnichannel implementation were considered. Reference functional and component architecture
of omnichannel customer engagement function was proposed. Strategies of transition to modern omnichannel architecture
were considered and analysed. Conclusions: implementation of omnichannel approach in telecommunications and
transition to omnichannel architecture require transformation of CSP’s informational architecture itself. It should be
performed according to principles of Open Digital Architecture (ODA), and developed in frames functional blocks of ODA.
Such a transformation will ensure improving of customer experience, increasing customer satisfaction and customer loyalty,
allow CSPs to increase competitiveness by reduce operating costs, improving operational efficiency, and overall
business performance.
Kawuogi croBa: omnichannel; customer experience; telecommunications; open architecture; architecture transformation.

Introduction

The telecommunications sector is currently undergoing
a process of digital transformation, which includes
changes in technologies, IT architecture and business
models. One of the aspects of such transformation is
the transition from traditional multichannel approach to
interaction with customers to an omnichannel one.

Multichannel approach refers to a business using
multiple channels to interact with customers, such as email,
web, phone, social media, and in-person interactions.
Each channel is managed separately, with its own business
logic, processes, IT systems, and goals. Customers can
choose which channel they prefer to use to interact with
the communications service provider (CSP), but there
may be little or no coordination and consistency between
channels. This can result in a fragmented customer
experience (CX).

Omnichannel approach refers to a strategy for
providing a seamless and integrated customer experience

across multiple communication channels. The goal of
omnichannel approach is to enable customers to interact
with a CSP through their preferred channel, switch
channels while ensuring a consistent and personalized
experience across all channels.

The principal drivers of transition to omnichannel
approach are the customer expectations from one hand, and
CSPs needs to stay competitive in a rapidly evolving market
by process optimization, operating costs reducing and
customer data analysis. Customer-centric approach is one of
the key strategies to improve customer experience and
customer engagement, and increase loyalty of subscribers.

The advent of digital technology has fundamentally
changed the way customers interact with telecommunications
service providers. Traditionally CSPs provide telco-based
channels like SMS/USSD, IVR, web-based such as
web portals, mobile applications, social media
platforms, messengers, email, and physical channels like
points-of-sell (POS), physical stores and service centres,

self-service kiosks and so on. Currently most of
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customers have digital experience and require mobile
accessibility [1], and prefer use digital channels instead
of physical one.

Only 15% of customers with mobile service issues and
30% customers with fixed network service-related issues
turned to "client services" those provided directly by the
operator’s staff [2]. But customers who want face-to-face
answers or the opportunity to touch and test devices need
a seamless CX in physical stores [3]. Today, customers
expect to use a variety of digital touchpoints. Thus,
omnichannel approach affects telcos’ customer engagement
activities at every stage of the customer life cycle [4].

Recent research shows that customer’s needs for
personalization, proactive engagement and transparency
in communications, and delivering a seamless experience
for both potential customers and sales and marketing
employees — as they need to deliver an optimal customer
service — became one of the key internal drivers to adopt
omnichannel capabilities [5, 6].

Analysis of recent research and publications

Both multichannel and omnichannel approaches are
based on usage of several customer channels [7, 8].
Channels or customer touchpoints are often defined as
a customer contact point through which a business
interacts with their customers. Currently CSPs uses
different kinds of channels. These are traditional for
telecommunication providers phone based channels like
SMS/USSD, IVR, and call centres; web-based channels
like web-portals, mobile applications, messengers and
chatbots, and social media.

Off line channels like points-of-sale and retailer shops
are still used by part of CSP’s customers. But call centre
operators, sellers in shop or support engineers use some kind
of assistant application, what in common case can be
assumed and managed as special kind of digital channel.

In-bound channels are used by customer to
investigate products, purchase and manage services,
query support from CSP. Out-bound channels are used
by CSP for customer notification, marketing activities
such as promotional campaigns and call-back services.

Multichannel approach has a number of drawbacks
and limitations [7, 8]:

1. Isolated channels — different channels are
independent and implement different sets of scenarios.
The same workflow (i.e. purchase of some product,
service management) may have different implementations
on the different channels.

2. Multiple points of configuration — different
channels are managed and administrated by different
departments using separate tools.

3. Some platforms (i.e. different value-added service
(VAS) platforms, Marketing Systems, CMS) implements
separate virtual channels — isolated set of scenarios and
workflows implemented on some physical channel, which
is shared with other systems. For example — separate [IVR
menus on different short numbers to manage core
telecommunication services and value-added services (VAS).

4. Customer journey usually is implemented in
frames of some channel. Hopping between channels in
scope of one customer journey is impossible or restricted,
context of communication is lost. The results are customer
disappointing and unsatisfactory, lost on information and
lost of time to restore the context of communication.

The result is the multichannel landscape has
multidimensional silos making it impossible to create
shared business rules and configuration for all channels [8].

According to [9] two main dimensions of customer
journey integration are perceived consistency and
perceived connectivity of touchpoints. Consistency means
receiving the same information as well as experience, and
performance across channels. Connectivity means finding
no barriers when moving from one channel to another.
So, implementation of consisted and seamless customer
journey (fig. 1) and interaction with customers and
partners is the key point to improve customer experience.

Currently, the telecommunications sector worldwide
is at the stage of changing technologies and business
models, which has been called digital transformation.
It is based on technological innovations such as digital
network architecture — IMS and a software-defined
network (SDN), development of 4G/5G and IoT/IoE
technologies and services, BSS/OSS transition to a cloud-
native microservice based component architecture, and
the emergence of new business models (including OTT,
B2B2x/B2G2x) [11].

Digital transformation is the technological driver
and enabler of transition to omnichannel architecture at
the same time. As the result of digital transformation,
new architectural models, standards and approaches are
developed and implemented. It includes recent initiatives
of the TM Forum related to the development of standards
for Open Digital Architecture (ODA) [12] and open API
(Open API), as part of it. New approaches to system
and data integration is one of fundamental enablers of
omnichannel transformation [13].
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Fig. 1. Customer journey in omnichannel environment [10]

Progress in machine learning, Al and data analytic
is making it easier for CSPs to improve CX, provide
automation of customer requests processing, and analyse
customer data. Most of CSPs see the high potential
of AI/ML using in customer experience / customer
relationship management in such applications as chatbots
and personal digital assistant implementation, customer
interaction and social media analysis, customer
engagement and lead generation [14].

Implementing an omnichannel approach in the
telecommunication industry can be complex and comes
with the set of challenges. Some key technological
complexities and problems associated with implementing
an omnichannel approach in telecommunications are
described below [11, 15].

Architecture and integration of Systems: telecom
companies often have complex and diverse IT
infrastructure for customer relationship management,
billing, order processing, and other functions. Integrating
these systems to provide a seamless omnichannel
experience can be challenging and may require
significant investments in technology and resources.

Many CSPs, especially the "old" one, have legacy
systems that were developed independently for specific
functions and services. Integrating these legacy systems
with modern omnichannel solutions can be complex

due to differences in technology, data formats, and

communication protocols. Managing a large number of
channels, data sources and inventories of various types
is one of the key technical challenges. In many cases
legacy systems and environments are too difficult to
adjust to an omnichannel strategy, and they are not
designed to accumulate and integrate customer data
across all touch points.

Data Management: telecom operators deal with vast
amounts of customer data distributed between different
systems and storages. Ensuring the accuracy, consistency,
and security of this data across all channels is crucial
for providing a unified customer experience. Data silos
and inconsistencies can lead to misunderstandings and
frustration for customers.

Channel Consistency: maintaining a consistent
experience across various channels is essential.
Historically, as part of multichannel approach, different
channels were designed and developed independently.
Some channels have technological limitations related
with channel nature. Differences in service quality,
information, or processes between channels can lead
to customer dissatisfaction.

Customer Security and Privacy: the telecommunication
industry handles sensitive customer and commercial
information. Ensuring the security and privacy of
customer data across all channels, implementing robust

cyber security measures, and complying with data
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protection laws is a critical concern and may be
a challenge in omnichannel approach implementation.

Currently, there are a number of omnichannel
platforms, frameworks and solutions on the market, both
universal and telecom-oriented [16]. Some of these
systems are rather omnichannel CRM, which supports
only marketing and purchase processes. Use of out-of-
the-box omnichannel platform may be a good solution for
a green field operator, but comprehensive implementation
of omnichannel approach on existing CSP’s information
infrastructure requires transformation of information
infrastructure itself.

Task of the study. Thus, it can be concluded that
the implementation of the omnichannel approach in
telecommunications is associated with challenges related
to both organisational transformation and information
architecture transformation. In particular, information
systems in the field of telecommunications, first of all
BSS/OSS, do not meet modern technological and
business requirements, and its transformation to modern
IT architecture is required [11].

Actual are the following tasks: analysis of the
current state of information systems in telecommunications,
analysis of marketing and technical drivers for transition
from multichannel to omnichannel architecture, analysis
of specifics of implementation of the omnichannel
approach in telecommunications, and the requirements
for the omnichannel platform as part of informational
ecosystem of communication operator, development of it
reference architecture and recommendations for the
process of transforming from multichannel architecture
to omnichannel one, that would allow the implementation
of omnichannel approach to improve customer
experience and increase loyalty of subscribers.

The purpose of this article is to analyse high-level
functional and system requirements for omnichannel
platform in the field of telecommunications, to elaborate
requirements for the architecture of such systems and
to provide reference architecture of telecommunication
operator’s omnichannel platform and recommendations
for the process of transformation of the existing
information architecture of telecom operators according
to the principles of omnichannel approach and open
digital architecture,what will improve customer experience,
increase telecommunication operator’s competitiveness
and customer loyalty.

Materials and methods used in the study are
system and business analysis [17, 18], methods of
analysis of software requirements, etc.

Study results

Implementation of omnichannel strategies for
service providers, including telecommunication service
providers, has notable specific in comparison with
common businesses such as retail [15]. Some key
distinctions are described below.

The channels for communication service providers
may include on-line platforms, mobile applications, physical
stores or branches, customer service centres, and self-service
portals. Interaction channels may vary based on the nature of
the service and channel specific. But communication
strategies for CSP prioritize digital experience and mobile
accessibility. This results in the channels for telco
providers are online-first and mobile-first. This may
involve developing user-friendly mobile applications and
responsive websites to cater to customers who prefer
interacting through their mobile devices.

Telecom service providers offer intangible services
rather than physical products. Fulfilment for CSPs
usually involve delivering intangible services, such as
activating a subscription, providing network connectivity,
and ensuring the smooth provision of communication
services. The customer journey revolves around services,
and customer engagement spans a longer duration,
as services are subscription-based and require ongoing
relationships. The focus of customer interaction is on
maintaining a consistent and positive experience over
time, including customer support, troubleshooting and
relationship management. This means that omnichannel
approach should be applied during all customer’s life-
cycle and should be implemented on many information
systems, not only sales and marketing one.

Billing and subscription management, customer
service, and customer support are integral components of
service provider’s processes. Omnichannel strategies in
this context seamless

involve ensuring a billing

experience, providing transparent information, and
managing subscription changes. Providing of customer
service is a critical component of omnichannel strategies
for service providers. This includes offering consistent
and efficient customer support across various channels.
CSPs should leverage real-time data sharing across
channels to provide up-to-date information to customers.
Whether it's real-time inventory availability or order
status, customers expect accurate and timely information.
Consistent and timely information about customer,
services, products should be available for all channels —

so called 360-degree customer view.
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Telecom providers operate in regulated industry,
which adds an extra layer of complexity and some
restrictions  regarding with

compliance industry

regulations and data protection laws.

CSP omnichannel requirements analysis. Hi level
requirements for omnichannel strategy implementation
can be formulated as follows: it must provide a seamless
and integrated customer experience across multiple
channels and platforms during whole customer’s lifecycle.

Analysis of customer expectations, technological
and business specificity of the field of telecommunications,
which were discussed above, allows to formulate the
following functional and non-functional requirements
for omnichannel implementation in the field of
telecommunications:

1. Support all phases of customer’s lifecycle, not
only product discovery and purchase, but also service
management, troubleshooting and customer support.

2. Provide unified user experience between different
channels. It includes functional capabilities, common
business logic and work flows, and customer information
In other hand,

specifics, and limitations of different channels should be

sharing between channels. nature,
taken into account.

3. Provide hopping.
Customer can start interaction (customer journey), such

smart seamless channel
as product ordering, service management, troubleshooting
on one channel, switch to another channel, and later
finish it via third channel. Context should be preserved
from the start till the end of interaction. Omnichannel
engine should recognize the context, provide necessary
data and instructions to channel to continue the interaction.

4. Single source of customer data — so called
360-degree customer view. All channels should receive
unified, consistent, and actual information about
customer, products, and services.

5. Provide interaction automation, predictive analysis
and dynamic recommendations for customer. The last
one includes Next Best Action (NBA) and Next Best
Offer (NBO) [19]. NBA calculated according to last
customer activity and interaction context, NBO -—
according to customers’ needs and preferences.

6. Centralized configuration, process and change
management across all channels. This requires real-time
data analysis and artificial intelligence.
contact

7. Common and notification policy

enforcement over all channels. This includes possibility

of customer to manage preferable channel(s), time and
scope of notification provided by CSP.

8. Provide storage of contact history for needs of
statistics and analytic, powered with AI/ML capabilities
[19, 20], as well as historical data archiving and retention.

9. Provide comprehensive monitoring of interactions,
customer satisfaction, reporting and KPIs — so called
helicopter view.

10. Implement security policies, in particular related
with storage and management of commercial and
personal data.

Also non-functional requirements, such as redundancy
and high availability, are important, including the following:

1. No
of some channel,

single point of failure. Inaccessibility
or component of omnichannel
engine/platform should not lead to incapability of
customer engagement functionality itself.

2. Channels itself are independent one from each
other. Channels should be capable to provide basic
interaction logic in autonomous mode, in case of failure
or inaccessibility of omnichannel engine.

3. In case of failure of some channel, omnichannel
engine should switch active interactions to most suitable
active channel.

Functional architecture of omnichannel platform.

In order omnichannel platform to meet the
mentioned above requirements, it should contain the
following functional components [10, 21, 22, 23, 24]:

1. Channels are separate customer-faced layer of
CSP’s informational infrastructure. Inbound channels are
used by customers and subscribers to initiate contact
or interact with CSP, outbound channels are used by
Operator for subscriber notification. Channels implement
basic channel logic and can operate in stand-alone
mode. Unified channel logic is provided by underlying
omnichannel platform. Important part of channel
functionality is subscriber identification, and authentication
and authorization (AA).

2. Omnichannel engine implements unified customer
journey scenarios and business logic, and notification
policies. It analyses interactions, perform scoring, and
recognize customer intentions and customer journey.
Actualization of NBO and provisioning of NBA are the
part of this functionality. One of the main functions of
omnichannel engine is keeping operative customer data
up-to-date, according to its validity period. Customer
service data periodically updated from BSS/OSS,
customer interaction data — from channels.
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3. Omnichannel orchestrator implements cross-
channel customer journey, provides seamless integration
of channels and channel hopping, share customer journey
context between channels. Part of this functionality is
provisioning of relevant NBO/NBA for customer to
active channel.

4. 360-degree customer view provides comprehensive
information about subscriber from internal profile storage
and from external systems

5. Notification
interactions, such as marketing campaigns, subscriber

engine implement outbound
notifications and alerts.

6. Configuration component implements centralized
storage and management of data, related with customer
interaction rules and policies, work flows and processes
configuration.

7. Management interfaces (UIl, API). Operator-
faced interface provide possibility to manage and
configure interaction scenarios, notification policies and
rules, generate reports and statistics. Subscribers use
corresponding interfaces to manage preferences related
to interaction (preferred channels and language, block
notifications, and so on).

8. Operative subscriber profile storage. It stores
data required for operative decision making and interaction
scenarios implementation: key customer attributes from
BSS/OSS, customer preferences related to communication
with Operator, and context of in-progress customer
interaction(s). The sources of operative customer data

are BSS/OSS CMS,
Product Catalogue, Inventory and other). Channels

(such as Billing System,

provides interaction context, that includes active
scenario, key customer decision points and current
termination point of scenario. Operative storage should
work in on-line mode and provides cashing capabilities
for real-time access.

9. Customer data history storage operates in
off-line mode, stores comprehensive information about
customer activities over channels during retention period,
enriched with historical data from BSS/OSS, and provides
data for customer interaction and behaviour analysis.

10. AI/ML

subsystem uses historical data for analysis, provides

empowered decision & prediction

personalized recommendations for subscribers, supports
chatbots operation [19, 20].

11.0AM
omnichannel platform monitoring, calculates metrics and
KPIs, including Net Promoter Score (NPS) and Life
Time Value (LTV).

function provides statistics and

Omnichannel platform component architecture
implements functional architecture within the framework
of the CSP’s information infrastructure. It’s proposed to
implement it according to modern ODA and Open API
standards and approaches [12, 13, 25]. According to
ODA
omnichannel platform is a part of the Engagement

reference functional architecture (fig. 2),

Management and Party management functions.

’
h Party management
(customers/partners)
Decoupling and integration
§ WHAT & §
Engagement 8 Core commerce management F Intelligence
management 2 2 management
People € (Order, catalogue, product, SLA, problem handling) <
P (communication o . b (analytics,
Organisations channels) & e & | operational reality)
g g
Thinas {(Front end, secure = |5 Decoupling and integration 2 (closed control
9 API) 3 HOW 3 loop, autonomics)
§ Production §
o o
(CFS, RFS, orchestration operational domain management)
A Technical view
R Y,

Fig. 2. ODA functional blocks grouping based on [13]




Cyuacnuii cman HAYKOBUX 00CNiOHCeHb ma mexHonoziu 6 npomuciosocmi. 2024. Ne4 (30)

171

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

According to [13] the Engagement Management
functional block focuses on the interaction with all
internal and external actors, which can be people or
software agents, customers, employees, partners, third
parties, etc. This interaction can be implemented via
multiple communication channels. The Engagement
Management functional block is a presentation layer
only; it does not store any processes, functions or
operational data, only implements technical functions
needed to provide the right communication context to the
user. This functional block is responsible for the front end
functionality, authentication and authorisation of users,
and management of the user-interaction journeys, including
content personalisation and filtering. The important
functionality that needs to be provided is the omnichannel
experience. The interactions can include providing
information or activating processes and functions that are
implemented by components from other functional layers
using the corresponding APIs. Another important
function of this functional block is the so-called
API HUB that is responsible for exposing a standardised
set of APIs to the partners or other external systems.

The Party Management functional block manages the
internal and external actors, such as persons or organisations

Fig. 3. Omnichannel Platform reference component architecture

According to ODA Agile Lifecycle, migration
architecture is used as intermediate during CSP digital
transformation and transition to open architecture.
In frames of such an approach, and transformation
strategies described in [26], technical implementation

(referred to as Parties). It focuses on management of the
information related to the parties, the party roles and rights,
and all related marketing, sales and billing activities.

Proposed omnichannel reference component
architecture is shown below (fig. 3), and includes
functional components, described in the previous section.
Omnichannel platform components interacts with and use
functionality provided by other components of CSP’s
information infrastructure, such as following:

1. Integration layer includes Open API and Event
Hub. Open API provides access to functionality and data
exposed by all functional blocks, including underlying
BSS/OSS components. Event bus aggregates customer
related events from BSS/OSS, and push relevant events
to omnichannel engine.

2. Security layer includes such components as
Single sign-on (SSO), Personal data management (PDM),
subscriber Identity management (IDM) and other security
functions. It provides unified security capabilities for all
functional blocks.

3. AI/ML functionality can be implemented as part
of omnichannel platform, or provided by Core and
Production layers. For example, campaign management
function may provide NBO for customers.

of omnichannel strategy can be provided in
several ways:

1. greenfield — parallel deployment of a new
omnichannel platform, built on the declared principles,

and gradual transfer of existing channels to new platform.
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For example, first, digital channels like web portals and
mobile applications are transferred to the new omnichannel
infrastructure, then a traditional telco-based channels like
SMS/USSD and IVR, then call-centre, and so on. Thus,
at the transition stage, there are two customer engagement
platforms — the old and the new one — between which
channels and processes are distributed;

2. carve-out — gradual deployment of new
omnichannel platform components and transition of
separate processes related to customer engagement
functionality to omnichannel platform. As processes are
migrated, unused legacy components and systems are
sequentially decommissioned so its functionality are
transferred to new components of omnichannel platform.
For example, first, marketing processes are transferred,
then retail sales, service management processes and
so on. It should be understood that existing legacy
systems can have monolithic architecture and/or legacy
interfaces, and decoupling of customer engagement
functionality may require it modernization from their
developers and vendors;

3. brownfield — gradual replacement of individual
legacy systems, related to customer engagement, with
new systems implemented omnichannel approach.
For example, first, CRM is replaced, then systems of
interaction with partners, subscriber support and so on.
The legacy system, all functions of which have moved
to the new infrastructure, is decommissioned.

Each of the mentioned above approaches has
advantages

its own and disadvantages.

The migration strategy should be chosen depending the

specifics,

existing information architecture, customer engagement
processes, the available project budget, etc. For large
CSP, the parallel deployment of the new omnichannel
infrastructure in full requires significant resources,
budget and time until the first results will be received.
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MEPEXIJI OIEPATOPA TEJEKOMYHIKAIIA
HA OMHIKAHAJIBHY APXITEKTYPY

IIpeameroM nociaigKeHHs € OMHIKaHaIbHA apXiTeKTypa 1HGOpMaUifHUX CHCTEM OIEepaTopiB TEJEKOMYHIKalil, (yHKIIOHAJIbHI
BUMOTH JI0 Hel Ta MpOoLecH epexoy BiJ GaraTokaHaJIbHOI 10 OMHIOKaHAIBHOI apXiTeKTypu. MeTa e¢TaTTi — po3po0IIeHHS eTaIoOHHOT
apXiTeKTypH OMHIKaHaJNbHOI MIAaTGOPMH TENEKOMYHIKaIllHHOTO orepaTopa W TpaHcdopMaris HasBHOI iH(opMariiHOT
apxXITEeKTYpH BiIIOBIIHO O MPHUHIHIIB OMHIKAaHAIFHOTO MiIX0My Ta BIIKPUTOI I(POBOI apXiTEeKTypH, IO MOKPAIIUTH KIIEHTCHKHN
JIOCBiJl, MiBUIIUTh KOHKYPEHTOCIIPOMOXKHICTh TEJIEKOMYHIKAI[IIfHOTO oIepaTopa Ta JIOAIBHICTh KIIE€HTIB. Y poOOTi mepeadaueHo
PO3B’sI3aTH Taki 3aBaHHs: BU3HAYNTH CYyJacHHUIl cTaH iHPOPMALIIHIX CHCTEM Yy TeJICKOMYHIKallisfX; MPOaHali3yBaTH MapKETHHIOBI
1 TEXHIYHI 3acaJiy ePeXo 1y BiJ OaraToKaHaJIbHOI JO OMHIKaHAIBHOT apXiTEKTYPH; BUSBUTH OCOOIUBOCTI peati3ailii OMHiKaHaJIbHOTO
MiAXOAy B TEJNEKOMYHIKAIisSX 1 TOB’s3aHI 3 UM BHUKJIWMKH; BUBYMTH (DYHKIIOHANIBHI Ta CHCTEMHI BHMOTH JIO OMHIKaHAIBHOL
WIaTpOpMU OmepaTropa TENEKOMYHIKallill; pO3POOHMTH €TaJOHHY OMHIKaHAJBHICTh apXiTEKTYpH; 3alpOIIOHYBATH PEKOMEHIAmii
U mpoiecy TpaHcdopmarii Big HasBHOI 0OaraTOKaHAJIBHOI apXiTEKTypH omepaTropa 3B’S3Ky [0 LibOBOI OMHiKaHAIbHOT
apxitekTypu. [yt po3B’si3aHHs 3a3Ha4YCHUX 3aBJaHb YIPOBAPKEHO MeTOAW CHCTEMHOro Ta Oi3Hec-aHalli3y, 30KpeMa aHayi3 BUMOT
O TPOTPaMHOro 3a0e3MeueHHs, TEXHOJOTis pPO3pOOJEeHHs apXiTeKTypH IPOrPaMHHX 3aCTOCYHKIB. J[OCATHYTI pe3yJabTaTH.
BusHaueHO cywyacHWE CTaH Taly3i TENEeKOMYHIKAIlIfHUX TOCIYr IMOJAO 3ajy4deHHS KII€HTIB Ta BiONOBiAHI MAXOAH —
OaraTokaHalbHHH Ta OMHIKaHaJbHHH. PO3risHyTO (yHKUiIOHANBHI Ta He(yHKI[IOHATbHI BUMOTH A0 OMHIKaHAJIbHOI MIaThOPMHU.
3anponoOHOBaHO €TAJOHHY (YHKIIOHAIBHY Ta KOMIIOHEHTHY AapXiTeKTypy OaraTtokaHanbHOI (YHKIII 3aJydeHHs KII€HTIB.
[IpoanamizoBaHo cTpaTerii mepexony A0 CydacHOi OMHIKaHaJIbHOI apXiTeKTypu. BucHoBkM. Pearmizamis OMHIKaHAIBHOTO ITiIXOIY
B TEJEKOMYHIKamisfAX 1 mepexii A0 OMHIKaHaJIbHOI apXiTEeKTypu MOTpeOyIoTh TpaHchopmalii camoi iHGOpPMaIiiHOI apXiTeKTypH
omeparopa TelekomyHikaiii. Ilepexiq Mae BHMKOHYBAaTHCS BiJIOBIJHO [0 IPUHLUIIB BiAKPUTOI LU(PPOBOI apXiTeKTypu
Ta peayi30ByBaTHUCS B MeXaxX (YHKIIOHAIBHHX OJIOKIB Bigkpurol nudpoBoi apxitektypu. Taka Tpancdopmaris 3a0e3mednTsb
MOKPAIIEeHHS KIJIEHTCHKOTO JIOCBiMy, TIiJBHINEHHS 3aJOBOJEHOCTI Ta JIOSJIIBHOCTI KII€HTIB, JacTh 3MOTY OHEpaTopy
MiABUIIATH KOHKYPEHTOCIPOMOJKHICTh YHACTIOK 3HI)KEHHS ONEpaliiHUX BHTpAT, MiABUIICHHS oOmepauiiHoi e(eKTHBHOCTI
Ta 3aranbHol e(eKTUBHOCTI Oi3Hecy.

Keywords: information process; functional modeling; data flows; laser scanning; stages of engineering and geodetic
surveys; Leica GIS tools.
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